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Outbreaks in which most or all persons were exposed 
to the same suspected source of infection, so-called uni-
versal exposure, are common. They represent a challenge 
for public health specialists because conducting analytical 
studies in such investigations is complicated by the absence 
of a nonexposed group. We describe different strategies 
that can support investigations of outbreaks with universal 
exposure. The value of descriptive epidemiology, extensive 
environmental investigation, and the hypothesis-generation 
phase cannot be overemphasized. An exposure that seems 
universal may in fact not be universal when additional as-
pects of the exposure are taken into account. Each expo-
sure has unique characteristics that may not be captured 
when investigators rely on the tools readily at hand, such 
as standard questionnaires. We therefore encourage fi eld 
epidemiologists to be creative and consider the use of alter-
native data sources or original techniques in their investiga-
tions of outbreaks with universal exposure.

Infectious disease outbreaks in which most or all persons 
are exposed to the same potential source of infection, 

so-called universal exposure, are common. They can oc-
cur in a range of settings (e.g., healthcare, community) and 
involve various organisms and vehicles. When outbreaks 
with universal exposure are investigated, it is diffi cult to 
explore the possible association between illness and that 
specifi c exposure by using conventional epidemiologic and 
environmental approaches.

Universal exposure complicates the analysis of epide-
miologic studies because of the absence of a nonexposed 
group, which makes it diffi cult to test the hypotheses under 

investigation. This article provides an overview of options 
for outbreak investigations in which the exposure to the 
suspected source of infection is universal. We conducted 
a thorough literature search to collect articles on outbreak 
investigations in which analytical techniques were used 
that could be helpful in a situation of universal exposure. In 
addition, the European Programme for Intervention Epide-
miology Training (EPIET) network and the European Pro-
gramme for Intervention Epidemiology Training Alumni 
Network were asked to provide published or unpublished 
outbreak reports of outbreaks with universal exposure

Outbreaks with Universal Exposure
Biological plausibility of the suspected source is an es-

sential link in the chain of evidence. In a recent outbreak of 
campylobacteriosis after a wedding dinner in southwestern 
England, all guests had eaten the same appetizer, chicken 
liver parfait. This item was the suspected source of the 
outbreak. The increase in campylobacter outbreaks linked 
to poultry liver parfait in the United Kingdom appears to 
be associated with intentional undercooking of the poul-
try livers (1). In this outbreak investigation, we were un-
able to compare the consumption of this appetizer between 
case-patients and non–case-patients because exposure was 
universal. Apparently, almost all guests had completely fi n-
ished the single portion they were given, and we could not 
investigate a dose-response association. No food sample 
was available for microbiologic testing, which further re-
duced the options to provide evidence for this biologically 
plausible source of the campylobacter outbreak.

In a salmonellosis outbreak in southwestern England 
in 2011, illness was linked to the consumption of pork 
meat served at a hog roast (barbecued pig) in a small town. 
Eight laboratory-confi rmed cases of infection with Salmo-
nella enterica serotype Typhimurium of the same genetic 
subtype were identifi ed through routine surveillance. All 
case-patients had visited the town on the same day, and 
an epidemiologic study was conducted to test several hy-

Investigation of Outbreaks 
Complicated by Universal Exposure

Alma Tostmann, Teun Bousema, and Isabel Oliver
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potheses about the potential source of the outbreak. How-
ever, almost all persons interviewed had consumed pork 
from the hog roast, making it impossible to compare pork 
consumption of case-patients and noninfected persons. The 
circumstantial evidence pointed toward pork meat being 
the source of the outbreak because pork can be a source of 
S. enterica ser. Typhimurium (2). It was the only common 
exposure among the case-patients with confi rmed salmo-
nellosis, none of the other potential risk factors (including 
other foods or drinks consumed in the village on that day) 
were linked to illness, and no other common exposures 
were identifi ed. Unfortunately, no leftover pork was avail-
able for microbiologic testing.

Options for Investigations Involving 
Universal Exposure

Many public health specialists will recognize out-
break situations such as those described above: a hypoth-
esis based on biological plausibility cannot be confi rmed 
because of the absence of microbiologic evidence and the 
diffi culties of obtaining strong epidemiologic evidence as a 
result of universal exposure. These situations require cre-
ativity to maximize the information that is available from 
the exposure.

A key step in any outbreak investigation is the hy-
pothesis-generation phase (3). In-depth interviews with 
the fi rst case-patients and other stakeholders involved are 
essential to collect suffi cient background information to 
generate the hypotheses. In this phase, whether universal 
exposure will potentially be an issue may become evident. 
This gives the investigators the opportunity to decide what 
additional aspects of the exposure could be explored in the 
analytical study. It is tempting, but limiting, to rely only on 
standard techniques and trawling questionnaires (series of 
open questions covering activities before onset of illness) 
because each outbreak is characterized by unique exposure 
aspects that may not be captured when one relies exclu-
sively on the tools that are readily at hand.

Possible approaches to investigating outbreaks com-
plicated by universal exposure include robust descriptive 
epidemiology, optimization of the dose-response analysis, 
and in-depth exposure analysis to determine whether the 
alleged universal exposure is indeed uniform exposure. Ex-
posures that seem universal initially may in fact not be uni-
versal on in-depth analysis of additional aspects of the ex-
posure. Most techniques described in this article were used 
in outbreaks not complicated by universal exposure, but 
they can be applied to outbreaks with universal exposure.

Strong, Descriptive Epidemiology
Well-presented descriptive epidemiologic characteris-

tics can provide suffi cient evidence for a suspected source 
in an outbreak investigation. Outbreak-associated cases are 

usually described by time, place, and person. Maximizing 
the information that is available by analyzing different as-
pects of time, investigating strong geographic clustering, 
or focusing on the odd, but highly informative, outliers can 
help build evidence toward the suspected source of infec-
tion.

Time: Exposure at Peak Times
The time of eating may be a relevant aspect of exposure 

in outbreak investigations in which cooking procedures dif-
fer over time. For example, at a barbecue, the meat that 
was served in the beginning, at the end, or at the peak time 
of preparation may have been undercooked. This variation 
can also occur at a dinner in which several servings of the 
same dishes were served consecutively. The data analysis 
can be stratifi ed by comparing those who ate early with 
those who ate  later or by time of the servings. A difference 
in attack rates between these subgroups can be an indica-
tion for the exposure as source of the outbreak.

In addition, high sales pressure at peak times can po-
tentially result in the sale of undercooked meat products. In 
2009, an outbreak of S. enterica ser. Enteritidis was linked 
to a kebab shop in West London (4). Because dishes were 
consumed simultaneously, associations between various 
food items and illness could not be disentangled. The in-
vestigators used till receipts to identify the peak times at the 
food outlet and found that customers who had consumed 
chicken kebab during peak times were more likely to be-
comet ill. A plausible explanation is that during peak times 
the rotisserie chicken was undercooked.

Place: Strong Geographic Clustering
Geographic clustering can be informative in identify-

ing the source of an outbreak and can be established by 
mapping case-patients by place of residence. The cholera 
outbreak investigations of Dr John Snow hold some practi-
cal examples of fi eld epidemiology that are still being used 
today. The strong geographic clustering of cholera cases in 
central London in 1854 implicated the Broad Street pump 
as a suspected source of infection (5).

In waterborne outbreaks, the pathogen may not always 
be isolated from the water, because contamination may 
have ended when the investigation starts. There may still 
be ways to collect water samples from the time of the out-
break (e.g., ice cubes, looking for water dead ends such as 
fi re hydrants), but generally such investigations rely heav-
ily on epidemiologic evidence rather than confi rmation by 
microbiologic testing.

Tap water is a typical source of universal exposure. 
However, drinking water is usually distributed in different 
supply zones, with the result that the exposure is not neces-
sarily universal. After a large outbreak of Giardia infec-
tions with 1,300 laboratory-confi rmed cases in Norway in 
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Outbreaks with Universal Exposure

2004, geographic clustering of cases in 1 water distribution 
area pointed toward the water supply serving Bergen city 
center as the potential source. The attack rate was »18 times 
higher in this supply zone than the rate in the other supply 
zones combined (6). In addition, within a supply zone, the 
distance from the suspected point of pathogen introduction 
can be associated with decreasing attack rates. Thus, even 
if all study participants reside in the same water supply 
zone, geographic location within the zone could be used to 
calculate distance attack rates.

Distance attack rates have been applied to an outbreak 
of Coxiella burnetii infections in the Netherlands. Living 
near ruminant farms is a risk factor for infection with C. 
burnetii, the causative agent of Q fever. In May 2008, 96 
cases of Q fever occurred in a small urban area in the Neth-
erlands, and a common source was suspected (7). Several 
ruminant farms were located in the area, and a geographic 
information system was used for the investigation, tak-
ing into account the postal codes of the patients and the 
farms. Distance-related attack rates and relative risks for 
increasingly larger ring buffers were calculated for each of 
the large farms in that area, highlighting the usefulness of 
spatial analysis in analyzing a cluster of cases.

Another example is that if an outbreak is confi ned to a 
single geographic location and 2 products are suspected as 
sources of the outbreak, one with a national and one with 
a local distribution, the product with the local distribution 
could be considered the most likely source. Also, when 
nearly universal exposure to a common food item (such as 
chicken) is presumed, more heterogeneous exposures may 
be defi ned if exposure is defi ned on the basis of the origin 
of the food item, e.g., the different suppliers or processors.

Person: Focusing on Outliers
The historical example of the cholera outbreak in Lon-

don not only illustrates the value of spatial analysis, but 
also the value of outliers in an outbreak investigation. Dr 
Snow found that nearly all persons who died of cholera 
lived within a short distance of the Broad Street pump, ex-
cept for 2 patients who lived at the other end of town, an el-
derly woman who had not been near Broad Street for many 
months and her niece. It appeared that the woman had a 
bottle of Broad Street pump water delivered to her doorstep 
each day, and this had occurred on the day before she fell 
ill. The niece drank from the same water when visiting her 
aunt (5).

Early in 2011, 14 persons from southern France, with 
laboratory-confi rmed cases of S. enterica ser. Enteritidis 
infection, had eaten from a common lunch at a hunting par-
ty. A cohort study among party attendees showed that the 
only food item that could explain all cases was wild boar 
meat. However, almost all of the 50 study participants had 
consumed wild boar meat. The outliers in this study were 

5 participants who had only consumed leftovers: 4 became 
ill and they all had eaten boar meat. The person who did 
not fall ill ate only blood pudding. Despite of the absence 
of a nonexposed group in the analysis of wild boar meat 
consumption, the results strongly suggested that the wild 
boar meat was the source of infection (8).

Another example of the potential role of the outlier is 
illustrated by the investigation of an unusual and large out-
break of hemolytic uremic syndrome (HUS) and diarrhea 
caused by Shiga toxin–producing Escherichia coli (STEC) 
O104:H4, which occurred in Germany in 2011 (9,10). A 
satellite outbreak in France, which could be considered as 
an outlier of the large outbreak in Germany, provided the 
investigation with central clues that led to the identifi cation 
of fenugreek sprouts as the vehicle of this outbreak. In June 
2011, an outbreak of HUS associated with STEC O104:H4 
occurred in Bordeaux, France, and the E. coli isolates were 
genetically related to the strain found in the German out-
break (11,12). This was the fi rst outbreak outside  Germany 
in which infection was not related to travel to Germany. 
Preliminary investigations determined that case-patients 
had attended an open day at a community center where a 
cold buffet with vegetables was served. Because sprouts 
were already suspected as a vehicle in the German out-
break, the French investigators examined sprout consump-
tion in detail. Three types of sprouts were served at the buf-
fet: mustard sprouts, rocket sprouts, and fenugreek sprouts. 
In the analysis, sprouts were identifi ed as a risk factor for 
illness, and multivariate analysis showed that the fenugreek 
sprouts were the most likely vehicle for transmission.

Optimizing Dose-Response Analysis
Assessing a dose-response relationship is a well-

known analytical tool for identifying the source of an out-
break. An increased risk for disease or increased severity 
of symptoms with increased exposure dose indicates such 
a dose-response relation between the suspected source and 
the illness. Normally, the reference category in a dose-re-
sponse analysis is the unexposed group, but in outbreaks 
with universal exposure, the lowest exposure category can 
be used as a reference group instead.

Exposure levels should be considered in the design 
phase of the analytical study to ensure that dose response 
can be evaluated in the analysis stage. Questions about 
quantities can aim at either the exact quantity (e.g., the 
number of glasses tap water per day, the number of cana-
pés eaten at a wedding reception) or at more qualitative 
levels of exposure (e.g., a bite, half a portion, 1 portion, 
>1 portion). How best to assess dose depends on the type 
of food investigated and the circumstances under which it 
was consumed.

In cohort studies, attack rates and relative risks can be 
calculated for each level of exposure. In case-control stud-
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ies, the proportion of persons exposed to each level of ex-
posure can be calculated for case-patients and controls and 
odds ratios calculated for each level of exposure. The group 
with the lowest exposure will serve as reference group. An 
increase in attack rate (cohort study) and effect size (risk 
ratio or odds ratio) with increasing dose, supported by a 
statistical test for trend, implicates a dose-response relation.

Two examples illustrate investigations of outbreaks 
linked to tap water in which the reference group consisted 
of those with the lowest exposure rather than an unexposed 
group. An outbreak of campylobacteriosis in Norway was 
associated with consumption of tap water (13). A cohort 
study showed that the attack rate increased from 40% for 
those who had drunk 1–3 glasses per day (the reference 
group) to ≈65% for those who had drunk >6 glasses of tap 
water per day. In the previously mentioned outbreak of 
giardiasis in Bergen, Norway, a case–control study showed 
that persons who drank the largest quantity of water had 
the highest risk for illness; the strength of the association 
(odds ratio) increased with increased water consumption 
(6). Assessing a dose-response relationship may be more 
complicated if the exposure cannot be readily quantifi ed or 
if the vehicle is heavily contaminated.

Exploring Individual Components of Exposure: 
Ingredient-based Analysis

The recent large outbreak of STEC in Germany dem-
onstrated that hidden or marginal ingredients such as bean 
sprouts, sometimes solely used for decoration of a dish, can 
cause large outbreaks (9,10). Even though this outbreak 
was not complicated by universal exposure, it demonstrates 
valuable lessons for fi eld epidemiologists confronted with 
universal exposure. It can be highly informative to explore 
the individual components of an exposure, for example, the 
actual ingredients of a specifi c dish as reported by those 
cooking it rather than the dish or products consumed as re-
ported by the consumer, who may be unaware of the less 
obvious ingredients.

Although investigation of a foodborne outbreak may 
reveal that all persons have eaten the same dish, they may 
not have eaten all ingredients from their plates. An appe-
tizer may include some edible decoration, such as bean 
sprouts, that some will put aside, a salad may contain dif-
ferent ingredients that not all like to eat, or a seafood cock-
tail may hold different species from which a person may 
select only a few. A thorough environmental investigation 
is therefore essential.

The investigation of the STEC outbreak in Germany 
consisted of several studies that followed up on each of the 
fi ndings. Since the earlier studies had not identifi ed a single 
source of infection, the outbreak control team conducted a 
cohort study at a restaurant because several case-patients 
had dined at that restaurant during May 12–16, 2011, as 

part of a group (9,10). A review of the booking notes iden-
tifi ed 10 groups (total 177 persons) that had eaten in the 
restaurant during that period. Thirty-one of the 168 custom-
ers who were interviewed had become ill, and HUS devel-
oped in 8 persons. When the role of the separate ingredients 
used for each of the dishes was investigated, sprouts were 
the only food item independently associated with illness.

An outbreak of gastrointestinal illness at a conference 
in Wales, United Kingdom, in 1991 was associated with 
the seafood cocktail, which contained precooked mussels, 
prawns, and cockles (14). Although consumption of the 
cocktail was nearly universal, only three fourths of those 
who ate the cocktail had eaten the mussels, the only com-
ponent that was independently associated with illness.

A combination of ingredient based and dose-response 
analysis established the relation between exposure of 
methomyl-contaminated salt, and gastrointestinal illness 
in a Thai restaurant in the United States in 1999; an ulti-
mate example of universal exposure because all restaurant 
clients had consumed some salt as a consequence of the 
preparation process (15). Because no specifi c dish could 
account for most cases, the association with specifi c ingre-
dients was investigated. The exposure to salt was estimated 
by using the amount of salt in the recipe for each dish, the 
quantity that was consumed in each dish, and the quantity 
of salt that was added by respondents after the meal had 
been served. When the ingredient was quantifi ed is this 
manner, the risk for illness was convincingly associated 
with the total quantify of salt consumed.

In a massive multistate salmonellosis outbreak (≈1,500 
cases), the most likely source was red salsa made from to-
matoes and raw jalapeño peppers (16). Two clusters of 
outbreak-associated cases (patrons from 2 different res-
taurants) were investigated. To produce the salsa served 
during the outbreak period, 1 restaurant used ≈25 boxes 
of tomatoes of various brands, whereas only 1 box of ja-
lapeño peppers was used. When exposure to ingredients 
(tomatoes, jalapeño peppers), rather than exposure to the 
food product (salsa), was considered, the jalapeño peppers 
were the only common exposure between the 2 restaurants; 
contaminated peppers were eventually traced back to a 
single farm in Mexico. In this example, the combination 
of ingredient-based analysis and geographic aspects of the 
suspected source (e.g., the origin of the product, distribu-
tion area, packing facilities) provided key information in 
the source-fi nding process.

These outbreak investigations show that individual 
components of a mixed dish can be identifi ed as the ve-
hicle of infection. Scrutinizing associations with individual 
ingredients may reveal that exposure that appears univer-
sal is, in fact, heterogeneous. Caveats of ingredient-based 
analysis include the possibility of cross-contamination 
between different ingredients and that persons may have 
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diffi culties in recalling what ingredients they have con-
sumed. These possibilities can be overcome by talking to 
the cook or food producers. 

Use of Different Data Sources to Analyze Exposure
Alternative sources of information can be used to sup-

port or refute possible hypothesis generated by using stan-
dard outbreak investigation methods. Examples include the 
use of till receipts (4) or meteorologic data (7,17).

In the Q fever outbreak investigation in the Nether-
lands described previously, the team used meteorological 
data to further support their hypothesis (7). The geographic 
and veterinary data pointed toward a large dairy goat farm 
that was located northeast from the town. Meteorologic 
data gave further support because it showed that there were 
many days with predominant easterly winds that could 
have taken contaminated dust particles to the persons liv-
ing southwest of the farm.

In an outbreak of Q fever in a town in southeastern 
England, atmospheric dispersion modeling (using meteo-
rologic data, including ground wind speeds and direction) 
was used to investigate potential airborne transport of C. 
burnetii between several suspected sources and the Q fe-
ver case-patients in that town (17). Three high-risk farms 
were identifi ed by the veterinary investigation. Dispersion 
modeling showed that air from each of these suspected 
farms may have exposed the town to the bacteria at some 
point over the study period and none of the suspected farms 
could be ruled out as a potential source. Nevertheless, this 
approach shows the potential of using nonconventional 
data sources in outbreak epidemiology.

Discussion
Outbreaks with universal exposure represent a chal-

lenge for public health specialists because conventional 
investigational approaches may be insuffi cient to reach in-
formative conclusions. Robust descriptive epidemiology, a 
thorough environmental investigation, and the hypothesis-
generation phase become even more essential. In-depth in-
terviews with the initial patients can be highly informative 
in determining whether a risk for universal exposure ex-
ists. If universal exposure is suspected, additional aspects 
of that exposure should be explored because exposures that 
initially seem universal may in fact not be universal after 
all when studied in more detail.

Although a balance must be found between the qual-
ity and quantity of questions in a questionnaire, once a hy-
pothesis is generated on the basis of initial interviews, more 
detailed information about the exposure to likely sources, 
such as time and quantity of exposure, can provide useful 
additional information to support or refute the hypothesis. 
Universal exposures are often ignored if another item is 
signifi cantly associated with illness. Investigators need to 

at least consider the universal exposures before accepting 
a statistically signifi cant association. It remains, however, 
essential to rule out other potential exposures before ac-
cepting that the universal exposure was the cause of the 
outbreak. Because of the diffi culty in obtaining conclusive 
fi ndings, studies of outbreak investigations complicated by 
universal exposure are less likely to be published and less 
likely to result in recommendations for public health mea-
sures to prevent continuation or recurrence of exposure. 
We hope that this article provides readers with several tools 
to overcome this problem and maximize the effect of out-
break investigations on public health. 
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Coccidioidomycosis is endemic to the Americas; 
however, data on deaths caused by this disease are 
limited. To determine the rate of coccidioidomycosis-
associated deaths in the United States, we examined 
multiple cause–coded death records for 1990–2008 for 
demographics, secular trends, and geographic distribution. 
Deaths were identifi ed by International Classifi cation of 
Diseases, 9th and 10th Revision, codes, and mortality rates 
were calculated. Associations of deaths among persons 
with selected concurrent conditions were examined and 
compared with deaths among a control group who did not 
have coccidioidomycosis. During the 18-year period, 3,089 

coccidioidomycosis-associated deaths occurred among US 
residents. The overall age-adjusted mortality rate was 0.59 
per 1 million person-years; 55,264 potential life-years were 
lost. Those at highest risk for death were men, persons 
>65 years, Hispanics, Native Americans, and residents of 
California or Arizona. Common concurrent conditions were 
HIV and other immunosuppressive conditions. The number 
of deaths from coccidioidomycosis might be greater than 
currently appreciated.

Coccidioidomycosis is a reemerging infectious 
disease caused by inhalation of airborne spores of 

the soil fungus Coccidioides immitis or C. posadasii (1). 
Coccidioides spp. are native to arid and desert areas in 
North America (California, Arizona, Texas, Utah, Nevada, 
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New Mexico, and northern parts of Mexico), Central 
America, and South America (2). The manifestations of 
infection with either organism are assumed to be identical. 
Coccidioides spp. are found in lower elevation areas that 
receive <20 inches of rain per year and have warm, sandy 
soil (3). They are usually found 4–12 inches below the 
surface. Organism growth is enhanced in areas of animal 
droppings, burial sites, and animal burrows (4). Among 
persons living in coccidioidomycosis-endemic areas, 
≈10%–50% have been exposed to Coccidioides spp. Each 
year in the United States, an estimated 150,000 new cases 
of coccidioidomycosis occur (5). The trend of incidence 
varies by state because of differences in epidemiology, 
reporting standards, and case defi nitions. For 2010, the 2 
states most affected by coccidioidomycosis, Arizona and 
California, reported incidence of 186.0 and 11.5 cases per 
100,000 population, respectively (6–8).

The epidemiology of coccidioidomycosis varies by 
area; environmental factors play a major role (9). Exposure 
to Coccidioides spp. varies by season, geographic location 
(3), and condition of the air. Exposure to spores is more 
common in dusty conditions, e.g., after earthquakes, dust 
storms, droughts, and other natural disasters that increase 
the amount of dust in the air (10). Persons in certain 
occupations are at higher risk for exposure to spores, e.g., 
archeologists (11), military personnel, construction workers 
(12), and farmers. Prisons in coccidioidomycosis-endemic 
areas might place inmates at risk for exposure (13).

Pulmonary infection can result from inhalation of 1 
spore; however, high numbers of spores are more likely to 
result in symptomatic disease. With rare exception, animal-
to-person or person-to-person transmission does not occur. 
The incubation period is 1–4 weeks. Most patients are 
asymptomatic, but others might have an acute or chronic 
disease that initially resembles a protracted respiratory 
or pneumonia-like febrile illness primarily involving the 
bronchopulmonary system. Dissemination to multiple 
organ systems can occur. Illness is typically characterized 
by >1 of the following: infl uenza-like signs and symptoms; 
pulmonary lesion diagnosed by chest radiograph; erythema 
nodosum or erythema multiforme rash; meningitis; or 
involvement of bones, joints, skin, viscera, and lymph 
nodes (14,15). Extrapulmonary manifestations occur in 
0.6% of the general population, most commonly secondary 
to hematogenous spread; meningitis carries an especially 
grave prognosis (16). The risk for disseminated disease 
is signifi cantly higher among men (17), those with 
compromised or suppressed immune systems (e.g., persons 
with HIV), those receiving corticosteroids, and pregnant 
women. Risk for disseminated disease also seems to be 
higher for African Americans and Filipino Americans (18).

Despite the potential for coccidioidomycosis to 
be severe and fatal, studies of deaths associated with 

coccidioidomycosis in the United States are limited (19,20). 
To determine possible risk factors for coccidioidomycosis-
associated death, we used US multiple-cause-of-death 
data to assess demographics, secular trends, geographic 
distribution, and concurrent conditions.

Methods

Data Sources
We analyzed de-identifi ed, publicly available multiple-

cause-of-death data from US death certifi cates from the 
National Center for Health Statistics for 1990–2008 (21,22). 
These death records contained demographic information 
for each decedent (including age, sex, and race/ethnicity) 
and geographic information (state of residence and place 
of death). In addition to designating underlying causes, the 
physician or coroner can list conditions that are believed to 
have contributed to the death. These conditions were coded 
according to the International Classifi cation of Diseases, 
9th Revision (ICD-9), for 1990–1998 and International 
Classifi cation of Diseases, 10th Revision (ICD-10), for 
1999–2008 (23,24). A coccidioidomycosis-associated 
death was defi ned as death of a US resident with an ICD-
9 code of 114.0–114.9 or an ICD-10 code B38.0–B38.9 
listed as an underlying or contributing cause on the death 
record (21,25).

Mortality Rates and Trends
We calculated mortality rates and 95% CIs by using 

bridged-race population estimates derived from US 
census data, and we subsequently age-adjusted these 
rates with weights from the 2000 US standard population 
data. Mortality rates and rate ratios were calculated by a 
decedent’s race/ethnicity (white, black, Hispanic, Asian, 
Native American), year of death, and state of residence 
by using aggregated data from all years of study to ensure 
stable rates. Years of potential life lost were calculated 
by subtracting age at death from 75 for all who died 
before 75 years of age (26). This method was used for 
consistency with the Centers for Disease Control and 
Prevention Web-based Injury and Statistics Query and 
Reporting System (27).

Analysis of Concurrent Illnesses
To identify possible risk factors for coccidioido-

mycosis-associated death, concurrent conditions that 
were noted on the death records were compared with 
those noted on the records of a control group whose 
deaths were not associated with coccidioidomycosis. 
Five control decedents were randomly selected and 
matched to each coccidioidomycosis decedent by 5-year 
age group, sex, and race. Matched odds ratios and 95% 
CIs were computed. Concurrent conditions were chosen 
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on the basis of biological plausibility and known or 
suspected risk factors for death from coccidioidomycosis. 
Concurrent conditions were identifi ed on the death record 
as either an underlying or contributing cause (21,25). All 
analyses were conducted by using SAS 9.2 software (SAS 
Institute, Inc, Cary, NC, USA).

Results

Demographics
During 1990–2008, a total of 3,089 coccidioido-

mycosis-associated deaths among US residents were 
identifi ed; these deaths represent 55,264 years of 
potential life lost. The overall crude mortality rate 
was 0.58 per 1 million person-years (95% CI 0.56–
0.61); after age adjustment, the mortality rate was 0.59 
deaths per 1 million person-years (95% CI 0.57–0.61). 
Age-adjusted mortality rates, by year, are shown in 
Figure 1. A total of 2,202 (>70%) decedents were men, 
and 887 (28.7%) were women; age-adjusted mortality 
rates were 0.94 per 1 million person-years and 0.32 per 1 
million person-years, respectively. Death associated with 
coccidioidomycosis was 2.04× (95% CI 2.84–3.26) more 
likely for men than for women.

Mortality rates were higher for decedents >65 years 
of age than for those in other age groups (Table 1). Most 
(603 [19.5%]) deaths occurred at 65–74 years of age; age-
specifi c mortality rate was 1.70 per 1 million person-years. 
Although the 206 decedents >85 years of age represented 
only 6.7% of the total deaths, the mortality rate was highest 
for this group (2.56 deaths/1 million person-years).

Most decedents whose death was associated with 
coccidioidomycosis were white (1,693 [54.8%]), 747 
(24.2%) were Hispanic, 392 (12.7%) were black, 178 
(5.8%) were Asian, and 79 (2.6%) were Native American 
(Table 2) Age-adjusted mortality rate was highest among 
Native Americans (2.56 deaths/1 million person-years), 
followed by Hispanics (1.77 deaths/1 million person-years) 
and lowest among whites (0.40 deaths/1 million person-
years). Age-adjusted race-specifi c rates were elevated 
for all nonwhite groups. The likelihood of dying with 
coccidioidomycosis listed on the death record was 6.34× 
(95% CI 6.04–6.65) greater for Native Americans, 4.38× 
(95% CI 4.17–4.60) greater for Hispanics, 2.82× (95% CI 
2.69–2.97) greater for Asians, and 1.70× (95% CI 1.61–
1.80) greater for blacks than for whites.

Geographic Associations
All states reported coccidioidomycosis-associated 

deaths; however, most deaths occurred in California (1,451 
[47.0%]) and Arizona (1,010 [32.7%]); age-adjusted 
mortality rates were 2.47 (95% CI 2.35–2.60) and 10.60 
(95% CI 9.94–11.25) deaths per 1 million person-years, 

respectively (Figure 2). No notable temporal or seasonal 
trends were observed.

Disease Associations
Several conditions were more commonly represented on 

the death records of those whose death was associated with 
coccidioidomycosis than on the death records of matched 
controls whose death was not associated (Table 2.) These 
conditions are vasculitis (matched odds ratio [MOR] 6.55, 
95% CI 3.85–11.12), rheumatoid arthritis (MOR 6.51, 95% 
CI 4.05–10.45), systemic lupus erythematosus (MOR 4.17, 
95% CI 2.52–6.90), HIV infection (MOR 3.92, 95% CI 
3.24–4.75), tuberculosis (MOR 2.82, 95%CI 1.66–4.79), 
diabetes mellitus (MOR 2.12, 95% CI 1.86–2.42), chronic 
obstructive pulmonary disease (MOR 1.45, 95% CI 1.25–
1.68), and non-Hodgkin lymphoma (MOR 1.44, 95% CI 
1.03–2.01).

Discussion
The number of coccidioidomycosis-associated deaths 

in the United States is appreciable. Mortality rates were 
highest in persons >65 years of age, men, Native Americans, 
and Hispanics. Since 1997, however, coccidioidomycosis-
related mortality rates have been relatively stable.

The increased risk for coccidioidomycosis-associated 
death among older persons might refl ect decreasing 
immune function and increased prevalence of concurrent 
diseases. Increasing age has been identifi ed as a potential 
risk factor for infection with Coccidioides spp. (28). The 
increased rate of coccidioidomycosis-associated deaths 
observed among men might refl ect their higher risk for 
severe pulmonary and disseminated coccidioidomycosis 
(17). The occupations associated with coccidioidomycosis 
(agricultural work, construction work, military service, and 
work at archeological sites) might also play an additional 
role (10–12) in the high numbers of coccidioidomycosis-
associated deaths among men.
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Figure 1. Age-adjusted mortality rates of coccidioidomycosis, per 1 
million persons in the United States, by year, 1990–2008.
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Age-adjusted, race-specifi c, coccidioidomycosis-
associated mortality rates were highest for Native 
Americans and Hispanics; these rates probably refl ect the 
higher density of American Indian and Hispanic populations 
living in areas that are arid and where coccidioidomycosis 
is endemic. All the coccidioidomycosis-associated deaths 
of Native Americans occurred in the western region of 
the United States. Some literature sources have suggested 
that Native Americans are at increased risk for exposure 
to Coccidioides spp. because of cultural practices and 
exposure to contaminated dust (11). Poor access to health 
care services might delay diagnosis, resulting in more 
severe disease. The high rates observed among Native 
Americans must be interpreted with caution, given the 
relatively small number of deaths.

Coccidioidomycosis-associated mortality rates 
were also higher among blacks and Asians than among 
whites but lower than rates among Native Americans and 
Hispanics. Black race and Filipino ancestry are recognized 
risk factors for disseminated disease (2). We were unable 
to ascertain coccidioidomycosis-associated mortality 
rates for Filipino Americans. These higher mortality rates 

might refl ect an increased risk for severe disease, greater 
risk for exposure, or both.

That coccidioidomycosis-associated mortality rates 
are highest in Arizona and California is expected, given 
that Coccidioides spp. are endemic to these regions. These 
2 regions are also classic retirement magnets; they attract 
elderly persons to migrate and settle down (29), thereby 
introducing new, unexposed populations to Coccidioides 
spp. Every state recorded coccidioidomycosis-associated 
deaths, which probably refl ects population mobility and 
movement in and out of coccidioidomycosis-endemic areas 
after exposure.

Chronic illnesses have changed the way opportunistic 
mycoses affect the population. The conditions that were 
associated with coccidioidomycosis were all inherently 
associated with immunosuppression: HIV, tuberculosis, 
diabetes mellitus, autoimmune diseases, organ transplant, 
and cancers of lymphatic cells (30–38). Despite relatively 
low numbers of cases, an association was found between 
coccidioidomycosis-associated deaths and lupus erythema-
tosus, vasculitis, and rheumatoid arthritis.
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Table 2. Concurrent conditions listed with coccidioidomycosis on death records, United States, 1990–2008* 
Disease ICD 9 code ICD 10 code No. deaths Matched odds ratio
Vasculitis 446, 447.6 I776, I80, L95, M39, M31 36 6.55 (3.85–11.12)
Rheumatoid arthritis 714 M05-M06 45 6.51 (4.05–10.45)
Systemic lupus erythematosus 710 M32.0-M32.9 31 4.17(2.52–6.90)
HIV infection 042–0449 B20-B24 253 3.92 (3.24–4.75)
Tuberculosis 010.0–018.9 A16-A19 24 2.82 (1.66–4.79)
Diabetes mellitus 250.0–250.9 E11-E14 384 2.12 (1.86–2.42)
Chronic obstructive pulmonary disease 490–492, 494–496 J40-J44, J47 287 1.45(1.25–1.68)
Non-Hodgkin lymphoma 202, 200 C82-C85 47 1.44(1.03–2.01)
*ICD, International Classification of Diseases. 

Table 1. Demographic characteristics, mortality rates, and rate ratios for coccidioidomycosis-associated deaths, United States, 1990–
2008*
Characteristic No. (%) Age-adjusted mortality rate (95% CI)† Age-adjusted rate ratio (95% CI)
Overall 3,089 (100) 0.59 (0.57–0.61) NA
Sex    
 F 887 (28.7) 0.31 (0.29–0.33) Referent 
 M 2,202 (71.3) 0.93 (0.90–0.98) 3.04 (2.84–3.26) 
Race/ethnicity    
 White 1,693 (54.8) 0.40 (0.38–0.42) Referent 
 Hispanic 747 (24.2) 1.77 (1.63–1.90) 4.38 (4.17–4.60) 
 Black 392 (12.7) 0.69 (0.62–0.75) 1.70 (1.61–1.80) 
 Asian 178 (5.8) 1.14 (0.96–1.32) 2.82 (2.69–2.97) 
 Native American 79 (2.6) 2.56 (1.96–3.15) 6.34 (6.04–6.65) 
Age, y    
 0–4 8 (0.3) 0.11 (0.03–0.18) NA
 5–14 12 (0.4) 0.02 (0.01–0.03) NA
 15–24 94 (3.0) 0.13 (0.10–0.15) NA
 25–34 302 (9.8) 0.39 (0.34–0.43) NA
 35–44 368 (11.9) 0.45 (0.40–0.50) NA
 45–54 453 (14.7) 0.66 (0.60–0.73) NA
 55–64 490 (15.9) 1.02 (0.93–1.11) NA
 65–74 603 (19.5) 1.70 (1.56–1.84) NA
 75–84 553 (17.9) 2.43 (2.23–2.64) NA
 >85 206 (6.7) 2.56 (2.21–2.91) NA
*NA, not applicable. 
†Crude rates are used for the age category.
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Several limitations are inherent when multiple-cause-
of-death data are used. Although these data are population 
based and contain large numbers of observations, death 
certifi cates probably underreport causes of death and can 
contain errors, which have been attributed to a variety 
of factors (39). Mortality rates can be distorted because 
of errors in population estimates, particularly for race/
ethnicity. Because estimates of the at-risk population factor 
into the denominator for rate calculations, such errors can 
lead to biased estimates. Although inferential statistics 
are not designed for use with population-based data, 95% 
CIs demonstrate that error does exist in the mortality rates 
and rate ratios reported here. We urge caution in the strict 
interpretation of our values.

Coccidioidomycosis remains a major cause of death 
in the United States. Given the growing US population 
of elderly and immunosuppressed persons, the number 
of coccidioidomycosis-related deaths will probably 
increase, resulting in higher costs to the health care 
system (38). Effects of increasing health care costs 
associated with coccidioidomycosis have been observed 
in coccidioidomycosis-endemic states; almost half of the 
reported case-patients are hospitalized and make multiple 
visits to emergency rooms and outpatient facilities 
during the course of the illness (15). Physicians should 
be aware of the increased risk for coccidioidomycosis-
associated death among those who are immunosuppressed, 
elderly, male, Hispanic, and/or Native American. For 
identifying suspected cases, an accurate travel exposure 
and occupational history are crucial, especially in persons 
from non–coccidioidomycosis-endemic areas. Further 
investigation into measures that will effectively decrease 
coccidioidomycosis exposure risk to the general public 
is needed, as are more studies of health disparities that 
surround coccidioidomycosis-associated deaths.

During the study, Ms Huang was a Master’s of Public Health 
student at the University of Southern California. Her research 
interests include fungal disease epidemiology and association of 
comorbid chronic conditions with infectious diseases.
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In the Netherlands, the national immunization program 
includes 7-valent pneumococcal conjugate vaccine (PCV7) 

for all newborns born after April 1, 2006. We compared the 
incidence of invasive pneumococcal disease (IPD) and pa-
tient and disease characteristics before PCV7 introduction 
(June 2004–June 2006) with those after PCV7 introduction 
(June 2008–June 2010). Culture-confi rmed IPD cases were 
identifi ed by 9 sentinel laboratories covering ≈25% of the 
Dutch population. Signifi cant declines in overall IPD inci-
dence were observed in children <2 (60%) and in persons 
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>65 (13%) years of age. A trend toward gradual increases in 
non–PCV7 serotype IPD infections was observed in all age 
groups; the largest increases were among persons 50–64 
(37%) and >65 (25%) years of age. In adults, the propor-
tion of immunocompromised persons increased among IPD 
patients. Overall, deaths from IPD decreased from 16% to 
12% because of a lower case-fatality rate for persons with 
non–PCV7 serotype IPD.

Streptococcus pneumoniae is a major cause of severe 
invasive infections, such as meningitis, invasive pneu-

monia, and other bloodstream infections. The highest inci-
dence rates for such infections are for infants and elderly 
persons (1).

Since 2001, many high-income countries included the 
7-valent pneumococcal conjugate vaccine (PCV7; Preve-
nar; Pfi zer Pharmaceuticals, Pearl River, NY, USA) in their 
national immunization programs for newborns (2). In gen-
eral, within a few years after the introduction of PCV7, the 
age group targeted for vaccination and unvaccinated adults 
showed a dramatic decrease in invasive pneumococcal dis-
ease (IPD) caused by the 7 vaccine serotypes (2–5). How-
ever, at the same time, the incidence of non-PCV7 serotype 
IPD increased (3,4,6,7).

The overall benefi t of PCV7 varies by country, per-
haps as a result of differences in surveillance methods 
and the maturity of vaccination programs (8). For all age 
groups, the overall reduction in IPD incidence is greater 
in the United States than in European countries; the great 
reduction in the United States is a result of a decrease 
in PCV7-serotype IPD in adults and less replacement of 
PCV7-serotype by non–PCV7 serotype IPD in children 
and older adults (3,4,7). The United States began using 
PCV7 in 2000, but many European countries did not be-
gin using the vaccine until after 2005–2006, and they have 
experienced less protection from indirect herd protection 
(herd immunity). Furthermore, not all European countries 
implemented a catch-up program for children <5 years of 
age; catch-up programs speed up eradication of vaccine 
serotypes. Geographic variations in circulation of PCV7 
serotypes before the implementation of routine vaccination 
also caused differences in the relative proportion of IPD 
covered by the vaccine (7,8).

In addition, the benefi ts of vaccination with PCV7 may 
have been biased, for example, by changes in the directive 
for blood culture after 2000, as in the United States (9,10), 
and by enhanced surveillance, as reported for England and 
Wales (4). Unlike studies in the United States, studies in 
Europe, particularly Dutch surveillance studies, have fo-
cused almost exclusively on patients requiring hospitaliza-
tion for severe IPD and who often had other underlying 
illnesses (11,12). This difference in reporting leads to dif-
ferent baseline incidence rates and may affect the observed 

net benefi t of vaccination (13). For example, compared 
with healthy persons of the same age, US adults with co-
morbid conditions benefi ted less from the indirect effects 
of PCV7 because of an increase in non–PCV7 serotype IPD 
after introduction of the vaccine (14). Differences in the 
directive for blood culture and patient populations under 
surveillance can partly explain the differences in results 
from use of PCV7.

The invasive disease potential of S. pneumoniae and 
the population at risk for IPD differs by serotype (12,13,15). 
Therefore, shifts in circulating serotypes may change the 
clinical manifestations of IPD, the population segment most 
at risk for infection, and the disease course and outcome. We 
investigated these issues and changes in IPD incidence in 
the Netherlands 4 years after a PCV7 vaccine program was 
implemented and compared our fi ndings with those from the 
years just before introduction of the vaccine.

Methods

Pneumococcal Vaccination in the Netherlands
PCV7 was introduced into the Dutch national immu-

nization program in June 2006 and was recommended for 
children born after April 1, 2006, at 2, 3, 4, and 11 months 
of age (16). Vaccination uptake is 94%–95% among Dutch 
infants (17). Use of the 23-valent pneumococcal polysac-
charide vaccine is restricted to persons at high-risk for IPD 
(e.g., persons with asplenia or Hodgkin lymphoma); uptake 
in elderly persons is negligible (<1%) (18).

Surveillance Data
For this study, we registered all persons with a diag-

nosis of culture-confi rmed IPD during June 1, 2008–May 
31, 2010 (late post-implementation period) and all case-pa-
tients from previous Dutch IPD surveillance studies during 
June 1, 2004–May 31, 2006 (pre-implementation period) 
(1) and June 1, 2006–May 31, 2008 (post-implementation 
period) (11). All study procedures were the same as those 
used in the previous studies (11).

Nine sentinel laboratories identifi ed IPD case-patients, 
which were defi ned as patients for whom S. pneumoniae 
was isolated from blood or cerebrospinal fl uid (CSF) sam-
ples. The laboratories submitted all invasive pneumococ-
cal isolates to the Netherlands Reference Laboratory for 
Bacterial Meningitis (NRLBM, Academic Medical Center, 
Amsterdam, the Netherlands) for typing and characteriza-
tion. We selected the laboratories on the basis of their geo-
graphic distribution throughout the country and their reli-
ability for submitting isolates (1,11). The laboratories were 
estimated to cover a representative cohort of ≈25% of the 
Dutch population (≈4.1 million inhabitants, including ≈0.6 
million adults >65 years of age). In addition, ≈25% of the 
other meningitis-causing bacterial isolates that were sub-
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mitted to NRLBM during the study period were submitted 
by the 9 sentinel laboratories.

At the NRLBM, co-agglutination was used to type the 
pneumococcal isolates and the capsular swelling method 
(Quellung reaction), using antisera (Statens Serum Insti-
tute, Copenhagen, Denmark), including serotype 6C, was 
used for serotyping. For isolates collected before June 
2008, serotype 6C was determined by using PCR and anti-
sera. The serotypes were grouped in either PCV7 serotypes 
(4, 6B, 9V, 14, 18C, 19F, 23F) or non–PCV7 serotypes (all 
other serotypes, including 6A).

Clinical Characteristics
Trained medical students, using a standardized data 

collection form, retrospectively extracted the following 
information for all case-patients from hospital records, 
as described (1,11): patient characteristics, clinical syn-
drome, comorbidity, and disease course and outcome. We 
subdivided comorbid conditions as immunocompromis-
ing or nonimmunocompromising and categorized clini-
cal syndromes as meningitis, invasive pneumonia, bacte-
remia with other focus, and bacteremia without focus, as 
described (1). Information on disease course and outcome 
included the length of hospital stay, admission to an inten-
sive care unit, and death (i.e., in-hospital death and/or death 
within 30 days after fi rst reported blood/CSF culture posi-
tive for S. pneumoniae). Cases without clinical information 
were excluded from all analyses.

Statistical Analyses
National population coverage was ≈25% by the senti-

nel laboratories; thus, we estimated annual IPD incidence 
rates per 100,000 inhabitants by dividing the total number 
of IPD cases in a specifi c epidemiologic year by 25% of 
the total Dutch population. Epidemiologic years were de-
fi ned as June 1st–May 31 of the succeeding year. We used 
the population on January 1 of each consecutive year as 
the population at risk for infection (StatLine, www.cbs.nl/
en-GB/menu/cijfers/statline/zelf-tabellen-maken/default.
htm), assuming a stable population throughout the year.

We assessed the effect of vaccination by determining 
the incidence rate ratio. The assessment was done by com-
paring incidences in the late post-implementation period 
(2008–2010) with those in the pre-implementation period 
(2004–2006); we also determined 95% CIs.

To evaluate any changes in population at risk, we com-
pared the proportion of patients with comorbid conditions 
in the pre- and late post-implementation periods. We also 
determined changes in disease course (intensive care unit 
admission, median length of hospital stay, and death). Dif-
ferences in percentages were compared by using the χ2 test, 
and differences in median length of hospital stay were com-
pared by using the Mann-Whitney U test.

All analyses were stratifi ed by age group (<2, 2–4, 
5–17, 18–50, 50–64, and >65 years) and by serotype group 
(PCV7/non–PCV7). All p values <0.05 were considered 
statistically signifi cant.

Results

Overview
In the late post-implementation period (June 1, 2008–

May 31, 2010), a total of 1,196 pneumococcal isolates from 
CSF and blood samples were submitted to the NRLBM 
by the 9 sentinel laboratories; this number compares with 
1,297 and 1,352 isolates submitted during the pre- and 
early post-implementation periods, respectively. In the late 
post-implementation period, clinical characteristics were 
available for 1,144 (96%) case-patients, compared with 
1,216 (94%) in the pre-implementation period and 1,304 
(96%) in the early post-implementation period (Table 1).

IPD Incidence and Serotype Distribution
The overall incidence of IPD declined from 14.9 to 

13.8 cases/100,000 persons during the pre- and late post-
implementation periods, respectively (Table 1). A 60% 
decline in overall IPD incidence (from 35.0 to 14.1 cas-
es/100,000 persons) was observed in children <2 years of 
age (i.e., children age-eligible for PCV7 vaccination). A 
similar but nonsignifi cant decline was seen in children 2–4 
years of age. In the age group with the highest incidence 
rate, i.e., persons >65 years of age, the overall IPD inci-
dence had a signifi cant decline of 13% (from 57.7 to 49.9 
cases/100,000 persons). IPD incidence rates remained un-
changed in persons 5–64 years of age.

The overall decline of IPD incidences seen among 
persons <2 and >65 years of age from the pre- to the late 
post-implementation period resulted from declines in the 
incidence of PCV7-serotype IPD of 100% and 55%, re-
spectively (Table 1); in children <2 years of age, no PCV7-
serotype IPD cases were reported after June 1, 2008. Of 3 
children (2–4 years of age) with PCV7-serotype IPD after 
June 1, 2008, 2 were born before April 1, 2006 and had 
not received PCV7. The third patient (2 years of age) ex-
perienced a vaccine failure; PCV7–serotype 19F IPD de-
veloped even though the child was fully vaccinated with 4 
doses of PCV7. The child was previously healthy, without 
any comorbidity. Overall, infections with all PCV7 sero-
types declined signifi cantly, except for infection with sero-
type 18C, which was already low (Figure).

However, from the pre- to the late post-implementa-
tion period, the overall incidence of non–PCV7 serotype 
IPD increased by 33% (from 8.0 to 10.6 cases/100,000 
persons) (Table 1). IPD incidence due to non–PCV7 sero-
types showed an increasing trend in all age groups, and the 
increase was signifi cant in patients 50–64 and >65 years of 
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age. Non–PCV7 serotypes 1, 19A, 22F, and 23B increased 
signifi cantly (Figure), although absolute numbers remained 
relatively small.

Clinical Characteristics
During all 3 study periods, surveillance data were pri-

marily (97%–98%) for hospitalized IPD patients; the few 
exceptions were data for patients who visited a hospital 
emergency department and went home the same day. The 
distribution of clinical IPD manifestations among patients in 
different age groups did not change between the pre- and late 
post-implementation period (Table 2). In children <5 years 
of age, there was no decline in the incidence of meningitis 
because of an increase in non–PCV7 serotype meningitis in 
the late post-implementation period. In older children and 
adults, invasive pneumonia remained the most prevalent 
manifestation. The incidence of invasive pneumonia de-
clined in the late post-implementation period in persons >65 
years of age despite a signifi cant increase in invasive pneu-
monia caused by non–PCV7 serotypes (Table 2).

Although the overall number of IPD cases declined 
from 1,216 in the pre-implementation period to 1,144 in 
the late post-implementation period, the number of IPD 
patients (all ages) with an immunocompromising condi-

tion increased from 216 to 255 (Table 3). This increase 
mainly occurred among persons >5 years of age, particu-
larly among those >65 years of age. The number of PCV7-
serotype IPD cases declined from 565 in the pre-implemen-
tation period to 268 in the late post-implementation period 
(all ages), and the number of patients with any comorbid-
ity also showed a clear reduction. However, the number 
of immunocompromised persons with PCV7-serotype IPD 
declined only marginally (Table 3), indicating that per-
sons with immunocompromising conditions may benefi t 
less than others from herd immunity against PCV7-sero-
type IPD. This relatively marginal decline was seen for all 
PCV7 serotypes (data not shown). For non–PCV7 serotype 
IPD cases, there were similar increases in the number of 
infected immunocompromised patients and patients with 
any comorbidity. Moreover, at baseline a smaller pro-
portion of immunocompromised (41%) than nonimmu-
nocompromised (47%) persons had PCV7-serotype IPD 
(Table 4). Before and after introduction of PCV7, few chil-
dren <5 years of age had a comorbid condition along with 
IPD (online Technical Appendix Table, wwwnc.cdc.gov/
EID/pdfs/12-0329-Techapp.pdf).

Despite the relative increase in immunocompromised 
patients with IPD, the overall death rate for IPD decreased 
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Table 1. Incidence of invasive pneumococcal disease before and after implementation of a PCV7 vaccination program, the 
Netherlands, June 2004–May 2010* 

Age group,  
y

Vaccination period† 
Late post- vs. pre-

implementation period Pre-implementation
 Early post- 

implementation
Late

post-implementation
No. cases Incidence  No. cases Incidence No. cases Incidence IRR 95% CI p value

All serotypes           
 All ages 1,216 14.9  1,304 15.9 1,144 13.8 0.93 0.86–1.01 NS 
 <2 68 35.0  42 22.8 26 14.1 0.40 0.26–0.63 <0.001 
 2–4 25 8.2  26 8.9 12 4.3 0.52 0.26–1.04 NS 
 5–17 23 1.8  22 1.7 23 1.8 1.00 0.56–1.78 NS 
 18–49 181 4.9  209 5.8 197 5.5 1.11 0.91–1.36 NS 
 50–64 253 16.4  292 18.3 261 15.8 0.96 0.81–1.14 NS 
 >65 666 57.7  713 59.6 625 49.9 0.87 0.78–0.97 0.009 
PCV7 serotypes          
 All ages 565 6.9  561 6.9 268 3.2 0.47 0.40–0.54 <0.001 
 <2 48 24.7  15 8.1 0 0.0 0 NA <0.001 
 2–4 17 5.6  17 5.8 3 1.1 0.19 0.06–0.66 0.003 
 5–17 11 0.9  4 0.3 4 0.3 0.36 0.12–1.14 NS 
 18–49 56 1.5  66 1.8 48 1.3 0.87 0.59–1.29 NS 
 50–64 114 7.4  129 8.1 56 3.4 0.46 0.33–0.63 <0.001 
 >65 319 27.6  330 27.6 157 12.5 0.45 0.37–0.55 <0.001 
Non–PCV7 serotypes          
 All ages 650 8.0  741 9.1 876 10.6 1.33 1.20–1.47 <0.001 
 <2 20 10.3  27 14.7 26 14.1 1.37 0.77–2.46 NS 
 2–4 8 2.6  9 3.1 9 3.2 1.22 0.47–3.18 NS 
 5–17 12 0.9  18 1.4 19 1.5 1.58 0.77–3.26 NS 
 18–49 125 3.4  142 3.9 149 4.1 1.22 0.96–1.54 NS 
 50–64 139 9.0  163 10.2 205 12.4 1.37 1.11–1.70 0.004 
 >65 346 30.0  382 32.0 468 37.4 1.25 1.09–1.43 0.002 
*Cases are number of patients included in a study covering 25% of the Dutch population; incidence is number of cases/100,000 persons. Three 
pneumococcal isolates (1 in the pre- and 2 in the early post-implementation period) were either not typeable or typed as a rough strain and, therefore, 
could not be classified as 7-valent pneumococcal conjugate vaccine (PCV7) or non–PCV7 serotypes. IRR, incidence rate ratio; NS, not significant 
(p>0.05); NA, not applicable; boldface, significant difference (p<0.05). 
†Vaccination periods: pre-implementation period, June 2004–May 2006; early post-implementation, June 2006–May 2008; late post-implementation 
period, June 2008–May 2010. 
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signifi cantly from 2.4 to 1.6 cases/100,000 persons. This 
decline in IPD-related deaths appears to be the result of 
1) an overall decrease in the incidence of PCV7-serotype 
IPD and 2) a lower case-fatality rate among persons with 
non–PCV7 serotype IPD (Table 3). The lower death rate 
was seen in all age groups, but the decrease was signifi cant 
only for patients >65 years of age. Moreover, a decrease 
in the case-fatality rate for non–PCV7 serotype cases was 
seen not only among otherwise healthy persons (decrease 
from 10% to 4%; p = 0.02), but also among immunocom-
promised persons (from 27% to 16%; p = 0.03) and/or per-
sons with other comorbidities (from 19% to 14%; p = 0.03). 
Likewise, the median length of hospital stay for children >5 
years of age and adults was signifi cantly lower during the 

post-implementation period than in the pre-implementation 
period (online Technical Appendix Table).

Discussion
Our fi ndings show that 4 years after introduction of 

PCV7 in the Netherlands, the overall annual incidence of 
IPD decreased by 60% (from 35.0 to 14.1 cases/100,000 
persons) among children <2 years of age, the age group 
targeted for vaccination; the decrease was a result of virtu-
ally complete eradication of PCV7 serotypes. In children 
2–4 years of age, a 48% reduction was seen in IPD cases 
overall. A signifi cant decline of 13% was also observed in 
persons >65 years of age. No signifi cant decline in over-
all IPD was seen in persons 5–64 years of age because the 
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Figure. Serotype distribution of invasive 
pneumococcal disease in the Netherlands 
before and after (early and late) 
introduction of the 7-valent pneumococcal 
conjugate vaccine (PCV7). The 7 vaccine 
serotypes and the most prevalent 
nonvaccine serotypes are shown. The 
cases represent case-patients included 
in the study (covering ≈25% of the Dutch 
population). Gray, pre-implementation 
period (June 2004–May 2006); white, early 
post-implementation period (June 2006–
May 2008); black, late post-implementation 
period (June 2008–May 2010); *Signifi cant 
difference (p<0.05) between pre- and post-
implementation periods, calculated by the 
incidence rate ratio.

Table 2. Incidence of invasive pneumococcal disease manifestations before and after implementation of a PCV7 vaccination program,
the Netherlands, June 2004–May 2010* 

Age group, y, 
manifestation

Incidence (%) by infecting serotype and vaccination period† 
All serotypes  PCV7 serotypes Non–PCV7 serotypes

Pre-
implementation

Late post-
implementation

 Pre-
implementation

Late post-
implementation

Pre-
implementation

Late post-
implementation

<5        
 Meningitis 6.80 3.88  4.80 0.43 2.00 3.45
 Invasive pneumonia 4.40 1.72  3.00 0 1.40 1.72

 Bacteremia other 
focus

3.60 1.29  2.80 0 0.80 1.29

 Bacteremia without 
focus

3.80 1.29  2.40 0.22 1.40 1.08

5–64        
 Meningitis 1.05 1.07  0.48 0.24 0.57 0.82
 Invasive pneumonia 4.92 5.36  1.94 1.18 2.98 4.18

 Bacteremia other 
focus

0.45 0.41  0.15 0.14 0.29 0.27

 Bacteremia without 
focus

0.55 0.47  0.20 0.09 0.35 0.38

>65        
 Meningitis 3.38 2.24  1.39 0.40 1.99 1.84
 Invasive pneumonia 47.80 40.80  23.21 10.14 24.51 30.66

 Bacteremia other 
focus

1.73 2.63  0.78 0.64 0.95 2.00

 Bacteremia without 
focus

4.42 3.99  2.16 1.12 2.25 2.87

*Incidence is per 100,000 inhabitants. PCV7, 7-valent pneumococcal conjugate vaccine. 
†Vaccination periods: pre-implementation period, June 2004–May 2006; late post-implementation period, June 2008–May 2010. 
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decline in PCV7-serotype IPD was offset by a similar in-
crease in non–PCV7 serotype IPD. The proportion of im-
munocompromised patients within PCV7-serotype IPD 
also increased. Despite these fi ndings, the length of hospi-
tal stay and case-fatality rates declined over the last years. 
Our fi ndings indicate that use of PCV7 in the Netherlands 
resulted in a major decrease in PCV7-serotype IPD among 
all age groups.

Our results for children are in line with those in Eng-
land and Wales (4). However, among persons 5–65 years of 
age, the effect of herd immunity was less pronounced in the 
Netherlands than in England and Wales (4), where PCV7 

was introduced around the same time as in the Netherlands 
(summer 2006), or in the United States 4 years after the 
introduction of PCV7 in 2000 (14). This difference can be 
partly explained by the absence of a catch-up campaign for 
children <2 years of age in the Netherlands. Young chil-
dren are a primary reservoir for carriage and transmission 
of pneumococci because of prolonged colonization epi-
sodes related to their immature immune systems. Vaccina-
tion of toddlers in addition to newborns has a major effect 
on the speed of onset of herd immunity in the population. 
Therefore, by continuing surveillance in the Netherlands, 
we will likely see more reduction of PCV7-serotype IPD in 
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Table 3. Characteristics for persons with invasive pneumococcal disease before and after implementation of a PCV7 vaccination 
program, the Netherlands, June 2004–May 2010* 

Characteristic

No. (%) by infecting serotype and vaccination period† 
All serotypes PCV7 serotypes Non–PCV7 serotypes 

Before  
(n = 1,216) 

After
(n = 1,144) p value 

Before 
(n = 565) 

After
(n = 268) 

p
value

Before  
(n = 650) 

After
(n = 876) p value

Comorbidity          
 Immunocompromising  
 condition‡ 

216 (18) 255 (22) 0.013 88 (16) 73 (27) 0.001 128 (20) 182 (21) NS 

 Any comorbidity§ 817 (67) 788 (69) NS 376 (67) 190 (71) NS 441 (68) 598 (68) NS 
Disease course/outcome          
 ICU admission 258 (21) 243 (21) NS 115 (20) 60 (22) NS 143 (22) 183 (21) NS 
 Length of hospital stay,  
 median (IQR) 

11.0
(7.0–18.0) 

9.0
(5.0–16.0)

<0.001 11.0
(7.0–18.0)

9.0
(5.0–15.0)

<0.001 11.0
(7.0–19.0) 

10.0
(5.0–16.0)

<0.001 

 Died 194 (16) 135 (12) 0.003 92 (16) 44 (16) NS 102 (16) 91 (10) 0.002 
Deaths/100,000 persons 2.4 1.6 0.001 1.1 0.5 0.000 1.3 1.1 NS 
*Cases are number of patients included in a study covering 25% of the Dutch population. Boldface, significant difference (p<0.05) between pre- and 
post-implementation period as calculated by 2 test (% of cases), Mann-Whitney U test (median days of hospitalization), or incidence rate ratio (mortality 
rate). PCV7, 7-valent pneumococcal conjugate vaccine; NS, not significant (p>0.05). 
†Data are no. (%) except as indicated in first column. Vaccination periods: before, pre-implementation period (June 2004–May 2006); after, late post-
implementation period (June 2008–May 2010). 
‡Immunocompromising condition: primary immunodeficiency, HIV/AIDS, lymphoma, leukemia, myeloma, solid organ or stem cell transplant, current 
immunosuppressive therapy for malignancy or autoimmune disease, asplenia/splenectomy, sickle cell disease, and renal insufficiency (dialysis required 
and nephrotic syndrome).  
§Any comorbidity: malignancies (within previous 5 y) not considered to be immunocompromising; chronic obstructive pulmonary disease; asthma; 
diabetes mellitus; myocardial infarction; coronary artery condition; stroke/transient ischemic attack; cardiomyopathy; heart failure; heart valve disease; 
presence of cerebral/abdominal/thoracic aneurysms; thyroid disease; liver disease; intravenous drug use; long-term alcohol abuse; cerebrospinal fluid 
leak; recent physical trauma/skull fracture; and, for children, premature birth (<37 weeks for children 0–1 y old and <32 weeks for children 0–4 y old). 

Table 4. Proportion of vaccine-type and nonvaccine-type invasive pneumococcal disease cases before and after implementation of a 
PCV7 vaccination program, the Netherlands, June 2004–May 2010* 

Vaccination period and infecting 
serotype(s) 

No. (%) patients, by health status at time of infection 

Otherwise healthy 
Immunocompromising 

condition† p value Any comorbidity‡ p value 
Pre-implementation period      
 Total no. cases 399 216 NA 817 NA 
 PCV7 cases 189 (47) 88 (41) NS 376 (46) NS 
 Non–PCV7 cases 209 (52) 128 (59) NS 441 (54) NS 
Post-implementation period      
 Total no. cases 356 255 NA 788 NA 
 PCV7 cases 78 (22) 73 (29) NS 190 (24) NS 
 Non–PCV7 cases 278 (78) 182 (71) 0.050 598 (76) NS 
*Cases are number of patients included in a study covering 25% of the Dutch population. Pre-implementations period, June 2004–May 2006; post-
implementation period, June 2008–May 2010. Boldface, significant difference (p<0.05, calculated by 2 test) compared with otherwise healthy patients. 
PCV7, 7-valent pneumococcal conjugate vaccine; NA, not applicable; NS, not significant (p>0.05). 
†Immunocompromising condition: primary immunodeficiency, HIV/AIDS, lymphoma, leukemia, myeloma, solid organ or stem cell transplant, current 
immunosuppressive therapy for malignancy or autoimmune disease, asplenia/splenectomy, sickle cell disease, and renal insufficiency (dialysis required 
and nephrotic syndrome).  
‡Any comorbidity: malignancies (within previous 5 y) not considered to be immunocompromising; chronic pulmonary disease (chronic obstructive 
pulmonary disease and asthma); diabetes mellitus; cardiovascular disease (myocardial infarction, coronary artery condition, stroke/transient ischemic 
attack, cardiomyopathy, heart failure, heart valve disease, and presence of cerebral/abdominal/thoracic aneurysms); thyroid disease; liver disease; 
intravenous drug use; long-term alcohol abuse; cerebrospinal fluid leak; recent physical trauma/skull fracture; and, for children, premature birth (<37 
weeks for children 0–1 y old and <32 weeks for children 0–4 y old).
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the years after 2010. A major issue will be the rise in non–
PCV7 serotypes, which is estimated by Choi et al. (19) to 
be ≈90% in England and Wales. Despite this large increase 
in non–PCV7 serotype IPD, it is expected that this will not 
offset the decrease in PCV7-serotype IPD in infants and 
elderly persons.

The decline of IPD cases among persons with immu-
nocompromising conditions was limited compared with the 
decline among nonimmunocompromised persons. This re-
sult may be biased because the number of PCV7-serotype 
IPD cases in this group was relatively small before intro-
duction of PCV7. However, the case-fatality rate for non–
PCV7 serotype IPD in the post-implementation period de-
clined among otherwise healthy persons and among those 
with comorbid conditions, suggesting a less severe course 
of disease, even in patients with serious immunocompro-
mising conditions. Thus, even if the incidence of IPD de-
creased less in immunocompromised persons than in the 
general population, persons with immunocompromising 
conditions still appear to benefi t from the vaccination pro-
gram because of a reduction in case-fatality rates.

The reduced case-fatality rate for non–PCV7 serotype 
IPD since the introduction of PCV7 can be partly explained 
by a large increase in serotype 1 IPD. This invasive sero-
type is associated with a low case-fatality rate (12,15,20), 
which remained low (6%–8%) in the Netherlands during 
the study period. Case-fatality rates for the other individual 
serotypes also did not change signifi cantly after introduc-
tion of PCV7. In line with a lower case-fatality rate, we 
also found a reduced length of hospital stay for patients 
with PCV7-serotype IPD and those with non–PCV7 sero-
type IPD. However, in the Netherlands, there has been a 
tendency toward shorter hospital stays, which along with 
other factors (e.g., improved hospital effi ciency) may affect 
the fi nding of a reduced length of hospital stay for patients 
with IPD (21). For example, in 2006 a new fi nancial system 
was introduced in the Netherlands that encourages shorten-
ing of the length of hospital stay.

In children, the increase in non–PCV7 serotype dis-
ease was most pronounced among patients with meningitis. 
Although the numbers were too small to yield signifi cant 
differences, these data indicate that surveillance should be 
continued and special attention should be paid to patient 
characteristics and the evolution of serotype circulation 
over time.

The incidence of IPD caused by nonvaccine– S. pneu-
moniae serotypes 1, 19A, 22F, and 23B increased signifi -
cantly after introduction of PCV7 in the Netherlands. The 
increase in serotype 19A has been consistently reported 
worldwide, especially increased carriage among children 
(22,23) and increased cases of serotype 19A–associated 
invasive disease (24) and otitis media (25–27). The role of 
PCV7 in promoting serotype 19A carriage in vaccinated 

children compared with unvaccinated controls has been 
shown (22,28). In many countries, the increase in serotype 
19A disease is associated with high levels of penicillin re-
sistance (24). In the Netherlands, only 1.8% of pneumococ-
cal strains are reported to be resistant (29). The increase 
in serotype 22F was also seen in the United States and in 
England and Wales (3,4). The occurrence of serotype 1 was 
also shown to fl uctuate and decline in presence of PCV7 
(4). We did not see an increase in IPD caused by serotypes 
6C and 15B/C, although increases have been reported 
elsewhere (3,4). On May 1, 2011, the Dutch government 
switched from the 7-valent to the 10-valent pneumococcal 
conjugate vaccine, which includes serotypes 1, 5, and 7F in 
addition to those in PCV7 (30). The 13-valent pneumococ-
cal conjugate vaccine, which has not been introduced in 
the Netherlands, adds protection against serotypes 3, 6A, 
and 19A.

Surveillance artifacts resulting from enhanced sur-
veillance and increased awareness after the introduction 
of the vaccine should be considered when evaluating the 
effects of the PCV7 vaccination program (4). However, 
adjustments for these artifacts can introduce new biases 
leading to over- and underestimation of the true effects 
of the vaccine. We believe there are no indications for 
enhanced surveillance and increased awareness in our 
study. The laboratory-based surveillance system re-
mained unchanged during the study period, 2004–2010. 
Unlike the situation in England and Wales (4), the number 
of pneumococcal isolates obtained from CSF samples in 
the Netherlands remained stable during the years before 
PCV7 was introduced (online Technical Appendix Figure 
1). Moreover, the incidences of IPD caused by a great ma-
jority of non–PCV7 serotypes remained stable during the 
entire study period; the exceptions were for IPD caused 
by serotypes 1, 19A, 22F, and 23B (online Technical 
Appendix Figure 2). If enhanced surveillance had taken 
place, one would expect an increase in the reported num-
ber of IPD cases caused by any of these serotypes. Thus, 
we made no corrections for increased case ascertainment 
or awareness in this study.

Our study does have limitations. First, the study pe-
riods before and after implementation of the vaccine pro-
gram were relatively short; this may have caused an over-
estimation or underestimation of our results. To account for 
a proper transition period, we did not include June 2006–
May 2008 in our comparisons because no clear conclusions 
could be drawn from this period. Second, changes in IPD 
epidemiology could have been infl uenced by variations in 
the seasonal infl uenza and the infl uenza A(H1N1)pdm09 
virus epidemics in 2009 (31,32). Last, no data were avail-
able on the national prevalence of comorbidities/diseases. 
Thus, we could not evaluate IPD incidence rate ratios for 
the 3 patient groups in our study: otherwise healthy per-
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sons, persons with any comorbidity, and persons with im-
munocompromising conditions.

The results of this study show that PCV7 use has re-
duced the number of IPD cases and deaths in children <2 
years of age (the age group targeted for vaccination) and 
in persons >65 years of age. However, after introduction 
of PCV7, cases of IPD caused by non–PCV7 serotypes 
increased signifi cantly among elderly persons, and the 
proportion of immunocompromised persons with IPD in-
creased. Despite these increases, the overall IPD case-fatal-
ity rate among patients >65 years of age decreased, which 
seems to be a positive consequence of shifts in circulating 
serotypes after introduction of a pneumococcal conjugate 
vaccine for infants.
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Antimicrobial treatments and vaccines can alter 
bacterial interactions in the nasopharynx, thereby altering 
disease processes. To better understand these interactions, 
we examined colonization rates of 3 respiratory bacterial 
pathogens among 320 children when healthy and at onset 
of acute otitis media (AOM). Bacterial interactions were 
analyzed with a repeated measures logistic regression 
model. Among healthy children, Streptococcus pneumoniae 
and Moraxella catarrhalis were synergistically (positively) 
associated. Colonization with S. pneumoniae when healthy, 
but not at onset of AOM, was competitively (negatively) 

associated with Staphylococcus aureus. Among children 
with AOM, competitive associations were found between 
Haemophilus infl uenzae and S. pneumoniae and between 
H. infl uenzae and M. catarrhalis; rates of colonization with 
H. infl uenzae were higher. Bacterial interactions result in 
differing pathogen prevalence during periods of health 
and at onset of AOM. H. infl uenzae might become a more 
common cause of AOM among children who receive 
pneumococcal conjugate vaccine.

Respiratory bacterial infections, including pneumonia, 
acute exacerbations of bronchitis, acute sinusitis, 

and acute otitis media (AOM) among children and adults 
create major clinical concerns (1,2). The most common 
bacteria that cause upper respiratory tract infections are 
Streptococcus pneumoniae, Haemophilus infl uenzae, and 
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Nasopharyngeal Bacterial Interactions in Children

Moraxella catarrhalis (2). The human nasopharynx is an 
ecologic reservoir of these and other bacteria. A broad 
variety of commensal bacteria and potential bacterial 
pathogens colonize the nasopharynx (3,4). Colonization 
of the nasopharynx is a fi rst, and essential, step toward 
development of respiratory bacterial infections (3). Viruses 
can join the microbial mix as a prelude to secondary 
bacterial infections of the respiratory tract (5–7).

More information about microbial interactions in 
the nasopharynx is needed (8). These interactions can 
be altered by therapeutic (e.g, antimicrobial drug) and 
vaccine (e.g.; pneumococcal conjugate vaccination) 
interventions, resulting in synergistic or competitive 
outcomes. Information about interactions of the major 
bacterial respiratory pathogens in the nasopharynx and 
the conditions conducive to progression to infection (e.g., 
concurrent viral upper respiratory infections) is limited. 

Microbial species can interact synergistically 
to promote persistence of colonization (positive, or 
synergistic, association) or they can compete (negative, 
or competitive, association) (4,9). Interactions between 
bacteria can alter the composition of a microbial community 
and affect incidence of disease (4). Several studies have 
reported competitive associations between colonized S. 
pneumoniae and S. aureus in the nasopharynx of children, 
raising concerns that eradication of S. pneumoniae 
from the nasopharynx by the heptavalent pneumococcal 
conjugate vaccine (PCV7) might lead to increased S. 
aureus colonization and subsequent infections (10–13). 
The introduction of the 13-valent pneumococcal conjugate 
vaccine will probably exacerbate this effect. Other variables 
that alter nasopharynx colonization patterns in children 
include age, gender, daycare attendance, history of having 
been breast-fed, environmental exposure to tobacco smoke, 
and otitis-prone condition (14,15).

Several recent reports have described interactions 
among the 3 major pathogens—S. pneumoniae, H. 
infl uenzae, and M. catarrhalis—in young children 
(8,10,11,16), but the results were contradictory (9). We 
investigated the interactions of these 3 pathogens in the 
nasopharynx of young children while healthy (healthy 
visits) and at onset of AOM (AOM visits). Our aims were 
to understand differences in nasopharynx colonization 
rates and bacterial interactions according to the child’s 
health status. 

Materials and Methods

Study Design and Participants
We analyzed data collected during June 2006–May 

2011 from children enrolled in a 5-year prospective study 
supported by the National Institute of Deafness and Other 
Communication Disorders. In that study, healthy children 

with no previous episodes of pneumonia, sinusitis, or AOM 
were enrolled at 6 months of age from 5 middle-class, 
suburban pediatric practices in Rochester, New York, USA. 
Nasopharyngeal and oropharyngeal samples were obtained 
from healthy children at 6, 9, 12, 15, 18, and 24 months 
of age and examined for S. pneumoniae, H. infl uenzae, M. 
catarrhalis, and S. aureus. If symptoms compatible with 
an AOM infection developed, a tympanocentesis was 
performed, as described, to confi rm the diagnosis (17). At 
the time of diagnosis, nasopharyngeal and oropharyngeal 
samples were obtained for bacterial pathogen cultures. All 
children received age-appropriate standard vaccinations, 
including pneumococcal conjugate vaccine (PCV7) 
(Prevnar; Wyeth Pharmaceuticals, Collegeville, PA, USA). 

We analyzed culture data from nasopharyngeal 
samples collected during 1,183 healthy visits and 334 
AOM visits among 320 children 6–24 months of age. All 
samples included in this study were from children who had 
not received antimicrobial therapy for at least 3 weeks. 
Nasopharynx colonization at healthy versus AOM visits 
was compared among children at 6, 9, 12, 15, 18, and 24 
months of age. This time frame includes peak incidence of 
AOM infection caused by S. pneumoniae, H. infl uenzae, 
and M. catarrhalis. 

Nasopharyngeal and oropharyngeal samples were 
obtained for culture as described (18). The pathogens S. 
pneumoniae, H. infl uenzae, M. catarrhalis and S. aureus 
were isolated and identifi ed according to the Manual of 
Clinical Microbiology (19).

The study was approved by the Institutional Review 
Board of the University of Rochester and the Rochester 
General Hospital. Written informed consent was obtained 
from parents or guardians before the children were enrolled.

Statistical Analyses
The rates of nasopharynx colonization among children 

of the same age at healthy and AOM visits were compared 
by using the Fisher exact test and GraphPad Prism software 
(www.graphpad.com). Bacterial interactions were analyzed 
by using repeated measures logistic regression models. 
Predicted outcomes of colonization with S. pneumoniae, 
H. infl uenzae, and M. catarrhalis were examined by using 
multivariate logistic regression. Generalized estimating 
equations were used to model exchangeable correlation 
within participants (20). Two logistic regression models (1 
for healthy visits and 1 for AOM visits) were calculated by 
using R version 2.13.2 (www.r-project.org/). To examine 
the effects of covariates on each of the 3 pathogens, we 
modeled colonization of each pathogen separately by using 
the remaining 2 pathogens as predictors and including the 
interaction term (8). Because few S. aureus were isolated, 
we did not separately model colonization outcome for 
S. aureus (8). For each model, we estimated odds ratios 
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(ORs) for the response pathogen given the presence of 
each predictor pathogen alone, then jointly; synergistic 
associations between bacteria are indicated by OR>1; 
competitive associations, by OR<1. The absence of both 
predictor pathogens was used as the reference condition. 
p<0.05 was considered signifi cant; p<0.01, strongly 
signifi cant; p<0.1, weakly signifi cant. The model was 
also used to estimate the OR for each pathogen relative to 
the risk factors of sex, age, daycare attendance, history of 
having been breast-fed, environmental exposure to tobacco 
smoke, and otitis-prone condition.

Results

Polymicrobial Nasopharynx Colonization 
Differences in nasopharynx colonization rates between 

healthy and AOM visits remained generally similar 
across the longitudinal samplings (Table 1). The rate of 
nasopharynx colonization by S. pneumoniae for children of 
all ages at healthy visits, when neither H. infl uenzae nor M. 
catarrhalis was present, was 14.2%; this rate did not differ 
statistically from that at AOM visits (14.4%; p = 0.93) 
(Table 1). In contrast, the rate of nasopharynx colonization 
by H. infl uenzae for children of all ages at AOM visits, when 
neither S. pneumoniae nor M. catarrhalis was present, was 
19.5%; this rate was >4-fold higher than the rate at healthy 
visits (4.5%; p<0.0001) (Table 1). The rate of nasopharynx 

colonization by M. catarrhalis for children of all ages at 
healthy visits, when neither H. infl uenzae or S. pneumoniae 
was present, was 20.6%; this rate was 2-fold higher than 
that for AOM visits (10.5%; p<0.0001) (Table 1).

Polymicrobial colonization of the nasopharynx 
was signifi cantly less common at healthy visits than at 
AOM visits. At the onset of an infection, polymicrobial 
colonization increased by 1.5–2.8-fold overall for children of 
all ages (p<0.05 for all). At healthy visits, the proportion of 
children with polymicrobial nasopharynx colonization was 
18.1% (214/1,183); whereas at AOM visits, the proportion 
was 45.5% (152/334) (p<0.0001). A comparison of single-
pathogen colonization and polymicrobial colonization at 
ages 6, 9, 12, 15, 18, and 24 months and differences between 
healthy visits and AOM visits are shown in the Figure.

The overall colonization rates for any of the 3 
pathogens were 57.4% (679/1,183) at healthy visits and 
89.8% (300/334) at AOM visits (p<0.0001). The culture-
positive rates at healthy visits were 30.3% (358/1183) for 
S. pneumoniae, 11.7% (138/1,183) for H. infl uenzae, and 
36.3% (429/1,183) for M. catarrhalis; whereas at AOM 
visits, rates were 52.7% (176/334), 47.9% (160/334), and 
43.4% (145/334), respectively (p<0.0001 for all) (Table 1).

Bacterial Interactions
The predicted outcome of nasopharynx colonization 

with S. pneumoniae, H. infl uenzae, and M. catarrhalis is 

1740 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 18, No. 11, November 2012

Table 1. Nasopharyngeal colonization of children of when healthy and at onset of acute otitis media, Rochester, NY, USA, June 2006–
May 2010* 

Group 
Age, mean  
mo ± SD 

No.
visits 

% Total visits 
Single Multiple Overall

Spn Hflu Mcat 
Spn+
Hflu

Spn+
Mcat 

Hflu+
Mcat 

Spn+Hflu+
Mcat Spn Hflu Mcat 

6 mo              
 Healthy 6.4 ± 0.6 304 13.2 3.3 19.1 3.0 9.2 1.6 1.3  26.6 9.2 31.3 
 AOM 6.5 ± 1.2 66 22.7 19.7 9.1 10.6 13.6 4.5 13.6  60.6 48.5 40.9 
9 mo              
 Healthy 9.3 ± 0.4 237 12.7 3.0 21.1 2.5 10.5 1.3 2.5  28.3 9.3 35.4 
 AOM 9.0 ± 0.5 63 14.3 6.3 9.5 15.9 22.2 11.1 7.9  60.3 41.3 50.8 
12 mo              
 Healthy 12.3 ± 0.4 205 15.1 3.9 22.4 1.0 11.2 0.5 2.4  29.8 7.8 36.6 
 AOM 12.1 ± 1.1 90 15.6 24.4 8.9 10.0 15.6 5.6 5.6  46.7 45.6 35.6 
15 mo              
 Healthy 15.3 ± 0.5 170 17.1 5.3 19.4 2.9 13.5 1.8 2.4  35.9 12.4 37.1 
 AOM 15.3 ± 0.5 30 6.7 23.3 10.0 20.0 20.0 6.7 6.7  53.3 56.7 43.3 
18 mo              
 Healthy 18.4 ± 0.6 155 14.2 5.2 21.9 3.2 8.4 1.9 3.9  29.7 14.2 36.1 
 AOM 19.0 ± 1.2 42 4.8 28.6 16.7 9.5 16.7 7.1 9.5  40.5 54.8 50.0 
24 mo              
 Healthy 24.4 ± 0.5 112 14.3 9.8 20.5 1.8 15.2 7.1 7.1  38.4 25.9 50.0 
 AOM 24.9 ± 2.4 43 14.0 16.3 11.6 14.0 16.3 9.3 9.3  53.5 48.8 46.5 
All ages              
 Healthy 12.5 ± 5.6 1183 14.2 4.5 20.6 2.5 10.9 1.9 2.8  30.3 11.7 36.3 
 AOM 14.1 ± 7.0 334 14.4 19.5 10.5 12.6 17.1 7.2 8.7  52.7 47.9 43.4 
*Spn, Streptococcus pneumoniae; Hflu, Haemophilus influenzae; Mcat, Moraxella catarrhailis; AOM, acute otitis media. 
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shown in Table 2. At healthy visits, when colonization with 
S. pneumoniae was the predicted outcome, S. pneumoniae 
was synergistically associated with M. catarrhalis 
colonization (OR 1.42, p = 0.015) but not with H. infl uenzae 
colonization (OR 1.33, p = 0.28). When colonization with 
H. infl uenzae was the predicted outcome, no signifi cant 
associations were found between H. infl uenzae and S. 
pneumoniae (OR 1.43, p = 0.19) or between H. infl uenzae 
and M. catarrhalis (OR 0.81, p = 0.43). When colonization 
with M. catarrhalis was the predicted outcome, M. 

catarrhalis colonization was synergistically associated 
with S. pneumoniae colonization (OR 1.51, p = 0.0059) but 
not with H. infl uenzae colonization (OR 0.83, p = 0.49).

At onset of AOM infection, the predictions differed 
greatly. When colonization with S. pneumoniae was 
the predicted outcome, S. pneumoniae colonization was 
competitively associated with H. infl uenzae colonization 
(OR 0.40, p = 0.0014) but not with M. catarrhalis 
colonization (OR 1.02, p = 0.94). When colonization with 
H. infl uenzae was the predicted outcome, H. infl uenzae 
colonization was competitively associated with S. 
pneumoniae colonization (OR 0.41, p = 0.0021) and M. 
catarrhalis colonization (OR 0.37, p = 0.0022). When 
colonization with M. catarrhalis was the predicted outcome, 
M. catarrhalis colonization was competitively associated 
with H. infl uenzae colonization (OR 0.35, p = 0.0015) but 
not with S. pneumoniae colonization (OR 1.02, p = 0.95).

The higher prevalence of a potential otopathogen 
in the nasopharynx need not imply greater association. 
For example, the marginal rates for the pathogens in the 
healthy group (all ages) were 0.303, 0.117, and 0.363, 
the product of which is 0.0129 (Table 1). The actual rate 
for the occurrence of all 3 is 0.028, indicating an increase 
in association compared with chance. In contrast, the 
corresponding rates for the AOM group are 0.527, 0.479, 
0.434, the product of which is 0.1096, compared with an 
actual rate of occurrence of 0.087 for all 3, indicating a 
decrease in association compared with chance. These totals 
are therefore compatible with the ORs reported in Table 2.

Effects of Other Risk Factors on Bacterial Colonization 
Analysis of the effects of S. aureus colonization and 

host factors on nasopharynx colonization by S. pneumoniae, 
H. infl uenzae, and M. catarrhalis in children when healthy 
and at onset of AOM indicated that nasopharyngeal cultures 
were positive for S. aureus at 7.7% (91/1,183) of healthy 
visits and 5.7% (19/334) of AOM visits (p = 0.23). S. aureus 
was competitively associated with S. pneumoniae at healthy 
visits (OR 0.55, p = 0.011) but not at AOM visits (OR 0.95, 
p = 0.89). No signifi cant associations were identifi ed between 
S. aureus and H. infl uenzae or between S. aureus and M. 
catarrhalis at either type of visit (Table 2). At the healthy 
visits, daycare attendance was signifi cantly positively 
associated with S. pneumoniae (OR 1.87, p = 0.0001) and 
H. infl uenzae colonization (OR 1.71, p = 0.015) but not with 
M. catarrhalis colonization (OR 1.28, p = 0.11). At onset 
of AOM, daycare attendance was signifi cantly positively 
associated with H. infl uenzae colonization (OR 2.06, p = 
0.0032) but not with S. pneumoniae (OR 1.29, p = 0.28) 
or M. catarrhalis colonization (OR 0.91, p = 0.70). The 
otitis-prone condition (defi ned as 3 episodes of AOM 
infection within 6 months or 4 AOM infections within 
12 months) was signifi cantly positively associated with 
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Figure. Nasopharyngeal colonization of children with Streptococcus 
pneumoniae, Haemophilus infl uenzae, and Moraxella catarrhalis 
during routine doctor visits when healthy (triangles) and during visits 
for onset of acute otitis media (squares), Rochester, NY, USA, June 
2006–May 2011. A) Single microbial colonization; B) polymicrobial 
colonization; C) overall colonization (single and polymicriobial). 
*p<0.05; **p<0.01, ***p<0.001, compared with healthy visits, by 
Fisher exact test.
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S. pneumoniae (OR 2.34, p = 0.016) and H. infl uenzae 
colonization (OR 3.1, p = 0.0017) at healthy visits but 
not at AOM visits. We found no signifi cant association 
between smoking exposures and colonization or between 
a history of breastfeeding and colonization at either type of 
visit (Table 2). Being male was positively associated with 
M. catarrhalis colonization (OR 1.94, p = 0.005) at AOM 
visits but not at healthy visits.

Discussion
We found that patterns of nasopharynx colonization 

associations in children differed at onset of AOM and when 
healthy. H. infl uenzae colonization was competitively 
associated with S. pneumoniae and M. catarrhalis 
colonization at AOM visits but not at healthy visits; the 

rates of nasopharynx colonization by H. infl uenzae were 
4-fold higher during AOM visits than during healthy visits.

Our fi ndings suggest that during the PCV era, H. 
infl uenzae might increase as a bacterial pathogen of AOM. 
Our data among young children show that nasopharynx 
colonization studies of healthy children might not refl ect 
the polymicrobial mix at the time of onset of AOM; the 
nasopharyngeal environment during onset of AOM favors 
H. infl uenzae colonization. It is the mix of bacteria at time of 
infection that determines which organisms are most likely to 
cause infection (12). We have previously shown that among 
children, the changes in nasopharynx colonization by S. 
pneumoniae and H. infl uenzae caused by PCV7 resulted 
in a remarkable proportionate decrease in AOM infection 
caused by S. pneumoniae and a proportionate increase in 
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Table 2. Predicted outcome of nasopharyngeal colonization among children when healthy and at onset of acute otitis media, 
Rochester, NY, USA, June 2006–May 2010* 

Characteristics

Outcome, OR (95% CI) 
Spn Hflu Mcat 

Healthy AOM Healthy AOM Healthy AOM 
Hflu x Mcat       
 Neither§  1.0 1.0 NA NA NA NA 
 Hflu 1.33

(0.78–2.27) 
0.40†

(0.22–0.71) 
NA NA NA NA 

 Mcat 1.42‡
(1.06–1.99) 

1.02
(0.58–1.79) 

NA NA NA NA 

 Both 3.40 
(1.99–5.81) 

0.79
(0.41–1.51) 

NA NA NA NA 

Spn x Mcat       
 Neither§  NA NA 1.0 1.0 NA NA 
 Spn NA NA 1.43 

(0.83–2.45) 
0.41†

(0.23–0.73) 
NA NA 

 Mcat NA NA 0.81 
(0.48–1.38) 

0.37†
(0.19–0.71) 

NA NA 

 Both NA NA 2.10 
(1.30–3.40) 

0.28
(0.15–0.52) 

NA NA 

Spn x Hflu       
 Neither§ NA NA NA NA 1.0 1.0 
 Spn NA NA NA NA 1.51†

(1.12–2.03) 
1.02

(0.58–1.80) 
 Hflu NA NA NA NA 0.83 

(0.49–1.41) 
0.35†

(0.18–0.68) 
 Both NA NA NA NA 2.17 

(1.29–3.64) 
0.68

(0.36–1.32)
Saur       
 Absent§ 1.0 1.0 1.0 1.0 1.0 1.0 
 Present 0.55‡

(0.34–0.88) 
0.95

(0.43–2.08) 
0.72

(0.33–1.54) 
0.62

(0.19–2.00) 
1.07

(0.69–1.66) 
1.19

(0.52–2.70) 
Male 0.0.84 

(0.61–1.17) 
0.85

(0.54–1.35) 
0.83

(0.53–1.28) 
0.75

(0.46–1.23) 
1.07

(0.80–1.42) 
1.94†

(1.21–3.11) 
Daycare  1.87†

(1.34–2.59) 
1.29

(0.81–2.05) 
1.71‡

(1.1–2.67) 
2.06†

(1.26–3.38) 
1.28

(0.94–1.73) 
0.91

(0.58–1.45) 
Breast-fed 1.29 

(0.92–1.83) 
1.07

(0.65–1.77) 
0.75

(0.48–1.16) 
0.81

(0.48–1.38) 
1.00

(0.74–1.35) 
1.02

(0.63–1.63) 
Smoke  0.77 

(0.48–1.22) 
0.65

(0.31–1.34) 
0.74

(0.38—1.43) 
0.61

(0.29–1.30) 
0.80

(0.53–1.20) 
0.98

(0.41–2.30) 
Otitis prone 2.34‡

(1.19–4.59) 
0.98

(0.63–1.53) 
3.10†

(1.51–6.36) 
1.42

(0.89–2.27) 
1.16

(0.51–2.66) 
0.98

(0.63–1.52) 
*Boldface indicates significance. OR, odds ratio; Spn, Streptococcus pneumoniae; Hflu, Haemophilus influenzae; Mcat, Moraxella catarrhailis; AOM, 
acute otitis media; NA, not applicable; Saur, Staphylococcus aureus. Bacterial interactions were analyzed by using repeated measures logistic regression 
models.
†p 0.01. 
‡p 0.05. 
§Reference. 
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AOM infection caused by H. infl uenzae (17,21,22). At 
onset of AOM, when H. infl uenzae co-colonizes with S. 
pneumoniae or M. catarrhalis, H. infl uenzae predominates 
over these 2 bacteria to cause AOM (18). The elimination 
of S. pneumoniae strains expressing PCV7 serotypes 
has resulted in the remaining S. pneumoniae strains, 
except serotype 19A, competing less effectively with 
H. infl uenzae in the nasopharynx (18). Therefore, with 
a further reduction in nasopharynx colonization by S. 
pneumoniae, including strains expressing serotype 19A (as 
will probably result from the recent introduction of PCV13 
in some countries), our data suggest that H. infl uenzae 
might fi ll the nasopharyngeal niche at the onset of AOM, 
and consequently, H. infl uenzae might become a more 
prominent cause of AOM.

S. aureus also can cause respiratory infections; several 
reports have suggested that S. aureus might be replacing 
S. pneumoniae as a dominant nasopharynx colonizer as a 
consequence of the introduction of PCV. Concern has been 
expressed that S. aureus might emerge as a more prominent 
respiratory pathogen (10–13,23). However, our results 
do not support that S. aureus has emerged as a frequent 
pathogen of AOM after introduction PCV7.

Knowledge regarding interactions among S. 
pneumoniae, H. infl uenzae, and M. catarrhalis is limited, 
appears contradictory, and is confi ned to studies among 
children. Zemlickova et al. found no signifi cant association 
between S. pneumoniae and H. infl uenzae or between S. 
pneumoniae and M. catarrhalis in the nasopharynx of 425 
healthy children, 3–6 years of age, in the Czech Republic 
(11). Madhi et al. found synergistic associations between S. 
pneumoniae and H. infl uenzae in PCV9-vaccinated healthy 
children, 5 years of age, in South Africa (10). Jacoby et 
al. found synergistic associations between nasopharynx 
colonization by S. pneumoniae, H. infl uenzae, and M. 
catarrhalis in healthy children, 1–24 months of age, but 
no signifi cant association between S. pneumoniae and S. 
aureus or between H. infl uenzae and S. aureus (16). At onset 
of respiratory viral infections and in association with AOM 
infection, Pettigrew et al. (8) found competitive associations 
between colonization by S. pneumoniae and H. infl uenzae, 
H. infl uenzae and M. catarrhalis, S. pneumoniae and S. 
aureus, and H. infl uenzae and S. aureus in children 6–36 
months of age. Thus, our results comparing nasopharynx 
colonization patterns during times of health with patterns at 
onset of AOM help explain the prior contradictory results.

Although we found a synergistic association between 
S. pneumoniae and M. catarrhalis at healthy visits and a 
signifi cant increase of polymicrobial colonization at AOM 
visits, the tendency toward polymicrobial colonization did 
not result in synergistic associations at AOM visits. On the 
contrary, competitive associations between H. infl uenzae 
and S. pneumoniae and between H. infl uenzae and M. 

catarrhalis were found at AOM visits. The increases in 
colonization of individual bacterial pathogens during AOM 
might randomly result in an increase of polymicrobial 
colonization and might not result from synergistic 
associations among the potential pathogens. Further study 
on the mechanism is needed.

The mechanisms to explain competitive and synergistic 
interactions among S. pneumoniae, H. infl uenzae, M. 
catarrhalis, and S. aureus have been explored. In a mouse 
model, Lysenkoet al. found that when H. infl uenzae 
colonized with S. pneumoniae in the nasopharynx, S. 
pneumoniae was rapidly cleared (24). The competitive 
interaction was dependent on cellular components of H. 
infl uenzae activating the host innate immune response 
involving complement and neutrophils; the end result was 
the killing of S. pneumoniae (24). The mouse model results 
are consistent with our observations among children but 
differ from results observed during in vitro experiments 
that predict that S. pneumoniae should inhibit the growth of 
H. infl uenzae (25,26). A competitive association between 
S. pneumoniae and S. aureus might be mediated by S. 
pneumoniae production of hydrogen peroxide (25,27). Our 
results and those of others suggest that this mechanism 
might be active during times of health but not, on the basis 
of our observation, at onset of AOM (10,11,13,28).

We did evaluate the effects of age, sex, daycare 
attendance, breast-feeding history, exposure to tobacco 
smoke, and an immunologically driven increased 
susceptibility to AOM (15,29) in our study population. The 
results differed at healthy versus AOM visits except for the 
effect of daycare attendance on H. infl uenzae colonization; 
daycare attendance had a positive association with H. 
infl uenzae colonization at both healthy and AOM visits. 
Others have shown daycare attendance to be consistently 
associated with increased colonization by S. pneumoniae, 
H. infl uenzae, and M. catarrhalis in healthy children and 
in children with viral upper respiratory infections (8). 
Our previous studies have shown that children who are 
prone to otitis have much weaker immune responses to S. 
pneumoniae surface antigens than those who are not prone 
(15,30). We therefore assessed the otitis-prone condition 
as a predictor in the models in this study. We found that 
the otitis-prone condition was positively associated with S. 
pneumoniae and H. infl uenzae colonization at healthy visits 
but not at AOM visits.

The rates of nasopharynx colonization with S. 
pneumoniae, H. infl uenzae, and M. catarrhalis and the 
mix at onset of AOM that we observed occurred mostly 
in the context of a concurrent viral upper respiratory tract 
infection. A limitation of our study is that we did not 
evaluate bacterial–viral interactions. Revai et al. (31) and 
Chonmaitree et al. (32) found that among young children, 
viral upper respiratory tract infections preceded >90% of 
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AOM infections. At onset of AOM, 93% of the children in 
our study had clinical signs of a viral upper respiratory tract 
infection; the predominant viruses detected were infl uenza, 
parainfl uenza, respiratory syncytial, and adenovirus (A. 
Chang, unpub. data). The culture and PCR methods used 
in that study did not identify rhinovirus, metapneumovirus, 
or bocavirus. Previous studies have shown that viral upper 
respiratory tract infections affect bacterial nasopharynx 
colonization (5,7). Respiratory viruses up-regulate 
epithelial cell receptors for some species of respiratory 
bacteria (7); they cause infl ammation and down-regulate 
innate and adaptive host defenses (7,33). Different viruses 
have varying effects on different bacteria (34–36). The 
comparison of healthy visits with AOM visits suggests that 
viral infections alter the host nasopharynx environment by 
facilitating a shift in the polymicrobial mix and enhancing 
polymicrobial colonization.

We did not study the additional effect of antimicrobial 
drugs on nasopharynx colonization. Such treatment 
modifi es nasopharynx colonization patterns. Pettigrew et al. 
(8) showed that antimicrobial drug therapy was associated 
with a lower prevalence of colonization with S. pneumoniae 
and M. catarrhalis but not with H. infl uenzae. Varon et 
al. (37) showed that colonization by S. pneumoniae, H. 
infl uenzae, and M. catarrhalis decreased after antimicrobial 
drug thereapy; the reduction in colonization was less for H. 
infl uenzae than for S. pneumoniae or M. catarrhalis. Current 
national guidelines endorse the use of amoxicillin for fi rst-
line treatment of AOM, sinusitis, and community-acquired 
pneumonia in children (38–40). Amoxicillin is ineffective 
for eradicating β-lactamase–producing H. infl uenzae and 
M. catarrhalis. We have previously shown that ≈65% of 
H. infl uenzae and 100% of M. catarrhalis colonizing the 
nasopharynx of children in our study population elaborate 
β-lactamase (17,21,22). Therefore, empiric treatment with 
amoxicillin would probably increase H. infl uenzae and M. 
catarrhalis nasopharynx colonization in children.

Our results led us to 2 conclusions. First, nasopharyngeal 
bacterial interactions among S. pneumoniae, H. infl uenzae, 
and M. catarrhalis differ during health and at onset of 
AOM in young children. Second, at the onset of AOM, 
the nasopharynx environment among children vaccinated 
with PCV7 is favorable for H. infl uenzae colonization. 
Consequently, our results predict that H. infl uenzae might 
be become a more prominent bacterial pathogen of AOM 
in the era of PCV. Further studies of virus–bacterium–host 
interactions in the nasopharynx and additional studies of 
the mechanisms driving the observed shifts in bacterial 
species and polymicrobial makeup are needed.
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The emergence of Schmallenberg virus (SBV), a 
novel orthobunyavirus, in ruminants in Europe triggered a 
joint veterinary and public health response to address the 
possible consequences to human health. Use of a risk 
profi ling algorithm enabled the conclusion that the risk 
for zoonotic transmission of SBV could not be excluded 
completely. Self-reported health problems were monitored, 
and a serologic study was initiated among persons living 
and/or working on SBV-affected farms. In the study set-up, 
we addressed the vector and direct transmission routes 
for putative zoonotic transfer. In total, 69 sheep farms, 4 
goat farms, and 50 cattle farms were included. No evidence 
for SBV-neutralizing antibodies was found in serum of 301 
participants. The lack of evidence for zoonotic transmission 
from either syndromic illness monitoring or serologic testing 
of presumably highly exposed persons suggests that the 
public health risk for SBV, given the current situation, is 
absent or extremely low.

In November 2011, scientists in Germany identifi ed novel 
viral sequences in serum from cattle affected by a febrile 

syndrome that was reported during August–September 2011 
in Germany and the Netherlands. Clinical signs included 

decreased milk production and diarrhea. The virus, named 
Schmallenberg virus (SBV), was isolated from blood of 
affected cattle, and similar clinical manifestations were 
observed in experimentally infected calves (1). In the 
Netherlands, SBV was detected retrospectively in serum 
from affected cattle in December 2011 (2).

Since the end of November 2011, an unusually high 
number of ovine and bovine congenital malformations were 
reported in the Netherlands. The main macroscopic fi ndings 
included arthrogryposis; torticollis; scoliosis; brachygnathia 
inferior; hydranencephaly; and hypoplasia of cerebrum, 
cerebellum, and spinal cord. SBV genome was detected in the 
brain of malformed lambs and calves (3–5). These fi ndings, 
together with detection of SBV RNA in multiple types of 
samples, e.g., amniotic fl uid, meconium, and placenta 
remains from diseased lambs and calves, strongly pointed 
to SBV as the causative agent of the clinical manifestations 
(6). The teratogenic effects in ruminants are hypothesized to 
refl ect virus circulation in late summer/early autumn 2011, 
leading to intrauterine infection with SBV during a specifi c 
period of gestation (4).

In June 2012, seven additional European countries 
(Belgium, Denmark, France, Italy, Luxemburg, Spain, 
and the United Kingdom) confi rmed SBV in ruminants, 
accumulating to a total of 3,745 PCR-confi rmed infected 
animal holdings (4,7). In the Netherlands 1,670 holdings 
were suspected to be affected by SBV on the basis of births 
of animals with malformations typical of SBV infection, 
of which 350 were confi rmed by PCR as of June 12, 2012. 
The holdings with confi rmed SBV comprise 237 cattle, 107 
sheep, and 6 goat farms (8).

SBV has been identifi ed as most related to Sathuperi 
virus, and for the small and large segments, Shamonda 
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Lack of Evidence for Zoonotic SBV

virus segments show the highest sequence identity. All 
those viruses are members of the Simbu serogroup, family 
Bunyaviridae, genus Orthobunyavirus, and known as 
arthropod-borne viruses that can cause illness in ruminants 
(9). The orthobunyaviruses comprise ≈170 virus isolates, 
assigned to 48 distinct species, arranged in 18 serogroups, 
including the Simbu serogroup. Serogroups within the 
genus are based on cross–hemagglutination-inhibition 
and antibody neutralization relationships. Phylogenetic 
relationships are consistent with the results of serologic 
relationships (10–12).

Because the family Bunyaviridae contains several 
medically relevant zoonotic viruses, of which Crimean-
Congo hemorrhagic fever virus, Rift Valley fever virus, Sin 
Nombre virus, and sandfl y fever Naples virus are examples, 
the emergence of SBV triggered a joint veterinary and 
public health response in the Netherlands to address the 
possible consequences to human health. We present the 
public health risk ascertainment of the emergence of SBV 
in ruminants in the Netherlands and most likely other 
European countries were SBV has emerged.

Methods

Profi ling Risks to Humans
We used a standard in-house checklist for profi ling the 

risk to human health of novel emerging viruses to assess 
the public health risks for SBV. This checklist comprised 
10 items: 1) situation assessment; 2) review of taxonomic 
position of the newly identifi ed virus; 3) review of human 
health risks associated with closely related viruses; 4) 
review of epidemiology of related viruses (transmission 
cycle, reservoirs, and vectors); 5) review of clinical 
manifestations in humans of related viruses (including 
kinetics of immune response and shedding); 6) assessment 
of potential for human exposure and identifi cation of 
related risk factors; 7) assessment of human diagnostics; 8) 
design of a literature/evidence-based testing algorithm; and 
10) conclusions and recommendations.

Virus and Validation Serum
An SBV strain, isolated from SBV reverse transcription 

PCR–positive, homogenized brain tissue of a malformed 
lamb in the Netherlands, was obtained from the Central 
Veterinary Institute (Lelystad, the Netherlands). Putative 
cross-reacting orthobunyaviruses circulating in Europe, 
Batai virus (13), Tahyna virus (14), and Inkoo virus (15), 
were obtained from the Bernhard Nocht Institute for 
Tropical Medicine (Hamburg, Germany). All viruses were 
propagated and titrated (50% tissue culture infectious dose 
[TCID50]) in continuous African green monkey kidney cells 
(Vero E6, ATCC CRL-1586). SBV-positive control serum 
from a ewe that had given birth to an SBV PCR-positive 

lamb was obtained from the Animal Health Service (AHS), 
and positive serum sample from an experimentally infected 
ewe was obtained from the Central Veterinary Institute.

Well-defi ned negative and positive human serum 
cohorts were not available because SBV is a novel emerging 
virus with unknown zoonotic potential. Therefore, we 
validated the virus neutralization test (VNT) using presumed 
seronegative serum from 1) 56 patients without travel 
history submitted to the National Institute for Public Health 
and the Environment during February 28, 2007–February 
25, 2008, for routine diagnostic testing for Bordetella 
pertussis; 2) 73 inhabitants of municipalities with known 
SBV activity in 2011 that had been collected during August 
15, 2010–October 15, 2010, for routine screening; and 3) 
93 veterinary students collected in 2006 and 2008. Serum 
from 92 veterinary students sampled during 2011 and from 
73 inhabitants of municipalities with known SBV activity 
collected during August 15, 2011–October 15, 2011, for 
routine screening were considered to represent community 
samples from possibly exposed populations and were added 
to the validation panel. Anonymized use of serum from the 
National Institute for Public Health and the Environment 
was covered by the rules of the code of conduct for proper 
use of human tissue of the Dutch Federation of Medical 
Scientifi c Associations. The cohort study of the veterinary 
students included screening for zoonotic infections and 
was approved by the Medical Ethical Committee of the 
University Medical Centre Utrecht.

VNT
For VNT, Vero E6 cells were seeded in 96-well plates 

and incubated overnight at 37°C with 5% CO2 until the 
cells were ≈80%–90% confl uent. Serum was heated for 30 
min at 56°C to inactivate complement before use. Serum 
was serially diluted in 2-fold steps in minimum essential 
medium (GIBCO/Life Technologies, Bleiswijk, the 
Netherlands). We added 100 TCID50 of virus to the diluted 
serum (volume of 60 μL each). To rule out the presence 
of other cytopathic effect–inducing factors, serum dilutions 
also were added to control wells to which no virus was 
added. After incubation at 37°C in 5% CO2 for 1 h, 100 μL 
of the virus-plus-serum mixture, no virus-serum controls, 
and a virus dilution control were added to the Vero E6 cells 
and incubated for 3 d at 37°C. Assays were performed in 
duplicate. Cells were monitored for cytopathic effect after 
3 days.

Monitoring of Health Symptoms
Persons in close contact with affected animals or their 

birth materials in whom fever developed (>38°C) within 
2 weeks after exposure were asked to contact the regional 
public health service (PHS) for evaluation and assessment 
of the need for follow-up. This request was made through 
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an email-based alert system hosted by the AHS and farmers 
association to veterinarians. The alert system prompted 
veterinarians to inform farmers on SBV-affected holdings. 
When a relation between reported fever and SBV was 
considered possible, a short questionnaire was fi lled in by 
study participants, and serum was tested by real-time PCR 
(as described in [6]) and VNT to diagnose a possible SBV 
infection.

Design of Serologic Study in Persons 
with High Probability of Exposure

A serologic survey was designed to determine the 
presence of SBV antibodies in serum from persons 
living and working on farms where SBV had been highly 
suspected on the basis of pathologic fi ndings consistent 
with typical SBV-induced malformations in calves or 
lambs, most confi rmed by PCR and/or serology. The target 
cohort, consisting of adult (>18 years of age) farmers, farm 
residents, farm employees, and veterinarians who had been 
exposed to affected herds, were invited to participate by 
donating a serum sample and fi lling in a questionnaire. 
A total of 240 affected animal holdings were approached 
through direct mailing by the AHS. Employees of the 
regional PHS visited the affected farms and collected 
serum samples and questionnaires. The veterinarians 
were collectively contacted to be sampled at a national 
conference after a preannouncement of the purpose of the 
study.

The questionnaire addressed demographics, the animal 
species involved, the type and level of exposure (birth 
materials, feces, milk or other products, insects), protective 
equipment used during work, general health, (recent) 
health complaints, and presence of wounds on hands. The 
study protocol, information material, and questionnaires 
were assessed by the Medical Ethical Committee of the 
University Medical Centre Utrecht and approved (METC 
no. 12–106).

On the basis of a literature review of seroprevalence 
studies in regions with known orthobunyavirus outbreaks, 
a seroprevalence of 2% was established as the lower bound 
in an affected human population (N. Cleton, unpub. data; 
16–19). In this scenario with 2% seroprevalence, testing of, 
for example, 200 exposed persons would give a probability 
of 98.24% to detect >1 seropositive persons (Table 1).

Results

Profi ling the Human Risks for SBV

Human Disease in Related Viruses
The literature indicates that zoonotic transmission 

of SBV could not be completely ruled out. The 
taxonomic position of SBV had been identifi ed as family 

Bunyaviridae, genus Orthobunyavirus, Simbu serogroup 
(1). At least 30 orthobunyaviruses have been associated 
with human disease. Virologic or serologic evidence 
for zoonotic infection has been found for several viruses 
within the Simbu serogroup, including viruses considered 
to be primarily livestock pathogens (Aino and Shuni virus; 
Table 2). Among the many reasons for vigilance was the 
lack of full characterization of SBV. Genetic reassortment 
between orthobunyaviruses within the same serogroups 
has led to emergence of new viruses, occasionally with 
increased pathogenicity and potentially with changes in 
host range (21,36–40).

Modes of Transmission
The related Shamonda, Sathuperi, Aino, and Akabane 

viruses are transmitted mainly by biting midges (23; 41 in 
online Technical Appendix, wwwnc.cdc.gov/EID/pdfs/12-
0560-Techapp.pdf), and the epidemiology of the infection 
in animals and the fi rst detections of SBV genome in 
Culicoides spp. midges in Belgium, Denmark, and Italy 
suggested vector-borne spread as a mode of transmission for 
SBV as well (1,2; 42–44 in online Technical Appendix). In 
addition, the birth defects in lambs and calves increased the 
need for assistance from veterinarians during parturition, 
and high loads of viral RNA were detected in birth materials 
of sheep and cattle (6). Therefore, if SBV is zoonotic, 
transmission could have occurred to persons who could 
have been exposed to infected vectors (residents, farmers, 
veterinarians) and/or through direct contact with animals 
that had congenital malformations or with birth material, 
e.g., during assistance at deliveries (farmers, veterinarians). 
A testing algorithm was designed (Figure). Professionals 
were advised to respect common hygiene measures for 
veterinarian-assisted deliveries and handling of affected 
newborn ruminants. Pregnant women were advised not to 
assist at ruminant deliveries.
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Table 1. Probability of detecting at least 1 seropositive sample 
among different sample sizes and hypothetical seroprevalences 
in study to determine whether Schmallenberg virus can be 
zoonotically transmitted, the Netherlands 

Sample size
Hypothetical 

seroprevalence, %
Probability* of detecting 

at least 1 seropositive, %
50 2.00 63.58
100 2.00 86.74
150 2.00 95.17 
192 2.00 97.93 
200 2.00 98.24
301 2.00 99.77
301 1.00 95.14
301 0.50 77.88
301 0.25 52.93
301 3.00 99.99
*The probability was calculated as 1 – (1 – seroprevalence) ˆ sample size, 
so for a seroprevalence of 2% and a sample size of 200, the probability of 
detecting at least 1 seropositive = 1 – (1 – 0.02) ˆ 200. 
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Validation of VNT
Because the viremic phase in orthobunyavirus 

infections typically is short, we chose to use serologic 
testing by VNT to evaluate an immunologic response in 
exposed persons (1,21). For assay validation, possible 
cross-reacting zoonotic viruses circulating in Europe were 
identifi ed. Zoonotic viruses in the Simbu serogroup are not 
known to circulate in Europe, but related orthobunyaviruses 
that may infect humans are Batai virus (BATV), Tahyna 
virus (TAHV), and Inkoo virus (INKV) (Table 2). No 
cross-neutralization was observed when the SBV-positive 
control serum was tested against 100 TCID50 of BATV, 
INKV, and TAHV, whereas the homologous titer was 
512 (data not shown). The reverse experiment could not 
be conducted because of a lack of reference reagents. A 
control cohort of 222 serum samples, presumed negative on 
the basis of collection data before 2011, were all negative 

in the VNT (data not shown). Another validation cohort 
of 165 serum samples, possibly positive on the basis of 
collection data in 2011 and putative exposure through 
residence and professional activities, were all negative as 
well (data not shown).

Monitoring of Symptoms
Symptoms that could be attributed to a putative 

infection with SBV were determined on the basis of an 
inventory made of syndromes related to human infection 
with closely related viruses of the Simbu group, i.e., 
Oropouche virus and Iquitos virus (Table 2). These viruses 
typically cause a febrile illness accompanied by chills, 
general malaise, headache, anorexia, muscle and joint pain, 
muscle weakness, and vomiting. Symptoms of meningitis 
or a rash occasionally develop. The reported diseases 
generally are self-limiting (20,21).
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Table 2. Evidence for zoonotic infection within the family Bunyaviridae, Orthobunyavirus genus, the Netherlands* 

Serogroup, species 
Geographic 
distribution Reservoir 

Human
infection Evidence 

Reported 
symptoms in 

humans

Congenital
disease in 
humans References

Simbu        
 Oropouche virus South America Humans, 

sloths,
marmosets

Yes Outbreaks Febrile illness, 
arthralgia, 
diarrhea 

NR (18,20)

 Iquitos virus South America Humans, 
unknown 

Yes Unexplained 
fever

surveillance 

Febrile illness, 
arthralgia, 
diarrhea 

NR (21)

 Akabane virus Asia, Israel, 
Kenya, 

Australia 

Cattle,
horses, 
sheep

No No serology NR NR (22,23)

 Shamonda virus Africa Cattle No No serology NR NR (24,25)
 Aino virus Asia Cattle Possibly Serology Unknown Unknown (22,23,26)
 Shuni virus Africa Cattle, 

horses, 
sheep

Possibly Virus isolation 
(one case) 

Fever, no 
hospital

submission 

NR (27–29)

 Sathuperi virus Asia, Africa Cattle Unknown Unknown Unknown Unknown (30)
California encephalitis        
 California encephalitis 
 virus 

North America Rodents, 
lagomorphs 

Yes Endemic, 
common

Febrile illness, 
encephalitis

NR (31)

 La Crosse virus North America Rodents, 
lagomorphs 

Yes Endemic 
common

Febrile illness, 
encephalitis

NR (31)

 Tahyna virus Europe, Asia, 
Africa

Lagomorphs, 
rodents,

hedgehogs 

Yes Serology, 
cases 

Febrile illness, 
respiratory 
symptoms 

meningitis (mild) 

NR (32)

 Inkoo virus Northern 
Europe 

Lagomorphs Yes Surveillance 
febrile illness, 
CNS illness, 

Febrile illness, 
Meningitis (mild) 

NR (32)

 Snowshoe hare virus North America, 
Far-Eastern 

Europe 

Lagomorphs, 
rodents 

Yes Serology, 
case reports 

Febrile illness NR (32)
(31)

Bunyamwera        
 Batai virus Europe, Asia, 

Africa
Birds,pigs,

horses, 
ruminants

Yes Serology 
(rare) 

Febrile illness, 
affection

NR (32)

 Cache Valley virus North America Deer, sheep, 
horses, cattle

Yes 2 Case 
reports,
serology 

Febrile illness, 
encephalitis

Under
discussion 

(33–35)

 Ngari virus Africa Humans, 
unknown 

Yes Outbreaks, 
virus isolation 

Febrile illness, 
hemorragic fever 

NR (36–38)

*NR, not reported; CNS, central nervous system. 
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Because the range of symptoms described was 
diverse, we decided to monitor patients who suited our 
case defi nition: febrile disease >38°C within 2 weeks after 
contact with malformed calves or lambs or their birthing 
materials (in the absence of the supposed vector during 
the winter season). The 2-week period was based on the 
known incubation period for Oropouche virus in humans, 
typically 4–8 days (20). Eight cases were reported by the 
PHS during January 1–April 15, 2012. Four of these were 
excluded because they did not meet the case defi nition. 
The remaining 4 cases were tested by PCR and VNT (for 
3 cases only because only vesicle fl uid was available for 
1 study participant). None of the tested suspected case-
persons showed evidence of an SBV infection.

In addition, no unusual trends were noted during or 
since summer 2011 in the existing routine surveillances for 
neurologic illness, gastroenteritis, and infl uenza-like illness 
at the Netherlands Centre for Infectious Disease Control 
(H. van der Avoort, E. Duizer, and A. Meijer, pers. comm.).

Serology in High-Exposure Groups
To enable evidence-based risk profi ling, serologic 

surveillance was initiated in persons residing at locations 
with proven SBV circulation and professionals in close 
contact with infected animals and their birth materials. In 
this study set-up, we addressed the vector and the direct 
transmission routes for putative zoonotic transfer.

The study comprised 301 participants. Of these, 192 
worked or lived on farms with laboratory-confi rmed SBV 
circulation in animals, 42 persons worked or lived on farms 
where animals were being raised and where SBV infection 
was highly suspected, and 67 were veterinarians who had 
been in contact with malformed animals (Tables 3, 4). These 

123 farms consisted of 69 sheep, 4 goat, and 50 cattle farms 
that had animals with typical SBV malformations (no other 
pathogens were circulating in the Netherlands that cause 
congenital malformations, including arthrogryposis), of 
which most were PCR and/or VNT confi rmed (83%; Table 
4). SBV-specifi c antibodies were detected in livestock 
serum at 97.7% (83/85) of the farms for which serum was 
available (Table 4). Overall, 229 participants specifi cally 
reported direct exposure to newborn calves, lambs, and/or 
birth materials from SBV-infected herds; these participants 
comprised 179 farmers, and 50 veterinarians (39 of whom 
were exposed while assisting with deliveries at farms and 
11 during postmortem examination of malformed newborns 
at the AHS). A total of 150 participants reported insect 
bites on SBV-infected farm(s), exposing them potentially 
to SBV during the vector season (Table 3).

None of the 301 participants showed serologic 
evidence of SBV infection in the VNT, whereas a titer 
of neutralizing antibodies was high in the ovine control 
serum. In a scenario of 2% seroprevalence, testing of 
301 persons would have led to a probability of 99.77% 
to detect >1 seropositive persons (97.93% on the basis of 
192 persons with laboratory-confi rmed exposure; Table 
1). Nevertheless, sporadic infections cannot be excluded 
entirely.

Discussion
The Netherlands has an integrated structure for human–

animal risk analysis and response to zoonoses, established 
after the massive Q fever outbreak in 2007–2010. The 
continuous emergence of zoonotic viruses from livestock 
reservoirs, with examples of Nipah virus, Japanese 
encephalitis virus, highly pathogenic avian infl uenza 
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Figure. Testing algorithm to determine whether 
Schmallenberg virus can be zoonotically 
transmitted, the Netherlands. RT-PCR, reverse 
transcription PCR.
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A (H7N7) and A (H5N1) viruses, and coronaviruses, 
underscores the relevance of the One Health approach 
in assessing the risks for novel emerging pathogens, 
such as SBV (45–49 in online Technical Appendix). 
The emergence of SBV in 2011 was a test case for this 
collaborative approach to risk assessment. Information, 
protocols, and samples were shared rapidly, facilitating a 
quick public health response.

On the basis of the fi ndings of an in-house risk-
assessment algorithm, we concluded that zoonotic 

transmission of the virus could not be excluded, triggering 
the study described here. We found no evidence for 
infection by serology, but ruling out zoonotic infections 
with high certainty is not simple, particularly in a complex 
situation with >1 possible mode of transmission.

If zoonotic, transmission of SBV could have occurred 
through vector-borne transmission during the period of 
high vector density in summer and fall 2011. The level 
of exposure to SBV by arthropods depends on the vector 
capacity of the residing vectors. Vector capacity is a measure 
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Table 3. Main characteristics of study participants* in study to determine whether SBV can be zoonotically transmitted, the 
Netherlands* 
Exposure group, risk factor Exposed Participants, no. (%)/additional information 
All 
 Total  301/age 18–88 y; mean 47 y; 25th–75th 

percentile 36–58 y; 62% male 
 Exposure to biting insects on SBV-infected farm(s) Yes 150 (50) 

No 71 (24) 
 Unknown 80 (26) 
Farmers, total  234 
 Working and living on SBV-infected farm  191 (82) 
 Working on SBV-infected farm  26 (11) 
 Living on SBV-infected farm  15 (6) 
 Unknown  2 (1) 
 Exposure to animals   
  Sheep   
   Regular contact with lambs and/or birth products on  
   SBV-infected farm 

Yes 110, of whom 88 reported hand (skin) injuries 
during work 

No 31 
   Total  141 
  Goats   
   Regular contact with kids and/or birth products on  
   SBV-infected farm 

Yes 3, of whom 3 reported regular hand (skin) 
injuries during work 

No 10 
   Total  13 
  Cattle   
   Regular contact with calves and/or birth products on  
   SBV-infected farm 

Yes 90, of whom 72 reported regular (hand) skin 
injuries during work 

No 38 
   Total  128 
Veterinarians   
 Total  67/1–50 SBV-infected farms visited per 

veterinarian; median 4 
 Exposure to animals   
  Sheep   
   Contact with malformed lambs and/or birth products Yes† 19, of whom 18 reported regular hand (skin) 

injuries during work 
No 29 

   Total  48 
  Goats   
   Contact with malformed lambs and/or birth products Yes† 1 who reported regular hand (skin) injuries 

during work 
No 29 

   Total  30 
  Cattle   
   Contact with malformed calves and/or birth products Yes† 33, of whom 28 reported regular hand (skin) 

injuries during work 
No 20 

   Total  53 
 Contact with malformed lambs/calves during section at  
 Animal Health Service 

Yes 11, of whom 6 reported regular hand (skin) 
injuries during work. 

*Overall, 50 (75%) of 67 veterinarians reported contact with malformed lambs/calves and/or birth products of which 40 reported regular hand (skin) 
injuries during work. Overall, 179 (76%) of 234 farmers, farm residents and farm employees reported regular contact with newborn lambs/calves and/or 
birth products on SBV-infected farms, of which 140 reported regular hand (skin) injuries during work. SBV, Schmallenburg virus.
†All tested seronegative. 
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of the effi ciency of vector-borne disease transmission 
comprising vector competence, susceptible host density, 
vector host feeding preferences, vector survival rate, vector 
density, and vector feeding rates (50 in online Technical 
Appendix). In this study, we found no evidence for human 
SBV infection, despite the high infection rate of sheep 
and cattle in the same localities (up to 100% within-herd 
seroprevalence (51 in online Technical Appendix) and the 
high level of reported insect bites during work on SBV-
infected farms. From the high infection rates in ruminants, 
we conclude that the capacity of residing vectors to transmit 
SBV to cattle and sheep was high, indicating that vector-
competence, vector densities, and vector survival rates were 
suffi cient for SBV transmission. Therefore, the absence of 
SBV antibodies in humans implies that humans are not 
susceptible to SBV infection but only under the assumption 
that the vectors of SBV have host feeding preference for 
humans. Research into the host preferences of identifi ed 
SBV vector species and, if proven anthropophilic, their 
feeding rates could clarify this issue.

If vector transmission would have been a route for 
zoonotic transmission leading to 2% seroprevalence in 
exposed persons, i.e., persons reporting insect bites on SBV-
infected farms, in this study the probability of detecting 
at least 1 of such seropositive persons would have been 
99.77%. However, this calculation is based on an assumed 
test specifi city and sensitivity of 100%. A high specifi city 
was justifi ed on the basis of the negative results with the 
387 control serum and the absence of neutralizing capacity 
of an SBV-positive ovine serum sample to INKV, BATV, 
and TAHV. Because SBV is a novel pathogen, no well-
defi ned seropositive human serum cohorts were available 
to assay the analytical sensitivity of our test. However, even 
with sensitivity as low as 90%, the probability of detecting 
at least 1 seropositive person still would have been 99.69% 
(data not shown).

The second possible exposure could occur through 
contact with affected animals and/or birth materials. The 
congenital malformations in lambs and calves with SBV 
infection are such that increased assistance during delivery 

was needed from farmers and veterinarians. Direct exposure 
to newborn ruminants and/or birth materials was reported 
in 76% of the study participants. If contact during delivery 
would have been an active route for zoonotic transmission, 
leading to 2% seroprevalence in exposed persons, the 
probability of detecting at least 1 of such seropositive 
persons would have been 99.02%.

A third option is that exposure to newborns and their 
birth materials has a higher risk for infection if exposed 
persons had blood contact with the affected materials (e.g., 
by hand wounds). Sixty percent of participants reported 
small wounds on hands; thus, the probability of detecting 
such seropositives would have been high (i.e., 97.37% with 
2% seroprevalence). In addition, 2 persons in the syndromic 
monitoring reported needlestick incidents, again without 
any evidence for infection through antibody testing.

The absence of evidence for direct transmission of SBV 
from ruminants to humans is in line with observations for 
other Simbu serogroup viruses (Akabane and Shamonda) 
infecting livestock (Table 2). Moreover, a serologic survey 
of 60 sheep farmers with sheep husbandry in the SBV 
epizootic area in Germany yielded no evidence for human 
SBV infection. However, of these farmers, only 48 had 
contact with lambs with SBV characteristic malformations, 
whereas SBV was laboratory confi rmed in the livestock of 
only 36 participants (52 in online Technical Appendix), 
but the level of exposure through contact with affected 
animals and/or birth material is diffi cult to quantify (4). In 
the Netherlands, SBV RNA has been detected in the brains 
of malformed animals on 18.6% of reported cattle farms 
and on 30.6% of reported sheep farms (8), and high loads 
of viral RNA have been detected in some placentas and in 
birth fl uids.

Current data suggest that infections might have been 
cleared by the time of delivery, particularly in cattle, which 
have longer gestations. Furthermore, fi nding RNA in birth 
materials does not give any information about the actual 
presence of infectious virus particles in these materials. 
Attempts to isolate viruses from such specimens have met 
with little success, and further research is needed to address 
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Table 4. Characteristics of participating farms and number of human participants in study to determine whether SBV can be 
zoonotically transmitted, the Netherlands* 

Animal
species†

No. farms (no. animals 
per farm [median])

Laboratory-confirmed SBV infection in 
animals, no. (%) No. human participants

PCR VNT
PCR and/or 

VNT
Total (no. per 

farm)
No. (%) from farms with laboratory-

confirmed SBV infection 
Sheep 69 (5–1,676 [83]) 48 (70) 44 (64) 61 (88)  130 (1–6) 112 (86)
Goat 4 (4–1144 [759]) 1 (25) 2 (50) 2 (50)  8 (1–4) 2 (25)
Cattle 50 (23–468 [136]) 4 (8) 37 (74) 39 (78)  96 (1–5) 78 (81)
Total 123 53 (43)‡ 83 (68)§ 102 (83)  234 192 (82)
*A total of 240 farms were invited to participate in the study (113 sheep, 7 goat, and 120 cattle farms; all were highly suspected to be SBV infected on the 
basis of pathologic findings consistent with typical malformations in calves or lambs). 123 (51%) farms responded. SBV, Schmallenburg virus; VNT, virus 
neutralization test. 
†Mixed farms were classified according to the main animal species. 
‡For 9 farms, PCR results not available. 
§For 38 farms, VNT results not available. 
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the issue of infectivity of birth materials. This lack of virus 
isolation implies that the number of persons in this study 
directly exposed to infectious virus particles from affected 
animals and/or birth material might be lower than assumed 
on the basis of the number of participants reporting this 
exposure. Nevertheless, the lack of seropositive samples 
indicates that the risk for infection through contact with 
contaminated materials, regardless of whether they contain 
infectious virus particles, is minimal. Therefore, given the 
high seroprevalence of SBV in affected herds (51 in online 
Technical Appendix), the lack of any evidence for zoonotic 
transmission from either the syndromic monitoring or this 
serologic study suggests that the public health risk for SBV 
given the current situation is absent or extremely low.
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We conducted a nationwide hospital-based prospec-
tive study in Germany of infl uenza A(H1N1)pdm09 cases 
among children <15 years of age admitted to pediatric inten-
sive care units and related deaths during the 2009–10 pan-
demic and the 2010–11 postpandemic infl uenza seasons. 
We identifi ed 156 eligible patients: 112 in 2009–10 and 44 
in 2010–11. Although a shift to younger patients occurred in 
2010–11 (median age 3.2 vs. 5.3 years), infants <1 year of 
age remained the most affected. Underlying immunosup-
pression was a risk factor for hospital-acquired infections 
(p = 0.013), which accounted for 14% of cases. Myocarditis 
was predictive of death (p = 0.006). Of the 156 case-pa-
tients, 17% died; the difference between seasons was not 
signifi cant (p = 0.473). Our fi ndings stress the challenge of 
preventing severe postpandemic infl uenza infection in chil-
dren and the need to prevent nosocomial transmission of 
infl uenza virus, especially in immunosuppressed children.

In Germany during the infl uenza A(H1N1)pdm09 pan-
demic, there were ≈1,070,000 infl uenza-related medical 

consultations and ≈1,800 hospitalizations for children 0–14 
years of age during  October 12, 2009–January 15, 2010, 
as determined using data provided by the German syn-
dromic surveillance system for acute respiratory infections 
(1). Moreover, 29 laboratory-confi rmed A(H1N1)pdm09 
infection–related deaths in children were notifi ed through 
the mandatory German surveillance system for infectious 
diseases (2). The highest number of notifi ed hospitaliza-
tions and deaths were among children 10–14 years of age 
(3,4). In a nationwide hospital-based observational study 
investigating severely ill children who had been admit-
ted to pediatric intensive care units (PICUs) or had died 
with laboratory-confi rmed A(H1N1)pdm09, we reported 

a high proportion (75%) of case-patients with underlying 
risk factors, of which neurodevelopmental disorders were 
most prevalent (5). In addition, we found that in 10% of the 
cases, children had acquired their infection while hospital-
ized and that few had been vaccinated, revealing a need for 
improving preventive measures to reduce severe disease 
and adverse outcomes (5).

On August 10, 2010, the general director of the 
World Health Organization declared the world was no 
longer in phase 6 of infl uenza pandemic alert; we were 
moving into the postpandemic phase (6). Experience from 
past pandemics suggested that the pandemic virus would 
gradually take on the behavior of a seasonal infl uenza vi-
rus and circulate for several years. However, in view of 
the potential for transformation of the virus into a more 
virulent form (7), as suggested by higher rates of mortal-
ity during second pandemic waves in Copenhagen (1918), 
the United States (1957), and Eurasia (1968–1970) (8,9), 
the World Health Organization acknowledged the unpre-
dictability of pandemic viruses; recommended continued 
vigilance; and issued advice on surveillance, vaccination, 
and prompt clinical management of cases during the post-
pandemic phase (6).

Little is known about the severity of A(H1N1)pdm09 
in children during the fi rst postpandemic season (10). To 
obtain information on critically ill A(H1N1)pdm09-infect-
ed children and to compare risk factors and disease course, 
outcome, and severity for patients during the pandemic 
and fi rst postpandemic season, we prospectively and con-
tinuously performed a nationwide study in Germany during 
August 3, 2009–July 29, 2011.

Methods

Study Design
We conducted a nationwide prospective observational 

study in Germany by using the German Survey Center for 
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Rare Pediatric Diseases (ESPED; an established children’s 
hospitals network comprising all 375 pediatric hospitals in 
Germany) to identify children <15 years of age admitted 
to PICUs with confi rmed A(H1N1)pdm09 infection and 
related deaths. Cases and related deaths during August 3, 
2009–July 29, 2011 were reported by using a standardized 
form. In pandemic season 2009–10 (August 3, 2009–Au-
gust 9, 2010), the case defi nition included only A(H1N1)
pdm09 infection; in postpandemic season 2010–11 (Au-
gust 10, 2010–July 29, 2011), the case defi nition included 
all infl uenza virus infections.

Data Collection
On notifi cation by treating physicians of patients 

with A(H1N1)pdm09 infection, the ESPED study center 
distributed and subsequently collected a structured ques-
tionnaire, which had been adapted by the authors from an 
earlier study on seasonal infl uenza (11). Of 284 distributed 
questionnaires requested by 186 hospitals, 95% (271/284) 
were returned to the study center (Figure 1). After exclud-
ing 3 questionnaires that had been notifi ed twice and 101 
questionnaires for patients who did not meet the case defi -
nition, 62% (167/271) of the questionnaires from 83 hospi-
tals remained. Reasons for not meeting the case defi nition 
included patient age >15 years and patient not admitted to 
PICU. In accordance with the case defi nition, only cases 
of A(H1N1)pdm09 infection were reported during the pan-
demic season (2009–10), and 9 cases of infl uenza A (not 
further subtyped) and 2 cases of infl uenza B infection were 
reported in the postpandemic season (2010–11). Therefore, 
further analyses were restricted to A(H1N1)pdm09 cases.

The structured questionnaire covered anonymous pa-
tient information and information regarding the hospital 
stay, clinical signs and symptoms, clinical and laboratory 
fi ndings, specifi c treatments, status of infl uenza vaccina-
tion, disease complications, and underlying chronic medical 
conditions (chronic respiratory diseases; cardiac diseases; 
immunodefi ciency; and neurodevelopmental disorders, in-
cluding developmental delay, cerebral palsy, epilepsy, and 
other cognitive disorders). Answer categories were prede-
termined, but free space was designated for respondents to 
provide information about other diagnoses and coexisting 
illnesses/medical conditions. Hospital-acquired infection 
was defi ned by a date of symptom onset being >2 days after 
the date of hospital admission; 2 days corresponds with the 
median incubation time for A(H1N1)pdm09 according to 
Cao et al. (12). Data were double entered by using EpiData 
3.1 software (www.epidata.dk/) in an electronic database.

Data Analysis
Reported values are those for children with available 

information. Descriptive statistics comprised the calcula-
tion of median and interquartile ranges (IQRs) for con-

tinuous variables and absolute numbers and proportions 
(together with 95% binomial exact CIs, when appropri-
ate) for categorical variables. Comparative analyses were 
based on the Wilcoxon rank-sum test for continuous vari-
ables and Fisher exact test for categorical variables. Odds 
ratios (ORs) and 95% CIs were calculated. Multivariable 
analysis was performed by using a logistic regression with 
a stepwise approach to compare cases of hospital-acquired 
infection with cases of community-acquired infection and 
survivors with nonsurvivors in PICUs. In doing so, risk 
factors with a p value <0.2 were considered for multivari-
able analysis, with the exception of age, sex, and season, 
which were included in all models. Reported p values are 
2-sided, and p<0.05 was considered signifi cant. Statistical 
analyses were performed by using Stata 11.0 (StataCorp 
LP, College Station, TX, USA).

Data Protection and Ethics Clearance
Adherence to national data protection laws was ap-

proved by the Federal Commissioner for Data Protection 
and Freedom of Information of Germany. Ethical approval 
was granted by the Ethics Committee, Charité-Univer-
sitätsmedizin, Berlin, Germany.

Results

Comparison of 2009–10 and 2010–11 Seasons
We identifi ed 156 critically ill children with con-

fi rmed A(H1N1)pdm09 infection: 112 in 2009–10 and 44 
in 2010–11 (Figure 1). Dates of symptom onset ranged 
from September 21, 2009, to March 20, 2010, for 2009–10 
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Figure 1. Overview of study participation and participant groups 
among severe pediatric cases with A(H1N1)pdm09, Germany, 
2009–2011. PCIU, pediatric intensive care unit.
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and from December 20, 2010, to February 22, 2011, for 
2010–11 (Figure 2). Cases were reported from 15 of the 
16 federal states in Germany during 2009–10 and from 10 
during 2010–11.

The proportion of boys among case-patients was 
higher in 2009–10 than 2010–11 (59% vs. 37%, p = 0.02) 
(Table 1). The median age of case-patients was 5.3 and 3.2 
years in 2009–10 and 2010–11, respectively, and differed 
statistically (p = 0.007) between the 2 seasons. The age dis-
tribution in 2010–11 compared with that in 2009–10 was 
characterized by a markedly higher proportion of children 
< 2 years of age and a lower proportion of children 10–14 
years of age (Figure 3). In both seasons, infants <1 year of 
age represented the age group with the highest number of 
cases (Figure 4).

Of the 146 children with available information, 114 
(78%) had >1 chronic underlying medical condition; the 
difference between seasons for these conditions was not 
statistically signifi cant (Table 1). In both seasons, neuro-
developmental disorders were the most prevalent under-
lying medical condition. Of the 156 critically ill case-
patients, 130 were >6 months age and thus eligible for 
vaccination against A(H1N1)pdm09 virus; however, for 
children with available information on vaccination status, 
only 5 (7%) of 67 vaccine-eligible case-patients had been 
vaccinated in the 2009–10 season, and none had been vac-
cinated in the 2010–11 season. Of the 69 total children 
in both seasons with underlying chronic medical condi-
tions, 64 (93%) had not been vaccinated against A(H1N1)
pdm09 virus.

More cases of sepsis were reported during the postpan-
demic season than during the pandemic season (21% vs. 
8%; p = 0.048) (Table 1). Treatment with oseltamivir was 
used equally (in ≈62% of children) during both seasons. 
The time to oseltamivir administration after symptom onset 
(median 4 days) was similar throughout both seasons. The 
use of catecholamine and mechanical ventilation was more 
frequent in 2010–11 than in 2009–10, but the difference 
was not statistically different.

Hospital-acquired Infections
Hospital-acquired infections accounted for 11% (11 

of 101) of the cases in 2009–10 and for 23% (8/35) in 
2010–11 (p = 0.0931) (Table 1). Of the total study cohort, 
14% (19/136) of the patients (9 in a general ward and 10 
in a PICU) most likely had hospital-acquired infection. For 
these case-patients, the median time from hospital admis-
sion to symptom onset was 29 days (IQR 12–73 days). The 
median age for patients with hospital-acquired infection 
was 1.1 years, and 56% (10/18) were boys (difference not 
statistically signifi cant between seasons).

The overall case-fatality ratios were 26% (5/19) among 
patients with hospital-acquired infection and 20% (23/117) 
among those with community-acquired infection (p = 
0.543). Compared with patients with community-acquired 
infection, those with hospital-acquired infection had more 
complications, including acute respiratory distress syn-
drome (ARDS) (OR 2.7, p = 0.054) and sepsis (OR 3.1, p = 
0.064), but the differences were not statistically signifi cant 
(Table 2). In the multivariable model, immunodefi ciency 
(OR 5.9, 95% CI 1.5–23.9; p = 0.013) and mechanical ven-
tilation (OR 8.9, 95% CI 1.1–74.7; p = 0.043) were sig-
nifi cantly associated with hospital-acquired infection after 
adjusting for age, sex, and season.

Case Fatalities Ratios
The case fatality ratio in PICUs did not differ between 

seasons: 15% (16/106) and 21% (9/44) of PICU case-
patients died in 2009–10 and 2010–11, respectively (p = 
0.473) (Table 1). For the 2 seasons, 25 of 150 PICU case-
patients died, corresponding to a case-fatality ratio of 17% 
(95% CI 11%–24%). On hospital discharge, 26% (27/104) 
of the survivors were reported to have possible sequelae or 
worsening of a pre-existing medical condition.

No statistical differences were found between survi-
vors and nonsurvivors in underlying chronic medical con-
ditions and vaccination status. ARDS (OR 3.2, 95% CI 
1.1–9.2, p = 0.029), myocarditis (OR 30.9, 95% CI 2.6–
360.7,; p = 0.006), and mechanical ventilation (OR 18.3; 
95% CI 1.3–251.6, p = 0.030) were independently associ-
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Figure 2. Distribution of 
136 critically ill children 
with confi rmed A(H1N1)
pdm09, by date of disease 
onset, September 21, 2009–
February 22, 2011, Germany. 
Only cases with available 
date of symptom onset are 
represented.
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ated with a fatal outcome in the multivariable model after 
adjusting for age, sex, and season (Table 3).

Compared with survivors, nonsurvivors more fre-
quently required mechanical ventilation (p = 0.001) and 
treatment with catecholamine (p = 0.002); no differences 
were found in oseltamivir administration (65% vs. 62%, 
p = 0.8185). Time from symptom onset to oseltamivir 
uptake did not differ between survivors (median 4 days, 
IQR 1–6 days) and nonsurvivors (median 4 days, IQR 2–8 
days).

Discussion
During the fi rst postpandemic season, fewer cases of 

A(H1N1) pdm09 infection were reported, but the severity 
and outcome of cases did not differ between the pandemic 
and postpandemic seasons. We further analyzed data from 
the 2 seasons as 2 outbreak waves of 1 virus and identifi ed a 
high number of hospital-acquired infections and ARDS and 
myocarditis as 2 predictors for a fatal outcome.

Compared with the 2009–10 pandemic season, the 
2010–11 postpandemic season started later in the winter 
and had less than half the number of cases. High disease 
awareness during the pandemic season may have enhanced 
testing and reporting during 2009–10; thus the reduced 
case number for 2010–11 should be interpreted with cau-
tion. However in the United States, where reporting of 
infl uenza-related deaths in children is mandatory, a similar 
decline in the number of fatal A(H1N1)pdm09-associated 
cases was noted between the 2009–10 and 2010–11 infl u-
enza seasons (282 and 71 deaths among children, respec-
tively) (13). Before the 2009–10 pandemic and similar to 
the postpandemic season, an average of 82 (range 46–153) 
children in the United States died each year from seasonal 
infl uenza–related illnesses (14). However, in the postpan-
demic 2010–11 season, different proportions of all circulat-
ing infl uenza subtypes might have led to different numbers 
of persons exposed to A(H1N1)pdm09, which makes com-
parisons between seasons and across countries diffi cult.
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Figure 3. Proportion of critically ill children with A(H1N1)pdm09 by 
age group and season, Germany.

Table 1. Comparison of severe cases of influenza A(H1N1)pdm09 virus infection in children during the pandemic and the first 
postpandemic seasons, Germany, 2009–2011* 

Variable No. patients/no. total (%)
Influenza season 

p value 2009–10 2010–11 
Male sex 81/154 (53) 65/111 (59) 16/43 (37) 0.020 
Median age, y (IQR) 4.2 (1.2–9.2) 5.3 (1.7–10.1) 3.2 (0.5–6.5) 0.007 
Hospital-acquired infection 19/136 (14) 11/101 (11) 8/35 (23) 0.093 
Clinical diagnosis     
 Pneumonia 108/156 (69) 79/112 (71) 29/44 (66) 0.569 
 Secondary pneumonia 30/156 (19) 22/112 (20) 8/44 (18) 1.000 
 Encephalopathy 11/156 (7) 7/112 (6) 4/44 (9) 0.506 
 ARDS 43/156 (28) 29/112 (26) 14/44 (32) 0.551 
 Sepsis 18/156 (12) 9/112 (8) 9/44 (21) 0.048 
 Myocarditis 8/156 (5) 4/112 (4) 4/44 (9) 0.223 
 Febrile seizure 7/156 (5) 3/112 (3) 4/44 (9) 0.099 
Underlying chronic medical conditions     
 Any 114/146 (78) 82/107 (77) 32/39 (82) 0.652 
 Neurodevelopmental disorders 84/151 (56) 61/110 (56) 23/41 (56) 1.000 
 Respiratory disease 44/141 (31) 35/104 (34) 9/37 (24) 0.409 
 Immunodeficiency 17/137 (12) 15/97 (16) 2/40 (5) 0.152 
 Cardiac disease 20/143 (14) 12/102 (12) 8/41 (20) 0.286 
Treatment     
 Oseltamivir 90/145 (62) 65/105 (62) 25/40 (63) 1.000 
 Catecholamine 52/138 (38) 35/101 (35) 17/37 (46) 0.240 
 Mechanical ventilation 98/145 (68) 68/107 (64) 30/38 (79) 0.107 
 Vaccination† 5/88 (6) 5/67 (8) 0/21 (0) 0.332 
Outcome     
 All deaths 31/156 (20) 22/112 (20) 9/44 (21) 1.000 
 Death in PICU 25/150 (17) 16/106 (15) 9/44 (21) 0.473 
*Values are no. positive/no. with available information (%), except as indicated. Pandemic season, 2009–10; postpandemic season, 2010–11; IQR, 
interquartile range; ARDS, acute respiratory distress syndrome; PICU, pediatric intensive care unit.  
†Influenza A(H1N1)pdm09 vaccination of patients >6 mo of age. 
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For the 2010–11 season, we assumed a more limited 
number of susceptible persons because exposure to infl u-
enza virus during the pandemic might have provided immu-
nologic protection (15–17). This hypothesis is supported by 
our results showing a shift toward infection in younger age 
groups in 2010–11. A similar fi nding was reported in a pro-
spective study of children with A(H1N1)pdm09 infection in 
a Spanish hospital (median age 7.0 and 0.8 years in 2009–10 
and 2010–11, respectively) (10). During both seasons, chil-
dren <1 year of age were more affected than those in other 

age groups, and the numbers infected in the 2 seasons were 
similar; therefore, infl uenza infection in this immunologi-
cally naive age group might always refl ect a pandemic-like 
situation. It remains unexplained why more boys in 2009–10 
(59%, 65/111) than in 2010–11 (37%, 16/43) had serious 
A(H1N1)pdm09 infection, although it has been suggested 
that the difference in age distribution between the 2 seasons 
could have infl uenced the sex distribution (18).

Our results show that case-fatality ratios for the 2 sea-
sons were similar. In Greece (19) and New-Zealand (20), 
according to the respective national surveillance systems in 
intensive care unit settings, case-fatality ratios among all 
age groups were also similar for the 2 seasons. This result 
is reassuring, in view of concerns of a possible transfor-
mation of the strain into a more severe form (7), and is in 
agreement with the antigenic and genetic homogeneity of 
the virus since its emergence (21).

In both seasons, we identifi ed a large number of prob-
able hospital-acquired A(H1N1)pdm09 infections. Immu-
nodefi ciency, most often reported as acute lymphoblastic 
leukemia, was associated with hospital-acquired infection, 
and this underlying chronic medical condition, has also 
been identifi ed as a risk factor for community-acquired 
A(H1N1)pdm09 (22,23). Findings from a retrospective 
hospital-based study investigating the prevalence of respi-
ratory virus infections among children with cancer or HIV 
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Figure 4. Age distribution of the 156 critically ill children with 
confi rmed A(H1N1)pdm09, by season, Germany.

Table 2. Comparison of hospital- and community-acquired cases of severe influenza A(H1N1)pdm09 infection in children during the
pandemic and first postpandemic influenza seasons, Germany, 2009–2011* 

Variable
No. patients/ 

total (%) 
Hospital-

acquired cases
Community-

acquired cases 
Univariable analysis  Multivariable analysis 

OR (95% CI) p value OR (95% CI) p value
Male sex 72/134 (54) 10/18 (56) 62/116 (54) 1.1 (0.4–3.4) 1.000  1.4 (0.4–4.5) 0.622 
Median age, years (IQR) 4.3 (1.0–9.2) 1.1 (0.3–10.1) 4.8 (1.6–11.9) NA 0.168  1.0 (0.8–1.1) 0.583 
2010–11 season 35/136 (26) 8/19 (42) 27/117 (23) 2.4 (0.8–7.4) 0.093  1.5 (0.4–5.7) 0.517 
Clinical diagnosis         
 Pneumonia 96/136 (71) 15/19 (79) 81/117 (69) 1.7 (0.5–7.4) 0.588  NA NA 
 Secondary pneumonia 27/136 (20) 4/19 (21) 23/117 (20) 1.1 (0.2–3.8) 1.000  NA NA 
 Encephalopathy 9/136 (7) 0/19 (0) 9/117 (8) 0.0 (0.0–2.5) 0.360  NA NA 
 ARDS 38/136 (28) 9/19 (47) 29/117 (25) 2.7 (0.9–8.2) 0.054  NA NA 
 Sepsis 17/136 (13) 5/19 (26) 12/117 (10) 3.1 (0.7–11.4) 0.064  NA NA 
 Myocarditis 8/136 (6) 0/19 (0) 8/117 (7) 0.0 (0.0–2.9) 0.600  NA NA 
 Febrile seizure 6/136 (4) 0/19 (0) 6/117 (5) 0.0 (0.0–3.9) 0.595  NA NA 
Underlying chronic medical conditions        
 Any 101/129 (78) 19/19 (100) 82/110 (75) NA (1.7–NA) 0.013  NA NA 
 Neurodevelopmental  
 disorders 

75/133 (56) 13/19 (68) 62/114 (54) 1.8 (0.6–6.2) 0.321  NA NA 

 Respiratory disease 17/126 (14) 3/18 (17) 14/108 (13) 1.3 (0.2–5.7) 0.710  NA NA 
 Immunodeficiency 15/121 (12) 5/17 (29) 10/104 (10) 3.9 (0.9–15.2) 0.037  5.9 (1.5–23.9) 0.013 
 Cardiac disease 17/126 (14) 3/18 (17) 14/108 (13) 1.3 (0.2–5.7) 0.710  NA NA 
Treatment         
 Oseltamivir 80/128 (63) 13/18 (72) 67/110 (61) 1.7 (0.5–6.4) 0.4378  NA NA 
 Catecholamine 47/124 (38) 11/16 (69) 36/108 (33) 4.4 (1.3–17.2) 0.011  NA NA 
 Mechanical ventilation 85/129 (66) 17/18 (94) 68/111 (61) 10.8 (1.6–459.4) 0.006  8.9 (1.1–74.7) 0.043 
 Vaccination† 5/80 (6) 0/10 (0) 5/70 (7) 0.0 (0.0–5.5) 1.000  NA NA 
Outcome         
 All death 28/136 (21) 5/19 (26) 23/117 (20) 1.5 (0.4–4.9) 0.543  NA NA 
 Death in PICU 22/130 (17) 4/18 (22) 18/112 (16) 1.5 (0.3–5.5) 0.507  NA NA 
*Values are no. positive/no. with available information (%), except as indicated. Pandemic season, 2009–10; postpandemic season, 2010–11; OR, odds 
ratio; IQR, interquartile range; NA, not applicable; ARDS, acute respiratory distress syndrome; PICU, pediatric intensive care unit. 
†Influenza A(H1N1)pdm09 vaccination of patients >6 mo of age. 
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infection reported that 40% of the respiratory infections 
were acquired during the hospital stay, and infl uenza A 
virus was the second most prevalent respiratory infection 
(24). In our study, patients with hospital-acquired infection 
had more complications, including ARDS and sepsis, than 
patients with community-acquired infections. However, 
a signifi cant association between hospital-acquired infec-
tion and death was not found, possibly because of the small 
number of cases, as found by Spaeder et al. (25) in a retro-
spective cohort study in PICU setting. In this study, hospi-
tal acquisition of viral respiratory infection was shown to 
be associated with an increased risk for death, even after 
adjusting for chronic medical conditions that predispose to 
an increased risk for complications from viral illness. Our 
fi ndings emphasize the need for isolation of and preventive 
measures for children with immunodefi ciency, as report-
ed (26). Preventive measures should include the vaccina-
tion of health care workers. Indeed, a survey in Germany 
showed that only 35% (n = 3,900) of the health care work-
ers in a university hospital setting were vaccinated during 
the 2010–11 infl uenza season (27). Studies in earlier sea-
sons showed even lower infl uenza vaccination rates among 
health care workers (28).

We identifi ed 25 A(H1N1)pdm09-associated deaths 
among children admitted to PICUs during the pandemic 
and postpandemic seasons. ARDS was the most prevalent 
complication among case-patients who died (60% of cases) 
and was highly associated with death. Myocarditis was also 

highly associated with death in children; this fi nding sup-
ports those among adults (29,30) and other fi ndings among 
A(H1N1)pdm09-infected children (31).

During both seasons, 62% of the children received 
oseltamivir treatment. This proportion is lower than de-
scribed in other studies in PICU settings, e.g., 81% in 
an inception-cohort study in Australia and New Zealand 
(32), 88% in a US cohort (31), 96% in a retrospective ob-
servational multicenter study in Turkey (33), and 100% 
of children in a retrospective Dutch cohort (34). Obser-
vational and random clinical trials have shown the poten-
tial of oseltamivir to reduce the length of hospitalization 
when started <24 hours of illness onset (35,36). The In-
fectious Diseases Society of America recommends that 
any person with confi rmed or suspected infl uenza who 
requires hospitalization receive infl uenza antiviral thera-
py, even if the patient enters care >48 hours after illness 
onset (37). The German Society for Pediatric Infectious 
Diseases recommends that immunocompetent children 
without underlying chronic medical conditions should not 
receive infl uenza antiviral therapy >48 hours after onset 
of infl uenza symptoms (38). Most A(H1N1)pdm09 virus 
isolates tested worldwide remain sensitive to oseltamivir; 
thus, strategies to optimize the use of oseltamivir should 
be considered, and additional evidence should be col-
lected with respect to reduction of nosocomial spread of 
A(H1N1)pdm09 virus and to potential benefi ts from late 
treatment in severely ill children.
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Table 3. Comparison of severe cases of influenza A(H1N1)pdm09 infection among children in PICUs during the pandemic and first 
postpandemic influenza seasons, Germany, 2009–2011* 

Variable
No. patients/ 

total (%) Nonsurvivors Survivors 
Univariable analysis Multivariable analysis 

OR (95% CI) p value OR (95% CI) p value
Male sex 81/148 (55) 15/25 (60) 66/123 (54) 1.3 (0.5–3.5) 0.661 2.5 (0.8–7.4) 0.098 
Median age, years (IQR) 4.2(1.0–8-6) 5.7 (1.6–9.8) 4.1 (1–7.8) NA 0.091 1.1 (1.0–1.2) 0.232 
2010–11 season 44/150 (29) 9/25 (36) 35/125 (28) 1.4 (0.5–3.9) 0.4728 1.6 (0.5–5.1) 0.435 
Hospital-acquired infection 18/130 (14) 4/22 (18) 14/108 (13) 1.5 (0.3–5.5) 0.507 NA NA 
Clinical diagnosis        
 Pneumonia 103/150 (69) 13/25 (52) 90/125 (72) 0.4 (0.2–1.1) 0.060 NA NA 
 Secondary pneumonia 30/150 (20) 8/25 (32) 22/125 (18) 2.2 (0.7–6.2) 0.108 NA NA 
 Encephalopathy 11/150 (7) 1/25 (4) 10/125 (8) 0.5 (0.01–3.7) 0.692 NA NA 
 ARDS 43/150 (29) 15/25 (60) 28/125 (22) 5.2 (1.9–14.3) <0.001 3.2 (1.1–9.2) 0.029 
 Sepsis 17/150 (11) 6/25 (24) 11/125 (9) 3.3 (0.9–11.0) 0.040 NA NA 
 Myocarditis 8/150 (5) 4/25 (16) 4/125 (3) 5.8 (1.0–32.9) 0.027 30.9 (2.6–360.7) 0.006 
 Febrile seizure 7/150 (5) 0/25 (0) 7/125 (6) 0.0 (0.01–2.7) 0.601 NA NA 
Underlying chronic medical condition       
 Any 108/140 (77) 19/23 (83) 89/117 (76) 1.5 (0.4–6.5) 0.596 NA NA 
 Neurodevelopmental  
 disorder 

78/145 (54) 16/24 (67) 62/121 (51) 1.9 (0.7–5.5) 0.186 NA NA 

 Respiratory disease 42/135 (31) 8/22 (36) 34/113 (30) 1.3 (0.4–3.8) 0.617 NA NA 
 Immunodeficiency 16/131 (12) 1/21 (5) 15/110 (14) 0.3 (0.0–2.3) 0.467 NA NA 
 Cardiac disease 20/137 (15) 4/23 (17) 16/114 (14) 1.3 (0.3–4.6) 0.746 NA NA 
Treatment        
 Oseltamivir 87/139 (63) 15/23 (65) 72/116 (62) 1.1 (0.4–3.4) 0.8185 NA NA 
 Catecholamine 52/133 (39) 16/23 (70) 36/110 (33) 4.7 (1.6–14.6) 0.002 NA NA 
 Mechanical ventilation 98/140 (70) 23/24 (96) 75/116 (65) 12.6 (1.9–530.3) 0.001 18.3 (1.3–251.6) 0.030 
 Vaccination† 5/82 (6) 0/14 (0) 5/68 (7) 0.0 (0.0–3.7) 0.582 NA NA 
*Values are no. positive/no. with available information (%), except as indicated. PICUs, pediatric intensive care units; pandemic season, 2009–10; 
postpandemic season, 2010–11; OR, odds ratio; IQR, interquartile range; NA, not applicable; ARDS, acute respiratory distress syndrome.
†Influenza A(H1N1)pdm09 vaccination of patients >6 mo of age. 
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We showed that 93% of the children with underlying 
chronic medical conditions who were eligible for vaccina-
tion had not been vaccinated. This fi nding highlights a need 
to improve vaccine coverage among this population, for 
which infl uenza vaccination is recommended in Germany 
(39). Children who did not survive received more inten-
sive treatment (mechanical ventilation and catecholamine) 
than those who survived, and nearly all infl uenza A viruses 
tested continue to be antigenically similar to those found 
in the current trivalent vaccine (40); thus, enhanced pre-
vention in children through vaccination, especially among 
those with underlying chronic medical conditions, remains 
a high priority.

Our study is subject to several limitations. Factors such 
as physicians’ awareness, diagnostic testing, and reporting 
behavior, which may have had different infl uences in the 
2 seasons, were not assessed. Only children hospitalized 
in pediatric hospitals were included in the study; however, 
it can be assumed that critically ill children hospitalized 
in general hospitals were transferred to pediatric hospitals 
covered by the ESPED network. In addition, our knowl-
edge of the clinical features of patients was based only on 
information provided in the structured questionnaires. As-
certainment of underlying chronic medical conditions was 
not standardized and, thus, may have differed among treat-
ing physicians.

Conclusions
During the fi rst postpandemic A(H1N1)pdm09 season, 

the situation for children with severe A(H1N1)pdm09 dis-
ease did not differ from that for children with severe dis-
ease during the pandemic. Signs of pulmonary failure or 
suspected myocarditis in such children should alert health 
care providers to immediately initiate maximum care, and 
prevention of nosocomial transmission of infl uenza virus 
should be reinforced, especially in immunosuppressed chil-
dren. The unchanged severity of infl uenza A(H1N1)pdm09 
virus infections in the fi rst postpandemic season (2010–11) 
and the constant high proportion of possibly hospital-ac-
quired infections stress the challenge of preventing severe 
cases in children beyond the pandemic situation.
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We report an outbreak of severe respiratory disease 
associated with a novel Mycoplasma species in ferrets. 
During 2009–2012, a respiratory disease characterized by 
nonproductive coughing affected ≈8,000 ferrets, 6–8 weeks 
of age, which had been imported from a breeding facility 
in Canada. Almost 95% became ill, but almost none died. 
Treatments temporarily decreased all clinical signs except 
cough. Postmortem examinations of euthanized ferrets 
revealed bronchointerstitial pneumonia with prominent hy-
perplasia of bronchiole-associated lymphoid tissue. Immu-
nohistochemical analysis with polyclonal antibody against 
Mycoplasma bovis demonstrated intense staining along the 
bronchiolar brush border. Bronchoalveolar lavage samples 
from 12 affected ferrets yielded fast-growing, glucose-fer-
menting mycoplasmas. Nucleic acid sequence analysis of 
PCR-derived amplicons from portions of the 16S rDNA and 
RNA polymerase B genes failed to identify the mycoplas-
mas but showed that they were most similar to M. molare 
and M. lagogenitalium. These fi ndings indicate a causal as-
sociation between the novel Mycoplasma species and the 
newly recognized pulmonary disease.

The number of pet ferrets in the United States has grown 
rapidly, from an estimated 800,000 in 1996 (1) to an 

estimated 7–10 million in 2007 (2). Also in the United 
States, ferrets have become the third most common house-
hold pet; their popularity as a pet in Europe is similar (3). 
The common respiratory diseases in pet ferrets are caused 
by viruses; canine distemper is probably the most virulent 
(4). Ferrets also are highly susceptible to human infl uenza 
virus, but disease is rarely severe (5,6). Bacteria rarely 
cause disease outbreaks in ferret populations, but they do 
cause disease in individual ferrets (7–9).

In 2007, in the state of Washington, USA, an outbreak 
of respiratory disease characterized by a dry, nonproduc-
tive cough was observed in 6- to 8-week-old ferrets at a 
US distribution center of a commercial pet vendor (video 
of a coughing ferret available at wwwnc.cdc.gov/EID/
article/18/11/12-0072-V1.htm). Over a 4-year period, 
≈8,000 ferrets, equal numbers of both sexes, were affect-
ed. Every 2–3 weeks, kits had been shipped in groups of 
150–200 from a commercial breeding facility in Canada to 
the distribution center. At 5 weeks of age, before shipment 
to the distribution center, each kit received a single vac-
cination for distemper (DISTEM R-TC; Schering Plough, 
Kenilworth, NJ, USA). 

Some ferrets exhibited hemoptysis, labored breathing, 
sneezing, and conjunctivitis. Almost 95% of the ferrets 
were affected, but almost none died. Symptomatic ferrets 
were selected from each shipment for testing; results of 
heartworm screening, PCR and serologic testing for dis-
temper, and serologic testing for infl uenza virus were nega-
tive. Cytologic examination of bronchioalveolar lavage 
(BAL) samples yielded few infl ammatory cells. Thoracic 
ultrasonography found no abnormalities. Thoracic radio-
graphs showed a mild bronchointerstitial pattern with peri-
bronchial cuffi ng (Figure 1). Complete blood counts and 
chemistry results were within reference ranges (10,11). 

Affected ferrets received broad spectrum antimicro-
bial drugs, bronchodilators, expectorants, nonsteroidal an-
ti-infl ammatory drugs, and nebulization; all clinical signs 
except the dry cough temporarily decreased. Numerous 
ferrets from the distribution center were later surrendered 
to a ferret rescue and shelter operation, where their cough 
continued for as long as 4 years.

Materials and Methods

Affected Ferrets
In April 2009, a 2-year-old, spayed female ferret at 

the ferret rescue and shelter, which had originated from the 
breeding facility in Canada and passed through the US dis-
tribution center, became acutely dyspneic and died within 
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15 minutes. The ferret had shown signs of respiratory dis-
ease since arrival at the shelter. Previously at the shelter, 2 
ferrets, 4.5 years of age, had shown chronic cough; 1 died 
of dyspnea in October 2010, and the other was euthanized 
for humane purposes in November 2010. Both had origi-
nated from the breeding facility and passed through the dis-
tribution center. Postmortem examinations were performed 
on all 3 ferrets. After the 2-year-old ferret died in April 
2009, BAL samples and ocular swabs were obtained in 
July 2009 from 3 other ferrets with a history of respiratory 
disease since their arrival at the ferret shelter. For further 
diagnostic investigation, BAL samples and ocular swabs 
were collected from 9 additional affected ferrets in January 
2010; one of these was the ferret that died in October 2010.

Survey of Healthy Ferrets
At a large commercial breeding facility in which signs 

of respiratory disease had not been observed, BAL samples 
were obtained from 10 euthanized healthy male ferrets, 5 
weeks to 5 years of age. Before postmortem examination, 
samples were collected from the euthanized ferrets by BAL 
through an incision in the caudal trachea. Nonbacteriostatic 
saline (10 mL/kg) was fl ushed into the caudal trachea and 
lungs and then recovered by aspiration into the syringe. 
That process was repeated 2× and the fi nal fl ush fl uid was 
submitted for bacterial culture. Complete postmortem ex-
aminations were performed, and sections of lung were col-
lected for bacterial and mycoplasma culture. Additional 
tissue samples were collected from the lungs, trachea, na-
sal turbinates, brain, liver, kidneys, spleen, stomach, small 
and large intestine, thoracic and mesenteric lymph nodes, 
pancreas, and adrenal glands for routine histopathologic 
examination.

Histologic and Immunohistochemical 
Analyses and Confocal Microscopy

From the 3 ferrets that died April 2009–November 
2010, postmortem tissue samples (lungs, trachea, nasal tur-
binates, brain, liver, kidneys, spleen, stomach, small and 
large intestine, thoracic and mesenteric lymph nodes, pan-
creas, and adrenal glands) were collected. They were fi xed 
in neutral-buffered, 10% formalin solution and processed 
by standard methods for histopathologic examination.

For immunohistochemical examination, paraffi n-em-
bedded samples of lung from the 3 ferrets that died were 
cut into 5-μm sections. An Enhanced Alkaline Phosphatase 
Red Detection Kit (Ventana Medical Systems, Inc., Tuc-
son, AZ, USA) and bulk buffers specifi cally designed for 
use on the BenchMark Automated Staining System (Ven-
tana Medical Systems, Inc.) were used for immunolabel-
ing. Slides were baked in a drying oven at 60°C for 20 min, 
barcode labeled, and placed in the BenchMark for deparaf-
fi nization and heat-induced epitope retrieval. Slides were 
then incubated with a mouse monoclonal antibody against 
mycoplasma (primary antibody) (Chemicon, Billerica, 
MA, USA) at a concentration of 1:100 for 30 min. The 
monoclonal antibody was raised against M. bovis strain 
M23, but it is known to cross-react with numerous other 
mycoplasma species. 

The slides were counterstained by using hematoxylin 
(Ventana Medical Systems, Inc.), then dehydrated, cleared, 
and mounted. For a positive control, we used formalin-
fi xed, paraffi n-embedded sections of lung from an M. bo-
vis–positive cow (tested by bacterial culture). For negative 
controls, we replaced the primary antibody with homolo-
gous nonimmune serum.

A Zeiss 510 microscope (Jena, Germany) was used for 
confocal imaging to acquire fl uorescent images, and the 
Zeiss LSM image analysis software was used for charac-
terizations. The images represented a differential interfer-
ence contrast/Nomarski image with green (488 nm, argon 
laser excitation, fl uorescein isothiocyanate [FITC]) and red 
(543 nm, rhodamine, helium–neon excitation, tetramethyl-
rhodamine-5- [and 6-] isothiocyanate [TRITC])–labeled 
overlay to demonstrate localization of labels, as described, 
with slight modifi ed according to Ubels et al. (12).

Transmission and Scanning Electron Microscopy
For transmission electron microscopy, lung tissue sam-

ples that had been fi xed in neutral-buffered, 10% formalin 
solution were trimmed into 2-mm pieces and postfi xed in 
1% osmium tetroxide in 0.1 M sodium phosphate buffer 
for 2 h. Tissues were serially dehydrated in acetone and 
embedded in Poly/Bed 812 resin (Polysciences Inc., War-
rington, PA, USA) in fl at molds. Sections were obtained 
with a Power Tome XL ultramicrotome (Boeckeler Instru-
ments, Tucson, AZ, USA). To identify areas of interest, we 
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Figure 1. Lateral radiographic view of the thorax from a 2-year-
old ferret with cough and labored breathing, showing a 
bronchointerstitial pattern with peribronchial cuffi ng.
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stained semithin (0.5-μm) sections with epoxy tissue stain 
and examined them under a light microscope. Then we cut 
ultrathin (70-nm) sections, mounted them onto 200-mesh 
copper grids, stained them with uranyl acetate and lead ci-
trate, and examined them under a 100 CXII transmission 
electron microscope (JEOL, Peabody, MA, USA).

For scanning electron microscopy, formalin-fi xed lung 
tissues were trimmed into 2–4-mm pieces, postfi xed for 1 
h in 1% osmium tetroxide, and rinsed for 30 min in 0.1 M 
sodium phosphate buffer. Tissues were serially dehydrated 
in ethanol and dried in a critical point dryer (Model 010; 
Balzers, Witten, Germany) with liquid carbon dioxide as 
the transitional fl uid. Samples were mounted on aluminum 
studs by using carbon suspension cement (SPI Supplies, 
West Chester, PA, USA). Samples were then coated with 
an osmium coater (NEOC-AT; Meiwa Shoji Co., Tokyo, 
Japan) and examined in a JSM-7500F (cold fi eld emission 
electron emitter) scanning electron microscope (JEOL).

Bacterial Cultures
We submitted 12 BAL samples and 12 ocular swab 

samples for bacterial and mycoplasma culture by standard 
microbiologic techniques. The samples were from live fer-
rets that originated from the distribution center and showed 
clinical signs of respiratory disease, including coughing. 
We also submitted 10 BAL samples from 10 healthy ferrets 
from a different commercial breeding facility not affected 
by respiratory disease.

PCR and Sequence Analysis
Only mycoplasmas obtained from BAL samples were 

analyzed by PCR and nucleic acid sequencing. A plug of 
agar containing Mycoplasma spp. colonies was gouged 
from the surface of a mycoplasma agar plate by using a 10-
μL disposable inoculation loop and transferred to a micro-
centrifuge tube. The agar plug was digested by addition of 
200 μL of Buffer ATL (QIAGEN, Valencia, CA, USA) and 
20 μL of proteinase K solution (QIAGEN), followed by 
overnight incubation at 56°C. DNA was extracted from the 
digest by using a DNeasy Blood and Tissue kit (QIAGEN) 
according to manufacturer’s instructions. 

For PCR, we used 2 sets of primers selective for the 
bacterial 16S rDNA or the mycoplasma RNA polymerase 
B (rpoB) gene. The nucleic acid sequences for the 16s 
rDNA gene were 5′-AGAGTTTGATCMTGGCTCAG-3′ 
for the forward primer and 5′-GGGTTGCGCTCGTTR-3′ 
for the reverse primer; this primer set produced an am-
plicon of ≈1,058 bp. The nucleic acid sequences for the 
mycoplasma rpoB gene were 5′- GGAAGAATTTGTCC-
WATTGAAAC-3′ for the forward primer and 5′- GAATA-
AGGMCCAACACTACG-3′ for the reverse primer; this 
primer set produced an amplicon of ≈1,613 bp. The PCRs 
were performed by using Platinum Taq DNA Polymerase 

High Fidelity (Invitrogen Corp., Carlsbad, CA, USA). The 
reaction mixture consisted of 3 μL DNA; 1 unit of Platinum 
Taq DNA Polymerase High Fidelity; 60 mmol/L Tris-SO4 
(pH 8.9); 18 mmol/L ammonium sulfate; 2 mmol/L mag-
nesium sulfate; 0.2 mmol/L each of dATP, dCTP, dGTP 
and dTTP; 16.9 μL molecular biology grade water; and 0.5 
μmol/L each of the PCR primer. The reaction conditions 
for the 16s rDNA gene were 1 cycle at 94°C for 4 min; 35 
cycles at 94°C for 30 s, 58°C for 45 s, 68°C for 75 s; fol-
lowed by a fi nal extension step at 68°C for 5 min. The reac-
tion conditions for the rpoB gene were 1 cycle at 94°C for 
4 min; 40 cycles at 94°C for 45 s, 55°C for 45 s, 68°C for 
90 s; followed by a fi nal extension step at 68°C for 5 min.

The PCR products were stained with ethidium bro-
mide and examined after electrophoresis through a 1.5% 
agarose gel. The PCR amplicons were excised from gels, 
purifi ed by using the QIAquick Gel Extraction Kit (QIA-
GEN), and submitted to the Research Technology Support 
Facility at Michigan State University for nucleic acid se-
quencing. Several internal primers were designed to derive 
the complete sequences of the PCR amplicons. The derived 
sequences were edited by using Sequencher software (Gene 
Codes Corporation, Ann Arbor, MI, USA) and analyzed by 
using BLAST (www.ncbi.nlm.nih.gov/blast/Blast.cgi).

The nucleic acid sequences of the mycoplasma iso-
lates and sequences from other Mycoplasma spp. obtained 
from GenBank were imported into the MEGA4 program 
(www.megasoftware.net), aligned by using ClustalW in 
the MEGA4 program, and subjected to phylogenetic analy-
ses. For each isolate analyzed, 933 bp of the 16S rDNA 
gene sequence and 733 bp of the rpoB gene sequence were 
available. Phylogenetic trees were constructed by using the 
neighbor-joining method; data were resampled 1,000× to 
generate bootstrap percentage values.

Results

Gross and Histologic Lesions
Gross and histologic lesions from the 3 ferrets that died 

or were euthanized because of respiratory disease were 
similar and restricted to the lungs. The lungs were charac-
terized by multifocal, tan to gray, somewhat fi rm nodules 
centered on airways randomly distributed throughout the 
pulmonary parenchyma (Figure 2). Hematoxylin and eo-
sin–stained lung sections revealed a moderate bronchoin-
terstitial pneumonia with severe bronchiole-associated 
lymphoid tissue (BALT) hyperplasia (Figure 3, panel A). 
BALT hyperplasia was commonly associated with marked 
narrowing of airway lumina. Additional fi ndings included 
moderate perivascular lymphoid cuffi ng and diffuse pul-
monary congestion. The lumina of some bronchi contained 
large amounts of mucus admixed with few sloughed epi-
thelial cells and lymphocytes (catarrhal bronchitis).
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Immunohistochemical examination (with antibodies 
against mycoplasmas) of affected lung tissue from all 3 
ferrets that died exhibited strong labeling along the brush 
border of terminal respiratory epithelial cells (Figure 3, 
panel B). There was no penetration of organisms into 
the adjacent pulmonary parenchyma. With the same an-
tibodies against mycoplasmas labeled with a fl uorescent 
chromogen, confocal laser microscopy showed positive 
labeling along the apical border of the lining epithelium 
of terminal airways (Figure 3, panel C). Additional im-
munohistochemical examination and reverse transcrip-
tion PCR for canine distemper and infl uenza A viruses, 
performed on samples of lung from all 3 ferrets that died, 
detected no virus.

Transmission electron microscopy showed bronchial 
epithelial cells with loss of cilia and cellular degenera-
tion characterized by swelling of endoplasmic reticulum, 
vacuolization of mitochondria with loss of christae, and in-
tranuclear chromatin dispersement. Attached to the apical 

surface of a ciliated cell were pleomorphic, round to ovoid, 
»0.8-μm mycoplasma-like organisms (Figure 4).

Electron microscopy showed severe denudation of 
bronchial epithelial cells. Cilia were commonly lost or had 
undergone degenerative changes characterized by bulbous 
swelling (Figure 5, panel A). Many necrotic bronchial epi-
thelial cells were adhered to the luminal surface, and many 
pleomorphic mycoplasma-like organisms were diffusely 
attached to the mucosal surface of bronchi and bronchioles 
(Figure 5, panel B). In some areas, focal loss of cilia and 
cell membrane damage and mycoplasma-like organisms 
were observed along the periphery of such lesions (Figure 
5, panel C). In other areas, the mucosal surface was covered 
by many mycoplasma-like organisms that completely ob-
scured the cilia (Figure 5, panel D). Among the 10 healthy 
ferrets, no gross or histologic lesions suggestive of myco-
plasma infection were identifi ed.

Bacteria 
The 12 BAL samples from affected ferrets were all 

positive for fast-growing, glucose-fermenting mycoplas-
mas but negative for other bacteria. Ocular swabs from 
these ferrets were negative for bacteria. No bacteria or my-
coplasmas were isolated from the 10 healthy ferrets.

PCR and Sequences
Analyses of nucleic acid sequences from the 16S rDNA 

gene (GenBank accession nos. JQ910955– JQ910966) for 
each of the 12 mycoplasma isolates showed that the isolates 
were 99% similar to each other and segregated the isolates 
into 2 groups defi ned by nucleotide differences at 3 posi-
tions. Phylogenetic analysis with partial 16S rDNA gene se-
quences showed that the isolates were 96% to 97% similar 
to M. molare (isolated from a canid). Other closely related 
Mycoplasma spp. included M. lagogenitalium (isolated from 
Afghan pika), M. neurolyticum (isolated from mice and 
rats), M. sp. LR5794 (isolated from raccoons), M. collis (iso-
lated from mice and rats), M. cricetuli (isolated from Chi-
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Figure 2. Lungs from a 2-year-old ferret that died of acute dyspnea, 
showing multifocal, tan to gray semifi rm nodules centered on 
airways and severely narrowed lumina of affected airways. A color 
version of this fi gure is available online (wwwnc.cdc.gov/EID/
article/18/11/12-0072-F2.htm).

Figure 3. Micrographs of a section of lung from a 2-year-old ferret that died of acute dyspnea. A) Image shows moderate bronchointerstitial 
pneumonia with severe hyperplasia of bronchiole-associated lymphoid tissue around a narrowed airway lumen; original magnifi cation ×40. 
B) Immunohistochemical analysis conducted with antibodies against mycoplasmas demonstrates intense labeling along the apical border 
of the ciliated respiratory epithelium; original magnifi cation ×40. C) Confocal scanning laser microscopy conducted with antibodies against 
mycoplasmas demonstrates intense fl uorescent labeling along the brush border of the bronchial epithelial cells; original magnifi cation ×40. 
A color version of this fi gure is available online (wwwnc.cdc.gov/EID/article/18/11/12-0072-F3.htm).
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nese hamsters), and M. sp. EDS (isolated from house musk 
shrews) (Figure 6, panel A). On the basis of the 16S rDNA 
gene sequences, these mycoplasmas isolated from ferrets, 
along with the aforementioned closely related Mycoplasma 
spp., are in the hominis group of mycoplasmas.

Analyses of nucleic acid sequences from the rpoB 
gene (GenBank accession nos.. JQ910967–JQ910978) for 
each of the mycoplasma isolates from ferrets segregated 
the isolates into 2 groups of genetic variants (groups 1 and 
2), which were 90% –91% similar to each other. Within a 
group, the isolates were 99%–100% or 98%–100% simi-
lar to each other. Although nucleotide differences were 
identifi ed in as many as 12 positions within a group and 
65 positions between groups, the corresponding amino 
acid sequences were 100% similar within a group and dif-
fered at only 2 aa positions between groups. Phylogenetic 
analysis showed that the partial rpoB gene sequences of the 
isolates were only 85%–86% similar with M. molare and 
84%–86% similar to M. lagogenitalium, the most closely 
related Mycoplasma species. (Figure 6, panel B). Grouping 
of the isolates according to sequences of 16S rDNA and 
rpoB gene were in agreement for all but 1 isolate. Phyloge-
netic relatedness of these newly identifi ed mycoplasmas to 
other Mycoplasma spp. was similar for the 16s rDNA and 
the rpoB genes.

Discussion
Mycoplasma spp. are the smallest free-living prokary-

otic microorganisms of the class Mollicutes (16). They 

lack a cell wall and are thought to have developed from 
genome reduction of gram-positive bacteria (17). Most 
species are host-specifi c facultative anaerobes and do not 
usually replicate in the environment (18). Their complex 
growth requirements include cholesterol, fatty acids, and 
amino acids (19). In the respiratory tract, mycoplasmas 
attach to ciliated epithelial cells by surface-exposed adhe-
sions (20). Although the pathogenesis of host cell injury 
remains largely unknown, proposed virulence mechanisms 
include induction of proinfl ammatory cytokines by phago-
cytes (21), oxidative damage to host cells by production of 
toxic by-products (22), and cleavage of host DNA through 
nucleases (23). Many mycoplasmas cause B lymphocytes 
and/or T lymphocytes to commence dividing in a nonspe-
cifi c manner (24). This mitogenic effect probably explains 
the characteristic BALT hyperplasia observed in infected 
host tissues. A commonly described strategy for immune 
evasion is phenotype plasticity, whereby reversible switch-
ing or modifi cation of membrane protein antigens results in 
altered surface antigens (25). This mechanism might sup-
port the persistent, chronic nature of mycoplasmosis often 
observed. The precise role of mycoplasmas in various host 
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Figure 4. Transmission electron micrograph of the lung from a 
2-year-old ferret that died of acute dyspnea, showing loss of cilia in 
bronchial epithelial cells and cellular degeneration characterized 
by swelling of endoplasmatic reticulum, vacuolization of 
mitochondria with loss of christae, and intranuclear chromatin 
dispersion. Attached to the apical surface of a ciliated cell is a 0.8-
μm pleomorphic mycoplasma-like organism (arrow). Scale bar = 
0.5 μm.

Figure 5. Scanning electron micrographs of the lung from a 2-year-
old ferret that died of acute dyspnea, showing A) marked loss of 
cilia with multifocal degenerative changes characterized by bulbous 
swelling of cilia (arrows) and necrosis of bronchial epithelial cells 
(N) (scale bar = 1 μm); B) marked loss of cilia and numerous 
pleomorphic mycoplasma-like organisms diffusely attached to the 
mucosal surface (arrow) (scale bar = 1.25 μm); C) focal area of cilia 
loss and cell membrane damage with mycoplasma-like organisms 
(arrow) at the periphery of the lesion (scale bar = 400 nm); and 
D) many mycoplasma-like organisms (arrow) covering ciliated 
bronchial epithelial cells (scale bar = 2 μm).
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species is often diffi cult to interpret because certain myco-
plasmas can be isolated from apparently healthy animals.

The data presented here describe a recently emerging 
respiratory disease of ferrets, characterized especially by 
high morbidity rates and a dry, nonproductive cough, as-
sociated with an infection by a novel Mycoplasma species. 
To our knowledge, no Mycoplasma species have been as-
sociated with clinical disease in ferrets or other mustelids. 
On the basis of limited sequence data, the isolated myco-
plasmas most likely represent a novel Mycoplasma specie 
or species. 

In 1982, a study from Japan reported isolation of a 
glucose-fermenting mycoplasma from the oral cavities of 

81% of clinically healthy ferrets kept in a laboratory setting 
(26). This mycoplasma isolate was not antigenically related 
to any reference strains from dogs, cats, sheep, cattle, mice, 
raccoon dogs, or a Japanese badger. In 1983, similarly fast-
growing, glucose-fermenting mycoplasmas were isolated 
from the lungs of healthy mink kits (1–2 months of age) 
in Denmark (27). This species was named M. mustelae. 
Because the Mycoplasma spp. isolates from healthy fer-
rets or mink were not genetically characterized, compari-
son with the isolates from ferrets with respiratory disease 
in this study was not possible. The Mycoplasma species 
isolated from affected ferrets showed the highest sequence 
similarity to M. molare and M. lagogenitalium. M. molare 
was fi rst isolated in 1974 from the pharynx of dogs with 
mild respiratory disease (28). However, the pathogenicity 
of M. molare in dogs or other species remains speculative. 
M. lagogenitalium was fi rst isolated in 1997 from prepucial 
samples from apparently healthy Afghan pikas (29).

The 3 mycoplasma isolates obtained from BAL sam-
ples from 3 ferrets in July 2009 were highly homogenous 
according to limited sequence data. All 3 isolates were in-
cluded in the mycoplasma isolate group 2. Of note, only 3 
of the 9 isolates obtained from BAL samples from 9 ferrets 
in January 2010 had the same partial rpoB amino acid se-
quence data as the previous isolates and were also included 
in the mycoplasma isolate group 2. In contrast, the partial 
rpoB sequence of 5 of the more recent isolates differed by 
9%–10% from that of the previous isolates, and the iso-
lates were identifi ed as belonging to mycoplasma isolate 
group 1. Whether these differences represent multiple My-
coplasma species circulating through the ferret population 
or a genetic change of the original mycoplasma over time is 
uncertain, as is the virulence of each of the potential strains. 
Only 1 isolate was identifi ed in the bronchoalveolar lavage 
sample from a ferret for which postmortem examination 
confi rmed lesions consistent with a mycoplasma infection. 
Experimental reproduction with the different isolates is re-
quired to further elucidate the virulence of each putative 
novel mycoplasma.

Respiratory disease attributed to mycoplasma infec-
tions in cattle (30), pigs (31), poultry (32), mice, and rats 
has been well described (33). The clinical signs and mi-
croscopic lesions in ferrets with the emerging respiratory 
disease described here closely resembled signs and lesions 
described for pigs infected with M. hyopneumoniae (34), 
rats infected with M. pulmonis (35), and cattle infected with 
M. bovis (36). For all of these species, chronic pulmonary 
mycoplasmosis is characterized by lymphoplasmacytic 
perivascular cuffi ng and extensive BALT hyperplasia, as 
was observed in ferrets in this study. Furthermore, M. cy-
nos (37) and an untyped Mycoplasma species (38) report-
edly cause pulmonary lesions similar to those in dogs and 
cats, respectively. 
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Figure 6. Phylogenetic analysis of A) partial 16S rDNA gene 
(933 bp) and B) partial RNA polymerase B gene (733 bp) for the 
new mycoplasma isolates and other closely related Mycoplasma 
species as conducted in MEGA4 (13). The bootstrap consensus 
phylogenetic trees were constructed by using the neighbor-joining 
method (14). The bootstrap values as shown above the branches 
were inferred from 1,000 replicates of data resampling to represent 
the evolutionary distances of the species analyzed (15). The tree is 
drawn to scale; branch lengths are in the same units as those of the 
evolutionary distances used to infer the phylogenetic tree (i.e., the 
units of the number of base substitutions per site).
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The similarity between the pathologic changes in the 
ferrets and those in other species with mycoplasmal pneu-
monia highly supports a causal relationship between the 
pulmonary disease and the identifi ed novel mycoplasma in 
these ferrets. In addition, mycoplasmas were the only bac-
terial pathogens recovered from the respiratory tract of dis-
eased ferrets, there was no microscopic evidence of a viral 
disease, and immunohistochemical and reverse transcrip-
tion PCR results for canine distemper and infl uenza A were 
negative. Furthermore, mycoplasmas were not detected in 
the sampled population of healthy domestic ferrets 5 weeks 
to 5 years of age.

Because mycoplasmas have been recovered from the 
respiratory tract of apparently healthy mustelids (26,27), 
other unknown factors might have predisposed the lungs 
of these ferrets to colonization. The severity of the clini-
cal signs might have been exacerbated by infections with 
secondary bacteria, as commonly occurs in other species 
(30,31,33), and antimicrobial drug therapy might have pre-
vented isolation of such bacteria. A concurrent viral dis-
ease seems unlikely because characteristic microscopic le-
sions were absent and common respiratory viral pathogens 
in ferrets were not identifi ed. We speculate that the stress 
of shipment from the breeding facility to the distribution 
center might have resulted in the disease manifestation. To 
more fully elucidate pathogenicity and disease dynamics in 
this species, experimental reproduction of the respiratory 
disease in ferrets is necessary.
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Bordetella holmesii, a species closely related to B. per-
tussis, has been reported sporadically as a cause of whoop-
ing cough–like symptoms. To investigate whether B. pertus-
sis–induced immunity is protective against infection with B. 
holmesii, we conducted an analysis using 11 human respi-
ratory B. holmesii isolates collected during 2005–2009 from 
a highly B. pertussis–vaccinated population in Massachu-
setts. Neither whole-cell (wP) nor acellular (aP) B. pertussis 
vaccination conferred protection against these B. holmesii 
isolates in mice. Although T-cell responses induced by wP 
or aP cross-reacted with B. holmesii, vaccine-induced anti-
bodies failed to effi ciently bind B. holmesii. B. holmesii–spe-
cifi c antibodies provided in addition to wP were suffi cient 
to rapidly reduce B. holmesii numbers in mouse lungs. Our 
fi ndings suggest the established presence of B. holmesii in 
Massachusetts and that failure to induce cross-reactive anti-
bodies may explain poor vaccine-induced cross-protection.

Bordetella pertussis and B. parapertussis commonly 
cause whooping cough, a highly contagious, acute 

coughing illness, in humans (1,2). Licensed in the mid-
1940s, the fi rst whooping cough vaccines consisted of 
whole-cell inactivated B. pertussis (wP), and their use led 
to a dramatic decrease in disease incidence by the mid-
1960s (2,3). The potential for health risks related to wP 
vaccine, however, led to adaptation of acellular (aP) vac-
cines, which contain combinations of purifi ed B. pertussis 
proteins. Despite high vaccine coverage, reported whoop-
ing cough incidence in industrialized countries has been in-
creasing during the past 20 years, although this could be the 
result of greater awareness and improved analytical tools 
(4–9).

In November 1983, the Centers for Disease Control 
and Prevention (CDC) received a gram-negative bacterium 
isolated from an asplenic patient (10). During the following 
decade, additional clinical isolates with the same micro-
biological characteristics (slow-growing, gram-negative, 
small coccoid, asaccharolytic, oxidase negative, nonmotile 
and brown-soluble-pigment-producing) were submitted 
to the CDC for identifi cation (10). Subsequent biochemi-
cal analysis, 16S rRNA sequencing, and DNA relatedness 
studies revealed that these strains were new Bordetella spe-
cies, which was named Bordetella holmesii to honor Barry 
Holmes (10). Since then, this bacterium has been isolated 
from numerous countries, including Australia, Canada, 
Chile, France, Germany, Japan, Netherlands, Switzerland, 
the United Kingdom, and the United States (6–15). These 
fi ndings indicate that B. holmesii is a widespread pathogen 
among populations that are highly vaccinated against B. 
pertussis. 

Comparative analysis of B. holmesii and B. pertussis 
by using 16S rRNA suggests that B. holmesii is closely re-
lated to B. pertussis, but further analysis of cellular fatty 
acid composition, housekeeping genes, and the BvgAS lo-
cus suggests that B. holmesii may not share many of the 
highly conserved virulence factors of B. pertussis (16). 
Antibodies against B. pertussis pertactin, pertussis toxin, 
fi mbriae, adenylate cyclase toxin, and fi lamentous hemag-
glutinin recognize few, if any, proteins from multiple B. 
holmesii isolates (14), results that suggest B. holmesii may 
be antigenically distinct from B. pertussis.

Although B. holmesii has been isolated primarily from 
immunocompromised hosts (asplenic or sickle cell disease 
patients and transplant recipients) (14,17–20) and was fi rst 
isolated from blood, the bacterium has also been found to 
cause respiratory diseases (11,12,21–23). B. holmesii was 
isolated from pleural fl uid and lung biopsy specimens from 
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an immunocompetent adolescent who had fever and pul-
monary fi brosis (12) and from sputum of patients with re-
spiratory failure (22). Moreover, B. holmesii was isolated 
from nasopharyngeal specimens of previously healthy per-
sons who had whooping cough–like symptoms, including 
paroxysms, whooping, or post-tussive vomiting (11,21,23). 
Therefore, B. holmesii appears to be able to colonize the 
respiratory tract in the same manner as other Bordetella 
species. A case study in Japan also found epidemiologic 
links between 5 persons colonized with B. holmesii, which 
indicates the ability of this pathogen to transmit from per-
son to person (6).

In collaboration with the Massachusetts Department of 
Public Health (MDPH), we reviewed B. holmesii surveil-
lance data collected in Massachusetts during 2005–2009. 
B. holmesii was isolated from several patients experiencing 
whooping cough–like symptoms. By using a murine infec-
tion model, we examined the effects of B. pertussis vacci-
nation on B. holmesii infection susceptibility. 

Materials and Methods

Identifi cation of B. holmesii Cases in Massachusetts
Culture-confi rmed B. holmesii cases identifi ed during 

2005–2009 by the State Laboratory Institute at the MDPH 
were included in our analysis. According to MDPH guide-
lines, a nasopharyngeal swab was cultured if the patient 
was <11 years of age or had a cough for <14 days. For all 
other patients (>11 years of age and >14 days of cough), 
a serum test was performed. Details on culturing methods 
and Bordetella spp. identifi cation tests performed have 
been described (21). A total of 41 B. holmesii infections 
were reported; the case records, including symptomology 
for 26 of these, are maintained in the Massachusetts Virtual 
Epidemiologic Network.

Bacterial Strains and Growth
B. pertussis strain 536 (24) and B. parapertussis strain 

CN2591 (25) have been described. B. holmesii strain 
P3421 was isolated in Massachusetts and used for animal 
experiments. Bacteria were maintained on Bordet-Gengou 
agar (Difco, Sparks, MD, USA) supplemented with 10% 
sheep’s blood (Hema Resources, Aurora, OR, USA) with-
out antimicrobial drugs (B. holmesii) or with 20 μg/mL 
streptomycin (Sigma-Aldrich, St. Louis, MO, USA) (B. 
pertussis or B. parapertussis). Liquid cultures were grown 
overnight in Stainer-Scholte broth at 37°C to mid-log phase 
(26,27).

Phylogenetic Analysis
Phylogenetic analyses were performed on the basis 

of atpD, rpoB, tuf, and rnpB gene sequences as described 
(16). Gene amplifi cations were completed on 30 B. holme-

sii isolates obtained from MDPH or the CDC, B. pertussis 
strain 536, B. parapertussis strain 2591, B. bronchiseptica 
strain RB50, B. avium strain 197N, and B. hinzii strain 
BC304. Concatenated sequences were aligned and used 
to construct unweighted pair group method using average 
linkages trees in MEGA4 software (www.megasoftware.
net/mega4/mega.html).

Animal Experiments
All protocols were approved by Institutional Animal 

Care and Use Committee (IACUC). All animals were 
C57BL/6 mice and were handled in accordance with in-
stitutional guidelines (IACUC approval no. 31297). Ani-
mal experiments were performed as described, with 4 mice 
per group, and were performed in replicate (28–33). For 
vaccinations, sedated 4–6-week-old mice were vaccinated 
by intraperitoneal injection of 108 CFU of heat-inactivated 
(65°C for 30 min) bacteria in 200 μL of phosphate-buffered 
saline (PBS; Omnipur, Gibbstown, NJ, USA) for whole-
cell B. holmesii vaccine (wH) or wP B. pertussis vaccine; 
one fi fth human dose of Adacel (Sanofi -Pasteur, Swiftwa-
ter, PA, USA) (0.5 μg PT, 1 μg FHA, 0.6 μg pertactin, 
5 μg fi mbriae 2 and 3 per mouse) with Imject Alum (Ther-
mo Scientifi c) (aP); or only Imject Alum in 200 μL PBS on 
days 14 and 28 before challenge (28,33). 

For challenge, 50 μL PBS containing 5 × 105 CFU of B. 
pertussis or B. parapertussis or 107 CFU of B. holmesii was 
added by pipetting onto the external nares of sedated mice 
(29). A larger inoculum of B. holmesii was used to achieve 
reproducibility and detect B. holmesii from the respiratory 
tract at later time points, because it is cleared more rapidly 
from the lower respiratory tract than are B. pertussis or B. 
parapertussis. For adoptive transfer of serum antibodies, 
mice were vaccinated with the indicated bacteria on days 0 
and 14, and serum samples were collected on day 28 from 
vaccinated or naive animals. Serum samples of 200 μL 
were intraperitoneally injected immediately before mice 
were inoculated with 5 × 106 CFU of B. holmesii (30,32). 
Bacterial numbers were quantifi ed as described (30).

Splenocyte Restimulations
Splenocytes were isolated from vaccinated mice as de-

scribed (31,33) and stimulated with either media alone or 
media containing 107 CFU (multiplicities of infection of 5) 
of the indicated heat-killed bacteria (28,31). After 3 days, 
the supernatants were collected and analyzed for interferon 
(IFN) γ and interleukin-10 (IL-10) production by using 
ELISA (R&D Systems, Minneapolis, MN, USA) accord-
ing to the manufacturer’s instructions.

Titer ELISAs
Antibody titers were determined as described (34–36). 

In brief, wP- or wH-induced/naive serum samples (1:200 
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dilution) or aP/adjuvant-induced serum samples (1:50 dilu-
tion) from each individual mouse were added to and seri-
ally diluted 1:2 across plates coated with heat-inactivated 
exponential-phase bacteria. After incubation, samples were 
probed with 1:4,000 dilution of goat anti-mouse Ig horse-
radish peroxidase–conjugated antibodies (Southern Bio-
tech, Birmingham, AL, USA). Titers were determined by 
using the endpoint method (33).

Western Blot Analysis
Lysates containing 107 CFU of indicated heat-killed 

bacteria were subjected to 10 % sodium dodecyl sulfate–
polyacrylamide gel under denaturing conditions. Polyvi-
nylidene fl uoride membranes (Millipore, Billerica, MA, 
USA) were probed overnight with either naive serum 
(1:100 dilution) or wH- (1:500 dilution), wP- (1:500 dilu-
tion), aP- (1:100 dilution) induced serum. A 1:10,000 dilu-
tion of goat anti-mouse Ig horseradish peroxidase–conju-
gated antibodies was used as the detector antibody (35,37). 
The membrane was visualized with ECL Western Blotting 
Detection Reagent (Pierce Biotechnology, Rockford, IL, 
USA).

Statistical Analysis
Mean ± SE values were determined for all appropri-

ate data. Two-tailed, unpaired Student t tests, analysis of 
variance and Tukey’s simultaneous test in Minitab (www.
minitab.com) with similar signifi cance were used to deter-
mine statistical signifi cance between groups.

Results

B. holmesii Endemicity in Massachusetts
In 1999, Yih et al. reported an increase in culture-pos-

itive B. holmesii cases from 1995 to 1998 (0.2% to 0.6%) 
(23). Here, collaborating with the same MDPH research 
team, we report the numbers of B. holmesii culture-positive 
nasopharyngeal specimens submitted to the MDPH during 
2005–2009. Over these 5 years, B. holmesii was isolated 

from the nasopharyngeal swabs of 41 patients who had 
similar respiratory symptoms, which is 8 more total cases 
than observed by Yih et al. during 1994–1998 (33 total 
cases) (23). At least 2 isolates were recovered each year, 
and 17 cases were identifi ed in 2006, the highest number 
observed (Figure 1, panel A). The rate of B. holmesii–posi-
tive nasopharyngeal swabs ranged from 0.1% to 0.4%, in 
line with previous results (Table). Similar to observations 
made in prior years, 71% of cases occurred in persons 10–
19 years of age (Figure 1, panel B), compared with >80% 
of cases during 1994–1998.

Symptom documentation was obtained for 26 of the 41 
cases. All 26 of these patients had a cough; 17 (65%) had 
a paroxysmal cough, 6 (23%) had post-tussive vomiting, 
and 4 (15%) had an inspiratory whoop. Nineteen patients 
(73%) exhibited >1 of these classic symptoms of whoop-
ing cough and met the World Health Organization clinical 
case defi nition for pertussis (www.who.int/immunization_
monitoring/diseases/pertussis_surveillance/en/index.html). 
No data were collected regarding any previous underlying 
diseases or potential co-infections among these patients. 
Although we have no evidence that B. holmesii is the caus-
ative agent of these pertussis-like illness, these data suggest 
that B. holmesii is consistently present in the nasopharynx 
of a small number of patients who have respiratory infec-
tions in Massachusetts.

Phylogenetic Relationships among 
B. holmesii Isolates

To evaluate the phylogenetic relationships among B. 
holmesii isolates, an unweighted pair group method using 
average linkages tree was constructed on the basis of con-
catenated nucleotide sequences amplifi ed from regions of 
atpD, rpoB, tuf, and rnpB genes (16). Twelve isolates were 
obtained from CDC (designated with the letter ‘G’), while 
the remaining isolates were obtained from the MDPH. 
Consistent with previous fi ndings (16), all the B. holmesii 
isolates tested were more closely related to B. hinzii and 
B. avium than to the classical bordetellae (Figure 2). Al-
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Figure 1. Bordetella holmesii cases in Massachusetts, USA. A) Nasopharyngeal specimens culture-positive for B. holmesii infection as 
confi rmed by the Massachusetts Department of Public Health, by year, 2005–2009. B) Age distribution of case-patients with B. holmesii 
infection during 2005–2007 (cases shown in the Table).
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though single-nucleotide polymorphisms exist among B. 
holmesii isolates, pairwise comparisons among the 10 na-
sopharyngeal isolates from Massachusetts showed >99% 
sequence identity among 2,958 aligned bases, indicating 
their close relatedness. By comparison, the CDC isolates 
were more diverse, with the lowest percent sequence iden-
tity 97.5% between CDC strains G7851 and G4363. More-
over, B. holmesii isolates from blood and nasopharyngeal 
specimens do not cluster separately, which suggests that 
evolutionary relationship among B. holmesii isolates is not 
associated with the anatomic site of isolation.

B. holmesii Susceptibility to B. pertussis 
Vaccine-induced Immunity

Most records for the identifi ed B. holmesii culture-pos-
itive cases did not include information regarding vaccina-
tion history; however, 16 patients that were culture positive 
for B. holmesii received >3 doses of pertussis vaccine. The 

2010 coverage among children in Massachusetts for DTaP 
(diphtheria toxoid–tetanus toxoid–acellular pertussis vac-
cine) 4-dose vaccine was estimated to be >91%, ranking 
third among the 50 United States (www.cdc.gov/vaccines/
stats-surv/imz-coverage.htm). However, adolescents and 
adults have lower B. pertussis vaccine coverage and wan-
ing immunity against B. pertussis. More adolescents and 
adults compared with children were culture-positive for B. 
holmesii in Massachusetts, which suggests that B. pertus-
sis vaccine may confer some level of protection against 
B. holmesii in recently vaccinated persons, similar to the 
cross-protection against B. bronchiseptica in a murine 
model of infection (38). Although DTaP was not designed 
to prevent B. holmesii infections, it is critical to evalu-
ate whether B. pertussis vaccines confer cross-protection 
against B. holmesii.

To test whether B. pertussis vaccines provide cross-
protection against B. holmesii, we vaccinated C57BL/6 
mice with wP or aP. These mice or vaccine-naive mice 
were then challenged with B. holmesii or B. pertussis and 
euthanized 3 days later. Because B. holmesii colonization 
effi ciency in the murine respiratory tract is low compared 
with the classical bordetellae, possibly because of the de-
creased attachment to mouse respiratory epithelium (A.T. 
Karanikas and E. T. Harvill, unpub. data), a higher chal-
lenge dose was used than for B. pertussis. wP vaccination 
reduced B. pertussis numbers in the lungs by >99.99% 
compared with naive mice; however, wP failed to reduce 
B. holmesii numbers (Figure 3, panel A). In fact, wP vac-
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Table. Results of testing of nasopharyngeal swabs for each 
Bordatella species at Massachusetts State Laboratory Institute, 
2005–2007* 
Test results and 
species detected 

No. (%) swabs 
2005 2006 2007 

Positive    
 B. holmesii 12 (0.37) 17 (0.35) 5 (0.14) 
 B. parapertussis 23 (0.71) 14 (0.29) 17 (0.49) 
 B. pertussis 196 (6.05) 188 (3.87) 204 (5.87) 
Negative 3,007 4,644 3,248 
Total tested 3,238 4,863 3,474 
*Years for which full data on all laboratory specimens tested were 
available. 

Figure 2. Phylogenetic tree showing 
30 Bordatella holmesii isolates, B. 
pertussis 536, B. parapertussis 2591, 
B. bronchiseptica RB50, B. avium 
197N, and B. hinzii BC304. Tree was 
constructed on the basis of concatenated 
nucleotide sequences of atpD, rpoB, 
tuf and rnpB genes. Bootstrap values 
>50% in 1,000 replicates are indicated. 
Scale bar indicates substitutions per 
site. CDC, Centers for Disease Control 
and Prevention; MDPH, Massachusetts 
Department of Public Health; –, 
unknown. Scale bar indicates nucleotide 
substitutions per site.
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cination appeared to increase B. holmesii numbers in the 
lungs compared with naive mice. Although aP-vaccinated 
mice also reduced B. pertussis numbers in their lungs by 
»98% (Figure 3, panel B), they were not capable of reduc-
ing B. holmesii numbers. Together, these data indicate that 
wP- or aP-induced immunity does not protect against B. 
holmesii infections.

To determine whether B. holmesii immunization in-
duces protection against itself or cross-protection against B. 
pertussis and/or B. parapertussis, we vaccinated C57BL/6 
mice with heat-killed B. holmesii (wH) and challenged 
these or naive mice with B. pertussis, B. parapertussis, or 
B. holmesii; the mice were then euthanized on day 3 post-
inoculation for bacterial quantifi cation. Similar numbers of 
B. pertussis were recovered from the lungs of naive and 
wH-vaccinated mice (Figure 3, panel C), an indication 
that B. holmesii vaccination failed to reduce B. pertussis 
numbers within 3 days. However, B. holmesii vaccination 
reduced the B. parapertussis load by ≈70% in the lungs, 
which indicates a modest cross-protection provided by B. 
holmesii against B. parapertussis. Compared with naive 
mice, mice who received B. holmesii vaccination had a 
≈97% reduction of B. holmesii in the lungs (Figure 3, panel 
A). This experiment indicates that B. holmesii antigens in-
duce effi cient protective immunity against B. holmesii but 
have little effect against B. parapertussis and are even less 
protective against B. pertussis.

T-cell Responses to wH and wP/aP for B. holmesii
Because wP and aP fail to reduce B. holmesii numbers, 

we hypothesized that the pertussis vaccines may induce a 
different T-cell response than the wH vaccine does. To 
determine whether T-cell responses after vaccination are 
cross-reactive, splenocytes from naive or wH-, wP-, or aP-
vaccinated mice were stimulated with media or heat-killed 
B. pertussis, B. holmesii, or B. parapertussis for 72 hours. 
Cell culture supernatant cytokine concentrations of IFN-γ 
and IL-10, representing Th1 and Treg cytokines, respective-
ly, were determined. wH vaccination did not induce IFN-γ 
and IL-10 production by splenocytes at greater levels than 
those produced by naive splenocytes (Figure 4). However, 
splenocytes from wP-vaccinated mice produced high levels 
of IFN-γ and IL-10 on stimulation with heat-killed B. pertus-
sis, B. parapertussis, or B. holmesii, which indicates that wP 
induces a strong cross-reactive T-cell response to B. holme-
sii. Although splenocytes from aP-vaccinated mice produced 
little IFN-γ, they produced ≈2,500 pg/mL IL-10 on stimu-
lation with heat-killed B. pertussis, B. holmesii, or B. par-
apertussis, which indicates cross-reactive T-cell responses 
following aP vaccination. These data indicate that B. pertus-
sis vaccines can induce cross-reactive T-cell responses to B. 
holmesii and thus do not explain the lack of cross-protection 
between these species.

wP/aP-induced Antibodies for B. holmesii
Njamkepo et al. observed that proteins in B. holmesii 

cell lysates are not recognized by antibodies specifi c for 
B. pertussis vaccine antigens (14). To determine whether 
B. holmesii and B. pertussis vaccine–induced antibodies 
are cross-reactive, Ig titers of wH-, wP-, or aP-induced 
serum samples were examined by using ELISA with heat-
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Figure 3. Results of testing of Bordatella pertussis and B. holmesii 
vaccines and protection against B. holmesii in mice. A) Mice 
vaccinated with whole-cell pertussis vaccine (wP) versus naive 
mice; B) mice vaccinated with aceullar pertussis vaccine (aP) 
versus adjuvant (adj) only vaccinated; C) mice vaccinated with 
whole-cell B. holmesii vaccine (wH) versus naive mice. All mice 
were challenged with B. pertussis (B.p.), B. parapertussis (B.p.p.) 
or B. holmesii (B.h.), and euthanized on day 3 postinoculation. 
Error bars indicate SE. *p£0.05; †p ≤ 0.01.



RESEARCH

inactivated bacteria as antigens. The B. holmesii–specifi c 
Ig titer of wH-induced serum was >450,000, which is 
≈10-fold and 25-fold higher than B. parapertussis– and 
B. pertussis–specifi c serum titers, respectively (Figure 5, 
panel A); this result indicates partial cross-reactivity. B. 
pertussis–specifi c Ig titers of wP- and aP-induced serum 
antibodies were 290,000 and 2,500, respectively wP- and 
aP-induced antibodies bind less well to B. parapertussis 
(Figure 5, panel A) and confer little protection against B. 
parapertussis in vivo (33). wP- or aP-induced antibodies 
bound even less well to B. holmesii. A similar trend was 
observed when live bacteria were used to coat the ELISA 
plates (data not shown), which rules out the possibility 
that heat inactivation selectively destroys cross-reactive 
antigens.

To compare the antigens recognized by serum samples 
from different groups, Western blot analyses were per-
formed on B. pertussis, B. parapertussis, or B. holmesii ly-
sates probed with naive serum or wH-, wP-, or aP-induced 

serum. wH-induced serum antibodies recognized B. holme-
sii antigens of various molecular masses but lacked cross-
recognition of some higher molecular mass B. pertussis and 
B. parapertussis antigens (Figure 5, panel B). The wP- and 
aP-induced serum antibodies bound less effi ciently to B. 
parapertussis antigens than to B. pertussis antigens, con-
sistent with published data (33). Although wP-induced an-
tibodies recognized some B. holmesii antigens, they lacked 
recognition of higher molecular mass (>60 kDa) B. holme-
sii antigens. aP-induced antibodies only poorly recognized 
a single B. holmesii antigen. Together, these data suggest 
that antibodies generated following B. pertussis vaccina-
tion do not effi ciently recognize B. holmesii antigens.

B. holmesii–specifi c Antibodies and wP-induced 
Immunity against B. holmesii.

On the basis of our data, we discerned that wP induces 
suffi cient T-cell responses but that antibody responses are 
not suffi cient to confer cross-protection against B. holmesii. 
If the lack of antibody cross-recognition is the only reason 
wP and aP vaccines are ineffective against B. holmesii in-
fection, then adding B. holmesii–specifi c antibodies to wP 
should render the vaccination effective against B. holmesii. 

To test this hypothesis, C57BL/6 mice were wP vacci-
nated or left untreated and later received either naive serum 
or wP- or wH-vaccinated mouse serum before B. holmesii 
challenge. B. holmesii lung colonization was determined 3 
days postinoculation. Neither naive serum nor wP-induced 
serum reduced B. holmesii numbers, but vaccinated mice 
that received B. holmesii–immune serum had substantially 
lowered B. holmesii numbers in the lungs (Figure 6). The 
fi nding indicates that the addition of B. holmesii–specifi c 
antibodies to wP increases its effi cacy against B. holmesii.

Discussion
The epidemiologic data collected by the MDPH sug-

gest that B. holmesii is endemic in Massachusetts and is 
associated with classic whooping cough–like symptoms 
(Figure 1). Since the establishment of B. holmesii as a 
species in 1995 (10), infections have been sporadically 
reported worldwide (6–9,12,13,15,17,18,20,21,23). In-
creasing awareness of pertussis and improved analytical 
tools in industrialized countries may have contributed to 
the increased numbers of reported B. holmesii cases. How-
ever, nasopharyngeal B. holmesii specimens submitted to 
the MDPH each year during 2005–2009 likely represent a 
small fraction of B. holmesii infections in Massachusetts. 
Serologic testing and PCR are the dominant diagnostic 
Bordetella identifi cation assays because of their high sen-
sitivity and time effi ciency, but no serologic test or PCR 
specifi c for B. holmesii is widely accepted or used by the 
MDPH. Less than 25% of B. pertussis cases reported in 
Massachusetts during 1990–2008 were identifi ed by cul-
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Figure 4. Comparison of splenic interferon (IFN)–γ (A) and 
interleukin (IL)–10 (B) responses in naive mice versus mice 
vaccinated with whole-cell Bordetella holmesii vaccine (wH), hole-
cell pertussis vaccine (wP), and aceullar pertussis vaccine (aP). 
Splenocytes from naive mice or wH-, wP-, or aP-vaccinated mice 
were stimulated with media only or media containing heat-killed 
B. pertussis (B.p.), B. parapertussis (B.p.p.), or B. holmesii (B.h.). 
Error bars indicate SE.
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ture, the only test that currently detects B. holmesii. There-
fore, larger numbers of B. holmesii cases might be iden-
tifi ed if additional B. holmesii–specifi c serologic or PCR 
diagnostic tests are used.

When B. holmesii has been clinically identifi ed, sev-
eral reports have demonstrated little heterogeneity among 
isolates on the basis of pulsed-fi eld gel electrophoresis 
banding patterns (21) and 16S rRNA heterogeneity (10,17). 
By using a sequence-based approach, Diavatopoulos et al. 
analyzed 7 B. holmesii isolates and observed only 1 non-
synonymous polymorphism among 3,666 bases (16). Us-
ing a similar method, we further analyzed 20 isolates from 
CDC and 10 from MDPH and identifi ed 174 variable sites 
among the 2,958 aligned bases; this fi nding suggests more 
genetic variation among B. holmesii than previously recog-
nized. Similar analyses on a wider range of B. pertussis, B. 

parapertussis, and B. holmesii isolates could better eluci-
date the evolutionary history among these human-adapted 
bordetellae.

Although vaccine studies are better completed in a 
natural host of the pathogen, the murine model of human-
adapted bordetellae infection is well-established. B. per-
tussis and B. parapertussis murine infections mimic the 
course of infection and the immune responses in humans 
(30,39,40), although an animal model of B. holmesii infec-
tion has not been previously described. Unlike the classic 
Bordetella species, B. holmesii colonizes the murine respi-
ratory tract only when relatively large intranasal inoculums 
are delivered. This model may be improved, for example, 
by administering antimicrobial drugs or creating transgenic 
mice. In this study, reproducible colonization of the respira-
tory tract was achieved, and statistically signifi cant differ-
ences were observed after wH vaccination, which suggests 
that the mechanisms guiding protective immunity in this 
model can be used to investigate rapid immune-mediated 
interactions within the respiratory tract.

We determined that B. pertussis vaccines confer little, 
if any, protection against B. holmesii, even though 16S 
rRNA comparative analysis of B. holmesii and B. pertussis 
suggested that B. holmesii is closely related to B. pertussis. 
Furthermore, antibodies against B. pertussis pertactin, per-
tussis toxin, fi mbriae 2 and 3, adenylate cyclase toxin, and 
fi lamentous hemagglutinin recognized few, if any, proteins 
from multiple B. holmesii isolates (14), which suggests that 
these proteins are absent from B. holmesii or are antigeni-
cally distinct from B. pertussis. Although vaccine-induced 
T-cell responses are cross-reactive to B. holmesii (Figure 
4), B. pertussis vaccine-induced antibodies poorly bind B. 
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Figure 5. Antibody responses to whole-cell pertussis vaccine (wP), 
aceullar pertussis vaccine (aP), and whole-cell Bordetella holmesii 
vaccine (wH). A) Specifi c Ig titers of serum antibodies for B. 
pertussis (B.p.), B. parapertussis (B.p.p.), or B. holmesii (B.h.) for 
wH-, wP- or aP- vaccinated mice. Error bars indicate SE. *p<0.01. 
B) Western blots of B. pertussis (1), B. parapertussis (2), and B. 
holmesii (3) lysates probed with naive serum or wH-, wP-, or aP-
induced serum (IS).

Figure 6. Supplementation of whole-cell pertussis vaccine (wP) with 
B. holmesii- but not B. pertussis- specifi c antibodies. Groups of four 
wP-vaccinated C57BL/6 mice were left untreated (none) or treated 
with naive serum, wP-induced sereum, or whole-cell Bordetella 
holmesii vaccine (wH)–induced serum, and challenged with B. 
holmesii. Bacterial numbers in the lungs on day 3 postinoculation 
are shown. Error bars indicate SE. *p<0.05.
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holmesii (Figure 5). Furthermore, B. holmesii–specifi c, but 
not B. pertussis–specifi c, antibody administration effi cient-
ly decreased B. holmesii numbers in the lungs of vaccinated 
mice (Figure 6), which suggests that the lack of cross-reac-
tive antibody responses may result in poor cross-protection 
of B. pertussis vaccines against B. holmesii.

Our data indicate that B. holmesii is circulating in Mas-
sachusetts and that B. pertussis vaccination confers little 
protection against B. holmesii. Careful B. holmesii sur-
veillance is required to better evaluate its prevalence and 
transmission. B. holmesii genome sequencing may identify 
novel virulence determinants to explain its emergence in 
the human population and guide effective vaccine design.
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In October 2009, two–3 months after an outbreak 
of a febrile disease with joint pain on the eastern coast 
of Madagascar, we assessed serologic markers for 
chikungunya virus (CHIKV), dengue virus (DENV), and Rift 
Valley fever virus (RVFV) in 1,244 pregnant women at 6 
locations. In 2 eastern coast towns, IgG seroprevalence 
against CHIKV was 45% and 23%; IgM seroprevalence was 
28% and 5%. IgG seroprevalence against DENV was 17% 
and 11%. No anti-DENV IgM was detected. At 4 locations, 
450–1,300 m high, IgG seroprevalence against CHIKV was 
0%–3%, suggesting CHIKV had not spread to higher inland-
altitudes. Four women had IgG against RVFV, probably 
antibodies from a 2008 epidemic. Most (78%) women from 
coastal locations with CHIKV-specifi c IgG reported joint pain 
and stiffness; 21% reported no symptoms. CHIKV infection 
was signifi cantly associated with high bodyweight. The 
outbreak was an isolated CHIKV epidemic without relevant 
DENV co-transmission.

In October 2009, the sentinel surveillance system for 
early outbreak detection in Madagascar (1) reported an 

increase of cases of fever with joint pain on the eastern 
coast. At the beginning of February 2010, chikungunya 
virus (CHIKV) infection was diagnosed in a patient from 
the Mananjary district. The International Federation of Red 
Cross and Red Crescent Societies reported 702 clinically 
diagnosed cases of chikungunya during February 9–
February 15, 2010. Six hundred occurred in the coastal 
city of Mananjary, and 96 occurred in the small village of 
Irondro at the crossroads between the towns of Mananjary, 
Manakara, and Ifanadiana, indicating that the area was a 
focal point of the epidemic (Figure 1) (2).

Arthropod-borne viruses (arboviruses) such as 
CHIKV (3), dengue virus (DENV), and Rift Valley 
fever virus (RVFV) (4,5) are emerging pathogens in 
the southwestern Indian Ocean region. In 2005–2006, 
CHIKV caused outbreaks and epidemics on La Réunion, 
Mauritius, Mayotte, and the Seychelles (6), which caused 
considerable illness and death (7). Chikungunya appears to 
occur as an epidemic and an endemic disease in this region. 
The endemic disease affects mainly populations with high 
levels of IgG against CHIKV who live in rural areas in 
Africa (8). The epidemic disease occurs in Asia and the 
Indian Ocean region in populations in which herd immunity 
is weak, often in urban areas where Aedes aegypti and Ae. 
albopictus mosquitoes are the main transmission vectors. 
During epidemics, humans are the primary reservoirs. 
Monkeys, rodents, birds, and cattle have been identifi ed 
as animal reservoirs (9–11). The onset of chikungunya 
epidemics is acute with high attack rates as seen in 2005–
2006 on La Réunion (12). Concurrent epidemics of dengue 
and chikungunya have been reported from Asia (13) and 
Africa (14). In 2006, a combined outbreak of dengue fever 
and chikungunya fever occurred near the Madagascan city 
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of Toamasina (15), but the rest of the country remained 
unaffected by the epidemic. An increased number of RVFV 
infections was noticed in Madagascar during the rainy 
seasons of 2008 and 2009 with 476 (19 fatal) and 236 (7 
fatal) suspected cases, respectively (4).

The sudden emergence of chikungunya in the 
Mananjary area indicated a lack of herd immunity in the 
affected population. The previous outbreak of CHIKV 
infection in Madagascar in 2006 in the Toamasina region 
occurred in conjunction with DENV infection. Because 
of the recent reports of RVFV infections in animals 
and humans, our investigation of the recent outbreak in 
Madagascar included assessment of serologic parameters 
against CHIKV, DENV, and RVFV.

Approximately 2–3 months after the peak and 1–2 
months after the decline of the outbreak of chikungunya, 
we retrospectively assessed the serologic markers and 
reported clinical features of women who came for routine 
pregnancy follow-up visits at 6 geographic locations. By 
focusing on pregnant women, we could reduce the need to 
stratify for age and sex and thus minimize the fragmentation 
of data. The focus could then to be placed on 1) assessing 
a possible inward spread of the epidemic, 2) evaluating 
whether the epidemic was limited to CHIKV or due to a 
simultaneous occurrence of DENV or RVFV infections, 
and 3) detecting factors associated with an increased risk 
of CHIKV infection.

Methods
The cooperative project of the University of 

Antananarivo and the Bernhard Nocht Institute for Tropical 
Medicine was carried out during May–July 2010. Overall, 
1,244 pregnant women were included from 6 different sites 
(Figure 1). Investigations were conducted in 2 coastal cities: 
Mananjary, the suspected epicenter of the chikungunya 
epidemic in February, and Manakara. Inland study sites 
included Ifanadiana, located at the ascending road from 
the above-mentioned cities to the highlands, the 2 highland 
cities of Tsiroanomandidy and Ambositra, and Moramanga, 
a highland city between Antananarivo and Toamasina. 
The study sites were chosen to include the coastal cities 
where the suspected chikungunya outbreak was reported 
(Manajary and Manakara), a city lying at the main road 
leading to the outbreak region on a moderate elevation 
level of 466 m (Ifanadiana), and 3 arbitrarily chosen cities 
in the highlands (Moramanga, Tsiroanomandidy, and 
Ambositra). Pregnancy follow-up services were chosen for 
a population comprehensive enough to allow the collection 
of ≈200 samples within a week. All women attending the 
routine pregnancy follow-up services were included.

The study was approved by the “Comité d’ethique 
de la Vice Primature Chargée de la Santé Publique” 
and discussed with representatives of the World Health 

Organization (WHO) during a meeting at the WHO offi ce in 
Antananarivo on April 23, 2010. The study was explained 
to every participant, and informed consent was either signed 
(or, in the case of illiteracy, a fi ngerprint was obtained), and 
signature of a witness was acquired. Data on the course of 
pregnancy were obtained from interviews and review of 
the pregnancy follow-up booklet. To assess symptoms of 
CHIKV infections, researchers questioned the participants 
regarding current symptoms, symptoms that occurred since 
the time of their last menorrhea, or symptoms they recalled 
from a recent confi rmed or suspected CHIKV infection.
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Figure 1. Madagascar (gray shading in inset), showing the main 
roads, the capital of Antananarivo (square), the harbor city of 
Toamasina (white circle), and the locations of the 6 study sites 
(black circles) from which serologic samples from pregnant women 
were screened for IgG against chikungunya virus, dengue virus, 
and Rift Valley fever virus. The altitudes of the locations are as 
follows: Mananjary and Manakar, coastal; Ifanadiana, 466 m; 
Moramanga, 920 m; Tsiroanomandidy, 860 m; Ambositra, 1,280 m; 
Toamasina, coastal; Irondro, 40 m; Antananarivo, 1,300 m. 
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A venous blood sample collected into EDTA was 
taken for measurement of IgG against CHIKV, DENV, 
and RVFV. To detect acute CHIKV or DENV infections, 
we measured levels of IgM against CHIKV and DENV. 
Immunofl uorescence assays (IFAs) for CHIKV, DENV, and 
RVFV were performed with virus-infected Vero E6 cells as 
described (16). In brief, Vero cells were spread onto slides, 
air dried, and fi xed in acetone. Plasma samples were serially 
diluted in phosphate-buffered saline, starting with an initial 
dilution of 1:10, added to the cells, and incubated for 90 
minutes at 37°C. After slides were washed with phosphate-
buffered saline, they were incubated with fl uorescein 
isothiocyanate–labeled rabbit antihuman IgG and IgM 
(SIFIN, Berlin, Germany) at 37°C for 25 minutes (Figures 
2,3). IgG or IgM titers >100 were considered positive.

The serologic controls used for the IFA were the 
standard routine controls of the WHO Collaborating Centre 
for Arbovirus and Haemorrhagic Fever Reference and 
Research in Hamburg, Germany. Moreover, the controls 
used in this serologic survey were used as external quality 
assessment samples by the WHO Collaborating Centre 
for Quality Assurance and Standardization in Laboratory 
Medicine, Berlin, Germany. The sensitivity and specifi city 
of the IFAs were demonstrated to be 100%, according 

to results of external quality assessments organized by 
the European Network for Diagnostics of Imported Viral 
Diseases (17). The DENV nonstructural protein 1 (NS1) 
antigen ELISA was performed according to the instructions 
of the manufacturer (Bio-Rad Laboratories, Hercules, CA, 
USA). The DENV NS1 antigen is a marker for DENV 
antigen circulation and thus detects acute infections up to 
day 21 after onset of symptoms. 

The following retrospectively self-reported 
symptoms were assessed: fever, joint pain, and stiffness, 
skin symptoms and rashes, hip vibrations and pain, 
conjunctivitis, and stooped posture. For the 2 coastal 
locations where seroprevalence of CHIKV was highest, we 
analyzed potential risk factors for CHIKV infection, taking 
into account patient’s age, mosquito protective measures 
(bednet, fan, repellent, air conditioner), and because 
our study population consisted of pregnant women, we 
also considered pregnancy-related factors such as parity, 
weight, and trimester of pregnancy.

Statistical analysis was performed by using STATA 
version 10 (www.stata.com). The risk factor analysis 
was done by using univariable and multivariable logistic 
regressions. If the odds ratios suggested a trend over 
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Figure 2. Images from immunofl uorescence assays in Vero E6 cells 
for IgG against chikungunya virus (CHIKV), dengue virus (DENV), 
and Rift Valley fever virus (RVFV). Original magnifi cation ×100 and 
200. A color version of this fi gure is available online (wwnc.cdc.gov/
EID/article/18/11/11-1036-F2.htm).

Figure 3. Images of immunofl uorescence assays in Vero E6 cells 
for IgM against chikungunya virus (CHIKV) and dengue virus 
(DENV). For each of the viruses, a positive control, an example 
of a positive serum sample (if available), and a negative control 
are shown. Original magnifi cation ×100 and 200. A color version of 
this fi gure is available online (wwnc.cdc.gov/EID/article/18/11/11-
1036-F3.htm).
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several categories, a nonparametric test for trend was 
conducted in the univariable analysis. For multivariable 
models, a Mantel-Haenszel test for trend, adjusted for the 
other variables in the model, was performed.

Results
A total of 1,244 women from 6 locations in Madagascar 

were included in the study. All locations, when data 
were presented graphically, showed a right-skewed age 
distribution. The median age was 25 years (range 12–50 
years). The median age of women from the 2 coastal 
locations (Mananjary and Manakara) was not signifi cantly 
different from that of women from higher altitudes (p = 
0.95, by Wilcoxon rank sum test). No relevant difference 
was found regarding the proportion of primiparas by 
location (28.4% in the highlands compared with 27.4% at 
the coast, p = 0.70, by χ2 test). None of the participants 
had an air conditioner at home; 3 women who lived on the 
coast reported using a fan. Two women who lived in the 
highlands reported using mosquito repellents. The only 
noteworthy mosquito protective measure used frequently 
was bednets (70.3%). Bednet use was signifi cantly higher 
for women from the coastal cities of Mananjary (88.2%) 
and Manakara (90.8%) than for those living in the highland 
cities of Moramanga (65.7%), Ambositra (21.5%), and 
Tsiroanomandidy (56.7%). Of those from Ifanadiana, a 
coastal city at 450-m altitude, 94% used bednets.

Table 1 shows the levels of IgG against CHIKV, DENV, 
and RVFV, and the results of the IFAs that measured IgM 
against CHIKV and DENV. IgM against CHIKV was only 
detected in samples from Mananjary and Manakara taken 
≈2–4 months after the peak of the epidemic. Although 
27.5% of the samples from Mananjary and 5.2% of the 
samples from Manakara were positive for IgM against 
CHIKV, IgM against CHIKV was not detected in samples 
from other noncoastal locations. IgM against DENV and 
DENV NS1 antigen, indicators of DENV viremia, were not 
detected in any location.

A total of 154 of the 1,244 pregnant women (12.4%) 
were positive for IgG against CHIKV, and 116 of them 
(75.3%) had reported a history of symptoms of CHIKV 

infection since their last menorrhea. The highest rates of 
IgG against CHIKV (Mananjary 44.6%, Manakara 22.7%) 
and IgM against DENV (Mananjary 17.4%, Manakara 
10.8%) were found in the 2 coastal cities (Figure 1; Table 
1). IgG against CHIKV and DENV were found in 7.2% 
and 2.4% in Mananjary and Manakara, respectively. 
Differences in seroprevalences at the other locations, all 
at higher altitudes, were negligible, apart from the high 
frequency of IgG against DENV in Moramanga (11.7%) 
and Tsiroanomandidy (3.9%). Among persons with IgG 
against CHIKV, the proportion of women who reported a 
history of symptoms related to CHIKV infection during the 
recent outbreak was the same in Mananjary and Manakara 
(79%). None of the women interviewed from Moramanga 
reported a history of recent symptoms, even if they had IgG 
against CHIKV or DENV.

According to the results, only persons with IgG against 
CHIKV from Mananjary and Manakara could be confi dently 
assigned to the 2009–2010 outbreak. Therefore, reported 
symptoms and analysis of risk factors for CHIKV infection 
was confi ned to these 2 locations (Tables 2, 3). Risk for 
previous CHIKV infection increased with body weight 
(Table 2). This association persisted after adjusting for 
parity, bednet use, and age (Table 3) and after additionally 
adjusting for the trimester of pregnancy (Table 3).

Discussion
In contrast to the outbreak in the Toamasina area of 

Madagascar in 2006, the outbreak investigated here appears 
to be exclusively caused by CHIKV infections without 
concomitant DENV infection. Although one third of the 
participants in coastal cities at the epicenter of the outbreak 
were infected with CHIKV, the epidemic did not spread 
to higher altitudes and further inland. The chikungunya 
epidemic curve reached its peak in Mananjary in February 
and abated in March 2010; in Manakara, the epidemic 
occurred ≈1 month later. The duration of the epidemic 
roughly corresponds to the rainy season in Madagascar 
from November to April. Anti-CHIKV IgG was detected in 
all samples positive for anti-CHIKV IgM, and we assumed 
that the outbreak had ended before the investigation 
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Table 1. Measurement of antibodies against CHIKV, DENV, and RVFV in samples from pregnant women in Madagascar, May–July 
2010*

Location Altitude, m Month 
Total no. 
women  

No. (%) women with 
IgG against 

CHIKV
IgG against 

DENV
IgG against 

RVFV 
IgG against 

CHIKV/DENV† 
IgM against 

CHIKV‡ 
Mananjary 0 (coastal) May  195 87 (44.6) 34 (17.4) 2 (1) 14 (7.2) 53 (27.5) 
Manakara 0 (coastal) Jun  251 57 (22.7) 27(10.8) 1 (0.4) 6 (2.4) 13 (5.2) 
Ifanadiana 466  Jun  197 2 (1.0) 4(2.0) 0 0 0 
Moramanga 920  Jul  198 6 (3.1) 23(11.7) 0 1 (0.5) 0 
Tsiroanomandidy 860  Jul  203 0 8 (3.9) 1 (0.5) 0 0 
Ambositra 1,280  May  175‡ 2 (1.1) 1(0.6) 0 1 (0.6) 0 
*CHIKV, chikungunya virus; DENV, dengue virus; RVFV, Rift Valley fever virus. 
†Samples that were positive for IgG against both CHIKV and DENV. 
‡For 25 women from Ambositra, no serologic samples were taken. No samples were positive for IgM against DENV. 
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described here was started. In the noncoastal locations, 
all samples were negative for IgM against CHIKV, which 
suggests that the epidemic was constrained to the coast.

By focusing on pregnant women, we achieved a 
relatively homogenous study population, which facilitated 
the comparison of differences between study sites by 
reducing differences between persons (e.g., age or sex) 
and overfragmentation of the data. In addition to DENV, 
the presence of RVFV was assessed because this virus has 
been recently reported in Madagascar (4,18). In 22 persons, 
IgG against CHIKV and IgG against DENV were detected. 
The major mosquito vectors of both viruses are equally 
susceptible to CHIKV and DENV, with simultaneous 
transmission being confi rmed in experimental settings 
(19,20). Although a considerable number of the samples 
from Mananjary (17.4%) and from Manakara (10.8%) 

were positive for IgG against DENV, none was positive for 
DENV IgM or DENV NS1 antigen, which suggests past 
DENV infections, independent of the recent chikungunya 
epidemic.

A limitation of the study is the possibility that some 
women may have had prior CHIKV infections before the 
outbreak investigated in this study. A CHIKV outbreak was 
reported in the Toamasina region in 2006 (15). However, 
it seems unlikely that a relevant proportion of the resident 
population of the Mananjary region acquired CHIKV 
immunity during the Toamasina outbreak because this 
region is 400 km distant from Mananjary, and no tarred road 
exists along the coast. The elevated seroprevalance of IgG 
and IgM against CHIKV in the coastal city of Manakara, 
which lies 100 km south of Mananjary, suggests that the 
outbreak spread southwards along the coast.

The International Federation of Red Cross and Red 
Crescent Societies reported that the town of Irondo, where 
the inbound roads from Mananjary and Manakara meet, 
was also affected by the outbreak (2).The town is situated 
30 km from the coastline at an altitude of ≈40 m. Although 
an altitude of 400–500 m does not avert mosquito survival, 
the low seroprevalence in Ifanadiana (altitude 466 m, 70 km 
inland) provides evidence against an upward and inbound 
spread of the epidemic. The long travel distance between 
Irondro and Ifanadiana, with serpentine roads and long 
uninhabited stretches between small settlements, may have 
interrupted transmission chains. Samples taken from the 
highland cities of Ambositra (1,280 m), Tsiroanomandidy 
(860 m), and Moramanga (920 m) indicate that the highland 
population of Madagascar remained unaffected by the 
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Table 2. Signs and symptoms of pregnant women with IgG 
against CHIKV from Mananjary and Manakara, Madagascar, 
May–July 2010* 

Symptom/sign 

No. (%) women with 
IgG against 

CHIKV, n = 144 
IgG against 

DENV, n = 61 
Fever 107 (74) 21 (34) 
Joint pain and stiffness 113 (78) 22 (36) 
Skin symptoms or rashes 87 (60) 19 (31) 
Hip vibrations and pain 84 (58) 20 (33) 
Stooped posture† 77 (53) 18 (30) 
Conjunctivitis 27 (18) 9 (15) 
Asymptomatic 30 (21) 39 (64) 
*CHIKV, chikungunya virus; DENV, dengue virus. 
†Stooped posture refers to the posture that persons affected by strong 
joint and muscle pains adopt to relieve pain. The word “chikungunya” 
comes from the Makonde language spoken in southeast Tanzania and 
means “the one who bends up and curls like a drying leaf.” 

Table 3. Protective or risk factors for CHIKV infection in pregnant women from 2 coastal locations Mananjary (N = 195) and Manakara 
(N = 251), Madagascar, May–July 2010* 

Factor 
No.

women 
Bivariable analysis, n = 446 Multivariable model 1, n = 433  Multivariable model 2, n = 376 
OR (95% CI)† p value OR (95% CI) p value  OR (95% CI) p value 

Bednet use         
 No 40 Reference 0.70 Reference 0.98  Reference 0.95 
 Yes 400 0.87 (0.44–1.73)  0.99 (0.47–2.06)   1.02 (0.47–2.22)  
Parity         
 Multipara 324 Reference 0.93 Reference 0.44  Reference 0.65 
 Primipara 122 0.98 (0.63–1.53)  0.79 (0.43–1.44)   0.86 (0.44–1.67)  
Age, y         
 <20 94 Reference 0.67† Reference 0.17   Reference 0.37  
 20–30 225 0.82 (0.49–1.36)  0.70 (0.36–1.34)   0.81 (0.39–1.69)  
 >30 125 0.87 (0.49–1.53)  0.57 (0.26–1.23)   0.68 (0.29–1.60)  
Weight, kg         
 <40  17 Reference 0.001† Reference 0.0006   Reference 0.001  
 40–49 242 1.22 (0.38–3.87)  1.22 (0.38–3.92)   1.45 (0.39–5.45)  
 50–59 142 1.82 (0.56–5.88)  1.86 (0.57–6.08)   2.36 (0.61–9.09)  
 60–70 32 2.53 (0.67–9.47)  2.84 0.74–10.8   3.82 (0.85–17.2)  
 >70 8 9.75 (1.38–68.8)  10.8 (1.52–77.2)   11.4 (1.39–93.0)  
Trimester         
 1st 9 Reference 0.45    Reference 0.39‡ 
 2nd 142 0.37 (0.10–1.45)     0.44 (0.10–1.90)  
 3rd 236 0.36 (0.10–1.40)     0.40 (0.10–1.71)  
*CHIKV, chikungunya virus; OR, odds ratio. 
†Nonparametric test of trend.  
‡Mantel-Haenszel test for trend, adjusted for the other variables. 
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recent chikungunya outbreak.
According to our data, 21% of the women from the 

coastal cities who were positive for IgG against CHIKV 
did not report symptoms corresponding to those of 
chikungunya during the outbreak. Similarly, the proportion 
of asymptomatic infections during a CHIKV outbreak in 
a naïve population from northeastern Italy in 2007 was 
18% (21). In contrast, during the 2005–2006 chikungunya 
outbreak on La Réunion, only 5% of infections remained 
asymptomatic (22,23).

Entomologic data were not collected during the 
chikungunya outbreak on Madagascar. The main vectors 
for CHIKV are Ae. albopictus and Ae. aegypti mosquitoes. 
In a study from Gabon, Ae. albopictus mosquitoes 
outnumbered Ae. aegypti mosquitoes in most suburban 
areas, and in urban areas, where Ae. aegypti mosquitoes 
were more commonly found, CHIKV and DENV were only 
found in Ae. albopictus (19) mosquitoes. Ae. albopictus 
mosquitoes were the main vectors on La Réunion during 
the 2005–2006 epidemic.

Recent entomologic data for Madagascar were scarce 
in 2010, when the chikungunya outbreak took place. In 
a report from 1989, Ae. albopictus was identifi ed as the 
predominant Aedes species on the eastern coast and on 
the central highland plateau, where all our study sites 
were located (24). A recent study provides evidence for an 
expansion of an invasive lineage of Ae. albopictus that has 
spread throughout the island and possibly caused a decline 
of Ae. aegypti at least in urban areas (25). More research 
on the vector dynamics of Ae. albopictus and Ae. aegypti 
mosquitoes in Madagascar is needed.

The analysis of risk and protective factors for infection 
was confi ned to the epidemic coastal cities. The fi nding that 
bednet use had no infl uence on the risk of CHIKV infection 
is in accordance with the fact that the chikungunya vectors 
Ae. albopictus and Ae. aegypti mosquitoes bite during 
the daytime. The results indicate a positive association 
between body weight and the risk for CHIKV infection but 
the causality could not be assessed in this cross-sectional 
study. Notably, a study from India found evidence of a 
higher risk for chronic sequelae among obese persons who 
acquired chikungunya (26). Future studies on risk factors 
for chikungunya should include body weight as a possible 
infl uence.

The 2009–2010 arboviral outbreak in coastal eastern 
Madagascar was an isolated CHIKV epidemic without 
relevant DENV co-transmission. With more than one third 
of all women affected in the epicenter, the infection rate in 
the population was high. Data from other locations suggest 
that the epidemic did not spread to higher altitudes and 
inland. 
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Human parechovirus has rarely been shown to cause 
clinical disease in adults. During June–August 2008, a total 
of 22 adults sought treatment at Yonezawa City Hospital 
in Yamagata, Japan, for muscle pain and weakness of all 
limbs; most also had fever and sore throat. All patients 
received a clinical diagnosis of epidemic myalgia; clinical 
laboratory fi ndings suggested an acute infl ammatory 
process. Laboratory confi rmation of infection with human 
parechovirus type 3 (HPeV3) was made for 14 patients; we 
isolated HPeV3 from 7 patients, detected HPeV3 genome 
in 11, and observed serologic confi rmation of infection in 
11. Although HPeV3 is typically associated with disease 
in young children, our results suggest that this outbreak of 
myalgia among adults was associated with HPeV3 infection. 
Clinical consideration should be given to HPeV3 not only in 
young children but also in adults when an outbreak occurs 
in the community.

Human parechovirus (HPeV) is a positive-sense, 
single-stranded RNA virus belonging to the family 

Picornaviridae and the genus Parechovirus (1,2). HPeV 
type 1 (HPeV1) and HPeV2 were discovered in the United 
States in children with diarrhea in 1956; initially designated 

echovirus types 22 and 23, respectively, these viruses were 
recently reclassifi ed and renamed (1,2). In 1999, HPeV3 
was identifi ed from a 1-year-old child with transient 
paralysis, fever, and diarrhea in Japan (3). Complete 
genome sequences are available for HPeV1–8, and viral 
protein (VP) 1 coding region sequences have recently been 
reported for HPeV9–16 (1,4).

HPeV1 and HPeV2 mainly cause mild gastrointestinal 
or respiratory illness, but more serious diseases have been 
occasionally reported, including myocarditis, encephalitis, 
pneumonia, meningitis, fl accid paralysis, Reye syndrome, 
and fatal neonatal infection (2,5,6). HPeV3 also causes not 
only mild gastrointestinal and respiratory tract illness but 
also severe illness in young children, including sepsis and 
conditions involving the central nervous system (1,5,7–13).

Although the seroprevalence of the recently discovered 
HPeV4–8 are unknown, HPeV1–3 infections usually occur 
in early infancy (1,3). Because all children have antibodies 
against HPeV1 after 1 year of age, HPeV1 seroconversion 
during the early months of life has been clearly established 
(2). HPeV3 is reported to infect younger children more 
often than HPeV1; HPeV3 infections occur most commonly 
among infants <3 months of age (1,10,11). In contrast, 
reports in the literature that describe HPeV3 infection in 
persons >10 years of age are rare (1,14).

An unusual outbreak of epidemic myalgia among 
adults occurred during June–August 2008 in Yonezawa, 
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Yamagata, Japan, and epidemiologic investigation found 
that it was associated with HPeV3 infection. We describe 
this outbreak and provide expanded information about the 
clinical spectrum of HPeV3 infection.

Methods

Case-Patients
During June 17–August 6, 2008, an outbreak of an 

unknown disease was observed among adults in Yonezawa, 
Yamagata, Japan. A total of 22 patients who lived in the 
city of Yonezawa who had myalgia, muscular weakness, 
sore throat, and orchiodynia (among men) sought treatment 
at Yonezawa City Hospital. Because all had symptoms 
of severe myalgia, these patients were given a diagnosis 
of with acute myalgia syndrome of unknown cause. The 
patients consisted of 15 men and 7 women ages 25–66 
years (mean 37 years). Because several patients had contact 
with other persons who had similar symptoms, the outbreak 
was considered to be associated with an infectious agent. 
Virologic and serologic analyses were carried out to fi nd 
the associated agent. This study was approved by the Ethics 
Committee of the Yonezawa City Hospital.

Screening for Pathogens
Throat swab and stool specimens were collected from 

14 patients (Table 1). Throat swab specimens were placed 
immediately in tubes containing 3 mL of transport medium, 
and stool specimens were put in a stool container and 
transported to the Department of Microbiology, Yamagata 
Prefectural Institute of Public Health, Yamagata, to undergo 
virus isolation and reverse transcription PCR (RT-PCR) for 
enteroviruses, HPeV1, and HPeV2.

Virus isolation was carried out using a described 
microplate method (15). In brief,, HEF, HEp-2, Vero 
E6, MDCK, RD-18S, and GMK cell lines were prepared 
in the wells of a 96-well microplate (Greiner Bio-One, 
Frickenhausen, Germany). After a medium change, 
throat swabs and 10% stool suspension specimens were 
centrifuged at 1,500 × g for 20 min, and 75 μL of the 
supernatant was added to 2 wells of each of the cell lines. 
The inoculated plates were centrifuged for 20 min at 450 × 
g, incubated at 33°C in a 5% CO2 incubator, and assessed 
for cytopathic effect.

RNA was extracted from 200 μL of each throat 
swab specimen or 10% stool suspension using a High 
Pure Viral RNA Kit (Roche Diagnostics, Manheim, 
Germany) according to the manufacturer’s instructions 
and then transcribed into complementary DNA (cDNA) as 
described (16). PCR was performed as described (17,18), 
except that we used a mixture of 224 and 222 primers for 
the fi rst PCR and a mixture of AN89 and AN88 primers for 
the nested PCR to detect enteroviruses and K28, K29, and 

K30 primers to detect HPeV1 and HPeV2. The remainder 
of each specimen and the cDNA specimens were stored at 
−80°C.

Ultra-high Throughput Direct Sequencing Analysis
Ultra-high throughput direct sequencing analysis was 

carried out as described (19). Total DNA or RNA was 
prepared from the specimens of case-patient 11 by using 
a viral nucleic acid purifi cation kit (Roche Diagnostics). 
Double-stranded cDNA (ds-cDNA) was prepared from 
1 μg of total RNA using the random priming method 
with the SuperScript Choice System for cDNA synthesis 
(Invitrogen, Carlsbad, CA, USA). A mixture of DNA 
and ds-cDNA was purifi ed by using a QIAquick PCR 
Purifi cation kit (QIAGEN, Hilden, Germany).

An ≈300-bp length DNA library was prepared from 
a mixture of 2 μg of total DNA and ds-cDNA by using a 
genomic DNA sample prep kit (Illumina, San Diego, CA, 
USA), and DNA clusters were generated on a slide using a 
Single Read Cluster Generation kit version 4 on an Illumina 
cluster station (Illumina) according to the manufacturer’s 
instructions. To obtain ≈1.0 × 107 clusters for 1 lane, the 
general procedure as described in the manufacturer’s 
standard recipe was performed. All sequencing runs for 
83-mers were performed with GA II using the Illumina 
Sequencing Kit version 5. Fluorescent images were analyzed 
using the Illumina SCS2.8/RTA1.8 to obtain FASTQ 
formatted sequence data. The obtained DNA sequence 
reads were investigated by using a MEGABLAST search 
(20) with an e–5 e-value cutoff against the nonredundant 
nt database nt, followed by taxonomic classifi cation using 
MEGAN version 3.9.0 (21) with the following parameters: 
minimum support 1; minimum score 35.0.

RT-PCR was performed by using ≈100 ng of total 
RNA, the appropriate primer pair, and the PrimeScript 
II High Fidelity One-Step RT-PCR Kit (TaKaRa, Shiga, 
Japan). The following quantitative RT-PCR program was 
used: reverse transcription reaction 45°C for 10 min; initial 
denaturation 94°C for 2 min; and 3 steps of amplifi cation (× 
35 cycles) at 98°C for 10 s, 55°C for 15 s, and 68°C for 1 
min. PCR products were resolved and purifi ed by agarose gel 
electrophoresis and then sequenced by Sanger sequencing 
by using a BigDye Terminator v3.1 Cycle Sequencing Kit 
(Applied Biosystems, Foster City, CA, USA).

Repeat of Virus Isolation and Molecular 
Detection for HPeV3

After HPeV3 was detected in the specimens from 
case-patient 11 by ultra-high throughput direct sequencing 
analysis, to investigate whether HPeV3 was associated 
with the myalgia epidemic, we repeated the virus isolation 
focusing on HPeV3, using GMK, Vero, and LLC-MK2 cell 
lines using the 28 stocked throat swab and stool samples 
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shown in Table 1. We used 2 LLC-MK2 cell lines, one 
provided by the National Institute of Infectious Diseases 
Japan and the other by the Niigata Prefectural Institute 
of Public Health and Environmental Sciences. We also 
attempted to specifi cally amplify the HPeV3 genome via 
RT-PCR using frozen cDNA and our original primers 
(Parecho3-VP1F1Y and Parecho3-VP1R1Y for the fi rst 
PCR and Parecho3-VP1F2Y and Parecho3-VP1R2Y for 
the nested PCR [Table 2, Appendix, wwwnc.cdc.gov/
EID/article/18/11/11-1570-T2.htm]), using the same 
conditions as in the preliminary screening procedure. 
When the RT-PCR result was positive, PCR products were 
purifi ed and sequenced on a Sanger sequencer using a 
BigDye Terminator v3.1 Cycle Sequencing Kit (Applied 
Biosystems) and the primers listed in Table 2, Appendix. 
We also attempted to amplify the HPeV3 genome using 
RT-PCR from all serum specimens that were initially 
collected for serologic analysis.

Serologic Study
To further evaluate the role of HPeV3 in this outbreak 

of myalgia, we measured the neutralizing antibody 

response against HPeV3 in 1–5 serum samples from 20 
of the patients (Table 1). To observe seroconversion and 
changes in antibody titers, we measured neutralization 
antibodies using a microneutralization test on a 96-well 
microplate. Sample serum samples were inactivated at 
56°C for 30 min and then diluted from 1:8 to 1:4,096 by 
serial 2-fold dilution. One HPeV3 isolate in this outbreak in 
Yamagata (1356-Yamagata-2008) was used as a challenge 
virus antigen. We mixed and incubated (37°C, 60 min) 
60 μL of each diluted serum sample with 60 μL of virus 
fl uid containing ≈102 50% tissue culture infectious dose. 
We prepared confl uent monolayers of the LLC-MK2 cell 
line provided by the Niigata Prefectural Institute of Public 
Health and Environmental Sciences, washed the cells with 
phosphate-buffered saline without calcium or magnesium, 
added 50 μL of maintenance media, and injected 50 μL of 
each incubated virus–serum mixture into each of 2 cultures. 
The plates were then incubated in a 5% CO2 incubator at 
33°C for cytopathic effect observation. The reciprocal 
value of the highest dilution of serum neutralizing the 
virus compared to the control was taken to be the titer. 
Seropositivity was defi ned as titer >8. Virus infection was 
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Table 2. Primers used to detect and sequence analysis for human parechovirus 3 among patients with epidemic myalgia, Yonezawa, 
Yamagata, Japan, June–August 2008 
Primer Nucleotide sequence, 5   3 Nucleotide position* 
Parecho3-F2K AACAAGTGACACTATGGATCTGATC 576–601 
Parecho3-F3K CAAAGTAGCAGATGATGCTTCCAA 824–849 
Parecho3-F4K CAAGCCAAATATTTTGCTGCAGTAA 1165–1190 
Parecho3-F5K TGCATTGGTGGTTTATGAGCCTAA 1244–1268 
Parecho3-F21K TCAGACAACACCACACCTTCAAG 1822–1844 
Parecho3-VP1F1Y GGGCCTTTGGGTAATGAGAAA 2452–2472 
Parecho3-VP1F2Y TGACAACATATTTGGTAGAGCTTGGT 2538–2563 
Parecho3-F6K AGGAGATAATGTATATCAATTGGAT 3095–3120 
Parecho3-F7K TGACGGCTGGTTTAATGTCAACTAT 3368–3392 
Parecho3-F8K CTGAATCAATGTCCAACACAGACGA 3737–3761 
Parecho3-F9K TGGACTATGCCTCTGATATTATTGT 3994–4019 
Parecho3-F10K AATAATGGCCATTTGCTTTAGGAGT 4098–4122 
Parecho3-F11K CTTGTAAATTAAATGGTGTGTACAC 4304–4328 
Parecho3-F12K ACTAGGAAGGAGAAAGATATTGAAA 4402–4426 
Parecho3-F13K CAGCCAAAGCATATAGTAGGGCTG 4609–4633 
Parecho3-F14K TTGAACAAATGGAAGCCTTCATTGA 4916–4940 
Parecho3-F15K GTTGTAGACTGGTTCAGTAGTAAG 5011–5034 
Parecho3-F16K AAAGGAACTTTCCCAGTCACGCAGA 5201–5225 
Parecho3-F17K CAGAGAGTATGTTGATTTGGATGAC 5553–5576 
Parecho3-F18K GTGGCTATTCCTTTCAATTTTCTT 5778–5802 
Parecho3-F19K GGCCCAGCAGTTTTAAGCAAATCAG 5863–5947 
Parecho3-F20K TTGTCATGATTCACCTGATCTTGTC 6608–6633 
Parecho3-R13K AGTTTGTGGTATTTACAGTGGTTGT 912–938 
Parecho3-R11K TTTTAACGTAGTTTGTGTCTGCA 1380–1402 
Parecho3-R15 CATGTATAGAATATGAATGTTTATT 2673–2697 
Parecho3-VP1R2Y ACCCCTGCTCTGCCATGTATA 2693–2710 
Parecho3-VP1R1Y TCCCGTGCATCATTGGTCTA 2883–2902 
Parecho3-R10K TGACAGATGATTCAAGATACTTCAC 3238–3253 
Parecho3-R9K AGTGGTACACTTCTGCACAAGTAAG 3468–3492 
Parecho3-R8K ATCCACCAATCAATATGTCTGAATG 3859–3884 
Parecho3-R7K TGGATAGTGTGTGTGTTAGGAAAGA 4264–4288 
Parecho3-R5K CCACTTTAGAAATAAGCAGACCACC 5701–5725 
Parecho3-R4K CCATTTTGACTTCCACTGCTCCA 5901–5923 
Parecho3-R3K CCTAAATTTGGACTTGACACAGG 5993–6015 
HPeV3whole-RT-RK TTTTGGTATGTCCAATATTCCAAATTAGTG 7296–7321 
*Relative to human parechovirus 3 strain A308/99 (GenBank accession no. AB084913). 
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considered confi rmed if seroconversion from negative to 
positive could be documented. Alternatively, if all serum 
samples were positive, a 4-fold increase in antibody titer was 
considered serologic evidence of infection with HPeV3.

Results

Case-Patients
The 22 case-patients in this outbreak had similar 

symptoms (Table 1); all had severe myalgia involving 
mainly the proximal muscles of the upper and lower 
extremities. The next most common symptom was muscular 
weakness in the arms and legs (21, 95.5%), followed by 
fever (19, 86.4%), pharyngitis (15, 68.2%), orchiodynia 
(4, 18.2%), and seizures (1, 4.5%). Symptoms worsened 
rapidly within 1–2 days after onset. Eight patients were 
hospitalized on a visit to Yonezawa City Hospital and 
remained hospitalized for 5 (4 patients), 6 (1 patient), 8 
(2 patients), or 10 days (1 patient); mean hospitalization 
was 6.5 days. Case-patient 14 had seizures and subsequent 
disturbance of consciousness. For all patients, muscular 
weakness improved as muscle pain decreased. 

Laboratory Findings
Creatinine phosphokinase (CPK), C-reactive protein, 

and myoglobin levels were higher than reference ranges in 
12, 19, and 16 patients, respectively (Table 1). Elevated 
CPK levels returned to normal within several days. An 
examination of cerebrospinal fl uid showed no sign of 
infl ammation.

Magnetic resonance imaging (MRI) of the muscles 
of case-patients 4, 13, and 15 showed increased signal 
intensity on T2-weighted images. We suspected that 
case-patient 14 had encephalitis on the basis of clinical 
symptom, but results of MRI of the brain and cerebrospinal 
fl uid examination did not support this diagnosis. Clinical 
symptoms and laboratory fi ndings for all patients were 
consistent with infl ammatory myositis.

Detection of Potential Pathogens
No viruses were detected by screening steps at the 

Yamagata Prefectural Institute of Public Health using virus 
isolation and RT-PCR targeting enteroviruses, HPeV1, and 
HPeV2. Thus, we investigated possible uncharacterized 
pathogens by using direct DNA sequencing. To determine 
potential pathogens for the patients, we performed direct 
sequencing of a mixture of purifi ed DNA and ds-cDNA 
from the total RNA extracted from either the throat swab 
or stool specimens of case-patient 11. No other possible 
viral sequences were detected by the high-throughput 
sequencing for case-patient 11.

Next-generation DNA sequencer GA II produced 
≈1.5 × 107 83-mer short reads from the mixed DNA 

library. To exclude the human-derived read sequences, 
all obtained reads were initially aligned to a reference 
sequence of human genomic DNA, followed by quality 
trimming to remove low-quality reads and exclude reads 
with similarities to ambiguous human sequences. All 
remaining possible pathogen reads were further analyzed 
using a MegaBLAST search against nonredundant 
databases.

One type of HPeV was found in the analyzed 
specimens. Three HPeV reads were identifi ed from the 
throat swab specimen and 1,505 HPeV reads from the stool 
specimen of case-patient 11. To further characterize the 
type of HPeVs detected, de novo assembly was performed 
by using Euler-SR version 1.0 (22); the resulting partial 
contigs showed higher similarity to HPeV3 than to other 
HPeVs.

To determine the whole HPeV sequence for the isolates 
we obtained, RT-PCR was performed (Figure 1), and the 
products were sequenced. The whole coding nucleotide 
sequence of the polyprotein in the HPeV detected in the 
stool sample from case-patient 11 was aligned against all 
available HPeV complete genomes, including HPeV1–8. A 
phylogenetic tree was generated for the VP1 region (Figure 
2), and the HPeV in the stool specimen of case-patient 
11 was identifi ed as HPeV3. All detected HPeV3 VP1 
sequences among the 2008 myalgia cases were identical 
(Table 1), except that we found a single nucleotide 
substitution in sequences from the serum samples from 
case-patients 4 and 22.

Repeat of Virus Isolation and Molecular 
Detection Targeting HPeV3

We passaged isolates 6 times using GMK and LLC-
MK2 cell lines, but all strains except 1 (isolated after 5 
passages) were recovered within 3–4 passages. We could 
not isolate HPeV3 using the LLC-MK2 cell line provided 
by the National Institute of Infectious Diseases Japan, 
but we were successful when using LLC-MK2 cell line 
from the Niigata Prefectural Institute of Public Health 
and Environmental Sciences. In total, we isolated HPeV3 
strains from either the throat swab or stool specimen of 
7/14 patients analyzed (Table 1).

RT-PCR was successful in detecting the HPeV3 
genome in the throat swabs or stool specimens from 9/14 
patients (Table 1). We also detected the HPeV3 genome in 
3 serum specimens collected within 3 days after the onset 
of illness (Table 1). Sequence data were registered under 
GenBank accession nos. AB668029–AB668045.

Serologic Study
Of 20 analyzed patients, seroconversion was observed 

in 6 patients. A 4-fold increase in neutralization antibodies 
against HPeV3 was confi rmed in 5 patients (Table 1).
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Discussion
By conducting virus isolation, RT-PCR, and serologic 

examination, we confi rmed an outbreak of epidemic 
myalgia among adults in Yonezawa, Yamagata, Japan, 
during June–August 2008 was associated with HPeV3 
infection. Although we did not detect any virus in our fi rst 
screening, direct sequencing analysis suggested that these 
patients were infected with HPeV3. We next tried to detect 
this virus specifi cally and isolated HPeV3 strains from the 
throat swabs or stool specimens of 7 patients; detected 
the virus genome in the throat swabs or stool or serum 
specimens of 11 patients; and observed seroconversion or 
4-fold increases in antibodies against HPeV3 in 11 patients. 
Altogether, we confi rmed HPeV3 infection in 14 of the 
22 patients in this outbreak. All patients, except 1 who 
experienced complications related to epilepsy, recovered 
completely within 1 week after the onset of illness through 
treatment with antiinfl ammatory drugs only.

Enteroviruses have been implicated in the 
pathogenesis of human neuromuscular diseases because of 
their association with certain acute and chronic acquired 
myopathies and paralytic motor neuron syndromes (23). 
Epidemic pleurodynia (Bornholm disease), an acute febrile 
illness with myalgia caused by picornaviruses such as 
group B coxsackieviruses, is perhaps best known (24–26). 
However, in this outbreak, none of the patients showed 
the chest and abdominal pain typical of pleurodynia; they 
instead showed muscular weakness, which is not generally 
observed in epidemic pleurodynia (23,25). Conversely, 
it has been reported that patients with acute enterovirus 
myositis experience fever, chills, myalgia, and generalized 
weakness and that thigh muscle or generalized muscle 
involvement may occur (25,26). Among these patients, 
laboratory studies may demonstrate myoglobinemia, 
myoglobinuria, and an elevated levels of muscle enzymes 
such as CPK (25,26). The HPeV3 outbreak in Yonezawa 
resembles these descriptions of acute myositis outbreaks; 

patients commonly had fever, myalgia, and muscle 
weakness mainly in the arms and legs, and laboratory 
fi ndings and MRI studies suggested the presence acute 
infl ammation around the peripheral muscles. Thus, we 
concluded that the disease in this outbreak was an acute 
infl ammatory muscle disease associated with HPeV3 
infection in adults. 

In enterovirus viremia, viruses enter through the oral 
or respiratory route, replicate in the pharynx and alimentary 
tract, spread to multiple organs such as the central nervous 
system, heart, and skin, and then diminish and disappear 
after neutralizing serum antibodies are produced (24). 
HPeV3 has been reported to cause severe systemic diseases, 
especially in neonates and infants (1,7,11,13). HPeV3 has 
been isolated using the Vero cell line or detected by real-
time PCR in not only nasopharyngeal swabs but also in the 
lungs, colons, and spleens of dead infants (27). 

In this study, we showed HPeV3 viremia in 3 patients 
without neutralizing antibodies within a few days after the 
onset of illness. Thus, we conclude that HPeV3 viremia 
affects many organs, including the peripheral muscles as 
well as the organs normally targeted by enteroviruses. 
Several male patients in the Yonezawa outbreak also had 
orchitis, which is described as a symptom of epidemic 
pleurodynia (24) but may also be associated with systemic 
infection, although we have no evidence to support this 
hypothesis.

HPeV often grows poorly in culture, and typing 
reagents are not widely available for newly discovered 
types (HPeV3–14) (1,28). In particular, HPeV3 is diffi cult 
to culture in standard diagnostic cell lines, and its isolation 
is largely determined by the cell lines used (14). So far, 
Vero, LLC-MK2, Caco2, and BSC-1 cell lines have been 
used (3,7,8,10,14,27). In the fi rst screening in our study, 
we could not isolate HPeV3 using 6 cell lines that we use 
routinely (15). However, we succeeded in whole-sequence 
analysis using a stool specimen from case-patient 11, which 
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Figure 1. Schematic representation of 
the human parechovirus 3 (HPeV3) 
genome sequence and coding 
polyprotein. Reverse transcription 
PCR results are shown below the 
sequence. VP, viral protein; UTR, 
untranslated region. 
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suggests the failure to isolate HPeV3 was not a result of low 
viral load in the specimens from the patients with epidemic 
myalgia. In our second attempt at isolation using several 
monkey kidney cell lines, such as GMK and LLC-MK2, 
we were able to isolate HPeV3 after only several passages. 
Although 2 LLC-MK2 cell lines were used for HPeV3 
isolation, the susceptibility of the lines to HPeV3 infection 
differed, further demonstrating the diffi culties in culturing 
HPeV3. Because we analyzed a range of respiratory viruses, 
which are isolated from nasopharyngeal specimens, we 
routinely culture specimen-inoculated plates at 33°C; 
however, to isolate HPeV3, plates should be cultured at 37°C.

Although we used a new direct-sequence analysis 
method and a slightly older RT-PCR method to amplify 
the HPeV3 genome in this study, new laboratory diagnostic 
procedures for HPeVs have been developed during the past 
few years. HPeV RT-PCRs now exist to detect all known 
HPeV types with great sensitivity (29), and HPeV3 and 
all the other HPeVs can be typed by nested or semi-nested 
PCR coupled with sequencing of the VP1 gene (30).

Our fi nding of HPeV3 infection in adults confl icts 
with most of the literature, which suggests that HPeV3 
infections occur in early infancy (1,3,7,10,11,13). Harvala 
et al. observed that HPeV3 infections were seen exclusively 
in children <3 months of age (1,11,13). Watanabe et al. 
reported that HPeV3 was isolated from a 35-year-old 
woman with infl uenza-like illness, while 12/16 HPeV3-
isolated cases were from patients <3 years of age (14). 
Our fi ndings show that epidemic myalgia associated with 
HPeV3 infection might occur among adults, particular 
among those ≈30–40 years of age.

It remains unclear why these HPeV3 infections 
occurred among adults in 2008. HPeV3 infections occur in 
the spring and summer seasons, whereas HPeV1 infections 
are observed in small numbers throughout the year but 
predominantly during the fall and winter (9,10,12,31). 
National surveillance data for infectious diseases in Japan 
show HPeV3 yearly detection numbers was 1, 2, 52, 1, 
and 81 cases each year for 2004–2008; 117 cases (85.4%) 
were detected during June–September (32). The higher 
number of cases in 2008, coupled with a reported epidemic 
of HPeV3 among children, most <3 months of age, in 
Hiroshima Prefecture, Japan (33), indicates a possible 
summer outbreak of HPeV3 in 2008 in Japan. We postulate 
that an outbreak of HPeV3 among children was a necessary 
background condition for the outbreak of epidemic myalgia 
among adults in 2008.

In conclusion, we document detection of HPeV3 
infection among adult patients with epidemic myalgia in 
Yamagata, Japan, during 2008. Clinical consideration 
should be given to HPeV3 not only in young children 
but also in adults when an HPeV3 outbreak occurs in the 
community. Continued research on adults with HPeV3 
infection is needed to further understand the etiology and 
epidemiology of HPeV3.
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To better defi ne infectious diseases of concern in 
Thailand, trends in the mortality rate during 1958–2009 
were analyzed by using data from public health statistics 
reports. From 1958 to the mid-1990s, the rate of infectious 
disease–associated deaths declined 5-fold (from 163.4 
deaths/100,000 population in 1958 to 29.5/100,000 in 
1997). This average annual reduction of 3.2 deaths/100,000 
population was largely attributed to declines in deaths re-
lated to malaria, tuberculosis, pneumonia, and gastrointes-
tinal infections. However, during 1998–2003, the mortality 
rate increased (peak of 70.0 deaths/100,000 population in 
2003), coinciding with increases in mortality rate from AIDS, 
tuberculosis, and pneumonia. During 2004–2009, the rate 
declined to 41.0 deaths/100,000 population, coinciding with 
a decrease in AIDS-related deaths. The emergence of AIDS 
and the increase in tuberculosis- and pneumonia-related 
deaths in the late twentieth century emphasize the need to 
direct resources and efforts to the control of emerging and 
re-emerging infectious diseases.

Infectious diseases were responsible for a considerable 
number of deaths in Thailand during the mid–twentieth 

century (1). During 1948–1955, as Thailand experienced 
substantial economic and social development and transi-
tioned from an agricultural to an urban and industrial so-
ciety (2), the mortality rate began to decline (3). In 1968, 
infectious diseases such as tuberculosis (TB) and pneumo-
nia were the main cause of death in Thailand; fewer deaths 

were caused by noninfectious diseases (e.g., diseases of 
the heart, malignancies). However, in the early 1980s, an 
epidemiologic transition was taking place, and non-com-
municable diseases became of greater public health con-
cern (4). In contrast with the low mortality rates in many 
industrialized countries, where communicable diseases are 
well controlled (5,6), mortality rates in Thailand remained 
relatively high. However, the emergence of HIV/AIDS 
contributed to an increase in deaths in the 1990s and inter-
rupted the epidemiologic transition (7,8).

Communicable diseases are still responsible for a con-
siderable number of illnesses (10% of total diseases in 2009) 
and deaths in Thailand (9). Because of the increasing threat 
from emerging and reemerging infectious diseases, it is vi-
tal to understand the patterns of infectious disease–related 
deaths in a country that has undergone economic develop-
ment and concurrent improvements in health, sanitation, and 
access to healthcare. We used publicly available vital sta-
tistics for deaths in Thailand to analyze trends in infectious 
disease mortality rates during 1958–2009. This assessment 
helps us better understand past trends and inform policy on 
current infectious diseases of public health concern.

Methods

Source of Data
Death-related data were obtained from a published se-

ries called the Report of Public Health Statistics (Bureau of 
Policy and Strategy, Ministry of Public Health [MOPH], 
Nonthaburi, Thailand). The reports summarize data, by 
year, from death certifi cates provided by the MOPH in 
collaboration with the Ministry of Interior (MOI) as part 
of the Vital Registration System. The MOI is responsible 
for registering deaths at the local administrative level; the 
MOPH is responsible for processing vital statistics data for 
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Infectious Disease Mortality Rates, Thailand

the whole country and for disseminating the information on 
an annual basis through publication of the Report of Public 
Health Statistics. Death certifi cates record only 1 cause of 
death, which is the underlying cause of death.

Using data from 1958–2009, we created an electronic 
database from the series of Report of Public Health Sta-
tistics. The database provided aggregated information on 
the total number and rate of deaths by age group, sex, year 
of death, and cause of death. Cause of death was coded 
according to the International Classifi cation of Disease 
(ICD). During 1958–2009, the following ICD revisions 
were used: 1958–1967, ICD version 7 (ICD-7); 1968-1976, 
ICD-8; 1977–1993, ICD-8; and 1994–2009, ICD-10. For 
each ICD revision, death data were grouped differently, 
resulting in different group numbers for the ICD versions: 
ICD-7, 50 groups; ICD-8, 150; ICD-9, 56; and ICD-10, 
103. During 1958–1983, mortality rates were calculated 
by using population denominator data from the Popula-
tion and Housing Censuses conducted in 1960, 1970, and 
1980. The estimated population between census years was 
adopted from the Report of the Working Group on Popula-
tion Projection. After 1984, the annual mid-year estimated 
population was obtained from the Bureau of Registration 
Administration, MOI.

Determination of Infectious versus 
Noninfectious Disease

To assess trends in deaths caused by infectious dis-
eases, we applied a classifi cation scheme developed at the 
Centers for Disease Control and Prevention (CDC, Atlanta, 
GA, USA) (6). This coding system used ICD-9 codes to 
classify infection-associated diseases as 1) an infectious 
disease (e.g., pneumonia), 2) possibly an infectious disease 
(e.g., pityriasis rosea), and 3) result of an infectious disease 
(e.g., rheumatic fever). The system was developed to ad-
dress the exclusion of some infectious diseases from the in-
fectious disease category of the ICD system, e.g., infl uenza, 
which was placed in the respiratory disease category. For 
the purposes of this study only, those diseases classifi ed as 
an infectious disease or as the result of an infectious disease 
(1,3) were used to classify deaths from infectious disease.

Several adjustments were made to the original cod-
ing system. First, we had to account for deaths that were 
reported by using grouped ICD codes without distinction 
for infectious versus noninfectious disease (e.g., bronchi-
tis, emphysema, and asthma are grouped in ICD-7). Deaths 
were reported by using only the shorter, less detailed 3-dig-
it codes rather than the 4-digit subcodes used in the CDC 
classifi cation system; thus, we re-coded as infectious any 
3-digit codes for which >80% of the subcodes were for 
infectious diseases, and we re-coded as noninfectious any 
3-digit codes for which <80% of the subcodes were for in-
fectious diseases.

Second, we classifi ed deaths during 1994–2009 (re-
ported with ICD-10 codes) by using the CDC system and 
assigning the infectious determination of their correlated 
ICD-9 code. These classifi cations facilitated an analysis of 
overall trends in deaths caused by infectious versus nonin-
fectious diseases.

Third, we specifi cally excluded deaths from septice-
mia, which were fi rst reported in the series of Report of 
Public Health Statistics in 1994, when use of ICD-10 cod-
ing began. Septicemia accounted for ≈15% of in-hospital 
deaths in vital registration data, but after verbal autopsy 
was used to validate cause of death data, septicemia was 
determined to cause <1% of deaths; thus, it was decided 
that deaths due of septicemia should be largely reassigned 
to cerebrovascular disease (10). To avoid misclassifi cation, 
deaths from septicemia from 1994 forward were removed 
from the infectious disease category.

To address the problem posed by the frequent revi-
sions of the ICD coding system, we used ICD-9 as the stan-
dard and recoded deaths that were reported by using other 
ICD versions. The codes used for all deaths reported by 
using ICD-7 and -8 were converted to ICD-9 codes by us-
ing proper disease names as defi ned, respectively, in each 
version of the ICD system. The conversion from ICD-10 
to ICD-9 codes was done using a published tool developed 
by the American Academy of Professional Coders (9). A 
complication in the conversion backward from ICD-10 to 
ICD-9 was the presence of several many-to-one and one-to-
many coding relationships, caused by a signifi cant change 
in the detail of diagnostic codes; this change resulted in a 
near doubling of the number of diagnostic codes (11). Once 
uniform coding was established for all deaths, the infec-
tious disease coding system described above was applied 
to these deaths.

Determination of Specifi c Infectious Categories
The cause-of-death data from the series of Public 

Health Statistics were reported according to the ICD tabu-
lation list, which differed among the ICD revisions. These 
lists provide a short set of aggregate codes intended to 
facilitate cause-of-death reporting in countries with more 
limited capacity. We consistently identifi ed 8 categories 
of infectious diseases for analysis as separate categories: 
TB, gastrointestinal infection, HIV/AIDS, pneumonia, 
sexually transmitted diseases, diphtheria, polio, and ma-
laria (Table).

Analysis of Trends
Multiple period regression was used to estimate the 

difference of the magnitude of trend in mortality rate. Av-
erage annual rate of change and 95% CIs are presented. 
All-cause deaths were age-adjusted by 5 age groups (0–4, 
5–24, 25–44, 45–64, and >65 years); because of the struc-
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ture (aggregate data) of the database, it was not possible to 
age-adjust other rates.

Results

Overall Mortality Rate Trends
The all-cause mortality rate during 1958–2009 was 

characterized by a decrease during 1958–1986 and an in-
crease during 1987–2009; however, in the early 2000s, the 
rate leveled (Figure 1). The average annual decrease for 
1958–1986 was 2.8 deaths/100,000 population (95% CI 
14.1%–11.5%) and average increase for 1987–2009 was 
10.8 deaths/100,000 population (95% CI 9.3%–12.4%). 
The pattern was similar for both sexes, but the annual rate 
for males consistently exceeded that for females (Figure 1).

The all-cause mortality rate varied by age group, but it 
was among persons >65 years of age (Figure 2). The high-
est average annual decline in the mortality rate was among 
children <5 years of age; the decline (34.3 deaths/100,000 
population; 95% CI 26.2% –42.4%) represented a 10-fold 
reduction from 1,820.1 deaths/100,000 population in 1958 
to 188.1/100,000 in 2009. From the 1990s through 2009, 
there was almost no difference between the mortality rate 
for boys and that for girls (Figure 2). During this same pe-
riod, all-cause mortality rates among persons 5–24 years 
of age declined 3-fold from 250.0 deaths/100,000 popu-
lation in 1958 to 83.5/100,000 in 2009. For persons 5–64 
years of age, the mortality rate was higher for males than 
females. The difference in the mortality rate between sexes 
was most pronounced for persons 25–44 years of age, espe-
cially during 1996, when there was a 3-fold difference for 
males (605.9 deaths/100,000 population) versus females 
(178.4 deaths/100,000 population). All-cause mortality 
rates in persons 5–24 and 25–44 years of age increased dur-
ing 1990–2000.

Infectious Disease Mortality Rate Trends
From 1958 through the late 1990s, the infectious dis-

ease mortality rate in Thailand declined 5-fold, from 163.4 
deaths/100,000 population in 1958 to 29.5/100,000 in 1997 
(average annual reduction 3.2 deaths/100,000 population; 
95% CI 2.8%–3.7%) (Figure 3). This decline paralleled 
the decline in overall deaths from 1958 to the late 1990s. 

In 1998, infectious disease–related mortality rates started 
to increase and the trend continued through 2003 (average 
annual increase 7.6 deaths/100,000 population; 95% CI 
5.9%–9.4%). In 2004, infectious disease–related deaths be-
gan to decline again; during 2004–2009, the average annual 
reduction was 3.5 deaths/100,000 population.

Mortality rates for several specifi c infectious diseases 
declined during 1958–2009 (Figure 4). For example, malar-
ia deaths declined from 36.0/100,000 population in 1958 to 
0.1/100,000 population in 2009. Diphtheria-related deaths 
decreased throughout the study period. In contrast, deaths 
from polio showed much year-to year variability, with a 
surge in 1975; however, polio-related deaths remained low 
(<20 deaths/year) during 2002–2009. Mortality rates for 
gastrointestinal infection fl uctuated through the 1960s but 
then declined rapidly.

Three phases characterized TB-related mortal-
ity rates: 1958–1994, 1995–2003, and 2004–2009 (Fig-
ure 4). During the fi rst phase, rates sharply declined from 
36.7 deaths/100,000 population in 1958 to 5.9/100,000 in 
1994. During the second phase, the trend deaths reversed, 
increasing from 7.0 deaths/100,000 population in 1995 
to 11.0/100,000 in 2003. During the third phase, TB-re-
lated mortality rates again declined, decreasing from 9.7 
deaths/100,000 population in 2004 to 7.2/100,000 in 2009. 
Deaths from HIV/AIDS, fi rst reported in the series of Report 
of Public Health Statistics in 1994, peaked at 26.8/100,000 
population in 2003 but declined to 6.4/100,000 in 2009 
(Figure 4).

Pneumonia-related mortality rates, similar to those 
for TB, decreased from 37.0 deaths/100,000 population 
in 1958 to 7.0/100,000 in 1991 and then increased sharp-
ly (Figure 4). The increasing trend in pneumonia-related 
deaths, beginning in 1993, was more pronounced among 
persons 25–44 and >60 years of age (data not shown).

During 1959–1968, mortality rates for sexually trans-
mitted diseases dropped sharply. However, starting in the 
early 1970s, the rates increased for a decade before declin-
ing again (Figure 4).

Discussion
Our fi ndings demonstrate a substantial decrease in 

deaths overall in Thailand from 1958 through 1986, fol-
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Table. ICD codes for 8 groups of infectious disease groups consistently found in a study of trends in infectious disease mortality rates, 
Thailand, 1958–2009* 
Disease ICD-7, 1958–1967 ICD-8, 1968–1976 ICD-9, 1977–1993 ICD-10, 1994–2009 
Malaria 110–117 84 080–088 B50–B54 
Tuberculosis 001–008, 010–019 010–019 010–018 A15–A19 
HIV/AIDS NA NA NA B20–B24 
Pneumonia 490–493 480–486 480–486 J12–J18 
Gastrointestinal infection 040, 043, 045–048 000–004, 006, 008, 009 001–009 A00–A09 
Sexually transmitted infection 020–029 090–098 090–099 A50–A64 
Diphtheria 055 032 032 A36 
Polio 080 040, 043, 044 040, 043, 044 A80 
*ICD, International Classification of Disease; NA, not applicable. 
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lowed by an increase beginning in 1987 and then a level-
ing-off beginning in the early 2000s. All-cause mortality 
rate trends were similar for males and females, but the rate 
was consistently higher for males. The gender gap in all-
cause mortality rates among persons 25–44 years became 
more pronounced in recent years, mostly because of fatal 
traffi c accidents and HIV/AIDS-related deaths among men, 
a group that was more affected by HIV/AIDS in the fi rst 
phase of the epidemic (12,13). Age-specifi c mortality rates 
for children 0–4 years of age showed the greatest decline; 
the development of and equitable access to maternal and 
child health care services and vaccination may have con-
tributed to this decline (14,15). The all-cause mortality rate 
for children 0–4 years of age declined over the study period; 
however, after the introduction of the Expanded Program 
on Immunization (EPI), the rate declined 28% (from 715 to 
514 deaths /100,000 population). The extensive geographic 
coverage of primary health care services contributed sig-
nifi cantly to maternal and child health outcomes (16).

From 1958 through the mid-1990s, the infectious 
disease mortality rate in Thailand declined substantially, 

largely because of declines in malaria, TB, pneumonia, 
and gastrointestinal infection. Several factors contributed 
to this trend, including general improvements in sanitation, 
improved access to medical care (a result of health infra-
structure expansions at the district level), and fi nancial risk 
protection (16), and the introduction of routine childhood 
vaccination through EPI, which was offi cially launched in 
1977 (14). Since 1987, coverage with TB, diphtheria-teta-
nus-pertussis, and tetanus toxoid vaccines has been 96%, 
75%, and 60%, respectively (17). Deaths related to vac-
cine-preventable infectious disease declined sharply in as-
sociation with >90% EPI coverage in the 1990s (18). In the 
United States, studies have shown a decline in infectious 
disease–related deaths during the twentieth century (5,6).

In the late 1990s, the decreasing trend for the infec-
tious disease–related deaths reversed. Disease categories 
that contributed most to this reversal were HIV/AIDS, TB, 
and pneumonia; all of which had sharply elevated mortality 
rates during 1997–2003 and decreasing rates in 2004. HIV/
AIDS emerged in Thailand in the mid-1980s and spread 
rapidly with devastating effects (19). In 1999 in Thailand, 
HIV/AIDS had become the leading cause of death in men 
25–44 years of age, resulting in a widening gap in the mor-
tality rate between men and women (8,13). Co-infection 
with TB and HIV is common; thus; the rising number of 
TB-related deaths during 1995–2003 coincided with the ex-
plosive epidemic of HIV infection and gradually led to the 
emergence of multidrug-resistant TB (20,21). Moreover, 
the reported incidences of pneumonia and pneumonia-re-
lated deaths had been increasing in Thailand since the mid-
1980s (22). It is likely that HIV/AIDS contributed to the 
pneumonia-related mortality rate. However, this contribu-
tion was not readily apparent until later because HIV/AIDS 
was not a reportable cause of death until 1994 and because 
stigma was likely a barrier to reporting in the early years 
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Figure 1. All-cause mortality rates, Thailand, 1958–2009.

Figure 2. All-cause mortality rates, by age group and sex (solid lines, male; dashed lines, female), Thailand, 1958–2009. A) All ages; B) 
0–4 years of age; C) 5–24 years of age; D) 25–44 years of age; E) 45–64 years of age; F) >65 years of age. 
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of the HIV/AIDs epidemic (23). Furthermore, if the code 
for opportunistic infectious diseases was used for deaths 
caused by HIV/AIDS, the number of deaths from HIV/
AIDs may have been underestimated (10,24). In persons 
with HIV/AIDS in Southeast Asia, the common opportu-
nistic infections were TB, cryptococcosis, and Pneumocys-
tis carinii and Pennicillium marneffei fungal infections, all 
of which can cause pneumonia (25). The observed increase 
in pneumonia-related deaths in very elderly persons may 
also refl ect the misclassifi cation of the cause of death be-
cause pneumonia is often the immediate, rather than un-
derlying, cause of death. A study to verify cause of death 
data found that ≈31% of deaths coded as being caused by 
pneumonia should have been classifi ed as being caused by 
cerebrovascular disease, chronic obstructive pulmonary 
disease, diabetes, or genitourinary disease (10).

We found that deaths from HIV/AIDS and TB de-
clined during 2004–2009; this decline may account for 
the concurrent leveling-off of infectious disease–related 
mortality. Thailand implemented a national AIDS program 

in 1991 and a national antiretroviral (ARV) treatment pro-
gram in 2000. The ARV treatment program was designed 
to increase access to health care and treatment, but it was 
not until 2004 that the universal ARV treatment program 
was fully implemented, providing ARV treatment for all 
eligible patients under the National Access to ARVs for 
People Living with HIV/AIDS program. As the program 
scaled up, universal ARV contributed signifi cantly to the 
reduction in AIDS-related deaths (26–28). Two parallel 
prevention programs, vertical transmission prevention and 
condom promotion, contributed to decreasing the incidence 
of HIV infection and changed the epidemic in Thailand 
from one that was generalized to one that was concentrated 
in certain subpopulations, particularly injection-drug users, 
homosexual men, and youth. TB-related deaths were also 
reduced through early initiation of ARV treatment program 
for persons with HIV, implementation of DOTS (directly 
observed treatment, short course), and appropriate antimi-
crobial drug regimens for TB treatment (29).

DOTS was implemented nationwide in Thailand in 
2001, and since then, the country has achieved the inter-
national goal for detecting >70% of the estimated cases 
of infectious TB (i.e., cases in persons with a TB-positive 
sputum smear); however, Thailand has not met the interna-
tional goal for successfully treating >85% of the detected 
cases (30). The main issues relating to TB control were the 
fragmented delivery of services; limited capacity of stake-
holders and limited coordination between stakeholders; 
weak referral linkages between hospitals and health cen-
ters; high TB/HIV co-infection rates and limited access to 
ARV treatment, especially among poor persons and those 
with less education; unsupervised treatment with high de-
fault rates; and widespread unregulated use of second-line 
antimicrobial drugs, which could lead to an outbreak of 
multidrug-resistant TB and extensively drug-resistant TB 
(31). Certain infectious diseases (e.g., TB) are re-emerging, 
and emerging HIV/AIDS epidemics in certain subpopula-
tions have considerable implications for the Thai popula-
tion. Continued monitoring and evaluation of the effect of 
interventions on disease incidence and mortality rates are 
critical if the global goal of curing 85% of TB cases is to 
be achieved.

We reviewed mortality rates during 1958–2009 in 
Thailand by using a standardized infectious disease classifi -
cation scheme. Three possible artifacts in year-to-year fl uc-
tuations in the mortality rate over the study period should 
be considered. The fi rst artifact concerns changes that were 
made to Thailand’s data recording system during the study 
period. Four versions of the ICD systems were used, and 
ICD code changes can lead to substantial changes in long-
term trends in cause-specifi c mortality rates (32). Our re-
sults show an increasing trend in deaths from pneumonia 
and TB since 1994, when the switch was made from ICD-9 
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Figure 3. Mortality rates for infectious and noninfectious diseases, 
Thailand, 1958–2009. A) Infectious disease–related mortality rates, 
major events, and key public health interventions. B) Comparison 
of infectious disease–related mortality rates with noninfectious 
disease–related mortality rates. EPI, Expanded Program on 
Immunization; BCG, bacillus Calmette–Guérin vaccine; DTP, 
diphtheria, tetanus, and pertussis vaccine; OPV, oral polio vaccine; 
ARV, antiretroviral treatment; DOTS, directly observed treatment, 
short course.
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to ICD-10 coding; we have not accounted for the differ-
ences in diagnostic trends concurrent with the changes in 
coding. When a US National Center for Health Statistics 
comparability ratio was applied to the US mortality rates 
for infl uenza and pneumonia, it appeared that the declines 
mainly resulted from the introduction of the ICD-10 coding 
system (33). We did not apply comparability ratios in our 
analysis because such ratios were not developed with the 
data provided by the Thai MOPH.

The second possible artifact is that deaths sharply de-
clined from 1996 to 1997, and this decline was followed by 
a sharp increase from 1998 to 1999. We cannot rule out that 
such sudden changes may have resulted from changes in 
the process for reporting deaths, which was implemented in 
1996. In the new death certifi cation system, each death was 
entered into the computer database in the Civil Registration 
Database at the Bureau of Registration Administration of 
the MOI and then transferred to the vital registration data-
base at the MOPH.

The third possible artifact is the cause of death coding 
errors. The coding of polio deaths since 1997, is an example 
of such errors. The Polio Eradication Campaign in Thailand 
was started in 1990, and the last polio case was reported 
in April 1997 (34). Cases of and deaths from acute fl accid 
paralysis are aggressively investigated, making it unlikely 
that a single death could be missed. However, despite the 
lack of any reported cases of polio since 1997, a total of 
274 polio-related deaths were coded during 1997–2009. In 
general, the quality of death statistics in Thailand is consid-
ered poor because many death registrations are incomplete 
and a large proportion have poorly defi ned causes of death 
(11,35). Furthermore, during the 1960s and 1970s, only 
≈60% of deaths were registered. That percentage increased 

to 76% in the mid-1980s and to 95% in the mid-1990s. The 
highest proportion of unregistered deaths was for infants; 
this was a result of death occurring, in many cases, before 
the birth was registered (4,36). The proportion of in-hospi-
tal deaths increased from 20% during the 1980s to 43% in 
2009 (37). The validity of the overall cause-of death statis-
tics during that time is questionable because many out-of-
hospital deaths were coded by persons not medically quali-
fi ed to determine the cause of death. All of these factors 
may have infl uenced the study fi ndings.

This study has some possible limitations. The analysis 
was based on death attributed to the underlying cause of 
death as it was reported on death certifi cates and published 
in the Report of Public Health Statistics. Because death re-
cords list only one cause of death, we knew only the under-
lying cause of death and, thus, may have underestimated 
the effect of infectious diseases as a contributing cause of 
death. As a result, this study may underestimate the role of 
infectious diseases on mortality rates. In addition, the ag-
gregate nature of our data prevented additional exploration 
of the specifi c cause of death by age group. Our estimate 
of the extent of infectious disease is conservative, focusing 
exclusively on deaths. This focus refl ects only part of the 
effects from disease because infectious disease may result 
in substantial illness or disability, or both, without causing 
death. Future analyses of other dimensions of the effects of 
infectious diseases, such as their effect on the economy, the 
number of hospitalizations, and the number of life-years 
lost because of disability, will provide information to in-
form policy-making decisions.

The implementation of a malaria control program and 
new and effective antimicrobial drugs for treating TB con-
tributed considerably to the reduction in communicable 
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Figure 4. Infectious disease–related mortality rates for select diseases, Thailand, 1958–2009. A) Malaria; B) tuberculosis and HIV/AIDS; 
C) pneumonia; D) gastrointestinal infection; E) sexually transmitted infections; F) diphtheria and polio.
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disease–related illness and deaths in the second half of the 
twentieth century (1,38–40). The emergence of HIV/AIDS 
and the increase in TB- and pneumonia-related deaths in the 
late twentieth century dramatically interrupted the epidemi-
ologic transition in Thailand. A universal ARV treatment 
program has rapidly scaled up and resulted in a decrease in 
the number of deaths from HIV/AIDS after 2003; however, 
this decline remains unstable. Recent trends emphasize the 
dynamic process of infectious diseases and highlight the 
need for sustained resources and efforts to combat their 
emergence or re-emergence. These data also highlight the 
importance of addressing health disparities between men 
and women. Reliable, relevant, and timely mortality data 
are crucial to guide effective policy responses to protect 
and promote population health.
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During 2003–2009, the National Tuberculosis (TB) 
Laboratory Network in Argentina gave 830 patients a new 
diagnosis of multidrug-resistant (MDR) TB and 53 a diag-
nosis of extensively drug- resistant (XDR) TB. HIV co-infec-
tion was involved in nearly one third of these cases. Strain 
genotyping showed that 7 major clusters gathered 56% of 
patients within restricted geographic areas. The 3 largest 
clusters corresponded to epidemic MDR TB strains that 
have been undergoing transmission for >10 years. The in-
digenous M strain accounted for 29% and 40% of MDR and 
XDR TB cases, respectively. Drug-resistant TB trends in 
Argentina are driven by spread of a few strains in hotspots 
where the rate of HIV infection is high. To curb transmission, 
the national TB program is focusing stringent interventions 
in these areas by strengthening infection control in large 
hospitals and prisons, expediting drug resistance detection, 
and streamlining information-sharing systems between HIV 
and TB programs.

During the early 1990s, HIV-associated multidrug-re-
sistant tuberculosis (MDR TB) emerged in Argentina 

(1). In Buenos Aires, the country’s most heavily populated 
city, certain multidrug-resistant Mycobacterium tuberculo-
sis strains spread quickly among patients with AIDS (2,3). 
Specifi cally, the so-called M strain caused a major MDR 
TB outbreak at the Hospital Muñiz, a referral treatment 

center for infectious diseases (4). HIV-infected patients re-
peatedly seeking assistance at different health centers intro-
duced the M strain into hospitals in nearby districts, where 
secondary transmission occurred (5). This strain was later 
responsible for the emergence of MDR TB in HIV-nega-
tive patients who had not previously undergone TB treat-
ment (6). In 2002, the M strain was isolated from 2 patients 
with extensively drug-resistant TB (XDR TB). Two other 
MDR TB outbreak strains, Ra and Rb, emerged in Rosario, 
the third largest city in Argentina, simultaneously with the 
M strain (7).

MDR TB emergence highlighted the need for a MDR/
XDR TB surveillance system focused on incidence and 
transmission. In 2003, the National TB Laboratory Net-
work launched a systematic registry of all incident MDR/
XDR TB cases diagnosed throughout the country. The reg-
istry includes a genotype database for all MDR/XDR TB 
patients going back to the initial outbreaks and population 
studies. We present the fi ndings of a 7-year follow-up study 
of MDR and XDR TB in Argentina, with emphasis on po-
tential transmission events involving strains responsible for 
previous outbreaks.

Materials and Methods

Study Group
Isolates from all patients with newly diagnosed MDR 

or XDR TB from January 2003 through December 2009 
were included in the study (1 isolate per patient, collect-
ed at time of diagnosis). MDR TB was defi ned as disease 
caused by M. tuberculosis resistant to at least isoniazid and 
rifampin and XDR TB as disease caused by MDR M. tu-
berculosis showing further resistance to any fl uoroquino-
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lone and any second-line injectable anti-TB drug. A patient 
with newly diagnosed MDR or XDR TB was defi ned as a 
patient with disease fi rst confi rmed by drug susceptibility 
testing (DST) during the study period, regardless of pre-
vious treatment history. A hotspot was defi ned as an area 
where a MDR TB outbreak had been documented before 
the study period. Two or more patients were considered to 
be epidemiologically related when they were in the same 
place and time or shared similar behavioral risk factors. 

Available demographic and clinical data were collect-
ed through the national TB laboratory network. A special 
effort was made to retrieve data from clinical records in 
special groups, i.e., XDR TB, patients in hotspot areas, and 
those in clusters with <6 bands in the IS6110 restriction 
fragment length polymorphism (RFLP). This research was 
approved by the research review board of the Instituto Na-
cional de Enfermedades Infecciosas, Administración Na-
cional de Laboratorios e Institutos de Salud (INEI ANLIS) 
“Carlos G. Malbran.”

Bacteriologic Studies
On the basis of programmatic guidelines, DST was 

performed on isolates from patients at risk for drug resis-
tance: patients with TB treatment failure and retreatment, 
HIV or other concomitant conditions, or exposure to drug-
resistant TB in household, prison, or hospital. In Buenos 
Aires and Rosario, culture and DST are available to test 
virtually all persons with suspected TB who seek assistance 
at large referral treatment centers. In the rest of the coun-
try, persons not included in the high-risk group are highly 
unlikely to contract MDR TB. In all, ≈10,000 TB cases are 
reported annually in Argentina, of which »4,500 are diag-
nosed on the basis of a positive culture. Among cases that 
are culture-positive, ≈3,000 have isolates submitted for 
DST; MDR TB is diagnosed for 4% of these patients.

M. tuberculosis DST to fi rst-line drugs (isoniazid, ri-
fampin, streptomycin, ethambutol, and pyrazinamide) was 
performed in 19 TB network laboratories under regular 
profi ciency testing, according to World Health Organiza-
tion standards (8). The supranational reference laboratory 
at Instituto Nacional de Enfermedades Infecciosas ANLIS 
conducted external quality control, confi rmed multidrug re-
sistance, and tested susceptibility to second-line drugs (ka-
namycin, amikacin, capreomycin, and ofl oxacin), accord-
ing to World Health Organization recommendations (9).

Genotyping
All available isolates underwent standard IS6110 DNA 

RFLP fi ngerprinting and spoligotyping (10,11). Patterns 
were compared by using BioNumerics 5.1 software (Ap-
plied Maths, St-Martens-Latem, Belgium), using the Dice 
coeffi cient with 1% tolerance and the unweighted pair-
group method with arithmetic averages (12). The RFLP 

pattern of the reference strain M. tuberculosis Mt14323 
was used for gel normalization.

For RFLP patterns with >6 bands, a cluster was defi ned 
as a group of >2 isolates whose RFLP patterns and spoligo-
types were 100% identical when compared with all other pat-
terns found within the study period. RFLP patterns with <6 
bands were included in a cluster when epidemiologic links 
were established in addition to identical spoligotypes. Simi-
larly, a proven epidemiologic link was required for including 
in a cluster a variant of a cluster genotype; a genotype variant 
was defi ned as a genotype with a 1-band difference in the 
RFLP or 1-spacer difference in the spoligotype but not both. 
Because of the unusually large size of some clusters, a major 
cluster was defi ned as >15 patients and a minor cluster as <15 
patients with MDR TB newly diagnosed during the period. 
Shared International Type (SIT) and genotype family were 
assigned by consulting the SITVIT database (www.pasteur-
guadeloupe.fr:8081/SITVIT) (13), except for genotypes H4, 
T1-Tuscany, and LAM3/S convergent, which were reclassi-
fi ed as Ural, LAM-Tuscany, and S, respectively, according 
to Abadia et al. (14). Orphan genotypes were those lacking a 
SIT in the SITVIT database.

Statistical Analysis
We used univariate and multivariate logistic regres-

sion analyses to determine factors associated with being 
in a cluster and being in a major cluster. The explanatory 
variables were patient age, country of birth, place of diag-
nosis, HIV status, previous TB treatment, and disease lo-
calization. Within the subgroup included in major clusters, 
we used logistic regression analysis to determine factors 
associated with being infected by the M strain. In this latter 
model, the explanatory variables were patient age, country 
of birth, HIV status, previous TB treatment, hospital expo-
sure, and isolate drug resistance. 

We divided patients into 3 age groups: <15, 16–45, 
and >45 years of age. Gender was removed from the mod-
els because it was associated with particular settings in 2 
major clusters; unknown categories were removed from all 
the variables included in the model. Because of the limited 
numbers per category, the age category <15 years was re-
moved from the multivariate analyses. 

We applied 3 tests to assess the performance of the 
models: overall model fi t, Hosmer & Lemeshow test, and 
receiver operating characteristic area under the curve. We 
considered a model to be adequate when values were: over-
all model fi t p<0.2, Hosmer & Lemeshow test p>0.5, and 
area under the curve >0.70. We used the χ2 test for linear 
trends for assessing changes in the annual number of MDR 
TB patients in cluster M compared with changes in num-
bers in other major clusters. Statistical analyses were per-
formed by using MedCalc version 12 software (MedCalc, 
Mariakerke, Belgium).
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Results

MDR TB Patients, Genotypes, and Clustering

Genotyping Coverage
Genotyping was available for isolates from 787/830 

(94.8%) newly diagnosed MDR TB patients registered 
during the study period (2003, 93.2%; 2004, 97.7%; 2005, 
99.1%; 2006, 86.4%; 2007, 93.0%; 2008, 96.5%; 2009, 
97.5%) (Figure 1). Coverage was lower in 2006 because 
of a technical mishap that resulted in a loss in the isolate 
collection.

Genotype Family Distribution
The 3 predominant genotype families were LAM 

(38.8%), Haarlem (36.3%), and T (13.9%). Other geno-
types were S (2.8%), U (1.7%), Beijing (1.5%), X (0.9%), 
and Ural (0.4%); orphan genotypes accounted for 3.8%. 
Within the 3 predominant genotype families, the most 
frequent subfamilies were H2 (29.5%), LAM3 (16.4%), 
T1 (8.9%), LAM5 (6.6%), LAM9 (6.5%), and Tuscany 
(5.5%). Of 12 patients carrying Beijing genotypes, 1 was 
born in Indonesia, 7 in Peru, and 4 in South America with 
no information on country of birth.

Clusters
Of 787 patients for whom isolate genotype was avail-

able, 438 (55.7%) fi tted into 7 major clusters and 151 
(19.2%) into 45 minor clusters; 198 (25.2%) harbored 
unique genotypes (Table 1). In the multivariate regression 
analysis, the outcome of being in a cluster was signifi cantly 
dependent on being 15–44 years of age, born in Argentina, 
and HIV-infected. Being in a major cluster was signifi cant-
ly dependent on the 2 latter predictors and of having the 
MDR TB diagnosis occur in a hotspot area (Table 2).

Characteristics of the 7 major clusters are described in 
Table 3 and DST profi les in Table 4. Genotype patterns are 
shown in Figure 2 and geographic distribution in Figure 3. 
Altogether, the 3 largest clusters (M, Ra, and Rb) account-
ed for 355 (45.1%) patients; isolate patterns matched 3 
genotypes previously associated with MDR TB outbreaks 

(4,7,15). The other 4 major clusters (Pr, At, Ob, and Os) ac-
counted for 83 (10.5%) patients; these genotypes had been 
reported only sporadically before the study period.

The predominant cluster, M, was largely confi ned to 
the city of Buenos Aires and the surrounding area, with 
only 5/228 patients having MDR TB diagnosed elsewhere. 
Twenty patients in this cluster were immigrants from neigh-
boring countries (Bolivia 11, Paraguay 6, Peru 2, Uruguay 
1). Most patients had >1 commonly acknowledged risk fac-
tors for MDR TB (129 patients had 1, 64 had 2, and 16 had 
3 risk factors) (Table 3). The cluster included the 2 previ-
ously reported outbreak variants of the M strain (4), Mm in 
180 patients and Mn in 35 patients (Figure 2), and 9 sporad-
ic variants, observed in 13 patients who had proven epide-
miologic links with other patients in cluster M. An isolate 
resistant to 5 drugs was strongly associated with disease 
produced by the M strain (Table 5). The numbers of pa-
tients affected by this strain decreased signifi cantly within 
the period when compared with the numbers of patients in 
the other 6 major clusters (p = 0.002). In particular, the pro-
portion of HIV-infected patients affected by the M strain 
decreased signifi cantly during the study period, from 65% 
in 2003 to 24% in 2009 (p = 0.02; Figure 4). No similar 
trend was observed in the HIV-negative group (p = 0.77).
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Figure 1. Numbers of patients with newly diagnosed multidrug-
resistant tuberculosis reported per year, grouped according to 
genotype analysis, Argentina, 2003–2009. Major cluster, >15 
patients; minor cluster, <15 patients. 

Table 1. Patients with newly diagnosed multidrug-resistant TB, by year and genotype cluster, Argentina, 2003–2009 

Genotype 
No. patients 

Total no. (%) patients 2003 2004 2005 2006 2007 2008 2009 
Cluster M 46 40 33 29 31 28 21 228 (29.0) 
Cluster Ra 13 6 19 12 15 14 10 89 (11.3) 
Cluster Rb 7 10 2 1 5 6 7 38 (4.8) 
Cluster Pr 4 5 4 4 1 3 5 26 (3.3) 
Cluster At 3 4 1 1 1 4 7 21 (2.7) 
Cluster Ob 2 1 5 5 0 1 4 18 (2.3) 
Cluster Os 1 4 3 5 0 2 3 18 (2.3) 
Minor cluster* 25 24 19 18 10 24 31 151 (19.2) 
Unique 23 33 29 27 30 29 27 198 (25.2) 
Total 124 127 115 102 93 111 115 787 (100.0) 
*A total of 45 minor clusters were identified during the study period, each consisting of <15 new patients with multidrug-resistant tuberculosis. 
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The second major cluster, Ra, was mainly limited to 
the overpopulated area of Rosario City and surroundings, 
another MDR TB hotspot (7). Only 8 patients in this clus-
ter were found outside that area. Of 38 patients in the third 
major cluster, Rb, 26 received a diagnosis of MDR TB 
in Buenos Aires, including 10 transvestite sex workers; 8 
patients had the disease diagnosed in Rosario, and 4 else-
where. Cluster Pr consisted mainly of inmates in several 
state prisons for men. An association of gender with clus-
tering was only observed in clusters Rb and Pr, in which 
men predominated (32/38 and 24/26, respectively).

XDR TB Patients and Genotypes
XDR TB was newly diagnosed in 53 patients during 

2003–2009. Of these patients, 37 fi rst received a diagnosis 
of MDR TB during the same period, so these patients were 
included in the MDR and XDR TB groups. The other 16 
XDR TB patients received a diagnosis of MDR TB before 
this period. The male:female ratio for XDR TB patients 
was 1.25:1; median age was 37.4 years (SD 11.6, range 
21–72 years). Fifty-two patients were born in South Amer-
ica (Argentina 30, Bolivia 4, Peru 6, Paraguay 1, Brazil 1, 
undetermined 11), and 1 was born in Indonesia. 
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Table 2. Predictors for being in cluster and in major cluster for 787 patients with multidrug-resistant TB, Argentina, 2003–2009* 

Characteristic
No.

patients
% Patients 
in cluster 

Unadjusted OR 
(95% CI) 

Adjusted OR 
(95% CI)† 

% Patients in 
major cluster‡

Unadjusted OR 
(95% CI) 

Adjusted OR 
(95% CI)§ 

Age, y, n = 640 
 <15 24 83.3 2.9 (0.9–8.9) ND 58.3 1.5 (0.6–3.6) ND
 16–45 495 78.6 2.1 (1.4–3.2) 2.5 (1.3–5.0) 57.9 1.5 (1.0–2.2) 1.0 (0.5–2.0) 
 >45 121 63.6 1 1 48.3 1 1
Country of birth, n = 541 
 Argentina 412 80.1 2.7 (1.7–3.9) 3.5 (1.9–6.4) 66.7 7.6 (4.7–12.1) 8.0 (4.3–15.0) 
 Other 129 61.2 1 1 20.9 1 1
Place of diagnosis, n = 787 
 Hotspot¶ 634 77.9 2.1 (1.5–3.1) 1.6 (0.7–3.7) 62.3 4.2 (2.9–6.2) 5.9 (2.5–13.8) 
 Other 153 62.1 1 1 28.1 1 1
HIV status, n = 604 
 Positive 254 86.6 2.7 (1.7–4.1) 2.4 (1.0–5.6) 76.4 3.3 (2.-4.7) 3.7 (1.8–7.7) 
 Negative 350 70.9 1 1 49.4 1 1
Previous TB, n = 557 
 Yes 313 71.9 0.7 (0.5–1.0) 0.8 (0.5–1.5) 51.8 0.7 (0.5–1.0) 0.7 (0.4–1.2) 
 No 244 79.1 1 1 59.4 1 1
Site of disease, n = 775 
 Pulmonary only 698 74.1 0.6 (0.3–1.2) 1.4 (0.5–4.2) 55.0 0.8 (0.5–1.3) 2.7 (1.1–7.0) 
 Other 77 81.8 1 1 59.7 1 1
*Boldface indicates significance. TB, tuberculosis; OR, odds ratio; ND, not done. 
†Cluster model overall model fit p < 0.0001, Hosmer & Lemeshow test p = 0.5888, area under the receiver operating characteristic curve 0.723. 
‡Cluster including >15 patients in the study period. 
§Major cluster model overall model fit p < 0.0001, Hosmer & Lemeshow test p = 0.7766, area under the receiver operating characteristic curve 0.793. 
¶Area where a multidrug-resistant outbreak was previously documented. 

Table 3. Putative risk factors for case-patients with newly diagnosed multidrug-resistant TB in 7 major genotype clusters, Argentina
2003–2009 

Cluster
(SIT)* Area 

Total no. 
case-

patients

Risk factor, no. (%) case-patients 
Previously 

treated for TB HIV positive HCWs 
Other hospital 

exposure† Prison 
Household
exposure Unknown 

M H2 (2) Buenos
Aries

228 78 (34.2) 116 (50.9) 21 (9.2) 38 (16.7) 23 (10.1) 29 (12.7) 19 (8.3) 

Ra LAM3 (33) Rosario 89 40 (44.9) 28 (31.5) 2 (2.2) 10 (11.2) 17 (19.1) 16 (18.0) 14 (15.7) 

Rb Tuscany 
(159) 

Buenos
Aries,

Rosario

38 11 (28.9) 22 (57.9) 0 (0.0) 1 (2.6) 0 (0.0) 13‡ (34.2) 6 (15.8) 

Pr LAM9 (42) Buenos 
Aries

26 10 (38.5) 10 (38.5) 0 (0.0) 2 (7.7) 15 (57.7) 5 (19.2) 2 (7.7) 

At T1 (53) Atlantic 
Coast

21 9 (42.9) 7 (33.3) 1 (4.8) 3 (14.3) 2 (9.5) 7 (33.3) 2 (9.5) 

Ob LAM5 (725) Buenos 
Aries

18 7 (38.9) 4 (22.2) 0 (0.0) 2 (11.1) 3 (16.7) 5 (27.8) 2 (11.1) 

Os LAM5 (93) Salta 18 7 (38.9) 6 (33.3) 0 (0.0) 3 (16.7) 1 (5.6) 9 (50.0) 2 (11.1) 
*Sum does not equal total because of patients with more than one risk factor. Buenos Aires includes the city and surroundings; MDR, multidrug-resistant; 
TB, tuberculosis; SIT, Shared International Spoligo Type according to Brudey et al. (13); HCW, health care workers. 
†Previous hospitalization(s) or concomitant condition. 
‡Ten of these case-patients shared a single residence with transvestite sex workers. 
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Characteristics of XDR TB patients related to cluster-
ing are described in Table 6. Four major clusters (M, Os, 
At, and Rb) comprised 31 (58%) XDR TB patients; 6/14 
HIV-positive patients with XDR TB were in cluster Os, 
and 5 in cluster M. Five of 11 immigrants from other South 
American countries to Argentina harbored the M strain, 
and the patient from Indonesia harbored a Beijing strain. 
Of 15 patients with no record of previous TB treatment, 12 
were included in major clusters. Annual numbers of XDR 
TB patients by genotype are shown in Table 7.

Discussion
The annual number of newly diagnosed MDR and 

XDR TB cases decreased slightly, with minor fl uctuations, 
during the study period. HIV infection was associated with 
almost one third of MDR TB cases; this proportion is 2–4´ 
higher than that attributed by different studies to all forms 
of TB in the country (16,17). As previously observed (18), 
annual fl uctuations in the numbers of total MDR/XDR TB 
cases during the study period paralleled closely annual 
fl uctuations in the numbers of HIV-infected patients.

All 7 major clusters in our study were connected with 
particular geographic areas, institutional settings, or both. 
Furthermore, most patients in these clusters underwent 
TB treatment in health centers that had ongoing MDR TB 

transmission or had a household or a prison contact with 
persons who had MDR TB. These fi ndings indicate that 
these major clusters represent true transmission events.

Many cases in this outbreak were caused by the M 
strain, an apparently autochthonous outbreak genotype. In a 
countrywide survey performed in 1998, this strain was found 
to be responsible for 42% of all MDR TB cases but was con-
fi ned to the metropolitan area of Buenos Aires (National TB 
Laboratory Network, unpub. data). Since then, the M strain 
has been the most frequently identifi ed in every MDR TB in-
vestigation performed in the country. We found the M strain 
to be the most prevalent and that its transmission was virtu-
ally restricted to the area of the initial outbreak. However, its 
numbers decreased by more than half within the study pe-
riod, particularly among HIV-infected patients, which sug-
gests that the epidemic curve of the M strain has entered a 
declining phase. The other 2 strains associated with previous 
MDR TB outbreaks, Ra and Rb, were found to persist with 
lower, fl uctuating frequencies.

The expansion of M strain transmission in Argentina 
was initially fostered by clinical mismanagement. During 
the early 1990s, patients with advanced AIDS were hos-
pitalized in large, referral treatment centers, where they 
shared facilities with patients who had MDR TB. At that 
time, virtually no respiratory protection policy was in 
force because it was wrongly assumed that MDR TB pa-
tients were barely infectious. After genotyping confi rmed 
outbreaks of MDR TB among the patients with AIDS (4), 
hospital infection control interventions were adopted, mi-
crobiologic diagnosis and drug-resistance detection were 
expedited, and second-line TB drugs and highly active an-
tiretroviral therapy became available. As a result of those 
interventions, hospital transmission was substantially re-
duced but not completely controlled (18). At the time of 
our study, however, the M strain had long expanded be-
yond the hospital environment (6).

The national M. tuberculosis genotype database in 
Argentina identifi ed very few patients with non–MDR TB 
harboring H2 genotypes (V. Ritacco, unpub. data). Another 
study supported this observation (19), and the H2 genotype 
was found to be infrequent in other South American coun-
tries (13,20–22). The IS6110 RFLP pattern of the M strain 
was absent outside Argentina in the Ibero-American MDR 
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Table 4. Resistance of Mycobacterium tuberculosis isolates in 7 major clusters to antimicrobial drugs in addition to isoniazid and 
rifampin, Argentina, 2003–2009* 

Cluster Total no. isolates 
No. (%) isolates with additional resistance to 

0 drugs 1 drug 2 drugs >3 drugs 
M 228 2 (0.9) 13 (5.7) 30 (13.2) 183 (80.3) 
Ra 89 8 (9.0) 61 (68.5) 15 (16.9) 5 (5.6) 
Rb 38 26 (68.4) 6 (15.8) 4 (10.5) 2 (5.3) 
Pr 26 26 (100) 0 0 0
At 21 6 (28.6) 5 (23.8) 6 (28.6) 4 (19.0) 
Ob 18 13 (72.2) 0 3 (16.7) 2 (11.1) 
Os 18 0 2 (11.1) 5 (27.8) 11 (61.1) 
*Additional drugs tested were streptomycin, ethambutol, pyrazinamide, kanamycin, amikacin, capreomycin, and ofloxacin. 

Figure 2. IS6110 restriction fragment length polymorphism (RFLP) 
patterns and spoligotypes of 7 major cluster strains, including 2 
main variants of M strain, and reference strain Mt 14323. SIT, 
Shared International Type in SITVIT database (www.pasteur-
guadeloupe.fr:8081/SITVIT). 
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TB genotype database (23) and was not present in the M. 
tuberculosis genotype database in the Netherlands (D. van 
Soolingen, pers. comm.). This pattern was registered in 
other countries, anecdotally, in 2 MDR TB patients with 
AIDS: a patient from Argentina who died in San Francis-
co, California, shortly after his arrival in the United States 

(24); and a patient from Asuncion, Paraguay, who visited 
the Hospital Muñiz in Buenos Aires each month for antiret-
roviral therapy (20). 

Different M. tuberculosis genotypes may have affi n-
ity with certain geographic areas and ethnic groups (25), 
which could explain why the M strain persists in the Bue-
nos Aires area. In addition, most persons at risk for MDR 
TB are underprivileged and cannot afford to travel far dis-
tances. This mobility limitation might also help to explain 
why this strain has remained virtually confi ned to the origi-
nal hotspot area.

A small number of patients affected by the M strain 
were immigrants from neighboring countries who had set-
tled in Buenos Aires. Cross-border and domestic migration 
toward large metropolitan areas is a long-observed demo-
graphic and public health concern in Argentina. More than 
80% of the patients in this study were assisted in metropo-
lises designated as MDR TB hotspots. Even though immi-
grants with TB have access to higher quality health care in 
these areas than in other parts of the country, they are also 
at higher risk of becoming newly infected with an outbreak 
MDR TB strain.

The M strain was overrepresented among patients with 
XDR TB; isolate resistance to >5 anti-TB drugs was found 
to be a strong predictor of disease caused by the M strain 
(4,26). The accumulation of drug resistance–conferring 
mutations would be expected to have reduced the epide-
miologic fi tness of this strain, but it has prevailed for 15 
years. The epidemiologic fi tness of a strain can be infl u-
enced by a range of factors, e.g., the genetic backgrounds 
of host and pathogen, host–pathogen interactions, and the 
environment (27–29). Compensatory evolution restoring in 
vivo fi tness, as well as social and behavioral factors, might 
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Figure 3. Locations of 7 major 
multidrug-resistant tuberculosis 
clusters, labeled by strain type, 
Argentina, 2003–2009. 

Table 5. Predictors for being in cluster M among 438 patients with multidrug-resistant TB who were in clusters of >15 patients,
Argentina, 2003–2009* 

Characteristic No. patients 
% Patients in 

M cluster Unadjusted OR (95% CI) Adjusted OR (95% CI)† 
Age, y, n = 347 
 16–45 288 50.7 0.9 (0.5–1.6) 1.4 (0.5–4.3) 
 >45 59 52.5 1 1
Country of birth, n = 302 
 Argentina 275 51.0 0.7 (0.3–1.6) 0.6 (0.1–2.3) 
 Other 27 74.1 1 1
HIV status, n = 360 
 Positive 194 60.3 1.6 (1.0–2.4) 1.4 (0.6–3.3) 
 Negative 166 49.4 1 1
Previous TB treatment, n = 304 
 Yes 160 47.5 1.0 (0.7–1.6) 0.8 (0.4–1.8) 
 No 144 46.5 1 1
Hospital exposure‡ 
 Yes 86 72.1 2.9 (1.7–4.8) 2.6 (1.0–6.8) 
 No 352 47.2 1 1
Isolate resistant to 
 >5 drugs 207 88.4 31.5 (18.4–53.9) 22.7 (10.1–50.9) 
 <5 drugs 231 19.5 1 1
*Boldface indicates significance. TB, tuberculosis; OR, odds ratio. 
†Overall model fit p < 0.0001. Hosmer & Lemeshow test p = 0.899, area under the receiver operating characteristic curve 0.854. 
‡Previous hospitalization(s), concomitant condition, or health care worker. 
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have played a role in the epidemiologic persistence of the 
M strain (30). These factors might also have preferentially 
fostered the spread of drug-resistant strains of the H2 geno-
type in our setting. Further studies are needed to evaluate 
the most critical risk factors.

Drug-resistance profi les were not uniform within the 
M strain clusters. The variations in susceptibility to indi-
vidual drugs refl ect the existence of various ongoing chains 
of transmission, some of which might have started before, 
or simultaneously with, the fi rst documented outbreak. One 
limitation of our study is the failure to identify individual 
chains. Factors that precluded the reliable characterization 
of subclusters were the long time elapsed since the out-
break onset, the insuffi cient epidemiologic documentation 
in many cases, and the unavailability of additional molecu-
lar markers.

Our study has another major limitation. Incomplete 
demographic and clinical data on patients were retrieved, 
and several observations had missing values. If missing 
values were systematically associated with a given force 
or factor, results presented here would be biased. We are 
not aware of any association of missing values with the 
dependent variables under study and assume that those 
data were missing at random. Missing values may have 
affected the analyses by reducing the number of observa-
tions, which may have reduced the power of the model to 
detect signifi cant associations but without necessarily bi-
asing the associations reported. However, the possibility 
that bias might have resulted from missing data cannot be 
ruled out. Therefore, statistical signifi cances of our analy-
ses should be interpreted cautiously.

In the MDR TB hotspots in Argentina, the distinction 
between primary and acquired MDR TB on the basis of a 

history of previous TB treatment was not decisive because 
patients could have been exposed to hospital-associated 
MDR TB infection while being treated for community-ac-
quired TB. This fact could explain why clustering was not 
more frequent among patients without previous TB treat-
ment in our study.

The national TB network includes all the laboratories 
performing bacteriological TB diagnosis in the country; 
therefore, the patients in this study represent all newly di-
agnosed MDR TB cases in Argentina. The structure, geo-
graphic coverage, and personnel of the TB laboratory net-
work are adequate to provide DST for all patients at risk for 
MDR TB in Argentina. However, a few MDR TB patients 
might remain undiagnosed because of operational factors, 
e.g., ineffi cient detection of risk factors, insuffi cient or 
delayed requests for DST, and disorganized information 
systems.

The geographically restricted distribution of successful 
MDR TB genotypes that we found has public health impli-
cations. As a result of this study, specifi c interventions are 
being reinforced, particularly in the MDR TB hotspots: im-
plementing universal culture and strategies to expedite drug 
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Figure 4. Numbers of HIV-positive patients with multidrug-resistant 
tuberculosis (MDR TB), classifi ed by genotype cluster, and total 
number of newly diagnosed MDR TB patients per year with 
identifi ed genotype, Argentina, 2003–2009.

Table 6. Characteristics of 53 patients with extensively drug-
resistant TB, Argentina 2003–2009* 

Characteristic
No.

patients
% In 

cluster 
% In major 

cluster 
Sex
 M 29 79.3 58.6
 F 24 75.0 58.3
Age group, y 
 15–29 16 81.3 50.0
 30–44 24 75.0 66.7
 >45 8 87.5 50.0
 Unknown (adult) 5 60.0 60.0
Country of birth 
 Argentina 30 76.7 53.3
 Other (South America)† 11 81.8 63.6
 Unknown (South America)‡ 11 81.8 72.7
 Indonesia 1 0 0
Place of diagnosis 
 Former MDR TB hot spot 31 74.2 71.0
 Other 22 81.8 40.9
HIV status 
 Positive 14 85.7 78.6
 Negative 33 75.8 54.5
 Unknown 6 66.7 33.3
Site of disease 
 Pulmonary 49 81.6 61.2
 Disseminated 3 33.3 33.3
 Unknown 1 0 0
Previous TB 
 Yes 38 71.1 50.0
 No 10 90.0 70.0
 Unknown 5 100.0 100.0 
AFB smear microscopy 
 Positive 41 78.0 56.1
 Negative 7 71.4 57.1
 Unknown 5 75.0 75.0
*TB, tuberculosis; MDR, multidrug-resistant; AFB, acid-fast bacilli. 
†From a country in South America other than Argentina 
‡From an unknown country in South America. 
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resistance detection; decentralizing specialized health care; 
streamlining information-sharing systems between HIV and 
TB programs; and strengthening administrative infection 
control measures in prisons and large hospitals with high 
TB infection load. A national advisory group on MDR TB 
clinical management has also been recently created. Control 
interventions have already started to reduce MDR TB spread 
in the hospital that was the epicenter of the main outbreak 
(17). Still, centrally coordinated actions are needed in Ar-
gentina to curb long-term transmission of MDR TB.

On behalf of TB laboratory network, the following persons 
contributed substantially to this work: D. Ballester, L. Casimir, 
M. Gutiérrez, M. Hoffman, S. Kaufman, N. Kempf, G. Ojea, A. 
Procopio (Buenos Aires City); M.I. Anganuzzi, V. Delle Donne, 
T. Hernández, A. Mariñansky, N. Morcillo, S. Morla, A. Reniero, 
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ince); M.I. Gigli, C. Pellegrini (Santa Fe); M. Cisneros (Salta); 
M.C. Cosiansi, L. Wolff (Córdoba); G. Bichara (Tucumán); M. 
Pacce (Corrientes), V. Carrió (San Juan); M. Fantín (Formosa); H. 
Rousselle (Mendoza); R. Piloni (Misiones); G. Torres (Neuquén), 
M. Gunia (Chaco); E. Fernández (Chubut); L. Casali (Catama-
rca); O. Belforte (Santa Cruz); N. Blázquez (Río Negro); and G. 
Jacquier (Sistema Penitenciario).

Acknowledgment
We thank Andrés M. Pérez for valuable advice on statistical 

analysis.

This work was supported by FonCyT, Argentina (proj-
ect PAE-PICT2323), and the EC under contract HEALTH-
F3_2007-201690 (FAST-XDR-DETECT).

Dr Ritacco is a scientist at the Consejo Nacional de Investig-
aciones Científi cas y Técnicas (CONICET), Argentina. Her main 
research interests are molecular epidemiology and molecular di-
agnosis of tuberculosis.

References

  1.  de Kantor IN, Ritacco V, Barrera L. Is multidrug-resistant tubercu-
losis an emergent infection in Buenos Aires? [in Spanish]. Medicina 
(B Aires). 1996;56:102–4.

  2.  Ritacco V, Reniero A, Ambroggi M, Barrera LB, López B, Di Lonar-
do M, et al. Inter-hospital spread of multidrug-resistant tuberculosis 
in Buenos Aires, Argentina. Tuber Lung Dis. 1996;77(Suppl 2):63.

  3.  Morcillo N, Alito A, Romano MI, Cataldi A, Dolmann A, Reniero 
A, et al. Multidrug resistant tuberculosis outbreak in Buenos Ai-
res. DNA fi ngerprinting analysis of isolates. Medicina (B Aires). 
1996;56:45–7.

  4.  Ritacco V, Di Lonardo M, Reniero A, Ambroggi M, Barrera L, Dam-
brosi A, et al. Nosocomial spread of Human Immunodefi ciency Vi-
rus-related multidrug-resistant tuberculosis in Buenos Aires. J Infect 
Dis. 1997;176:637–42. http://dx.doi.org/10.1086/514084

  5.  Poggio G, Togneri A, Reniero A, Insúa A, Guerra R, Dinerstein E, et 
al. AIDS-related multidrug resistant tuberculosis “M” strain spreads 
within two hospitals in Buenos Aires suburbs. Int J Tuberc Lung Dis. 
1997;1(Supp1):523. 

  6.  Palmero D, Ritacco V, Ambroggi M, Marcela N, Barrera L, Capone 
L, et al. Multidrug-resistant tuberculosis in HIV-negative patients, 
Buenos Aires, Argentina. Emerg Infect Dis. 2003;9:965–9. http://
dx.doi.org/10.3201/eid0908.020474

  7.  Aita J, Barrera L, Reniero A, López B, Biglione J, Weisburd G, et al. 
Hospital transmission of multidrug-resistant Mycobacterium tuber-
culosis in Rosario, Argentina. Medicina (B Aires). 1996;56:48–50.

  8.  World Health Organization. Guidelines for surveillance of drug 
resistance in tuberculosis. WHO/HTM/TB/2009.442. Geneva: The 
Organization; 2009.

  9.  World Health Organization. Policy guidance on TB drug susceptibil-
ity testing (DST) of second-line drugs. WHO/HTM/TB/2008.392. 
Geneva: The Organization; 2008.

10.  van Embden JDA, Cave MD, Crawford JT, Dale JW, Eisenach KD, 
Gicquel B, et al. Strain identifi cation of Mycobacterium tuberculosis 
by DNA fi ngerprinting: recommendations for a standardized meth-
odology. J Clin Microbiol. 1993;31:406–9.

11.  Kamerbeek J, Schouls L, Kolk A, van Agterveld M, van Soolingen 
D, Kuijper S, et al. Simultaneous detection and strain differentiation 
of Mycobacterium tuberculosis for diagnosis and epidemiology. J 
Clin Microbiol. 1997;35:907–14.

12.  Heersma HF, Kremer K, van Embden J. Computer analysis of 
IS6110 RFLP patterns of Mycobacterium tuberculosis. Methods Mol 
Biol. 1998;101:395–422.

13.  Brudey K, Driscoll JR, Rigouts L, Prodinger WM, Gori A, Al-Hajoj 
SA, et al. Mycobacterium tuberculosis complex genetic diversity: 
mining the fourth international spoligotyping database (SpolDB4) 
for classifi cation, population genetics and epidemiology. BMC Mi-
crobiol. 2006;6:23. http://dx.doi.org/10.1186/1471-2180-6-23

14.  Abadia E, Zhang J, dos Vultos T, Ritacco V, Kremer K, Aktas E, et al. 
Resolving lineage assignation on Mycobacterium tuberculosis clini-
cal isolates classifi ed by spoligotyping with a new high-throughput 
3R SNPs based method. Infect Genet Evol. 2010;10:1066–74. http://
dx.doi.org/10.1016/j.meegid.2010.07.006

15.  Palmero D, Ritacco V, Ruano S, Ambroggi M, Cusmano L, Roma-
no M, et al. Multidrug-resistant tuberculosis outbreak in transves-
tite sex workers, Buenos Aires, Argentina. Int J Tuberc Lung Dis. 
2005;9:1168–70.

 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 18, No. 11, November 2012 1809

Table 7. Number of patients with extensively drug-resistant tuberculosis of different genotypes, by year, Argentina, 2003–2009 

Genotype 
No. patients in year 

Total no. (%) patients 2003 2004 2005 2006 2007 2008 2009 
Cluster M 5 4 5 2 0 3 2 21 (39.6) 
Cluster Rb 0 0 0 0 0 1 0 1 (1.9) 
Cluster At 0 1 0 0 0 0 1 2 (3.8) 
Cluster Os 0 0 2 1 2 1 1 7 (13.2) 
Minor cluster* 2 1 3 3 1 1 0 11 (20.8) 
Unique pattern 2 2 2 1 1 0 3 11 (20.8) 
Total 9 8 12 7 4 6 7 53 (100.0) 
*Cluster of <15 patients with newly diagnosed multidrug-resistant tuberculosis during the study period



RESEARCH

16.  Pando MA, De Salvo C, Bautista CT, Eyzaguirre L, Carrion G, 
Feola M, et al. Human immunodefi ciency virus and tuberculosis in 
Argentina: prevalence, genotypes and risk factors. J Med Microbiol. 
2008;57:190–7. http://dx.doi.org/10.1099/jmm.0.47492-0

17.  Ritacco V, Morgado M, Garcia LF. The situation of HIV/M. tuber-
culosis in South America. Open Infect Dis J. 2011, 5, (Suppl 1–M7) 
81–88 [cited May 20, 2012]. http://benthamscience.com/open/toidj/
articles/V005/SI0013TOIDJ/81TOIDJ.htm 

18.  Waisman JL, Palmero DJ, Güemes-Gurtubay JL, Videla JJ, Moretti 
B, Cantero M, et al. Evaluation of the control measures adopted 
against an epidemic of AIDS-related multidrug-resistant tuberculo-
sis in a Latin-American hospital [in Spanish]. Enferm Infecc Micro-
biol Clin. 2006;24:71–6. http://dx.doi.org/10.1157/13085010

19.  Gonzalo X, Ambroggi M, Cordova E, Brown T, Poggi S, Drob-
niewski F. Molecular epidemiology of Mycobacterium tuberculosis, 
Buenos Aires, Argentina. Emerg Infect Dis. 2011;17:528–31.

20.  Candia N, Lopez B, Zozio T, Carrivale M, Diaz C, Russomando 
G, et al. First insight into Mycobacterium tuberculosis genetic di-
versity in Paraguay. BMC Microbiol. 2007;7:75. http://dx.doi.
org/10.1186/1471-2180-7-75

21.  Aristimuño L, Armengol R, Cebollada A, España M, Guilarte A, La-
foz C, et al. Molecular characterisation of Mycobacterium tubercu-
losis isolates in the First National Survey of Anti-Tuberculosis Drug 
Resistance from Venezuela. BMC Microbiol. 2006;6:90. http://
dx.doi.org/10.1186/1471-2180-6-90

22.  Lazzarini LC, Huard RC, Boechat NL, Gomes HM, Oelemann MC, 
Kurepina N, et al. Discovery of a novel Mycobacterium tuberculosis 
lineage that is a major cause of tuberculosis in Rio de Janeiro, Bra-
zil. J Clin Microbiol. 2007;45:3891–902. http://dx.doi.org/10.1128/
JCM.01394-07

23.  Ritacco V, Iglesias MJ, Ferrazoli L, Monteserin J, Dalla Costa ER, 
Cebollada A, et al. Conspicuous multidrug-resistant Mycobacterium 
tuberculosis cluster strains do not trespass country borders in Latin 
America and Spain. Infect Genet Evol. 2012;12:711–7. http://dx.doi.
org/10.1016/j.meegid.2011.06.006

24.  Burgos MV, Méndez JC, Ribon W. Molecular epidemiol-
ogy of tuberculosis: methodology and applications. Biomedica. 
2004;24(Supp1):188–201.

25.  Gagneux S, DeRiemer K, Van T, Kato-Maeda M, de Jong BC, Na-
rayanan S, et al. Variable host-pathogen compatibility in Mycobac-
terium tuberculosis. Proc Natl Acad Sci U S A. 2006;103:2869–73. 
http://dx.doi.org/10.1073/pnas.0511240103

26.  Palmero D, Ritacco V, Ambroggi M, Poggi S, Güemes Gurtubay J, 
Alberti F, et al. Multidrug-resistant tuberculosis in AIDS patients at 
the beginning of the millennium. Medicina (B Aires). 2006;66:399–
404.

27.  Gagneux S, Long CD, Small PM, Van T, Schoolnik GK, Bohan-
nan BJM. The competitive cost of antibiotic resistance in Myco-
bacterium tuberculosis. Science. 2006;312:1944–6. http://dx.doi.
org/10.1126/science.1124410

28.  Luciani F, Sisson SA, Jiang H, Francis AR, Tanaka MM. The epide-
miological fi tness cost of drug resistance in Mycobacterium tuber-
culosis. Proc Natl Acad Sci U S A. 2009;106:14711–5. http://dx.doi.
org/10.1073/pnas.0902437106

29.  O’Sullivan DM, McHugh TD, Gillespie SH. Mapping the fi tness of 
Mycobacterium tuberculosis strains: a complex picture. J Med Micro-
biol. 2010;59:1533–5. http://dx.doi.org/10.1099/jmm.0.019091-0

30.   Comas I, Borrell S, Roetzer A, Rose G, Malla B, Kato-Maeda M, 
et al. Whole-genome sequencing of rifampicin-resistant Mycobac-
terium tuberculosis strains identifi es compensatory mutations in 
RNA polymerase genes. Nat Genet. 2011;44:106–10. http://dx.doi.
org/10.1038/ng.1038

Address for correspondence: Viviana Ritacco, INEI ANLIS Carlos 
Malbrán, Vélez Sarsfi eld 563, (1281) Buenos Aires, Argentina; email: 
vritacco@anlis.gov.ar

1810 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 18, No. 11, November 2012



Legionnaires’ disease is underreported in Europe; noti-
fi cation rates differ substantially among countries. Approxi-
mately 20% of reported cases are travel-associated. To 
assess the risk for travel-associated Legionnaires’ disease 
(TALD) associated with travel patterns in European coun-
tries, we retrieved TALD surveillance data for 2009 from the 
European Surveillance System, and tourism denominator 
data from the Statistical Offi ce of the European Union. Risk 
(number cases reported/number nights spent) was calcu-
lated by travel country. In 2009, the network reported 607 
cases among European travelers, possibly associated with 
825 accommodation sites in European Union countries. The 
overall risk associated with travel abroad was 0.3 cases/
million nights. We observed an increasing trend in risk from 
northwestern to southeastern Europe; Greece had the high-
est risk (1.7). Our fi ndings underscore the need for coun-
tries with high TALD risks to improve prevention and control 
of legionellosis; and for countries with high TALD risks, but 
low notifi cation rates of Legionnaires’ disease to improve 
diagnostics and reporting.

Legionnaires’ disease (LD) is a severe multisystem dis-
ease, typically manifesting as pneumonia; it is caused 

by gram-negative bacteria, Legionella spp., which are 
found in freshwater environments worldwide, and can be 
can be transmitted by aspirating contaminated drinking 
water or by inhaling airborne droplets from contaminated 
sources such as building ventilation units and spas (1). A 
travel-associated Legionnaires’ disease (TALD) surveil-
lance system at the European Union (EU) level has been 
in place since 1987 (2); EU surveillance of Legionnaires’ 
disease, regardless of patient travel history, began in 1996 
(3). The rationale for the surveillance of travel-associated 
cases of Legionnaires’ disease (TALD) is that it enables 

the timely detection of clusters and the identifi cation of the 
source of infection, which would otherwise probably re-
main undiscovered (4). Since April 2010, both surveillance 
systems have been operated by the European Legionnaires’ 
Disease Surveillance Network (ELDSNet) under the coor-
dination of the European Centre for Disease Prevention and 
Control (ECDC).

Since 2005, 5,000–6,000 cases of Legionnaires’ dis-
ease have been reported each year by the 27 EU Member 
States, Iceland, and Norway (5,6). Annual case-fatality 
rates of notifi ed Legionnaires’ disease have been ≈10%, 
and ≈20% of reported cases are travel-associated (5–7), 
which is similar to the situation described in the United 
States (8). There is evidence that the risk for Legionnaires’ 
disease might be higher under certain environmental con-
ditions; warm and wet weather has been associated with 
higher incidence rates in the Netherlands and the United 
Kingdom (9,10). Using that evidence, Hicks et al. reported 
that an increased case count would be expected after heavy 
rains during the warm season (11). However, in Europe, an 
increasing trend from northern to southern countries is not 
clearly evident in surveillance data.

Because many cases of Legionnaires’ disease might go 
undiagnosed by clinicians, and because some clinicians do 
not report confi rmed cases to national authorities, surveil-
lance systems are likely to miss a sizeable proportion of 
Legionnaires’ disease deaths (1). The ECDC estimated that 
as few as 10% of Legionnaires’ disease cases are reported 
in Europe and reported that notifi cation rates differ sub-
stantially across countries and that causes of undernotifi ca-
tion are likely to vary (6). Because notifi cation rates tend 
to refl ect the quality of national surveillance rather than 
the local risk for Legionnaires’ disease, it is diffi cult to es-
timate and compare risk for Legionnaires’ disease across 
countries.

The surveillance of Legionnaires’ disease associated 
with international travel might, at least partly, overcome 
this limitation. A similar approach has been used in pre-
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vious studies to estimate and compare the risks for food-
borne and waterborne diseases in Europe (12,13). Tourism 
is a massive industry in Europe, and its summer peak co-
incides with the peak of Legionnaires’ disease. Cases of 
TALD in travelers who contract the disease in the country 
they visit are mostly reported by the patient’s country of 
residence independent of the quality of surveillance in the 
travel destination country. These cases may therefore en-
able not only a better estimation of local disease risk but 
also an assessment of the local quality of reporting. Finally, 
Legionnaires’ disease surveillance in Europe has tradition-
ally focused more on TALD, because of the added value of 
improved prevention and control of international clusters. 
TALD surveillance in Europe can therefore be assumed to 
be less prone to underascertainment than the surveillance 
of Legionnaires’ disease not associated with travel.

This analysis is intended to assessing the risks for 
TALD in European countries on the basis of travel patterns. 
A secondary objective is to provide an estimate of the ex-
tent of underascertainment by country of destination.

Methods

Data and Defi nitions
In travel medicine, the use of surveillance data is a valid 

method for calculating absolute risk estimates in travelers 
(14). Notifi cation of Legionnaires’ disease cases is man-
datory in all 27 EU Member States (notifi cation has been 
mandatory in the United Kingdom since 2010) and Iceland 
and Norway, the 2 European Economic Area (EEA) mem-
ber states that form part of ELDSNet. TALD cases were re-
ported during 2009 to ECDC by most ELDSNet members. 
Germany did not participate in TALD reporting during this 
period. Reporting was performed on a daily basis through 
the web-based European Surveillance System, known 
widely as TESSy. TALD cases must conform to the offi -
cial EU case defi nition of Legionnaires’ disease (15), and 
case-patients must have a history of travel, i.e., at least 1 
night spent in commercial accommodation within the EU/
EEA countries, away from their residence (including travel 
within their home country) within the incubation period of 
Legionnaires’ disease (2–10 days before disease onset). 
Date of onset and date of travel are carefully checked. 

For the purpose of this analysis, we included TALD 
cases with disease onset in 2009 and retrieved the patients’ 
places of residence and travel history from TESSy. Cases 
counted were restricted to European residents traveling in 
EU/EEA countries. The travel history could include more 
than 1 travel destination or accommodation site, each of 
which was considered a potential source of exposure. 
Therefore, a case would be counted in more than 1 country 
if the case-patient’s travel history involved accommoda-
tion sites in various countries. The exact duration of stay 

was not taken into account in the analysis. Tourism de-
nominator data for 2009 were obtained from the Statisti-
cal Offi ce of the European Union (Eurostat) (16). We used 
the number of nights spent in tourist accommodations by 
Europeans traveling in their home countries and in foreign 
countries within Europe. The number of nights spent was 
also categorized by a traveler’s country of residence and 
destination country.

Analysis
Case-patients were described by age, sex, month of ill-

ness onset, travel destination, type of travel, and type of 
accommodation. To estimate the exposure rate, we used 
the number of nights spent by country of destination. For a 
given country of destination, risk for TALD was defi ned as 
the number of cases divided by the number of nights spent 
in that country by all travelers (population at risk). To al-
low comparisons of risk by country of origin, we excluded 
case-patients for which the reporting country was different 
from the country of residence. Risk at country level was 
calculated only for countries with at least 10 cases reported. 
To estimate underascertainment, a set of reference report-
ing countries with at least 20 cases reported in nondomes-
tic travelers was chosen. We then compared the risk for 
Legionnaires’ disease of travelers originating from these 
reference countries to the risk for domestic travelers, cal-
culating incidence ratios with 95% CIs for each destination 
country. Last, on the basis of the risk for travelers from the 
reference countries, we estimated the number of cases ex-
pected in each travel destination country. These estimates 
were obtained by multiplying the risk in reference coun-
tries with the total number of nights spent in tourist accom-
modations by all travelers in a given destination country.

Results

Cases and Sites
In 2009, 607 TALD cases were reported among Eu-

ropean residents traveling in EU/EEA countries, of which 
363 (60%) were related to domestic travel (Table 1). 
Travel histories involved 825 accommodation sites in 24 
countries. The average number of sites per case-patient 
was 1.4 (range 1–7); a similar distribution was calculated 
among countries. As travel destinations, France, Italy, and 
Spain accounted for 72% of cases and sites. Of the 825 
sites involved, 447 (54%) had been occupied by domestic 
travelers. Notifi cation rates increased with age and were 
higher in male case-patients for all age groups (Figure 1). 
The male:female ratio for case-patients was 2:7 and the 
median age at date of onset was 61 years (interquartile 
range 51–69 years). All case-patients were >15 years of 
age; 40% were >65 years of age. The seasonal distribu-
tion of cases peaked in September; the date of onset for 
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48% was during the third quarter of the year. Hotels were 
the most common accommodation sites associated with 
TALD, accounting for 578 (70%) of 825 sites of known 
type. This proportion applied to sites associated with do-
mestic travel and sites associated with foreign travel. Oth-
er accommodation sites reported were campsites (8%), 
private accommodations rented for commercial purposes 
(6%), apartments (5%), cruise ships (<1%), and other ac-
commodations (10%).

Travel Patterns
In 2009, two billion nights were spent in tourist ac-

commodations in EU/EEA countries by travelers who 
resided in Europe. Of those nights, 46% were spent in 
France, Italy, and Spain (Table 2). Overall, travel within 
the tourists’country of residence represented 66% of all 
nights spent in tourist accommodations. Among Europe-
ans >65 years of age, the proportion of domestic travelers 
(19%) was higher than the proportion of travelers who vis-
ited other countries (15%; p<0.01). Conversely, the propor-
tion of travelers in the 45–64 year age group was lower in 
domestic travelers (31%) than in those traveling to other 
countries (33%; p<0.01). Data at destination country level 
were not available.

Risk for TALD
Calculating on the basis of 2 billion nights spent in 

Europe by European residents and 607 cases, the average 
risk for TALD in Europe in 2009 was 0.30 cases/1 million 
nights (95% CI 0.27–0.32). The highest risk for domestic 
travelers was in Italy (0.66 cases/1 million nights), followed 
by France (0.54) and the Netherlands (0.30) (Table 2). On 
average, the risk for nondomestic travelers (0.36/1 mil-
lion nights) was 1.3 × the risk for domestic travelers (0.27 
cases/1 million nights). France, Italy, the Netherlands, and 
the United Kingdom were the only countries with higher 
risks for domestic travelers than for nondomestic travel-
ers. The average risk in nondomestic travelers ranged from 
0.02 cases/1 million nights in the United Kingdom to 0.88 
cases/1 million nights in Greece.

Underascertainment of Cases
The United Kingdom, the Netherlands, France, and 

Denmark reported the highest numbers of cases in non-
domestic travelers: 81, 72, 28, and 21 cases, respectively. 
These countries also reported the highest rates for nondo-
mestic travelers, ranging from 0.62 to 1.24 cases/1 million 
nights. Sweden’s reported rate (0.74 cases/million nights) 
was within this higher range, but was based on 13 cases 
reported. The United Kingdom, the Netherlands, France, 
and Denmark were selected as reference reporting coun-
tries with a pooled overall risk of 0.55 cases/million nights 
and a pooled risk of 1.68 cases/1 million nights when trav-
eling to Greece (Table 3). The risk for travelers from these 
reference countries becoming infected by Legionella was 
greater when traveling in Greece, Portugal, Germany, Italy, 
Austria, Spain, and France than when traveling in the Unit-
ed Kingdom (Table 3). Risk was high in southeastern coun-
tries (Greece and Italy), moderate in southwestern and cen-
tral Europe (Austria, Germany, and Portugal), and low in 
northwestern countries (Figure 2). Based on these fi gures, 
1,127 TALD cases would be expected to be reported in Eu-
ropean residents traveling in Europe (Table 3). The high-
est levels of underascertainment were observed in Greece, 
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Figure 1. Notifi cation rate of travel-associated Legionnaires’ 
disease (n = 607), by age group and sex, European Union/
European Economic Area, 2009. Black bar, male case-patients; 
light gray bar, female case-patients. 

Table 1. Cases of travel-associated Legionnaires’ disease by country of residence and destination country, Europe, 2009* 

Country of residence
Reported no. cases by destination country

Italy France Spain Other countries Total
Italy 140 5 2 3 149
France 14 106 5 10 133
United Kingdom 12 6 33 80 120
Netherlands 14 11 10 58 72
Spain 4 2 42 8 51
Denmark 9 1 1 15 22
Austria 7 1 0 7 14
Sweden 2 2 2 8 13
Other countries 7 3 3 21 33
Total 209 137 98 210 607
*A case-patient could have a travel history involving >1 country.
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Portugal, and Austria. Germany was not taken into account 
because cases in domestic travelers were not reported.

Discussion
We report risk estimates of TALD for domestic and 

international travelers in Europe. These results are valu-
able because sentinel studies that rely on travel medicine 
departments may not report on TALD (17,18). In addition, 
most studies focus on travelers who are returning from de-
veloping countries (19). Logarithmic scales of health risk 
among travelers, as provided by Steffen et al. (20), need 
regular updates. On the basis of the most recent data, col-
lected during 2003 in Europe (2), the TALD risk was es-
timated to be between 0.0001% and 0.001% per month of 
stay in developing countries. The highest risk estimate that 
we found was 1.68 cases/1 million nights (Greece), which 
corresponds to an incidence rate of 0.005%/month, which 
is >5 × higher than the aforementioned estimate. Our risk 
estimates ranged from 0.001%/month in the United King-
dom to 0.005%/month in Greece and Italy.

It is highly probable that a similar risk would be 
found in other Mediterranean countries that share similar 
climate and tourist facilities. The seemingly higher risk 
among nondomestic travelers may refl ect a better aware-
ness of clinicians when investigating pneumonia in a pa-

tient who is returning from a trip abroad. Indeed, clinicians 
might be more likely to ask for additional tests, including 
urinary antigen, in patients with a recent history of travel 
abroad. It could also refl ect, to some extent, better report-
ing in northern European countries, the residents of which 
tend to spend their vacations in southern Europe. Another 
hypothesis would be that domestic travelers have a bet-
ter immunity against local strains. The low TALD risk in 
nondomestic travelers to the Netherlands and the United 
Kingdom could be explained by the fact that both countries 
receive proportionately far fewer and younger tourists than 
Mediterranean countries.

This study clearly indicates an increasing risk of TALD 
from northwestern to southeastern Europe. Greece did not 
report any domestic TALD cases in 2009, but the risk es-
timate for nondomestic travelers who had visited Greece 
was the highest. This discrepancy likely refl ects inadequate 
disease diagnosis or reporting in Greece. When geographic 
latitude was considered, Germany posed a higher TALD risk 
than expected, and Spain appeared to have a lower risk than 
expected. The seemingly higher risk in Germany could be as-
sociated with travelers from the Netherlands, who accounted 
for nearly one third of all nights spent by nondomestic travel-
ers to Germany, and whose cases were likely to be reported 
to their health authorities. Conversely, German travelers ac-
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Table 2. Cases of travel-associated Legionnaires’ disease and risk per million nights in European domestic and nondomestic travelers,
Europe, 2009* 

Destination
No. (% cases in 

domestic travelers)
No. nights spent by travelers, millions 

(% by domestic travelers)
TALD risk in cases/million nights

Domestic travelers Nondomestic travelers
Italy 209 (67) 330 (64) 0.66 0.58
France 137 (77) 272 (72) 0.54 0.41
Spain 98 (43) 328 (45) 0.28 0.31
United Kingdom 45 (98) 228 (80) 0.24 0.02
Greece 34 (0) 58 (33) 0.00 0.88
Germany 28 (0) 296 (88) 0.00 0.79
Netherlands 21 (86) 79 (76) 0.30 0.16
Portugal 20 (20) 41 (47) 0.21 0.73
Austria 20 (15) 94 (33) 0.10 0.27
Other countries 42 (14) 314 (72) 0.03 0.33
Total 607 (60) 2,039 (66) 0.27 0.36
*A case-patient could have a travel history involving >1 country. TALD, travel-associated Legionnaires’ disease.

Table 3. Expected risk for Legionnaires’ disease in European travelers to nondomestic destinations in Europe, based on reference
data reported by the United Kingdom, the Netherlands, France, and Denmark, Europe, 2009*† 

Destination
Risk for travelers to destination 

(cases/million nights) Incidence ratio (95% CI)
Total no. cases

Reported Estimated
Greece 1.68 7.2 (4.2–12.2) 34 98
Italy 1.40 6.0 (3.9–9.2) 209 463
Germany 1.19 5.1 (2.9–8.7) 22 353
Portugal 1.06 4.6 (2.1–9.0) 20 44
Austria 1.01 4.4 (2.2–8.2) 20 95
Spain 0.57 2.5 (1.6–3.8) 98 188
France 0.53 2.3 (1.6–3.3) 137 145
Netherlands 0.33 1.4 (0.8–2.4) 21 26
United Kingdom 0.23 1.0 (Ref.) 45 53
Other countries 0.90 3.9 (2.3–6.4) 42 282
Total 0.55 NA 607 1,127
*A case-patient could have a travel history involving >1 country. Ref., referent; NA, not applicable. 
†In the United Kingdom, reporting of Legionnaires’ disease became mandatory in 2010.
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counted for nearly one third of all nights spent by nondomes-
tic travelers in Spain; because Germany did not participate in 
the European TALD surveillance, any cases that may have 
occurred in German travelers were not reported.

Nevertheless, this relatively high risk observed in non-
domestic travelers who visited Germany might confi rm a 
report of an increasing trend in France from west to east 
in 2010 (21). Heavy rains during the warm season in con-
tinental climates might have favored the growth of Legio-
nella spp. The magnitude of TALD underascertainment in 
Austria, where German travelers accounted for 60% of all 
nights spent by nondomestic travelers, demonstrates the ef-
fect that the lack of participation in reporting by Germany 
had on epidemiologic studies of the EU/EEA (As of Sep-
tember 2012, Germany participates in the European TALD 
surveillance). The use of a pooled risk estimate as refer-
ence suggests that underascertainment of TALD remains 
substantial in Europe and concerns all nonreference coun-
tries. This conclusion is consistent with results of capture-
recapture studies conducted in some European countries to 
assess the extent of undernotifi cation (22–24). According 
to our study, ≈1,100 TALD cases would be expected annu-
ally in the EU/EEA.

This study has some limitations. First, it was assumed 
that travel habits were similar among all European travel-
ers. Duration of stay could affect the likelihood of expo-
sure while traveling and could vary across countries, age 
groups, and type of travel. Second, because of the lack of 
data on age group distribution among travelers, the calcula-
tion of risk could not be standardized by age. We know that 
domestic travelers are older and therefore more prone to 
be infected by Legionella spp. However, the proportions of 
Europeans >65 years of age remained comparable among 
domestic travelers and those traveling outside their home 
country. In addition, distribution of travelers by age groups 

may substantially differ across countries. Third, the study 
clearly highlights the lack of data for Eastern European 
countries, probably because tourism is lower than else-
where in Europe and because TALD is under-identifi ed. 
Increasing numbers of tourists and improving local clinical 
and diagnostic awareness might help estimate the TALD 
risk in this part of Europe in the future.

Further analyses should confi rm these results over 
time. Larger datasets could allow adjustment for age, sea-
sons, and accommodation types. In large countries, region-
al stratifi cation would also be valuable since risk may differ 
within a country.

In conclusion, these European TALD risk estimates 
can provide data for several purposes. First, they may help 
raise clinicians’ awareness and enhance reporting in coun-
tries where risk for Legionnaires’ disease and TALD is 
high, but reporting rates are low. Second, they could serve 
as a basis for monitoring future trends. Considering global 
warming, increasing use of manmade water systems, and 
an aging European population, Legionnaires’ disease and 
TALD incidence might also be expected to rise.
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Since the end of the 1990s, unexplained outbreaks 
of acute encephalitis in children coinciding with litchi 
harvesting (May–July) have been documented in the 
Bac Giang Province in northern Vietnam. A retrospective 
ecologic analysis of data for 2004–2009 involving 
environmental, agronomic, and climatic factors was 
conducted to investigate the suspected association 
between the outbreaks and litchi harvesting. The clinical, 
biological, and immunologic characteristics of the patients 
suggested a viral etiology. The ecologic study revealed an 
independent association between litchi plantation surface 
proportion and acute encephalitis incidence: Incidence 
rate ratios were 1.52 (95% CI 0.90–2.57), 2.94 (95% CI 
1.88–4.60), and 2.76 (95% CI 1.76–4.32) for second, third, 
and fourth quartiles, respectively, compared with the lowest 
quartile. This ecologic study confi rmed the suspected 
association between incidence of acute encephalitis and 
litchi plantations and should be followed by other studies to 
identify the causative agent for this syndrome.

Acute encephalitis syndrome (AES) is a major public 
health problem in Asia. The main etiologic agent is the 

Japanese encephalitis virus (JEV), a positive-sense single-

stranded fl avivirus transmitted by Culex spp. mosquitoes. 
It is responsible for ≈50,000 encephalitis cases every year 
in the region (1). Recently, the Nipah and Chandipura 
viruses were identifi ed as responsible for acute encephalitis 
outbreaks in Malaysia and India (2,3). In addition, many 
other viral encephalitis cases of unknown etiology exist 
throughout Asia (4).

In Vietnam, according to the National Institute of 
Hygiene and Epidemiology (NIHE), the annual incidence 
rate for AES in the general population was 2.24–2.90 
cases per 100 000 inhabitants during 1998–2005. This rate 
corresponds with 1,800–2,300 cases per year, two thirds of 
which occurred in northern Vietnam. Since the inclusion 
in 1997 of the JEV vaccine into the Extended Program on 
Immunization by the World Health Organization (WHO), 
the relative proportion of non-JE cases has increased 
substantially among patients hospitalized with AES in 
Vietnam, from ≈40% in 1996 to ≈90% in 2009 (P.T. Nga, 
unpub. data).

In northern Vietnam, unexplained outbreaks of non-
JE acute encephalitis have been documented since 1999. 
These outbreaks are unusual because of their specifi c 
location (Bac Giang Province), their strict seasonality 
(92% of unexplained AES occur during May–July), the 
restricted age group of persons at risk (88% are <15 years 
old), and the clinical features (abrupt febrile onset, rapid 
progression to coma, and higher case-fatality rate than for 
JE). Approximately 50–100 children are referred to the 
provincial hospital each epidemic season, but the actual 
number of cases could be underreported because some 
patients might have died at home.

The local population and public health practitioners 
have anecdotally attributed the emergence of AES to the 
recent intensifi cation of litchi production in the province: 
production rose from 870 tons during 1985–1989 to 
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400,000 tons during 2000–2005. Bac Giang Province has 
the highest litchi production in Vietnam, three fourths of 
which is consumed domestically and the rest is exported 
mainly to People’s Republic of China (5,6). Vietnamese 
litchis are mostly of the Thieu variety, which has a short 
harvest period of ≈1 month during May–July (7), which 
coincides with the epidemic season of the outbreaks in Bac 
Giang.

Because of the distinct early clinical manifestations 
(8), the syndrome has been locally termed Ac Mong 
encephalitis (AME), after the Vietnamese word for 
nightmare. The typical clinical illness starts with headache 
and fever, followed by seizures (often during the night); 
approximately one third of cases progress to coma and 
death.

The causative agent of AME has remained unidentifi ed 
and may be responsible for unexplained acute encephalitis 
elsewhere in the world, particularly in regions sharing 
similar ecology and environment. Litchi is widely 
distributed throughout subtropical and tropical regions. 
The 5 leading litchi-producing countries are China, India, 
Taiwan, Thailand, and Vietnam (9).

Our fi rst objective was to describe the epidemiologic 
and clinical features of this severe encephalitis among 
children in northern Vietnam. Our second objective was to 
strengthen or weaken the hypothesis that litchi cultivation 
is associated with acute outbreaks of AES in Bac Giang 
Province. We investigated this suspected association 
using a retrospective ecologic analysis for 2004–2009 in 
Bac Giang Province that involved various environmental, 
agronomic, and climatic factors. Confi rmation of this 
association would pave the way for further hypothesis-
testing studies investigating the causal mechanisms behind 
this ecologic correlation.

Materials and Methods

Study Area
Bac Giang Province is located in northeastern 

Vietnam, 50 km from the capital, Hanoi (Figure 1). This 

mainly rural area covers 3,827 km2 and has a population of 
≈1.6 million inhabitants. About one third of the land area is 
devoted to agriculture and one fourth to forestry and timber 
production. The climate comprises 2 distinct seasons: the 
cold, dry season from October through March and the hot, 
rainy season from April through September. The province 
is divided into 10 districts and 230 communes. The only 
hospital is in Bac Giang City, which is the capital of the 
province.

Data Collection and Laboratory Analyses
Records from patients admitted to the provincial 

hospital with suspected AES from January 2004 through 
December 2009 were collected from Bac Giang Preventive 
Medicine Centre and NIHE. Among these patients, criteria 
for inclusion in the ecologic analyses were clinical diagnosis 
of suspected acute viral encephalitis, age <15 years, onset 
date during May 1–July 31, and negative serology for JEV 
IgM (IgM antibody-capture ELISA) or full immunization 
against JEV (receipt of 3 doses). Patients meeting these 
criteria are referred to as suspected AME case-patients.

Detailed clinical and biologic examinations, including 
blood analyses, cerebrospinal fl uid (CSF) analyses, and 
cranial computed tomography scans, were available for 
88 AME patients hospitalized during 2006–2009 that were 
included in a parallel case–control study (in progress). 
Alanine aminotransferase and aspartate aminotransferase 
levels also were tested in 17 patients. The representativeness 
of this subgroup was evaluated by comparing it with the 
whole group on all common measured characteristics (age, 
sex, day of onset, and geographic coordinates) by χ2 and t 
tests.

To determine the nature of the host response to AME, 
Multiple Analyte Profi ling (Luminex Inc., Austin, TX, 
USA) was performed on the serum and CSF of a subset of 
AME patients collected in 2007. Samples were analyzed 
for 39 separate chemokines and cytokines by using the 
Luminex 100IS technology (Miliplex MAP kits; Milipore, 
Billerica, MA, USA). The analyzed group comprised 
samples from 5 patients who survived, 5 who died of the 
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Figure 1. Location and map of Bac 
Giang province in Vietnam. A color 
version of this fi gure is available 
online (wwwnc.cdc.gov/EID/article/
18/11/11-1761-F1.htm).
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disease, and 4 serum samples from asymptomatic siblings. 
Data are presented as concentration (pg/mL). We used a 
Mann-Whitney U test to compare values between groups.

In virology, a collection of 9 supernatants from short-
term cell cultures (including Vero and C6/36 cells) and 
their corresponding CSF and serum samples, taken from 
patients during 2006–2008 who had severe, including fatal, 
forms of disease, were all screened for known viruses by 
using PCR-based assays at Institut Pasteur (Paris, France). 
Searched viruses included JEV, dengue viruses 1–4, West 
Nile virus, chikungunya virus, herpes simplex viruses 
1 and 2, varicella-zoster virus, Rift Valley fever virus, 
Crimean-Congo hemorrhagic fever virus, and most viruses 
of genera Enterovirus and Alphavirus. All assay results 
were negative.

Ecologic Data Collection and Mapping
Demographic and agronomic data were collected by 

the Bac Giang Preventive Medicine Centre from the district 
statistics offi ces for each year from 2004 through 2009 for 
the 230 communes. These data included population count; 
production of rice and litchi; surface area dedicated to rice 
cultivation, litchi cultivation, and forestry; and the number 
of pigs, water buffaloes, cattle, and poultry. Starting and 
ending months of the rice and litchi harvests were collected 
at the district level. Daily meteorologic data were collected 
at the provincial level from the National Centre for Hydro-
Meteorological Forecasting, Ministry of Natural Resources 
and Environment (Hanoi, Vietnam). These data included 
mean temperature, mean relative humidity, and total 
rainfall during January 2004–December 2009.

A commune-level map of Bac Giang Province 
was retrieved from the Map Library of the WHO health 
mapping program. To improve the accuracy of the WHO 
map, a 1:50,000 topographic map of Bac Giang Province 
(Cartography Offi ce of Vietnam National Institute of 
Geography) was digitized and geo-referenced (WGS84 
coordinate system) with SavGIS software (www.savgis.
org). From these 2 cartographic sources, a new, more 
precise, map of Bac Giang communes and rivers (WGS84-
UTM48N projection) was created with ArcGIS software 
(version 10.1, ESRI Inc., Redlands, CA, USA). In addition, 
mean elevations of the communes were derived from 
satellite raster data (US Geological Survey, Shuttle Radar 
Topography Mission), collected from the FTP server of 
Global Land Cover Facility, University of Maryland (ftp://
ftp.glcf.umiacs.umd.edu/glcf/).

Statistical Analyses
To investigate the spatiotemporal association between 

AME incidence and potential ecologic factors, including 
litchi cultivation, we conducted a commune-level 
retrospective ecologic regression analysis in Bac Giang 

Province for 2004–2009. A 2-level (year and commune) 
binomial negative regression model with fi xed-effect 
coeffi cients and random-effect intercepts was conducted 
by using STATA software (version 11.0; StataCorp LP, 
College Station, TX, USA). The outcome was the number 
of AME cases per commune per year. The covariates 
included in the analysis are listed in Table 1 (Appendix,  
wwwnc.cdc.gov/EID/article/18/11/11-1761-T1.htm). 
Continuous variables were modeled as categorical variables 
(by quartiles for agronomical variables and by terciles for 
meteorologic variables). Population size was introduced as 
an offset in the model so that the measure comparing the 
risk across exposure categories was an incidence rate ratio 
(IRR). The multivariate analysis included covariates with 
a p value <0.25 in the univariate analyses, and a backward 
deletion of variables by Wald test was conducted until all 
variables in the fi nal model had p values <0.05.

In addition, we investigated the temporal correlation 
between the epidemics and the litchi harvests to test 
whether AME cases occurred earlier in areas that harvested 
litchis earlier in the year. A Mann-Whitney U test was used 
to compare the distribution of the week numbers (1–52) of 
cases in the 5 districts that harvested litchis during May–
June (group 1) to the distribution of the week numbers of 
cases in the 5 districts that harvested litchis during June–
July (group 2). The test was performed in R (version 2.12.1; 
R Development Core Team, R Foundation for Statistical 
Computing, Vienna, Austria).

Ethical Considerations
This study was approved by the Clinical Research 

Committee of Institut Pasteur, and ethical clearance was 
obtained from the NIHE Institutional Review Board. 
Informed consent for participation in the study was obtained 
from each child’s legal representative (parent, guardian, or 
other legally recognized person as defi ned by Vietnamese 
national laws).

Results

Spatial and Temporal Distribution of Cases
During the study period, 239 children met the inclusion 

criteria. Their median age was 5 years (interquartile 
range 2–7.5), and the male:female ratio was 1.21:1. 
Temporally, the number of AME cases in the study 
decreased from 57 in 2004 to 19 in 2006, then increased 
to 58 in 2008 and fell to 12 in 2009 (Figure 2, panel A). 
The annual litchi production in the province is plotted for 
comparison purposes (Figure 2, panel B). Spatially, we 
estimated the cumulative incidence of the disease at the 
commune level during the study period, which ranged from 
0 to 205 cases per 100,000 inhabitants (Figure 3, panel A). 
The highest incidences were mainly found in communes in 
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Luc Nam, Luc Ngan, and Son Dong districts, accounting 
for 56% of all cases. The annual number of cases per 
commune ranged from 0 to 6. For comparative analysis, we 
determined the mean proportion of the communes’ surface 
devoted to litchi cultivation over the study period (Figure 
3, panel B).

Clinical and Laboratory Results
Detailed clinical and biologic results were available 

for 88 patients (Table 2). This subgroup of patients did not 
signifi cantly differ from the whole group for all common 
measured characteristics. Children were hospitalized 
within 1 day (median) after symptom onset; most had fever 
(89%), seizures (82%), and vomiting (64%). At admission, 

meningeal signs (85%), altered mental status (87%), or 
coma (10%) were commonly seen. During hospitalization, 
limb paralysis developed in 13% of children. Twenty-two 
(25%) of the 88 children died of the disease. Spinal tap was 
performed in 75 children; CSF was transparent for 73 (97%) 
children. Leukocyte count in CSF, available for 16 children, 
was slightly elevated (median 20 cells/mm3 [reference <5 
cells/mm3]), and with lymphocyte predominance (median 
57%). Cranial computed tomography scans were performed 
in 50 children; no change was detected in 58% of children; 
edema in 28%; and focal signs in 14%.

Results of Multiple Analyte Profi ling are shown 
for selected analytes in the online Technical Appendix 
Figure (wwwnc.cdc.gov/EID/pdfs/11-1761-Techapp.pdf). 
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Table 2. Clinical and laboratory features of Ac Mong encephalitis patients, Bac Giang Province, Vietnam, 2004–2009* 
Feature No. (%) Median (IQR) 
Sex, n = 88   
 F 41 (47) NA 
 M 47 (53) NA 
Age, y, n = 88   
 <2 16 (18) NA 
 2–4 27 (31) NA 
 4–6 19 (22) NA 
 6–15 26 (30) NA 
Symptoms/signs before and at admission   
 Headache, n = 62 36 (58) NA 
 Fever,† n = 85 76 (89) NA 
 Temperature at admission, °C, n = 87 NA 38.2 (38.0–39.0) 
 Seizures, n = 87 71 (82) NA 
 Altered mental status, n = 75 65 (87) NA 
 Coma, n = 70 7 (10) NA 
 Meningeal symptoms,‡ n = 67 57 (85) NA 
 Limb paralysis, n = 75 4 (5) NA 
 Cranial nerve palsy, n = 60 2 (3) NA 
 Vomiting, n = 58 37 (64) NA 
 Diarrhea, n = 52 4 (8) NA 
Days between onset and admission, n = 88 NA 1 (0–2) 
Blood analysis NA NA 
 Leukocytes,  109 cells/L, n = 85 NA 17.5 (10.7–22.0) 
 Lymphocytes, %, n = 72 NA 19 (13–29) 
 Platelets,  109/L, n = 68 NA 254.5 (207.5–309.5) 
 Hemoglobin, g/L, n = 70 NA 114 (100–130) 
 Glucose, mmol/L, n = 72 NA 5.0 (3.2–6.1) 
CSF sample   
 Leukocytes,  109 cells/L, n = 16 NA 20 (12.5–85) 
 Lymphocytes, %, n = 18 NA 57 (40–75) 
 Protein level >0.5 g/L, n = 66 9 (14) NA 
 Transparent appearance of CSF, n = 75 73 (97) NA 
 Increased CSF pressure, i.e., >20 cm H20, n = 70 35 (50) NA 
Cranial CT scan, n = 50   
 Normal 29 (58) NA 
 Diffuse edema 14 (28) NA 
 Evidence of brain herniation 4 (8) NA 
 Hemorrhagic stigma 3 (6) NA 
 Intraparenchymal hypodensity 4 (8) NA 
 Cortico-subcortical atrophy 8 (16) NA 
Liver enzymes, n = 17   
 ALT, U/L NA 42 (37–58) 
 AST, U/L NA 58 (43–76) 
*IQR, interquartile range; NA, not applicable; CSF, cerebrospinal fluid; CT, computed tomographic; ALT, alanine aminotransferase; AST, aspartate 
aminotransferase. 
†Observed by parents before admission or measured at admission (>38°C). 
‡Either meningitis signs, stiff neck, Kernig’s sign, meningitis rash. 
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interferon-α2 levels (mean ± SEM) were elevated in the 
serum of patients who survived AME (538.5 ± 196.6) 
compared with their sibling controls (56.15 ± 55.09) (p 
= 0.17). Interleukin-8 (IL-8) levels were elevated in the 
CSF of AME patients of both outcomes but were higher in 
those who died (930.3 ± 328.7) than in those who survived 
(237.6 ± 118.4) (p = 0.095). Serum IL-6 also was detected 
in patients of both outcomes, with higher levels in patients 
who died (132.2 ± 68.5) than in sibling controls (0.875 ± 
0.425) (p = 0.029). IL-6 was elevated in the CSF of patients 
who died (430.1 ± 148.5) and in those who survived the 
disease (2151.8 ± 1934.6).

Ecologic Regression Results
The fi nal multivariate model resulted in 3 factors 

independently associated with AME (Table 3). A 
positive association between disease incidence and litchi 
surface proportion was found: the IRRs were 1.52 (95% 
CI 0.90–2.57), 2.94 (95% CI 1.88–4.60), and 2.76 (95% 
CI 1.76–4.32) for second, third, and fourth quartiles, 
respectively, compared with the lowest quartile. A reduced 
risk was associated with density of poultry: the IRRs were 
0.62 (95% CI 0.43–0.91), 0.61 (95% CI 0.42–0.89), and 
0.25 (0.15–0.43) for second, third, and fourth quartiles, 
respectively, compared with the lowest quartile. Relative 
humidity was negatively associated with disease incidence: 

the IRRs were 0.84 (95% CI 0.61–1.16) and 0.35 (95% 
CI 0.23–0.54) for second and third terciles, respectively, 
compared with the lowest tercile.

Temporal Correlation between the 
Epidemics and the Litchi Harvests

Figure 4 displays the weekly distributions of AME 
cases and associated kernel densities for the districts that 
harvested litchis during May–June (group 1) and during 
June–July (group 2). The Mann-Whitney U test showed that 
the distributions of the week numbers differed signifi cantly 
(p = 0.007) between the 2 groups, with a delay of 1 week 
for group 2 compared with group 1.

Discussion
We found evidence for a spatiotemporal association 

between the outbreaks of unknown encephalitis in Bac 
Giang Province and litchi cultivation. The ecologic 
regression analysis demonstrated that the annual risk for 
AME in a commune increased with the proportion of litchi-
cultivated surface and that the epidemics occurred earlier in 
the districts that harvested litchis during May–June than in 
those that harvested litchis during June–July.

Similar to the clinical features of Chandipura 
encephalitis (3), i.e., acute encephalitis with rapid onset, 
those reported here suggest a viral etiology. Unfortunately, 
all viral investigations have thus far been uninformative. 
New techniques, such as high-throughput sequencing and 
resequencing micro-arrays, are currently performed on serum, 
CSF, culture supernatants, and brain homogenates from 
suckling mice inoculated intracerebrally with patients’ CSF. 
Although electron microscopy of brain tissue is a standard 
method of identifying new viral pathogens in encephalitis 
syndromes, we were unable to obtain brain tissue specimens 
through autopsy because of cultural barriers.

The association between litchis and acute encephalitis 
remains unclear. As with other emerging viruses, we face 
a multifactorial problem that seems to have litchi fruit 
production and harvest as its focal point. One possible 
scenario is that fruit-bearing litchi trees can attract bats, 
which might be the reservoir for the putative pathogen. 
Mosquitoes could feed on the infected bats and transmit the 
virus to humans who have insuffi cient protection against 
mosquito bites. Several species of bats were identifi ed 
in the province, such as the frugivorous bats Rousettus 
leschenaultii, which can feed on litchi. These bats’ highly 
gregarious, cave dwelling, and migratory characteristics 
facilitate their role in virus carrying and circulation (10).
The bat population density is high during April–September 
(which includes the time of litchi harvest) before migration 
during October–March.

In addition, several mosquito species were identifi ed 
in Bac Giang Province: Anopheles vagus, Armigeres 
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Figure 2. Temporal evolution of Ac Mong encephalitis (AME) and 
litchi cultivation, Bac Giang Province, Vietnam, 2004–2009. A) 
Annual number of AME cases; B) annual litchi production. 
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subalbatus, Culex tritaeniorhynchus, Cx. vishnui, Cx. 
gelidus, Cx. fuscocephalus, Cx. quinquefasciatus, and 
Cx. bitaeniorhynchus. Although the peak incidence of 
May–July correlates with the rice paddy breeding and 
development of Culex spp. mosquitoes, the paddy fi elds 
area was negatively associated with the risk for disease 
in univariate analysis. No data were collected on vector 
densities in Bac Giang.

Other modes of transmission, e.g., direct contact with 
litchis contaminated by bat saliva, urine, or guano (11) or 
with other vectors, such as insects found in litchi trees or 
phlebotomine sand fl ies, as in the case of Chandipura virus 
(12), cannot be excluded. Deforestation in Bac Giang to 
develop the growing of litchi trees because of their high 

economic value also might have disrupted the ecologic 
equilibrium of the province, leading to the emergence 
of a new vector-borne disease (13). The putative virus 
also might be exclusively human; use of human feces as 
fertilizers to enhance litchi growth in these plantations 
might have contaminated the soil with enteroviruses, 
which are known to cause fatal encephalitis in deprived 
children (14).

Last, a toxic origin might be possible; in India, 
a toxic weed, Cassia occidentalis, caused an acute 
hepatomyoencephalopathy syndrome, which was fi rst 
assumed to be viral encephalitis (15). However, in our 
study, the presence of fever and meningeal symptoms 
and the absence of high elevation of liver enzyme favor 
a viral etiology rather than a toxic origin. Additionally, 
we demonstrated that children with AME harbor elevated 
levels of type I interferon in serum and interferon-inducible 
cytokines, such as IL-6 and IL-8 in CSF, compatible with 
an infectious process (16,17); however, these cytokines are 
expected to be elevated in any infl ammatory process.

The protective effects of poultry density and mean 
relative humidity during January–April (pre–epidemic 
period) are more diffi cult to interpret. With respect to 
the hypothesis of an arbovirus-mediated pathogenesis, a 
possibility is that poultry is a preferred host for the putative 
vector (18). Regarding negative correlation with humidity, 
above a certain limit, high relative humidity can be harmful 
to insects; insects or their eggs can drown or be infected 
more readily by pathogens (19). Litchi growing also 
depends on climate; ideal conditions include a brief dry, 
cool, and frost-free winter to lead to fl owering, followed by 
warmer temperatures and moderate rainfall and humidity 
during fruit development and harvest (20). Still, climatic 
variations alone could not explain the spatial differences 
in disease risk between communes of the same province. 
Moreover, even if the association is not proved to be causal, 
the persistence of both variables (litchi surface and mean 
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Table 3. Multivariate analysis of Ac Mong encephalitis, Bac 
Giang Province, Vietnam, 2004–2009 
Variable/category IRR* (95% CI) p value†
Litchi surface, % commune surface   
 <1.49 1 <0.001 
 1.49–5.84 1.52 (0.90–2.57)  
 5.84–12.92 2.94 (1.88–4.60)  
 >12.92 2.76 (1.76–4.32)  
Poultry density, no./km2   
 <1,449.79 1 <0.001 
 1,449.79–3,715.18 0.62 (0.43–0.91)  
 3,715.18–7,065.25 0.61 (0.42–0.89)  
 >7,065.25 0.25 (0.15–0.43)  
Mean humidity, %, January–April   
 <82.07 1 <0.001 
 82.07–83.55 0.84 (0.61–1.16)  
 >83.55 0.35 (0.23–0.54)  
*IRR, incidence rate ratio.  
†Indicates global p value.  

Figure 3. Commune-level maps of Bac Giang Province, Vietnam, 
2004–2009. A) Cumulative incidence rate per 100,000 inhabitants 
of Ac Mong encephalitis. B) Mean percentage of commune surface 
area devoted to litchi cultivation. C) Mean poultry density (no. per 
km2). A color version of this fi gure is available online (wwwnc.cdc.
gov/EID/ article/18/11/11-1761-F3.htm).
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humidity) in the fi nal model suggests that both factors are 
independently correlated with the spatiotemporal patterns 
of the disease. Defi nitive identifi cation of the infectious 
agent will help clarify these factors associated with AME 
incidence.

Because our study concerns an ecologic investigation, 
the relationship between litchis and AME cannot be 
inferred at an individual level. Another caveat of the study 
concerns the nonspecifi c case defi nition based on clinical 
features and negative JEV serologic test results. False-
negative results have been observed for JEV serologic tests 
performed soon after onset of symptoms (21); nevertheless, 
the widespread use of JE vaccination, introduced in 1997, 
has considerably reduced JE incidence in the region. 
In addition, after JE vaccine introduction in the WHO 
Expanded Program on Immunization, AES surveillance 
might have been intensifi ed, and an apparent increased 
incidence of AES might be simply an artifact of more 
active surveillance.

Artifact is not likely to account for the cases described 
in this manuscript, however, because they were identifi ed 
clinically among patients seeking care at the hospital 
with AES rather than through public health surveillance. 
Conversely, surveillance might have failed to capture some 
cases because of the rapid deaths of infected children (e.g., 
those who died before reaching the hospital).

Apart from these cases, given the severity of the 
disease, we can assume that all parents, including those 
who lived in remote villages, sought medical attention. 
Unfortunately, because of logistical diffi culties, systematic 
data and sample collection and analysis could not be 
conducted for all case-patients in Bac Giang hospital. 
Nevertheless, we have no reason to believe that cases for 
which biologic data were available (Table 2) differed from 
other cases.

Our ecologic analysis of outbreaks of acute encephalitis 
of unknown origin during the litchi harvest period in Bac 

Giang Province strengthens the hypothesis that litchis 
might play a role in these outbreaks by showing that 
litchi cultivation was spatially and temporally associated 
with AME. This fi nding can be useful to guide future 
prospective studies. The suggested role of litchi trees needs 
to be more thoroughly investigated to explain disease 
ecology. Further research should include investigating the 
specifi c agricultural practices linked to litchi cultivation, 
distribution of tasks among adults and children, locations 
where these activities are conducted, and other activities 
undertaken around litchi fi elds before and during the 
epidemic period; conducting entomologic surveys around 
litchi plantations; and analyzing potential reservoirs and 
hosts. Last, research efforts should be continued to identify 
the causative agent.
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Figure 4. Distribution of weekly numbers 
of Ac Mong encephalitis cases, Bac 
Giang Province, Vietnam, 2004–2009, 
by 2 groups of districts: districts that 
harvested litchi during May–June (group 
1) and districts that harvested litchi during 
June–July (group 2). Kernel densities 
are shown in solid lines and medians in 
dotted lines. A color version of this fi gure 
is available online (wwwnc.cdc.gov/EID/ 
article/18/11/11-1761-F4.htm).
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In 2011, a large community outbreak of human 
adenovirus (HAdV) in Taiwan was detected by a nationwide 
surveillance system. The epidemic lasted from week 11 
through week 41 of 2011 (March 14–October 16, 2011). 
Although HAdV-3 was the predominant strain detected 
(74%), an abrupt increase in the percentage of infections 
caused by HAdV-7 occurred, from 0.3% in 2008–2010 to 
10% in 2011. Clinical information was collected for 202 
inpatients infected with HAdV; 31 (15.2%) had severe 
infection that required intensive care, and 7 of those 
patients died. HAdV-7 accounted for 10%, 12%, and 41% 
of infections among outpatients, inpatients with nonsevere 
infection, and inpatients with severe infection, respectively 
(p<0.01). The HAdV-7 strain detected in this outbreak 
is identical to a strain recently reported in the People’s 
Republic of China (HAdV7-HZ/SHX/CHN/2009). Absence 
of circulating HAdV-7 in previous years and introduction of 
an emerging strain are 2 factors that caused this outbreak.

Human adenoviruses (HAdVs) are DNA viruses that 
can cause a variety of human diseases. Since the 

discovery of these viruses in 1953, more than 50 types 
have been isolated, some directly linked to specifi c human 
diseases, e.g., infantile diarrhea (HAdV 40, 41), epidemic 
keratoconjunctivitis (HAdV 8, 19, 37, 54), and hemorrhagic 
cystitis (HAdV 11, 21) (1–3). Adenoviruses also are 
common causes of lower respiratory tract infections in 
children (4), but surveillance for these infections is lacking 
in most countries. Pneumonia caused by adenoviruses 

cannot be easily differentiated from other types of viral 
pneumonia, and culturing and typing of adenoviruses 
is not routinely performed in hospital or public health 
laboratories. Therefore, community-wide outbreaks of 
adenovirus are not easily detected; previous reports are 
limited to those occurring in hospital, school, or military 
settings (5–7).

In 1999, after a 1998 enterovirus 71 epidemic, the 
Taiwan Centers for Disease Control established a nation-
wide surveillance system using contract virologic 
laboratories (CVLs) to perform continuous virologic 
surveillance for respiratory viruses, especially infl uenza and 
enteroviruses (8). The network consists of 12 CVLs located 
in the northern, central, southern, and eastern regions of 
Taiwan (9). Early in 2011, the percentage of adenovirus 
isolated among all respiratory virus isolates evaluated by 
the CVLs increased from a baseline of 0%–5% to 10% 
and remained high in the following weeks, indicating 
a community-wide adenovirus outbreak. The apparent 
outbreak prompted us to use several existing surveillance 
systems to describe the characteristics of this outbreak.

Methods

Virologic Surveillance of Outpatients
For respiratory virus surveillance, throat/nasal swabs 

from outpatients with infl uenza-like illness (ILI) are 
collected by sentinel physicians and cultured in the CVL 
of the corresponding region on a weekly basis. Virus 
isolates found are then sent to the reference laboratory at 
the Taiwan Centers for Disease Control for identifi cation, 
sequencing, and typing. For this study, we reviewed 
virologic surveillance data from week 1 of 2008 through 
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week 43 of 2011 (January 1, 2008–October 30, 2011). The 
weekly adenovirus-positive rate is defi ned as the number 
of adenoviruses isolated from respiratory tract specimens 
divided by the number of all specimens submitted from 
patients with ILI for respiratory virus surveillance in the 
corresponding week. The mean positive rate in 2008–2010 
was used as the baseline adenovirus-positive rate, and the 
epidemic threshold was defi ned as the baseline adenovirus-
positive rate + 2 SD. The start and end of the epidemic were 
defi ned accordingly.

Clinical Case Surveillance for Inpatients
We conducted a retrospective study of adenovirus-

infected children treated as inpatients in the National 
Taiwan University Hospital (NTUH), a tertiary hospital 
in northern Taiwan. We enrolled all patients <18 years 
of age admitted to the NTUH pediatric department from 
November 1, 2010 (week 44, 2010), through June 30, 2011 
(week 26, 2011), who had adenovirus infection identifi ed 
by virus isolation or PCR from respiratory specimens. All 
virus isolations and PCRs were performed in the NTUH 
laboratory, 1 of the 12 CVLs.

All medical records of enrolled inpatients were 
reviewed. Demographics, medical history, clinical signs 
and symptoms, diagnoses, and treatments were recorded 
by using a structured questionnaire. Patients who had been 
admitted to the intensive care unit were classifi ed as having 
severe infection; all other patients were classifi ed as having 
nonsevere infection.

Virus Culture, Identifi cation, and Typing
We typed selected adenovirus isolates collected as 

part of the virologic surveillance program and all isolates 
obtained from inpatients from NTUH. We also performed 
real-time PCR for viral load quantifi cation by using 
LightCycler (Roche Diagnostics, Mannheim, Germany) for 
selected patients from the NTUH, according to the method 
described by Heim et al. (10).

Throat/nasal swab specimens from all patients were 
injected into human embryonic lung fi broblasts, Hep-2, 
RD, MK-2, and MDCK cells. If a cytopathic effect was 
observed, the presence of adenovirus was further confi rmed 
by direct immunofl uorescence staining with a virus-specifi c 
monoclonal antibody. DNA was extracted from the clinical 
samples by using the QIAamp Blood Mini Kit (QIAGEN, 
Hilden, Germany); PCR was then conducted targeting a 
956-bp region of the hexon gene for typing. 

For genetic analyses of HAdV-7 isolates, DNA 
fragments of the hexon and fi ber genes were amplifi ed by 
PCR. Multiple sequence alignments, protein translation, 
and phylogenetic analysis were performed on the basis of 
the nucleotide sequences by using MEGA4 (11) and BioEdit 
software (www.mbio.ncsu.edu/BioEdit/bioedit.html). For 

phylogenetic analyses, we included the full-length 
sequences of the hexon and fi ber genes (2,805 bp and 978 
bp, respectively) from 5 HAdV-7 isolates collected in 2011 
in Taiwan and some reference sequences available in the 
National Center for Biotechnology Information database 
(www.ncbi.nlm.nih.gov/genbank). A phylogenetic tree 
was constructed by the neighbor-joining method, and 
1,000 bootstrap replications were performed to evaluate the 
reliabilities of the relationships.

Statistical Analysis
Data from inpatients with versus without severe 

infection were compared by using the χ2 or Fisher exact 
test for categorical variables and the Mann-Whitney U test 
for continuous variables. A p value <0.05 was considered 
signifi cant. All statistical operations were 2-tailed and were 
performed with SPSS version 19.0 software (IBM, Somers, 
NY, USA).

Results

Virologic Surveillance for Outpatients
From week 1 of 2008 through week 43 of 2011, an 

average of 276 respiratory tract specimens from ILI 
outpatients were collected each week by the CVLs (range 
27–1,028, SD 130). Weekly adenovirus-positive rates are 
shown in Figure 1. The baseline adenovirus-positive rate 
in 2008–2010 was 5.75% (range 0%–13.1%, SD 3.37%); 
the epidemic started in week 11 and ended in week 41 of 
2011. Mean adenovirus-positive rate during the epidemic 
was 25.9%, with a peak of 37.3% during week 21 of 2011. 
Ninety-seven percent of all specimens were collected from 
patients <18 years of age.

We typed 883 adenovirus isolates collected during the 
study period from outpatients <18 years of age; temporal 
distribution is shown in Figure 2. HAdV-3 was the dominant 
circulating type during 2008–2009 (>50% of all isolates), 
but in 2010, the proportion of HAdV-3 decreased to ≈30%, 
similar to that for HAdV-2 and HAdV-1. The proportion of 
HAdV-5 was consistently ≈5% in 2008–2010, and all other 
types of adenoviruses were rarely isolated. Among the 844 
adenovirus isolates collected during 2008–2010 that were 
typed, only 3 (0.3%) were HAdV-7; during this outbreak, 
the proportion of HAdV-7 increased signifi cantly, to 10% 
(p<0.001). The proportion of HAdV-3 also increased, 
from 30% to 74%, while the proportions of all other types 
decreased signifi cantly (p<0.001).

Clinical Case Surveillance for Inpatients

Epidemiology and Typing
We enrolled 202 inpatients at the NTUH pediatric 

department who tested positive for adenovirus from 
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November 1, 2010 (week 44, 2010), through June 30, 2011 
(week 26, 2011). All but 3 of these patients had positive test 
results for adenovirus by culture; the remaining 3 patients had 
positive test results by PCR only. The number of hospitalized 
patients increased following week 43 of 2010 and remained 
high in the following months, a trend that is congruent with 
virologic surveillance results (Figure 1). Of the 202 patients, 
31 had severe infections requiring admission to the intensive 
care unit and 171 had nonsevere infections.

Hexon gene sequencing showed that HAdV-3 
accounted for 64% of all isolates among inpatients; HAdV-
7 (19%), HAdV-2 (4%), and HAdV-1 (2%) were the next 
most prevalent types. HAdV-5, HAdV-6, and HAdV-37 
accounted for 2 isolates each (1%). Sixteen isolates (8%) 
were not typeable because the specimens were inadequate. 

The dominant HAdV type differed for patients with 
versus without severe infection. HAdV-3 infection was 
more common among patients with nonsevere versus 
severe infection (68% vs. 42%; p<0.001), whereas HAdV-
7 was the dominant type among patients with severe 
versus nonsevere infection (45% vs. 14%; p<0.001). In 
the nonsevere infection group, other identifi ed adenovirus 
types were HAdV-2 (4%), HAdV-1 (2%), HAdV-5 (1%), 
HAdV-6 (1%), and HAdV-37 (1%). In the severe infection 
group, only HAdV-2 (10%) and HAdV-6 (3%) were 
identifi ed in addition to HAdV-7 and HAdV-3.

Demographics and Associated Conditions
Demographic data on inpatients is shown in Table 1. 

Median age was 40 months (range 1–189 months); the 
male:female ratio was 1.3:1. Most (59%) patients had a 
history of contact before illness onset with patients with 
upper respiratory symptoms in school or in the household. 

Patients with severe infection had longer hospital stays than 
did those with nonsevere infection (median 18 vs. 5 days; 
p<0.001). Thirty-eight percent of all patients had chronic 
underlying conditions before admission, and more patients 
with severe infection had underlying diseases, particularly 
cardiopulmonary and neurologic diseases, than did those 
with nonsevere infection (77% vs. 30%; p<0.001).

Clinical and Laboratory Characteristics
Clinical and laboratory characteristics of HAdV 

infections among inpatients are shown in Tables 2 and 3. 
Fever (98%), cough (85%), and coryza (84%) were the 
most common symptoms. Compared with patients who had 
nonsevere infection, patients with severe infection had a 
longer fever duration (median 11 vs. 5 days; p<0.001) and 
a higher peak temperature (median 39.8 vs. 39.3°C; p = 
0.008). Patients with severe infection also had more signs 
and symptoms of lower respiratory tract involvement than 
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Figure 1. Weekly adenovirus-positive rates for respiratory specimens from patients with infl uenza-like illness sent to contract virologic 
laboratories at the Taiwan Centers for Disease Control and weekly number of inpatients infected with adenovirus in the pediatric department 
of National Taiwan University Hospital, Taipei City, Taiwan, week 1, 2010–week 43, 2011 (January 1, 2010–October 30, 2011). Weekly 
adenovirus positive rate = no. adenovirus isolates from respiratory tract specimens / no. all specimens submitted to contract virologic 
laboratories from outpatients with infl uenza-like illness for respiratory virus surveillance in the corresponding week. 

Figure 2. Distribution of adenovirus (HAdV) types in respiratory 
samples collected from outpatients <18 years of age by contract 
virologic laboratories in Taiwan, 2008–2011. A color version of this 
fi gure is available online (wwnc.cdc.gov/EID/article/18/11/12-0629.
htm).
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did patients with nonsevere infection, e.g., dyspnea (90% 
vs. 21%; p<0.001), rales (84% vs. 40%; p<0.001), wheezing 
(61% vs. 18%; p<0.001), and patches or consolidation on a 
radiograph (71% vs. 19%; p<0.001). In contrast, exudative 
tonsillitis was more common for patients with nonsevere 
than with severe infection (41% vs. 13%; p = 0.003). One 
fourth of all patients had gastrointestinal manifestations, 
regardless of infection severity.

Compared with nonsevere infection patients, patients 
with severe infection had lower hemoglobin levels (9.7 vs. 
11.8 mg/dL; p<0.001) and more frequently had leukopenia 
(leukocyte count <5 × 103 cells/μL; 58% vs. 6%; p<0.001) 
and thrombocytopenia (platelet count <150 × 103/μL; 
77% vs. 11%; p<0.001). Lactate dehydrogenase level 

was elevated in all patients, but the level was signifi cantly 
higher among those in the severe infection group (3,281 
vs. 937 U/L; p = 0.02). Serum sodium levels tended to 
be low in all patients, but hyponatremia was signifi cantly 
more common for patients with severe versus nonsevere 
infection (81% vs. 41%; p<0.001).

Adenovirus viral load was determined by real-time 
PCR from throat swabs (n = 26), sputum (n = 5), or pleural 
effusion (n = 10). Median copy numbers were 2.00 × 107 
(range 1.60 × 105–3.00 × 109) for throat swabs, 5.30 × 108 
(range 3.10 × 105–9.90 × 1011) for sputum, and 7.95 × 108 
(range 4.80 × 107–2.40 × 1010) for pleural effusion. Viral 
load did not differ between patients with severe versus 
nonsevere infection.
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Table 1. Characteristics of 202 children hospitalized for adenovirus infection at National Taiwan University Hospital, by disease
severity, Taipei City, Taiwan, November 2010–June 2011* 

Characteristic All 
Severe infection, 

n = 31 
Nonsevere infection, 

n = 171 p value 
Median age, mo (range) 40 (1–189) 36 (1–185) 41 (2–189) 0.287 
Male sex 115 (57) 21 (68) 94 (55) 0.186 
Contact history 119 (59) 15 (48) 104 (61) 0.196 
Median hospitalization, d (range) 5 (1–126) 18 (4–126) 5 (1–44) <0.001 
Death rate 7 (4) 7 (23) 0 (0) <0.001 
Any underlying disease 76 (38) 24 (77) 52 (30) <0.001 
 Prematurity 36 (18) 8 (26) 28 (16) 0.207 
 Cardiopulmonary† 31 (15) 12 (39) 19 (11) <0.001 
 Neurologic‡ 25 (12) 19 (61) 6 (4) <0.001 
 Hematologic§ 2 (1) 1 (3) 1 (0.6) 0.284 
 Metabolic¶ 7 (4) 4 (13) 3 (2) 0.012 
 Immunodeficiency# 1 (0.5) 1 (3) 0 (0) 0.153 
*Values are no. (%) patients except as indicated. Severe infection indicates patients who were admitted to the intensive care unit. 
†Congenital heart diseases (12), asthma (11), chronic lung disease (4), tracheobronchial stenosis (2), and laryngo-tracheo-bronchomalacia (2). 
‡Cerebral palsy, epilepsy, and psychomotor retardation. 
§Acute myeloid leukemia and Burkitt’s leukemia. 
¶Pompe disease, metachromatic leukodystrophy, glycogen storage disease, isovaleric acidemia, short-chain acyl-coA dehydrogenase deficiency, renal 
tubular acidosis, and mitochondrial disease. 
#Hypogammaglobulinemia. 

Table 2. Clinical signs and symptoms of 202 children hospitalized for adenovirus infection at National Taiwan University Hospital, by 
disease severity, Taipei City, Taiwan, November 2010–June 2011* 

Signs and symptoms All 
Severe infection, 

n = 31 
Nonsevere infection, 

n = 171 p value 
Fever 198 (98) 31 (100) 167 (98) 1.000 
 Duration, d (range) 6 (0–28) 11 (1–28) 5 (0–20) <0.01 
 Median peak temperature, °C (range) 39.4 (37.0–41.2) 39.8 (38.7–40.7) 39.3 (37.0–41.2) 0.008 
Cough 172 (85) 27 (87) 145 (85) 1.000 
Coryza 170 (84) 23 (74) 147 (86) 0.111 
Dyspnea 64 (32) 28 (90) 36 (21) <0.01 
Abdominal pain 30 (15) 6 (19) 24 (14) 0.419 
Vomiting 51 (25) 6 (19) 45 (26) 0.412 
Diarrhea 57 (28) 10 (32) 47 (28) 0.587 
Sore throat 47 (23) 5 (16) 42 (25) 0.307 
Conjunctivitis 35 (17) 2 (7) 33 (19) 0.082 
Exudative tonsillitis 74 (37) 4 (13) 70 (41) 0.003 
Rash 15 (7) 3 (10) 12 (7) 0.707 
Abnormal breath sound     
 Rales 95 (47) 26 (84) 68 (40) <0.01 
 Wheeze 49 (24) 19 (61) 30 (18) <0.01 
Chest radiograph finding     
 Infiltrate 168 (70) 25 (81) 106 (62) 0.045 
 Patch/consolidation 92 (39) 22 (71) 33 (19) <0.01 
 Pleural effusion 6 (3) 3 (10) 3 (2) 0.016 
*Values are no. (%) patients except as indicated. Severe infection indicates patients who were admitted to the intensive care unit. 
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Diagnosis, Treatment, and Prognosis
The most common clinical diagnosis among patients 

in this outbreak was pneumonia/bronchopneumonia 
(31.3%); other notable conditions diagnosed were acute 
tonsillitis (20.1%), acute sinusitis (9.6%), acute otitis media 
(9.3%), acute gastroenteritis (5.6%), upper respiratory 
tract infection (4.4%), pharyngoconjunctival fever 
(4.0%), acute bronchiolitis/bronchitis (4.0%), encephalitis 
(1.9%), empyema (0.9%), and croup (0.3%). One child 
in whom Kawasaki disease was initially diagnosed later 
was determined to be infected with HAdV-3. HAdV-
6 was isolated from the throat of a child in whom acute 
myocarditis had been diagnosed. Other diagnoses included 
orbital cellulitis, viral exanthem, acute hepatitis, young 
infant fever, and febrile convulsions.

Parenteral or oral antimicrobial drugs were given 
to 73.8% of patients before adenovirus infection was 
diagnosed. Ten percent of patients required mechanical 
ventilation during hospitalization; all were in the severe 
group. Intravenous immunoglobulin (IVIG) was given to 6 
patients (3.0%) for diagnoses of acute myocarditis (n = 1), 
empyema (n = 1), acute respiratory distress syndrome (n = 
3), and Kawasaki disease (n = 1). Extracorporeal membrane 
oxygenation was used for 5 patients with respiratory or 
cardiovascular failure; 3 survived.

Seven patients died during this outbreak: 4 patients 
infected with HAdV-7, 2 with HAdV-3, and 1 with HAdV-
2. All of these patients were in the severe group and had 
underlying diseases; 6 were bedridden before hospital 
admission. During hospitalization, all of these patients 
had secondary bacterial pneumonia develop; pathogens 
involved were Pseudomonas aeruginosa, Staphylococcus 
aureus, Acinetobacter baumannii, and Escherichia coli.

Molecular Studies on Adenovirus Type 7
The hexon gene sequences of HAdV-7 isolates from 

virologic surveillance and clinical case surveillance, 
including patients with severe and nonsevere infection, 
were determined and compared with strains isolated 
previously in Taiwan and other countries. Hexon 
nucleotide sequences of 5 HAdV-7 isolates collected in 
2011 in Taiwan were identical to the sequence of strain 
HAdV7-HZ/SHX/CHN/2009 (6,12), differed by 1 bp 
of synonymous mutation from genotype 7d of the 383 
strain isolated in Japan in 1992, and had 99.7% identity 
to the sequence of the prototype strain S1058 (Figure 3, 
panel A). Fiber sequences of these isolates were identical 
to those of the 383 and Bal strains from Japan, isolated 
in 1992 and 1995, respectively, and had 99.5% identity 
to the prototype stain S1058 (Figure 3, panel B). We 
found no substantial differences between the HAdV-7 
isolates collected from outpatients as part of the virologic 
surveillance program and the isolates from inpatients with 
severe or nonsevere infection.

Discussion
Adenoviruses circulate year-round in Taiwan, and 

several community outbreaks have been reported. During 
1999–2001, outbreaks were caused, consecutively, by 
HAdV-7, HAdV-3, and HAdV-4 (13); another HAdV-3 
outbreak was reported during 2004–2005 (14). For these 
outbreaks, the adenovirus-positive rate increased from 
7% during the baseline period to 14%–16% during the 
outbreak. 

The outbreak of co-circulating HAdV-3 and HAdV-
7 we report is unique in several ways. The high positive 
rate during the weeks of the epidemic made this outbreak 
among the largest reported community-wide adenovirus 
outbreaks, and the reemergence of HAdV-7 in Taiwan 
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Table 3. Laboratory test results for 202 children hospitalized for adenovirus infection at National Taiwan University Hospital, by 
disease severity, Taipei City, Taiwan, November 2010–June 2011* 
Laboratory results and no. patients tested All Severe infection, n = 31 Nonsevere infection, n = 171 p value 
Hemoglobin, g/dL (range), n = 201 11.7 9.7 (3.4–13.8) 11.8 (7.0–14.6) <0.001 
Platelets, × 103/ L (range), n = 201 237 106 (11–340) 251(14–555) <0.001 
 Thrombocytopenia, no. (%) patients† 43 (21) 24 (77) 19 (11) <0.001 
Leukocytes, × 103 cells/ L (range), n = 201 10.06 4.4 (1.2–10.3) 11.3 (0.2–35.5) <0.001 

Leukopenia, no. (%) patients‡ 28 (14) 18 (58) 10 (6) <0.001 
Sodium, mmol/L (range), n = 138 135 131 (119–137) 135 (127–142) <0.001 

Hyponatremia, no. (%) patients§ 68 (49) 22 (81) 46 (41) <0.001 
C-reactive protein, mg/dL (range), n = 200 4.15 6.1 (0.02–30.00) 4.0 (0–47.2) 0.086 
LDH, U/L (range), n = 22 2,202 3,281 (1,029–9,782) 937 (493–17,454) 0.023 
AST, U/L (range), n = 117 43 135 (38–3,520) 38 (3.5–989) <0.001 

AST >2× upper limit, no. (%) patients 36 (31) 22 (85) 14 (15) <0.001 
ALT, U/L (range), n = 104 26.5 67.5 (12.0–511.0) 24 (8–652) <0.001 

ALT >2× upper limit, no. (%) patients 24 (23) 15 (58) 9 (12) <0.001 
Creatinine, mg/dL (range), n = 155 0.61 0.68 (0.3–1.1) 0.6 (0.2–0.9) 0.088 
*Severe infection indicates patients who were admitted to the intensive care unit. LDH, lactate dehydrogenase; AST, aspartate aminotransferase; ALT, 
alanine aminotransferase. 
†Platelet count <150,000/ L. 
‡Leukocyte count <5,000 cells/ L. 
§Serum sodium <135 mmol/L. 
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10 years after the last outbreak contributed to severe 
infection.

HAdV-3 and HAdV-7 are both capable of causing 
outbreaks but have different circulation patterns. HAdV-
3 circulates endemically and causes outbreaks, whereas 
HAdV-7 is mainly detected during outbreaks (15,16). DNA 
restriction analysis has been used to further characterize 
adenoviruses, and shifts in or replacement of the 
predominant genome types over time have been reported 
to be related to outbreaks (17,18). For a novel genome type 
of HAdV-7 to spread rapidly and cause a large outbreak, 
an immunologically naive population and a means of 
introduction to the susceptible community are needed, and 
the novel virus must have a greater biologic fi tness than that 
of other circulating strains (18). During the 1999 outbreak 

in Taiwan, 40% of adenovirus isolates were HAdV-7. The 
proportion of HAdV-7 among all adenoviruses decreased 
to 20% in 2000, <5% in 2001, and <1% in 2004–2005 
and 2008–2010 (13,14). The near-absence of circulating 
HAdV-7 in 2001–2010 indicates that a large population 
was naive to this virus, predisposing that population to the 
2011 outbreak.

Genome typing showed that HAdV-7a was the 
circulating strain in Taiwan in 1983 but was replaced by 
HAdV-7b by 1999–2001 (13). However, phylogenetic 
analysis of the entire hexon gene showed that the strain 
from this outbreak has the highest homology with HAdV-
7d and HAdV-7d2, which had not reported in Taiwan (6). 
HAdV-7d has been the predominant circulating virus in 
China since the early 1980s and caused a large outbreak in 
South Korea during 1995–1997 (16). The closely related 
genotype HAdV-7d2 was reported in Israel in 1992 and 
has caused outbreaks in chronic care facilities and in 
communities in several countries (6,19–21). Despite the 
early introduction of HAdV-7d to neighboring countries, 
HAdV-7d had not been found in Taiwan until 2011 (13). 

We sequenced the entire fi ber gene, the product 
of which contributes to virus attachment and infection, 
to further characterize the circulating strain (22). 
Phylogenetic analysis (Figure 3) showed no substantial 
genome difference between this HAdV-7d strain and other 
previously reported HAdV-7d strains. We do not know 
the means of introduction of this strain into Taiwan, but 
we believe that an emerging strain and the large, naive 
population are 2 factors that contributed to this outbreak.

HAdV-7 has been reported to have a strong association 
with severe illness (23). Studies of outbreaks caused by 
the co-circulation of HAdV-3 and HAdV-7 offer a unique 
opportunity for us to compare the disease severity resulting 
from infection with these 2 virus types, but confl icting 
results have been obtained (7,13,24). During this outbreak, 
although HAdV-3 was the predominant strain, patients 
infected with HAdV-7 exhibited more severe disease. 
HAdV-3 accounted for 74%, 62%, and 41% of all isolates 
in outpatients, inpatients with nonsevere infection, and 
inpatients with severe infection, respectively, compared 
with 10%, 12%, and 41%, respectively, for HAdV-7 
(p<0.01). Our study offers strong evidence that HAdV-
7 is signifi cantly associated with severe infection in a 
community outbreak setting.

Of the 202 inpatients we analyzed, 31 (15%) had 
severe infection that required intensive care. As previously 
reported, children with underlying conditions were more 
likely to have severe disease develop, especially patients 
with neurologic, respiratory, and metabolic abnormalities 
(23,25–27). More than half of inpatients had a history 
of household or school contact with persons with upper 
respiratory symptoms before admission, which is an 
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Figure 3. Phylogenetic analysis of hexon (A) and fi ber (B) genes of 
human adenovirus (HAdV) type 7 isolates. Coding sequences of 
hexon and fi ber genes (2,805 and 978 bp) from 5 HAdV isolates from 
Taiwan in 2011 and reference sequences from the National Center 
for Biotechnology Information (www.ncbi.nlm.nih.gov/genbank) 
were included. Phylogenetic trees were constructed from aligned 
sequences by using the neighbor-joining method; 1,000 bootstrap 
replications were performed to evaluate the reliabilities. Bootstrap 
values are shown at branching points. Taxon names include 
accession number, available genotype, strain name, isolation 
country, and year. Boldface indicates the isolates collected in 
Taiwan and reference isolates with identical sequences. TW1494 is 
from an outpatient; TW018, 019, 025, and 237 are from inpatients. 
del., deletion. Scale bars indicate nucleotide substitutions per site.
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evidence of the high transmissibility of the virus and the 
widespread nature of the current outbreak.

Inpatients with severe infection had higher fever, 
longer fever duration, and more evident lower respiratory 
tract involvement than those with nonsevere infection. 
Viremia can be found in up to 72% of immunocompetent 
children during fi rst infection with HAdV (28); our 
laboratory data revealed that adenovirus-infected patients 
had more profound systemic involvement than was 
refl ected by clinical signs and symptoms, which may 
have resulted from viremia. Although renal function 
remained relatively good, other manifestations (e.g., 
anemia, leukopenia, thrombocytopenia, elevated serum 
transaminase and lactate dehydrogenase levels) were 
indicators of multiorgan involvement. Eighty percent of 
patients with severe infection had hyponatremia, which 
suggests a syndrome involving inappropriate antidiuretic 
hormone (29). Viral load in respiratory tract specimens 
did not differ for patients with severe infection versus 
nonsevere infection, which suggests host factors may be 
contributors to severe illness.

Compared with that for other reported outbreaks, 
the mortality rate we found was relatively low (3.5% 
for all hospitalized patients) (5). Good supportive/
intensive care and advanced life support, including 
the use of extracorporeal membrane oxygenation, are 
possible explanations. With no proven treatment, various 
medications, including ribavirin (30), cidofovir (31) and 
vidarabine (32), and IVIG (33), have been used to treat 
immunocompromised patients who have severe adenovirus 
infection; results have been inconsistent. Six patients in our 
study received IVIG and 4 of them died, possibly because 
of severe underlying conditions. We are not able to draw 
any conclusions regarding the treatment effi cacy of IVIG 
from this small case series; further study is needed.

In conclusion, by using data from public health and 
hospital-based surveillance programs, we described a 
large community outbreak caused by circulating HAdV-
3 and emerging HAdV-7. We confi rmed the severity of 
HAdV-7 infection and illustrated the epidemic nature of 
its circulation. Public health surveillance systems should 
continue to monitor the molecular epidemiology of 
adenoviruses to detect outbreaks early.

Acknowledgments
We thank the members and chiefs of Taiwan Centers for 

Disease Control and all colleagues in the Contract Virologic 
Laboratories for their assistance.

This work was supported by grants from Centers for Disease 
Control, Department of Health, Taiwan (DOH100-DC-2019 and 
DOH101-DC-2401). L.-Y.C, C.-Y.L., P.-L.S., L.-M.H., and J.-
J.M. belong to the Taiwan Pediatric Infectious Diseases Alliance, 

a study group funded by the National Research Health Research 
Institutes.

Dr Tsou is a medical offi cer at the Taiwan Centers for 
Disease Control. Her primary research interests are pediatric 
infectious diseases and epidemiology.

References

  1.  Uhnoo I, Wadell G, Svensson L, Johansson ME. Importance of 
enteric adenoviruses 40 and 41 in acute gastroenteritis in infants and 
young children. J Clin Microbiol. 1984;20:365–72.

  2.  Kaneko H, Suzutani T, Aoki K, Kitaichi N, Ishida S, Ishiko 
H, et al. Epidemiological and virologic features of epidemic 
keratoconjunctivitis due to new human adenovirus type 54 in 
Japan. Br J Ophthalmol. 2011;95:32–6. http://dx.doi.org/10.1136/
bjo.2009.178772

  3.  Paduch DA. Viral lower urinary tract infections. Curr Urol Rep. 
2007;8:324–35. http://dx.doi.org/10.1007/s11934-007-0080-y

  4.  Pavia AT. Viral infections of the lower respiratory tract: old 
viruses, new viruses, and the role of diagnosis. Clin Infect Dis. 
2011;52:S284–9. http://dx.doi.org/10.1093/cid/cir043

  5.  Hong JY, Lee HJ, Piedra PA, Choi EH, Park KH, Koh YY, et al. 
Lower respiratory tract infections due to adenovirus in hospitalized 
Korean children: epidemiology, clinical features, and prognosis. 
Clin Infect Dis. 2001;32:1423–9. http://dx.doi.org/10.1086/320146

  6.  Tang L, Wang L, Tan X, Xu W. Adenovirus serotype 7 associated 
with a severe lower respiratory tract disease outbreak in infants 
in Shaanxi Province, China. Virol J. 2011;8:23. http://dx.doi.
org/10.1186/1743-422X-8-23

  7.  Ryan MA, Gray GC, Smith B, McKeehan JA, Hawksworth AW, 
Malasig MD. Large epidemic of respiratory illness due to adenovirus 
types 7 and 3 in healthy young adults. Clin Infect Dis. 2002;34:577–
82. http://dx.doi.org/10.1086/338471

  8.  Ho M, Chen ER, Hsu KH, Twu SJ, Chen KT, Tsai SF, et al. An 
epidemic of enterovirus 71 infection in Taiwan. Taiwan Enterovirus 
Epidemic Working Group. N Engl J Med. 1999;341:929–35. http://
dx.doi.org/10.1056/NEJM199909233411301

  9.  Cheng CC, Huang LM, Kao CL, Lee PI, Chen JM, Lu CY, et al. 
Molecular and clinical characteristics of adenoviral infections in 
Taiwanese children in 2004–2005. Eur J Pediatr. 2008;167:633–40. 
http://dx.doi.org/10.1007/s00431-007-0562-4

10.  Heim A, Ebnet C, Harste G, Pring-Akerblom P. Rapid and 
quantitative detection of human adenovirus DNA by real-time PCR. 
J Med Virol. 2003;70:228–39. http://dx.doi.org/10.1002/jmv.10382

11.  Tamura K, Dudley J, Nei M, Kumar S. MEGA4: Molecular 
Evolutionary Genetics Analysis (MEGA) software version 4.0. Mol 
Biol Evol. 2007;24:1596–9.

12.  Yusof MA, Rashid TR, Thayan R, Othman KA, Hasan NA, Adnan 
N, et al. Human adenovirus type 7 outbreak in Police Training 
Center, Malaysia, 2011. Emerg Infect Dis. 2012;18:852–4. http://
dx.doi.org/10.3201/eid1805.110865

13.  Lin KH, Lin YC, Chen HL, Ke GM, Chiang CJ, Hwang KP, et 
al. A two decade survey of respiratory adenovirus in Taiwan: the 
reemergence of adenovirus types 7 and 4. J Med Virol. 2004;73:274–
9. http://dx.doi.org/10.1002/jmv.20087

14.  Chang SY, Lee CN, Lin PH, Huang HH, Chang LY, Ko W, et al. 
A community-derived outbreak of adenovirus type 3 in children 
in Taiwan between 2004 and 2005. J Med Virol. 2008;80:102–12. 
http://dx.doi.org/10.1002/jmv.21045

15.  Lee J, Choi EH, Lee HJ. Clinical severity of respiratory adenoviral 
infection by serotypes in Korean children over 17 consecutive 
years (1991–2007). J Clin Virol. 2010;49:115–20. http://dx.doi.
org/10.1016/j.jcv.2010.07.007

 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 18, No. 11, November 2012 1831



RESEARCH

16.  Kim YJ, Hong JY, Lee HJ, Shin SH, Kim YK, Inada T, et al. Genome 
type analysis of adenovirus types 3 and 7 isolated during successive 
outbreaks of lower respiratory tract infections in children. J 
Clin Microbiol. 2003;41:4594–9. http://dx.doi.org/10.1128/
JCM.41.10.4594-4599.2003

17.  Gerber SI, Erdman DD, Pur SL, Diaz PS, Segreti J, Kajon AE, et 
al. Outbreak of adenovirus genome type 7d2 infection in a pediatric 
chronic-care facility and tertiary-care hospital. Clin Infect Dis. 
2001;32:694–700. http://dx.doi.org/10.1086/319210

18.  Erdman DD, Xu W, Gerber SI, Gray GC, Schnurr D, Kajon AE, 
et al. Molecular epidemiology of adenovirus type 7 in the United 
States, 1966–2000. Emerg Infect Dis. 2002;8:269–77. http://dx.doi.
org/10.3201/eid0803.010190

19.  Selvaraju SB, Kovac M, Dickson LM, Kajon AE, Selvarangan 
R. Molecular epidemiology and clinical presentation of human 
adenovirus infections in Kansas City children. J Clin Virol. 
2011;51:126–31. http://dx.doi.org/10.1016/j.jcv.2011.02.014

20.  Gray GC, Setterquist SF, Jirsa SJ, DesJardin LE, Erdman DD. 
Emergent strain of human adenovirus endemic in Iowa. Emerg Infect 
Dis. 2005;11:127–8. http://dx.doi.org/10.3201/eid1101.040484

21.  Noda M, Yoshida T, Sakaguchi T, Ikeda Y, Yamaoka K, Ogino T. 
Molecular and epidemiological analyses of human adenovirus 
type 7 strains isolated from the 1995 nationwide outbreak in 
Japan. J Clin Microbiol. 2002;40:140–5. http://dx.doi.org/10.1128/
JCM.40.1.140-145.2002

22.  Choi EH, Lee HJ, Kim SJ, Eun BW, Kim NH, Lee JA, et al. Ten-
year analysis of adenovirus type 7 molecular epidemiology in 
Korea, 1995–2004: implication of fi ber diversity. J Clin Virol. 
2006;35:388–93. http://dx.doi.org/10.1016/j.jcv.2006.01.001

23.  Gray GC, McCarthy T, Lebeck MG, Schnurr DP, Russell KL, Kajon 
AE, et al. Genotype prevalence and risk factors for severe clinical 
adenovirus infection, United States 2004–2006. Clin Infect Dis. 
2007;45:1120–31. http://dx.doi.org/10.1086/522188

24.  Yamadera S, Yamashita K, Akatsuka M, Kato N, Inouye S. Trend of 
adenovirus type 7 infection, an emerging disease in Japan. A report 
of the National Epidemiological Surveillance of Infectious Agents in 
Japan. Jpn J Med Sci Biol. 1998;51:43–51.

25.  Hierholzer JC. Adenoviruses in the immunocompromised host. Clin 
Microbiol Rev. 1992;5:262–74.

26.  Straube RC, Thompson MA, Van Dyke RB, Wadell G, Connor JD, 
Wingard D, et al. Adenovirus type 7b in a children’s hospital. J Infect 
Dis. 1983;147:814–9. http://dx.doi.org/10.1093/infdis/147.5.814

27.  Ghanaiem H, Averbuch D, Koplewitz BZ, Yatsiv I, Braun J, Dehtyar 
N, et al. An outbreak of adenovirus type 7 in a residential facility 
for severely disabled children. Pediatr Infect Dis J. 2011;30:948–52. 
http://dx.doi.org/10.1097/INF.0b013e31822702fe

28.  Aberle SW, Aberle JH, Steininger C, Matthes-Martin S, Pracher 
E, Popow-Kraupp T. Adenovirus DNA in serum of children 
hospitalized due to an acute respiratory adenovirus infection. J 
Infect Dis. 2003;187:311–4. http://dx.doi.org/10.1086/367808

29.  Megged O, Erlichman M, Kleid D, Wolf DG, Schlesinger Y. 
Hyponatremia associated with adenovirus infection in twin infants. 
Eur J Pediatr. 2006;165:907–8. http://dx.doi.org/10.1007/s00431-
006-0195-z

30.  Lankester AC, Heemskerk B, Claas EC, Schilham MW, Beersma 
MF, Bredius RG, et al. Effect of ribavirin on the plasma viral DNA 
load in patients with disseminating adenovirus infection. Clin Infect 
Dis. 2004;38:1521–5. http://dx.doi.org/10.1086/420817

31.  Muller WJ, Levin MJ, Shin YK, Robinson C, Quinones R, Malcolm 
J, et al. Clinical and in vitro evaluation of cidofovir for treatment 
of adenovirus infection in pediatric hematopoietic stem cell 
transplant recipients. Clin Infect Dis. 2005;41:1812–6. http://dx.doi.
org/10.1086/498151

32.  Kitabayashi A, Hirokawa M, Kuroki J, Nishinari T, Niitsu H, 
Miura AB. Successful vidarabine therapy for adenovirus type 
11-associated acute hemorrhagic cystitis after allogeneic bone 
marrow transplantation. Bone Marrow Transplant. 1994;14:853–4.

33.  Emovon OE, Lin A, Howell DN, Afzal F, Baillie M, Rogers J, et al. 
Refractory adenovirus infection after simultaneous kidney-pancreas 
transplantation: successful treatment with intravenous ribavirin 
and pooled human intravenous immunoglobulin. Nephrol Dial 
Transplant. 2003;18:2436–8. http://dx.doi.org/10.1093/ndt/gfg365

Address for correspondence: Ming-Tsan Liu, Research and Diagnostic 
Center, Centers for Disease Control, Department of Health, No.161, Kun-
Yang St, Nan-Kang District, Taipei City 11561, Taiwan; email: mtliu@
cdc.gov.tw, ly7077@tpts6.seed.net.tw (L.Y. Chang), or lmhuang@ntu.
edu.tw (L.M. Huang)

1832 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 18, No. 11, November 2012

http://www.facebook.com/CDC 



Because of the broadened acute fl acid paralysis (AFP) 
defi nition and enhanced surveillance, many nonpolio AFP 
(NP-AFP) cases have been reported in India since 2005. 
To determine the spectrum of nonpolio enterovirus (NPEV) 
serotypes associated with NP-AFP from polio-endemic 
and -free regions, we studied antigenic diversity of AFP-
associated NPEVs. Of fecal specimens from 2,786 children 
with NP-AFP in 1 polio-endemic and 2 polio-free states, 823 
(29.5%) were positive for NPEVs in RD cells, of which 532 
(64.6%) were positive by viral protein 1 reverse transcription 
PCR. We identifi ed 66 serotypes among 581 isolates, 
with enterovirus 71 most frequently (8.43%) detected, 
followed by enterovirus 13 (7.1%) and coxsackievirus B5 
(5.0%). Most strains within a serotype represented new 
genogropups or subgenogroups. Agents for ≈35.0% and 
70.0% of culture-positive and -negative cases, respectively, 
need to be identifi ed. Association of human enterovirus with 
NP-AFP requires better assessment and understanding of 
health risks of NPEV infections after polio elimination.

Acute fl accid paralysis (AFP) is defi ned as sudden onset 
of weakness and fl oppiness in any part of the body 

in a child <15 years of age or paralysis in a person of any 
age in whom polio is suspected (1). It is a complex and 
broad clinical syndrome associated with a wide range of 
microbial and nonmicrobial agents and immune processes; 
clinical presentations and numbers are infl uenced by 
environmental and geographic factors. To cast a wider net 

for poliovirus detection and to maximize sensitivity so that 
every poliomyelitis case is detected, in 2005, the Global 
Poliomyelitis Eradication Initiative adapted AFP as a 
surveillance tool and broadened the case defi nition of AFP 
in India. The expanded case defi nition of AFP encompasses 
causes of nonpolio AFP (NP-AFP), including Guillian-
Barré syndrome, transverse myelitis and traumatic neuritis, 
and ambiguous cases (1).

With the launch of the Global Poliomyelitis Eradication 
Initiative in 1988 for effective vaccination, surveillance, 
and monitoring of wild poliovirus transmission toward the 
target of polio eradication, the number of wild polio AFP 
cases declined remarkably from ≈300,000 to 974 in 2010 
globally (2). Introduction of Pulse Polio Immunization, in 
addition to routine administration of oral polio vaccine, 
effectively interrupted indigenous wild poliovirus 
transmission and led to a remarkable decline in the number 
of poliomyelitis cases from ≈35,000 cases annually during 
1994–1995 to 66 in 2005 in India. However, during 2006–
2009, the number of polio cases hovered at ≈559–874 each 
year (2–5), with most cases reported primarily from the 2 
northern states of Uttar Pradesh and Bihar, in which wild 
poliovirus remained endemic. The last case of type 2 wild 
poliovirus globally occurred in 1999 in India. Introduction 
of bivalent oral polio vaccine types 1 and 3 resulted in a 
dramatic decline in wild poliovirus cases to 42 in 2010 
and only 1 case reported in January 2011 (2–5). India is 
now considered a polio-free nation by the Government of 
India, National Polio Surveillance Project (NPSP) and by 
the World Health Organization (WHO)/South-East Asia 
Regional Offi ce and WHO.
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However, analysis of WHO-monitored polio 
surveillance data on the number of AFP, polio AFP, and 
NP-AFP cases available at the public domains (www.
polioeradication.org/; www.searo.who.int/vaccine; www.
npspindia.org/) (2–5) from 1998 through June 2, 2012, 
in India shows that concomitant with the phenomenal 
elimination of wild poliovirus transmission in India was 
an annual increase in the number of reported AFP cases 
from 2005 to date throughout the country (2–4). Although 
8,103–9,705 were reported during 1998–2003, a total of 
55,782 and 60,883 cases were reported during 2010 and 
2011, respectively. Through June 2, a total of 20,677 AFP 
cases were reported in India during 2012, compared with 
18,625 during the corresponding period in 2011 (4). This 
large increase in NP-AFP cases, which represent AFP cases 
caused by agents other than poliovirus, probably refl ects 
the excellent implementation of the expanded defi nition 
of AFP and highly sensitive surveillance and detection 
methods used by NPSP in India from 2005 onwards, in 
contrast to the other polio-endemic countries, i.e., Pakistan, 
Nigeria, and Afghanistan, where the expanded AFP 
surveillance is not in place (1–5). The large increase in 
the NP-AFP rate from 1.45 and 1.97 per 100,000 children 
during 1998–2003 to 16.20 in 2011 (3–5) further refl ects 
the excellent operational performance of the expanded AFP 
surveillance in India.

The genus Enterovirus within the family 
Picornaviridae comprises a diverse group of 10 species, 
of which 7 are associated with a wide spectrum of acute 
and chronic human diseases (6,7). Human enteroviruses 
(HEVs) are ubiquitous, infecting ≈1 billion persons 
worldwide. Although the actual incidence of enteroviral 
diseases is not known, most infections are thought to be 
asymptomatic, with ≈1% resulting in severe illness with 
high rates of death, especially in infants and young children 
(6). The >100 HEV serotypes comprising echoviruses (E), 
coxsackieviruses A (CAV) and B (CBV), polioviruses, 
and newer enteroviruses (EV) have been grouped into 4 
species—HEV-A, HEV-B, HEV-C, and HEV-D—with 
poliovirus being part of HEV-C. Recently, rhinoviruses 
also have been included in the genus Enterovirus (8).

Molecular typing methods based on reverse 
transcription PCR (RT-PCR) amplifi cation, nucleotide 
sequencing of the complete or the 3′ portion of the viral 
protein (VP) 1 gene, and comparison of the derived 
sequences with those of prototype and variant HEVs 
in the databases are widely used to identify EV types in 
clinical samples (9,10). In the current most commonly used 
molecular typing scheme, homotypic viruses generally 
share at least 75% nt identity and 85%–88% aa identity in 
VP1 (9,10).

Although nonpolio enteroviruses (NPEVs) are a 
major cause of AFP (6,7,11) and NP-AFP cases are being 

detected in large numbers, detailed knowledge is lacking 
about the serotypes associated with NP-AFP or other 
enteroviral diseases in India. We aimed to determine the 
spectrum of NPEV serotypes associated with NP-AFP 
from polio-endemic and polio-free regions of India with a 
view to develop strategies against the so-far unrecognized 
viral infections.

Materials and Methods

AFP Samples and Processing Laboratory
The National Institute of Virology Bangalore Unit in 

Victoria Hospital (Bangalore, India) is a WHO-accredited 
National Polio Laboratory for receiving, processing, and 
analyzing AFP specimens for polio and NPEVs (5,12). At 
least 2 specimens, obtained ≈24 hr apart, from each person 
with AFP were collected during 2007–2009. The National 
Institute of Virology–National Polio Laboratory receives 
fecal specimens of persons with AFP in accordance 
with WHO NPSP guidelines from the southern states of 
Karnataka and Kerala, 5 districts of the polio-endemic 
Uttar Pradesh State (Pilibhit, Badaun, Bareilly, Rampur, 
and Shahjahanpur), and other districts as and when required 
by the NPSP.

The chloroform-treated supernatants from 2,786 
fi rst-collection fecal samples from NP-AFP patients and 
second specimens from 310 of the patients were examined 
for EVs by observing cytopathic effects in L20B and RD 
cells. Poliovirus-positive isolates were further identifi ed by 
neutralization tests, RT-PCR and ELISA following WHO-
prescribed protocols (12) and sequence analysis of VP1 
gene for determining vaccine-derived polioviruses. RT-
PCRs have replaced all the earlier methods for identifying 
wild and vaccine polioviruses. All fecal specimens are 
stored for 1 year at −20°C and discarded by autoclaving. 
The virus-positive cell culture supernatants were stored at 
−20°C until completion of reporting, and only NPEVs were 
retained for further studies. RNA was extracted from 1,129 
samples from children with NP- AFP, which include 823 
NPEV-positive individual cases and 138 NPEV-positive 
second specimens. A total of 174 NPEV-negative fecal 
samples, including 16 second specimens, were used as 
controls to determine whether any of the samples negative 
for EV in cell culture became positive in RT-PCR.

Healthy Children
Fecal specimens from 780 apparently healthy children 

3 months–3 years of age who did not receive vaccine and 
did not have diarrhea or any other illnesses during the 2 
weeks before sample collection from different localities in 
the Bangalore community were used as healthy controls 
to determine the frequency of EV detection in healthy 
children. We obtained the necessary approvals from 
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Institutional Biosafety and Ethical committees for carrying 
out the work.

Laboratory Analyses
Total RNA was extracted from 200 μL of NPEV–

positive RD cell culture supernatants or clarifi ed 
chloroform extracted fecal samples by using RNeasy 
mini kit (QIAGEN, Hilden, Germany). RNA was eluted 
in 100 μL of RNase-free water and stored at −80°C. EV 
species–specifi c degenerate primers were constituted into 
4 sets (online Technical Appendix, wwwnc.cdc.gov/EID/
pdfs/11-1457-Techapp.pdf). Set 1 contained EV-B and 
EV-C–specifi c primers; set 2 contained primers specifi c 
for EV-A, EV71, and EV-D and sets 3 and 4 consisted of 
primers specifi c for Aichi virus/kobuvirus and klasseviruses 
and for cardioviruses and human cosaviruses, respectively. 
VP1 region was amplifi ed by 1-step RT-PCR (QIAGEN) 
with reverse transcription at 40–42°C for 45 min depending 
on the primer, followed by heating at 94°C for 15 min. The 
fi rst 2 PCR cycles were performed with melting, annealing, 
and extension at 94°C (40 s), 45–50°C (30 s), and 68°C 
(2 min), respectively. PCR was continued for 40 cycles 
with annealing and extension at 55°C (30 s) and 72°C (2 
min), respectively. VP1 PCR fragments were sequenced 
(Macrogen Inc., Seoul, South Korea; SciGenom, Cochin, 
India) either directly by using primers corresponding to 
arbitrary sequences present at the 5′ end of the PCR primers 
or by using M13 forward and reverse primers after cloning 
the inserts between EcoRI or BamHI and HindIII sites in 
pBluescript KS+ (Agilent Technologies, Santa Clara, CA, 
USA).

Phylogenetic Analyses
EV serotypes were identifi ed by comparing VP1 

nucleotide and deduced amino acid sequences from 
NP-AFP isolates among themselves and with those of 
other prototype or variant strains belonging to all known 
serotypes available in GenBank. Phylogenetic analyses 
were conducted by using MEGA5 (13) as described in 

the legends to the fi gures. GenBank accession numbers 
of reference strains used for sequence comparisons are 
available at www.pcornastudygroup.com, some of which 
are indicated in the trees. The VP1 gene GenBank accession 
numbers of 618 India NP-AFP isolates are HQ454497–
454499 and JN203499–JN204113.

Results

Frequency of NPEV Detection in Children with 
NP-AFP and in Healthy Children

A total of 2,786 fecal specimens from individual NP-
AFP patients and second-collection specimens from 310 
of the patients were examined for EV. Samples from 823 
(29.5%) NP-AFP patients were positive for virus growth 
in RD cells. The percentage of virus positivity varied from 
24.0% to 33.0% in different years from the 3 states. The 
remaining ≈70% samples were negative for EV in RD cells 
(Table). Of the 823 NPEV-positive cases, 532 (64.6%) 
yielded VP1-specifi c PCR fragments corresponding to 
EV-A, EV-B, or EV-C species. Sequencing of VP1 from 
154 second specimens confi rmed the serotype specifi city 
of the isolate determined from the fi rst sample (Tables 1 
and 2 in online Technical Appendix). Whereas the species-
specifi c primers yielded a PCR product of ≈1,200 bp, 
the EV71–specifi c primers F1 and R1 yielded an 850-bp 
fragment. VP1 region from 291 (35.4%) samples could not 
be amplifi ed by using primers designed for EV-A, EV-B, 
EV-C, and EV-D, bovine enterovirus, porcine enterovirus, 
klassevirus, kobuvirus, human cosavirus, or parechovirus 
under various PCR conditions (8,14–20). Four (2.3%) of 
174 NPEV-negative samples showed positivity in RT-PCR 
(Table; Table 1 in online Technical Appendix).

Of the 780 fecal specimens from apparently healthy 
children, ≈20 (2.6%) fecal samples were positive for NPEV 
in cell culture, and ≈23 (3.0%) were RT-PCR-positive with 
the same primers used for AFP samples (Table). Although 
only 4 (0.9%) of 450 samples collected during winter 
months (November–March) were positive for NPEV, 
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Table. Analysis of fecal samples in 2,786 children with AFP and in 780 healthy children for virus growth in RD cells and for viral protein 
1 gene RT-PCR, India, 2007–2009* 

State/RD cell status 
Total no. AFP samples 

(second samples)

No. samples used for RNA 
extraction Total no. (%) RD-

positive patients

No. (%) RT-PCR-positive 
patients/RD-positive or 

-negative patients2007 2008 2009
Karnataka 929 (253)      
 Positive NA 51 75 87 213/676 (31.51) 141/213 (66.2)
 Negative NA 48 60 32 0 4/158 (2.5)†  
 Healthy children NA 240 250 290 20/780 (2.56)† 18/20 (90.0)† 
Uttar Pradesh: positive 1,833 (39) 129 165 232 526/1,794 (29.32) 331/526 (62.93)
Kerala 334 (18)      
 Positive NA 22 45 17 84/316 (26.6) 60/84 (71.7)
 Negative NA   18   
Total 3,096 490 595 676 823/2,786 (29.54) 532/823 (64.64)
*AFP, acute flacid paralysis; RT-PCR, reverse transcription PCR; NA, not applicable. 
†Not included in RD cell–positive or RT-PCR–positive samples from children with AFP. 
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most virus-positive samples (16 [4.8%] of 330) were those 
collected in other months, suggesting seasonal incidence of 
NPEV infections in Bangalore.

Extreme Antigenic Diversity of EVs Associated 
with NP-AFP

Comparison of the complete or partial VP1 gene 
sequences of the clinical isolates with those of prototype and 
other EVs available in GenBank and phylogenetic analyses 
(13) showed 66 serotypes among isolates associated with 
NP-AFP (Figures 1, 2). Among the 66 serotypes, EV71 was 
more frequently detected than others, representing ≈8.4% 
of the characterized isolates, followed by E13 (7.1%) and 
CBV5 (5.0%). Although strains belonging to 6 serotypes 
(E6, E7, E11, E14, E19, and E33) each accounted for 3.3%–
4.5% of the characterized strains, those belonging to 13 
serotypes (CVA4, CBV1, CBV2, CBV4, CBV6, E1, E20, 
E24, E25, E29, E30, EV69, and EV75) each represented 
1.7%–2.9%. The frequency of detection of each of the other 
serotypes ranged from 0.2% to 1.6% (Figure 1; Tables 1 and 
2 in online Technical Appendix). Only 15 serotypes (CAV4, 
CBV2, CBV4, E6, E7, E13, E14, E17, E19, E25, E30, E33, 
EV71, EV75, EV80) were detected in all 3 states. Forty-eight 
serotypes, including CBV5, were not detected in Kerala, 
probably because of the relatively small number of samples 
available from that state or noncirculation of these serotypes. 
Strains representing 16 serotypes were each detected only 
1× or 2× during the period and represented <0.2%–0.3% 
of the characterized isolates (Figure 1). Strains belonging 
to EV-C species, to which poliovirus belongs, were rarely 
observed, with 1 CAV17 strain in Karnataka and 1 CAV21 
strain in Uttar Pradesh being detected in samples collected 
during 2008. Of the 4 NPEV-negative samples that showed 
positivity in RT-PCR, 3 belonged to CAV4 and the other to 
CAV8.

Of the 532 NPEV-positive cases, 41 (7.7%) were 
identifi ed as exhibiting mixed infection by >1 strain, as 
indicated by RT-PCR and sequence analysis of the cloned 
fragments. Although 37 cases of mixed infections involved 
2 different serotypes, infections involving 3 different 
serotypes were detected in 4 cases. Although 32 serotypes 
were detected in mixed infections, CBV4, CBV5, E6, 
EV69, and EV71 accounted for 12.2%, 12.2%, 14.6%, 

17.1%, and 31.7% of these infections, respectively. Mixed 
infections involving EV69 and CBV4 accounted for 58.3% 
and 41.7%, respectively, of their total detections (Table 3 
in online Technical Appendix).

A notable observation was detection of EV71 as the 
single most prevalent serotype; it accounted for ≈8.5% of 
the characterized isolates. Although EV71 was undetectable 
in 2007 and only 1 isolate was detected during 2008 in 
Karnataka, it was the most frequently detected serotype in 
Kerala during these 2 years. EV71 appears to have spread 
from Kerala to the neighboring Karnataka, resulting in its 
frequent detection in 2009. EV71 was frequently detected 
in Uttar Pradesh only during 2008 and 2009. Although 
26.5% of total EV71 detections involved mixed infection, 
it alone accounted for 31.7% of mixed infections (Table 3 
in online Technical Appendix).

Genetic Relatedness of EV71, E13, and CBV Strains 
in India with Strains from Other Countries

To understand the genetic relatedness of isolates in India 
that belonged to an EV type to those from other countries, we 
performed initially phylogenetic analyses of VP1 sequences 
of isolates from India that belonged to the prevalent EV71, 
E13, and CBV types with a large number of VP1 sequences 
representing different genogroups or subgenogroups within 
the types available in GenBank. Final phylogenetic trees, 
generated by using a few representative strains belonging 
to different genogroups and subgenogroups of EV71, E13, 
and CBV serotypes, are shown in Figure 3, panels A and 
B, and Figure 4. These studies showed that most of the 
India isolates segregated into either distinct genogroups 
or subgenogroups within known genogroups. Among the 
India EV71 isolates, 3 distinct new genogroups tentatively 
assigned as D (represented by N975c), E (N493), and F 
(N390), were identifi ed (Figure 3, panel A). Isolate N975c 
showed ≈76%-nt sequence identity with a few EV71 
strains but exhibited <70% aa identity, which suggests 
that it represents a new EV71 lineage. Other EV71 India 
strains segregated into different subgenogroups within C 
(C6 and C7) and B (B6) genogroups (21–23). Most India 
E13 strains formed 2 distinct subgenogroups within 2 E13 
genogroups (Figure 3, panel B) (24–26). Most India CBV 
isolates, although grouped according to serotypes CBV1 to 
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Figure 1. Strains belonging to each serotype detected in children with acute febrile paralysis, India, 2007–2009. CA, coxsackievirus; E, 
echovirus; EV, enterovirus. 
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CBV6, represented a different subgenogroup within each 
type (Figure 4) (27,28). Preliminary phylogenetic analyses 
of VP1 sequences of strains belonging to a few other 
types also showed similar results (data not shown). These 
data suggest that most India EVs represent evolutionary 
lineages, within a given serotype, that differ from those 
prevalent in other countries.

Discussion
This study, which represents a comprehensive 

molecular epidemiologic investigation of EVs associated 
with NP-AFP in India, was feasible because of the detection 
of a large number of AFP cases during the last several years 
from all regions of the country. The few previous studies 
from India and Pakistan identifi ed 6–15 serotypes (11,29) 
in AFP cases by using methods that are limited in scope 
in identifying the >100 known HEV serotypes. Although 
studies in other countries (14,15,30,31) identifi ed 6–12 
serotypes, those in Romania and the People’s Republic 

of China observed 20 and 40, respectively (32,33). The 
serotypes that were prevalent varied in each of these 
studies. In contrast, we identifi ed 66 NPEV serotypes in 
samples collected during 2007–2009 from children with 
NP-AFP in India. Detailed phylogenetic analysis of strains 
belonging to a few prevalent serotypes showed that NP-
AFP is associated with circulation of strains belonging to 
different genogroups and subgenogroups of a serotype in 
widely separated geographic regions of the country (Figure 
3, panels A and B; Figure 4).

Our results raise several issues that require immediate 
attention for the future direction of clinical and basic 
research and for better understanding of the health risks 
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Figure 2. Phylogenetic tree based on viral protein 1 gene nucleotide 
sequences of strains representing each of the 66 enterovirus 
serotypes detected in children with acute febrile paralysis, India, 
2007–2009. The phylogenetic tree was constructed by using 
the maximum-parsimony method and with search level 1 close-
neighbor-interchange algorithm. The percentage of replicate trees 
in which the associated types clustered together in the bootstrap 
test (500 replicates) is shown next to the branches. Evolutionary 
analyses were conducted in MEGA5 (13). The viral protein 1 gene 
sequences of the 3 poliovirus prototypes were used as reference. 
The strain numbers with their serotype association are indicated. 
The GenBank accession numbers of VP1 gene for 618 acute 
febrile paralysis isolates are HQ454497–454499 and JN203499–
JN204113.

Figure 3. Phylogenetic analyses of viral protein 1 sequences of 
enterovirus 71 and echovirus 13 strains with those of reference 
strains representing different genogroups and subgenogroups 
within a serotype, India, 2007–2009. Multiple sequence alignments 
were performed by using ClustalW program (www.genome.jp/tools/
clustalw/) and phylogenetic analysis by MEGA5 program (12) with 
pairwise comparison and maximum composite likelihood nucleotide 
substitution model. Phylogenetic trees were constructed by 
UPGMA (unweighted pair group method using arithmetic averages) 
with statistical signifi cance of the phylogenetic analyses estimated 
by bootstrap analysis with 1,000 pseudoreplicate datasets. A and 
B and represent phylogenetic trees of viral protein 1 sequences 
of enterovirus 71 and echovirus 13 isolates, respectively. The 
serotype, state and year of isolation of each strain and GenBank 
accession numbers of reference strains used are indicated. 1000B 
is an echovirus 1 strain. Scale bars indicate nucleotide substitutions 
per site. 
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posed by NPEV infections. First, no virus was isolated in 
≈70% of the AFP cases that remain to be identifi ed. Second, 
the genetic nature of the viral agent(s) in ≈35% cases that 
were positive for virus in RD cells remains to be determined. 
Third, the association of a wide spectrum of serotypes with 
NP-AFP poses a challenging problem toward development 
of effective anti-enteroviral strategies. However, the need 
for effective antiviral strategies, including vaccines, is a 
major leap from the fi ndings reported here and requires an 
in-depth analysis of the true effect of disease.

Detection of EV71 as the single most prevalent EV type 
associated with NP-AFP is of clinical signifi cance because 
it is regarded as the most virulent neurotropic EV, next 
to poliovirus, associated with poliomyelitis-like paralytic 
disease, meningitis, meningoencephalomyelitis, Guillain-
Barré syndrome, transeverse myelitis, cerebellar ataxia, 
opsoclonus-myoclonus syndrome, benign intracranial 
hypertension, brainstem encephalitis (34–36), and frequent 
epidemics of hand, foot, and mouth disease with substantial 
illness and death worldwide affecting >500,000 children in 
the Asia-Pacifi c region and causing >200 deaths in China 
during the past decade (37–39). The observation that >30% 
of EV71 detections involved mixed infections could be of 
clinical signifi cance in terms of severity and spectrum of 
the diseases associated with these infections. Detection of 
3 new genogroups of EV71 in widely separated geographic 
regions in India suggests uniform spread of EVs of different 
lineages of EV71 and other types in India. Long-term 

assessment of the clinical outcome of the EV71 infections 
would be of interest to better understand the severity of the 
disease in children with AFP.

Our study provides a wealth of information about NP-
AFP in India. It suggests the necessity for the WHO-NPSP 
programs, which are primarily directed for a 60-day follow-
up of poliomyelitis cases, to design and implement a long-
term strategic plan for understanding and addressing the 
short-term and long term health risks in children arising from 
NPEV infections after poliomyelitis elimination in India.
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Figure 4. Phylogenetic tree of viral protein 1 
sequences of coxsackievirus B1-B6 isolates 
generated in comparison with those of strains 
belonging to different genotypes of B1, B2, B3, 
B4, B5, and B6 serotypes, India, 2007–2009. 
Multiple sequence alignments were performed 
by using ClustalW program (www.genome.jp/
tools/clustalw/) and phylogenetic analysis by 
MEGA5 program (13) with pairwise comparison 
and maximum composite likelihood nucleotide 
substitution model. Phylogenetic trees were 
constructed by UPGMA (unweighted pair 
group method using arithmetic averages) with 
statistical signifi cance of the phylogenetic 
analyses estimated by bootstrap analysis with 
1,000 pseudoreplicate datasets.
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To determine whether persons living in areas of high 
animal density are at increased risk for carrying livestock-
associated methicillin-resistant Staphylococcus aureus 
(LA-MRSA), we used an existing dataset of persons in the 
Netherlands with LA-MRSA carriage and controls who car-
ried other types of MRSA.  Results of running univariate and 
multivariate logistic regression models indicated that living 
in livestock-dense areas increases the odds of nasal car-
riage of LA-MRSA. We found that doubling pig, cattle, and 
veal calf densities per municipality increased the odds of 
LA-MRSA carriage over carriage of other types of MRSA 
by 24.7% (95% CI 0.9%–54.2%), 76.9% (95% CI 11.3%–
81.3%), and 24.1% (95% CI 5.5%–45.9%), respectively, af-
ter adjusting for direct animal contact, living in a rural area, 
and the probable source of MRSA carriage. Controlling the 
spread of LA-MRSA thus requires giving attention to com-
munity members in animal-dense regions who are unaffi li-
ated with livestock farming.

Staphylococcus aureus is a zoonotic and human patho-
gen that can cause a range of health outcomes in hu-

mans from minor to life-threatening infections of the skin, 
bloodstream, respiratory system, urinary tract, and surgical 
sites (1). An increasing proportion of S. aureus infections 
involve drug-resistant strains, including methicillin-resis-
tant S. aureus (MRSA) (2). In 2007, 171,200 MRSA infec-

tions occurred in European Union member states plus Ice-
land and Norway, resulting in 1,050,000 extra days spent 
in the hospital (3) This translates into excessive hospital 
inpatient and outpatient costs because of the need to iso-
late patients and because patients require longer stays and 
more extensive treatments (3). In 2005 in the United States, 
an estimated 94,000 MRSA infections resulted in >18,000 
deaths (4).

MRSA has, in the past, been largely associated with 
hospitals and other healthcare facilities, but since 2000, 
the majority of MRSA infections in most countries are 
acquired in the community outside of healthcare settings 
(5,6). These strains of community-acquired MRSA are vi-
tal public health concerns, but less is known of their origins 
and routes of transmission. Among these strains of com-
munity-acquired MRSA, livestock-associated (LA) strains 
have been detected in several regions of the world (7).

Originally, the LA-MRSA strain studied here was 
denoted as nontypeable MRSA because of the inability to 
type it by using standard methods of pulsed-fi eld gel elec-
trophoresis (8). It was fi rst detected in the Netherlands in 
2003 (9) and, as of 2010, accounts for >40% of the MRSA 
cases in that country (10). LA-MRSA has now been identi-
fi ed largely as a single clonal complex on the basis of mul-
tilocus sequence typing (ST398), and this clonal complex 
has a demonstrated association with pigs, cows, and other 
animals (11,12), although other clonal complexes have 
also been shown to be associated with livestock as well. 
In several European countries, increased risks of carriage 
have been reported in persons in contact with pigs and 
veal calves, including farmers, veterinarians, and slaugh-
terhouse workers (13,14). In the Netherlands, among these 
occupational groups, the prevalence of ST398 carriage is 
roughly 42% (15), whereas the prevalence of any strain of 
MRSA in the general population is <1% (16).
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The emergence and transmission of LA-MRSA among 
humans and animals (such as poultry, horses, companion 
animals, pigs, and cattle) have recently been reviewed (17). 
Most epidemiologic studies have focuses on identifying 
individual and farm level characteristics associated with 
LA-MRSA carriage and on studying those in direct con-
tact with livestock. In 1 study among pig farmers and their 
household members, 30% were carriers of MRSA ST398, 
and the risk for carriage was related to direct exposure to 
pigs (15). A study among veterinarian fi eld workers found 
that after short-term occupational exposure to pigs, 17% 
of them carried MRSA. However, >90% of those lost this 
carriage the next day (18). Another study found a clear as-
sociation between carriage and the duration of contact with 
veal calves and that carriage was strongly reduced after a 
period of absence from animal contact (11,19). These stud-
ies, which indicate a high risk for carriage from livestock 
contact but little persistence of carriage after interruption 
of animal contact, bring into question the ability of LA-
MRSA to spread into the population. Only 1 study exam-
ined the role of living in a livestock-dense region as a risk 
factor as well but did not fi nd it to be a risk factor (20). 
This study used a random mailing in the 3 most pig-dense 
municipalities in the Netherlands. Of the 534 adult re-
spondents without livestock contact, 1 person was positive 
for MRSA (0.2%), compared with 13 of 49 persons who 
worked or lived on a livestock farm (26.5%).

In 2007, risk factors for LA-MRSA carriage in the 
Netherlands were investigated by van Loo and colleagues 
(8). They found that risk factors for increased odds of LA-
MRSA carriage included contact with livestock, acquiring 
MRSA through known risk factors such as travel to a for-
eign country or recent interaction with the healthcare envi-
ronment, and living in a rural area. Our study, conducted 
during 2008–2011,  built upon this work to test the hypoth-
esis that persons living in areas of high pig density may be 
at increased risk for carrying LA-MRSA. We did this by 
combining information about where persons lived and what 
the livestock density was in these areas for which exist-
ing information on risk factors had been determined in the 
2007 study. 

Methods

Data
We used data from van Loo et al. (8), which consist-

ed of records of all index case-patients with nontypeable 
MRSA carriage (now referred to as LA-MRSA) from the 
Netherlands from its emergence in 2003 through Septem-
ber 2005, before the country adopted active surveillance 
of high risk populations. Information on case-patients and 
controls was obtained from a national MRSA surveillance 
program through the country’s Institute for Public Health 

and the Environment (www.rivm.nl/mrsa). Case-patients 
were LA-MRSA index patients, that is, the fi rst in a clus-
ter of persons who tested positive for LA-MRSA from a 
given reference laboratory. Each LA-MRSA case-patient 
was matched with 2 controls from the same laboratory. The 
controls were also index patients, but had tested positive 
for a typeable strain of MRSA (T-MRSA) instead of to LA-
MRSA. Further details on subject selection can be found in 
the original article (8).

The same variables used in the 2007 study were used 
in this current study: contact with pigs, contact with cows, 
the probable source of MRSA, and whether one lived in a 
rural area. Probable source of MRSA was placed by the 
original authors into the following categories: healthcare 
setting, foreign source (such as travel to another country), 
other source, or an unknown source (8). Our study added 
municipality level variables of livestock and human popu-
lation densities and location of residence of study partici-
pants. (Municipalities are administrative boundaries in the 
Netherlands that comprise provinces. In 2005, there were 
498 municipalities.) To accomplish this, our inclusion 
criteria were residence in the Netherlands, availability of 
information on individual contact with livestock, and geo-
graphic information suffi cient to support mapping each 
person to the 6 digit postal code of his or her residence.

We then assigned spatial coordinates to LA-MRSA 
case-patients and T-MRSA controls on the basis of their 
6-digit postal code using the geographic information sys-
tem software, ArcGIS version 9.3 (21). When this method 
was not suffi cient, we used Google Earth (22).

We downloaded municipality level statistics of popu-
lation; land area; and numbers of swine, veal calves, and 
cows in 2005 from CBS StatLine (23). Livestock densities 
and population density were calculated as the number of 
animals (pigs, cows, and veal calves) per hectare of land in 
a municipality. In ArcGIS, we determined in which munic-
ipality participants lived, and assigned to them municipali-
ty-level characteristics of animal and population densities. 
We determined counts of case-patients and controls for 
each of the municipalities using ArcGIS. This study was 
reviewed and approved by the Institutional Review Board 
at Johns Hopkins Bloomberg School of Public Health.

Statistical Analysis
Summary statistics for all relevant variables were 

reported by using STATA version 10 (24). We explored 
the spatial variation in risk for LA-MRSA—or the con-
cept that the risk or odds of acquiring LA-MRSA varies 
geographically—using spatial methods available in the R 
statistical package (25). We estimated spatial intensity of 
case-patients and controls for locations across the study 
area, defi ned respectively as the expected numbers of case-
patients and controls per km2. Spatially varying intensity 
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provides an estimate of regions of high and low densities 
of case-patients and controls. Spatial intensity is often mea-
sured as weighted counts as described (26). We used the 
quartic kernel as our weighting scheme in this study. Using 
the intensity estimates, we calculated the spatial odds of 
LA-MRSA to compare the geographic variation of case-
patients and controls across the study area. The spatial odds 
of LA-MRSA per km2 compared with those for T-MRSA 
per km2 were calculated as the ratio of estimated case-to-
control intensities (26).

Contact with pigs, contact with cows, and rural (versus 
urban) residence were modeled as binary variables. Proba-
ble MRSA source was a categorical variable. We compared 
probable acquisition of MRSA from a foreign country, ac-
quisition from another source, or acquisition from an un-
known source with the referent group of healthcare-related 
acquisition.

We determined goodness of fi t of the models using 
Akaike information criteria and the Hosmer-Lemeshow 
goodness-of-fi t test. Likelihood ratio tests were used to 
compare multivariate nested models. The densities of live-
stock were right skewed; thus, we log-transformed the vari-
ables to create a more linear relationship between animal 

density and log odds of LA-MRSA. For ease of interpreta-
tion, instead of the 1 log increase in livestock densities, we 
used a doubling of livestock densities, which is calculated 
by raising 2 to the power of the β of the density coeffi cient 
in the logit model (27). Variograms were used to diagnose 
possible spatial variation in regression residuals, with in-
ference on regression parameters adjusted accordingly.

In a separate but related analysis, we identifi ed specifi c 
clusters of LA-MRSA. We used SaTScan version 9.0 (28) to 
conduct this cluster detection analysis with a Poisson model 
of counts of case-patients per municipality after adjusting 
for population size as described (28). SaTScan is a software 
package that is used to analyze spatial and temporal patterns 
in data. It uses a moving window method (in this application, 
over a set of contiguous municipalities) and determines the 
presence of a cluster on the basis of whether the estimated 
risk within a window is signifi cantly greater than the esti-
mated risk outside of the window. Statistical signifi cance is 
based on the null hypothesis of Poisson constant risk (28). 
We created maps showing the identifi ed clusters after adjust-
ment of population density per municipality in ArcGIS. We 
made similar maps after further adjusting for pig, cow, and 
veal calf densities per municipality.
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Table 1. Characteristics of population in study of LA-MRSA carriage, the Netherlands, 2003–2005* 

Characteristic
MRSA status, no. (%) persons Total no. (%) 

persons p value†LA-MRSA T-MRSA
Total, N = 87 27 60 87  
Probable source     
 Health care setting 3 (11.11) 30 (50.00) 33 (37.93)  
 Foreign 2 (7.41) 3 (5.00) 5 (5.75)  
 Unknown 13 (48.15) 20 (33.33) 33 (37.93)  
 Other 9 (33.33) 7 (11.67) 16 (18.39) 0.001 
Contact with livestock and farms     
 With pigs 10 (37.04) 3 (5.00) 13 (14.94) 0.000 
 With cows 7 (25.93) 1 (1.67) 8 (9.20) 0.001 
Residential location     
 Rural 12 (44.44) 4 (6.67) 16 (18.39) 0.000 
Livestock density in municipality, animals/ hectare/ municipality    
 Pigs     
  Quartile 1, 0.000–0.004 0 16 (26.67) 16 (18.39)  
  Quartile 2, 0.005–0.651 5 (18.52) 15 (25.00) 20 (22.99)  
  Quartile 3, 0.652–3.268 6 (22.22) 12 (20.00) 18 (20.69)  
  Quartile 4, 3.269–45.477 16 (59.26) 17 (28.33) 33 (37.93) 0.003 
 Cows     
  Quartile 1, 0.00–0.340 3 (11.11) 30 (50.00) 33 (37.93)  
  Quartile 2, 0.341–0.848 8 (19.63) 8 (13.33) 16 (18.39)  
  Quartile 3, 0.849–1.496 3 (11.11) 14 (23.33) 17 (19.54)  
  Quartile 4, 1.497–5.920 13 (48.15) 8 (13.33) 21 (24.14) 0.000 
 Veal calves     
  Quartile 1, 0.000–0.000 0  20 (33.33) 20 (22.99)  
  Quartile 2, 0.001–0.013 4 (14.81) 13 (21.67) 17 (19.54)  
  Quartile 3, 0.014–0.178 10 (37.04) 13 (21.67) 23 (26.44)  
  Quartile 4, 0.179–4.818 13 (48.15) 14 (23.33) 27 (31.03) 0.000 
Population density     
 Quartile 1, 0.250–2.027 11 (40.74) 6 (10.00) 17 (19.54)  
 Quartile 2, 2.028–3.649 11 (40.74) 11 (18.33) 22 (25.29)  
 Quartile 3, 3.650–9.175 2 (7.41) 18 (30.00) 20 (22.99)  
 Quartile 4, 9.176–57.11 3 (11.11) 25 (41.67) 28 (32.18) 0.000 
*MRSA, methicillin-resistant Staphylococcus aureus; LA-MRSA, livestock associated MRSA; T-MRSA, typeable MRSA. 
†Fisher exact test for differences in MRSA status by covariate categories. 
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Results

Study Population Characteristics
Descriptive statistics of the study population are shown 

in Table 1. From the total population used in the Van Loo 
analysis of 111 persons (35 case-patients, 76 controls) (8), 
87 persons (27 case-patients, 60 controls) were included in 
our study after we excluded persons who lived outside of 
the Netherlands (n = 4), persons for whom spatial informa-
tion was insuffi cient (n = 3), and persons for whom infor-
mation about individual contact with livestock was lacking 
(n = 17).

Of the 87 subjects with complete case information, 
most of those who had contact with pigs (10/13, 76.9%) 
and cows (7/8, r 87.5%) were LA-MRSA case-patients. 
Three subjects had contact with both pigs and cows, 2 of 
whom were case-patients. Twelve of 27 persons without 
any direct contact with livestock were LA-MRSA positive 
(44.4%).

Specifi c locations of case-patients and controls are 
plotted against municipality level population (Figure 1, 
panel A), cow density (Figure 1, panel B), pig density (Fig-
ure 1, panel C) and veal calf density (Figure 1, panel D). 
Case-patients and controls had signifi cant differences in 
human and livestock densities per municipality (Table 1).

Spatial Odds
Relatively high concentrations of controls are seen in 

general areas of high population density while higher spa-
tial concentrations of case-patients are seen in the more ag-
ricultural areas of the country (Figure 2, panels A, B). We 
estimated spatial odds to give a visual assessment of the 
spatial variation in risk across the Netherlands (Figure 2, 
panel C). It is evident that the greatest differences in odds 
between case-patients and controls are in general areas of 
high pig density, as was originally reported by van Loo and 
colleagues (8). The elevated spatial odds in the northern 
part of the country are a spurious result because of small 
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Figure 1. A) Case-patients with 
livestock-associated methicillin-
resistant Staphylococcus aureus 
(LA-MRSA) and controls with 
typeable MRSA, according 
to population density, the 
Netherlands, 2003–2005. B) 
Density of cattle per municipality. 
C) Density of pigs per 
municipality. D) Density of veal 
calves by municipality.
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numbers of case-patients and controls and not something 
that we put forth as a valid result.

Univariate Logistic Regression
Univariate models results are reported in Table 2. 

Persons who have contact with pigs have 11.18 times the 
odds of carrying LA-MRSA (compared with odds of car-
rying T-MRSA) than persons without pig contact (95% CI 
2.76–45.30; p<0.001). A similar relationship is seen when 
persons with and without contact with cows are compared 
(odds ratio [OR] 20.65; 95% CI 2.39–178.31; p <0.006). 
Living in a rural area rather than living in an urban area is 
associated with 11.2 times the odds for LA-MRSA com-
pared with T-MRSA (95% CI 3.15–39.76; p<0.000). Car-
riage of MRSA from an unknown or “other” source, as 
compared to healthcare settings (a priori known to be as-
sociated with typeable MRSA), was signifi cantly (p<0.05) 
associated with the odds of LA-MRSA carriage as com-
pared to T-MRSA.

We found that when pig density per hectare is doubled 
within a municipality, the odds of acquiring LA-MRSA in 
a univariate model are increased by 29.5% over the odds 
of acquiring T-MRSA (p<0.003). Similarly, doubling cow 

and veal calf densities increases the odds of acquiring LA-
MRSA compared with those for acquiring T-MRSA by 
75.4% (p<0.001) and 19.8% (p<0.001), respectively.

When the inclusion criteria required by our study were 
used, 16% of original data were lost. We conducted sensi-
tivity analyses by coding all persons with missing livestock 
contact information as either all having contact or as all 
not having contact to produce what might be bounds for 
high and low extremes. In all cases, livestock densities re-
mained signifi cant independent risk factors at the 0.05% 
level (Table 3).

Multivariate Models
Multivariate model results are reported in Table 4. 

Model 1 is based only on the original individual level vari-
ables from van Loo’s study (8): contact with pigs and cows, 
rural versus urban residence, and information on patient’s 
probable source of MRSA. In model 1, both contact with 
pigs and rural residence remain signifi cant predictors as 
they were in the univariate models, even when adjusting for 
contact with cows and probable MRSA source. Odds for 
LA-MRSA compared with those for T-MRSA were 11.6 
times higher for a foreign source of MRSA than they were 
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Table 2. Risk factors for LA-MRSA in comparison  with those for T-MRSA, the Netherlands, 2003–2005* 

Variable
Univariate models AIC 

OR (95% CI) p value 
Contact with pigs 11.176 (2.76–45.29) 0.001 97.81 
Contact with cows 20.65 (2.39–178.31) 0.006 99.42 
Rural 11.20 (3.15–39.76) 0.000 95.21 
Probable source of MRSA  0.083 101.02 
 Foreign vs. health care setting 6.67 (0.78–57.06)   
 Unknown vs. health care setting 6.50 (1.64 25.76) 0.008  
 Other vs. health care setting 12.86 (2.75–60.22) 0.001  
 Livestock density/municipality     
 Log (pig) 1.45 (1.13–1.86) 0.003 95.58 
 Log (cow) 2.25 (1.40–3.60) 0.001 96.32 
 Log (veal calf) 1.30 (1.11–1.52) 0.001 98.70 
 Log (population) 0.36 (0.20–0.64) 0.001 94.78 
*MRSA, methicillin-resistant Staphylococcus aureus; LA-MRSA, livestock-associated MRSA; T-MRSA, typeable MRSA; AIC, Akaike information criteria. 

Figure 2. A) Spatial intensity of case-patients with livestock-associated methicillin-resistant Staphylococcus aureus (LA-MRSA); B) spatial 
Intensity of controls with typeable MRSA (T-MRSA); and C) calculated spatial odds for LA-MRSA compared with those for T-MRSA, the 
Netherlands, 2003–2005. A color version of this fi gure is available online (wwwnc.cdc.gov/EID/article/18/11/11-1850-F2.htm).
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with a healthcare source (95%CI 1.04–129.63; p<0.046). 
Similarly, the odds were 9.56 when persons with an un-
known source were compared with those with a healthcare 
source (95% CI 1.76–51.93; p<0.009). Acquiring MRSA 
from another (other) source compared with healthcare ac-
quisition also had increased odds, but this result was not 
signifi cant (OR 4.3, 95% CI 0.55–33.56; p<0.164).

Models 2–4 build on model 1 (the base model) by 
adding in the logs of pig, cattle, and veal calf densities 
per municipality, respectively, with the same individual 
level variables used in model 1 (Table 4). Model 2 builds 
on model 1 by adding a term for the log of pig density. 
The odds ratio comparing LA-MRSA to T-MRSA for a 
1 log increase in pig density per hectare after adjusting 
for the individual risk factors (the variables in model 1) 
for LA-MRSA was 1.37 (95% CI 1.01–1.87, p<0.041). A 
doubling of the pig density per municipality increases the 
odds of LA-MRSA carriage compared with T-MRSA car-
riage by 24.7% after adjustment for individual level risk 

factors. Model 3 builds on model 1 by incorporating the 
log of the cow density per municipality. Adjusting for the 
individual level predictors, a 1 log increase in cow density 
yields a 2.28 increase in odds for LA-MRSA compared 
with T-MRSA (95% CI 1.17–4.45, p<0.016). Here, a dou-
bling of cow density in a municipality increased the odds 
of LA-MRSA compared with T-MRSA by 76.9%. The 
odds ratio of carrying LA-MRSA compared with those of 
carrying T-MRSA in model 4 for a 1 log increase in veal 
calf density after adjustment for individual variables was 
1.37 (95% CI 1.08–1.72, p<0.009). Thus, a doubling of 
the veal calf density per municipality yields a 24.09% in-
crease in the odds of carrying LA-MRSA compared with 
carrying T-MRSA.

The Hosmer-Lemeshaw goodness-of-fi t tests indicate 
that all models fi t the data suffi ciently well. The Akaike 
information criteria and likelihood ratio values for models 
2–4 indicate that adding area-level animal density variables 
improves the original model (model 1). Variograms of re-
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Table 3. Results of univariate logistic regression including missing data on contact with livestock, the Netherlands, 2003–2005*
Contact with livestock All missing having livestock contact All missing having no livestock contact 

OR (95%CI) p value OR (95% CI) p value 
Pigs 3.83 (1.56–9.41)  0.003 9.86 (2.49–38.94)  <0.001 
Cows 3.20 (1.26–8.13)  0.015 18.85 (2.21–160.68)  <0.007 
*OR, odds ratio. 

Table 4. Results of multivariate logistic regression for LA-MRSA carriage compared with those for T-MRSA carriage, the Netherlands,
2003–2005* 

Variable

Model 1:
individual level  

Model 2:
model 1 + pig density 

Model 3:
model 1 + cow density  

Model 4: model 1  
+ veal calf density 

OR (95% CI) p value  OR (95% CI) p value OR (95% CI) p value  OR (95% CI) p value 
Individual level           
 Contact with pigs 8.63  

(1.23–60.40) 
0.030  6.41  

(0.77–53.35) 
0.086 6.84  

(0.86–54.49) 
0.069  9.41  

(1.24–71.26) 
0.030 

 Contact with cows 7.37  
(0.57–94.68) 

0.125  8.39  
(0.55–129.18)

0.127 5.10  
(0.39–65.87) 

0.212  6.18  
(0.53–71.83) 

0.146 

 Rural 5.63  
(1.02–31.17) 

0.048  4.14  
(0.64–26.65) 

0.135 5.55  
(0.89–34.56) 

0.066  4.94  
(0.802–30.41) 

0.085 

Probable source of MRSA          
 Foreign vs.  
 health care 

11.61
(1.04–129.63) 

0.046  8.53  
(0.72–100.45)

0.088 8.71  
(0.74–102.73)

0.086  14.36  
(1.06–193.53) 

0.045 

 Unknown vs.  
 health care 

9.56
(1.76–51.93)  

0.009  11.47  
(2.01–65.64) 

0.006 14.03  
(2.25–87.47) 

0.005  13.31  
(2.02–87.75) 

0.007 

 Other vs. health  
 care 

4.30
(0.55–33.56)  

0.164  4.12  
(0.54–31.32) 

0.032 2.91  
(0.36–23.77) 

0.319  4.11  
(0.51–33.00) 

0.184 

Municipality level           
 Log (pig density)    1.37  

(1.01–1.87) 
<0.041      

 Log (cow density)      2.28  
(1.17–4.45) 

0.016    

 Log (veal calf  
 density) 

        1.37  
(1.08–1.72) 

0.009 

Regression diagnostics          
 AIC 84.76   79.98  79.14   77.90  
 Hosmer- 
 Lemeshow† 

2.52 0.6407  5.48 0.7050 7.52 <0.4817  6.09 <0.6374 

 Likelihood ratio  
 test 

NA    0.0092  <0.0058   <0.0029 

*MRSA, methicillin-resistant Staphylococcus aureus; LA-MRSA, livestock-associated MRSA; T-MRSA, typeable MRSA; OR, odds ratio; AIC, Akaike 
information criteria; NA, not applicable. 
†Hosmer-Lemeshow, Hosmer-Lemeshow goodness-of-fit test. 
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siduals from the 4 models did not reveal any substantial 
spatial variation.

Cluster Detection

Cluster detection analysis results indicate that after ad-
justing for the size of the population in a given municipality, 
1 signifi cant cluster of LA-MRSA cases (relative risk 5.2, 
p<0.014) was found when a maximum of 20% of the popu-
lation at risk was designated as the maximum spatial cluster 
size. Figure 3 (panels A–C) shows the cluster detection re-
sults mapped on top of veal calf density, all cattle density, 
and pig density for visual identifi cation of associations.

To test whether accounting for livestock density at the 
municipality level would eliminate the existence of this hot 
spot of LA-MRSA, we ran additional analyses in SaTScan 
with adjustment for the density of each animal population 
separately (28). These results indicated that adjusting for 
animal densities eliminated the presence of the cluster, fur-
ther supporting the hypothesis that livestock densities per 
municipality are key risk factors for LA-MRSA carriage.

Discussion
Our fi ndings indicate that regional density of livestock 

is a notable risk factor for nasal carriage of LA-MRSA for 
persons with and without direct contact with livestock. This 
fi nding has been emphasized in recent research that found 
LA-MRSA carriage in persons without connections to the 
farm environment (29). A recent study indicated that prox-
imity to farms is a potential risk factor, even in absence of 
direct contact between humans and animals (30). In addition, 
MRSA has been found in meat; diet may therefore provide 
another route of exposure for the general population (31,32).

We observed in the multivariate analysis that living in 
a region with high cattle density conferred higher odds of 

LA-MRSA carriage than did living in a region of high pig 
or veal calf density. We are not certain what may explain 
this association, but it does warrant further investigation. 
We found in our multivariate models that some of the risk 
factors previously identifi ed by univariate analysis by van 
Loo and colleagues (8) dropped out as being less signifi cant 
when regional livestock density was included in a multivar-
iate model, such as direct contact with pigs and cows and 
living in a rural location. Intriguingly, acquiring MRSA 
from an “unknown” source remained highly signifi cant in 
all of the multivariate models. These results highlight the 
value of considering these individual-level variables, to-
gether with regional level data, as an update of the univari-
ate analysis conducted by van Loo and colleagues in 2007.

This analysis is limited by the small size of the dataset. 
However, even with such a small dataset, and after adjust-
ing for known and supposed LA-MRSA risk factors, the 
densities of livestock per municipality remain strong and 
independent risk factors for LA-MRSA carriage.

A second limitation of the study is that the case-pa-
tients were initially restricted to index case-patients, which 
inherently selected against detecting secondary transmis-
sion. Conducting a future study that includes non–index 
case-patients would produce a more accurate picture.

A fi nal limitation is the possibility of recall bias in the 
participants’ reports of exposures to livestock, leading to 
a misclassifi cation of exposure. Such a nondifferential in-
formation bias may have biased our results toward the null 
hypothesis.

This work has potential policy implications for MRSA 
surveillance in countries where a substantial percentage of 
total MRSA cases are LA-MRSA, such as the Netherlands. 
Starting in 2006, health policy in the Netherlands has re-
quired testing for MRSA carriage on admission to the hos-
pital for persons living or working on pig farms. This study 
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Figure 3. Clusters of livestock-associated methicillin-resistant Staphylococcus aureus (LA-MRSA) in the Netherlands, 2003–2005, taking 
into account  20% population at risk with overlays showing veal calf density (A), cow density (B), and pig density (C). RR, relative risk.
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suggests that this screening program may need to be ex-
panded to include other persons from municipalities where 
livestock densities are high.

Although research has indicated that LA-MRSA is not 
readily transmitted from person to person (20,33), cases 
continue to be reported with no identifi ed livestock-associ-
ated risk factors. Some possible modes of exposure could 
involve contact with other domesticated animals, person-
to-person contact, and contact with contaminated meat or, 
in some cases, environmental pathways such as air or waste 
releases from farms to the surrounding community. Future 
research should assess these factors in terms of their re-
lationship to living in livestock-dense areas and the like-
lihood of exposure to MRSA with a larger sample sizes. 
Information from the statistically signifi cant cluster in the 
cluster detection analysis can be used to target interven-
tions in the Netherlands. Future work should investigate 
more recent cases, specifi cally those without direct links to 
livestock farming.

We confi rm what has been suggested in other studies 
that veal calf farming (not just pig farming) is a risk factor 
for LA-MRSA. We also demonstrate a relationship between 
nontypeable MRSA and all cattle, not just veal calves. The 
hypothesis that a relationship exists between other types of 
cattle farming and LA-MRSA carriage should also be ex-
plored in further research.

These fi ndings also have the potential to affect coun-
tries beyond the Netherlands. Although pig farming is an im-
portant industry in the Netherlands, its scale there is greatly 
overshadowed by the density of pig-farming operations in 
the United States. In the United States, in 2007, there were 
75,442 pig farms, 8,206 of which have >2,000 pigs on them 
(10.9%) (34). For comparison, in the Netherlands in 2000, of 
the 14,524 pig farms, only 983 housed >2,000 swine (6.8%). 
Future work could investigate the relationship between these 
more intensive livestock operations and drug-resistant mi-
croorganisms, especially LA-MRSA, which at present has 
not been widely detected in the United States. These research 
fi ndings will be useful for generating hypotheses regarding 
the epidemiology of LA-MRSA in the Netherlands and can 
provide a warning that where one lives may play a critical 
role in one’s risk of disease.
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To assess risk for importation of dengue virus (DENV) 
into Queensland, Australia, and sources of imported 
viruses, we sequenced the envelope region of DENV 
isolates from symptomatic patients with a history of travel 
during 2002–2010. The number of imported dengue cases 
greatly increased over the surveillance period, some of 
which were associated with domestic outbreaks. Patients 
reported traveling to (in order) Asia, Papua New Guinea, 
Pacifi c Island countries, and non–Asia-Pacifi c countries. By 
using phylogenetic methods, we assigned DENV isolates 
from returning residents and overseas visitors with viremia 
to a specifi c genotypic group. Genotypes circulating in Asia 
were extremely diverse. Genotyping and molecular clock 
analysis supported Asian origination of a strain that caused 
an outbreak of DENV-4 in Pacifi c Island countries during 
2007–2009, and subsequently, in Innisfail, Australia, in 
2009. Our fi ndings indicate that Asia is a major source of 
DENVs that are imported into Australia, causing a risk for 
epidemics.

Queensland, a state located in the tropical and 
subtropical northeastern area of Australia, has a 

long history of dengue virus (DENV) activity. Dengue 
was present in the late 19th century (1) and, following a 
lull for most of the 20th century, dengue importation and 
epidemic transmission have been increasingly reported 
in the past 20 years (2,3). Epidemics of the disease have 
occurred historically in other states of Australia, but only in 
Queensland have epidemics been reported in recent times. 
These epidemics were caused by the distribution of the 
vector, Aedes aegypti mosquitoes. The species was once 
found in other Australian states, but its area of distribution 

has now contracted so that it lies almost exclusively within 
Queensland’s borders (4,5).

Despite repeated transmission events, dengue is not 
endemic to Queensland, and transmission requires a viremic 
traveler to import the virus to initiate epidemic spread 
(6). Rapid identifi cation of cases and disease tracking, 
incorporating targeted vector surveillance, and control 
measures adopted rigorously to limit epidemic potential have 
been major factors in preventing local transmission and in 
reducing the cost of managing mosquito-borne disease (7).

With the apparent increasing frequency of dengue 
epidemics and imported cases, the disease has become a 
major public health issue. Exposure to multiple serotypes of 
DENV, of which there are 4 in total, may result in a higher 
probability of potentially life-threatening conditions such 
as dengue hemorrhagic fever and dengue shock syndrome, 
a potentially life-threatening condition (8). Perhaps not 
coincidentally, 2 fatal cases of dengue hemorrhagic fever 
were reported in 2004 in Queensland, and the serologic 
profi le of the case-patients indicated secondary infection 
consistent with dengue shock syndrome (9). Of additional 
concern is the possibility that the virus may become 
endemic if case numbers were to rise to a point at which 
vector control measures became ineffectual at controlling 
virus spread.

Recent DENV infection is diagnosed by serologic 
testing, through virus isolation or by nucleic acid 
amplifi cation by reverse transcription PCR (RT-PCR). 
The advantage of the latter is that sequencing of reaction 
products enables a defi nitive diagnosis of acute infection, 
identifi cation of the virus serotype, and genotyping. 
As an adjunct to isolation techniques, sequencing and 
genotyping can provide valuable evidence of importation 
or can confi rm local transmission and enable differentiation 
between multiple circulating strains and serotypes. 

Sources of Dengue Viruses 
Imported into Queensland, 

Australia, 2002–2010 
David Warrilow, Judith A. Northill, and Alyssa T. Pyke
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Analysis of DENV sequence data facilitates rapid disease 
tracking and vector control. However, not all specimens 
are suitable for RT-PCR because infected persons usually 
exhibit a relatively short-lived viremia early in the febrile 
period (10). In addition, clinicians may fi nd it diffi cult to 
obtain acute-phase samples, particularly if patients delay 
their initial consultation or are still in transit during their 
viremic phase.

As part of control measures by Queensland Public 
Health, we sequenced the envelope region of DENV 
isolates from symptomatic patients with a history of 
travel during 2002–2010. The proportion of the 4 DENV 
serotypes that were imported was determined, as well as 
the geographic origin of each serotype. Phylogenetic trees 
containing imported DENV viruses and others strains 
circulating throughout the world (from GenBank) were 
constructed by using a maximum likelihood model. From 
this analysis, we ascertained the likely geographic origin 
of imported viruses. This enabled us to assess the risk for 
importation of DENV from various sources by travelers 
entering Australia. 

Materials and Methods

Virus Samples
Serum samples from patients with suspected DENV 

infection were referred to the Public Health Virology 
Laboratory, Queensland Health Forensic and Scientifi c 
Services, following the directive of Queensland Public 
Health medical offi cers, or were obtained through the 
public or private laboratory network. Acute-phase 
specimens underwent RT-PCR and serologic testing, and 
those that successfully yielded an RT-PCR product (after 
specifi c DENV serotype amplication) were sequenced 
and genotyped by phylogenetic analyses to assist public 
health investigations. This work was approved by the 
Ethics Committee of Queensland Health Forensic and 
Scientifi c Services.

Viral RNA Extraction and Nucleotide Sequencing
RNA was extracted from 200 μL of serum, either 

manually (QIAamp viral RNA extraction kit; QIAGEN, 
Hildren, Germany) or by using the EZ1 Virus Mini Kit and 
(QIAGEN) according to the manufacturer’s instructions. 
Amplifi cation was performed for each DENV serotype by 
using the Superscript III/Platinum Taq High Fidelity One-
Step RT-PCR System (Invitrogen, Carlsbad, CA, USA) 
with specifi c RT-PCR primers (Table 1, Appendix, wwwnc.
cdc.gov/EID/article/18/11/12-0014-T1.htm). Nucleotide 
sequencing of the complete envelope gene region (DENV-
1, DENV-2, and DENV-4: 1,485 bp; DENV-3: 1,479 bp) 
was performed by using the Big Dye Terminator v3.1 cycle 
sequencing kit (Applied Biosystems, Foster City, CA, 

USA). Sequence data obtained were deposited in GenBank 
(Table 2, Appendix, wwwnc.cdc.gov/EID/article/18/11/12-
0014-T2.htm).

Phylogenetic Analysis of Envelope Protein Sequence
Full-envelope protein sequences for each serotype 

were aligned by using the multiple alignment tool of 
MEGA5 (www.megasoftware.net). Unrooted trees were 
then constructed by using a maximum likelihood estimation 
with a Jukes-Cantor model and γ-distributed rates, and by 
constructing 1,000 replicates to generate bootstrap support 
values. Divergence time from a common ancestor was 
estimated by using the molecular clock calculator.

Results

Increasing Incidence of Dengue Outbreaks 
and Serotype Diversity

Previous reports (3,11) and anecdotal evidence 
indicated that there has been an increase in the number of 
dengue outbreaks occurring in Queensland. To investigate 
this apparent trend, we combined recent and historical 
outbreak data (3) over a 20-year period. A 5-year moving 
average does indeed show trends of increasing dengue 
outbreak incidence and increasing diversity of DENV 
serotypes that cause such outbreaks (Figure 1, panels A, 
B). A line of best fi t revealed a signifi cant increase with 
time (r2 = 0.48; p<0.05 by Student t test, 2-tailed). All 4 
DENV serotypes caused outbreaks; DENV-2 was the 
most common cause (50.0%), followed by DENV1 and 
DENV-3 (19.4% each) and DENV-4 (11.1%) (Figure 
1, panel C). The increase in outbreak incidence refl ects 
changes in international travel over this period, which has 
increased 3.5-fold since the early 1990s (12). This increase 
is consistent with increased importations of virus carried 
by viremic travelers and the recognized increase in DENV 
infections throughout the world (13). Also of note is the 
dramatic increase in infections caused by imported viruses 
in 2010 (Figure 1, panel D).

Geographic Origins and Diversity of 
Imported DENVs, 2002–2010

We ascertained the number and diversity of imported 
DENV serotypes from infected travelers during 2002–
2010 (Table 3). This period was chosen because the most 
comprehensive patient sequence data were available. 
Information was analyzed from viremic travelers, for 
whom an RT-PCR amplifi cation product and serotype 
designation could be obtained. The possible strain origins, 
which were determined after phylogenetic analyses, were 
compared with available travel histories to ascertain likely 
geographic origins of the infecting virus. The data were 
categorized into 4 separate regions: Asia, Papua New 
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Guinea (PNG), the Pacifi c Islands, and countries outside of 
the Asia-Pacifi c region (non–Asia-Pacifi c).

Most infected travelers (77.9%) reported spending 
time abroad in Asia. In particular, 26.4% of all virus 
importations could be traced to Indonesia alone. All 4 
DENV serotypes were detected in the specimens sequenced 
from persons with a travel history to that country. Notably, 
patients reported traveling to other Asian countries, 
including Thailand and the Philippines, where all 4 DENV 
serotypes have been found. Most other countries to which 
travel was reported had at least 3 DENV serotypes (Timor-
Leste, PNG, and Vietnam), 2 serotypes (Cambodia, India, 
Fiji, Malaysia, and Laos), or 1 serotype (Brazil, Guyana, 
Samoa, Singapore, Solomon Islands, Sri Lanka, Tonga, and 
Vanuatu). A greater degree of diversity cannot be excluded 
in many of these countries because sampling numbers for 
individual countries were often low.

We calculated the proportion of the 4 DENV serotypes 
for infected travelers (Figure 2, panel A), which was slightly 
different from the proportion associated with outbreaks 

within Queensland (Figure 1, panel C). The serotype most 
commonly imported by travelers was DENV-1 (39.3%), 
followed by DENV-2 (25.7%), DENV-3 (21.4%), and 
DENV-4 (13.6%). Strains of all 4 DENV serotypes 
originated mainly in Asia (Figure 2, panel B). DENV-1 
had the most diverse origins, with patients reporting travel 
mainly to Asia, but also to PNG, the Pacifi c Islands, and 
non–Asia-Pacifi c regions. In addition to Asia, DENV-
2 was found to originate in PNG; DENV-3 originated in 
PNG and a non–Asia-Pacifi c area (Brazil); and DENV-4 
originated in the Pacifi c Islands.

Origins of DENVs Imported by Returning Residents
Infected travelers were either returning Queensland 

residents or international visitors. Returning residents 
were the largest proportion of patients (96.4%) who sought 
treatment from the health system with dengue viremia. 
Further analysis was conducted on the subset of returning 
residents (135 of 140 patients with imported cases). 
Similarly to the analysis of all travelers above, infected 
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Figure 1. Number and diversity of dengue 
outbreaks in northern Queensland, 
Australia. A) Outbreaks of dengue causing 
epidemic spread in Queensland 1990–
2010 showing 5-year moving average. B) 
Outbreaks shown as individual serotypes. 
C) Proportion of dengue virus serotypes 
responsible for the outbreaks shown in A 
and B. D) Geographic origins of dengue 
viruses imported into Queensland by 
viremic travelers. D1–D4, DENV-1–DENV-
4; PNG, Papua New Guinea.
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returning residents (Table 4) reported that they had most 
frequently returned from Asia (77.0%), followed by PNG 
(13.3%), then the Pacifi c Islands (8.1%), and least often 
from non–Asia-Pacifi c areas (1.5%). The overall ratio was 
signifi cantly different from that expected on the bases of 
the proportion of all Queensland residents who reported 

returning from dengue-endemic countries of those 4 
regions, as calculated by using data from the Australian 
Bureau of Statistics for 2002–2010 (χ2 analysis, p = 
0.0004). The proportion of patients reporting travel to Asia, 
and to PNG in particular, was higher than expected. The 
overrepresentation of cases from PNG is best explained by 
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Table 3. Number and diversity of imported dengue serotypes, Queensland, Australia, 2002–2010* 
Region and country No. (%) cases  Dengue serotypes (genotypes) 
Asia   
 Indonesia 37 (26.4) 1 (I, IV), 2 (Cosmopolitan), 3 (I), 4 (II) 
 Thailand 15 (10.7) 1 (I), 2 (Asian genotype I), 3 (II), 4 (I) 
 Philippines 10 (7.1) 1 (IV), 2 (Cosmopolitan), 3 (I), 4 (I) 
 India 9 (6.4) 1 (V), 2 (Cosmopolitan) 
 Timor-Leste  9 (6.4) 1 (IV), 2 (Cosmopolitan), 4 (II) 
 Vietnam 7 (5.0) 1 (I), 2 (Asian genotype I), 3 (II) 
 Malaysia 5 (3.6) 1 (I, IV), 4 (II) 
 Laos 2 (1.4) 1 (I), 2 (Asian genotype I) 
 Cambodia 2 (1.4) 1 (I), 3 (II) 
 Singapore 1 (0.7) 1 (I) 
 Sri Lanka 1 (0.7) 1 (V) 
 Asia, not specified 11 (7.9) – 
Papua New Guinea 19 (13.6) 1 (I, IV), 2 (Cosmopolitan), 3 (I) 
Pacific Islands   
 Fiji 4 (2.9) 1 (IV), 4 (II) 
 Samoa 2 (1.4) 4 (II) 
 Solomon Islands 1 (0.7) 1 (ND) 
 Tonga 3 (2.1) 4 (ND) 
 Vanuatu 1 (0.7) 4 (ND) 
Non–Asia-Pacific    
 Brazil 1 (0.7) 3 (ND) 
 Guyana 1 (0.7) 1 (V) 
Total 140  
*ND, not determined 

Figure 2. Importation of dengue viruses (DENVs) into Queensland, Australia, 2002–2010. A) Proportion of imported DENV serotypes. B) 
Geographic origins of the 4 imported DENV serotypes. D1–D4, DENV-1–DENV-4; PNG, Papua New Guinea.
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a recent increase in DENV activity in that country, which is 
consistent with a large number of importations from PNG 
(47.4%) during 2010 (Figure 1, panel D) and, in addition, 
other recent reports (14). In comparison, the proportion 
of patients who reported travel to the Pacifi c Islands was 
lower than expected. Because only 2 cases originated in the 
non–Asia-Pacifi c region, it was subsequently diffi cult to 
draw conclusions about this region for statistical purposes.

Genotype Assignment of Imported DENVs
The genotypic mix for the various regions from which 

dengue was imported is shown in Table 3 and Figures 3–6. 
Across all regions, viruses could be classifi ed into 1 of 2 
genotypic groups within each serotype; the exception was 
DENV-1, which had 3 groups. In countries which were a 
source of imported viruses, generally 1 genotypic group for 
each serotype predominated.

DENV genotypic groups generally circulate in 
particular regions (15). The viruses imported into 
Queensland were consistent with DENV genotypes which 
had previously been reported to circulate in those countries 
to which patients had reported travel (16–19). For example, 
DENV-4 genotypic group II has been reported in Indonesia, 
Tahiti, the Caribbean Islands, and Central and South 
America (17). In 2007–9, DENV-4 was introduced into the 
Pacifi c Islands, displacing DENV-1 in the process (20,21). 
Our genotypic analysis confi rms classifi cation of the Pacifi c 
Island DENV-4 in genoptypic group II, as recently reported 
(21). This was the fi rst time this genotypic group had been 
reported in the Pacifi c region, and suggested that the origin 
of this strain of DENV-4 may have been Southeast Asia.

In support of this suggestion, a closely related DENV-
4 strain from the Torres Strait (Figure 6, JN575595) with 
99.1% envelope nucleotide identity to a DENV-4 strain 
from Samoa (Figure 6, JN575592), was detected before the 
Pacifi c outbreak in 2005. A maximum likelihood test of the 
phylogenetic tree determined that a molecular clock was 
applicable (Ho not rejected; p = 0.06). Using a previously 
published substitution rate for dengue 4 of 1 × 10−3 
substitutions/site/year (22), we calculated that divergence 
from a common ancestor occurred in ≈2002 with an error 
of ± 2 years. Thus, the Pacifi c Island outbreak strain (Figure 
6, Pacifi c Island clade) is geographically and temporally 

closely related to the Torres Strait 2005 virus. Both of these 
virus strains are mostly closely related to DENV-4 strains 
which originated in Indonesia (Figure 6, JN575583). These 
data support suggestions the Pacifi c Island outbreak strain 
originated in Indonesia and made its way to the Torres 
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Figure 3. Phylogenetic tree showing the relationship of dengue 
viruses, serotype 1, imported into Queensland, Australia, 2001–
2010, based on sequencing of the envelope gene. Viruses are 
designated according to reported origin and GenBank accession 
number, and imported cases are shown in boldface. Genotypes are 
indicated on the right. Scale bar indicates nucleotide substitutions 
per site.

Table 4. Observed and expected numbers of imported DENVs by region, Queensland, Australia, 2002–2010* 

Imported DENVs 
No. (%) from  

Asia†
No. (%) from  

Papua New Guinea 
No. (%) from  

Pacific Islands 
No. (%) from  

non–Asia-Pacific region 
Observed  104 (77.0) 18 (13.3) 11 (8.1) 2 (1.5) 
Expected‡  92 (68.2) 11 (7.9) 28 (20.8) 4 (3.2) 
* 2 is 18 (p<0.0004; 2-tailed test). DENVs, dengue viruses. 
†Asia includes travelers to Indonesia, Timor-Leste, Thailand, India, Malaysia, Philippines, Vietnam, Singapore, Cambodia, Sri Lanka and Laos; Papua 
New Guinea; Pacific Islands includes travelers to Fiji, Samoa, Solomon Islands, Tonga, and Vanuatu; non–Asia-Pacific region was defined as all cases 
outside the Asia-Pacific region which included Brazil and Guyana. 
‡Based on travel data from the Australian Bureau of Statistics (www.abs.gov.au/) for departing Queensland residents who named the country where they 
planned to spend the most time, selected for those countries designated as having an ongoing dengue transmission risk, according to the Centers for 
Disease Control and Prevention Dengue Map (www.healthmap.org/dengue). 
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Strait (Australia) in 2005, probably through PNG, and 
into the Pacifi c in 2007 where it is currently circulating. 
A virus most closely related to the Pacifi c Island strain 
was then imported into Innisfail in northern Queensland in 
2009, where it caused an outbreak (Figure 6). This incident 
highlights the epidemic potential of DENV strains that are 
imported into Queensland (3,23,24).

Discussion
In this study we have analyzed the importation of 

DENVs into northern Queensland, the only area within 
Australia where domestic epidemic spread is a risk. Two 
issues are apparent from these analyses. First, DENV 

infections, in terms of the number of importations and 
outbreaks, have increased in recent years. This issue is most 
apparent when it is considered that 42.9% of all instances 
of virus importation identifi ed in this study occurred in 
2010. The greatest risk was from residents returning from 
travel overseas, rather than overseas visitors. However, 
cases in the latter may be somewhat underreported because 
they may be more reluctant to seek medical assistance in a 
foreign country.

The second issue is the large degree of risk that Asia 
represents as a primary source of DENVs that can cause 
epidemics in Australia. Not only does Asia represent the 
biggest source of imported viruses in terms of number and 
serotype diversity, but it is also a source of viruses that 
can be imported into the Pacifi c region and, subsequently, 
a secondary source of importation into Australia as can 
be seen from the outbreak of the Pacifi c Island DENV-4 
genotypic group II in Innisfail in 2009. If suggestions that 
the Pacifi c Island states are unable to sustain long-term 
DENV circulation are correct (20), then Asia may also 
be an important source of new outbreaks in the Pacifi c by 
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Figure 4. Phylogenetic tree showing the relationship of dengue 
viruses, serotype 2, that were imported into Queensland, Australia, 
2002–2010, based on sequencing of the envelope gene. Viruses 
are designated according to reported origin and GenBank 
accession number, and imported cases are shown in boldface. 
Genotypes are indicated on the right. Cosmo., Cosmopolitan. 
Scale bar indicates nucleotide substitutions per site.

Figure 5. Phylogenetic tree showing the relationship of dengue 
viruses, serotype 3, imported into Queensland, Australia, 2002–
2010, based on sequencing of the envelope gene. Viruses are 
designated according to reported origin and GenBank accession 
number, and imported cases are shown in boldface. Genotypes are 
indicated on the right. Scale bar indicates nucleotide substitutions 
per site.
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incursions perhaps from either PNG or the islands of the 
Torres Strait.

To determine whether travelers returning from the 4 
regions were either underrepresented or overrepresented in 
the dataset, we compared travelers departing Australia (using 
information obtained from outgoing passenger cards). A 
subset of Queensland residents was used as this information 
was available from the Australian Bureau of Statistics only 
for outgoing residents. The overrepresentation of infections 
imported from Asia and PNG relative to the Pacifi c Island 
countries may be due to higher levels of DENV activity in 
those countries. In the case of PNG, this result was mostly 
due to a large increase in imported DENVs from that country 
in 2010 (47.4% of all imported DENVs from PNG). Data 
from 2011 continue this trend to higher levels of DENVs 
imported from that country (data not shown). A previous 
study noted a decline in imported DENVS from PNG from 
51% over the period 1999–2003 to 12% from 2004 to 2008 
(25). The fi ndings from this study may indicate a return to 
the historically higher proportion of imported DENVs from 
that region with the likelihood that recent dengue activity in 
PNG has intensifi ed.

Little is known about overt disease in adults who 
acquire DENV-2 and DENV-4 infections. Disease may only 
be seen in those persons with previous antibody responses 
to another dengue serotype (26). This circumstance has 
implications for vaccine development because those 
persons with DENV antibodies may experience disease 
when exposed to vaccine formulations that contain 
apparently attenuated DENV-2 and DENV-4 (26). 
Susceptible adults who contract dengue while traveling 
represent an opportunity to study the factors associated 
with overt disease. To explore the pathogenicity of DENV-
2 and DENV-4, serologic responses should be correlated, 
in the context of patient age, with molecular diagnostics in 
future studies of dengue surveillance.

This work clearly shows the increasing risk that 
viremic travelers pose to Australia, and to Queensland in 
particular, as a means for importing DENVs that could have 
substantial outbreak potential. Molecular epidemiologic 
studies have identifi ed Asia as the greatest source of 
DENV infections that have been imported into Queensland 
recently. The increase in imported DENV strains and the 
number of outbreaks is of major public health importance 
and has been largely exacerbated by the heightened 
frequency and affordability of modern air travel. As this 
trend continues, the chance of the virus becoming endemic 
and the likelihood of the recurrence of disease also increase. 
Although additional studies are required to investigate the 
clinical implications of the imported viruses and specifi c 
patient anomalies, the sequence information presented 
here could assist future understanding of viral markers in 
relation to symptomatic disease and their association with 
pathogenesis.
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Dengue virus serotype 4 (DENV-4) reemerged in 
Roraima State, Brazil, 28 years after it was last detected 
in the country in 1982. To study the origin and evolution of 
this reemergence, full-length sequences were obtained for 
16 DENV-4 isolates from northern (Roraima, Amazonas, 
Pará States) and northeastern (Bahia State) Brazil during 
the 2010 and 2011 dengue virus seasons and for an 
isolate from the 1982 epidemic in Roraima. Spatiotemporal 
dynamics of DENV-4 introductions in Brazil were applied 
to envelope genes and full genomes by using Bayesian 
phylogeographic analyses. An introduction of genotype I into 
Brazil from Southeast Asia was confi rmed, and full genome 
phylogeographic analyses revealed multiple introductions 
of DENV-4 genotype II in Brazil, providing evidence for >3 
introductions of this genotype within the last decade: 2 from 
Venezuela to Roraima and 1 from Colombia to Amazonas. 
The phylogeographic analysis of full genome data has 
demonstrated the origins of DENV-4 throughout Brazil.

Dengue virus (DENV), a widespread arthropod-borne 
virus that commonly affects humans, belongs to the 

family Flaviviridae, genus Flavivirus, and is classifi ed into 

4 distinct serotypes (DENV 1–4). DENV is most prevalent 
in tropical and subtropical areas, where eco-epidemiologic 
conditions appear to sustain the virus. In particular, these 
regions harbor 2 competent DENV vectors (Aedes aegypti 
and A. albopictus mosquitoes) and have environments 
favorable for DENV (1). In past decades, the number of 
countries reporting DENV cases and those with endemic 
DENV has increased dramatically. These increases 
refl ect the expanding habitat of the Aedes spp. mosquito 
vectors, the poorly planned urbanization of many cities in 
developing countries, an increased number of susceptible 
human hosts, and the rapid spread of DENV serotypes 
through global human travel networks (2–4). According to 
the World Health Organization, ≈3 billion persons living 
in >100 countries are at risk of being infected at least once 
annually by 1 of the 4 DENV serotypes (4).

In Brazil, DENV-1–3 were responsible for ≈5 million 
cases of DENV infection during 1990–2009, resulting in 
>15,000 reported cases of dengue hemorrhagic fever and 
≈1,000 DENV-related deaths (5–7). DENV-4 reemerged 
in Brazil in 2010, 28 years after it was last detected in the 
country; the site of the reemergence was Roraima State, 
northern Brazil (8), the same state in which DENV-4 had 
last been detected in 1982 (9). Brazilian Ministry of Health 
data for 2010 and 2011 show there were 1,666,208 cases of 
DENV infection, including 26,659 severe cases and 1,097 
associated deaths (10).

We describe the genetic characterization and 
spatiotemporal patterns of spread for DENV-4 strains 
isolated from 4 Brazilian states: Pará, Amazonas, and 
Roraima in northern Brazil and Bahia in northeastern Brazil. 
To characterize the origins of DENV-4 reemergence, we 
performed discrete Bayesian phylogeographic analysis on 
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98 full-length DENV-4 genomes and compared the results 
with those of a similar analysis on 314 envelope gene 
sequences.

Material and Methods

Viral Strains
We included 16 DENV-4 isolates in this study 

(Table). The viruses corresponded to low-passage virus 
strains (passage no. 1) from C6/36 cells obtained from the 
Department of Arbovirology and Hemorrhagic Fevers, 
Instituto Evandro Chagas, Brazilian Ministry of Health 
(Ananindeua, Brazil).

Sequencing, Assembly, and Accession Numbers
Nearly complete genome sequences were obtained 

by using high-throughput sequencing on a GS FLX+ 
System (454 Life Sciences, Branford, CT, USA) as 
described (11). The sequences of the 5′ and 3′ termini 
were obtained by using 5′ and 3′ rapid amplifi cation of 
cDNA ends  systems (Invitrogen, Carlsbad, CA, USA), 
according to the manufacturer’s instructions, with the 
following specifi c sets of primers: DENV-4 5′SP1 
(5′-AKCCCTGTCTTGGGTCCAGC-3′), DENV-4 5′SP2 
(5′- TTGAACGCCTCTTGAAGGTC-3′), DENV-4 5¢SP3 
(CTCTTGAAGGTCCAGGTCTA), DENV-4 3′SP1 
(5′-ATATCTGAATGGCAGCCATC-3′), and DENV-4 
3′SP2 (5′-TCACTGGCTGTTTCTTCTGCT-3′). All 5′ and 
3′ rapid amplifi cation of cDNA ends amplicons were cloned 
into a plasmid bacterial system by using the TOPO TA 
Cloning Kit (Invitrogen) and directly sequenced (in both 
directions) by using the ABI Prism BigDye Terminator 
v1.1 Cycle Sequencing Kit on an ABI Prism 3130 DNA 
analyzer (Applied Biosystems, Foster City, CA, USA) with 
the M13F/M13R set of primers (Invitrogen).

Data generated by the GS FLX+ System and ABI 
3130 platforms were assembled by using the mapping 
reference method as implemented by the GS Reference 

Mapper Program (available in Newbler v.2.6 software, 
http://454.com/products/analysis-software/index.asp). The 
mapper program was used to rearrange the reads against 
a given reference sequence by using the following default 
parameters: input = 20 bp, all contig threshold = 100, large 
contig threshold = 200, minimum overlap length = 40, 
minimum overlap identity = 70%, k-mer = 12 (seed step), 
and k-mer = 16 (seed length). A total of 16 new full-
length DENV-4 sequences were obtained and deposited in 
GenBank (accession nos. JQ513330–JQ513345).

Nucleotide Data Compilation and Alignment
We complemented our data with available full genome 

and envelope protein sequences for a total of 98 full 
genome (10,624 nt) and 314 full-length DENV-4 envelope 
protein (1,485 nt) sequences. These included 18 sequences 
from Brazil (3 from Belém, Pará State; 1 from Santarém, 
Pará State; 5 from Manaus, Amazonas State; 8 from Boa 
Vista, Roraima State; and 1 from Salvador, Bahia State); 
26 full genome and 75 envelope protein sequences from 
the Caribbean region (Puerto Rico, Dominica, Dominican 
Republic, Jamaica, Puerto Rico, Trinidad and Tobago, 
Barbados, Montserrat, Martinique, and Bahamas); 8 full 
genome and 10 envelope protein sequences from Colombia; 
34 full genome and 48 envelope protein sequences 
from Venezuela; 9 full genome and 88 envelope protein 
sequences from Mainland Southeast Asia (Thailand-
Bangkok, Vietnam, Cambodia, Myanmar, and Peninsular 
Malaysia); and 3 full genome and 22 envelope protein 
sequences from Maritime Southeast Asia (Philippines, 
Indonesia, Singapore, and East Malaysia).

We aligned the sequences by using MAFFT (12). 
After we manually edited the resulting alignment by 
using Se-Al (13), the total lengths of the full genome and 
envelope protein alignments consisted of 10,624 bp and 
1,485 bp, respectively. All sequences were screened for 
recombination by using the Phi-test (14), which is available 
in the SplitsTree4 program (15).
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Table. Dengue virus type 4 strains isolated in Brazil used for genetic characterization and phylogeographic analyses 
Identification Strain Year of isolation Municipality, state, of isolation GenBank accession no.
ROR 7542 Be H 774846 2010 Boa Vista, Roraima JQ513333 
ROR 7591 Be H 780090 2010 Boa Vista, Roraima JQ513340 
ROR 7620 Be H 780120 2010 Boa Vista, Roraima JQ513341 
ROR 7357 Be H 772846 2010 Boa Vista, Roraima JQ513330 
ROR 7363 Be H 772852 2010 Boa Vista, Roraima JQ513331 
ROR 7365 Be H 772854 2010 Boa Vista, Roraima JN559741 
STM 31 Be H 775222 2010 Santarém, Pará JQ513334 
BEL 83791 Be H 778494 2011 Belém, Pará JQ513335 
BEL 83846 Be H 778887 2011 Belém, Pará JQ513337 
BEL 83804 Be H 778504 2011 Belém, Pará JQ513336 
AM 5079 Be H 779652 2011 Manaus, Amazonas JQ513339 
AM 5105 Be H 780571 2011 Manaus, Amazonas JQ513344 
AM 4963 Be H 779228 2011 Manaus, Amazonas JQ513338 
AM 5090 Be H 780556 2011 Manaus, Amazonas JQ513342 
AM 5097 Be H 780563 2011 Manaus, Amazonas JQ513343 
BHI 3681 Be H 781363 2011 Salvador, Bahia JQ513345 
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Evolutionary Reconstruction of DENV-4 Dispersal
The parameters of a full probabilistic model of 

evolutionary history, including timed sequence evolution 
and spatial dispersal, were estimated by using a discrete 
Bayesian asymmetric diffusion approach (16) implemented 
in the BEAST software package (13,17). We used the 
Bayesian skyride model (18) as a fl exible tree prior and 
a general time-reversible model with a discretized gamma 
distribution (general time-reversible + 4Γ) to account for 
among-site rate variation. To calibrate the time scale of 
the trees, we obtained isolation dates (in years) from the 
GenBank annotations, and to accommodate rate variation 
among lineages, we used a lognormal relaxed molecular 
clock approach (19).

This approach enabled us to estimate ancestral spatial 
locations throughout the phylogenetic history while 
accounting for uncertainty in the phylogenetic and diffusion 
process (17). For the full genome and envelope protein 
datasets, 3 Markov-chain Monte Carlo analyses were 
run for 50 million states and sampled once every 10,000 
states. We used the BEAGLE library (13) together with 
BEAST (13) to augment the computational speed. After 
we removed 10% of the burn-in, we combined the runs 
by using LogCombiner (www.molecularevolution.org/
software/phylogenetics/beast). Maximum clade credibility 
(MCC) trees were summarized by using TreeAnnotator 
and visualized by using FigTree (12). We use the SPREAD 
application (20) to visualize and convert the estimated 
divergence times and spatial estimates annotated in the 
MCC trees to a keyhole markup language fi le (the fi les 

are available from authors upon request). All evolutionary 
parameters are reported as posterior means along with their 
95% Bayesian credibility intervals.

To obtain the expectations for the location state 
transitions, we estimated Markov jump counts (18,21) along 
the branches of the posterior tree distribution (22). We 
applied kernel density estimation in R to summarize Markov 
jump densities through time from particular locations.

Results

Asian DENV-4 Genotype I in Northern Brazil
The analysis (Phi-test implemented in SplitsTree) 

of the 98 DENV-4 full genomes did not provide support 
for recombination. Therefore, all 98 complete nucleotide 
(10,624 nt) and 314 (1,485 nt) envelope protein sequences 
were included in the Bayesian phylogeographic analyses 
by using a discrete asymmetric diffusion model and a 
fl exible demographic prior (online Technical Appendix 
Table, wwwnc.cdc.gov/EID/pdfs/12-0217-Techapp.pdf).

The complete genome and envelope protein MCC 
genealogies confi rmed that 3 major phylogenetic groups 
were compatible with the genotypes currently established for 
DENV-4: genotypes I–III (Figure 1). In particular, genotype 
I (n = 5 full genome, n = 85 envelope protein sequences) 
included strains that were isolated in Southeast Asia and a 
unique strain (BHI 3581 Be H 781363) that was isolated 
from an autochthonous febrile patient in 2011 in Salvador, 
Bahia State. The dense sampling in the envelope protein 
dataset made it possible for us to establish a relatively recent 
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Figure 1. Maximum clade credibility tree 
demonstrating the phylogenetic relationships 
of the 314 dengue virus type 4 (DENV-4) 
envelope genes (1,485 nt). The major groups 
(genotypes I–III) are indicated. Branch 
lengths are scaled in time units; scale bars, 
representing the chronology of DENV-4 
emergence, are color-coded according to 
the most probable geographic location of the 
descendent node. Introductions of DENV-4 
in Brazil are indicated by numbered circles; 
numbering follows the temporal order of the 
mean estimate of divergence time for that 
particular sequence or clade. In selected 
nodes, * indicates posterior probability 
support of 1.00. Panel on right shows a detail 
of the maximum clade credibility tree (built 
by using an alignment of 98 DENV-4 full 
genomes [10,624 nt]) that reveals 3 distinct 
well-supported introductions of genotype II 
cluster from neighboring South American 
countries into Brazil. SE, Southeast; RO, 
Roraima State; PA, Pará State; AMA, 
Amazonas State. A color version of this 
fi gure is available online (wwwnc.cdc.gov/
EID/article/18/11/12-0217-F1.htm).
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common ancestor with an Asian genotype I dating back to 
2004 (95% Bayesian credible interval [BCI] 2002–2007). 
In particular, results from the genomic and envelope protein 
phylogeographic analyses confi rmed with high posterior 
probability (>0.99) that the Brazilian strain from Bahia was 
introduced from Mainland Southeast Asia.

Multiple Introductions of DENV-4 Genotype II in Brazil
Genotype II (n = 86 full genome, n = 223 envelope 

protein sequences) included the other 17 strains sampled 
in Brazil (Municipalities of Manaus, Belém, Santarém, 
and Boa Vista) and in Venezuela, Colombia, Central 
America, the Caribbean, and Southeast Asia. Genotype III 
(n = 2 full genome, 4 envelope protein sequences) included 
strains that were exclusively isolated from Southeast Asia 
(Thailand). On the basis of the envelope gene analysis, 
we reconstructed 3 introductions of genotype II DENV-4 
in Brazil (Figure 1, left panel). First, the envelope protein 
MCC tree indicated a Brazilian cluster of strains identifi ed 
in Boa Vista and Manaus as part of the major South 
American genotype II cluster. Second, the full genome 
MCC tree broke the cluster in Boa Vista and Manaus 
into 3 different lineages in the same genotype II cluster. 
Third, the large South American genotype II cluster, as 
part of the full genome MCC genealogy (Figure 1, right 
panel), indicates additional introductions of genotype II 
into Brazil. Thus, we identifi ed a total of 6 introductions 
of DENV-4 in Brazil.

The most recent common ancestor of genotypes I–
III is believed to have a Southeast Asian origin (7). In 
line with recent fi ndings (23), we estimate that genotype 
II, the predominant genotype, was likely fi rst introduced 
into the Americas (Caribbean region) around 1978 (95% 
BCI 1976–1979) (Figure 1; online Technical Appendix 
Figure). Following a period of circulation in the Caribbean 
region, this genotype independently entered South 
American countries >4 times, as inferred respectively by 
the full genome and envelope protein analyses. Most of 
these introductions into South America seem to have led 
to relatively shallow phylogenetic clusters that probably 
refl ect short-term survival of the virus in South America.

Nevertheless, our data provide support for a major 
genotype II cluster that refl ects the successful establishment 
of this genotype in South American countries neighboring 
Brazil in or around 1994 (95% BCI 1992–1995). From 
Venezuela and Colombia, the genotype spread to Brazil 
>3 times in the last decade, as inferred by the full genome 
phylogeographic analyses (Figure 1, right panel). In 
contrast, the DENV-4 outbreak in Pará State (Santarém and 
Belém) was identifi ed around 2008 (95% BCI 2006–2009) 
and is directly linked to strains from the Caribbean region. 
Overall, we found >3 distinct DENV-4 introductions into 
Roraima State: 1 from the Caribbean region ≈3 decades 

ago (indicated as 1 in Figure 1, left panel), and 2 from the 
strain that has become endemic in Venezuela within the 
last decade (indicated as 3 and 5 in Figure 1, right panel). 
One of these strains resulted in a well-supported cluster 
that dated back to about 2006 (95% BCI 2005–2007) and 
comprised 6 strains.

Global Patterns of DENV-4 Dissemination
To identify the major export and import locations for 

DENV-4 at a global scale, we summarized the number of 
introductions from and to each of the locations that were 
estimated by using Markov jump count approaches as part 
of the full genome analysis (Figure 2, panel A). Our results 
pinpoint Maritime Southeast Asia, the Caribbean region, 
and Venezuela as the 3 most prominent sources of DENV-
4 export. In addition, to investigate the temporal dynamics 
of viral dispersal from the 3 locations in the evolutionary 
history of DENV-4, we estimated the Markov jump density 
from these locations through time (Figure 2, panel B). 
We distinguished different peaks, which appear to refl ect 
3 distinct waves of DENV-4 migration; the most recent 
wave corresponded to exportations from South American 
countries bordering Brazil, particularly Venezuela, where 
DENV-4 has been established longer.

After an initial establishment in the Caribbean region, 
genotype II most likely fi rst dispersed to Brazil (Roraima 
State), Venezuela, Colombia, and, more recently, to Brazil 
(Belém, Pará State) again (Figure 3). Locations such 
as Santarém, Pará State, and Manaus, Amazonas State, 
do not have a direct relation to the Caribbean locations; 
instead, the strain found in Santarém is linked to a cluster of 
sequences from other locations in Pará State. This fi nding 
further indicates that there is ongoing circulation of DENV-
4 within Brazil. Nevertheless, most recent introductions of 
genotype II in Brazil in the last decade seem to have been 
fueled by strains originating from bordering countries.

Discussion
DENV-4 was not detected in Brazil for 28 years 

after the fi rst clinical and laboratory reports of dengue 
fever cases in Roraima State during 1981–1982 (9). Since 
then, no additional cases were reported in the country 
until the reemergence of DENV-4 in Boa Vista, Roraima 
State, in 2010 (8). Following those fi rst recent detections 
of DENV-4 in Brazil, the virus was identifi ed in 2011 in 
the northern Brazilian states of Amazonas, Amapá, and 
Pará. Furthermore, DENV-4 was serologically detected in 
persons in several other states, demonstrating the potential 
for this virus to spread quickly to several regions (8).

Since the fi rst detection of DENV-4 in Brazil in 1982 
(8,9), partial genomic studies have confi rmed that the 
original virus was directly associated with the Caribbean 
strains, which are known as genotype II. Genotype II has 

 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 18, No. 11, November 2012 1861



RESEARCH

been responsible for several outbreaks in many countries in 
the Caribbean and South America (8,24–28). Phylogenetic 
analyses of different strains demonstrated the presence of 
2 distinct genotypes (genotypes I and II) of DENV-4 in 
Brazil. The introduction of a new serotype and a distinct 
DENV-4 genotype (Asian genotype I) into Brazil after 

nearly 3 decades of no circulation highlights the potential 
for future outbreaks of genotype I in this country. The 
presence of a serotype against which the population is 
not immunized indicates that the country is at risk for a 
sharp increase in the number of dengue virus infections, 
including severe cases (8).
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Figure 3. Overview of spatiotemporal dispersal of dengue virus type 4 (DENV-4) from Southeast (SE) Asia to the Caribbean region and 
then to South America. Links between geographic locations represent phylogeny branches of the full genome maximum clade credibility 
tree, as projected by using SPREAD software (20). The time gradient is coded to the arrows and depicts the relative time elapsed since the 
earliest inferred viral migration out of Southeast Asia (i.e., 1978, 95% Bayesian credible interval 1977–1980). Introductions are numbered 
as in Figure 1. Medium gray indicates the presence of DENV-4 where genomic data were available; dark gray indicates sampled countries 
where complete genomic sequence data were available; white indicates no genomic data available; and circles indicate sampled locations 
and are colored according to the earliest migration that was detected from the sink location. RO, Roraima State; AMA, Amazonas State. A 
color version of this fi gure is available online (wwwnc.cdc.gov/EID/article/18/11/12-0217-F2.htm).

Figure 2. A) Estimated number of dengue virus type 4 exportations and importations (mean and 95% Bayesian credible intervals) (A). 
The full genome dataset was used and available data were discretized for countries neighboring Brazil. SE, Southeast. B) Markov jump 
density of viral exportations over time for the 3 major exporters of dengue virus type 4 (black line, Maritime Southeast Asia; dark gray line, 
Caribbean region; and light gray line, Venezuela).
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The phylogeographic analyses of full genomes and 
envelope genes confi rmed the co-circulation of 2 distinct 
DENV-4 genotypes (I and II) in Brazil. Genotype II is most 
common in South America and the Caribbean region, and 
genotype I was represented by 1 strain isolated from Bahia 
State in northeastern Brazil. The analyses also confi rmed 
the introduction of DENV-4 into Pará State from the 
Caribbean region and suggest that this introduction is very 
recent (online Technical Appendix Figure).

Previous phylogenetic analyses have been performed 
on partial and a few complete DENV-4 genomes (8,29–31). 
The results we obtained by using the new set of complete 
genomes suggest that DENV-4 genotype II emerged and 
reemerged in Brazil from >3 distinct origins (Southeast 
Asia, the Caribbean region, and Venezuela), which 
demonstrates a dispersal pattern in Brazil that is far more 
complex than expected from standard epidemiologic data.

We demonstrate that full genome analysis complements 
the analysis of more widely available envelope protein 
sequences. Although a dense sampling may have its own 
particular benefi ts for divergence time and spatial diffusion 
estimation, full genomes can provide more phylogenetic 
resolution to unravel individual introductions from 
populations of closely related strains.

Our results indicate that DENV-4 was exported 
multiple times from the Caribbean region to northern 
South American locations before the virus became 
established in South America. Overall, the spatiotemporal 
patterns of DENV-4 revealed in South America over a long 
time scale are reminiscent of a source-sink model of virus 
dispersal (32), in which the location of primary source 
virus populations shifted from Maritime Southeast Asia to 
the Caribbean region and, most recently, to northern South 
America, albeit with co-circulation in each location. This 
dispersal pattern differs from the source-sink dynamics of 
seasonal infl uenza, in which each epidemic wave seems 
to be caused by emergence from the same source (33). 
Active molecular epidemiologic surveillance will be 
essential for better characterizing local source populations 
of DENV-4.

In conclusion, we found that 2 distinct genotypes 
(I and II) of DENV-4 are circulating in Brazil, and we 
provide insight into the origin and dispersal of the DENV 
throughout northern Brazil and areas of several South 
American countries. Further studies are needed to analyze 
complete genomes from other countries to which DENV-
4 is endemic; such studies will more fully elucidate the 
geographic dispersal dynamics of DENV-4 in regions of 
the Americas where it is endemic.
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To determine the cause of a 2008 outbreak of aseptic 
meningitis in Shandong Province, China, we analyzed sam-
ples from outbreak patients and coxsackievirus B3 samples 
collected during 1990–2010 surveillance. The cause of the 
outbreak was coxsackievirus B3, genogroup D. Frequent 
travel might increase importation of other coxsackievirus B3 
genogroups.

Coxsackievirus B3 (CVB3) (family Picornaviridae, 
genus Enterovirus) is a major human pathogen (1–3), 

and CVB3-associated aseptic meningitis is an emerging 
concern (4). In the summer of 2008, an aseptic meningitis 
outbreak occurred in southern Shandong Province, Peo-
ple’s Republic of China. Shandong is a coastal province 
with a population of 94.7 million. The huge number of 
hospitalized children caught the attention of public health 
offi cials and media and triggered an extensive study on the 
causative agent. To help determine the cause of the out-
break, we analyzed samples from outbreak case-patients 
and conducted a molecular epidemiology study of CVB3 
isolates collected in Shandong during 1990–2010.

The Study
The 2008 outbreak occurred during June–September 

and peaked in early July. A total of 887 patients, 596 male 
and 291 female, were hospitalized. Patient ages ranged 
from 2 months to 64 years; most (98%) were <15 years of 
age. Epidemiologic investigation showed that 617 (69.6%) 
case-patients had a history of contact with aseptic menin-
gitis case-patients, and 159 (17.9%) had drunk untreated 
well water. The most common clinical manifestations were 
fever (89.6%), vomiting (57.2%), headache (48.3%), leth-
argy (14.5%), and rash (1.5%). No sequelae or deaths were 
reported.

To investigate the causative agent, we collected 120 
cerebrospinal fl uid samples and 22 fecal samples from 142 
case-patients. Using the RD and HEp-2 cell lines, we iso-
lated 82 enteroviruses (67 from cerebrospinal fl uid and 15 
from feces); serotypes were CVB3 (n = 81) and echovirus 
30 (n = 1). We sequenced and analyzed the virus capsid 
protein 1 (VP1) regions of 34 randomly selected CVB3 
strains as described (5–7). Only strain TC177 had 8.1%–
9.7% genetic divergence with the other 33 strains, which 
shared 98.6%–100.0% identity among themselves.

We also analyzed details of clinical and environ-
mental CVB3 strains collected in Shandong since 1990 
(Table) by using data from the acute fl accid paralysis 
(AFP) surveillance system. Because China has no special-
ized enterovirus surveillance system, no comprehensive 
molecular epidemiologic data are available for CVB3 or 
other nonpolio enteroviruses that cause aseptic meningi-
tis. However, the AFP surveillance system, developed for 
the polio eradication program and conducted in Shandong 
since 1990, can provide baseline data of local nonpolio 
enterovirus circulation (8). 

According to the AFP surveillance system, during 
1990–2010, a total of 768 nonpolio enteroviruses were 
isolated, and 59 (7.7%) strains were typed as CVB3 by 
use of a molecular method (6). Frequency of CVB3 isola-
tion fl uctuated from year to year and peaked during 1996, 
2000–2002, 2005, and 2008 (Figure 1). The low level of 
CVB3 before 1996 might be a surveillance artifact because 
AFP surveillance in China increased substantially through-
out the 1990s. CVB3 accounted for ≈21% of all nonpolio 
enterovirus isolates from AFP case-patients in 2008. An-
other outbreak of aseptic meningitis outbreak occurred in 
2005, during which 57 CVB5 strains were recovered (9) 
and 2 CVB3 strains were identifi ed. From environmental 
surveillance, CVB3 was isolated in 2008 (n = 7), 2009 (n = 
1), and 2010 (n = 1). In addition, CVB3 was isolated from 
patients with hand-foot-and-mouth disease (n = 2) and spo-
radic aseptic meningitis and encephalitis syndrome (n = 4).

To study the molecular epidemiology of CVB3 in 
Shandong, we used MEGA version 4.0 (10) to phyloge-
netically analyze the complete VP1 sequences of global 
CVB3 strains, including 72 Shandong isolates from AFP 
surveillance (n = 59), aseptic meningitis case-patients (n 
= 7), hand-foot-and-mouth disease case-patients (n = 2), 
and environmental surveillance (n = 4) (Figure 2). Global 
CVB3 strains were segregated into 4 genogroups, A–D, 
with at least 15% complete VP1 nucleotide diversity be-
tween clusters. All strains from Shandong, together with 
5 strains from the Chinese provinces of Guangdong, Jilin, 
Anhui, Yunnan, and Beijing, fell into genogroup D, which 
was further divided into 3 subgenogroups, D1–D3, repre-
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senting isolates from 1990–2003, 2002–2010, and 2004–
2009, respectively. Homologous analysis indicated that 
nucleotide identities among subgenogroups D1–D3 were 
90.9%–100%, 89.6%–100%, and 94.4%–99.6%, respec-
tively. The representative strain from the aseptic meningi-
tis outbreak (TC012) belonged to subgenogroup D2, and 
TC177 belonged to subgenogroup D3.

When partial VP1 sequences (393 nt) were aligned, the 
relationship between Shandong strains in 2008 and Hong 
Kong aseptic meningitis strain 26362/08 was close: strains 
08153 and 08281 had the highest similarities (98.7%) with 
26362/08. A close relationship (97.7%–98.5% similarity) 
was also observed between 26362/08 and the other aseptic 
meningitis strains from Shandong (TC047, CVB3 strain 
08AM.199, hand-foot-and-mouth disease strain Y019, en-
vironmental stains in 2008, and the strains from Beijing, 
Anhui, and Yunnan from 2008).

The VP1 sequences were deposited into GenBank. Ac-
cession numbers are GQ246518, GQ329744–GQ329767, 
FJ919564, FJ919566–FJ919598, GU272011–GU272013, 
and JQ364844–JQ364885.

Conclusions
Our results indicate that CVB3 was the cause of the 

outbreak and that most CVB3 isolates were closely related. 
The AFP surveillance in Shandong, although insuffi cient 
for monitoring enterovirus infections of humans, revealed a 

similar fl uctuating epidemic mode for CVB3 with a temporal 
peak in 1–3 years and quiescence for 2–3 years. The tempo-
ral dynamics of echovirus 30, causing nationwide epidemics 
of 2–4 years separated by periods of quiescence, have been 
reported (11). The CVB3 peak detected by AFP and environ-
mental surveillance in 2008 correlated well with the aseptic 
meningitis outbreak, demonstrating high CVB3 activity at 
that time. Of note, aseptic meningitis surveillance in Hong 
Kong detected increased CVB3 activity during 2001, 2005, 
and 2008 (4), consistent with the temporal peak of CVB3 in 
Shandong. The close genetic relationship between the strains 
from mainland China and the Hong Kong strains in 2008 
suggests that the same strain was circulating in both regions.

Most global CVB3 strains belong to genogroups B and 
D. During 1970–2006, genogroup B came from the United 
States, Australia and Europe. However, this genogroup has 
not yet been found in mainland China. Although genogroup 
D was composed entirely of strains from China, our data 
are insuffi cient for us to propose that genogroup D is con-
fi ned to China only. Nevertheless, our study demonstrates 
that genogroup D has been predominantly circulating in 
mainland China for the past 20 years and is responsible for 
all documented outbreaks and sporadic cases of CVB3-as-
sociated aseptic meningitis. Because of the more frequent 
population exchange between China and the rest of the 
world, the chance for importation of other CVB3 geno-
groups to mainland China is greatly increased.

DISPATCHES
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Table. Sources of 157 coxsackievirus B3 in Shandong Province, People’s Republic of China, 1990–2010* 
Source Specimen No. isolates Years of isolation
AFP surveillance Feces 59 1990–2010
Environmental surveillance Sewage 9 2008–2010
Patients with aseptic meningitis and 
encephalitis syndrome in Jinan

CSF 4 2006–2008

Patients with aseptic meningitis during outbreak 
in Tancheng

CSF and feces 81 2008

Patients with aseptic meningitis during outbreak 
in Yanzhou

CSF 2 2005

Patient with hand-foot-and-mouth disease Throat swab 2 2008
*AFP, acute flaccid paralysis; CSF, cerebrospinal fluid. 

Figure 1. Frequency of isolation 
of coxsackievirus B3 (CVB3) 
in patients with acute fl accid 
paralysis, Shandong Province, 
People’s Republic of China, 
1990–2010. Bars indicate 
number of CVB3 isolates from 
acute fl accid paralysis (AFP) 
surveillance; line indicates 
number of cases of AFP.
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Figure 2. Phylogenetic tree based on the alignment of the entire 
virus capsid protein 1 coding regions of coxsackievirus B3 isolates 
from Shandong, People’s Republic of China, and around the world. 
Triangles indicate isolates from patients with acute fl accid paralysis; 
diamonds indicate isolates from patients with aseptic meningitis; 
circles indicate isolates from the Shandong environment; and 
squares indicate isolates from patients with hand-foot-and-mouth 
disease; the arrow indicates the representative strain 2008TC012 
from the aseptic meningitis outbreak in 2008. Strain 26362/08 
from patients with aseptic meningitis in Hong Kong is not shown in 
the tree because only part of the virus capsid protein 1 sequence 
was available. AUS, Australia; CHN, China; FRA, France; GER, 
Germany; NL, the Netherlands; USA, United States. Scale bar 
indicates nucleotide substitutions per site.
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We identifi ed 131 strains of Vibrio fl uvialis among 400 
nonagglutinating Vibrio spp. isolated from patients with 
diarrhea in Kolkata, India. For 43 patients, V. fl uvialis was 
the sole pathogen identifi ed. Most strains harbored genes 
encoding hemolysin and metalloprotease; this fi nding 
may contribute to understanding of the pathogenicity of V. 
fl uvialis.

Many members of the family Vibrionaceae cause 
diarrheal disease; among these, Vibrio cholerae O1/

O139 and V. parahaemolyticus are responsible for several 
epidemics and pandemics (1,2). In Indonesia, >20% of 
diarrheal infections are caused by pathogenic Vibrio spp. 
(3). Some of these Vibrio spp. can grow in thiosulfate–
citrate–bile salts–sucrose agar as yellow colonies and do 
not agglutinate with V. cholerae O1 antiserum. These 
species are broadly defi ned as nonagglutinating (NAG) 
vibrios.

The emerging etiologic agent V. fl uvialis has caused 
sporadic cases and outbreaks of diarrhea in several 
countries (4–6). Species-specifi c minimal biochemical 
tests, e.g., lysine decarboxylase, ornithine decarboxylase, 
arginine didydrolase, and L-arabinose, are used to identify 

V. fl uvialis; without these tests, it may be confused with 
NAG vibrios, V. cholerae, and even Aeromonas spp. In 
most resource-poor countries, these tests are not performed, 
which may lead to labeling of V. fl uvialis as a NAG vibrio. 

Although V. fl uvialis is known to cause diarrhea, the 
mechanisms involved in its pathogenicity are not well 
established. To evaluate the prevalence of V. fl uvialis in 
India and possible mischaracterization as an NAG vibrio, 
we examined cases in which isolates from hospitalized 
patients with diarrhea were identifi ed as NAG vibrios and 
characterized the strains using phenotypic and genetic 
methods.

The Study
We examined 400 isolates identifi ed as NAG vibrios 

that were collected during 2002–2009 from 11,904 stool 
specimens from patients with diarrhea admitted to the 
Infectious Diseases and Beliaghata General Hospital, 
Kolkata, India. Specimens were screened for common 
enteric pathogens, according to standard protocols (7). 
Oxidase, string test, and arginine dihydrolase–positive 
strains that did not agglutinate with V. cholerae O1 
polyvalent or O139 monovalent antiserum were further 
confi rmed as V. fl uvialis by using a multiplex PCR 
targeting the toxR gene of V. fl uvialis and the ompW 
gene of V. cholerae (8,9). Isolates were also subjected 
to PCRs targeting different virulence-associated genes 
encoding the repeat in toxin (rtxA, rtxC), heat-stable 
enterotoxin (stn), type 3 secretion system (vcsC2, vcsV2, 
vcsN2 and vspD), cholera toxin (ctxA), toxin co-regulated 
pilus (tcpA), thermostable direct-hemolysin (tdh), TDH-
related hemolysin (trh), V. fl uvialis hemolysin (VFH), and 
metalloproteases, according to published methods (10–12).

Expression of VFH was determined in vitro by using 
erythrocytes from rabbit and sheep. Cytotoxin assay 
was performed with HeLa and Chinese hamster ovary 
cell lines by using sterile culture fi lters of the V. fl uvialis 
strains that were isolated as a sole pathogen. Antimicrobial 
drug susceptibility testing was performed by using the 
disk diffusion method with commercially available disks 
(Becton Dickinson, Sparks Glencoe, MD, USA), according 
to Clinical and Laboratory Standards Institute criteria 
(13). Because these guidelines do not include interpretive 
criteria for V. fl uvialis, breakpoints for Enterobacteriaceae 
were adopted. Escherichia coli ATCC 25922 was used as a 
quality control strain.

Pulsed-fi eld gel electrophoresis was performed 
according to the PulseNet standardized protocol for 
V. cholerae (14). Gel Compare II software (Applied 
Maths NV, Sint-Martens-Latem, Belgium) was used 
for electrophoresis pattern comparison that runs on Dice 
similarity index and unweighted pairgroup with arithmetic 
mean method.
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Among the 400 isolates presumptively identifi ed NAG 
vibrios, multiplex PCR confi rmed 131 and 269 strains (each 
strain representing a case) as V. fl uvialis and V. cholerae, 
respectively. The overall prevalence rate of V. fl uvialis 
among 11,904 hospitalized patients with diarrhea was 
1.1%. Abrupt appearance of V. fl uvialis was identifi ed in 
2002, although the surveillance of diarrheal infection was 
initiated at the Infectious Diseases and Beliaghata General 
Hospital in 1996 (www.niced.org.in/annual_reports.
htm). The isolation rate of V. fl uvialis gradually increased 
from 0.7% in 2002 to 2.2% in 2009 (Table 1). Of the 131 
strains of V. fl uvialis, 43 (33%) were identifi ed as the sole 
pathogen; the remaining 88 (67%) were isolated as a co-
pathogen with either V. cholerae, V. parahaemolyticus, E. 
coli, Shigella spp., parasites, or enteric viruses (data not 
shown). Among the mixed infections, V. fl uvialis with V. 
cholerae was isolated most often (17%), followed by V. 
fl uvialis and V. parahaemolyticus (8%). The presence of 
Vibrio spp. as mixed pathogens indicates that these patients 
likely acquired the infection from contaminated water 
or food. We analyzed the date of admission and place 
from where the patients resided and found no evidence 
for clusters of infection or small outbreaks caused by V. 
fl uvialis.

V. fl uvialis infection was much more often detected 
in adults (73%) than in children <5 years of age (27%). 
Clinical symptoms of sole infection caused by V. fl uvialis 
were similar to that of cholera: watery diarrhea (86%), 
severe dehydration status (28%), and abdominal pain 
(12%) (Table 2). Several previous investigations have 
identifi ed cholera-like diarrheal outbreaks caused by V. 
fl uvialis (4,5).

All the V. fl uvialis strains were negative for the 
virulence genes commonly reported in V. cholerae and 
V. parahaemolyticus, but >90% were positive for genes 
encoding VFH and metalloproteases. More than 80% of 
the strains expressed hemolysin against rabbit and sheep 
red blood cells. Hemolysin is a widely distributed virulence 
factor in most pathogenic Vibrio spp. Metalloprotease 
produced by V. fl uvialis is related to hemagglutination 
proteases of V. vulnifi cus, which enhances permeability and 
hemorrhagic activities (12). These factors may increase the 
virulence of V. fl uvialis and contribute to diarrhea.

When the culture fi ltrates were tested, cytotoxic effect 
was readily noticed in the Chinese hamster ovary and HeLa 
cell lines, i.e., cytoplasmic vacuolation, cell rounding, and 
destruction of the monolayer. In most strains isolated as 
a sole pathogen, the cytotoxic endpoint titer was 2–256 
(online Technical Appendix Table 1, wwwnc.cdc.gov/
EID/pdfs/12-0520-Techapp.pdf). The cell vacuolation 
phenomenon has been reported as a virulence factor in 
several enteric pathogens (online Technical Appendix 
References). 

In this study, V. fl uvialis strains were highly resistant 
to ampicillin (92%), streptomycin (85%), furazolidone 
(85%), and sulfamethoxazole/trimethoprim (70%) (online 
Technical Appendix Table 2). About half the number of 
strains were resistant to ciprofl oxacin and 45% to nalidixic 
acid; the lower resistance rate for nalidixic acid compared 
with fl uoroquinolones is unexpected and warrants further 
investigation to confi rm the additional mechanisms. In 
a previous study, we found that some V. fl uvialis strains 
carried the plasmid-mediated quinolone resistance gene 
allele qnrA1 and a gene encoding the aminoglycoside 
acetyltransferase (aac(6′)-Ib-cr), which reduces ciprofl o-
xacin activity (15). Fluroquinolone resistance and 
intermediate susceptibility to erythromycin (92%) are the 
unique features of the V. fl uvialis isolated in this study; 
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Table 1. Prevalence of Vibrio fluvialis among patients with diarrhea, Kolkata, India, 2002–2009 

Year No. samples No. (%) V. fluvialis isolates 
No. (%) patients 

Sole infection Mixed infection 
2002 2,285 16 (0.7) 5 (0.2) 11 (0.5) 
2003 1,673 8 (0.5) 1 (0.1) 7 (0.4) 
2004 2,430 19 (0.8) 6 (0.2) 13 (0.5) 
2005 1,472 17 (1.1) 7 (0.5) 10 (0.7) 
2006 930 12 (1.3) 4 (0.4) 8 (0.9) 
2007 842 9 (1.1) 2 (0.2) 7 (0.8) 
2008 1,124 24 (2.1) 8 (0.7) 16 (1.4) 
2009 1,153 26 (2.2) 10 (0.9) 16 (1.4) 
Total 11,909 131 (1.1) 43 (0.4) 88 (0.7) 

Table 2. Clinical features of Vibrio fluvialis–infected patients with 
diarrhea, Kolkata, India, 2002–2009 

Clinical feature 
No. (%) patients 

Sole infection Mixed infection 
Type of diarrhea   
 Watery 36 (86) 72 (81) 
 Bloody mucus, loose 7 (16) 16 (19) 
Dehydration status   
 Severe 12 (28) 14 (16) 
 Some or rare 31 (72) 74 (84) 
Fever   
 Yes 4 (9) 9 (10) 
 No 39 (91) 79 (90) 
Abdominal pain   
 Yes 5 (12) 11 (12) 
 No 38 (88) 77 (88) 
Age   
 >5 y 30 (70) 66 (75) 
 <5 y 13 (30) 22 (25) 
Sex   
 M 23 (53) 58 (66) 
 F 20 (47) 30 (34) 



this trend was not recorded in other Vibrio spp., e.g., V. 
cholerae and V. parahaemolyticus.

Although the V. fl uvialis strains exhibited distinct 
NotI restriction profi les in the denrogroam analysis, at 
least 4 major clades were identifi ed (Figure). Clades A 
and B, with strains isolated during 2002–2007, exhibited 
less antimicrobial drug resistance than did clade C and D 
strains identifi ed during 2008–2009; multidrug-resistant 
strains, especially those resistant to fl uroquinolones, were 
identifi ed in higher numbers in clades C and D (Figure).

Conclusions
Our results demonstrate an emerging trend of 

prevalence of V. fl uvialis among patients with acute 
diarrhea patients in Kolkata. The expression of cytotoxic 
activity and hemolysin may contribute to understanding the 
pathogenicity of V. fl uvialis. Further epidemiologic studies 
are necessary to elucidate the public health importance of 
V. fl uvialis–mediated diarrhea.
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indicates degree of similarity.
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etymologiaetymologia
Coxsackievirus
[kok-sak′e-vi′rəs]

Named for Coxsackie, the small town on the Hudson River where they were fi rst isolated, human coxsackievi-
ruses are nonenveloped, positive-sense, single-stranded RNA viruses in the family Picornaviridae, genus Entero-
virus. Th ey were fi rst described by Gilbert Dalldorf, who was investigating suspected poliomyelitis outbreaks in 
upstate New York in the summer of 1947. Coxsackieviruses are divided into 2 groups, A and B. In suckling mice, 
group A viruses cause generalized myositis and fl accid paralysis, and group B viruses cause focal myositis and 
spastic paralysis. With the discovery of coxsackieviruses, Dalldorf also helped popularize the suckling mouse as an 
inexpensive laboratory animal model.
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Legionella 
pneumophila 

Serotype 1 
Pneumonia in 

Patient Receiving 
Adalimumab

Terry C. Wuerz, Owen Mooney, and Yoav Keynan

We describe a case of severe pneumonia caused 
by Legionella pneumophila serotype 1 in a woman 
receiving the tumor necrosis factor–α antagonist to treat 
rheumatoid arthritis. As use of tumor necrosis factor–α 
inhibitors increase, clinicians should consider their possible 
association with legionellosis.

Legionella pneumophila, a gram-negative rod 
normally inhabiting aquatic environments, causes 

severe infections, including pneumonia (legionellosis) 
that can be acquired in the community or in hospitals. 
Traditional risk factors for legionellosis include smoking, 
corticosteroid use, and chronic lung disease (1). Receipt of 
a tumor necrosis factor–α antagonist (TNF-α antagonists: 
infl iximab, adalimumab, etanercept) generally has not been 
considered a risk factor for legionellosis.

In the past 2 decades, use of TNF-α antagonists 
have revolutionized the treatment of rheumatoid arthritis, 
infl ammatory bowel disease, psoriasis, and other 
infl ammatory conditions. After introduction of these 
agents, a growing body of postmarketing literature has 
shown an increased risk for disease from Mycobacterium 
tuberculosis, endemic mycoses, and intracellular bacterial 
pathogens, including Legionella pneumophila (2). We 
report a severe case of right upper lobe pneumonia caused 
by L. pneumophila serotype 1, mimicking M. tuberculosis 
reactivation, in a patient receiving the TNF-α antagonist 
adalimumab for rheumatoid arthritis.

Case Report
In June 2010, a 67-year-old woman sought care at an 

emergency department in Winnipeg, Manitoba, Canada, 
with a 7-day history of fevers, rigors, and progressive 
breathlessness. She reported diarrhea, nausea, and vomiting 
during the preceding 4 days. A chronic nonproductive cough 

was unchanged. Her medical history included rheumatoid 
arthritis, hypothyroidism, hypertension, and dyslipidemia. 
Her immunosuppressive regimen consisted of azathioprine, 
150 mg per day (unchanged over the previous 2 years) and 
adalimumab, 40 mg per month, initiated 10 weeks earlier. 
She reported no history of travel or contact with persons 
who had tuberculosis. She denied hot tub use or other 
exposures to aerosolized droplets. The result of a tuberculin 
skin test, performed at initiation of TNF-α inhibitor, was 
nonreactive.

On examination, the patient appeared acutely ill. Her 
respiratory rate was 30 breaths per minute. Her peripheral 
saturation of oxygen was 96% while receiving 5 L/min 
oxygen by face mask. Blood pressure and heart rate were 
90/60 mm Hg and 140 beats per minute, respectively; oral 
temperature was 38.3°C. Breath sounds were rapid with 
crackles noted bilaterally to the lung fi elds and occasional 
wheezes. Abdominal examination disclosed some 
tenderness in the right lower quadrant.

Laboratory investigations showed a leukocyte count 
of 5.9 cells/L (reference 4.5–11.0 × 109 cells/L) (90% 
neutrophils), with toxic granulation, left shift, and Dohle 
bodies on the peripheral blood smear. Renal function 
was acutely impaired (creatinine 286 mmol/L [reference 
35–97 μmol/L]); liver enzyme levels were moderately 
elevated (aspartate aminotransferase 150 U/L [reference 
10–32 U/L], alanine aminotransferase 440 U/L [reference 
<25 U/L], alkaline phosphatase 75 U/L [reference 30–
120 U/L]), but liver synthetic function was normal (total 
bilirubin 15 μmol/L [reference 3–19 mmol/L], albumin 19 
g/L [reference 33–45 g/L], international normalized ratio 
1.0 [reference 0.9–1.1]). An arterial blood gas suggested 
acidemia resulting from metabolic and respiratory acidosis 
with pH 7.23, pCO2 41 mm Hg, HCO3 17 mmol/L, and 
an anion gap of 23 (reference 10–12). The initial chest 
radiograph demonstrated right upper lobar consolidation 
(Figure 1).

The patient was intubated, placed on mechanical 
ventilation, and transferred to the intensive care unit. Her 
immunosuppressive agents were held, and antimicrobial 
drug treatment was initiated with vancomycin (because of 
concern about methicillin-resistant Staphylococcus aureus 
pneumonia), ceftriaxone, and azithromycin. Bronchoscopy 
demonstrated frank pus in the right upper lobe bronchi, 
cultures of which ultimately grew 2+ L. pneumophila 
serotype 1 and 2+ yeast and 1+ Stenotrophomonas 
maltophilia. Mycobacterial cultures were negative. Initial 
Legionella direct fl uorescent antibody staining from the 
bronchoalveolar lavage was negative, as were blood 
cultures. A Legionella spp. urinary antigen test result was 
positive.
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L. pneumophila Serotype 1 Pneumonia

Antimicrobial drugs were switched on day 5 of 
hospitalization to levofl oxacin (500 mg intravenous daily) 
and rifampin for Legionella spp. and trimethoprim–
sulfamethoxizole to treat S. maltophilia. Over 24 hours, 
her clinical condition improved dramatically, leading to 
extubation and transfer to the general medicine ward. A 
computed tomographic scan of the chest, obtained 2 weeks 
after admission because of worsening hypoxemia, showed 
areas of necrosis, development of cavitary lesions within 
the right upper lobe, and a segmental pulmonary embolism. 
Anticoagulation was initiated. The antimicrobial drugs were 
continued for 3 weeks, then substituted for azithromycin, 
for a total duration of 6 weeks, which was considered 
an adequate duration of treatment given the cavitation. 
Mobilization and weaning from oxygenation were slow 
because of marked deconditioning and malnutrition.

With the support of physiotherapists and other 
members of the integrated health care team, the patient 
eventually recovered and was discharged home 5 weeks 
after admission. Repeat computed tomographic scan 2 
months after her initial illness showed evolution of the 
pulmonary cavity and reduced consolidation (Figure 2).

Conclusions
Thirty-three cases of legionellosis have been described 

in patients receiving infl iximab, adalimumab, or etanercept 

for rheumatoid arthritis, infl ammatory bowel disease, 
psoriasis, or other infl ammatory conditions (3–5). Similar 
to the case with other intracellular bacterial pathogens, 
such as Listeria monocytogenes (2), receipt of a TNF-α 
antagonist is emerging as a risk factor for pneumonia 
from Legionella spp. Lung cavitation or necrosis, which 
occurred in this case, is an uncommon manifestation of 
legionellosis and has been reported more commonly in 
immunocompromised hosts (6); we are aware of only 1 
other case of lung cavitation caused by Legionella spp. in a 
patient receiving a TNF-α antagonist (3).

Registry data of all patients on a TNF-α antagonist 
in France suggested the relative risk for L. pneumophila 
infection was 16.5–21, compared with the general 
population (7). Although confounding factors, such as the 
effect of concomitant immunosuppressive medications 
or disease, are possible contributors, TNF-α antagonists 
themselves are likely to contribute substantially to the high 
risk for legionellosis in these patients. To our knowledge, 
azathioprine has not been associated with increased risk for 
Legionella infection.

Including the current report, 11 cases of Legionella 
spp. infection have been documented in patients receiving 
adalimumab. The researchers from France presented data 
indicating a higher risk for legionellosis in patients receiving 
infl iximab or adalimumab, compared with etanercept (8).

The cytokine TNF-α appears to play a direct role in 
the immunologic response to Legionella spp. infection. 
TNF-α promotes macrophage recruitment and factors in 
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Figure 1. Chest radiograph demonstrating right-upper lobe 
consolidation in a 67-year-old woman with Legionella pneumophila 
serotype 1 pneumonia.

Figure 2. Results of repeat computed tomographic scan in a 67-
year-old woman with Legionella pneumophila serotype 1 pneumonia 
2 months after hospital admission. The scan shows reduction in the 
amount of consolidation and evolution of the lung cavity.



host response to infection with intracellular pathogens (2). 
Induction of increased levels of TNF-α to macrophage 
cultures resulted in resistance to subsequent infection with 
L. pneumophila serotype 1; however, susceptibility was 
restored with addition of TNF-α antibodies to the culture 
(9). Furthermore, a mouse knockout model demonstrated 
90% mortality and decreased clearance of L. pneumophila–
infected, TNF receptor–defi cient mice, in comparison 
with wild-type mice (10). L. pneumophila grew in TNF 
receptor-1 defi cient macrophage culture but not when this 
receptor was present (10). The exact mechanism by which 
cytokine TNF-α contributes to protection from infection by 
Legionella spp. has not yet been elucidated.

Guidelines for preventing Legionella infection in 
patients receiving a TNF-α antagonist are not available; 
however, minimizing aerosolized exposure to untreated 
water sources (such as decorative fountains) is reasonable 
(1). Current data do not support avoiding the consumption 
of tap water.

As use of TNF-α inhibitors increase, we urge 
clinicians to consider this association with legionellosis. 
Empiric therapy for pneumonia should include an agent 
with activity against Legionella, such as a fl uoroquinolone 
or macrolide.

Dr Wuerz is a fellow in his fi nal year of clinical infectious 
disease training at the University of Manitoba. His research 
interests include the epidemiology and role of infectious diseases 
in northern Canada.
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We describe the genetic diversity of sapovirus (SaV) 
in children in Nicaragua and investigate the role of host ge-
netic factors and susceptibility to SaV infections. Our results 
indicate that neither ABO blood group, Lewis phenotype, 
nor secretor status affects susceptibility to SaV infection in 
Nicaragua.

Human sapovirus (SaV), family Caliciviridae, is a caus-
ative agent of gastroenteritis in children and adults. 

Symptoms of SaV infection seem to be milder than symp-
toms of rotavirus and norovirus (NoV) infections; thus, 
SaV infection prevalence is higher in nonhospitalized chil-
dren than in hospitalized children.

Some calciviruses bind to histo-blood group antigens 
(HBGA) expressed on cells in the gastrointestinal tract (1). 
Human NoV strains demonstrate strain-dependent binding 
patterns to HBGAs (1,2). ABO blood groups and Lewis 
phenotype also play a role in NoV infections, either as li-
gands or as restriction factors (2). Moreover, a non-sense 
mutation in the fucosyltransferase gene 2 (FUT2), which 
gives rise to the nonsecretor phenotype, has been found to 
provide almost complete protection from experimental and 
natural NoV infection (2,3).

Although human NoV susceptibility is highly associ-
ated with secretor status, and thus with mutations in FUT2 
(4), no information is yet available on whether host genetic 
factors determine susceptibility to SaV. We describe here 
the genetic diversity of SaV in a Central American popula-
tion of hospitalized and nonhospitalized children and in-
vestigate the role of host genetic factors and susceptibility 
to SaV infections.

The Study
A total of 292 children ≤5 years of age (205 symp-

tomatic and 87 asymptomatic) were randomly selected 
among 694 symptomatic and 158 asymptomatic children 
who participated in a community- and hospital-based study 
of sporadic acute diarrhea in León, Nicaragua, during 
2005–2006. In brief, clinical cases were evaluated accord-
ing to the World Health Organization strategy for diarrhea 
management (5), and fecal, blood, and saliva samples were 
collected from each child.

Viral RNA was extracted from stool suspensions by 
use of a QIAmp Viral RNA Mini Kit (QIAGEN, Hilden, 
Germany), according to manufacturer’s instructions. RNA 
underwent reverse transcription (RT) to produce cDNA by 
using 50 pmol of random hexadeoxynucleotides (pd[N]6) 
(Amersham Biosciences, Chalfont St. Giles, United King-
dom) and RT-PCR beads (Amersham Biosciences), ac-
cording to manufacturer´s instructions.

The RT products were amplifi ed by SaV PCR using 
forward JV33 and reverse SR80 primers (6,7). This am-
plifi cation was followed by an outer PCR with a primer 
pool of 2 forward (SV-F13 and SV-F14) and 2 reverse (SV-
R13 and SV-R14) primers (8). Nested PCR was performed 
under identical conditions to the outer PCR with a primer 
pool consisting of universal forward primers (SV-F13 and 
SV-F14) and genogroup-specifi c reverse primers (SV-G1-
R, SV-G2-R, SV-G4-R, and SV-G5-R). Primers for geno-
group 3 were not available.

The N terminal and shell region of the SaV genome 
were then sequenced by using DYEnamic dye terminator 
kit (GE Healthcare, Little Chalfont, United Kingdom) (9). 
All samples included in the study were also screened for 
the presence of co-infection with the most common enteric 
pathogens (5). Any samples showing co-infection were 
then removed from further analysis.

Hemagglutination tests were performed to defi ne 
blood types. The ABO blood group and Lewis phenotype 
in saliva were determined for persons found to be secretors 
as described (10).

A single nucleotide polymorphism at position 428 in the 
FUT2 gene was investigated by pyrosequencing (3,11). Each 
person was classifi ed as a homozygous secretor (SeSe), a 
heterozygous secretor (Sese428), or a nonsecretor (se428se428).

SaV-positive specimens were compared with speci-
mens from a control group of children who tested negative 
for SaV, which was matched in terms of sex, age group, 
clinical status, and HBGAs using 2-tailed signifi cance with 
Fisher exact tests. GraphPad (GraphPad Software, Inc., La 
Jolla, CA, USA) was used for statistical analysis.

Of 292 samples analyzed, 33 (25 from symptomatic 
and 8 from asymptomatically infected children) (11%) 
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were SaV positive. This study found that diarrhea is as 
common in SaV-infected children as it is in NoV-infected 
children in Nicaragua (5), and 11% of SaV-infected chil-
dren were hospitalized (Table 1). Why the prevalence of 
SaV infections in Nicaraguan children is comparable to the 
high rate of NoV infections in these children is unknown 
and can only be speculated upon. Two likely key factors 
are poor sanitary conditions, which enables the virus to 
spread easily between susceptible persons, and malnour-
ishment, which makes these children more susceptible to 
infection. Because we used conventional PCR with widely 
used JV33 and SR80 primers (6), the method of choice 
should not have created a bias.

Results of a previous seroepidemiologic study of SaV 
infections suggested that SaV infections are frequent in 
children during the fi rst 2 years of life because >90% of 
these children had antibodies against SaV (12). Our study 
supports this proposal because most SaV infections, either 
symptomatic or asymptomatic, occurred in children <2 
years of age (Table 1).

SaV infections were most frequently detected during 
June–July 2005, in the rainy period (Figure 1), and were 
only found during March–November. The most common 
symptoms in SaV-positive children with diarrhea were loss 
of appetite (52%), vomiting (36%), fever (32%), and ab-
dominal distension (32%).

To investigate whether certain SaV genogroups (GI, 
GII, GIV, or GV) were associated with clinical severity, we 
examined 25 SaV-positive symptomatic and asymptomatic 
children. All human SaV genogroups were found in study 
participants as observed (13). Notably, SaV GI was the 
dominant (64%) genogroup in Nicaragua, and infection 
with this genogroup could lead to asymptomatic disease as 
well as severe disease requiring hospitalization. This fi nd-
ing suggests that factors contributing to severity of SaV 
disease in Nicaragua are not only related to viral proper-
ties, but also to host factors and the surrounding environ-
ment. Co-infections with GI:GII and GI:GV were found in 
2 symptomatic children, respectively. No association be-
tween genogroup and clinical status was observed; GI, GII, 
and GIV viruses infected symptomatic and asymptomatic 
children at similar rates (data not shown). Nucleotide se-
quencing of 12 SaV-positive samples revealed 8 additional 
strains related to the SaV Manchester strain, isolated in the 
United Kingdom in 1993, than to the SaV strain isolated in 
Japan in 1982, both representing genotype 1 within SaV GI 
(GI/1) (Figure 2).

We have previously investigated whether HBGA were 
susceptibility markers for NoV infections in children in Ni-
caragua and observed that secretors of blood type O were 
highly susceptible to infections with different NoV geno-
types (14). No nonsecretors who were carrying the G428A 
FUT2 mutation were infected with NoV (9,14). To inves-
tigate whether HBGAs were associated with SaV suscepti-
bility similar to NoV susceptibility (2,3,11), we examined 
22 of 33 SaV-infected children who were either symptom-
atic (n = 18) or asymptomatic (n = 4) in relation to ABO 

DISPATCHES

1876 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 18, No. 11, November 2012

Table 1. Epidemiologic profile of SaV infections, León, Nicaragua, 2005–2006* 

Characteristic
Symptomatic, n = 205 Asymptomatic, n = 87 

Total No. (%) SaV strains  OR Total No. (%) SaV strains  OR 
Setting       
 Community 160 20 (12) 0.9 87 8 (9)  
 Hospital 45 5 (11)  0   
 Both 205 25 (12)  87 8 (9)  
Patient sex       
 M 125 14 (11) 0.8 43 6 (14) 3.405† 
 F 80 11 (14)  44 2 (5)  
Patient age, mo       

6 36 5 (14) 1.2 11 2 (18) 2.6‡ 
 7–12 57 12 (21) 2.8§ 15 2 (13) 1.7 
 13–24 67 7 (10) 0.8 48 4 (8) 0.8 
 25– 60 45 1 (2) 0.1 13 0 (0) NA 
*SaV, sapovirus; OR, odds ratio; NA, not applicable. 
†Fisher test, 95%, CI, p = 0.15. 
‡Fisher test, 95%, CI, p = 0.26. 
§Fisher test, 95%, CI, p = 0.02. 

Figure 1. Distribution of sapovirus (SaV) genotypes in children <5 
years of age from Nicaragua, March–December 2005. A total of 
16 (64%) children were infected; 4 children (16%) were infected 
with genogroup II (GII), and 3 (12%) were infected with GIV. SaV 
infections were most frequently diagnosed during June–July 2005, 
in the rainy period. ND, not determined
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blood types, Lewis phenotypes, and secretor genotype. No-
tably, we did not fi nd any signifi cant association between 
ABO blood groups, Lewis phenotypes, or secretor geno-
type and susceptibility to SaV infection (Table 2). Children 
who were secretors (SeSe and Sese428) and nonsecretors 
(se428se428 and Lea+b-) were susceptible to SaV infections.  
Our data suggest that SaV can infect secretors and nonse-
cretors, those who are Lewis phenotype positive as well as 
Lewis phenotype negative, and persons of all ABO blood 
groups. However, it must be noted that these data repre-
sent susceptibility to symptomatic GI SaV infection. To 
our knowledge, only 1 report in the literature has explored 
binding properties of recombinant SaV GI/1 (Mc114) and 
GV/1 (NK24) to HBGAs and revealed that the recombinant 
SaV strains investigated showed no specifi c binding activ-
ity to HBGAs from or to synthetic carbohydrates (15).

Conclusions
Our results demonstrate that SaV, similar to NoV, 

frequently causes acute gastroenteritis in children in Ni-
caragua (5). However, in contrast to the case with NoV, 
neither the G428A nonsecretor mutation, nor any of the 
ABO blood groups or Lewis phenotypes protected children 
against SaV infection. 

Acknowledgments
We thank Licda. Silvia Altamirano and Carolin Jönsson, for 

their valuable support in the fi eld work and laboratory assistance. 

This study was supported by grants from the Swedish Interna-
tional Development Cooperation Agency (grant no. 075007109) 
and the Swedish Research Council (grant nos. 10392 and 8266). 
F.B. received a grant from the Network for Research and Train-
ing in Tropical Diseases in Central America (no. 05-N-2010) for 
calicivirus research in Nicaragua.

 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 18, No. 11, November 2012 1877

Figure 2. Phylogenetic analysis of the partial N terminal capsid 
gene (339 bp) of SaV strains identifi ed in a pediatric population 
in Leon, Nicaragua, March 2005–September 2006. The tree was 
constructed on the basis of the Kimura 2-parameter and neighbor-
joining methods with MEGA5 software (www.megasoftware.net). 
Bootstrap values are shown at the branch nodes (values <50% are 
not shown). The black squares represent SaV reference strains 
GI–GV. For Nicaraguan strains, the number of the strain is given, 
followed by age in months, month and year of sample collection, 
and clinical status. A, mild; C, severe; Asympt, asymptomatic. 
Scale bar indicates nucleotide substitutions per site.

Table 2. Distribution of ABO blood groups, Lewis antigens, and FUT2 428 genotypes among SaV- infected children and healthy 
controls, León, Nicaragua, 2005–2006* 
Variable No. (%) SaV infected  No. (%) controls† OR (95% CI) p value‡ 
Blood group     
 O 16 (73) 87 (66) 1.3 (0.49–3.7) 0.63 
 A 2 (9) 26 (20) 0.4 (0.09–1.8) 0.37 
 B 3 (13.5) 13 (10) 1.4 (0.37–5.5) 0.80 
 AB 1 (4.5) 5 (4) 1.2 (0.13–11) 1.00 
Lewis phenotype     
 Lea-b+ 17 (77.5) 93 (71) 1.3 (0.46–3.91) 1.00 
 Lea+b- 2 (9) 5 (4) 2.5 (0.45–13.7) 0.26 
 Lea-b- 3 (13.5) 32 (25) 0.48 (0.13 1.7) 0.41
FUT2 SNP (428G A)      
 SeSe 13 (59) 69 (53) 1.3 (0.52–3.2) 0.64 
 Sese428 7 (32) 58 (44) 0.59 (0.22–1.5) 0.35 
 se428se428 2 (9) 4 (3) 3.2 (0.55–18.00) 0.2 
Secretor status     
 Secretor 20 (91) 123 (94) 0.65 (0.13–3.3) 0.63 
 Nonsecretor 2 (9) 8 (6) 1.5 (0.3–7.8) 0.63 
*SaV, sapovirus; OR, odds ratio; FUT2, fucosyltransferase gene 2; SNP, single nucleotide polymorphism; SeSe, homozygous wild type at FUT2 428; 
Sese428, heterozygous carrier of FUT2 428 non-sense mutation; se428se428, homozygous carrier of the non-sense mutation at nt 428 in the FUT2 gene 
†From Bucardo et al. (14).
‡Fischer exact test. 
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Effect of Latitude 
on Seasonality of 

Tuberculosis, 
Australia, 

2002–2011
Jennifer H. MacLachlan, Caroline J. Lavender, 

and Benjamin C. Cowie

Seasonal variation in tuberculosis diagnoses recently 
has been reported in various populations. In Australia, sea-
sonality of tuberculosis diagnoses was more pronounced in 
areas where UV exposure is reduced and vitamin D defi -
ciency is more prevalent. Our fi ndings suggest vitamin D 
defi ciency as a factor in disease activation.

Tuberculosis profoundly affects human health, with 5.7 
million new or recurrent cases reported and >1 million 

deaths attributed to the infection by the World Health Orga-
nization in 2010 (1). Tuberculosis has affl icted humans for 
millennia, and the potential of sunlight in prevention and 
treatment has been recognized for more than a century. Be-
fore the introduction of antimycobacterial therapy, several 
therapeutic approaches for tuberculosis were attempted. 
One example was creation of sanatoria, a positive aspect 
of which was thought to have been exposure to sunlight:

The ultraviolet rays are absorbed and are benefi cial 
to the general health, even counterbalancing a 
defi ciency in vitamins, to some extent. They have 
been… used as a treatment for tuberculosis of 
bones and joints, in which they seem to have a 
direct effect on the bacteria. (2)

The nexus between exposure to sunlight and risk for 
active tuberculosis has been increasingly recognized, with 
a putative mechanism being vitamin D defi ciency that 
reduces the ability of macrophages to kill intracellular 
Mycobacterium tuberculosis (3). Vitamin D defi ciency has 
been associated with latent (4) and active (5) tuberculosis, 
and seasonality in the number of tuberculosis diagnoses has 
recently been reported in several regions (3,6).

Australia extends from latitudes 10° to 44° south, from 
equatorial to temperate climatic zones (Figure 1); as a con-
sequence, incident sunlight intensity and vitamin D synthe-
sis vary widely (7). We hypothesized that active tuberculo-
sis cases diagnosed in Australia would display seasonality 
in regions further from the equator but less so in the tropics 
and that this seasonality would manifest as increased tuber-
culosis activity several months after nadir sunlight levels.

Tuberculosis is a nationally notifi able disease in Aus-
tralia, with medical practitioners and testing laboratories 
legally required to report all tuberculosis cases in all Aus-
tralian states and territories. Each jurisdiction reports all 
confi rmed tuberculosis cases to the National Notifi able 
Diseases Surveillance System, managed by the Austra-
lian Government Department of Health and Ageing (8). 
Confi rmed tuberculosis cases are classifi ed as either new 
or relapsed at the time of infection, consistent with World 
Health Organization case notifi cation defi nitions (1,8).

The Study
We obtained all notifi cations of tuberculosis to the Na-

tional Notifi able Diseases Surveillance System during Jan-
uary 2002–December 2011. States and territories were di-
vided on the basis of latitude into north, central, and south 
regions (Figure 1). Australia data for seasonal UV exposure 
(9,10) and vitamin D levels (7,10) in these regions were 
obtained and compared with tuberculosis notifi cations to 
identify potential patterns in incidence according to these 
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Figure 1. Australia with latitude lines, divided into north, central, and 
south regions according to latitude and ultraviolet (UV) exposure. 
Although Western Australia extends to the tropics, >90% of the 
state’s population lives below latitude 30°S (7). ACT, Australian 
Capital Territory; NSW, New South Wales; NT, Northern Territory; 
QLD, Queensland; SA, South Australia; TAS, Tasmania; VIC, 
Victoria; WA, Western Australia. Black, south region; dark gray, 
central region; light gray, north region.



changing environmental factors. We derived the number 
of tuberculosis notifi cations per 100,000 population using 
midpoint population denominator estimates for each state 
taken from the 2006 census (11).

Seasonality in tuberculosis notifi cations was assessed 
for the whole of Australia and individually for each region 
by using Edward’s test of seasonality, and the difference in 
magnitude of seasonality between regions was compared 
by using the amplitude of cyclic variation. The Wilcoxon 
rank-sum test was used to test the hypothesis that the mean 
tuberculosis notifi cations per 100,000 persons in the south 
did not differ from those in central states, separately for 
January–June and July–December.

During 2002–2011, a total of 11,576 tuberculosis 
cases were reported in Australia (Table), with an apparent 
increase in mean number of cases reported during Sep-
tember–December. This effect was more pronounced in 
temperate than in tropical areas (Figure 2). Notifi cations 
of tuberculosis began to rise in temperate areas in July and 
peaked in October in the central region and in December in 
the south. Furthermore, incidence of tuberculosis diagnosis 
per 100,000 population was similar in the central and south 
regions in the fi rst half of the calendar year (p = 0.20) but 
diverged signifi cantly for July–December (p = 0.006).

When sunlight exposure was taken into account, the 
fall in UV index <3 in the south and central regions was 
followed 2–3 months later by notable increases in tubercu-
losis diagnoses. In northern Australia, where the average 
UV index does not drop below 4 even during winter, the 
seasonal trend was less marked (Figure 2).

Formal tests of seasonality indicated that the number 
of tuberculosis notifi cations per 100,000 varied signifi cant-
ly by month for the whole of Australia and for each region 
(p<0.001). The effect was more pronounced in the south 
than in the central and north regions (amplitudes of cyclic 
variation 0.207, 0.094, and 0.101, respectively).

Conclusions
The cyclical patterns in tuberculosis activity in this 

study have been observed in other settings (3,12), and a 

difference according to latitude has been found in India, 
with more seasonality in northern regions (13). No effect 
of latitude was found in a recent study of tuberculosis sea-
sonality in the United States (6). This difference may be 
due to the relative latitudes of these locations; all latitudes 
of the continental United States are further from the equator 
(30°N–55°N) than are latitudes in India (8°N–37°N) and 
Australia (10°S–44°S).

The seasonal pattern according to latitude corresponds 
with fi ndings about vitamin D defi ciency by region in Aus-
tralia in a national study of 11,247 adults (7), which found 
that the odds of vitamin D defi ciency were 3–4 times higher 
in winter/spring than in summer and were more than dou-
ble for persons residing in latitudes >35°S (Figure 1). Al-
though ecologic studies, such as that presented here, cannot 
address questions of causation, the temporal lag between 
low UV exposure, vitamin D defi ciency, and increased tu-
berculosis diagnoses supports the argument that vitamin D 
defi ciency leads to tuberculosis, and not the converse.

Persons born overseas accounted for 86.4% of tu-
berculosis cases in Australia in 2007, despite constituting 
≈30% of the population. Aboriginal and Torres Strait Is-
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Figure 2. Tuberculosis notifi cations per 100,000 population (bars) 
and ultraviolet (UV) index (lines), Australia 2002–2011. Black, south 
region; dark gray, central region; light gray, north region.

Table. Number and rate* of tuberculosis notifications, Australia, 2002–2011 

Month 
South Central North Total 

Mean cases (range) Rate Mean cases (range) Rate Mean cases (range) Rate Mean cases (range) Rate
Jan 30.2 (25–37) 5.3  48.4 (35–62) 4.5 13.7 (8–20) 3.2 92.3 (73–103) 4.5 
Feb 27.6 (21–37) 4.8  47.5 (38–58) 4.5 11 (5–14) 2.6 86.1 (74–105) 4.2 
Mar 27.8 (17–40) 4.7  47.6 (36–56) 4.5 15.6 (8–24) 3.6 91.0 (66–109) 4.4 
Apr 29.4 (18–41) 4.9  43.8 (21–65) 4.2 13.9 (6–20) 3.2 87.1 (54–114) 4.2 
May 25.3 (10–35) 4.4  48.4 (40–58) 4.6 14.9 (10–29) 3.5 88.6 (74–104) 4.3 
Jun 24 (16–39) 4.0  44.2 (35–56) 4.2 13.3 (8–26) 3.1 81.5 (62–98) 3.9 
Jul 32.9 (26–49) 5.6  46.4 (36–65) 4.4 13.4 (7–24) 3.1 92.7 (73–110) 4.5 
Aug 31.9 (18–42) 5.6  47.6 (34–57) 4.5 15.8 (10–26) 3.7 95.3 (72–121) 4.6 
Sep 37.2 (27–44) 6.4  54.3 (45–70) 5.2 16 (8–26) 3.7 107.5 (85–135) 5.2 
Oct 39.7 24–61) 6.7  57.9 (42–89) 5.6 17.3 (13–30) 4.0 114.9 (81–166) 5.5 
Nov 38.1 (27–50) 6.5  53.9 (44–78) 5.2 18.5 (13–22) 4.3 110.5 (94–122) 5.3 
Dec 41.6 (25–58) 7.0  52.9 (33–67) 5.1 15.6 (9–31) 3.6 110.1 (81–139) 5.3 
*Per 100,000 population. 
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lander peoples represented 23% of cases in Australia-born 
persons, despite constituting 3.7% of the Australian-born 
population (11). The predominant countries of birth of 
Australians born overseas and in whom tuberculosis was 
diagnosed during that year were (in descending order) In-
dia, Vietnam, the Philippines, People’s Republic of China, 
Indonesia, Papua New Guinea, Sudan, Myanmar, Nepal, 
Bangladesh, and Pakistan (8). In addition to the increased 
risk for exposure to tuberculosis early in life in persons 
born overseas, increased susceptibility to vitamin D defi -
ciency also might increase the risk for reactivation of tu-
berculosis in these groups, with vitamin D defi ciency more 
common among indigenous Australians (14) and migrants 
from high tuberculosis prevalence countries (7,15).

These fi ndings should guide clinical and public health 
practice in Australia and similar countries that have high 
migration from tuberculosis-endemic populations and sub-
stantial risk for vitamin D defi ciency. Clinicians should 
provide individualized advice to persons at higher risk 
for tuberculosis, especially those who have migrated from 
tuberculosis-endemic areas and those in whom latent tuber-
culosis already has been diagnosed, about vitamin D levels 
and consideration of supplementation as appropriate.

Ms MacLachlan is an epidemiologist at the Victorian Infec-
tious Diseases Reference Laboratory, Melbourne. Her research 
interests include viral hepatitis and tuberculosis, particularly the 
use of infectious diseases surveillance data to inform public health 
initiatives.

References

  1.  World Health Organization. WHO report: global tuberculosis con-
trol 2011 [cited 2012 Feb 10]. http://www.who.int/tb/publications/
global_report/en/index.html

  2.  Home Entertainment Library. Heliotherapy. The modern world en-
cyclopedia: illustrated. London: Hazell, Watson & Viney Ltd; 1935. 
p. 169.

  3.  Martineau AR, Nhamoyebonde S, Oni T, Rangaka MX, Marais S, 
Bangani N, et al. Reciprocal seasonal variation in vitamin D sta-
tus and tuberculosis notifi cations in Cape Town, South Africa. Proc 
Natl Acad Sci U S A. 2011;108:19013–7.http://dx.doi.org/10.1073/
pnas.1111825108

  4.  Gibney KB, MacGregor L, Leder K, Torresi J, Marshall C, Ebeling 
PR, et al. Vitamin D defi ciency is associated with tuberculosis and 
latent tuberculosis infection in immigrants from sub-Saharan Africa. 
Clin Infect Dis. 2008;46:443–6.http://dx.doi.org/10.1086/525268

  5.  Talat N, Perry S, Parsonnet J, Dawood G, Hussain R. Vitamin 
D defi ciency and tuberculosis progression. Emerg Infect Dis. 
2010;16:853–5.http://dx.doi.org/10.3201/eid1605.091693

  6.  Willis MD, Winston CA, Heilig CM, Cain KP, Walter ND, Mac 
Kenzie WR. Seasonality of tuberculosis in the United States, 1993–
2008. Clin Infect Dis. 2012;54:1553–60.http://dx.doi.org/10.1093/
cid/cis235

  7.  Daly RM, Gagnon C, Lu ZX, Magliano DJ, Dunstan DW, Sikaris 
KA, et al. Prevalence of vitamin D defi ciency and its determinants 
in Australian adults aged 25 years and older: a national, population-
based study. Clin Endocrinol (Oxf). 2012;77:26–35.http://dx.doi.
org/10.1111/j.1365-2265.2011.04320.x

  8.  Barry C, Konstantinos A. Tuberculosis notifi cations in Australia, 
2007. Commun Dis Intell. 2009;33:304–15.

  9.  Australian Radiation Protection and Nuclear Safety Agency. UV 
index models [cited 2012 Feb 10]. http://www.arpansa.gov.au/uvin-
dex/models/index.cfm

10.  Cancer Council Australia, Australasian College of Dermatologists, 
Australian and New Zealand Bone and Mineral Society, Osteoporosis 
Australia. How much sun is enough? 2012 [cited 2012 Sep 14]. http://
www.cancer.org.au/content/pdf/PreventingCancer/BeSunsmart/
How_much_sun_is_enough_FINAL2012.pdf

11.  2006 Census of Population and Housing. Canberra: Australian Bu-
reau of Statistics, Commonwealth of Australia; 2007.

12.  Parrinello CM, Crossa A, Harris TG. Seasonality of tuberculosis in 
New York City, 1990–2007. Int J Tuberc Lung Dis. 2012;16:32–7.
http://dx.doi.org/10.5588/ijtld.11.0145

13.  Thorpe LE, Frieden TR, Laserson KF, Wells C, Khatri GR. Seasonal-
ity of tuberculosis in India: is it real and what does it tell us? Lancet. 
2004;364:1613–4.http://dx.doi.org/10.1016/S0140-6736(04)17316-
9

14.  Vanlint SJ, Morris HA, Newbury JW, Crockett AJ. Vitamin D insuf-
fi ciency in Aboriginal Australians. Med J Aust. 2011;194:131–4.

15.   Renzaho AMN, Halliday JA, Nowson C. Vitamin D, obesity, and 
obesity-related chronic disease among ethnic minorities: a system-
atic review. Nutrition. 2011;27:868–79.http://dx.doi.org/10.1016/j.
nut.2010.12.014

Address for correspondence: Jennifer H. MacLachlan, Victorian Infectious 
Diseases Reference Laboratory–Epidemiology Unit, 10 Wreckyn St, 
North Melbourne, Victoria 3051, Australia; email: jennifer.maclachlan@
mh.org.au

 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 18, No. 11, November 2012 1881

All material published in Emerging Infectious Diseases is in 
the public domain and may be used and reprinted without 
special permission; proper citation, however, is required.



Pandemic Infl uenza 
Virus Surveillance, 
Izu-Oshima Island, 

Japan
Tomoko Inamasu,1 Kouji Sudo, Shingo Kato, 

Hiroshi Deguchi, Manabu Ichikawa, 
Tadanori Shimizu, Tadami Maeda, 

Shuhei Fujimoto, Toru Takebayashi, 
and Tomoya Saito2

A population-based infl uenza surveillance study (us-
ing PCR virus subtyping) on Izu-Oshima Island, Japan, 
found that the cumulative incidence of infl uenza A(H1N1)
pdm09 virus infections 2 seasons after the pandemic was 
high est for those 10–14 years of age (43.1%). No postpan-
demic A(H1N1)pdm09 case-patients had been infected with 
A(H1N1)pdm09 virus during the pandemic season.

The dynamics of an infl uenza epidemic are diffi cult to 
determine because they vary for each circulating infl u-

enza subtype. We evaluated the epidemiology of infl uenza 
A subtypes at Oshima Medical Center and Maeda Internal 
Medicine Clinic on Izu-Oshima Island, Japan. The island 
is a semiclosed community, which facilitates population-
based surveillance. Access to the island is limited; ≈18,000 
persons travel to and from the island each month, primarily 
to and from Tokyo (1). Izu-Oshima Island is 120 km south-
west of Tokyo; population was 8,856 in January 2009. 

The Study
Clinical information was collected retrospectively for 

January 1 through July 31, 2009, and prospectively from 
August 1, 2009 through April 30, 2011. Retrospectively, 
we identifi ed patients who had been tested for infl uenza by 
use of a rapid test kit and extracted personal and clinical in-
formation from medical records. Prospectively, we collect-
ed the same information from patients tested for infl uenza 
by rapid test kit and used nasopharyngeal swab extracts 
from rapid test kits for virus typing. Typing was performed 
by reverse transcription nested-PCR (RT-nPCR): multiplex 

for seasonal infl uenza virus (subtypes A/H1, A/H3, B-, and 
A/H5) and simplex for infl uenza A(H1N1)pdm09 virus 
(online Technical Appendix Table 1, wwwnc.cdc.gov/EID/
pdfs/11-1681-Techapp.pdf).  By amplifying product exclu-
sively for infl uenza A(H1N1)pdm09 and for traditional in-
fl uenza (H1N1) viruses and by producing a different length 
product for each subtype, this method enabled us to easily 
defi ne the subtypes visually. We started using RT-nPCR in 
week 33 of 2009. Protocols were approved by Keio Univer-
sity School of Medicine Ethical Committee.

For the retrospective period, we identifi ed 1,066 sus-
pected cases of infl uenza; 20 patients were nonresidents of 
Izu-Oshima Island; the address for 1 patient was unknown. 
For the prospective period, we identifi ed 2,348 patients 
with suspected infl uenza; 3 were excluded because they did 
not consent to study participation. Patients from the pro-
spective period were tested with a rapid test. In total, 97.8% 
(2,293/2,345) of the samples were also tested by RT-nPCR. 
The total number of patients with suspected infl uenza in the 
prospective study was 2,219 (a patient with multiple visits 
within 7 days was counted as 1 patient), of which 78 were 
not residents of Izu-Oshima Island (online Technical Ap-
pendix Table 2). 

The sensitivity of the rapid test kit compared with RT-
nPCR was ≈90% for type A but lower (≈80%) for type B 
(online Technical Appendix Table 3). Among patients with 
positive rapid test results, >90% received anti-infl uenza 
agents (Table 1). No cases were severe or fatal.

The same infl uenza subtypes circulated in Izu-Oshima 
as in other areas (2,3). We assessed the period from when 
a novel virus was introduced through the postpandemic 
season. The introduction of A(H1N1)pdm09 virus in Izu-
Oshima occurred 11 weeks after confi rmation of the fi rst 
case in Japan (4) and 10 weeks after confi rmation in Tokyo 
(5). After the fi rst case of A(H1N1)pdm09 infection was 
identifi ed in Japan on May 16 (week 20) (4), no other infl u-
enza A cases were diagnosed by a rapid test in Izu-Oshima 
until August 1 (week 31), when a patient with infl uenza A 
(unspecifi ed) was determined to have had contact with a 
person with confi rmed A(H1N1)pdm09 infection on main-
land Japan.

The fi rst outbreaks of infl uenza A in Izu-Oshima ceased 
within 5 weeks (Figure 1). After 3 weeks with no cases, start-
ing at the end of September (week 39), clusters of infl uenza 
cases were observed in schools and families. Although im-
mediate school or class closures were implemented, the pan-
demic began in the middle of November and peaked during 
week 50, which was 6 weeks later than the Tokyo peak (5). 
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Figure 1. Cases of infl uenza and infl uenza-
like illnesses on Izu-Oshima Island, Japan, 
from week 1 of 2009 through week 17 of 
2011. The number of infl uenza cases and 
infl uenza-like illnesses are plotted weekly 
from the disease onset. Infl uenza cases were 
defi ned as illnesses diagnosed by a rapid test 
combined with a reverse transcription nested 
PCR (RT-nPCR) or by a rapid diagnostic test 
(RDT) alone, during the retrospective period 
(unspecifi ed). Infl uenza-like illnesses were 
defi ned as cases for which infl uenza was 
ruled out by negative RT-nPCR or cases for 
which infl uenza was ruled out by RDT results 
and further tests were not performed. Multiple 
visits within 7 days were counted as a single 
case. Disease onset was defi ned by the date 
when the patient fi rst reported fever or upper 
respiratory symptoms. The disease onset for 
the case that had no date in the clinical records 
was defi ned as the day before the fi rst clinical 
visit according to the median day of visit from 

the available study data. A and B, co-infection, cases diagnosed by RDT.  B (RDT/PCR), cases diagnosed by a RDT or RT-nPCR. A(H1N1)
pdm09 and H3, co-infection cases with 2 virus subtypes confi rmed by RT-nPCR. Infl uenza seasons were defi ned as follows: week 1–30 
of 2009 was the 2008–09 prepandemic season, week 31 of 2009–week 33 of 2010 was the 2009–10 pandemic season, and week 34 
of 2010–week 17 of 2011 was the 2010–11 postpandemic season. A color version of this fi gure is available online (wwwnc.cdc.gov/EID/
article/18/11/11-1681-F1.htm).
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On the island, the incidence of A(H1N1)pdm09 infection 
during the pandemic season was higher than the incidence 
caused by other subtypes during the 2009–2011 seasons (Ta-
ble 2). However, the overall incidence on the island (5.0%) 
during the pandemic season was one third of the estimated 
incidence for all of Japan (16.2%) (3).

The introduction and dissemination of A(H1N1)
pdm09 virus varied by age (Figure 2). On the island, as 
on the mainland, introduction of the emerging virus pre-
ceded the outbreak among high school–age children (4,6). 
However, at the end of the season, the incidence among 
persons 5–14 years of age exceeded that among persons 
15–19 years of age (Table 2).

During the postpandemic season, in addition to A(H1N1)
pdm09 virus, epidemics of infl uenza A/H3 and B viruses oc-
curred. No patient with confi rmed A(H1N1)pdm09 infection 
during the postpandemic season had a history of infl uenza in 
the previous season; but 28% (50/180) of patients with in-
fl uenza B and 3% (2/58) with infl uenza A/H3 virus did. The 
cumulative incidence of A(H1N1)pdm09 infection 2 seasons 
after the pandemic was estimated at 7.3% and was highest 
(43.1%) among persons 10–14 years of age.

Conclusions
This population-based surveillance study determined 

the incidence of the infl uenza virus subtypes circulating in 
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Table 1. Rapid diagnostic test results and prescription of anti-influenza agents in Izu-Oshima 

Influenza season and influenza virus type* 
Prescriptions written at clinics, no. (%) 

Total Oseltamivir† Zanamivir‡ Peramivir§ Laninamivir¶ None 
2008–09       
 A 193 (53.5)# 45 (12.5)# 0 0 124 (34.3) 361 
 B 39 (32.5) 29 (24.2) 0 0 52 (43.3) 120 
 A + B 2 (3.3) 0 0 0 4 (66.7) 6 
 Negative 32 (5.5) 10 (1.7) 0 0 537 (92.8) 579 
2009–10       
 A 219 (48.5) 209 (46.2) 0 0 24 (5.3) 452 
 Negative 42 (4.7) 33 (3.7) 0 0 828 (91.7) 903 
2010–11       
 A  147 (66.2) 52 (23.4) 3 (1.4) 0 20 (9.0) 222 
 B  60 (38.0) 82 (51.9) 1 (0.6) 1 (0.6) 14 (8.9) 158 
 Negative 44 (7.2) 18 (3.0) 0 0 548 (89.8) 610 
*Influenza virus type determined by rapid diagnostic test.  
†Tamiflu, Chugai Pharmaceutical Co., Tokyo, Japan. 
‡Relenza, GlaxoSmithKline, Research Triangle Park, NC, USA.  
§Rapiacta, BioCryst Pharmaceuticals Inc., Durham, NC, USA; marketed since January 27, 2010. 
¶Inavir, Daiichi Sankyo Co., Ltd., Tokyo, Japan; marketed since October 19, 2010.  
#Includes 1 case for which Tamiflu and Relenza were prescribed. 



pandemic and postpandemic seasons. The estimated inci-
dence of symptomatic cases was accurate because of the 
easy access to health care on Izu-Oshima Island. Care was 
sought for almost all (97%) children with upper respira-
tory symptoms and fever, although the proportion of adults 
who sought clinical care was not high (7). Most (83.6%; 
1,774/2,122) patients for whom disease onset was identi-
fi ed had visited a medical institute within 2 days of disease 
onset despite their symptoms being only mild to moder-
ate. Furthermore, all suspected cases of infl uenza, except 
2, were confi rmed by a rapid test; most were tested further 
and isolates were subtyped by RT-nPCR.

The cumulative incidence 2 seasons after the pandem-
ic indicates that early introduction of A(H1N1)pdm09 virus 
to those 15–19 years of age was not caused by differential 

sensitivity to the virus. Rather, it was probably caused by 
more frequent exposure to the emerging virus, possibly be-
cause of higher mobility of persons in this age group. Con-
sidering the conservative antigenic property of A(H1N1)
pdm09 virus in the postpandemic season (8), the absence of 
A(H1N1)pdm09 infection in this season among those who 
had experienced it in the pandemic season suggests that 
immune memory persisted in the postpandemic season. 
The cumulative incidence suggests that nearly half of the 
school-age children had immunity to A(H1N1)pdm09 vi-
rus by infection after 2 seasons. The remaining virus-naive 
elderly population should be considered for future preven-
tive intervention, although they might have some immunity 
against A(H1N1)pdm09 virus (9–12).

The delayed introduction of A(H1N1)pdm09 virus 
might primarily be explained by the isolated environment 
of the island; introduction would be mediated solely by vis-
itors carrying the virus. The delayed start and peak of the 
epidemic and the low incidence could be attributed early 
case identifi cation plus early and extensive therapy (includ-
ing prompt initiation of antiviral medication according to 
results of proactively performed rapid tests); easy access to 
health care; and public health interventions (such as school 
closures).

In addition, unique social features might also have 
contributed to the delayed pandemic and low disease inci-
dence. The proportion of children <15 years of age (≈12%) 
is the same on Izu-Oshima Island as in Tokyo; whereas, the 
proportion of those ≥65 years of age is 31% on the island 
and only 20% in Tokyo. Assuming that persons ≥65 years 
of age had preexisting immunity against A(H1N1)pdm09 
virus, as suggested by other studies (9–12), the community 
possibly had a larger number of nonsusceptible persons. 
Limited public transport and low population density (96/
km2) might have reduced disease spread. School closures 
might have more effectively reduced the chance of trans-
mission in such settings than in other areas. This study 
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Table 2. Incidence of major influenza virus subtypes endemic to Izu-Oshima Island, Japan, by influenza season 

Age, y* 

Incidence of influenza cases among Izu-Oshima residents, no. (%) 
2008–09 2009–10 2010–11 Cumulative

incidence of 
A/H1¶No.† 

Influenza virus type 
No.† 

Influenza virus 
type A/H1§ No.† 

Influenza virus type 
A‡ B A/H1§ A/H3 B 

0–4 326 65 (19.9) 11 (3.4)  323 36 (11.1) 316 20 (6.3) 21 (6.6) 16 (5.1) 41 (13.0) 
5–9 366 98 (26.8) 51 (13.9)  367 105 (28.6) 349 39 (11.2) 6 (1.7) 91 (26.1) 137 (39.3) 
10–14 316 53 (16.8) 44 (13.9)  316 97 (30.7) 332 26 (7.8) 3 (0.9) 48 (14.5) 143 (43.1) 
15–19 475 10 (2.1) 4 (0.8)  480 91 (19.0) 475 24 (5.1) 0 6 (1.3) 129 (27.2) 
20–29 541 19 (3.5) 3 (0.6)  492 25 (5.1) 486 12 (2.5) 2 (0.4) 2 (0.4) 39 (8.0) 
30–39 987 56 (5.7) 1 (0.1)  991 39 (3.9) 951 22 (2.3) 9 (0.9) 5 (0.5) 62 (6.5) 
40–49 977 27 (2.8) 2 (0.2)  971 21 (2.2) 996 18 (1.8) 7 (0.7) 5 (0.5) 42 (4.2) 
50–59 1,396 15 (1.1) 1 (0.1)  1,283 14 (1.1) 1,179 10 (1.8) 5 (4.2) 4 (0.3) 24 (2.0) 
>60 3,472 12 (0.3) 3 (0.1)  3,540 8 (0.2) 3,568 2 (0.1) 5 (0.1) 2 (0.1) 11 (0.3) 
Total 8,856 355 (4.0) 120 (1.4)  8,763 436 (5.0) 8,652 173 (2.0) 58 (0.7) 179 (2.1) 628 (7.3) 
*Age during January 2009 (for 2008–09), 2010 (for 2009–10), and 2011 (for 2010–11). 
†Population recorded in the Resident Registry in January 2009 (for 2008–09), 2010 (for 2009–10), and 2011 (for 2010–11). 
‡Influenza A (unspecified). The number of second diagnoses in the season was excluded. 
§Influenza A (H1N1) pdm09. 
¶The sum of influenza A(H1N1)pdm09 cases among residents in Izu-Oshima during the study divided by the population during January 2011. 

Figure 2. Cumulative incidence of infl uenza A(H1N1)pdm09 
infections by age group during the 2009–10 season. The cumulative 
incidence of A(H1N1)pdm09 infections for 2009–10 was calculated 
for the sum of A(H1N1)pdm09 virus cases among residents on 
Izu-Oshima Island, Japan,  divided by the population at the end of 
December 2009 and plotted by week in the 2009–10 season. The 
numbers adjacent to the lines indicate the age groups, in years. A 
color version of this fi gure is available online (wwwnc.cdc.gov/EID/
article/18/11/11-1681-F2.htm).
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provides a sound basis for modeling studies that consider 
social structures to help explain the effects of public health 
interventions for infl uenza spread in a community.
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Fatal Respiratory 
Infections 

Associated 
with Rhinovirus 

Outbreak, Vietnam
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Viet Pham Hung, Walter R. Taylor, Peter Horby, 
Nguyen Thanh Liem, and Heiman F.L. Wertheim

During an outbreak of severe acute respiratory infec-
tions in 2 orphanages, Vietnam, 7/12 hospitalized children 
died. All hospitalized children and 26/43 children from out-
break orphanages tested positive for rhinovirus versus 9/40 
control children (p = 0.0005). Outbreak rhinoviruses formed 
a distinct genetic cluster. Human rhinovirus is an underap-
preciated cause of severe pneumonia in vulnerable groups. 

The World Health Organization estimates that ≈2 mil-
lion children die each year from acute respiratory tract 

infection (ARI), and most live in developing countries (1). 
Human rhinovirus (HRV), a common cause of mild upper 
respiratory tract infections, may also cause severe ARI in 
children. We report on an outbreak of severe ARI caused 
by HRV in children living in orphanages in Vietnam.

The Study
During December 2007–February 2008, twelve infants 

<6 months of age with severe ARI infection were admitted 
to 2 hospitals in Hanoi. Because all 12 infants lived in 2 
orphanages in Hanoi, the National Hospital of Pediatrics 
(NHP) initiated an outbreak investigation. Data on demo-
graphic characteristics, clinical features, and outcomes 
were collected for the 12 infants. Researchers visited 1 
of the outbreak orphanages and 1 control orphanage (40 
km apart, no severe ARI observed). Patient histories were 
obtained from orphanage staff; all infants were examined, 
and nasal and pharyngeal swab specimens were collected. 
Respiratory specimens were tested by bacterial culture and 

multiplex reverse transcription PCR (RT-PCR, Seeplex 
RV12 Kit; Seegene, Seoul, South Korea) for the following 
respiratory viruses: infl uenza A/B viruses, respiratory syn-
cytial virus (RSV), rhinovirus, coronavirus (OC43/HKU1 
and 229E/NL63), adenovirus, parainfl uenzavirus, and hu-
man metapneumovirus (2). This outbreak investigation was 
approved by the Scientifi c Committee of NHP.

Twelve patients with severe ARI were admitted to 
the NHP intensive care unit over 38 days during the cool 
months of December 2007–February 2008 (temperature 
5°C–14°C). The 12 hospitalized infants (11 female) were 
2- to 4-months-old. Most (10/12) were from 1 orphanage, 
which was selected for investigation. Two hospitalized 
children had a known underlying condition: congenital 
hypothyroidism (n = 1) and HIV infection (n = 1). Seven 
infants were underweight (sex-specifi c weight-for-age; z 
score <2 SDs). All exhibited cough, coryza, wheezing, and 
dyspnea, and 6 (50%) had a documented fever.

Acute respiratory distress syndrome developed in all 
12 a mean of 8.3 (95% CI ± 5 days) days after onset. Mean 
pressure of arterial oxygen/fractional inspired oxygen ratio 
was 66.0 (95% CI ± 30.6, range 25.1–131.0). Chest radio-
graphs showed extensive bilateral infi ltrates. Blood cultures 
for bacteria were negative. Despite mechanical ventilation 
and administration of intravenous broad-spectrum antimi-
crobial drugs, 7 patients died and 3 patients recovered (2 
were lost to follow up). HRV was detected by RT-PCR 
in all infants; 2 patients were co-infected with RSV and 
adenovirus (Table). In addition, 1 bronchoalveolar lavage 
specimen from 1 patient was HRV positive.

The outbreak orphanage was visited within 1 week of 
outbreak detection. The visit revealed that several other in-
fants had been hospitalized elsewhere, but we could not ob-
tain detailed data about them. We tested nasal–pharyngeal 
swab specimens (pooled) from all 43 infants (100% <12 
months of age) living in the outbreak orphanage and nasal 
swab specimens from the 40 youngest children (97.5% <12 
months of age) at the control orphanage within 2 weeks of 
the outbreak. In both orphanages, 5–9 children lived in 1 
room and shared the same bed, wiping cloths, basic utensils 
such as cups, and clothing.

Most children in the outbreak orphanage were female 
(31/43 [72%]), compared with 50% (20/40) in the control 
orphanage. Of children whose specimens were tested by 
RT-PCR, 98% (42/43) of the infants from the outbreak or-
phanage had at least 1 symptom of respiratory tract infec-
tion compared with 14 (35%) of 40 infants at the control 
orphanage. Among children from the outbreak orphanage 
(both hospitalized and nonhospitalized [n = 55]), a sin-
gle pathogen was identifi ed in 31 (56.4%) infants and >2 
pathogens were found in 9 (16.4%) children (Table). The 
most frequently detected pathogen was HRV (n = 38). In 
the control orphanage, 9 (22.5%) children tested positive 
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for HRV, and 5 children were infected with 2 pathogens. 
Only nonpathogenic bacteria were cultured from the respi-
ratory specimens (data not shown).

Because HRV was the predominant pathogen detect-
ed, we genotyped all HRV isolates directly from the speci-
mens using a molecular typing assay based on phylogenetic 
comparisons of a 260-bp variable sequence (P1–P2) in the 
5′-noncoding region with homologous sequences of the 
101 known serotypes (3,4). We were able to sequence the 
P1–P2 fragment of HRV genome from 23 specimens posi-
tive for HRV: 2 were from hospitalized patients (08040R 
and 08043R) (Figure), 19 were from the outbreak orphan-
age (identifi cation numbers starting with DA), and 5 were 
from the control orphanage (identifi cation numbers starting 
with BaVi; Figure). The P1–P2 phylogenetic tree showed 
that sequences obtained from isolates from the 2 hospital-
ized infants were closely related to a subclade of cluster 
A sequences from nonhospitalized infants at the outbreak 
orphanage (Figure). HRVs from the control orphanage are 
also part of the A cluster but formed a distinct subcluster. 
Several children (not hospitalized) from the outbreak or-
phanage were also infected with HRVs from the C cluster. 
No children had B cluster strains.

Conclusions
We found that HRV was the main pathogen detected in 

an outbreak of severe ARI in children living in an orphan-
age in Vietnam. Our fi ndings support recent studies show-
ing that HRV may be associated with severe respiratory 
tract infection in infants and children (4–6). A study in cen-
tral Vietnam also showed that HRV is a notable cause of 
ARI in children in Vietnam (7). Because we detected rhino-
virus in all hospitalized infants, we believe that HRV was 
the main causal agent in this outbreak, although 2 hospital-
ized infants were co-infected with RSV, an unambiguous 
respiratory pathogen. A deep lung specimen from 1 hospi-
talized infant was also positive for HRV, which supports a 

causal relationship. Furthermore, the outbreak orphanage 
had signifi cantly more HRV-positive patients than did the 
control orphanage, and sequence analysis showed that the 
outbreak isolates formed a distinct cluster, which also sup-
ports a causal role for HRV.

In addition, we found that several infants from the out-
break orphanages were infected with HRV strains belong-
ing to the C cluster, according to P1-P2 sequence analysis. 
HRV-C has been associated with more severe infections 
and circulates worldwide (3,8–10). We may have missed 
the HRV-C strains in the clinical case-patients, because we 
were only able to sequence the virus from samples from 2 
patients. We had to sequence directly from the specimens 
because we had no viral culture facility at the time of the 
outbreak. Phylogenetic analysis of P1–P2 sequences can 
distinguish HRV-B rhinoviruses, but it is limited in distin-
guishing HRV-A and HRV-C. Full HRV sequence analysis 
would be able to provide this detail, but it was not feasible 
for this investigation.

This outbreak investigation has some limitations. Only 
a small number of controls were selected from a single or-
phanage, and the controls were sampled later than the hos-
pitalized patients and children from the outbreak orphan-
age. These limitations may have led to underdiagnosis of 
HRV in controls. Bacterial co-infection cannot be ruled out 
as a cause of more severe infection in the hospitalized in-
fants because most were receiving antimicrobial drugs at 
the time respiratory specimens were collected.

Viral respiratory infections can be more severe in mal-
nourished infants, which was likely the case for the hospi-
talized infants in this outbreak. In this study, co-infections 
(16.4%) with other respiratory viruses were detected at a 
similar rate as in another study in central Vietnam (12.5%) 
(7). This fi nding is also consistent with previous work indi-
cating that HRV infections can occur with other respiratory 
viruses and lead to more severe disease (2,7). This outbreak 
illustrates that HRVs can cause severe pneumonia, leading 
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Table. Detected viruses in respiratory specimens from hospitalized children, children at the outbreak orphanage, and children from the 
control orphanage, Hanoi, Vietnam, December 2007–February 2008* 

Viral diagnosis† 

Outbreak orphanage infants Control orphanage infants 
No. (%) hospitalized, 

n = 12 
No. (%) not hospitalized, 

n = 43 
No. (%) not hospitalized,  

n = 40 
Single infection     
 Rhinovirus 10 (83.3) 19 (44.2) 4 (10.0) 
 Adenovirus 0 0 6 (15.0) 
 RSV 0 2 (4.7) 0 
Co-infection, 2 pathogens     
 Rhinovirus and adenovirus 0 2 (4.7) 4 (10.0) 
 Rhinovirus and RSV 0 4 (9.3) 1 (2.5) 
 Rhinovirus and parainfluenzavirus 0 1 (2.3) 0 
Co-infection, 3 pathogens     
 Rhinovirus, adenovirus, and RSV 2 0 0 
Any rhinovirus 12 (100) 26 (60.5) 9 (22.5)‡ 
*RSV, respiratory syncytial virus. 
†By multiplex reverse transcription PCR (Seeplex RV12; Seegene, Seoul, South Korea).  
‡ 2 test p = 0.0005 



to acute respiratory distress syndrome in young, vulnerable 
infants. HRV remains an underappreciated cause of severe 
pneumonia in vulnerable groups. 
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Figure. Genotyping of human rhinovirus (HRV) from outbreak and 
control specimens by P1–P2 sequence analysis. We compared 19 
HRVs from the outbreak orphanage (black), 5 HRVs from control 
orphanage (italics), and the following P1-P2 sequences in GenBank, 
according to Lee et al. (3). HRV-A group (dark gray): EU126769, 
EU126779, EU126767, EU126699, EU126682, EU126663, 
EU126716, EU126691, EU126709, EU126762; HRVB group 
(black): EU126732, EU126689, EU126666, EU126753, EU126705, 
EU126746, HRV-C group (light gray): EU126786, EU126772, 
EU126775, EU126777, EU126783, EU126788, EU126784, 
EU126781, EU126764. Two HRV sequences from hospitalized 
patients were included (HRV number in box). Multiple sequence 
alignment was performed by using the BioEdit program package 
(Ibis Biosciences, Carlsbad, CA, USA). Nucleotide distances 
were analyzed with DNAdist, the neighbor-joining tree of BioEdit 
package. The consensus tree was visualized by TREEVIEW v1.6.6 
(Institute of Biomedical and Life Sciences, University of Glasgow, 
Glasgow, UK). Scale bar indicates nucleotide substitutions per site. 
A color version of this fi gure is available online (wwwnc.cdc.gov/
EID/article/18/11/12-0607-F.htm).

The opinions expressed by authors contributing to this 
journal do not necessarily refl ect the opinions of the Centers for 
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During a pneumococcal disease outbreak in a pediatric 
psychiatric unit in a hospital in Rhode Island, USA, 6 (30%) 
of 20 patients and staff were colonized with Streptococcus 
pneumoniae serotype 15A, which is not included in pneu-
mococcal vaccines. The outbreak subsided after implemen-
tation of antimicrobial drug prophylaxis and enhanced infec-
tion control measures.

Streptococcus pneumoniae, or pneumococcus, causes 
an estimated 4 million illnesses in the United States 

annually (1). Pneumococcal disease outbreaks often occur 
in closed settings such as childcare facilities and hospi-
tals. Control measures include vaccination, antimicrobial 
drug prophylaxis, and infection control (2). On January 
26, 2011, the Rhode Island Department of Health was no-
tifi ed of 2 cases of invasive pneumococcal disease (IPD) 
and 2 cases of pneumonia that were associated with a unit 
(Unit 1) in a pediatric psychiatric hospital that had un-
usual infection control challenges. We investigated the 
outbreak to confi rm the etiologic agent and prevent dis-
ease transmission.

The Study
Children who have developmental disabilities and ag-

gressive or self-injurious behavior are treated in Unit 1. 
Inpatient capacity is 17, and <5 outpatients are sometimes 
present during the day for group and individual therapy. 
The unit employs >100 staff members. Patients require 
constant supervision and intensive help with activities of 
daily living. 

At the beginning of this investigation, we established 
outbreak case defi nitions. We defi ned confi rmed pneumo-
coccal disease as IPD (isolation of S. pneumoniae from a 
normally sterile site such as blood) or noninvasive (labora-
tory confi rmation of S. pneumoniae from a nonsterile site in 
the setting of a compatible clinical illness, such as isolation 
from ear drainage samples from a patient with otitis me-
dia). We defi ned confi rmed pneumonia as pneumonia di-
agnosed by a clinician, using chest radiographs confi rmed 
as showing pneumonia by a radiologist. We defi ned sus-
pected pneumonia as pneumonia diagnosed by a clinician 
with no radiologic studies obtained. Cases occurred in Unit 
1 staff, patients, and visitors during the study period. We 
maintained active surveillance through May 1, but no cases 
occurred after February 23. 

To identify risk factors for pneumococcal disease 
(3,4), we abstracted medical records of all Unit 1 patients 
(n = 30) during November 1, 2010–January 30, 2011. Unit 
1 staff members completed questionnaires about respira-
tory illnesses experienced during December–February. The 
hospital informed families of then-current Unit 1 patients 
of the outbreak. Family members or visitors who reported 
illness were interviewed. All pertinent medical records 
were reviewed.

We collected available clinical specimens and con-
ducted a survey to identify respiratory pathogens carried 
by patients and staff (Figure 1). We collected nasopharyn-
geal and oropharyngeal calcium alginate swab specimens 
from then-current Unit 1 patients (n = 16) and staff with 
ongoing respiratory symptoms (n = 4) during January 29–
February 2. For pneumococcal carriage, swab specimens 
were processed as described (5,6). Three pneumococcal 
isolates were recovered (2 from blood, 1 from ear drainage 
samples). Swab specimens and isolates underwent specifi c 
real-time PCR that targeted the lytA gene (6), PCR-based 
serotyping (7,8), and multilocus sequence type determi-
nation (9). Antibacterial drug susceptibility testing was 
performed by using broth microdilution (10). Additional 
swabs stored in viral transport media were tested by solid-
phase real-time PCR on TaqMan Array Cards (Life Tech-
nologies, Carlsbad, CA, USA), for 20 additional respira-
tory pathogen targets (11).

Twenty patients resided on Unit 1 during December 
25, 2010–January 31, 2011 (Table 1). Among Unit 1 pa-
tients, staff, and visitors, the following cases were iden-
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tifi ed: 3 confi rmed pneumococcal disease, 6 confi rmed 
pneumonia, and 2 suspected pneumonia (Figure 2). Three 
case-patients were hospitalized (2 with IPD, 1 with con-
fi rmed pneumonia). Among the 20 patients, the cases of 5 
(attack rate 25%) met an outbreak case defi nition (Table 2). 
In addition, 1 staff member had IPD, 1 had confi rmed pneu-
monia, and 1 had suspected pneumonia (Table 2, attack rate 
<3%). These staff members provided direct care to all Unit 
1 patients. Three visitors had confi rmed pneumonia. Adults 
(3 staff and 3 visitors) who became ill during the outbreak 
and for whom ages were available (5 of 6) ranged in age 
from 27 to 56 years.

All 3 clinical isolates were identifi ed as S. pneumoniae 
serotype 15A, sequence type 63, (Table 2) with matching 
antimicrobial drug susceptibility patterns. Nine (45%) of 
20 persons tested carried pneumococcus; of those, 6 (30%) 
carried serotype 15A. Rhinovirus, Streptococcus pyogenes, 
and Mycoplasma pneumoniae were additional pathogens 
most frequently identifi ed by using TaqMan Array Cards 
(Figure 1, Table 2).

We assessed Unit 1 infection control practices; in par-
ticular, for staff compliance with hand and respiratory hy-
giene. The hand hygiene audit revealed that staff members 
had performed hand hygiene in 4 (24%) of 17 instances be-
fore patient contact and 11 (79%) of 14 times after patient 
contact, for an overall compliance of 15 (48%) of 31 op-
portunities. In addition,, supplies (e.g., gloves) were kept in 
locked cabinets because of safety concerns. Staff reported 
that patients, because of their developmental delays, were 
often unable to appropriately manage their respiratory se-
cretions.

The presence of 6 carriers of serotype 15A on Unit 1 
during the carriage survey indicated the potential for con-
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Figure 1. Respiratory pathogen carriage survey related to 
Streptococcus pneumoniae serotype 15A outbreak in a pediatric 
psychiatric hospital, Rhode Island, USA, December 25, 2010–
January 31, 2011, performed on Unit 1 patients (n = 16) and 
symptomatic staff (n = 4) during January 29–February 2. No visitors 
were screened for respiratory pathogen carriage. Nasopharyngeal 
and oropharyngeal swab specimens were taken from each 
participant. TaqMan Array Card used to test for infl uenza A (H1 
and H3) and B, respiratory syncytial virus, human parainfl uenza 
viruses 1–3, human metapneumovirus, rhinovirus, enterovirus, 
parechovirus, adenovirus, Legionella species, Haemophilus 
infl uenzae, Streptococcus pyogenes, Mycoplasma pneumoniae, 
Chlamydophila pneumoniae, and Bordetella pertussis. Asterisk 
indicates other pneumococcal serotypes identifi ed in 3 persons, 
including 11A/D, 20, 34, and serotypes that were nontypeable by 
real-time PCR: 1, 2, 3, 4, 5, 6A/B/C, 6C, 7F/7A, 9V/9A, 11A/11D, 
12F/(12A/44/46), 14, 15A/15F, 16F, 18/(18A/18B/18C/18F), 19A, 
19F, 22F/22A, 23A, 23F, 33F/33A/37.

Table 1. Characteristics of 20 psychiatric unit patients during Streptococcus pneumoniae serotype 15A outbreak, Rhode Island, USA, 
December 25, 2010–January 31, 2011 
Characteristic No. (%) patients
Male sex 14 (70.0)
Median age, y (range) 13 (4–24)
Race
 White 16 (80.0)
 Black 4 (20.0)
 Other/unknown 0
Underlying medical conditions
 Asthma* 6 (30.0)
 Chronic heart disease 2 (10.0)
 Other risk factors for pneumococcal infection† 0
Median length of stay, days on Unit 1 as of January 30, 2011 (range) 71 (1–706)
Receiving systemic antimicrobial drugs during January for illness unrelated to outbreak 1 (5.0)
No. patients on Unit 1 as of January 30, 2011
 Current in-patient 15 (75.0)
 Day program patient‡ 1 (20.0)
 Discharged (since December 25, 2010) 4 (5.0)
*None were treated with systemic steroids (i.e., none had an indication for vaccine) (3,4).
†Includes chronic lung disease (other than asthma), diabetes mellitus, cerebrospinal fluid leaks, cochlear implant, systemic steroid use, sickle cell 
disease, congenital or acquired asplenia, HIV infection, chronic renal failure, nephritic syndrome or kidney disease with dialysis, bone-marrow or organ 
transplant, diseases associated with treatment with immunosuppressive drugs or radiation therapy, including malignant neoplasms, leukemia, lymphoma, 
and Hodgkin disease (3,4).
‡Day program patients were treated in Unit 1 during the day and returned home to stay overnight with their families.
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tinued transmission and disease. The hospital mandated 
hand and respiratory hygiene training for all Unit 1 staff, 
administered during February 4–8. We recommended high-
dose amoxicillin prophylaxis (90 mg/kg/day divided into 
2 doses, maximum of 1,000 mg, for 5 days) for all Unit 1 
patients, which began on February 7. After control mea-
sures were fully implemented, 1 case of pneumonia was 
confi rmed in a patient’s parent on February 23, but the 
etiology was not identifi ed. No additional cases occurred 
among Unit 1 patients and staff members during the subse-
quent 3 months.

Conclusions
Laboratory and epidemiologic evidence indicates that 

an outbreak of S. pneumoniae serotype 15A infection oc-
curred on Unit 1. Increased transmission opportunities 
likely resulted from infection control challenges in the unit. 
Because serotype 15A is not included in any current pneu-
mococcal vaccine, we used antimicrobial drug prophylaxis 
as an immediate intervention to reduce transmission. How-
ever, infection control was the critical long-term control 
measure. We modifi ed acute-care hospital infection con-
trol practices for the unique environment of Unit 1, such as 
scheduling hand hygiene sessions every 2–3 hours for all 
patients, rather than expecting patients to understand when 
to perform hand hygiene. Furthermore, other respiratory 
pathogens were present on Unit 1, which could have con-
tributed to disease and facilitated pneumococcal transmis-
sion by increasing nasopharyngeal colonization (12). The 
same infection control lapses that led to the S. pneumoniae 
serotype 15A outbreak likely led to transmission of these 
respiratory pathogens.

Since the introduction of the 7-valent pneumococcal 
conjugate vaccine, nasopharyngeal carriage of serotype 
15A has increased (13). Among Massachusetts children 3 
months–7 years of age, serotype 15A carriage prevalence 
was 4% in 2007 (14), compared with 30% in this outbreak. 
Since the introduction of the 7-valent pneumococcal conju-
gate vaccine, serotype15A sequence type 63 has also caused 
an increasing proportion of penicillin-nonsusceptible IPD 
in the United States (15). The sequence type and antimicro-
bial drug susceptibilities of the serotype 15A strain from 
this outbreak are characteristic of a single, internationally 
disseminated serotype 15A strain (15). No other increases 
in IPD or serotype 15A were detected by the Rhode Island 
Department of Health during this period, indicating that the 
outbreak was restricted to Unit 1.

This investigation had several limitations. First, di-
agnostic tests were performed at the discretion of treat-
ing clinicians, and specifi c diagnostic testing was not per-
formed for most pneumonia case-patients. In addition, we 
used TaqMan Array Cards <3 weeks after symptom onset, 
which decreased our ability to detect all bacterial and viral 
co-factors that possibly contributed to this outbreak. Be-
cause of the small size of the patient cohort, statistical tests 
would not have power to assess risk factors for pneumo-
coccal disease or carriage. Finally, we did not assess the 
knowledge of hand hygiene among staff after the training 
to evaluate its effectiveness.

In conclusion, this outbreak was associated with S. 
pneumoniae serotype 15A, a serotype not included in 
available pneumococcal vaccines. The outbreak subsided 
after patients received antimicrobial drug prophylaxis. The 
hospital instituted a hand hygiene monitoring program in 
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Figure 2. Epidemic curve of Streptococcus pneumoniae outbreak in a pediatric psychiatric hospital, Rhode Island, USA, 
December 25, 2010–January 31, 2011 for invasive pneumococcal disease (IPD), noninvasive pneumococcal disease, con-
fi rmed pneumonia, and suspected pneumonia. *Staff members; †family members.



response to our recommendations and enhanced infection 
control practices were implemented, especially careful 
adherence to hand and respiratory hygiene. Hand and re-
spiratory hygiene training and monitoring are critical for 
infection control in units that serve patients with special 
cognitive needs. 
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Table 2. Cases, clinical isolates, and results of pneumococcal carriage and respiratory pathogen survey associated with Streptococcus
pneumoniae serotype 15A outbreak, Rhode Island, USA, December 25, 2010–January 31, 2011* 

Case status
Case
no.

Onset 
date

Culture date, 
specimen and 

result
Chest imaging 

results Treatment Outcome Carriage Sero

Other
pathogens by 

TAC†
IPD S1 Jan 9 Jan 14, blood, 

S. pneumoniae 
15A

Right upper 
lobe

pneumonia

Moxifloxacin Rec Neg Neg 

IPD P1 Jan 11 Jan 25, blood, 
S. pneumoniae 

15A

Negative Ceftriaxone Rec Pos 15A Rhinovirus,
adenovirus

Noninvasive
pneumococcal
disease

P2 Jan 2 Jan 28, 
otorrhea, S.
pneumoniae 

15A

Cefuroxime, 
topical

ofloxacin

Rec Pos 15A Mycoplasma 
pneumoniae 

Confirmed
pneumonia

P3 Jan 2 Left lower lobe 
pneumonia 

Amoxicillin/ 
clavulanate,
azithromycin 

Rec Pos NT‡ Rhinovirus

Confirmed
pneumonia

S2 Jan 5 Left upper 
lobe

pneumonia 

Amoxicillin/ 
clavuanate,
ciprofloxacin

Rec NS NS

Confirmed
pneumonia

V1 Jan 15 Right basilar 
pneumonia 

Moxifloxacin Rec NS NS

Confirmed
pneumonia

P4 Jan 18 Right lower 
lobe

pneumonia 

Ceftriaxone,
ampicillin, 
amoxicillin 

Rec Neg M. 
pneumoniae 

Confirmed
pneumonia

V2 Feb 4 Left lower lobe 
pneumonia 

Doxycycline, 
levofloxacin

Rec NS NS

Confirmed
pneumonia§

V3 Feb 23 Left lower lobe 
pneumonia 

Unk Unk NS NS

Suspected
pneumonia

S3 Jan 11 Azithromycin Rec NS NS

Suspected
pneumonia

P5 Jan 13 Clindamycin Rec Neg Neg 

Non-case P6 Neg S. pyogenes 
Non-case P7 Neg Adenovirus
Non-case P8 Neg Neg 
Non-case P9 Pos 34 S. pyogenes 
Non-case P10 Neg Neg 
Non-case P11 Pos 15A Enterovirus 
Non-case P12 Pos 15A Neg 
Non-case P13 Pos 11 A/D, 

20
S. pyogenes 

Non-case P14 Neg Neg 
Non-case P15 Pos 15A Rhinovirus, M. 

pneumoniae
Non-case P16 Pos 15A M. 

pneumoniae 
Non-case S4 Neg Rhinovirus
Non-case S5 Neg Neg 
Non-case S6 Neg S. pyogenes 
*Sero, serotype; TAC, TaqMan Array Card; IPD, invasive pneumococcal disease; S, staff; rec, recovered; neg, negative; P, patient; pos, positive; NS, no 
carriage screen; V, visitor;  NT, nontypeable; Unk, unknown.
†TAC used to test for influenza viruses A (H1 and H3) and B, respiratory syncytial virus, human parainfluenza viruses 1–3, human metapneumovirus, 
rhinovirus, enterovirus, parechovirus, adenovirus, Legionella species, Haemophilus influenzae, Streptococcus pyogenes, Mycoplasma pneumoniae,
Chlamydophila pneumoniae, and Bordetella pertussis.
‡NT by real-time PCR (for serotypes: 1, 2, 3, 4, 5, 6A/B/C, 6C, 7F/7A, 9V/9A, 11A/11D, 12F/(12A/44/46), 14, 15A/15F, 16F, 18/(18A/18B/18C/18F), 19A, 
19F, 22F/22A, 23A, 23F, 33F/33A/37).
§Refused further involvement with investigation. 
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The intense infl uenza activity in England during the 
2010–11 winter resulted from a combination of factors. 
Population-based seroepidemiology confi rms that the third 
wave of infl uenza A(H1N1)pdm09 virus circulation was as-
sociated with a shift in age groups affected, with the highest 
rate of infection in young adults.

Seroepidemiologic data collected in England during 
the fi rst 2 infl uenza pandemic waves suggested that 

another wave of infection with infl uenza A(H1N1)pdm09 
virus was unlikely during 2010–11 (1). However, a sub-
stantial third wave occurred that affected persons in older 
age groups (2). Severity indicators suggested a higher 
level of illness and death, with increased cases in critical 
care and deaths. We conducted further seroepidemiologic 
study in England during 2010–11 to identify possible rea-
sons for these observations.

The Study
This observational study used anonymized, residual 

serum samples from routine microbiological testing. Pa-
tient age and sex, date of sample collection, and source 
laboratory information were available (3).

Samples were from patients 0–99 years of age, of 
whom 53% were female. Samples were grouped accord-
ing to collection date: pre–fi rst wave (before April 2009 
[1,403 samples]) and post–fi rst wave (August–October 
2009 [3,091 samples]); post–second wave (January–April 
2010 [2,225 samples]); and pre–third wave (June–Octo-
ber 2010 [1,782 samples]) and post–third wave (Febru-
ary–April 2011 [1,257 samples]) (Figure 1). Availability 
of samples by region and patient age was not consistent. 

With the objective of measuring age-dependent incidence, 
we prioritized serum samples by patient age. Samples were 
spread across 7 age groups (<5, 5–14, 15–24, 25–44, 45–
64, 65–74, and >75 years) and came from the 9 regions of 
England (East, East Midlands, London, North East, North 
West, South East, South West, West Midlands, and York-
shire and Humber).

Viruses were characterized and sequenced as de-
scribed (4). All samples were tested by hemagglutination-
inhibition (HI) assay; samples with suffi cient material also 
were tested by microneutralization assay according to stan-
dard methods (1). Samples with titers >32 or >40 by HI 
or microneutralization assay, respectively, were considered 
seropositive.

We determined antibody persistence by comparing an-
tibody levels in the post–second wave panel with those of 
the pre–third wave panel on a subset of samples from 3 
regions (North East, North West, and South West) where 
samples were available for both time points. Results were 
assessed with 95% confi dence intervals. The full analysis 
of the seroprevalence preceding the 2010–11 season is de-
tailed elsewhere (1).

In samples from all persons except those in the young-
est age group (<5 years), antibody declined from the end of 
the 2009–10 winter season (post–second wave) to before 
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Figure 1. Number of infl uenza A(H1N1)pdm09 virus detections 
(and percentage positive) detected through a network of Health 
Protection Agency laboratories (the Respiratory DataMart system) 
from the start of the pandemic in week 17 (week of April 27) 2009 
until the end of the 2010–11 winter season. It demonstrates the 
3 waves of pandemic infl uenza activity in summer 2009, autumn 
2009, and winter 2010–11 and the key events in relation to the 
timing of the national infl uenza vaccination program. The timing 
of the serum collections are illustrated at the bottom of the fi gure. 
Samples were grouped into panels according to their collection. 
Light gray, A(H1N1)pdm09 virus; medium gray, untyped infl uenza 
A virus; black, infl uenza B virus; line, overall percentage positive. 
Study periods were defi ned as follows: pre–fi rst wave, before April 
2009; post–fi rst wave, August–October 2009; post–second wave, 
January–April 2010; pre–third wave, June–October 2010; and 
post–third wave, February–April 2011. 
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the onset of the 2010–11 season (pre–third wave). This de-
cline was limited (<10% reduction by HI and microneu-
tralization assays in persons 5–74 years of age), with the 
largest reduction in the >75-year group (–15% and –20% 
by HI and microneutralization assays, respectively). In 
children <5 years, antibody levels increased (15% and 10% 
by HI and nicroneutralization assays, respectively) during 
the same time period (Tables 1,2; Figure 2).

We assessed changes in antibody levels during the 
2010–11 season using data from all 5 available regions 
(East, North East, North West, South West, and Yorkshire 
and Humber) (Tables 1, 2; online Technical Appendix Ta-
ble, wwwnc.cdc.gov/EID/pdfs/12-0720-Techapp.pdf). For 
all age groups, HI and microneutralization assays demon-
strated similar trends, although the increase by microneu-
tralization assay in elderly persons was lower than by HI 

assay (48% vs. 28% increase). We found no evidence for 
association of titer with sex or region.

Children in the 2 youngest groups (<14 years) had 
the highest titers overall and highest percentage of sero-
positive samples (Tables 1, 2; Figure 2; online Technical 
Appendix Table). The highest increases in seroprevalence 
during the third wave were observed in the oldest age 
group (>75 years, from 17% to 65% seropositive by HI 
assay), followed by young adults (15–44 years, from 33% 
to 66% seropositive by HI assay) (online Technical Ap-
pendix Figure).

Conclusions
Clinical surveillance data obtained during the course 

of acute illness (2) and seroepidemiology through popula-
tion sampling are consistent and together point toward a 
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Table 1. Seroprevalence of influenza A(H1N1)pdm09 virus antibody, England, 2010 and 2011* 

Characteristic

No. seropositive samples/no. total samples† (% seropositive samples, 95% CI) 
Post–second wave‡ Pre–third Post–third wave 
HI MN HI MN HI MN 

Age group, y       
 <5 36/98 (0.37, 

0.27–0.47) 
31/77 (0.4, 
0.29–0.52) 

94/182 (0.52, 
0.44–0.59) 

88/174 (0.51, 
0.43–0.58) 

99/160 (0.62, 
0.54–0.69) 

93/150 (0.62, 
0.54–0.7) 

 5–14 132/213 (0.62, 
0.55–0.69) 

69/107 (0.64, 
0.55–0.73) 

142/244 (0.58, 
0.52–0.64) 

152/237 (0.64, 
0.58–0.7) 

155/200 (0.78, 
0.71–0.83) 

146/199 (0.73, 
0.67–0.79) 

 15–24 68/154 (0.44, 
0.36–0.52) 

44/101 (0.44, 
0.34–0.54) 

152/405 (0.38, 
0.33–0.42) 

156/400 (0.39, 
0.34–0.44) 

216/320 (0.68, 
0.62–0.73) 

188/311 (0.6, 
0.55–0.66) 

 25–44 66/200 
(0.33, 0.27–0.4) 

31/83 (0.37, 
0.27–0.49) 

106/370 (0.29, 
0.24–0.34) 

114/370 (0.31, 
0.26–0.36) 

187/294 (0.64, 
0.58–0.69) 

155/283 (0.55, 
0.49–0.61) 

 45–64 59/220 0.27, 
0.21–0.33) 

42/110 (0.38, 
0.29–0.48) 

69/320 (0.22, 
0.17–0.26) 

93/318 (0.29, 
0.24–0.35) 

62/138 (0.45, 
0.36–0.54) 

52/135 (0.39, 
0.3–0.47) 

 65–74 36/145 
(0.25, 0.18–0.33) 

27/87 (0.31, 
0.22–0.42) 

35/168 (0.21, 
0.15–0.28) 

42/167 (0.25, 
0.19–0.32) 

38/74 (0.51, 
0.39–0.63) 

38/74 (0.51, 
0.39–0.63) 

 >75 55/172 (0.32, 
0.25–0.4) 

77/163 (0.47, 
0.39–0.55) 

16/93 (0.17, 
0.1–0.26) 

25/92 (0.27, 
0.18–0.37) 

46/71 (0.65, 
0.53–0.76) 

39/71 (0.55, 
0.43–0.67) 

Region§    
 Total 1,202 1,782 1,257 
 North West 561 624 337 
 South West 404 232 265 
 North East 237 526 179 
 East 0 292 122 
 Yorkshire and  
 Humber 

0 108 354 

*HI, hemagglutination inhibition assay; MN, microneutralization assay. 
†Samples with titers >32 by HI or >40 by MN, 
‡For data consistency, samples from only North West, South West, and North East regions were included in this analysis because these regions also 
were among the 5 regions in pre– and post–third wave samples. 
§Numbers by region describe total available number of samples (all analyzed at least by HI assay). 

Table 2. Seroincidence estimates of influenza A(H1N1)pdm09 virus antibody, England, 2010 and 2011 

Age group, y 

Change in antibody level, % (95% CI) 
Post–second wave to pre–third wave* Pre–third wave to post–third wave† 

Hemagglutination inhibition Microneutralization Hemagglutination inhibition Microneutralization 
<5 15 (3–27) 10 (–3 to 24) 10 (0–21) 11 (1–22) 
5–14 –4 (–13 to 5) 0 (–11 to 11) 19 (11–28) 9 (1–18) 
15–24 –7 (–16 to 3) –5 (–15 to 6) 30 (23–37) 21 (14–29) 
25–44 –4 (–12 to 4) –7 (–18 to 5) 35 (28–42) 24 (16–31) 
45–64 –5 (–13 to 2) –9 (–19 to 1) 23 (15–33) 9 (0–19) 
65–74 –4 (–13 to 5) –6 (–18 to 6) 31 (18–43) 26 (13–39) 
>75 –15 (–25 to –4) –20 (–32 to –8) 48 (34–61) 28 (13–42) 
*Antibody levels at the end of the 2009–10 winter season compared with those before the 2010–11 season. 
†Antibody levels before and after the 2010–11 season. 



shift in the age range for infection with A(H1N1)pdm09 
in the fi rst season after the 2009 pandemic. This fi nding is 
similar to those in earlier pandemics (5) and other countries 
(6). Historical data, including from 1918, suggest that the 
initial impact in children is followed by a dramatic shift in 
age distribution of infected persons, with the probability of 
infection in adults exceeding those of children until the age 
distribution returns to the normal seasonal pattern (5,7). 
This adaptation process may take 3–10 years (7).

The rates of decline in antibody to A(H1N1)pdm09 
from the 2009–10 to the 2010–11 winters are similar to 
historic data (8) and A(H1N1)pdm09 vaccine trials (9,10). 
The implications of such reduction are uncertain. The se-
roprevalence data suggested susceptibility in young adults 
pre–third wave, but not in children who were targeted by 
an extended vaccination program in the United Kingdom 
from January 2010. Up to 30% of children <5 years were 
vaccinated (11).

During the 2010–11 season, antibody was acquired 
primarily by young and old adults. The largest increase 
in antibody levels after the 2010–11 winter occurred in 
persons >75 years of age. Clinical surveillance data sug-
gests that elderly persons (>65 years of age) were relatively 
spared from infection with A(H1N1)pdm09 virus (12). We 
propose that the increase resulted primarily from seasonal 
infl uenza vaccination in 2010–11 with vaccine uptake of 
72.8% (13). In young adults (15–44 years), we believe that 
acquisition of antibody occurred as susceptible persons be-
came infected during the winter. Children were relatively 

spared from infection with A(H1N1)pdm09 during winter 
2010–11; their high rate of infection in the 2 previous pan-
demic waves, together with vaccination, left a limited num-
ber of susceptible persons (Figure 2) .

Our study design—a retrospective, periodic, cross-
sectional collection—has certain limitations. We analyzed 
similar but not identical groups and persons at different 
time points. For each sample, only limited information was 
available. Without information about vaccination status or 
infl uenza exposure history during the season, our interpre-
tation of antibody levels and their changes has to be taken 
with caution. However, in this descriptive analysis we also 
used supportive evidence from UK infl uenza surveillance 
programs and take into account the date of vaccination tim-
ing and uptake, which strengthens our interpretation of the 
serologic data.

The collections for each sample set were distributed 
over time periods of up to 21 weeks, during which antibody 
levels would have changed, depending on the combined ef-
fects of seroconversion, antibody waning and availability of 
vaccination. A novel likelihood-based approach, described 
previously has therefore been developed to overcome some 
of the limitations of the conventional statistical method (1).

We found no evidence of substantial antigenic drift in 
circulating viruses that could affect seroepidemiology re-
sults (online Technical Appendix Table). We conclude that 
the intense A(H1N1)pdm09 virus activity in the England 
during the 2010–11 winter must have resulted from a com-
bination of factors.

DISPATCHES
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Figure 2. Percentage of samples with hemagglutination-inhibition titer >32 during 
consecutive waves of infl uenza activity, England, summer 2009 and 2009–10 and 
2010–11 infl uenza seasons. Data were plotted from all available results determined by 
hemagglutination-inhibition assay on samples from all regions. A) Children <5 years old. 
B) Children 5–14 years old. C) Persons 15–24 years old. D) Persons 25–44 years old. 
E) Persons 45–64 years old. F) Persons 65–74 years old. G) Persons >75 years old. 
Black line, results from all regions; gray line, results from the North West and South West 
regions, which provided samples throughout the entire period. Error bars indicate 95% 
confi dence intervals.



A(H1N1)pdm09 Virus Antibody, England

The change in age distribution of infection is likely 
to have caused increased severity, resulting from a larger 
number of patients with underlying concurrent conditions 
(12) or from age-dependent changes in pathology. Defi ning 
antibody correlates of protection becomes more complex 
with rising patient age as other immune mechanisms in-
creasingly contribute to protection, e.g., CD4+ T cells, as 
demonstrated in human challenge experiments (14). More-
over, a murine model identifi ed the role of age in suscep-
tibility to pathogenesis and transmission of infl uenza virus 
infection (15). These observations might help to provide 
some mechanistic insights for the shift in age distribution 
of infection and severity in the season after the 2009 pan-
demic. Genetic drift in circulating virus over time affecting 
human airway adaptation and varying climatic conditions 
during different pandemic waves also should be investi-
gated.
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This month, on November 12, the world will recog-
nize the fourth annual World Pneumonia Day. First 

launched in 2009 by a coalition of global health leaders 
(1), World Pneumonia Day aims to raise awareness about 
pneumonia’s toll on the world’s children and to promote 
interventions to protect against, treat, and prevent the dis-
ease. Pneumonia continues to be the leading killer of young 
children around the world, causing ≈14% of all deaths in 
children 1 month to 5 years of age (2). It is a critical disease 
for countries to conquer in order to reach Millennium De-
velopment Goal 4: reducing the child mortality rate by two 
thirds from 1990 to 2015 (3). Most children who die from 
pneumonia live in developing countries, where such fac-
tors as malnutrition, crowding, and lack of access to quality 
health care increase the risk for death. Pneumonia kills few 
children in industrialized countries, although it remains 
among the top 10 causes of deaths in the United States, for 
example, because of deaths in older adults (4).

Fortunately, many interventions are now available to 
reduce deaths due to pneumonia among children through-
out the world. On the fi rst World Pneumonia Day in 2009, 
the World Health Organization and the United Nations 
Children’s Fund, together with many global experts and 
partners, launched the Global Action Plan for Prevention 
and Control of Pneumonia (GAPP) (5). GAPP recommends 
a strategy of prevention, protection, and treatment that is 
designed to implement readily available interventions that 
can reduce pneumonia deaths in children. GAPP focuses on 
improving nutrition (through measures such as exclusive 
breastfeeding), increasing access to vaccines that protect 
from agents that cause pneumonia (such as Haemphilus 
infl uenzae type b and pneumococcal vaccines), reducing 
exposure to indoor air pollution, and increasing access to 
antimicrobial drugs that can treat pneumonia.

In 2010, the World Health Assembly passed a reso-
lution recognizing the role of pneumonia as the leading 
cause of deaths in children, setting out the goal of reducing 

pneumonia deaths as a global health priority (6), and the 
World Health Organization began tracking implementation 
of GAPP. One notable area of success has been the intro-
duction of new vaccines to prevent pneumonia. During the 
last few years, because of funding and technical support 
from the Global Alliance for Vaccines and Immunizations  
and various partners, the introduction of new vaccines in 
developing countries has had unprecedented momentum. 
Haemophilus infl uenzae type b vaccines have been intro-
duced or are ready to be introduced in all countries eligible 
for Global  Alliance for Vaccines and Immunizations  fund-
ing by 2013, and pneumococcal conjugate vaccines are ex-
pected to be introduced in 54 countries by 2015 (7).

Despite recent progress in the effort to decrease the 
number of pneumonia cases, pneumonia is still an urgent 
problem. This month’s issue of Emerging Infectious Dis-
eases presents results of recent research on pneumonia con-
ducted around the world. The work, mostly from high-in-
come settings, highlights some of the remaining diffi culties 
involving pneumonia prevention, treatment, and control. 
For example, although van Deursen et al. show the remark-
able benefi ts of the pneumococcal conjugate vaccination 
program in the Netherlands (8), Fleming-Dutra et al. report 
how pneumococcal pneumonia outbreaks can occur even in 
a highly vaccinated population if crowding and poor health 
are common, because currently available vaccines do not 
cover all pneumococcal serotypes (9). By describing cases 
of pneumonia that occurred after the megaquake in Japan 
in 2011, Takahashi et al. show how natural disasters might 
lead to increases in pneumonia risk or create large shifts in 
needed health care (10).

Many challenging research questions remain. A recent 
priority-setting exercise outlined the most urgent studies 
needed to reduce pneumonia deaths in low-income coun-
tries (11). Priority items ranged from assessments of vac-
cine effects on disease in low-income settings to evaluation 
of measures to improve community management of pneu-
monia. In addition, a large, multicenter study to identify 
the etiologic agents of pneumonia in developing countries, 
supported by the Bill and Melinda Gates Foundation, was 
launched in 2011 (12). This study is expected to generate 
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World Pneumonia Day

data that will better guide prevention and treatment strate-
gies, particularly in countries that are already using new 
vaccines.

This November 12, World Pneumonia Day, we urge 
the global community to consider the massive problems 
of pneumonia. Better yet, take a moment to consider what 
you can do to solve this problem. Health care providers, 
researchers, policy makers, and the greater public health 
community all need to contribute if we are to make rapid, 
substantial progress toward reducing disease and deaths 
due to pneumonia. Progress is being made, but much more 
can be done.

Dr Hajjeh is director, Division of Bacterial Diseases, Na-
tional Center for Immunization and Respiratory Diseases, Centers 
for Disease Control and Prevention. Her research interests are the 
prevention and control of pneumonia and meningitis, surveillance 
systems and use of surveillance data, improving child health, and 
global infectious diseases epidemiology and control.

Dr Whitney is chief, Respiratory Diseases Branch, Division 
of Bacterial Diseases, National Center for Immunization and Re-
spiratory Diseases, Centers for Disease Control and Prevention.  
Her research interests are pneumonia prevention and control, 
pneumococcal epidemiology, and vaccine evaluation.
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A newly identifi ed diary from a soldier in 1918 describes 
aspects of a troop ship outbreak of pandemic infl uenza. 
This diary is the only known document that describes this 
outbreak and provides information not offi cially documented 
concerning possible risk factors such as overcrowding and 
the suboptimal outbreak response by military leaders. It 
also presents an independent personal perspective of this 
overwhelming experience.

A previous study described the epidemiology and risk 
factors for death from pandemic infl uenza in 1918 

aboard a World War I (WWI) New Zealand troop ship (1). 
This outbreak aboard His Majesty’s New Zealand Trans-
port (HMNZT) Tahiti represents a worst-case scenario for 
a novel infectious disease outbreak, occurring in a crowded 
setting with limited medical resources. Although this ship 
outbreak of pandemic infl uenza was not the most severe re-
ported during 1918 (2,3), it was a notable outbreak that had 
a cumulative mortality rate of 68.9 cases/1,000 population 
and estimated cumulative morbidity rate of 90%.

A newly identifi ed diary from a soldier on this ship has 
recently been transcribed by the author’s grandson for July 
10, 1918, through January 31, 1919 (Figure) (J Hansen, 
unpub. data). The diary accounts were not part of the of-
fi cial inquiry made into this outbreak or subsequent report 
(4,5). Therefore, this diary, the only known document of its 
nature, is an independent and unoffi cial account of this out-
break. The author of the diary, now deceased, was a rifl e-
man in the 40th Reinforcements of the New Zealand Expe-
ditionary Force aboard HMNZT Tahiti. Before the war, he 
was a telegraphist, and later served in the New Zealand Air 
Force during World War II (6).

HMNZT Tahiti left New Zealand on July 10, 1918, 
and, after stops in Australia and South Africa, joined a mili-

tary convoy in Freetown, Sierra Leone, in western Africa. 
This voyage was among the last to supply new New Zea-
land reinforcements to Europe during WWI.

10 July (Diary entry, day of embarkment, Wellington, 
New Zealand):

We left the wharf at 1.55 pm and fi nally set sail at 5 
pm. Started off in fi ne weather and all well. There 
were 4 companies of infantry, A B C & E, and one 
coy of artillery and our own coy, the 40th Specs on 
board in this trip & no doubt the total number will 
be about 1200, truly a large number to be packed 
on this vessel, which I hear is about 7000 tonnes, 
and where I am domiciled, we are packed in like 
sardines in the bows of the ship ‘tween decks. Our 
bunks consist of hammocks strung to the ceiling 
and we are packed right across the ship longways 
& sideways & every inch of space is utilised, for 
underneath are our mess tables which are also our 
writing tables etc, & we have to live down here in 
rough weather. The food is very good and plenty 
of it. We have a band aboard & I joined same. 
Played some tunes before we fi nally sailed.

The language in the diary suggests that the respondent 
was a fairly thoughtful observer and not prone to exaggera-
tion, because his diary entries accurately describe, when 
compared with the offi cial report, ship hospital admission 
numbers and details aboard during the outbreak. For ex-
ample, the fi rst cases of infl uenza (n = 35) were reported 
in the diary on August 26: “… the hospital is over full and 
also a dozen patients on deck.” This is consistent with the 
offi cial report, which documents that when “… the number 
of cases exceeded the capacity of the Hospital (36) more 
and more deck space was utilised for Hospital purposes.”

The soldier himself contracted infl uenza during the 
outbreak, but his illness was not incapacitating, and he 
maintained daily entries into his diary throughout the out-
break.

ANOTHER DIMENSION
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Pandemic Infl uenza, 1918

27 August (diary entry; 1 day after setting sail from 
Freetown, Sierra Leone):

Fairly warm and showers of rain occasionally. An 
epidemic of infl uenza seems to have broken out 
on board. Sixty odd on this morning’s sick parade 
and 24 admissions to the hospital. Have caught it 
myself of course but so far am able to get about & 
think I will hang out all right but feel very crook. 
Saw a few porpoises quite near the boat today. 
We are still travelling in the same formation but 
the distances from each boat varies. No band this 
morning, as a lot of the members are not well. 
This afternoon we pasted some music on to cards 
instead of practicing. This morning we had a 
lecture for half an hour on transport etc in England 
and was a most idiotic lecture too. Had no object 
in it that I could see.

2 September (diary entry; part of military convoy off 
the coast of Western Africa):

Fine day and sea like glass. Quite a gloom was 
cast round the cabin as soon as we were up when 
three deaths were reported on board. The burials 
took place at 11am and there were 4 burials. 
The Colonel read the service and it was quite a 
touching scene. This afternoon two more burials 
took place and there is another death. The other 
ships are also busy with burials. One of the 
deaths is our Clarionette player in the band and 
a beautiful player he was too. The strange thing 
about this sickness is that the big strong men seem 
to get it the worst and are the ones that die. One 
of the deaths is namesake of myself I hear. Today 
was mess orderly again. Was also able to eat a bit 
today and feel much better.

10 September (diary entry; arriving in England):

Fine but very cold & sea fair. Land was in sight 
this morning and all very excited in the thought of 
getting on land again for good.… The country here 
looks really beautiful green fi elds and ploughed 
land with forests here and there. … One man died 
as we were coming into port.

Despite the obvious ongoing outbreak, offi cials con-
tinued with war preparation, regardless of the potential 
transmission risk. The diary states that after the outbreak 
and situated in England, the troops were required to parade, 
although they were weak: “most of us are not too strong 
yet and got a bit fagged.” However, later treatment of the 
troops does imply that military offi cials were not lacking 

empathy, because a brigadier general promised the troops 
“that when all danger of infection was over we would be 
granted a week’s leave and free rail pass anywhere, so we 
are on a win if all goes well.” There is no reference made in 
the inquiry regarding this leave; however, the soldier docu-
ments on October 10: “Tomorrow we are to get our weeks 
leave which we have been looking forward to for so long.” 
Also, the following week’s diary entries describe travel to 
Edinburgh and Glasgow: “Quite a treat to get in a decent 
bed again and makes one feel almost homesick. Hurray, 
won’t need to be up with the blasted bugle in the morning.”

A crowded environment is an acknowledged risk fac-
tor for infl uenza transmission and probably played a role 
in this particular outbreak (1). Furthermore, the offi cial in-
quiry concluded that the cause of the high death rate on the 

 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 18, No. 11, November 2012 1901

Figure. A) Front cover and B) entry of a diary from a soldier on 
board His Majesty’s New Zealand Transport Tahiti during a period 
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ship was caused by “the virulent nature of the infection, 
which affected a large number of men massed together on 
a ship where the ventilation was defective owing to the en-
forced closing of the ports and the absence of any form of 
recognized artifi cial ventilation.”(4) The diary makes sev-
eral references to the disagreeable conditions aboard. On 
July 10, (pre-outbreak), the soldier writes, “we are packed 
in like sardines,” and “we are packed right across the ship 
longways & sideways,” on August 29 (mid-outbreak), 
“men are packed in such a small space.” On September 5 
(mid-outbreak), he elaborates, “more deaths and burials to-
tal now 42. A crying shame but it is only to be expected 
when human beings are herded together the way they have 
been on this boat.” The inquiry concluded that the crowd-
ing aboard ship was justifi ed given the necessities of war 
and that it was no more excessive than on other troop ships 
during this period.

It was clear at the time of the inquiry that medical pro-
vision on board the ship was inadequate for coping with an 
outbreak of this scale. The inquiry and report document-
ed that the nursing staff were “overwhelmed with work,” 
criticized the work of the medical orderlies, and indicated 
that there was a lack of medical supplies (4,5). The August 
31 entry in the diary supported this: “the ship has also run 
short of medicine now, this sickness must have been some-
thing they did not bargain for.” However, as the previous 
study concluded (1), medication for infl uenza during 1918 
was unlikely to have had an effect on the risk for death. 
Referring to the overwhelmed medical staff, the diary cor-
roborates the fi ndings of the inquiry: “two or three hundred 
more on sick parade today and the nurses and doctors have 
their hands full all right now.”

Food supplies on board were discussed in the diary and 
the inquiry, with some confl icting entries. A pre-outbreak 
diary entry stated: “The food we are having is very good 
& plenty of it so far.” However, even after the ship was 
stocked up with provisions in Freetown, Sierra Leone, a 
later entry (mid-outbreak) noted: “There are tons of meat 
etc wasted just for the want of cooking into a decent dish… 
but the muck we get to eat does not tempt any one to eat.” 
This statement suggests that the overall food quality during 
the outbreak may have been poor. This account is partially 
consistent with the inquiry fi ndings, which acknowledged 
some problems with food quality. However, the inquiry 
does state: “it is apparent from the evidence that there was 
an abundance of other foods to supplement the bread and 
meat on the occasions on which they were not satisfactory” 
(4). However, it is not clear from either source whether 
food provision was the problem or whether there was a fail-
ure to organize able military staff to cook food (assuming 
the ship’s original cooks were unwell).

Regarding unsatisfactory food, a diary entry made at 
mid-outbreak noted: “Heard today that the Sergeant’s mess 
have received from the skipper a certifi cate asking them to 
sign to effect that the food and general comfort on this ship 
was all that could be desired and not one would sign it.” 
This entry suggests that military leaders aboard the Tahiti 
were aware that the overcrowding situation existed and that 
the outbreak response was lacking (as was to some extent 
confi rmed by the subsequent inquiry).

The last infl uenza-related death among the 40th Rein-
forcements occurred in England on October 3, 1918, at the 
beginning stages of the second wave of pandemic infl uenza 
(7). The October 24 diary entry states: “Very foggy and bit-
terly cold fi rst thing in the morning. Band parades as usual. 
Learnt how to counter march this morning.… We were all 
inoculated this morning for the purpose of counteracting 
the infl uenza plague. I believe there is an epidemic of it in 
camp at present.”

This diary provides an insightful and relevant snapshot 
of one soldier’s experience during an infl uenza outbreak. 
The chronological account in this soldier’s diary of this 
troop ship outbreak of pandemic infl uenza also supports is-
sues raised in other historical documents: the potential for 
crowded quarters to amplify infl uenza transmission and the 
inadequate provision of medical resources (both supplies 
and staff), which were also identifi ed in the offi cial inquiry. 
However, new issues are raised by the information noted in 
this diary: the likelihood for poor organization of the pro-
vision of food, interference in offi cial accounts of condi-
tions aboard the ship, and military rigidity in the wake of an 
overwhelming infl uenza outbreak. Release of this account 
enforces the idea that historical data sources should be rou-
tinely sought by researchers examining the complex issues 
related to the epidemiology and control of past pandemics.

None of the 40th Reinforcements soldiers experi-
enced combat as part of WWI; the war ended on Novem-
ber 11, 1918. However, of the 1,117 members of the 40th 
Reinforcements on board, >90% were sickened by the 
pandemic infl uenza strain, and 77 died. This caused one 
of the highest mortality rates from any cause among New 
Zealand military units. The diarist refers to the outbreak 
as “quite a catastrophe,” and it was an experience not 
likely to have been forgotten by those aboard this ill-fated 
voyage of HMNZT Tahiti.
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Extensively 
Drug-Resistant 
Tuberculosis, 
Central China, 

2007–2009
To the Editor: Multidrug-resis-

tant (MDR) tuberculosis (TB), defi ned 
as TB caused by Mycobacterium 
tuberculosis resistant to isoniazid and 
rifampin, is threatening global control 
of TB. The emergence of extensively 
drug-resistant (XDR) TB, defi ned 
as MDR TB resistant to at least 1 
quinolone and 1 of 3 injectable second-
line drugs (kanamycin, amikacin, or 
capreomyin), further jeopardizes TB 
control and prevention. 

In the People’s Republic of China, 
a country in which the economic 
cost of TB is high, incidence of 
MDR TB is higher (10%) (1) than 
the average global incidence (4.8%) 
(2). Published reports of XDR TB 
prevalence indicate that XDR TB is 
probably an underestimated problem 
in mainland China (3–7). China is 
a geographically large country, and 
the characteristics of drug resistance 
of TB might vary among provinces 
(2). Five regional surveys reported 
drug-resistance patterns of XDR 
TB in mainland China, and 3 were 
conducted in eastern China (3–7). To 
determine prevalence of XDT TB in 
central China, we characterized the 
resistance of MDR M. tuberculosis 
to second-line drugs, specifi cally 
identifying XDR strains, in Henan, 
a major province of central China. 
Henan Province has the country’s 
third largest provincial population 
(94 million) and high rates of drug 
resistance to any agent (35.5%) (2).

The bacterial population 
retrospectively analyzed in this study 
has been described (8). In brief, from 
2007 through 2009, clinical isolates 
were collected consecutively by the 
Henan Center for Disease Control 
and Prevention TB surveillance 
system and screened for resistance to 

4 fi rst-line drugs. Proportion method–
based drug susceptibility testing was 
conducted for the following critical 
concentrations: isoniazid 0.2 μg/mL, 
rifampin 40.0 μg/mL, ethambutol 
2.0 μg/mL, and streptomycin 4.0 μg/
mL. As a result of that study, 150 
MDR TB isolates from TB patients 
were obtained. The genotyping of 
all MDR isolates was identifi ed by 
variable number tandem repeat of 
mycobacterial interspersed repetitive 
units based on 16 loci with high 
discriminatory power. 

For the study reported here, 
we performed additional drug 
susceptibility testing of 4 second-
line drugs at the Henan Center for 
Disease Control and Prevention 
TB reference laboratory. We used 
the Löwenstein-Jensen proportion 
method, recommended by the World 
Health Organization, according to the 
following critical drug concentrations: 
ofl oxacin 3.0 μg/mL, kanamycin 30.0 
μg/mL, amikacin 30.0 μg/mL, and 
capreomycin 40.0 μg/mL (9).

Susceptibility results for all 
second-line drugs tested were reported 
for 143 (95.3%) of 150 MDR M. 
tuberculosis isolates. Among these 
143 isolates, 49 (34.3%) were resistant 
to ofl oxacin, 23 (16.1%) to kanamycin, 
17 (11.9%) to amikacin, and 25 
(17.5%) to capreomycin (Table). All 
17 amikacin-resistant isolates were 
also resistant to kanamycin, and 16 
were also resistant to capreomycin. 
Also among the 143 MDR isolates, 

18 (12.6%) showed resistance to 
ofl oxacin and at least 1 second-line 
injectable drug and were defi ned 
as XDR strains. All 18 XDR M. 
tuberculosis isolates were resistant to 
isoniazid, rifampin, streptomycin, and 
ofl oxacin; 14 (77.8%), 16 (89.9%), 12 
(66.7%), and 17 (94.4%) were resistant 
to ethambutol, kanamycin, amikacin, 
and caperomycin respectively. Twelve 
amikacin-resistant XDR isolates 
were also resistant to kanamycin and 
capreomycin (Table).

Genotyping results demonstrated 
that XDR strains were distributed 
diversely in the phylogenetic tree, 
suggesting that these strains evolved 
independently. Our results indicated 
that 12.6% of MDR TB isolates from 
Henan Province meet the defi nition of 
XDR TB, which is less than that found 
by hospital-based studies performed in 
Shandong (18.7%), Shanghai (30.0%), 
and Beijing (14.9%) (3,5,6) but higher 
than that found by 2 other studies 
conducted in Beijing and Shanghai 
(6.3% each) (4,7). The discrepancy 
between the percentages of XDR TB 
and MDR TB strains found in these 
studies might be explained by the 
probable inclusion of patients who had 
been previously treated and patients 
with chronic TB. 

Previous studies found high cross-
resistance among all 3 second-line 
injectable drugs in MDR and XDR TB 
strains (5,10). Our results support these 
observations; capreomycin resistance 
of MDR and XDR strains (17.5% 
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Table. Second-line drug resistance patterns for 143 strains of multidrug-resistant 
tuberculosis, Henan Province, China, 2007–2009* 
Drugs No. (%) strains 
INH + RIF 84 (58.7)
INH + RIF + KAN 1 (0.7) 
INH + RIF+ CAP 3 (2.1) 
INH + RIF + KAN + AMI 1 (0.7) 
INH + RIF+ KAN + CAP 1 (0.7) 
INH + RIF+ KAN + AMI + CAP 4 (2.8) 
INH + RIF+ OFX 31 (21.7) 
INH + RIF + OFX + KAN 1 (0.7) 
INH + RIF+ OFX + CAP 2 (1.4) 
INH + RIF+ OFX + KAN + CAP 3 (2.1) 
INH + RIF+ OFX + KAN + AMI + CAP 12 (8.4) 
Total 143 (100%) 
*INH, isoniazid; RIF, rifampin; KAN, kanamycin; CAP, capreomycin; AMI, amikacin; OFX, ofloxacin. 
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and 94.4%, respectively) in Henan 
Province were higher than the average 
levels (10.2%, 62.5%, respectively) 
reported by a worldwide study (10). 
Pyrazinamide is an essential drug 
recommended by World Health 
Organization guidelines for treatment 
of MDR TB. Among the population 
with MDR TB that we studied, 10 
(76.9%) of 13 XDR isolates were 
sensitive to pyrazinamide (data not 
shown), suggesting that pyrazinamide 
is still an effective fi rst-line anti-TB 
drug for most XDR TB patients in 
Henan Province.

We restricted our investigation 
to 1 province. However, given the 
average national prevalence of XDR 
TB (8% of MDR TB) (1) and the 
magnitude of the population of Henan 
Province, our fi ndings indicate that 
the prevalence of XDR TB might be 
higher in central China than previously 
documented.
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Seroprevalence of 
Pandemic Infl uenza 
Viruses, New York, 

New York, USA, 
2004

To the Editor: Exposures to 
infl uenza viruses can lead to immune 
responses that substantially affect 
susceptibility to infection with 
related viruses. Characterization 
of preexisting immunity within a 
population can inform public health, 
as highlighted during the infl uenza 
A(H1N1)pdm09 virus pandemic, 
when surveillance data demonstrated 
that older persons (>65 years old) 
were less likely than younger persons 
to have infl uenza (1). Seroprevalence 
studies of prepandemic samples show 
that older persons had preexisting 
antibody responses to A(H1N1)
pdm09 virus, presumably because of 
prior exposure to related strains (2). 
The A(H1N1)pdm09 virus possesses 
hemagglutinin and neuraminidase 
genes derived from classical swine 
infl uenza virus (3).

Epidemiologic and molecular 
data indicate that prior exposure to 
early twentieth century H1N1 viruses 
conferred immunity to A(H1N1)
pdm09 virus. Human antibodies that 
neutralize A(H1N1)pdm09 virus and 
H1N1 subtype viruses from earlier 
in the twentieth century have been 
characterized, and animal studies have 
demonstrated that antibodies to the 
earlier H1N1 subtype viruses cross-
neutralize A(H1N1)pdm09 virus and 
protect from virus challenge (2,4–6). 
Prior exposure to antigenically related 
viruses can explain the relationship 
between age and susceptibility to 
infection.

To determine the seroprevalence 
of preexisting hemagglutinin inhibition 
(HAI) antibody titers to infl uenza 
strains with pandemic potential, we 
tested serum samples for antibodies to 
A(H1N1)pdm09 virus and the 1918, 
1957, and 1968 pandemic viruses. 
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The samples had been collected in 
2004 from a representative sample 
of adults in New York City (NYC), 
USA, as part of the NYC Health and 
Nutrition Examination Survey (online 
Technical Appendix, wwwnc.cdc.
gov/EID/pdfs/12-0156-Techapp.pdf). 
For the 1918 and A(H1N1)pdm09 
viruses, the highest prevalence of 
HAI titers >40 was among persons 
born before 1940 (>65 years old in 
2004), although younger adults also 
had antibodies. Antibody prevalence 
to the 1957 H2N2 subtype virus was 
highest among persons born during 
1942–1961, and >70% in persons 
born before 1971 had antibody 
to the 1968 H3N2 subtype virus 
(Figure). For all pandemic viruses, 
there was no signifi cant difference in 
seroprevalence by sex or by US birth 
and only minor differences by race/
ethnicity (online Technical Appendix 
Table 1).

We examined A(H1N1)pdm09 
virus seroprevalence by the age of 
persons tested and by antibody titer. 
The mean age for persons with no 
serologic evidence of prior exposure 
(titer <20) was 50 years, compared 
with 72 years for those with titers 
of 20–40 and 80 years for those with 
titers >40 (online Technical Appendix 
Table 2). In a multivariate logistic 
regression model, presence of antibody 
to the 1918 H1N1 subtype virus was 

strongly associated with antibody 
to A(H1N1)pdm09 virus (online 
Technical Appendix Table 3). No 
demographic factor was independently 
associated with positivity to A(H1N1)
pdm09 virus. By using a nonlinear 
regression model for the probability of 
A(H1N1)pdm09 antibody prevalence 
compared with birth year, we found 
the model that best fi t the age-stratifi ed 
seroprevalence data infl ected near 1927 
(online Technical Appendix Figure), 
indicating that persons born before 
1927 were most reliably protected.

Our fi ndings show that the 
prevalence of pandemic infl uenza 
virus antibody in a representative 
population-based 2004 sample of NYC 
residents correlated with birth year and 
year(s) of circulating virus. These data 
reveal the immunologic background 
during the emergence of A(H1N1)
pdm09 virus in NYC beginning in 
late April 2009 (7) and help explain 
why fewer cases of A(H1N1)pdm09 
infection were detected among 
older persons than younger persons, 
supporting the conclusion that the 
difference was a result of, at least in 
part, antibodies elicited by prior H1N1 
subtype infection in older persons.

Viruses antigenically resembling 
the 1918 pandemic strain circulated 
among humans earlier in the twentieth 
century; cross-reactivity with antibodies 
to those viruses likely provided 

protection against the 1918 virus. 
Most (2,4), but not all (8), previous 
A(H1N1)pdm09 virus seroprevalence 
studies demonstrated an increase in 
immunity with age. In our study, more 
persons born before than after 1927 
(i.e., persons >82 vs. those 65–82 
years of age in 2009) had HAI assay 
results positive for A(H1N1)pdm09 
virus. Protection among persons 65–82 
years old during the 2009 pandemic 
may be explained by the presence of 
preexisting immunity not measured 
by standard HAI tests (e.g., antibodies 
that target the hemagglutinin stalk) or 
by T-cell responses (9). More positive 
test results were recorded with the 
1918 than the A(H1N1)pdm09 virus; 
this fi nding is consistent with the 
model in which preexisting immunity 
to A(H1N1)pdm09 virus was derived 
from exposure to the 1918 pandemic 
strain or to antigenically related 
strains that evolved since then (10). 
The 1918 and 2009 strains used in 
testing may have exhibited different 
sensitivities in HAI assays. Immunity 
in older populations is not surprising 
and was seen in the 1918, 1957, and 
1968 pandemics, during which newly 
introduced pandemic viruses were 
more likely to cause clinical illness in 
younger persons, presumably because 
prior exposure to similar viruses 
resulted in cross-reactive antibodies 
(11).

Study limitations include a 
relatively small sample size and a lack 
of history regarding infl uenza virus 
infection or vaccination. Nevertheless, 
the ability to evaluate seroreactivity in 
a representative sample of adults helps 
validate and reinforce previously 
published fi ndings on H1N1 subtype 
viruses and clarifi es levels of immunity 
to H2N2 and H3N2 subtype viruses.

This study was supported, in part, 
by National Institutes of Health grants 
AI072258 and U54 AI057158 (the 
Northeast Biodefense Center-Lipkin 
grant) to C.F.B.
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Figure. Seroprevalence of cross-reactive antibodies to the 1918, 1957, 1968, and 2009 
pandemic infl uenza viruses among persons >23 years of age, New York, New York, 2004. 
LOESS (locally weighted scatterplot smoothing) curves represent the estimated prevalence 
of hemagglutination-inhibition antibody titers of >40 (positive titers) by year of birth.
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Pulmonary 
Streptomyces 

Infection in Patient 
with Sarcoidosis, 

France, 2012
To the Editor: Streptomyces spp. 

are aerobic, gram-positive bacteria 
of the order Actinomycetales, known 
for their ability to produce antimicro-
bial molecules such as streptomycin. 
Streptomyces spp., usually sapro-
phytic to humans, can cause local cu-
taneous fi stulized nodules known as 
actinomycetoma or mycetoma. Severe 
invasive infections have seldom been 
reported, but most cases reported have 
occurred in immunocompromised pa-
tients (1–5). We report a case of inva-
sive pulmonary infection caused by a 
Streptomyces sp. in a splenectomized 
patient with sarcoidosis.

In 2003, multiorgan sarcoidosis 
was diagnosed in a man, 57 years of 
age; the disease involved lungs, skin, 
joints, and lymph nodes. Corticoste-
roids were initially given but quickly 
discontinued because of a severe psy-
chiatric reaction. In 2007, a splenec-
tomy was performed on this patient 
to remove an intestinal obstruction 
caused by a severely enlarged spleen, 
identifi ed as a specifi c localization of 
sarcoidosis.

In April 2008, the patient was 
admitted to the internal medicine unit 
of Saint-André Hospital in Bordeaux, 
France with fever (38.9°C/102°F), 
progressive asthenia, anorexia, weight 
loss, productive cough, and New York 
Heart Association grade III dyspnea. 
Bilateral basal crackles could be heard 
in the lungs; physical examination 
fi ndings were otherwise within nor-
mal limits. Biological tests showed 
infl ammatory syndrome with elevated 
C-reactive protein (74 mg/L, reference 
value <5 mg/L) without any other 
consequential abnormality. Gamma 
globulin levels were normal. A chest 
radiograph showed bilateral intersti-
tial infi ltrate. A computed tomogra-
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phy scan of the chest confi rmed an 
interstitial micronodular infi ltrate with 
thickening of the peribronchovascular 
interstitium, associated with paratra-
cheal and left anterior mediastinal su-
pracentimetric lymph nodes.

To determine whether this in-
fi ltrate was linked to sarcoidosis, 
tuberculosis, or another opportu-
nistic infection, bronchoscopy and 
bronchoalveolar lavage (BAL) were 
performed and showed multiple sub-
mucous nodules of the left superior 
bronchus. Biopsy samples contained 
epithelioid granulomas and a nonspe-
cifi c, amorphous eosinophilic material 
without focal necrosis, but no bacteria, 
by using periodic acid–Schiff, Ziehl–
Neelsen, and auramine-rhodamine 
stains. BAL culture isolated a Strep-
tomyces sp. (2 ´ 105 CFU/mL) but no 
other pathogens.

Treatment with intravenous imi-
penem (2 g/day for 14 days) and ami-
kacin (1 g/day for 3 days) was initi-
ated. After antimicrobial susceptibility 
tests, the treatment was changed to oral 
rifampin (1.2 g/day) and ciprofl oxacin 
(1.5 g/day) for 6 months. After 3 days 
of treatment, clinical signs and symp-
toms resolved; a thoracic computed 
tomography scan performed 6 months 
later showed complete regression of 
pulmonary infi ltrates. Bronchoscopy 
at that time showed no nodules, and 
BAL culture showed no pathogens.

Streptomyces spp. are widespread 
environmental bacteria that rarely 
cause severe invasive infections. Dur-
ing our literature search, we found 
21 cases of invasive Streptomyces 
infections, including 8 pulmonary 
infections. A contributing factor was 
found for all cases: immunosuppres-
sion linked to HIV infection (1), an-
tineoplastic chemotherapy (2), Crohn 
disease (3), use of oral (4) or inhaled 
corticosteroids (5), and presence of 
foreign material such as a central ve-
nous catheter (6) or a prosthetic aortic 
valve (7).

Specifi c features of pulmonary 
Streptomyces infection are summa-

rized in the online Technical Appendix 
Table (wwwnc.cdc.gov/EID/pdfs/12-
0797-Techapp.pdf). Death related to 
such an infection is mostly dependent 
on the underlying disease associated 
with Streptomyces infection. Deaths 
have not been linked to Streptomyces 
infections described in the literature 
when Streptomyces sensibility testing 
was performed and treatment length 
recommendations were followed.

To understand how the patient was 
infected with a Streptomyces sp., we 
explored 2 possibilities. First, sarcoid-
osis induces immune defi ciency (8). 
This phenomenon is clinically well 
known as anergy to tuberculin or other 
immunogenic haptens after subcuta-
neous injections. Expansion of regula-
tory T lymphocytes (8) and attenuated 
myeloid dendritic cell functions (9) 
decrease cellular immunity effi ciency 
and increase infectious episodes in af-
fected patients. Second, splenectomy 
can increase susceptibility to infec-
tion, such as bloodstream infections 
with encapsulated bacteria or opportu-
nistic infections with Campylobacter 
jejuni, Pneumocystis jiroveci, or Ba-
besia spp. The lung infection with 
Streptomyces in the patient described 
was not acquired through the blood-
stream, but through direct airway con-
tact. However, we could not exclude 
other immune mechanisms not related 
to blood, such as dysregulation or lack 
of some lymphocyte populations.

A pathologic feature of pulmo-
nary infections with Streptomyces spp. 
is the presence of granulomas some-
times associated with focal necrosis. 
This feature makes differentiating in-
fection with these species from that of 
tuberculosis diffi cult. Bacterial culture 
is often used to confi rm the diagnosis. 
Histologic differences between the 2 
entities are not well defi ned because of 
the rarity of invasive Streptomyces in-
fections. In our observation of this pa-
tient, histologic examination revealed 
granulomas potentially linked to sar-
coidosis and a nonspecifi c, amorphous 
eosinophilic material that was not 

caseous necrosis. Both lesions could 
have also resulted from the Strepto-
myces infection. For further identifi ca-
tion, Dunne et al. added the presence 
of sulfur granules to the specifi c his-
tological description of Streptomyces 
infection (1).

An overall literature review for 
results of in vitro testing for Strepto-
myces spp. identifi ed a common sus-
ceptibility to aminoglycosides, mac-
rolides, imipenem, or trimethoprim/
sulfamethoxazole. This fi nding sug-
gests that the fi rst-line treatment 
against invasive Streptomyces infec-
tions should begin with imipenem and 
aminoglycosides for at least 6 weeks 
(online Technical Appendix Table). 
Quinolones have an immunomodula-
tory effect that might be therapeutic in 
patients with disease-induced immu-
nosuppression such as sarcoidosis or 
after splenectomy (10). In conclusion, 
invasive Streptomyces infection of the 
lungs should be included in differen-
tial diagnoses of interstitial pneumo-
nia in immunocompromised patients.
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Pneumonia after 
Earthquake, 
Japan, 2011

To the Editor: The earthquake that 
occurred in Japan on March 11, 2011, 
triggered an extremely destructive 
tsunami (1), which destroyed cities 
along the Pacifi c coastline in the 
Tohoku area and resulted in the loss of 
>19,000 human lives. Water from the 
tsunami inundated ≈33.7% of Tagajo 
City (population ≈61,000) and caused 
188 deaths. Many local residents were 
left without lifeline utilities, including 
electricity, gas, water, or any means 
of transportation and thus were forced 
to live in crowded shelters or limited 
small spaces (e.g., the upper fl oor of 
their home); ≈11,000 persons were 
displaced from their damaged or 
destroyed homes to crowded school 
gymnasiums or community centers. In 
March, the mean daily maximum air 
temperature in Tagajo City was cold 
(8°C/46.4°F). After the earthquake, 
cases of pneumonia increased rapidly. 

Saka General Hospital is located 
in this region near the coast. The 
destruction around the hospital was 
so severe that persons were without 
electricity, water, gas, and fuel for 
several weeks. Fortunately, the hospital 
laboratory was almost completely 
functional and could perform bacterial 
and other tests at a near-normal level, 
despite the earthquake. However, 
several other hospitals in the area 
were severely damaged and thus had 
diffi culty treating patients with severe 
pneumonia.

To determine the characteristics 
of pneumonia after the earthquake, 
we conducted a retrospective study of 
patients who had pneumonia during 
the 6 weeks before the earthquake and 
the fi rst 9 weeks after the earthquake. 
To identify patients with pneumonia, 
we checked all chest radiographs and 
computed tomography scans of adult 
patients (>16 years of age) who had 
visited the hospital. We examined 

clinical and bacteriologic data for 
these patients. We excluded from the 
study patients without sputum culture 
and patients with other conditions, 
such as lung cancer, pulmonary 
infarction, or cardiac failure.

During the 6 weeks before the 
earthquake, pneumonia had been 
diagnosed for 49 adults (controls), and 
within the 9 weeks after the earthquake, 
community-acquired or health care–
associated pneumonia was newly 
diagnosed for 172 adults. Patient data 
from 2 pre-earthquake periods and 3 
postearthquake periods are shown in 
the Table. Although the number of 
patients with pneumonia in the fi rst 3 
weeks after the earthquake increased 
sharply, no substantial differences 
were noted in mean age, death rates, 
or underlying concurrent conditions 
among these patients. The interval 
between the onset of respiratory signs 
and symptoms and a diagnosis of 
pneumonia did not increase after the 
earthquake. The proportion of patients 
who received antimicrobial drugs 
before the diagnosis of pneumonia 
(premedication) in the early 
postearthquake period did not differ 
signifi cantly. The number of patients 
with pneumonia peaked in the fi rst 3 
weeks after the earthquake, followed 
by a gradual decrease starting from 4 
weeks after the earthquake. 

Chest radiographs were taken 
and hematologic examinations were 
performed for all patients; computed 
tomography of the chest and rapid 
diagnostic tests for infl uenza were 
performed for 42.2% and 54.2% of 
83 patients, respectively, who had 
pneumonia in the early postearthquake 
period. During the fi rst 3 weeks 
after the earthquake, Haemophilus 
infl uenzae and Moraxella catarrhalis 
were more predominant than 
Streptococcus pneumoniae; most 
strains were isolated from purulent 
sputum specimens. In contrast, 
pneumonia caused by enterobacteria, 
staphylococci, or atypical pathogens 
did not increase after earthquake.
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Detection rates of H. infl uenzae 
remained constant at 15.4% (4/26 
patients); before the earthquake the 
rate was 17.4% (4/23), and soon 
after the earthquake it increased to 
32.5% (27/83). Detection rates of M. 
catarrhalis increased from 0–3.8% 
before the earthquake to 31.3% (26/83) 
after the earthquake (p<0.01). These 
bacterial strains were isolated widely 
from refugees at shelters and from 
persons living at home without running 
water and/or electricity. Soon after 
the earthquake, it was thought that 
infections with these strains were not 
part of a localized outbreak but were 
widespread in the region. Most patients 
from whom M. catarrhalis was isolated 
were located throughout the area 
fl ooded by the tsunami. In contrast, 
many patients with H. infl uenzae were 
mainly located outside the fl ooded 
area. There was no regional imbalance 
in isolation of S. pneumoniae.

It was reported that living in a 
multiple-bedroom residence and the 
winter season were risk factors for 
outbreaks of M. catarrhalis (2–4). 
Similar outbreaks of H. infl uenza 

infections were reported (4,5). Cold 
shock at a physiologically relevant 
temperature of 26°C promotes M. 
catarrhalis adherence to upper 
respiratory tract cells and can contribute 
to virulence (6). 

The possibility of a pseudo-
epidemic must also be considered. The 
substantial increase in the number of 
new patients at Saka General Hospital, 
as a result of the severe damage to 
other hospitals in this area and the 
changed patient profi les (community-
acquired pneumonia, hypothermia, 
trauma), might have largely affected 
the etiology of pneumonia. We 
found no increase in cases of severe 
pneumonia caused by resistant 
bacteria or aspiration pneumonia in 
elderly patients. We conclude that 
multiple localized small community 
outbreaks might have occurred widely 
in this area after earthquake.
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Table. Characteristics of patients with pneumonia before and after the earthquake and tsunami, Japan, 2011* 

Characteristic
Weeks before disaster Weeks after disaster 
4–6 1–3 1–3 4–6 7–9 

Patients with pneumonia, no. 26 23 83 51 38 
 CAP 20 19 57 39 24 
  HCAP 6 4 26 12 14 
Isolates from sputum culture, no. (%)      
 Streptococcus pneumoniae 8 (30.8) 2 (8.7) 19 (22.9) 10 (19.6) 4 (10.5) 
 Haemophilus influenzae 4 (15.4) 4 (17.4) 27 (32.5) 8 (15.7) 4 (10.5) 
 Moraxella catarrhalis 1 (3.8) 0 26 (31.3) 9 (17.7) 3 (7.9) 
Purulent sputum, (Geckler 4 or 5), %  14 (53.8) 10 (43.5) 51 (61.4) 24 (47.1) 16 (42.1) 
Mean age, y 73.7 76.0 75.5 76.0 74.9 
Location of patient at illness onset, no.      
 Shelter  NA NA 36 13 6 
 Own or friend’s home  NA NA 37 29 23 
 Nursing home / home visit by doctor  NA NA 10 9 9 
Patient’s hospital status, no.      
  New patient 7 3 32 19 20 
  Routinely examined at hospital 19 20 51 32 18 
Rate of hospital admission, % 76.9 73.9 77.1 64.7 78.9 
Deaths, no. (%)  3 (11.5) 1 (4.3) 6 (7.2) 2 (3.9) 3 (7.9) 
Underlying disease, %      
 Respiratory disease 8 30.8) 12 (52.2) 29 (34.9) 19 (37.3) 13 (34.2) 

 Other 18 (69.2) 11 (47.8) 54 (65.0) 31 (60.8) 23 (60.5) 
 Healthy 1 (3.8) 0 8 (9.6) 5 (9.8) 2 (5.3) 
Interval from onset to diagnosis, mean 
no. days 

3.96 2.43 2.51 3.22 2.89 

Antimicrobial premedication, no., %  2 (7.7) 0 4 (4.8) 11 (21.6) 3 (7.9) 
*CAP, community-acquired pneumonia; HCAP; health care–acquired pneumonia; NA, not applicable. 
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Severe Pneumonia 
Caused by 
Legionella 

pneumophila 
Serogroup 11, Italy

To the Editor: Legionella 
pneumophila serogroups (SGs) 1–16 
cause pneumonia in humans. Although 
SG 1 is the serogroup most commonly 
associated with disease (1), we 
report a case of community-acquired 
legionellosis caused by SG 11.

In November 2010, a 42-year-
old man was admitted to Modena 
University Hospital, Modena, Italy, 
with a 4-day history of fever, dyspnea, 
and cough. His vital signs were as 
follows: temperature 40.0°C, pulse 135 
beats/min, blood pressure 110/60 mm 

Hg, respiratory rate 30 breaths/min, 
and oxygen saturation 85% in room air. 
Inspiratory crackles were heard in the 
left lower lung lobe. Chest radiographs 
and successive high-resolution 
computerized tomography revealed left 
lobar infi ltrates (Figure, panels A and 
B). Blood count documented severe 
pancytopenia together with high levels 
of infl ammation markers: fi brinogen 
(1,031 mg/dL), C-reactive protein (33 
mg/dL), and procalcitonin (28.5 ng/
mL). The patient’s medical history 
was unremarkable; however, results of 
tests conducted at the time of hospital 
admission led to the diagnosis of acute 
leukemia.

Empirically prescribed antimicro-
bial treatment for neutropenic 
patients was initiated and consisted of 
meropenem (3 g/day) and levofl oxacin 
(500 mg/day), combined fi rst with 

vancomycin (2 g/day) and later with 
linezolid (1,200 mg/day). A few 
days later, antifungal therapy was 
empirically added to the treatment 
regimen (liposomal amphotericin B 
at 3 mg/kg/day). The patient received 
continuous positive airway pressure, 
which resulted in progressive 
improvement of blood gas exchange, 
until normalization was achieved.

Serologic and molecular exam-
ination and culture of bronchoalveolar 
lavage fl uid, blood, urine, and feces 
produced negative results for fungal, 
viral, and bacterial pathogens. Test 
results for L. pneumophila urinary 
antigen (Biotest AG, Dreieich, 
Germany) and IgM and IgG 
against L. pneumophila (Serion-
Immundiagnostica GmbH, Würzburg, 
Germany) were negative. Culture 
of sputum collected at the time of 
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Figure. Imaging studies of 42-year-old man with severe pneumonia caused by Legionella 
pneumophila serogroup 11, showing lobar consolidation of the left lower lung lobe, with 
an air-bronchogram within the homogeneous airspace consolidation. Consensual mild 
pleural effusion was documented by a chest radiograph (A) and high-resolution computed 
tomography (B). A week after hospital admission, repeat high-resolution computerized 
tomography of the chest showed extensive and homogeneous consolidation of left upper 
and lower lobes, accompanied by bilateral ground-glass opacities (C and D).
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hospital admission showed growth of 
legionella-like colonies on buffered 
charcoal yeast extract, with and 
without the addition of antimicrobial 
drugs (Oxoid, Basingstoke, UK). 
The colonies were identifi ed as 
L. pneumophila SGs 2–14 by the 
Legionella latex test (Oxoid). The 
strain was further characterized as 
L. pneumophila SG 11, according 
to a polyclonal latex reagent set 
(Biolife, Milan, Italy). Environmental 
investigations were conducted in the 
patient’s house and workplace, but L. 
pneumophila SG 11 was not detected 
in any of the locations tested.

A week after hospital admission, 
the patient was persistently febrile and 
experienced pain in the left thorax. High-
resolution computerized tomography 
of the chest was repeated and showed 
increased pulmonary infi ltrate (Figure, 
panels C and D) that was consistent 
with L. pneumophila pneumonia 
(2). Highly potent antimicrobial 
therapy against L. pneumophila 
was administered, consisting of 
high-dosage levofl oxacin (1 g/day) 
combined with azithromycin (500 mg/
day), while the other antimicrobial 
agents were progressively reduced (3). 
The fever subsided 14 days after the 
onset of targeted antimicrobial drug 
treatment; at that time, the sputum 
culture and test results for urinary L. 
pneumophila antigen were negative, 
but serologic assay results were 
positive for IgG and negative for IgM 
against L. pneumophila. Subsequent 
computerized tomographic scans of 
the chest documented progressive 
improvement of lung infi ltrates, 
and nearly complete resolution was 
obtained 3 months after hospital 
admission.

L. pneumophila SG 11 infection 
has, thus far, been reported only rarely 
in humans. The fi rst SG 11 strain was 
isolated in the United States in 1982 
from a patient with multiple myeloma 
(4). Since then, few other cases of 
SG 11 strains have been reported in 
Europe (5,6); it is conceivable that 

this strain is not as widely distributed 
and is less pathogenic than other SGs, 
especially SG 1. It can be argued that 
infections caused by SG 11 have been 
underdiagnosed. L. pneumophila SG 
11 cannot be detected by Legionella 
urinary antigen or serologic tests, 
the assays most frequently used to 
diagnose legionellosis (7–9). The 
negative urinary antigen test result for 
this patient is consistent with a non–
SG 1 infection. The single positive 
serologic result for IgG was probably 
caused by cross-reactivity because the 
commercial assay kit was designed 
to recognize only L. pneumophila 
SGs 1–7. Culture is the only useful 
diagnostic tool for identifying SGs. 
However, this tool is not always 
feasible because it requires specialized 
media and skills to identify the 
organism. In addition, sensitivity is 
low, depending on the severity of the 
disease and the availability of adequate 
respiratory specimens (9). Despite 
these limitations, culture is needed 
to detect all SGs of L. pneumophila, 
especially in immunocompromised 
patients, who are more susceptible to 
infections caused by strains of non–
SG 1 L. pneumophila (10).
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Novel Human 
Enterovirus C 

Infection in Child 
with Community-

acquired 
Pneumonia

To the Editor: Human 
enteroviruses (HEVs) are small, 
nonenveloped viruses with a positive-
stranded RNA genome that includes 
regions P1, P2, and P3 (1). Most 
experts believe that HEV strains 
with >75% nt and >85% aa identity 
in complete or partial viral protein 1 
(VP1) sequences should be considered 
the same type (2). However, more 
stringent criteria of 75% nt and 88% 
aa identity have been suggested for 
routine typing (3). We report the 
isolation  and characterization of a 
novel HEV type within the species 
HEV-C (designated EV-C117 by the 
Picornaviridae Study Group, www.
picornastudygroup.com/).

A 45-month-old boy was admitted 
to a hospital in Vilnius, Lithuania, in 
December 2010 after 1 day of high 
fever (temperature 40°C) with cough 
and a moderately increased respiratory 
rate (36 breaths/min). Decreased 
breath sounds were heard at the base of 
the left lung during auscultation, and 
a chest radiograph showed alveolar 

pneumonia with partial consolidation 
of the lower lobe of the left lung. The 
patient had a leukocyte count of 23,900 
cells/mm3 and C-reactive protein 
level of 9.6 mg/dL. Blood culture 
results were negative for bacteria and 
fungi. The patient was treated with 
cefuroxime (500 mg every 8 h) for 7 
days. Oxygen administration was not 
required because the saturation level of 
peripheral oxygen was always >97%. 
The patient was discharged in good 
clinical condition after 7 days and did 
not experience clinical problems in the 
following 4 weeks.

For research purposes, a 
nasopharyngeal sample was collected 
from the boy at hospital admission 
by using a fl exible pernasal fl ocked 
swab; written informed consent was 
obtained from the parents. The swab 
was immediately placed in a minitube 
containing 1 mL of universal transport 
medium (UTM-RT Kit; Copan Italia, 
Brescia, Italy). The sample was stored 
at 4°C in the hospital laboratory 
before being sent to the central 
laboratory at the University of Milan, 
Italy in a refrigerated package. We 
extracted viral nucleic acids from the 
swab sample by using an automated 
extraction system (NucliSens 
easyMAG; Biomeriéux, Craponne, 
France), and we tested the extract 
for respiratory viruses by using the 
Respiratory Virus Panel ( Fast assay 
(Luminex Molecular Diagnostics 
Inc., Toronto, Ontario, Canada) in 
accordance with the manufacturer’s 
instructions (4).

The assay result was positive for 
bocavirus and enterovirus/rhinovirus, 
so we retested the sample to identify 
the rhinovirus. We performed real-
time reverse transcription PCR by 
using the AgPath-ID One-Step RT-
PCR Kit (Applied Biosystems, Foster 
City, CA, USA) and primers and 
probe sequences reported by Lu et 
al. (5). Phylogenetic analysis of the 
VP4/VP2 region showed that some 
nucleotide sequences belonged to 
enterovirus species. We obtained 

a partial VP1 sequence by using 
the primers described by Nix et al. 
(6), and we obtained the remaining 
sequence of the VP1 capsid region 
by using in-house amplifi cation and 
sequencing protocols (available upon 
request). The complete P1 sequence 
was submitted to the Picornaviridae 
Study Group, compared with other 
enterovirus sequences, and designated 
as a proposed new type of enterovirus, 
EV-C117 (GenBank accession no. 
JQ446368).

To obtain additional viral 
sequences, we analyzed and 
sequenced the complete P1 capsid 
region. This region was compared 
with the matching region of all of 
the complete enterovirus genomes 
available in the GenBank database 
(as of January 20, 2012). On the 
basis of the nucleotide sequences, we 
reconstructed a phylogenetic tree by 
using maximum likelihood methods 
with the Tamura 3-parameter model as 
the evolutionary model; rates among 
sites were heterogeneous, and gamma 
distribution was used for the relative 
rate (7). The closest genotypes were 
EV-C104 (GenBank accession no. 
EU840733) and EV-C109 (GenBank 
accession no. NC014336) (Figure). 
The VP4 genomic region had the 
greatest identity with other HEV 
strains; the VP1 coding region had the 
lowest identity.

We report the identifi cation of 
a novel enterovirus (designated EV-
C117) in a child hospitalized with 
community-acquired pneumonia in 
Vilnius, Lithuania. EV-C117 was 
detected in the child in association 
with bocavirus. Although it is not 
possible to say whether this new 
enterovirus was the etiologic cause 
of the disease, a close relationship 
has been found (mainly in children) 
between the development of severe 
lower respiratory tract infections 
requiring hospitalization and 
infections caused by EV-68 (8) and 
EV-C104 and EV-C109 (9), which 
are molecularly similar to EV-C117. 
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In addition, bocavirus is a frequently 
reported co-pathogen in children with 
community-acquired pneumonia. (10). 
No bacteria or fungi were observed 
in the blood culture. It is therefore 
reasonable to think that this new virus 
may have played a major role in the 
development of community-acquired 
pneumonia.

Our fi ndings serve as a reminder 
that all HEV infections should be 
closely monitored; knowing the 
molecular characteristics of virus 
strains involved in lower respiratory 
tract infections will help determine 
appropriate prophylactic and 
therapeutic measures. However, 
further studies are needed to 
determine the tissue tropism and 
possible pathogenesis of EV-C117 in 
vivo, and epidemiologic studies are 
needed to clarify the circulation of 
this virus strain in countries other than 
Lithuania.
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Figure. Phylogenetic relationships of human enterovirus C (HEV-C) and the new strain 
EV-C117 (dot), as determined on the basis of the complete capsid protein coding region 
sequences. The phylogeny of the nucleotide sequences was reconstructed by using 
maximum likelihood methods with the Tamura 3-parameter model as the evolutionary 
model rates among sites were heterogeneous, and gamma distribution was used for the 
relative rate (7). Branch support was assessed by means of bootstrap analyses of 1,000 
replicates; a bootstrap value of 70% was used as the cutoff point for cluster analysis. 
Enterovirus strains EV-68 and EV-70 were used as the outgroup. Scale bar indicates 
nucleotide substitutions per site.
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Genome 
Sequencing of 

Pathogenic 
Rhodococcus spp.

To the Editor: Infections caused 
by non-equi Rhodococcus spp. are 
uncommon but can cause severe 
pneumonia and bloodstream infec-
tions with sepsis (1–4). Increasing 
prevalence of immune-compromising 
illnesses and use of immunosuppres-
sive agents might contribute to re-
emergence of these pathogens (5,6). 
Rhodococci infections may go undi-
agnosed or misclassifi ed because of 
diffi culties in laboratory identifi ca-
tion, nomenclatural instability, and 
similarity of signs and symptoms to 
Mycobacterium tuberculosis infec-
tion (e.g., increasing cough, dyspnea, 
hemoptysis, and weight loss; failure to 
respond to broad-spectrum antimicro-
bial drugs; progressive cavitary lesion 
on repeated chest imaging).

A 73-year-old immunocompetent 
man with chronic obstructive pulmo-
nary disease who lived on a ranch in 
the southwestern United States was 
evaluated for possible malignancy of 
the left lung. Computed tomography 
showed expansion of an upper lobe 
cavitary lesion, and he underwent a 
partial lobectomy. Rhodococcus spp. 
infection was suspected on the basis 
of the fi nding of the progressive le-
sion, salmon-pink colony growth on 
chocolate agar, and gram-positive 

coccobacilli on Gram stain. The iso-
late, R1101, could not be further iden-
tifi ed by using commercial automated 
systems in the laboratory and so was 
subjected to genome study.

Alignment of 16S rRNA gene se-
quences showed that R1101 was most 
closely related to R. rhodochrous, with 
identities of 98.78%, 99.32%, and 
99.86% to the 16S rRNA gene for type 
strains R. rhodochrous DSM43271, R. 
pyridinivorans PDB9, and R. gordo-
nae W4937 (7), respectively. In con-
trast, sequence identity with R. equi 
type strain DSM20307 was 95.57%. 
Phylogenetic analysis with Rhodo-
coccus 16S rRNA genes suggested 
that R1101 was a member of R. rho-
dochrous and evolutionarily separate 
from R. equi (Figure, panel A). A 
query against the National Center for 
Biotechnology Information nonredun-
dant DNA database (http://blast.ncbi.
nlm.nih.gov/Blast.cgi) found 60 rho-
dococcal 16S rRNA sequences that are 
99%–100% identical to R1101, which 
demonstrates worldwide distribution 
of these closely related strains in di-
verse environments.

Optical genome mapping (8) of 
R1101 generated a consensus full-
length map showing a circular chro-
mosome map of »4.32 Mb (± 5%) in 
length. The whole-genome restriction 
map for R1101 was compared with 
in silico NcoI restriction maps of 33 
complete genome sequences from the 
family Nocardiaceae, retrieved from 
GenBank; these sequences included 
R. equi. No substantial similarity 
(alignment scores >15%) was detect-
ed between R1101 and these genomes. 
Thus, we determined that R1101 was 
not an R. equi isolate.

Pyrosequencing of the R1101 
genome yielded an average coverage 
depth of 14-fold. The total length of 
1,020 assembled de novo contigs was 
4.65 Mb, with a G + C content of 68%. 
A total of 3,969 putative protein-en-
coding genes were identifi ed. Whole-
genome phylogeny was used to show 
evolutionary distances between R1101 
and the sequenced Rhodococcus spe-
cies (Figure, panel B). We sampled 
≈50.4 kb of sequences, encoding 67 
putative proteins shared among all 
selected rhodococci, to generate the 
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Figure. Phylogenetic and proteomic comparison of isolate R1101 and Rhodococcus spp. 
strains. A) 16S rRNA–based phylogenetic analysis. Complete or partial 16S rRNA gene 
sequences for 29 Rhodococcus spp. type strains were aligned with complete sequence of 
16S rRNA gene for isolate R1101. GenBank accession numbers are provided. B) Genome-
wide phylogenetic analysis. A sample of 67 protein-coding genes shared among genomes 
of isolate R1101 and 6 Rhodococcus spp. strains were analyzed. Scale bar indicates 0.01 
nt substitutions per site. An expanded version of this fi gure including panel C is available 
online (wwwnc.cdc.gov/EID/article/18/11/12-0818-F1.htm). 
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phylogenetic tree. Results confi rmed 
that R1101 is a member of R. rhodo-
chrous and is phylogenetically distant 
from R. equi.

We used a BLASTP search to 
determine the similarity of predicted 
R1101 proteins to homologous pro-
teins from R. equi 103S, R. erythropo-
lis (PR4 and SK121), and R. pyridini-
vorans (AK37 and BKS6-46) (Figure, 
panel C, Appendix, wwwnc.cdc.gov/
EID/article/18/11/12-0818-F1.htm). 
These data indicate that R1101 is 
highly similar to but distinct from R. 
pyridinivorans and R. rhodochrous at 
the protein sequence level and is more 
distantly related to R. equi.

Each R1101 protein >1 database 
blast hit with an E-value <1 × 10−10 was 
assigned a best match to another spe-
cies on the basis of its bit score. Con-
sistent with the 16S rRNA–based phy-
logenetic analysis, >92% of the R1101 
proteins showed greatest similarity 
to a protein from R. pyridinivorans, 
R. rhodochrous, or Rhodococcus sp. 
R04. However, 120 proteins (3%) have 
highest homology to their counterparts 
in the pathogen R. equi; 10 of these are 
unique to R1101 and R. equi. Further-
more, genes with the greatest similarity 
to R. equi are not randomly distributed 
throughout the R1101 genome.

We calculated the probability of 
observing groups of adjacent R1101 
genes that are most similar to R. equi 
and observed 1 cluster of 5 adjacent 
genes (p = 2.33 × 10-8), 2 groups of 
6 adjacent genes (p = 6.75 × 10−10), 
and 2 blocks of 7 contiguous genes 
(p = 1.94 × 10−11). Nucleotide BLAST 
analysis showed that R1101 sequence 
contigs 604, 456, 139, and 610 align 
to nt 4454241–4469589 of the R. equi 
103S chromosome, with >97% iden-
tity at the DNA level. The 12 proteins 
wholly or partially encoded within 
this 15.3-kb region show >99% iden-
tity at the amino acid level with their 
R1101 orthologs. Among them, con-
tig 139 encodes a cluster of 7 consec-
utive proteins with high homology to 
R. equi; this portion of the R1101 ge-

nome is likely to have been acquired 
from R. equi through horizontal gene 
transfer. R1101 may have acquired 
clusters of virulence-related genes, 
such as those crucial iron-uptake pro-
teins (9), from the phylogenetically 
distant species R. equi.

In conclusion, infections caused 
by non-equi Rhodococcus spp. are 
rare, especially in immunocompetent 
patients, but may represent an emerg-
ing threat. Specialized diagnostics 
such as genome sequencing may be 
needed to accurately identify these 
pathogens.
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Letters
Letters commenting on recent articles 
as well as letters reporting cases, 
outbreaks, or original research are 
welcome. Letters commenting on ar-
ticles should contain no more than 
300 words and 5 references; they are 
more likely to be published if submitted 
within 4 weeks of the original article’s 
publication. Letters reporting cases, 
outbreaks, or original research should 
contain no more than 800 words and 
10 references. They may have 1 
Figure or Table and should not be di-
vided into sections. All letters should 
contain material not previously pub-
lished and include a word count.
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Atypical Pestivirus 
and Severe 
Respiratory 

Disease in Calves, 
Europe

To the Editor: The article by 
Decaro et al. (1) described an outbreak 
of severe respiratory disease in calves 
in Italy caused by an atypical bovine 
pestivirus. This report confi rms our 
concern that this group of viruses 
is probably widespread (2) and 
present on >3 continents. Moreover, 
it demonstrates that atypical bovine 
pestiviruses are capable of causing 
disease in calves in the fi eld and a 
clinical picture consistent with most 
bovine viral diarrhea virus (BVDV) 
infections that occur naturally or 
experimentally (3,4).

Some key issues remain unknown. 
The origin of the bovine pestivirus and 
the route of introduction into the herd 
are unclear, although phylogenies 
demonstrated a close relationship 
between this virus strain from Italy 
and atypical bovine pestiviruses from 
Brazil. Batches of fetal bovine serum 
from Brazil have repeatedly been 
found to be contaminated with atypical 
bovine pestiviruses (2,3), and there is 
a risk for contamination of vaccines 
with these viruses. Animal trade and 
vaccines should be considered when 
conducting further investigations into 
this outbreak.

The evolutionary relationship 
between the atypical and the 
recognized pestivirus species (1) 
needs to be clarifi ed. Maximum-
likelihood and Bayesian analyses of 
a concatenated dataset positioned 
atypical pestiviruses consistently in a 
clade sister to BVDV-1 and BVDV-
2, and the larger clade was sister to 
pestivirus of giraffes (5). The same 
pattern was observed in complete 
genome phylogeny (1).

The term atypical is not 
informative, and a new name has been 
proposed for these bovine pestiviruses 

(5). Outcomes of infections with 
these viruses are typical, but the viral 
antigens and phylogenies are unique.
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In Response: We read with inter-
est the comment by Liu et al. (1) to our 
article reporting overt disease in calves 
caused by infection with atypical or 
‘Hobi’-like pestivirus (2). Although 
we can rule out that vaccination was 
the source of infection because only 
killed vaccines were administered 
on the farm, the most recent fi ndings 
about this emerging group of viruses 
deserves further discussion regarding 
their possible taxonomical, diagnostic, 
and prophylactic implications.

The association of ‘Hobi’-like 
pestivirus with clinical disease in cat-
tle was confi rmed by reports of experi-
mental and natural infections (3,4). A 
cytopathogenic/noncytopathogenic 
‘Hobi’-like virus pair was isolated 
from a diseased heifer, demonstrating 
that the new group of viruses includes 
2 biotypes already known for bovine 
viral diarrheal viruses 1 (BVDV-1) 
and 2 (BVDV-2) (5).

Although the clinical presentation 
might mimic that of extant BVDV-1/
BVDV-2, distinctive features were 
also evident in the reported cases (1,4). 
At the antigenic and phylogenetic lev-
els, ‘Hobi’-like strains showed distinct 
differences from the other bovine pes-
tiviruses: they were at least as different 
from BVDV-1/2 as are border disease 
virus and classical swine fever virus 
(6; N. Decaro et al., unpub. data). The 
antigenic and genetic uniqueness of 
‘Hobi’-like viruses will likely lead to 
the defi nition of a new species within 
genus Pestivirus, but how this species 
should be designated remains unclear.
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Some scientists have tentatively 
proposed to name the virus bovine vi-
ral diarrhea 3, but others believe this 
nomenclature would be problematic 
from regulatory and scientifi c stand-
points (J. Ridpath, pers. comm.). 
Molecular assays standardized for 
BVDV-1/2 might not be able to detect 
‘Hobi’-like strains because of the pres-
ence of mismatches in the oligonucle-
otide binding regions (7). Prophylactic 
measures should take into account the 
circulation of ‘Hobi’-like pestiviruses 
in cattle herds. Whether commercial 
BVDV vaccines are effective against 
the emerging pestivirus is unknown, 
and requires future in vivo cross-pro-
tection studies.

Nicola Decaro 
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Bartonella spp. 
Bacteremia and 

Rheumatic 
Symptoms in 

Patients from Lyme 
Disease–endemic 

Region
To the Editor: We believe the 

recent article by Maggi et al. (1) con-
tains serious fl aws in content and un-
derlying message, including a poorly 
defi ned study population, lack of ap-
propriate controls, improper use of 
the term bacteremia, and incongruent 
laboratory fi ndings. Selection criteria 
were vague: the authors state only that 
participants were a “biased” collection 
of “patients selected by a rheumatolo-
gist,” with no control population in-
cluded for comparison. The diagnosis 
of Lyme disease and other previously 
diagnosed conditions was solely by 
self-report. Although blood samples 
were collected from every participant, 
the authors apparently neglected to 
perform standardized testing for Bor-
relia burgdorferi or other conditions.

The term “bacteremia” signi-
fi es presence of viable bacteria in the 
bloodstream, which is not substanti-
ated solely by a positive PCR result. 
True bacteremia was documented in 
only 1.7% of participants from whom 
a viable Bartonella species isolate was 
cultured, rather than the purported 
41.1% of participants.

Surprisingly, many participants 
whose PCR results were positive 
for Bartonella spp. had no serologic 
evidence of infection (e.g., 82.5% of 
samples that had positive PCR re-
sults for Bartonella henselae were 
not seroreactive). Although anergy 
has been reported, samples from 
most immunocompetent and immu-
nocompromised patients infected 
with Bartonella spp. are seroreac-
tive (2–4), calling into question the 
authors’ fi ndings. Furthermore, 24% 
of samples that were positive by PCR 
revealed no identifi able Bartonella 
spp. by DNA sequencing; these par-
ticipants should have been excluded 
from analysis.

Maggi et al. hypothesize that Bar-
tonella spp. infection is causally relat-
ed to a variety of chronic ailments. In 
fact, there was no association within 
the study population between posi-
tive Bartonella spp. PCR results and 
chronic illness, self-reported Lyme 
disease, or even a prior diagnosis of 
bartonellosis.

Efforts to defi ne the clinical and 
public health importance of Barton-
ella spp. require scientifi c rigor. The 
above issues challenge the validity of 
the study, and results should be inter-
preted with caution.

C. Ben Beard, 
Christina A. Nelson, 

Paul S. Mead, 
and Lyle R. Petersen

Author affi liation:  Centers for Disease Con-
trol and Prevention, Fort Collins, CO, USA
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To the Editor: Some chronic 
diseases, including multiple sclerosis, 
chronic arthritis (1), cognitive 
disorders, and chronic fatigue remain 
unexplained, yet patients and patient 
advocacy groups are anxious to fi nd an 
explanation and a cure. For 50 years, 
zoonotic agents have been wrongly 
considered as the cause of many of 
these diseases because diagnoses 
were based on results of serologic 
tests with low specifi city. In France, at 
the beginning of my career, serologic 
testing for rickettsia was used as a 
diagnostic tool for many of these 

diseases and prompted inappropriate 
antimicrobial drug use because 
micro-agglutination on a slide is a 
nonspecifi c serologic technique (2). I 
had a hard time reversing this practice.

Results of serologic testing for 
nanobacteria were also unconfi rmed 
because they were based on 
nonspecifi c antibodies (3). Results of 
Lyme disease serologic tests lacking 
specifi city were also associated with 
these chronic diseases and led to the 
same results and confl icts between 
the Infectious Diseases Society of 
America and alternative users of 
Borrelia burgdorferi diagnostic tests 
(4). Currently, Google search pages 
display more results for alternative 
interpretations than for scientifi c 
information. Again, I have tried to 
limit the damages in France without 
success (5).

Now the Bartonella spp. appear 
as the new candidates to explain 
chronic illness (1). Once more, I am 
confronted with the problem in France. 
Some patients whose test results are 
negative in my laboratory were tested 
at the College of Veterinary Medicine, 
North Carolina State University, 
Raleigh, NC, USA (3) and received 
positive results (using a technique that 
I have not been able to reproduce). 
Now one of my patients is arguing and 
menacing because I do not confi rm his 
infection by Bartonella spp.

We need to follow rigorous 
standards of causal infl uence before 
claiming that a bacterium is causing 
an unexplained chronic disease, to 
avoid facing the same problem that we 
had with Lyme disease: a mess with 
open confl icts between most scientists 
and some atypical investigators and 
patient advocacy groups.

Didier Raoult
Author affi liation: Aix Marseille Université, 
Marseilles, France
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In Response: We offer the fol-
lowing comments to Beard et al. (1) 
and Raoult (2) regarding their respec-
tive responses to our recent article 
(3). Before 1990, Bartonella species 
were not known to infect animals or 
humans in North America. If not for 
the AIDS epidemic, the expansion of 
literature about Bartonella spp. might 
not have occurred (Figure). In 2010, 
in collaboration with Raoult (4), we 
posed a question in Emerging Infec-
tious Diseases, “Could ticks transmit 
Bartonella spp.?” That article elicited 
an editorial response emphasizing the 
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lack of evidence supporting tick trans-
mission of Bartonella spp. (5). Sub-
sequently, Bartonella birtlesii trans-
mission by Ixodes ricinus ticks was 
proven experimentally (6).

We now hope that this article will 
stimulate others to investigate a poten-
tial role for Bartonella spp. in rheu-
matologic diseases. Whether caused 
by politics or priorities, over the past 
22 years, National Institutes of Health 
funding for Bartonella spp. research 
has been minimal and the US Centers 
for Disease Control and Prevention 
(CDC) has not critically investigated 
the medical impact of this genus of 
bacteria in US citizens. On 2 occa-
sions, researchers at CDC declined 
to examine serum from these patients 
for antibodies against Borrelia burg-
dorferi. Because our research was not 
funded by any governmental agency, 
testing beyond our focus was not fi -
nancially feasible.

We do not agree with the asser-
tion that our study “contains seri-
ous fl aws in content and underlying 
message, including a poorly defi ned 
study population, lack of appropri-
ate controls, improper use of the term 
bacteremia, and incongruent labora-
tory fi ndings.” As indicated in the 
Materials and Methods section of our 
article, a physician, B. Robert Mozay-
eni, recipient of a Yale residency and 

rheumatology fellowship and predoc-
toral and postdoctoral molecular im-
munology fellowships at the National 
Institutes of Health, selected all study 
participants. In this exploratory cross-
sectional study, entry criteria were not 
rigid and controls were not selected 
at patient recruitment but were de-
fi ned later from the study population. 
Strikingly, serologic and molecular 
prevalence was higher among selected 
patients than among occupationally 
high-risk veterinary professionals (7) 
tested in the same laboratory by us-
ing the same diagnostic techniques. In 
our article, associations were reported, 
causation was not argued, and caution 
in results interpretation was addressed 
in the discussion.

Bacteremia is defi ned as the pres-
ence of bacteria in the blood. To sug-
gest that agar plate isolation is the 
only way to document bacteremia is 
inappropriate. B. burgdoferi does not 
grow on an agar plate, and its isola-
tion was challenging before develop-
ment of insect-based liquid growth 
media. PCR testing is routinely used 
in human and veterinary medicine to 
diagnose bacteremic infections by 
Anaplasma, Ehrlichia, hemotrophic 
Mycoplasma, and Rickettsia spp. For 
example, Ehrlichia ewingii, a recog-
nized pathogen of canids and humans, 
has never been successfully isolated, 

whereas bacteremia is routinely diag-
nosed by using PCR.

In the spirit of collaboration, we 
have distributed Bartonella α Proteo-
bacteria growth medium, an insect 
cell culture-based growth medium 
developed at and patented by North 
Carolina State University, to research-
ers around the world. Recipients in-
cluded Michael Kosoy at CDC, who 
subsequently used this medium to 
isolate Candidatus Bartonella tamiae 
from febrile patients in Thailand (8). 
Subsequent studies have validated 
insect cell culture-based media for 
growth of Bartonella spp. For reasons 
that remain less than clear, there is 
incongruence between results of se-
rologic testing and results of enrich-
ment blood culture and PCR, which 
was addressed in our discussion and 
previous publications (7). In contrast 
to reports of the lack of antibodies in 
some bacteremic patients, we have 
reported specifi c serologic responses 
to infecting Bartonella spp. (9,10). 
The dated references provided by the 
correspondents relative to serologic 
testing do not address our bacteremic 
study population or their diseases.

We agree with Raoult that sensi-
tive and specifi c diagnostic tests are 
critically needed to defi ne the patho-
physiology of bartonellosis. We also 
agree that bartonellosis is not bor-
reliosis, and the 2 diseases should not 
be confused by patients, advocacy 
groups, Lyme disease researchers, or 
governmental agencies.

Ricardo G. Maggi,  
B. Robert Mozayeni, 

Elizabeth L. Pultorak, 
Barbara C. Hegarty, 

Julie M. Bradley, Maria Correa, 
and Edward B. Breitschwerdt
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Bethesda, Maryland, USA (B.R. Mozayeni)
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ABOUT THE COVER

“To think that the neoimpressionists are painters 
who cover canvases with little multicolored spots 

is a rather widespread mistake,” wrote Paul Signac in his 
manifesto of their movement. “This mediocre dot method 
has nothing to do with the aesthetic of the painters we 
are defending here, nor with the technique of divisionism 
they use.” Signac was referring to, among others, Georges 
Seurat, who in trying to systematize the optical discover-
ies of the impressionists, had taken a scientifi c approach 
to painting, one based on color theory. His goal, he once 
said, was to make “modern people, in their essential traits, 
move about as if on friezes, and place them on canvases or-
ganized by harmonies of color, by directions of the tones in 
harmony with the lines, and by the directions of the lines.”

Signac wholeheartedly adopted Seurat’s invention, 
pointillism or divisionism, though he considered it simply 
a means of expression, a way to apply paint to the canvas. 
“The dot is nothing more than a brushstroke, a technique. 
And like all techniques, it does not matter much.” The idea 
was to render the surface of a painting more vibrant, to 
maximize the brilliance of color. But the methodical scien-
tifi c technique alone did not “guarantee luminosity or the 
intensity of colors or harmony. This is due to the fact that 
complementary colors are favorable to and intensify each 
other when they are blended, even optically. A red surface 
and a green surface, when adjacent, stimulate one another. 
Red dots blended into green dots produce a gray and color-
less whole.”

“My family wanted me to become an architect, but I 
preferred drawing on the banks of the Seine rather than in 
a workshop of the École des Beaux-Arts,” wrote Signac. A 
visit to an exhibition of Claude Monet in 1880 was a life-
changing experience. After a brief stint at the Collège Rol-
lin, he set out to become a painter, which he did, a stellar 
one and self-taught. His earliest work was fi lled with ener-
gy. “It consisted in pasting reds, greens, blues, and yellows, 
without much care but with enthusiasm.” When he lost his 
father to tuberculosis, his fi nancially stable and supportive 

family saw to it he did not have to make ends meet. The 
same year, at age 17, he bought a painting by Paul Cézanne. 
His own fi rst painting was dated a year later.

Signac spent most of his life in and around Paris where 
he was born. He was interested in science, literature, and 
politics. He was a writer, whose poetic sensitivity found its 
way into landscape painting. He was an avid traveler. His 
Olympia, a boat named after Édouard Manet’s famed nude, 
took him to Italy, Holland, and Constantinople. He often 
stopped to paint Mediterranean ports and scenery, immor-
talizing the French coast in watercolors painted en plein 
air. Although he experimented with oils, pen and ink, etch-
ings, and lithographs, watercolor, “a playful game,” was 
the mainstay of his life’s work. 

“I have seen Signac, and it has done me quite a lot of 
good,” wrote Vincent van Gogh to his brother Theo. “He was 
so good and straightforward and simple…. I found Signac 
very quiet though he is said to be violent; he gave me the im-
pression of someone who has balance and poise.” Signac’s 
irrepressible vitality and exuberance, his love of action and 
the outdoors, and a native combativeness were at times mis-
understood, but not by his many friends, an array of artists 
and anarchists. Unassuming and ragged in his sailor’s garb, 
he was often at sea or at his home in St. Tropez, a meet-
ing place for the exchange and promotion of artistic ideas. 
Signac equated social revolution with artistic freedom. “The 
anarchist painter is not the one who will create anarchist pic-
tures, but he who, without desire for recompense, will fi ght 
with all his individuality against offi cial bourgeois conven-
tions by means of a personal contribution.”

At age 21, Signac became, along with Georges Seurat 
and others, cofounder of the Société des Artistes Indépen-
dants, a group intended to provide opportunities for exhibit-
ing avant-garde works away from the rigid cultural politics 
of the Paris Salon. President of the society from 1908 until 
his death, Signac encouraged young artists by exhibiting 
controversial works. Meanwhile, with Seurat, he set off to ar-
ticulate the theories of neoimpressionism. After the untimely 
death of Seurat from respiratory infection at age 31, Signac 
became the sole advocate and leader of the movement.

Signac took Seurat’s theories to a new level. Armed 
with watercolor sketches from nature, he moved the stu-
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dio indoors and used mosaic-like squares of pure color to 
compose large scenes that would infl uence the works of 
van Gogh and Gauguin, inspire Matisse, and affect the evo-
lution of future art movements, from fauvism to cubism. 
Signac was tireless in explaining divisionism. “In order to 
listen to a symphony, you don’t sit in the middle of the or-
chestra but in the position where the sounds from the vari-
ous instruments mingle, creating the harmony desired by 
the composer. Similarly, faced by a ‘divided’ painting, it is 
best to fi rst stand at a suffi cient distance in order to absorb 
the whole, before moving closer to study the chromatic 
effects up close.” For the fi rst 20 years of his career, he 
received little recognition and neoimpressionism received 
negative criticism, even by those who initially supported it. 
He died of septicemia in Paris at 72.

La salle à manger, Breakfast, on this month’s cover, 
is from a series of views inside contemporary interiors 
with fi gures usually posed in stiff profi le. Signac valiantly 
sought art solutions in the scientifi c process, the precise 
observation of color tones in close proximity. And, mov-
ing away from the subjectivity of impressionism and the 
passing moment, he searched the small particles of color 
for truth.

Always interested in human psychology and social 
justice, he looked for them in home interiors, as he curious-
ly observed the urban middle-class. In Breakfast, he spied 
on them from outside the room, inviting the viewer to do 
the same. With scant interest in perspective, he placed the 
human fi gures on a grid, same as all other objects. Frozen 
in space and time, these fi gures were not persons but social 
types: the retired bourgeois, the maid, the housewife. Unin-
terested in each other, they played roles, their performance 
an indictment of society and marriage, which inhibits the 
development of individual personality.

“By exclusive use of … pure colors, by methodical 
division and by observing the scientifi c theory of colors, 
[the neoimpressionist] guarantees maximal luminosity, 
color, and harmony to an unprecedented degree,” Signac 
wrote. The painter’s vision applies neatly to today’s rapid 
advancement of genome technologies that, by providing 
tiny bits of data on disease-causing microbes, promise to 
improve the canvas of clinical and public health laboratory 
investigations and lower the costs.

The latest genome DNA sequencers generate detailed 
and robust information for clinical and public health labo-
ratories and could spawn a global system of linked databas-
es of pathogen genomes to ensure more effi cient detection, 
prevention, and control of endemic and emerging diseases 
and all manner of outbreaks. Even as these new genomic 
tools enhance diagnosis, they decrease the use of culture 
and molecular methods that produce data currently criti-
cal for epidemiologic investigation. Careful application of 
current epidemiologic techniques teases apart the dynamic 

interaction of infectious diseases that drive total illness and 
death rates up or down, even in outbreaks with universal 
exposure. New genome-backed epidemiologic approaches 
will be needed as sequencers replace culture and molecular 
techniques so this ability is not lost.

“To ensure optical mixture, the neoimpressionists 
were forced to use brushwork of a small scale so that, when 
standing back suffi ciently, different elements could recon-
stitute the desired tint and not be perceived in isolation.” 
In genomics approaches, likewise, fi eld epidemiologists 
must use alternative data sources or original techniques to 
capture the unique characteristics that tie together the epi-
demiologically related whole. Without these, the bits pro-
vided by the precise genomic tools would only create “in-
dustrial art,” a canvas without valuable content, aesthetics 
achieved, in Signac’s words, by “empirical formulae and 
dishonest or silly advice.”
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Article Title
Coccidioidomycosis-associated Deaths, United States, 1990–2008

CME Questions

Activity Evaluation

1. You are seeing a 45-year-old man with a 4-week 
history of cough and fever. He was visiting a cousin in 
the southwestern United States last month, and you 
consider whether he might have coccidioidomycosis. 
What should you consider regarding the epidemiology 
of coccidioidomycosis?
A.  Coccidioides spp. are usually found at high elevations
B.  Coccidioides spp. are usually found in wet climates
C.  Up to 50% of people in endemic areas have been 

exposed to Coccidioides spores
D.  Coccidioides spp. are found on the surface of the soil

2. What should you consider regarding 
the transmission and clinical course of 
coccidioidomycosis?
A.  Livestock frequently transmit coccidioidomycosis to 

humans
B.  Person-to-person transmission accounts for most 

cases of coccidioidomycosis
C.  One quarter of patients with coccidioidomycosis 

develop extrapulmonary disease
D.  The rate of disseminated disease is higher among 

men vs women

3. The patient is diagnosed with coccidioidomycosis. 
What should you consider regarding the 
demographics of fatal cases of coccidioidomycosis in 
the current study?
A.  There was no sex-based difference in the risk of 

mortality
B.  The highest rate of death was among children and 

adolescents
C.  Race and ethnicity did not affect the risk of mortality
D.  Native Americans experienced the highest rate of 

mortality compared with other racial/ethnic groups

4. The patient has an extensive past medical history. 
Which of the following comorbid illnesses was most 
associated with a higher risk of death among patients 
with coccidioidomycosis in the current study?
A.  Rheumatoid arthritis
B.  Congestive heart failure
C.  Chronic obstructive pulmonary disease
D.  Recurrent dental abscesses

1. The activity supported the learning objectives. 
Strongly Disagree Strongly Agree 

1 2 3 4 5
2. The material was organized clearly for learning to occur.

Strongly Disagree Strongly Agree
1 2 3 4 5

3. The content learned from this activity will impact my practice.
Strongly Disagree Strongly Agree

1 2 3 4 5
4. The activity was presented objectively and free of commercial bias.

Strongly Disagree Strongly Agree
1 2 3 4 5
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Article Title
Invasive Pneumococcal Disease and 7-Valent 

Pneumococcal Conjugate Vaccine, the Netherlands

CME Questions

Activity Evaluation

1. You are seeing a 2-month-old infant whose parents have 
multiple questions regarding the effects of the 7-valent 
pneumococcal conjugate vaccine (PCV7). What does previous 
research demonstrate regarding the effi cacy of PCV7?

A.  PCV7 primarily reduces the risk of otitis media among 
children

B.  PCV7 has no effect on the rate of invasive pneumococcal 
disease (IPD) among adults

C.  PCV7 has no effect on the rate of IPD among young children
D.  The rate of non-PCV7-serotype IPD increased after 

introduction of PCV7

2. What else should you consider as you discuss PCV7 with 
these parents?

A.  IPD incidence has declined to a greater degree in Europe vs 
the United States

B.  Catch-up vaccination programs for children under 5 have 
sped up eradication of vaccine serotypes

C.  The greatest indirect benefi t of PCV7 is found among older 
adults with comorbid conditions

D.  PCV7 contains serotype 1, which is the most common 
serotype implicated in IPD

3. As you continue your conversation regarding PCV7, which 
age groups from the current study can you tell these parents 
experienced the greatest decline in the incidence of IPD?

A.  2 to 4 years of age and 5 to 12 years of age
B.  0 to 2 years of age and middle-aged adults
C.  0 to 2 years of age and 65 years or older
D.  21 to 35 years of age and 50 to 64 years of age

4. What can you tell these parents regarding characteristics 
of IPD in the current study?

A.  IPD incidence due to non–PCV7-serotypes increased among 
young children but fell among adults

B.  Pneumonia was the most common infection related to IPD 
among children less than 5 years of age

C.  PCV-7 appeared particularly effective in reducing IPD among 
immunocompromised individuals

D.  The overall mortality rate associated with IPD declined during 
the study period

1. The activity supported the learning objectives. 
Strongly Disagree Strongly Agree 

1 2 3 4 5
2. The material was organized clearly for learning to occur.

Strongly Disagree Strongly Agree
1 2 3 4 5

3. The content learned from this activity will impact my practice.
Strongly Disagree Strongly Agree

1 2 3 4 5
4. The activity was presented objectively and free of commercial bias.

Strongly Disagree Strongly Agree
1 2 3 4 5
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Article Title
Nasopharyngeal Bacterial Interactions in Children

CME Questions

Activity Evaluation

1. Based on the observational study by Dr. Xu and colleagues, 
which of the following statements about patterns of 
nasopharyngeal bacterial colonization and interaction in 
healthy young children is most likely correct? 

A.  Streptococcus pneumoniae is positively associated with 
Staphylococcus aureus

B.  S. pneumoniae is positively associated with Moraxella catarrhalis
C.  M. catarrhalis is positively associated with S. aureus
D.  Patterns of nasopharyngeal bacterial colonization and 

interaction in health are likely to predict those at onset of 
acute otitis media (AOM)

2. Your patient is a 1-year-old, PCV7-vaccinated male with 
AOM. Based on the observational study by Dr. Xu and 
colleagues, which of the following statements about the role 
of Haemophilus infl uenzae is most likely correct?

A.  The nasopharyngeal environment is likely to be unfavorable 
to H. infl uenzae colonization

B.  At AOM onset, H. infl uenzae is positively associated with S. 
pneumoniae 

C.  At AOM onset, H. infl uenzae is positively associated with M. 
catarrhalis

D.  H. infl uenzae may become a more important cause of AOM 
in pneumococcal conjugate vaccinated children

3. Based on the observational study by Dr. Xu and 
colleagues, which of the following statements about the role 
of other bacteria in AOM affecting the patient described in 
question 2 would most likely be correct? 

A.  During AOM, S. pneumoniae colonization is negatively 
associated with S. aureus

B.  Viral-bacterial-host interactions in the nasopharynx during 
AOM are completely characterized

C.  Findings of this study support the role of S. aureus as a 
frequent pathogen of AOM

D.  Elimination of S. pneumoniae PCV7 strains has resulted 
in the remaining strains competing less effectively with 
H. infl uenzae in the nasopharynx and as a cause of AOM 
infection

1. The activity supported the learning objectives. 
Strongly Disagree Strongly Agree 

1 2 3 4 5
2. The material was organized clearly for learning to occur.

Strongly Disagree Strongly Agree
1 2 3 4 5

3. The content learned from this activity will impact my practice.
Strongly Disagree Strongly Agree

1 2 3 4 5
4. The activity was presented objectively and free of commercial bias.

Strongly Disagree Strongly Agree
1 2 3 4 5
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Online Reports. Reports on consensus group meetings, workshops, and other activi-
ties in which suggestions for diagnostic, treatment, or reporting methods related to infec-
tious disease topics are formulated may be published online only. These should not exceed 
3,500 words and should be authored by the group. We do not publish offi cial guidelines or 
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