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Investigation of Outbreaks
Complicated by Universal Exposure

Alma Tostmann, Teun Bousema, and Isabel Oliver

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 field
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 difficult to
explore the possible association between illness and that
specific 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 difficult to test the hypotheses under

Author affiliations: European Centre for Disease Control, Stock-
holm, Sweden (A. Tostmann); Radboud University Nijmegen Medi-
cal Centre, Nijmegen, the Netherlands (A. Tostmann, T. Bousema);
Health Protection Agency, Gloucester, UK (A. Tostmann, I. Oliver);
London School of Hygiene and Tropical Medicine, London, UK (T.
Bousema); and Bristol University, Bristol, UK (I. Oliver)DOI:
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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 fin-
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-confirmed cases of infection with Salmo-
nella enterica serotype Typhimurium of the same genetic
subtype were identified through routine surveillance. All
case-patients had visited the town on the same day, and
an epidemiologic study was conducted to test several hy-
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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 confirmed 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 identified. 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 confirmed
because of the absence of microbiologic evidence and the
difficulties 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 first case-patients and other stakeholders involved are
essential to collect sufficient 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 sufficient evidence for a suspected source
in an outbreak investigation. Outbreak-associated cases are

1718

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 stratified 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 field 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
fire hydrants), but generally such investigations rely heav-
ily on epidemiologic evidence rather than confirmation 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-confirmed cases in Norway in

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



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 confined 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 defined if exposure is defined 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-confirmed 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

Emerging Infectious Diseases * www.cdc.gov/eid ¢ Vol. 18, No. 11, November 2012
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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)
0104: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 identification
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 first 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 identified 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 quantified 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 field 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 specific 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
findings. Since the earlier studies had not identified 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
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part of a group (9,10). A review of the booking notes iden-
tified 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 specific dish could
account for most cases, the association with specific 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 quantified 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 jalapefio 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-
lapefio peppers was used. When exposure to ingredients
(tomatoes, jalapefio peppers), rather than exposure to the
food product (salsa), was considered, the jalapefio 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-finding process.

These outbreak investigations show that individual
components of a mixed dish can be identified 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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difficulties 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 identified 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 insufficient 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
significantly associated with illness. Investigators need to
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at least consider the universal exposures before accepting
a statistically significant 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 difficulty in obtaining conclusive
findings, 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 identified by International Classification 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
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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.

occidioidomycosis 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,

'Current affiliation: Centers for Disease Control and Prevention,
Atlanta, Georgia, USA.
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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 definitions. 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: influenza-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 significantly 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
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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-identified, publicly available multiple-
cause-of-death data from US death certificates 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 Classification of Diseases,
9th Revision (ICD-9), for 1990-1998 and International
Classification of Diseases, 10th Revision (ICD-10), for
19992008 (23,24). A coccidioidomycosis-associated
death was defined 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% ClIs 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 llinesses

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 identified 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
identified; 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 2.04x (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-
specific 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-specific rates were elevated
for all nonwhite groups. The likelihood of dying with
coccidioidomycosis listed on the death record was 6.34x
(95% CI 6.04—6.65) greater for Native Americans, 4.38x
(95% CI 4.17-4.60) greater for Hispanics, 2.82x (95% CI
2.69-2.97) greater for Asians, and 1.70x (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,
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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), theumatoid arthritis (MOR 6.51, 95%
CI14.05-10.45), 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 reflect decreasing
immune function and increased prevalence of concurrent
diseases. Increasing age has been identified as a potential
risk factor for infection with Coccidioides spp. (28). The
increased rate of coccidioidomycosis-associated deaths
observed among men might reflect 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.

09
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0.5 4
0.4 4
0.3 A
0.2

0.1 4
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04
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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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Table 1. Demographic characteristics, mortality rates, and rate ratios for coccidioidomycosis-associated deaths, United States, 1990—

2008*
Characteristic No. (%) Age-adjusted mortality rate (95% Ch)t Age-adjusted rate ratio (95% ClI)
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.
tCrude rates are used for the age category.
Age-adjusted, race-specific, coccidioidomycosis- might reflect an increased risk for severe disease, greater

associated mortality rates were highest for Native
Americans and Hispanics; these rates probably reflect 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

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 reflects 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.

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 1776, 180, L95, M39, M31 36 6.55 (3.85-11.12)
Rheumatoid arthritis 714 MO05-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.
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Coccidioidomycosis-associated Deaths, United States

Figure 2. Number of coccidioido-
mycosis-associated deaths and age-

NE adjusted rates per 1 million persons in
the United States, 1990-2008.
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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
certificates 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.
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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-confirmed IPD cases were
identified by 9 sentinel laboratories covering ~25% of the
Dutch population. Significant declines in overall IPD inci-
dence were observed in children <2 (60%) and in persons
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article.
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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—PCV?7 serotype IPD.

treptococcus 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; Pfizer 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-
case (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 benefit 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 benefits 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
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net benefit of vaccination (13). For example, compared
with healthy persons of the same age, US adults with co-
morbid conditions benefited 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 findings 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-confirmed 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 identified IPD case-patients,
which were defined as patients for whom S. pneumoniae
was isolated from blood or cerebrospinal fluid (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 first 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 specific epidemiologic year by 25% of
the total Dutch population. Epidemiologic years were de-
fined 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% Cls.

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 x? test,
and differences in median length of hospital stay were com-
pared by using the Mann-Whitney U test.
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All analyses were stratified by age group (<2, 24,
5-17, 18-50, 50-64, and >65 years) and by serotype group
(PCV7/mon-PCV7). All p values <0.05 were considered
statistically significant.

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 nonsignificant 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 significant 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 significantly, 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 significant in patients 5064 and >65 years of
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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*

Vaccination periodt

Early post- Late Late post- vs. pre-

Age group, Pre-implementation implementation post-implementation implementation period

y No. cases  Incidence No. cases Incidence No. cases Incidence IRR 95% ClI 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 26 141 0.40 0.26-0.63 <0.001
2-4 25 8.2 26 8.9 12 43 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 55 1.1 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 34 0.46  0.33-0.63 <0.001
>65 319 27.6 330 27.6 157 12.5 045 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 26 141 137  0.77-2.46 NS
2-4 8 2.6 9 3.1 9 3.2 122 047-3.18 NS
5-17 12 0.9 18 1.4 19 1.5 158  0.77-3.26 NS
18-49 125 34 142 3.9 149 4.1 122 0.96-1.54 NS
50-64 139 9.0 163 10.2 205 124 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

*Ca_ses 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).
TVaccination periods: pre-implementation period, June 2004—May 2006; early
period, June 2008—May 2010.

post-implementation, June 2006—May 2008; late post-implementation

age. Non—PCV7 serotypes 1, 19A, 22F, and 23B increased
significantly (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 significant 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-
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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 benefit
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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significantly 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 significant
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 significantly lower during the

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

Discussion

Our findings 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 significant decline of 13% was also observed in
persons >65 years of age. No significant decline in over-
all IPD was seen in persons 5—-64 years of age because the

Table 2. Incidence of invasive pneumococcal disease manifestations before and after implementation of a PCV7 vaccination program,

the Netherlands, June 2004—May 2010*

Incidence (%) by infecting serotype and vaccination periodt

All serotypes

PCV7 serotypes Non—-PCV?7 serotypes

Age group, v, Pre- Late post- Pre- Late post- Pre- Late post-

manifestation implementation implementation implementation implementation implementation 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 3.60 1.29 2.80 0 0.80 1.29
focus
Bacteremia without 3.80 1.29 2.40 0.22 1.40 1.08
focus

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 0.45 0.41 0.15 0.14 0.29 0.27
focus
Bacteremia without 0.55 0.47 0.20 0.09 0.35 0.38
focus

>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 1.73 2.63 0.78 0.64 0.95 2.00
focus
Bacteremia without 4.42 3.99 2.16 1.12 2.25 2.87
focus

*Incidence is per 100,000 inhabitants. PCV7, 7-valent pneumococcal conjugate vaccine.

tVaccination periods: pre-implementation period, June 2004—May 2006; late post-implementation period, June 2008—May 2010.
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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*

No. (%) by infecting serotype and vaccination periodt

All serotypes PCV7 serotypes Non-PCV?7 serotypes

Before After Before After p Before After

Characteristic (n=1,216) (n=1,144) p value (n=565) (n=268) Vvalue (n=650) (n=876) pvalue
Comorbidity

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

condition}

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, 11.0 9.0 <0.001 11.0 9.0 <0.001 11.0 10.0 <0.001

median (IQR) (7.0-18.0) (5.0-16.0) (7.0-18.0) (5.0-15.0) (7.0-19.0) (5.0-16.0)

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 ¥ 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).

tData 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).

Flmmunocompromising 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).

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 findings, the length of hospi-
tal stay and case-fatality rates declined over the last years.
Our findings 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

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*

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

Vaccination period and infecting Immunocompromising

serotype(s) Otherwise healthy conditiont p value Any comorbidityt 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 x2 test) compared with otherwise healthy patients.
PCV7, 7-valent pneumococcal conjugate vaccine; NA, not applicable; NS, not significant (p>0.05).

tTImmunocompromising 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).

FAny 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 benefit 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 significantly 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 efficiency) may affect
the finding of a reduced length of hospital stay for patients
with IPD (21). For example, in 2006 a new financial 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 significant
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
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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 fluctuate 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 influenced by variations in
the seasonal influenza and the influenza A(HIN1)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 significantly 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)
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associated with Staphylococcus aureus. Among children
with AOM, competitive associations were found between
Haemophilus influenzae and S. pneumoniae and between
H. influenzae and M. catarrhalis; rates of colonization with
H. influenzae were higher. Bacterial interactions result in
differing pathogen prevalence during periods of health
and at onset of AOM. H. influenzae 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 influenzae, and
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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 first, 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.
influenzae, 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
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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. influenzae, M.
catarrhalis, and S. aureus. If symptoms compatible with
an AOM infection developed, a tympanocentesis was
performed, as described, to confirm 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. influenzae,
and M. catarrhalis.

Nasopharyngeal and oropharyngeal samples were
obtained for culture as described (18). The pathogens S.
pneumoniae, H. influenzae, M. catarrhalis and S. aureus
were isolated and identified 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. influenzae, 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>I;
competitive associations, by OR<I. The absence of both
predictor pathogens was used as the reference condition.
p<0.05 was considered significant; p<0.01, strongly
significant; p<0.1, weakly significant. 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. influenzae 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. influenzae 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. influenzae 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 significantly 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. influenzae, 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. influenzae, and M. catarrhalis is

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

May 2010*
% Total visits
Single Multiple Overall
Age, mean  No. Spn+ Spn+ Hflu+  Spn+Hflu+

Group mo + SD  visits Spn Hflu Mcat Hflu Mcat Mcat 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+04 237 12.7 3.0 211 25 10.5 1.3 25 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 123104 205 15.1 3.9 224 1.0 11.2 0.5 24 29.8 7.8 36.6

AOM 121 +£1.1 90 15.6 24.4 8.9 10.0 15.6 5.6 5.6 46.7 456 356
15 mo

Healthy 15.3+0.5 170 171 5.3 19.4 2.9 13.5 1.8 24 35.9 124 3741

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+06 155 14.2 5.2 21.9 3.2 8.4 1.9 3.9 29.7 142 361

AOM 19.0+1.2 42 4.8 28.6 16.7 9.5 16.7 7.1 9.5 40.5 548 50.0
24 mo

Healthy 24405 112 14.3 9.8 20.5 1.8 15.2 71 71 38.4 259 50.0

AOM 249+24 43 14.0 16.3 11.6 14.0 16.3 9.3 9.3 53.5 48.8 46.5
All ages

Healthy 125+56 1183 14.2 4.5 20.6 2.5 10.9 1.9 2.8 30.3 11.7  36.3

AOM 141+7.0 334 14.4 19.5 10.5 12.6 171 7.2 8.7 52.7 479 434

*Spn, Streptococcus pneumoniae; Hflu, Haemophilus influenzae; Mcat, Moraxella catarrhailis; AOM, acute otitis media.
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Figure. Nasopharyngeal colonization of children with Streptococcus
pneumoniae, Haemophilus influenzae, 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.

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. influenzae
colonization (OR 1.33, p = 0.28). When colonization with
H. influenzae was the predicted outcome, no significant
associations were found between H. influenzae and S.
pneumoniae (OR 1.43, p = 0.19) or between H. influenzae
and M. catarrhalis (OR 0.81, p = 0.43). When colonization
with M. catarrhalis was the predicted outcome, M.
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catarrhalis colonization was synergistically associated
with S. pneumoniae colonization (OR 1.51, p = 0.0059) but
not with H. influenzae 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. influenzae colonization
(OR 0.40, p = 0.0014) but not with M. catarrhalis
colonization (OR 1.02, p = 0.94). When colonization with
H. influenzae was the predicted outcome, H. influenzae
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. influenzae 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. influenzae, 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=10.011) but not at AOM visits (OR 0.95,
p=0.89).Nosignificantassociations were identified between
S. aureus and H. influenzae or between S. aureus and M.
catarrhalis at either type of visit (Table 2). At the healthy
visits, daycare attendance was significantly positively
associated with S. pneumoniae (OR 1.87, p = 0.0001) and
H. influenzae 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 significantly positively
associated with H. influenzae 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 (defined as 3 episodes of AOM
infection within 6 months or 4 AOM infections within
12 months) was significantly positively associated with
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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*

Outcome, OR (95% ClI)

Spn Hflu Mcat
Characteristics Healthy AOM Healthy AOM Healthy AOM
Hflu x Mcat
Neither§ 1.0 1.0 NA NA NA NA
Hflu 1.33 0.401 NA NA NA NA
(0.78-2.27) (0.22-0.71)
Mcat 1.42% 1.02 NA NA NA NA
(1.06-1.99) (0.58-1.79)
Both 3.40 0.79 NA NA NA NA
(1.99-5.81) (0.41-1.51)
Spn x Mcat
Neither§ NA NA 1.0 1.0 NA NA
Spn NA NA 1.43 0.41t NA NA
(0.83-2.45) (0.23-0.73)
Mcat NA NA 0.81 0.371 NA NA
(0.48-1.38) (0.19-0.71)
Both NA NA 2.10 0.28 NA NA
(1.30-3.40) (0.15-0.52)
Spn x Hflu
Neither§ NA NA NA NA 1.0 1.0
Spn NA NA NA NA 1.51t 1.02
(1.12-2.03) (0.58-1.80)
Hflu NA NA NA NA 0.83 0.351
(0.49-1.41) (0.18-0.68)
Both NA NA NA NA 217 0.68
(1.29-3.64) (0.36-1.32)
Saur
Absent§ 1.0 1.0 1.0 1.0 1.0 1.0
Present 0.55% 0.95 0.72 0.62 1.07 1.19
(0.34-0.88) (0.43-2.08) (0.33-1.54) (0.19-2.00) (0.69-1.66) (0.52-2.70)
Male 0.0.84 0.85 0.83 0.75 1.07 1.94t
(0.61-1.17) (0.54-1.35) (0.53-1.28) (0.46-1.23) (0.80-1.42) (1.21-3.11)
Daycare 1.87t 1.29 1.71% 2.06t 1.28 0.91
(1.34-2.59) (0.81-2.05) (1.1-2.67) (1.26-3.38) (0.94-1.73) (0.58-1.45)
Breast-fed 1.29 1.07 0.75 0.81 1.00 1.02
(0.92-1.83) (0.65-1.77) (0.48-1.16) (0.48-1.38) (0.74-1.35) (0.63-1.63)
Smoke 0.77 0.65 0.74 0.61 0.80 0.98
(0.48-1.22) (0.31-1.34) (0.38—1.43) (0.29-1.30) (0.53-1.20) (0.41-2.30)
Otitis prone 2.34% 0.98 3.10t 1.42 1.16 0.98
(1.19-4.59) (0.63-1.53) (1.51-6.36) (0.89-2.27) (0.51-2.66) (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.
1p<0.01.
1p<0.05.
§Reference.

S. pneumoniae (OR 2.34, p = 0.016) and H. influenzae
colonization (OR 3.1, p = 0.0017) at healthy visits but
not at AOM visits. We found no significant 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. influenzae colonization was competitively
associated with S. pneumoniae and M. catarrhalis
colonization at AOM visits but not at healthy visits; the
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rates of nasopharynx colonization by H. influenzae were
4-fold higher during AOM visits than during healthy visits.

Our findings suggest that during the PCV era, H.
influenzae might increase as a bacterial pathogen of AOM.
Our data among young children show that nasopharynx
colonization studies of healthy children might not reflect
the polymicrobial mix at the time of onset of AOM; the
nasopharyngeal environment during onset of AOM favors
H. influenzae 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. influenzae 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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AOM infection caused by H. influenzae (17,21,22). At
onset of AOM, when H. influenzae co-colonizes with S.
pneumoniae or M. catarrhalis, H. influenzae 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. influenzae 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. influenzae
might fill the nasopharyngeal niche at the onset of AOM,
and consequently, H. influenzae 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. influenzae, and M. catarrhalis is limited,
appears contradictory, and is confined to studies among
children. Zemlickova et al. found no significant association
between S. pneumoniae and H. influenzae 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. influenzae 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. influenzae, and M.
catarrhalis in healthy children, 1-24 months of age, but
no significant association between S. pneumoniae and S.
aureus or between H. influenzae 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. influenzae,
H. influenzae and M. catarrhalis, S. pneumoniae and S.
aureus, and H. influenzae 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
significant 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. influenzae
and S. pneumoniae and between H. influenzae and M.
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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. influenzae, M.
catarrhalis, and S. aureus have been explored. In a mouse
model, Lysenkoet al. found that when H. influenzae
colonized with S. pneumoniae in the nasopharynx, S.
pneumoniae was rapidly cleared (24). The competitive
interaction was dependent on cellular components of H.
influenzae 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. influenzae (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. influenzae colonization;
daycare attendance had a positive association with H.
influenzae colonization at both healthy and AOM visits.
Others have shown daycare attendance to be consistently
associated with increased colonization by S. pneumoniae,
H. influenzae, 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. influenzae colonization at healthy visits
but not at AOM visits.

The rates of nasopharynx colonization with S.
pneumoniae, H. influenzae, 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 influenza,
parainfluenza, 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 inflammation 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
modifies 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. influenzae. Varon et
al. (37) showed that colonization by S. pneumoniae, H.
influenzae, and M. catarrhalis decreased after antimicrobial
drug thereapy; the reduction in colonization was less for H.
influenzae than for S. pneumoniae or M. catarrhalis. Current
national guidelines endorse the use of amoxicillin for first-
line treatment of AOM, sinusitis, and community-acquired
pneumonia in children (38-40). Amoxicillin is ineffective
for eradicating B-lactamase—producing H. influenzae and
M. catarrhalis. We have previously shown that ~65% of
H. influenzae and 100% of M. catarrhalis colonizing the
nasopharynx of children in our study population elaborate
B-lactamase (17,21,22). Therefore, empiric treatment with
amoxicillin would probably increase H. influenzae and M.
catarrhalis nasopharynx colonization in children.

Ourresultsledusto 2 conclusions. First, nasopharyngeal
bacterial interactions among S. pneumoniae, H. influenzae,
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. influenzae colonization.
Consequently, our results predict that H. influenzae 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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Lack of Evidence for Zoonotic
Transmission of Schmallenberg
Virus

Chantal Reusken,* Cees van den Wijngaard,* Paul van Beek, Martin Beer, Ruth Bouwstra,
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Johan Reimerink, Peter Schielen, Jonas Schmidt-Chanasit, Piet Vellema, Ankje de Vries,
Inge Wouters, and Marion Koopmans

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
profiling 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 identified 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
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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 findings
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 findings,
together with detection of SBV RNA in multiple types of
samples, e.g., amniotic fluid, 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
reflect virus circulation in late summer/early autumn 2011,
leading to intrauterine infection with SBV during a specific
period of gestation (4).

In June 2012, seven additional European countries
(Belgium, Denmark, France, Italy, Luxemburg, Spain,
and the United Kingdom) confirmed SBV in ruminants,
accumulating to a total of 3,745 PCR-confirmed 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 confirmed by PCR as of June 12, 2012.
The holdings with confirmed SBV comprise 237 cattle, 107
sheep, and 6 goat farms (8).

SBV has been identified as most related to Sathuperi
virus, and for the small and large segments, Shamonda

"These authors contributed equally to this article.
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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 sandfly 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

Profiling Risks to Humans

We used a standard in-house checklist for profiling 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 identified 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 identification 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
[TCID,,]) 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
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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-defined 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
SBYV 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
Scientific 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% CO, until the
cells were ~80%—-90% confluent. 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 TCID, of virus to the diluted
serum (volume of 60 pL 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% CO, for 1 h, 100 puL
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

1747



RESEARCH

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 filled 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 findings consistent
with typical SBV-induced malformations in calves or
lambs, most confirmed 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 filling 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
0f 98.24% to detect >1 seropositive persons (Table 1).

Results
Profiling 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 identified as family
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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
Hypothetical

Probability* of detecting

Sample size seroprevalence, % 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) “ 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) " 200.

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 first 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 2. Evidence for zoonotic infection within the family Bunyaviridae, Orthobunyavirus genus, the Netherlands*

Reported Congenital
Geographic Human symptoms in disease in
Serogroup, species distribution Reservoir infection Evidence humans humans  References
Simbu
Oropouche virus South America Humans, Yes Outbreaks Febrile illness, NR (18,20)
sloths, arthralgia,
marmosets diarrhea
Iquitos virus South America Humans, Yes Unexplained Febrile illness, NR (21)
unknown fever arthralgia,
surveillance diarrhea
Akabane virus Asia, Israel, Cattle, No No serology NR NR (22,23)
Kenya, horses,
Australia sheep
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, Possibly  Virus isolation Fever, no NR (27-29)
horses, (one case) hospital
sheep submission
Sathuperi virus Asia, Africa Cattle Unknown Unknown Unknown Unknown (30)
California encephalitis
California encephalitis ~ North America Rodents, Yes Endemic, Febrile illness, NR (31)
virus lagomorphs common encephalitis
La Crosse virus North America Rodents, Yes Endemic Febrile illness, NR (31)
lagomorphs common encephalitis
Tahyna virus Europe, Asia, Lagomorphs, Yes Serology, Febrile illness, NR (32)
Africa rodents, cases respiratory
hedgehogs symptoms
meningitis (mild)
Inkoo virus Northern Lagomorphs Yes Surveillance Febrile illness, NR (32)
Europe febrile illness, Meningitis (mild)
CNS iliness,
Snowshoe hare virus North America, Lagomorphs, Yes Serology, Febrile illness NR (32)
Far-Eastern rodents case reports (31)
Europe
Bunyamwera
Batai virus Europe, Asia, Birds,pigs, Yes Serology Febrile illness, NR (32)
Africa horses, (rare) affection
ruminants
Cache Valley virus North America  Deer, sheep, Yes 2 Case Febrile illness, Under (33-35)
horses, cattle reports, encephalitis discussion
serology
Ngari virus Africa Humans, Yes Outbreaks, Febrile illness, NR (36-38)
unknown virus isolation hemorragic fever

*NR, not reported; CNS, central nervous system.

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
identified. 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 TCID,; 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
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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.c.,
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 discases
generally are self-limiting (20,21).
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Because the range of symptoms described was
diverse, we decided to monitor patients who suited our
case definition: 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 definition.
The remaining 4 cases were tested by PCR and VNT (for
3 cases only because only vesicle fluid 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 influenza-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 profiling, 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-confirmed 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
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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 confirmed (83%; Table
4). SBV-specific antibodies were detected in livestock
serum at 97.7% (83/85) of the farms for which serum was
available (Table 4). Overall, 229 participants specifically
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-confirmed 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 influenza
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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 Yes 110, of whom 88 reported hand (skin) injuries
SBV-infected farm during work
No 31
Total 141
Goats
Regular contact with kids and/or birth products on Yes 3, of whom 3 reported regular hand (skin)
SBV-infected farm injuries during work
No 10
Total 13
Cattle
Regular contact with calves and/or birth products on Yes 90, of whom 72 reported regular (hand) skin
SBV-infected farm 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 Yest 19, of whom 18 reported regular hand (skin)
injuries during work
No 29
Total 48
Goats
Contact with malformed lambs and/or birth products Yest 1 who reported regular hand (skin) injuries
during work
No 29
Total 30
Cattle
Contact with malformed calves and/or birth products Yest 33, of whom 28 reported regular hand (skin)
injuries during work
No 20
Total 53
Contact with malformed lambs/calves during section at Yes 11, of whom 6 reported regular hand (skin)

Animal Health Service

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.

TAll tested seronegative.

A (H7N7) and A (H5NI1) viruses, and coronaviruses,
underscores the relevance of the One Health approach
in assessing the risks for novel emerging pathogens,
such as SBV (4549 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 findings of an in-house risk-
assessment algorithm, we concluded that zoonotic
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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 ameasure
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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*

Laboratory-confirmed SBV infection in

animals, no. (%)

No. human participants

Animal No. farms (no. animals PCR and/or Total (no. per No. (%) from farms with laboratory-
speciest per farm [median]) PCR VNT VNT farm) confirmed SBV infection
Sheep 69 (51,676 [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)f 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.

tMixed farms were classified according to the main animal species.
tFor 9 farms, PCR results not available.

§For 38 farms, VNT results not available.

of the efficiency 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
sufficient 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 identified
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 specificity and sensitivity of 100%. A high specificity
was justified 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-
defined 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
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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 confirmed 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 difficult 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 fluids.

Current data suggest that infections might have been
cleared by the time of delivery, particularly in cattle, which
have longer gestations. Furthermore, finding 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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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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Unchanged Severity of Influenza
A(HI1IN1)pdmO9 Infection in Children
during First Postpandemic Season

Mathias Altmann, Lena Fiebig, Silke Buda, Rudiger von Kries, Manuel Dehnert, and Walter Haas

We conducted a nationwide hospital-based prospec-
tive study in Germany of influenza 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 influenza seasons.
We identified 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
significant (p = 0.473). Our findings stress the challenge of
preventing severe postpandemic influenza infection in chil-
dren and the need to prevent nosocomial transmission of
influenza virus, especially in immunosuppressed children.

n Germany during the influenza A(HIN1)pdm09 pan-

demic, there were ~1,070,000 influenza-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-confirmed A(HIN1)pdm09
infection—related deaths in children were notified through
the mandatory German surveillance system for infectious
diseases (2). The highest number of notified 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-confirmed A(HIN1)pdm09, we reported
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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 influenza 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 influenza 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(HIN1)pdm09
in children during the first postpandemic season (10). To
obtain information on critically ill A(HIN1)pdmO09-infect-
ed children and to compare risk factors and disease course,
outcome, and severity for patients during the pandemic
and first 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 confirmed A(HIN1)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 definition included only A(HIN1)
pdm09 infection; in postpandemic season 2010-11 (Au-
gust 10, 2010-July 29, 2011), the case definition included
all influenza virus infections.

Data Collection

On notification by treating physicians of patients
with A(HIN1)pdmO9 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 influenza (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 notified 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 definition
included patient age >15 years and patient not admitted to
PICU. In accordance with the case definition, only cases
of A(HIN1)pdm09 infection were reported during the pan-
demic season (2009-10), and 9 cases of influenza A (not
further subtyped) and 2 cases of influenza B infection were
reported in the postpandemic season (2010—11). Therefore,
further analyses were restricted to A(HIN1)pdmO09 cases.

The structured questionnaire covered anonymous pa-
tient information and information regarding the hospital
stay, clinical signs and symptoms, clinical and laboratory
findings, specific treatments, status of influenza vaccina-
tion, disease complications, and underlying chronic medical
conditions (chronic respiratory diseases; cardiac diseases;
immunodeficiency; 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 defined 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(HIN1)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-
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Figure 1. Overview of study participation and participant groups
among severe pediatric cases with A(H1IN1)pdm09, Germany,
2009-2011. PCIU, pediatric intensive care unit.

tinuous variables and absolute numbers and proportions
(together with 95% binomial exact Cls, 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 significant. 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-
sitdtsmedizin, Berlin, Germany.

Results

Comparison of 2009-10 and 2010-11 Seasons

We identified 156 critically ill children with con-
firmed A(HIN1)pdmO09 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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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 significant (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(HIN1)pdmO09 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(HINT1)
pdmO9 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.
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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 significant 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 significant
(Table 2). In the multivariable model, immunodeficiency
(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-
nificantly 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-

Figure 2. Distribution of
136 critically ill children
with  confirmed  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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Table 1. Comparison of severe cases of influenza A(H1N1)pdmO09 virus infection in children during the pandemic and the first

postpandemic seasons, Germany, 2009—2011*

Influenza season

Variable No. patients/no. total (%) 2009-10 2010-11 p value
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
Vaccinationt 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.

tInfluenza A(H1N1)pdmO9 vaccination of patients >6 mo of age.

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).
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Figure 3. Proportion of critically ill children with A(H1N1)pdmO09 by
age group and season, Germany.
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Discussion

During the first postpandemic season, fewer cases of
A(HINI) 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 identified 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
influenza-related deaths in children is mandatory, a similar
decline in the number of fatal A(HIN1)pdm09-associated
cases was noted between the 2009-10 and 2010-11 influ-
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
influenza—related illnesses (14). However, in the postpan-
demic 2010-11 season, different proportions of all circulat-
ing influenza subtypes might have led to different numbers
of persons exposed to A(HIN1)pdm09, which makes com-
parisons between seasons and across countries difficult.
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Figure 4. Age distribution of the 156 critically ill children with
confirmed A(H1N1)pdmO09, by season, Germany.

For the 2010-11 season, we assumed a more limited
number of susceptible persons because exposure to influ-
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 finding was reported in a pro-
spective study of children with A(HIN1)pdm09 infection in
a Spanish hospital (median age 7.0 and 0.8 years in 2009-10
and 201011, respectively) (10). During both seasons, chil-
dren <1 year of age were more affected than those in other

Influenza A(H1N1)pdmO09 Infection in Children

age groups, and the numbers infected in the 2 seasons were
similar; therefore, influenza infection in this immunologi-
cally naive age group might always reflect 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(HIN1)pdm09 infection, although it has been suggested
that the difference in age distribution between the 2 seasons
could have influenced 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 identified a large number of prob-
able hospital-acquired A(HIN1)pdmO9 infections. Immu-
nodeficiency, most often reported as acute lymphoblastic
leukemia, was associated with hospital-acquired infection,
and this underlying chronic medical condition, has also
been identified as a risk factor for community-acquired
AHINI)pdm09 (22,23). Findings from a retrospective
hospital-based study investigating the prevalence of respi-
ratory virus infections among children with cancer or HIV

Table 2. Comparison of hospital- and community-acquired cases of severe influenza A(H1N1)pdmO09 infection in children during the
pandemic and first postpandemic influenza seasons, Germany, 2009-2011*

No. patients/ Hospital- Community- Univariable analysis Multivariable analysis

Variable total (%) acquired cases acquired cases 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) 43(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 75/133 (56) 13/19 (68) 62/114 (54) 1.8 (0.6-6.2) 0.321 NA NA

disorders

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

Vaccinationt 5/80 (6) 0/10 (0) 5170 (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.

tInfluenza A(H1N1)pdmO9 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 influenza 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 significant 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
findings emphasize the need for isolation of and preventive
measures for children with immunodeficiency, 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 influenza season (27). Studies in earlier sea-
sons showed even lower influenza vaccination rates among
health care workers (28).

We identified 25 A(HIN1)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 finding sup-
ports those among adults (29,30) and other findings among
A(HIN1)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 confirmed or suspected influenza who
requires hospitalization receive influenza 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 influenza antiviral therapy >48 hours after onset
of influenza symptoms (38). Most A(HIN1)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(HIN1)pdm09 virus and to potential benefits from late
treatment in severely ill children.

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*

No. patients/

Univariable analysis Multivariable analysis

Variable total (%) Nonsurvivors  Survivors OR (95% ClI) 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 78/145 (54) 16/24 (67) 62/121 (51) 1.9 (0.7-5.5) 0.186 NA NA
disorder
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
Vaccinationt 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.

tInfluenza 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 finding highlights a need
to improve vaccine coverage among this population, for
which influenza 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 influenza 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 influences 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 first postpandemic A(HIN1)pdm09 season,
the situation for children with severe A(HIN1)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 influenza virus
should be reinforced, especially in immunosuppressed chil-
dren. The unchanged severity of influenza A(HIN1)pdm09
virus infections in the first 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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Mycoplasmosis Iin Ferrets

Matti Kiupel, Danielle R. Desjardins, Ailam Lim, Carole Bolin, Cathy A. Johnson-Delaney,
James H. Resau, Michael M. Garner, and Steven R. Bolin

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 findings indicate a causal as-
sociation between the novel Mycoplasma species and the
newly recognized pulmonary disease.

he 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 influenza
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).
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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 influenza virus were nega-
tive. Cytologic examination of bronchioalveolar lavage
(BAL) samples yielded few inflammatory cells. Thoracic
ultrasonography found no abnormalities. Thoracic radio-
graphs showed a mild bronchointerstitial pattern with peri-
bronchial cuffing (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-inflammatory 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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Figure 1. Lateral radiographic view of the thorax from a 2-year-

old ferret with cough and labored breathing,
bronchointerstitial pattern with peribronchial cuffing.

showing a

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 flushed into the caudal trachea and
lungs and then recovered by aspiration into the syringe.
That process was repeated 2x and the final flush fluid 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.
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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 fixed
in neutral-buffered, 10% formalin solution and processed
by standard methods for histopathologic examination.

For immunohistochemical examination, paraffin-em-
bedded samples of lung from the 3 ferrets that died were
cut into 5-pm sections. An Enhanced Alkaline Phosphatase
Red Detection Kit (Ventana Medical Systems, Inc., Tuc-
son, AZ, USA) and bulk buffers specifically 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-
finization 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-
fixed, paraffin-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 fluorescent 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, fluorescein 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 modified according to Ubels et al. (12).

Transmission and Scanning Electron Microscopy

For transmission electron microscopy, lung tissue sam-
ples that had been fixed in neutral-buffered, 10% formalin
solution were trimmed into 2-mm pieces and postfixed 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 flat 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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stained semithin (0.5-pum) 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-fixed lung
tissues were trimmed into 2—4-mm pieces, postfixed 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 fluid. 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 field 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-
pL disposable inoculation loop and transferred to a micro-
centrifuge tube. The agar plug was digested by addition of
200 pL of Buffer ATL (QIAGEN, Valencia, CA, USA) and
20 puL 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
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High Fidelity (Invitrogen Corp., Carlsbad, CA, USA). The
reaction mixture consisted of 3 pL. 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 uL molecular biology grade water; and 0.5
pmol/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 final extension step at 68°C for 5 min. The reac-
tion conditions for the rpoB gene were | 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 final 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,
purified 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 disecase were
similar and restricted to the lungs. The lungs were charac-
terized by multifocal, tan to gray, somewhat firm 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 findings included
moderate perivascular lymphoid cuffing 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).

1765



RESEARCH

&

Figure 2. Lungs from a 2-year-old ferret that died of acute dyspnea,
showing multifocal, tan to gray semifirm nodules centered on
airways and severely narrowed lumina of affected airways. A color
version of this figure is available online (wwwnc.cdc.gov/EID/
article/18/11/12-0072-F2.htm).

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 fluorescent
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 influenza 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
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surface of a ciliated cell were pleomorphic, round to ovoid,
»0.8-pm 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 identified.

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 defined 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 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 magnification x40.
B) Immunohistochemical analysis conducted with antibodies against mycoplasmas demonstrates intense labeling along the apical border
of the ciliated respiratory epithelium; original magnification x40. C) Confocal scanning laser microscopy conducted with antibodies against
mycoplasmas demonstrates intense fluorescent labeling along the brush border of the bronchial epithelial cells; original magnification x40.
A color version of this figure is available online (wwwnc.cdc.gov/ElD/article/18/11/12-0072-F3.htm).
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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-
um pleomorphic mycoplasma-like organism (arrow). Scale bar =
0.5 ym.
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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
identified 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 identified 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
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lack a cell wall and are thought to have developed from
genome reduction of gram-positive bacteria (17). Most
species are host-specific 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 proinflammatory 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-
cific 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 modification 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

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 pm); B) marked loss of cilia and numerous
pleomorphic mycoplasma-like organisms diffusely attached to the
mucosal surface (arrow) (scale bar = 1.25 ym); 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 pm).
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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).

species is often difficult 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
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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 first 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 first 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 identified 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 identified in the bronchoalveolar lavage
sample from a ferret for which postmortem examination
confirmed 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 cuffing 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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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 identified 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 influenza 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 identified. 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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Lack of Cross-protection against
Bordetella holmesii after Pertussis
Vaccination

Xuqging Zhang, Laura S. Weyrich, Jennie S. Lavine, Alexia T. Karanikas, and Eric T. Harvill

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 efficiently bind B. holmesii. B. holmesii—spe-
cific antibodies provided in addition to wP were sufficient
to rapidly reduce B. holmesii numbers in mouse lungs. Our
findings 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 first 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 purified 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).
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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 identification (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
findings 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,
fimbriae, adenylate cyclase toxin, and filamentous 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 first
isolated from blood, the bacterium has also been found to
cause respiratory diseases (11,12,21-23). B. holmesii was
isolated from pleural fluid and lung biopsy specimens from
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an immunocompetent adolescent who had fever and pul-
monary fibrosis (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

Identification of B. holmesii Cases in Massachusetts

Culture-confirmed B. holmesii cases identified 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. identification 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 pg/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 amplifications were completed on 30 B. holme-
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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 10® CFU of heat-inactivated
(65°C for 30 min) bacteria in 200 pL of phosphate-buffered
saline (PBS; Omnipur, Gibbstown, NJ, USA) for whole-
cell B. holmesii vaccine (WH) or wP B. pertussis vaccine;
one fifth human dose of Adacel (Sanofi-Pasteur, Swiftwa-
ter, PA, USA) (0.5 pg PT, 1 pg FHA, 0.6 pg pertactin,
5 ng fimbriae 2 and 3 per mouse) with Imject Alum (Ther-
mo Scientific) (aP); or only Imject Alum in 200 uL PBS on
days 14 and 28 before challenge (28,33).

For challenge, 50 uL. PBS containing 5 x 10° CFU of B.
pertussis or B. parapertussis or 10” 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 pL
were intraperitoneally injected immediately before mice
were inoculated with 5 x 10° CFU of B. holmesii (30,32).
Bacterial numbers were quantified 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 10” 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) y 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 fluoride 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 significance were used to deter-
mine statistical significance 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
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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 identified 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 definition 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 amplified 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 findings (16), all the B. holmesii
isolates tested were more closely related to B. hinzii and
B. avium than to the classical bordetellac (Figure 2). Al-

0-4 59 10-14 15-19 20-24 25-29 30-34 35-30 40-44 45-49 50-54
Age group, y

Figure 1. Bordetella holmesii cases in Massachusetts, USA. A) Nasopharyngeal specimens culture-positive for B. holmesii infection as
confirmed by the Massachusetts Department of Public Health, by year, 2005-2009. B) Age distribution of case-patients with B. holmesii

infection during 20052007 (cases shown in the Table).
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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

No. (%) swabs

species detected 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.

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 identified 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

Strain  Other names Source”
[ B1850 C690 CDC, USA, MA
w2658 - MDPH, USA, MA
[was1s — MDPH, USA, MA
B1853 C893 CDC,USA,CO
w1829 — MDPH, USA, MA
G834 F622 CDC, Saudi Arabia
65210 F618 CDC, USA, PA, Philadelphia
G6128 F625 CDC, USA, MD, Bethesda
—Wo098s — MDPH, USA, MA
w2135 — MDPH, USA, MA
w1289 - MDPH, USA, MA
r P3an —_ MDFH, USA, MA
W1566 — MDPH, USA, MA
G8350 F623, Bho29 CDC, Switzerland
w2047 - MDPH, USA, MA
G2910 F624 CDC, USA, CT, Farmington
B1854 C694 ©DC, USA, NC
G4102 F616 CDC, USA, MD, Baltimore
wized - MDPH, USA, MA
FT732 F614 CDC, USA, 1A, lowa City
I: F&101 FB27 CDC, USA, NY, Buffalo
— F6119 F613 CDC, USA, IL, Chicago
G7952 F626 CDC, USA, AR, Little Rock
|_B1351 Cce91 CDC, USA, MA
gs| — B1852 ce92 CDC, USA, OH
57 G5425 F&19 CDC, USA
— G7702 FE20 CDC, USA, CA
— G7851 F621 CDC, USA, CO, Denver
a8 'I: G133 F615 CDC,USA, CA
56 G4363 F§17 CDC, USA, PA, Philadelphia
B. hinzi
B. avium
r—B. patusss

B. pampertuss s
B bronchiseptica

100
51
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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
efficiency 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-

Figure 2. Phylogenetic tree showing
30 Bordatella holmesii isolates, B.

Isolation

year Isolation site Reference

1994 MNasopharynx (24) . .

2005  Nasopharynx This study pertussis 536, B. parapertussis 2591,
2007 Nasopharynx This study B. bronchiseptica RB50, B. avium
I Blood 2 197N, and B. hinzii BC304. Tree was
2006 Masopharynx This study

- Blood (7) constructed on the basis of concatenated
1990 Blood ) nucleotide sequences of atpD, rpoB,
1991 Blood (7)

2006 Nasopharynx This study tuf and rnpB genes. Bootstrap values
2005  Nasopharynx This study >50% in 1,000 replicates are indicated.
;gsz :"5"":"“’"‘ ::f”:”"" Scale bar indicates substitutions per
2006 N:::ﬁh:::: rh:: :::: site. CDC, Centers for Disease Control
- Blood (7, 24) and Prevention; MDPH, Massachusetts
2006 Nascpnaynx ""s[;;”‘“' Department of Public Health; -
_ Blood (24) unknown. Scale bar indicates nucleotide
1989 Blood () substitutions per site.

2005 Masopharynx This study

1986 Blood i7)

1983 Blood (7)

1984 Blood i7)

1992 Blood (7)

1985 Blood (24)

— Blood (24)

—_ —_ This study

1992 Blood (7)

1992 Blood (7)

1987 Blood i7)

1880 Blood 7)
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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 quantification. 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 efficient 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-y
and IL-10, representing Th1 and Treg cytokines, respective-
ly, were determined. wH vaccination did not induce IFN-y
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-y 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-y, 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.
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wP/aP-induced Antibodies for B. holmesii

Njamkepo et al. observed that proteins in B. holmesii
cell lysates are not recognized by antibodies specific 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; tp < 0.01.
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Figure 4. Comparison of splenic interferon (IFN)-Y (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.

inactivated bacteria as antigens. The B. holmesii—specific
Ig titer of wH-induced serum was >450,000, which is
~10-fold and 25-fold higher than B. parapertussis— and
B. pertussis—specific serum titers, respectively (Figure 5,
panel A); this result indicates partial cross-reactivity. B.
pertussis—specific 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
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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 efficiently 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 efficiently recognize B. holmesii antigens.

B. holmesii-specific Antibodies and wP-induced
Immunity against B. holmesii.

On the basis of our data, we discerned that wP induces
sufficient T-cell responses but that antibody responses are
not sufficient 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—specific 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
finding indicates that the addition of B. holmesii—specific
antibodies to wP increases its efficacy 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 identification assays because of their high sen-
sitivity and time efficiency, but no serologic test or PCR
specific 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 identified by cul-

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



*
A 6 - __‘*_ ** DBP
- @l Bpp
- 5+ DBh
ég - *
o 41 i —_
o) ==
O 34
@
0 21
=
14
0
wH IS wP IS aP IS
BNaive wH wP aP
1 2 3 1 2 3 1 2 3 1 2 3 «pa
.' -
! -

Figure 5. Antibody responses to whole-cell pertussis vaccine (wP),
aceullar pertussis vaccine (aP), and whole-cell Bordetella holmesii
vaccine (wH). A) Specific 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).

ture, the only test that currently detects B. holmesii. There-
fore, larger numbers of B. holmesii cases might be iden-
tified if additional B. holmesii—specific serologic or PCR
diagnostic tests are used.

When B. holmesii has been clinically identified, sev-
eral reports have demonstrated little heterogeneity among
isolates on the basis of pulsed-field 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 identified 174 variable sites
among the 2,958 aligned bases; this finding suggests more
genetic variation among B. holmesii than previously recog-
nized. Similar analyses on a wider range of B. pertussis, B.
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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 significant 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, fimbriae 2 and 3, adenylate cyclase toxin, and
filamentous 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.

4 -
—— %
. —
E 3- e —I— —
(@]
=
3 21
c
©
O
= 11
0
None Naive wP wH
serum

Figure 6. Supplementation of whole-cell pertussis vaccine (wP) with
B. holmesii- but not B. pertussis- specific 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—specific, but
not B. pertussis—specific, antibody administration efficient-
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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Seroprevalence of Antibodies
against Chikungunya, Dengue,
and Rift Valley Fever Viruses after
Febrile lliness Outbreak, Madagascar

Norbert G. Schwarz,* Mirko Girmann,* Njary Randriamampionona, Alexandra Bialonski,
Deborah Maus, Anne Caroline Krefis, Christine Njarasoa, Jeanne Fleury Rajanalison,
Herly Daniel Ramandrisoa, Maurice Lucien Randriarison, Jirgen May, Jonas Schmidt-Chanasit,
and Raphael Rakotozandrindrainy

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-specific IgG reported joint pain
and stiffness; 21% reported no symptoms. CHIKV infection
was significantly associated with high bodyweight. The
outbreak was an isolated CHIKV epidemic without relevant
DENYV co-transmission.

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

"These authors contributed equally to this article.
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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 CHIKYV 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
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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.

Organization (WHO) during a meeting at the WHO office 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 fingerprint 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
CHIKYV 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 confirmed or suspected CHIKV infection.
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Figure 2. Images from immunofluorescence assays in Vero E6 cells
for IgG against chikungunya virus (CHIKV), dengue virus (DENV),
and Rift Valley fever virus (RVFV). Original magnification x100 and
200. A color version of this figure is available online (wwnc.cdc.gov/
ElID/article/18/11/11-1036-F2.htm).

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.
Immunofluorescence 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 fixed 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 fluorescein
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 specificity
of the IFAs were demonstrated to be 100%, according
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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 NSI1 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

CHIKV

DENV

IgM-positive
control

IgM-positive

serum sample None

IgM-negative
control

Figure 3. Images of immunofluorescence 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 magnification x100 and 200. A color version of
this figure 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 significantly
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 * 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 significantly 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
CHIKYV, 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
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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
CHIKYV from Mananjary and Manakara could be confidently
assigned to the 2009-2010 outbreak. Therefore, reported
symptoms and analysis of risk factors for CHIKV infection
was confined 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 20006, 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

Table 1. Measurement of antibodies against CHIKV, DENV, and RVFV in samples from pregnant women in Madagascar, May-July

2010*
No. (%) women with
Total no. 1gG against IgG against  1gG against IgG against IgM against
Location Altitude, m  Month women CHIKV DENV RVFV CHIKV/DENVT CHIKVt
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.
tSamples that were positive for IgG against both CHIKV and DENV.
FFor 25 women from Ambositra, no serologic samples were taken. No samples were positive for IgM against DENV.
Emerging Infectious Diseases * www.cdc.gov/eid ¢ Vol. 18, No. 11, November 2012 1783
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Table 2. Signs and symptoms of pregnant women with IgG
against CHIKV from Mananjary and Manakara, Madagascar,
May—July 2010*

No. (%) women with

IgG against 1gG against
Symptom/sign CHIKV,n=144 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 posturet 77 (53) 18 (30)
Conjunctivitis 27 (18) 9 (15)
Asymptomatic 30 (21) 39 (64)

*CHIKV, chikungunya virus; DENV, dengue virus.

tStooped 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.”

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 confirmed in experimental settings
(19,20). Although a considerable number of the samples
from Mananjary (17.4%) and from Manakara (10.8%)

were positive for [gG against DENV, none was positive for
DENV IgM or DENV NSI 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 CHIKYV 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

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*

No. Bivariable analysis, n = 446 Multivariable model 1, n = 433 Multivariable model 2, n = 376
Factor women OR (95% CI)t p value OR (95% CI) p value OR (95% ClI) 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 0.67t 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.
tNonparametric test of trend.
IMantel-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 naive 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 identified 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 confined to the epidemic coastal cities. The finding that
bednet use had no influence 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 sequelaec among obese persons who
acquired chikungunya (26). Future studies on risk factors
for chikungunya should include body weight as a possible
influence.

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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Epidemic Myalgia in Adults
Associated with Human
Parechovirus Type 3 Infection,
Yamagata, Japan, 2008

Katsumi Mizuta, Makoto Kuroda, Masayuki Kurimura, Yoshikazu Yahata, Tsuyoshi Sekizuka,
Yoko Aoki, Tatsuya Ikeda, Chieko Abiko, Masahiro Noda, Hirokazu Kimura, Tetsuya Mizutani,*
Takeo Kato, Toru Kawanami, and Tadayuki Ahiko

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 findings suggested an acute inflammatory
process. Laboratory confirmation 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 confirmation 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
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echovirus types 22 and 23, respectively, these viruses were
recently reclassified and renamed (1,2). In 1999, HPeV3
was identified from a Il-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, flaccid 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,

'Current affiliation: Tokyo University of Agriculture and Technology
Research and Education Center for Prevention of Global Infectious
Diseases of Animals, Tokyo, Japan.
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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 find
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 x g for 20 min, and 75 pL of the
supernatant was added to 2 wells of each of the cell lines.
The inoculated plates were centrifuged for 20 min at 450 x
g, incubated at 33°C in a 5% CO, incubator, and assessed
for cytopathic effect.

RNA was extracted from 200 pL 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 first PCR and a mixture of AN89 and AN88 primers for
the nested PCR to detect enteroviruses and K28, K29, and
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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 purification kit (Roche Diagnostics).
Double-stranded ¢cDNA (ds-cDNA) was prepared from
1 ng 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 purified by using a QIAquick PCR
Purification kit (QIAGEN, Hilden, Germany).

An =300-bp length DNA library was prepared from
a mixture of 2 ug 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 I[llumina
cluster station (Illumina) according to the manufacturer’s
instructions. To obtain =1.0 x 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 Kitversion 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 e-value cutoff against the nonredundant
nt database nt, followed by taxonomic classification 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 amplification (%
35 cycles) at 98°C for 10 s, 55°C for 15 s, and 68°C for 1
min. PCR products were resolved and purified 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 specifically amplify the HPeV3 genome via
RT-PCR using frozen cDNA and our original primers
(Parecho3-VP1F1Y and Parecho3-VPIR1Y for the first
PCR and Parecho3-VP1F2Y and Parecho3-VPIR2Y 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
purified 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

Myalgia in Adults and Human Parechovirus Type 3

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 pL of each diluted serum sample with 60 pL of virus
fluid containing ~10* 50% tissue culture infectious dose.
We prepared confluent 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 pL of maintenance media, and injected 50 puL of
each incubated virus—serum mixture into each of 2 cultures.
The plates were then incubated in a 5% CO, 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 defined as titer >8. Virus infection was

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
Parecho3-F3K
Parecho3-F4K
Parecho3-F5K
Parecho3-F21K
Parecho3-VP1F1lY
Parecho3-VP1F2Y
Parecho3-F6K
Parecho3-F7K
Parecho3-F8K
Parecho3-F9K
Parecho3-F10K
Parecho3-F11K
Parecho3-F12K
Parecho3-F13K
Parecho3-F14K
Parecho3-F15K
Parecho3-F16K
Parecho3-F17K
Parecho3-F18K
Parecho3-F19K
Parecho3-F20K
Parecho3-R13K
Parecho3-R11K
Parecho3-R15
Parecho3-VP1R2Y
Parecho3-VP1R1Y
Parecho3-R10K
Parecho3-R9K
Parecho3-R8K
Parecho3-R7K
Parecho3-R5K
Parecho3-R4K
Parecho3-R3K
HPeV3whole-RT-RK

AACAAGTGACACTATGGATCTGATC
CAAAGTAGCAGATGATGCTTCCAA
CAAGCCAAATATTTTGCTGCAGTAA
TGCATTGGTGGTTTATGAGCCTAA
TCAGACAACACCACACCTTCAAG
GGGCCTTTGGGTAATGAGAAA
TGACAACATATTTGGTAGAGCTTGGT
AGGAGATAATGTATATCAATTGGAT
TGACGGCTGGTTTAATGTCAACTAT
CTGAATCAATGTCCAACACAGACGA
TGGACTATGCCTCTGATATTATTGT
AATAATGGCCATTTGCTTTAGGAGT
CTTGTAAATTAAATGGTGTGTACAC
ACTAGGAAGGAGAAAGATATTGAAA
CAGCCAAAGCATATAGTAGGGCTG
TTGAACAAATGGAAGCCTTCATTGA
GTTGTAGACTGGTTCAGTAGTAAG
AAAGGAACTTTCCCAGTCACGCAGA
CAGAGAGTATGTTGATTTGGATGAC
GTGGCTATTCCTTTCAATTTTCTT
GGCCCAGCAGTTTTAAGCAAATCAG
TTGTCATGATTCACCTGATCTTGTC
AGTTTGTGGTATTTACAGTGGTTGT
TTTTAACGTAGTTTGTGTCTGCA
CATGTATAGAATATGAATGTTTATT
ACCCCTGCTCTGCCATGTATA
TCCCGTGCATCATTGGTCTA
TGACAGATGATTCAAGATACTTCAC
AGTGGTACACTTCTGCACAAGTAAG
ATCCACCAATCAATATGTCTGAATG
TGGATAGTGTGTGTGTTAGGAAAGA
CCACTTTAGAAATAAGCAGACCACC
CCATTTTGACTTCCACTGCTCCA
CCTAAATTTGGACTTGACACAGG

TTTTGGTATGTCCAATATTCCAAATTAGTG

576-601
824-849
1165-1190
1244-1268
1822-1844
24522472
2538-2563
3095-3120
3368-3392
3737-3761
3994-4019
4098-4122
4304-4328
4402-4426
4609-4633
4916-4940
5011-5034
5201-5225
5553-5576
5778-5802
5863-5947
6608-6633
912-938
1380-1402
2673-2697
2693-2710
2883-2902
3238-3253
3468-3492
3859-3884
4264-4288
5701-5725
5901-5923
5993-6015
7296-7321

*Relative to human parechovirus 3 strain A308/99 (GenBank accession no. AB084913).
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considered confirmed 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 fluid showed no sign of
inflammation.

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
fluid examination did not support this diagnosis. Clinical
symptoms and laboratory findings for all patients were
consistent with inflammatory 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, HPeV 1, 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 purified 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 x 107 83-mer short reads from the mixed DNA
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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 identified 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 identified as HPeV3. All detected HPeV3 VPI
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 confirmed in 5 patients (Table 1).
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Figure 1. Schematic representation of
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Discussion

By conducting virus isolation, RT-PCR, and serologic
examination, we confirmed 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 first
screening, direct sequencing analysis suggested that these
patients were infected with HPeV3. We next tried to detect
this virus specifically 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 confirmed 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 antiinflammatory 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;
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patients commonly had fever, myalgia, and muscle
weakness mainly in the arms and legs, and laboratory
findings and MRI studies suggested the presence acute
inflammation around the peripheral muscles. Thus, we
concluded that the disease in this outbreak was an acute
inflammatory 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 difficult
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 first 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 2. Phylogenetic tree of the viral protein 1 region sequence
in the available human parechovirus (HPeV) genomes, including
HPeV1-8. The tree was constructed by the neighbor-joining
method with 1,000x bootstrapping. Scale bar indicates nucleotide
substitutions per site.

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 difficulties 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 finding of HPeV3 infection in adults conflicts
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 influenza-like illness, while 12/16 HPeV3-
isolated cases were from patients <3 years of age (14).
Our findings show that epidemic myalgia associated with
HPeV3 infection might occur among adults, particular
among those =30-40 years of age.
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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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Infectious Disease Mortality Rates,
Thailand, 1958-2009

Suchunya Aungkulanon, Margaret McCarron, Jongkol Lertiendumrong, Sonja J. Olsen,
and Kanitta Bundhamcharoen

To better define 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
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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 certificates 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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the whole country and for disseminating the information on
an annual basis through publication of the Report of Public
Health Statistics. Death certificates 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 Classification 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 classification 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., theumatic 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., influenza,
which was placed in the respiratory disease category. For
the purposes of this study only, those diseases classified 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
classification 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.
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Second, we classified 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 classifications facilitated an analysis of
overall trends in deaths caused by infectious versus nonin-
fectious diseases.

Third, we specifically excluded deaths from septice-
mia, which were first 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 misclassification,
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 defined, 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 significant 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 Specific 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 identified 8 categories
of infectious disecases 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% ClIs are presented.
All-cause deaths were age-adjusted by 5 age groups (04,
5-24, 25-44, 45-64, and >65 years); because of the struc-
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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.

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.
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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 specific 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 fluctuated 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 first 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, first 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 findings demonstrate a substantial decrease in
deaths overall in Thailand from 1958 through 1986, fol-
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Figure 1. All-cause mortality rates, Thailand, 1958-2009.

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 2544 years became
more pronounced in recent years, mostly because of fatal
traffic accidents and HIV/AIDS-related deaths among men,
a group that was more affected by HIV/AIDS in the first
phase of the epidemic (12,13). Age-specific 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-
nificantly to maternal and child health outcomes (16).
From 1958 through the mid-1990s, the infectious
disease mortality rate in Thailand declined substantially,

A B~

200
800

g

e
600

g

500

5

o0 P v

300

Mortality rate/100,000 population
-4

Mortality rate/100,000 population

200

100

o . .
1854 1961 1664 1967 1970 1673 1978 1970 1642 1985 1986 1991 1984 1997 2000 2003 2006 2008

o
m
g

k@
g 8

g

2

Martality rate/100,000 populstion
" -
= 2

Mortality rate/100,000 population

=

o a
1855 1961 1964 1957 1970 1973 1576 1579 1562 1585 1968 1991 1954 1897 2000 2003 2006 2009

1958 1961 1964 1967 1970 1673 1976 1979 1582 1965 1988 1987 1504 1997 3000 2003 2008 2009

Infectious Disease Mortality Rates, Thailand

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 financial risk
protection (16), and the introduction of routine childhood
vaccination through EPI, which was officially 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). 1t 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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diphtheria, tetanus, and pertussis vaccine; OPV, oral polio vaccine;
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short course.

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 reflect the misclassification 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 classified 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
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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 significantly 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 fluc-
tuations in the mortality rate over the study period should
be considered. The first 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-specific 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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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 influenza 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 certification 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 flaccid
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 defined causes of death
(11,35). Furthermore, during the 1960s and 1970s, only
~60% of deaths were registered. That percentage increased
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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-
fied to determine the cause of death. All of these factors
may have influenced the study findings.

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 certificates 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 specific cause of death by age group. Our estimate
of the extent of infectious disease is conservative, focusing
exclusively on deaths. This focus reflects 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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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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HIV Infection and Geographically
Bound Transmission of Drug-
Resistant Tuberculosis, Argentina
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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).
Specifically, the so-called M strain caused a major MDR
TB outbreak at the Hospital Mudiz, a referral treatment
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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 findings 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 defined 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 fluoroquino-

'Additional members of the National TB Laboratory Network who
contributed data are listed at the end of this article.
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lone and any second-line injectable anti-TB drug. A patient
with newly diagnosed MDR or XDR TB was defined as a
patient with disease first confirmed by drug susceptibility
testing (DST) during the study period, regardless of pre-
vious treatment history. A hotspot was defined 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, Administracion 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 first-line drugs (isoniazid, ri-
fampin, streptomycin, ethambutol, and pyrazinamide) was
performed in 19 TB network laboratories under regular
proficiency testing, according to World Health Organiza-
tion standards (8). The supranational reference laboratory
at Instituto Nacional de Enfermedades Infecciosas ANLIS
conducted external quality control, confirmed multidrug re-
sistance, and tested susceptibility to second-line drugs (ka-
namycin, amikacin, capreomycin, and ofloxacin), accord-
ing to World Health Organization recommendations (9).

Genotyping

All available isolates underwent standard IS6110 DNA
RFLP fingerprinting and spoligotyping (10,11). Patterns
were compared by using BioNumerics 5.1 software (Ap-
plied Maths, St-Martens-Latem, Belgium), using the Dice
coefficient with 1% tolerance and the unweighted pair-
group method with arithmetic averages (12). The RFLP
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pattern of the reference strain M. tuberculosis Mt14323
was used for gel normalization.

For RFLP patterns with >6 bands, a cluster was defined
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 defined 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 defined 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-
fied 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, 1645,
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 fit, Hosmer & Lemeshow test, and
receiver operating characteristic area under the curve. We
considered a model to be adequate when values were: over-
all model fit p<0.2, Hosmer & Lemeshow test p>0.5, and
area under the curve >0.70. We used the * 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%), LAMS5 (6.6%), LAMY (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%) fitted 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 significantly
dependent on being 15—44 years of age, born in Argentina,
and HIV-infected. Being in a major cluster was significant-
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 profiles 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
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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.

(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 confined 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 significantly 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 significantly 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).

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

No. patients

Genotype 2003 2004 2005 2006 2007 2008 2009 Total no. (%) patients
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.

1804

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



MDR TB and XDR TB, Argentina

Table 2. Predictors for being in cluster and in major cluster for 787 patients with multidrug-resistant TB, Argentina, 2003—2009*

No. % Patients Unadjusted OR Adjusted OR % Patients in  Unadjusted OR  Adjusted OR
Characteristic patients in cluster (95% CI) (95% CI)T  major clustert (95% CI) (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 21(1.4-3.2) 25(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 21(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 698 741 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.
tCluster model overall model fit p < 0.0001, Hosmer & Lemeshow test p = 0.5888, area under the receiver operating characteristic curve 0.723.

FCluster 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.

JArea where a multidrug-resistant outbreak was previously documented.

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 first 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.

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

2003-2009
Total no. Risk factor, no. (%) case-patients
Cluster case- Previously Other hospital Household
(SIT)* Area patients  treated for TB HIV positive HCWs exposuret Prison exposure  Unknown
M H2 (2) Buenos 228 78 (34.2) 116 (50.9) 21 (9.2) 38 (16.7) 23(10.1) 29(12.7) 19 (8.3)
Aries
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 Buenos 38 11 (28.9) 22 (57.9) 0(0.0) 1(2.6) 0(0.0) 131 (34.2) 6(15.8)
(159) Aries,
Rosario
Pr LAM9 (42) Buenos 26 10 (38.5) 10 (38.5) 0(0.0) 2(7.7) 15 (57.7) 5(19.2) 2(7.7)
Aries
At T1 (53) Atlantic 21 9 (42.9) 7 (33.3) 1(4.8) 3(14.3) 2(9.5) 7 (33.3) 2(9.5)
Coast
Ob LAMS5 (725) Buenos 18 7 (38.9) 4(22.2) 0(0.0) 2(11.1) 3(16.7) 5(27.8) 2(11.1)
Aries
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.

1Previous hospitalization(s) or concomitant condition.

1Ten of these case-patients shared a single residence with transvestite sex workers.
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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*

No. (%) isolates with additional resistance to

Cluster Total no. isolates 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.

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 fluctuations,
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 fluctuations in the numbers of total MDR/XDR TB
cases during the study period paralleled closely annual
fluctuations 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

IS6110 RFLP Spoligotyping  Strain  SIT Lineage
! [l |||||||'|'||'||!Illll||l [llf 14323 47 H1
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ﬂwlm Pr 42 LAM9
At 53 T1 Ghana
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m Iﬁl NWW Os 93 LAM5

Figure 2. 1S6110 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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transmission or had a household or a prison contact with
persons who had MDR TB. These findings 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-
fined to the metropolitan area of Buenos Aires (National TB
Laboratory Network, unpub. data). Since then, the M strain
has been the most frequently identified 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, fluctuating 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 confirmed
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 identified 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 1S6110 RFLP pattern of the M strain
was absent outside Argentina in the Ibero-American MDR

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

MDR TB and XDR TB, Argentina

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

Different M. tuberculosis genotypes may have affin-
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 confined 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 fitness of this strain, but it has prevailed for 15
years. The epidemiologic fitness of a strain can be influ-
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 fitness, as well as social and behavioral factors, might

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*

% Patients in

Characteristic No. patients M cluster Unadjusted OR (95% CI) Adjusted OR (95% CI)t
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 27 741 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 exposuref
Yes 86 721 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.

TOverall model fit p < 0.0001. Hosmer & Lemeshow test p = 0.899, area under the receiver operating characteristic curve 0.854.

FPrevious hospitalization(s), concomitant condition, or health care worker.
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Figure 4. Numbers of HIV-positive patients with multidrug-resistant
tuberculosis (MDR TB), classified by genotype cluster, and total
number of newly diagnosed MDR TB patients per year with
identified genotype, Argentina, 2003-2009.

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 profiles were not uniform within the
M strain clusters. The variations in susceptibility to indi-
vidual drugs reflect the existence of various ongoing chains
of transmission, some of which might have started before,
or simultaneously with, the first 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 insufficient 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 significant 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 significances 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
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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., inefficient detection of risk factors, insufficient 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, specific interventions are
being reinforced, particularly in the MDR TB hotspots: im-
plementing universal culture and strategies to expedite drug

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

No. % In % In major

Characteristic patients  cluster cluster
Sex

M 29 79.3 58.6

F 24 75.0 58.3
Age group, y

15-29 16 81.3 50.0

3044 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)t 11 81.8 63.6

Unknown (South America)t 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 38 711 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.
tFrom a country in South America other than Argentina
FFrom an unknown country in South America.
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Table 7. Number of patients with extensively drug-resistant tuberculosis of different genotypes, by year, Argentina, 2003-2009

No. patients in year

Genotype 2003 2004 2005 2006 2007 2008 2009 Total no. (%) patients
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

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.
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Risk for Travel-associated
Legionnaires’ Disease, Europe, 2009

Julien Beauté, Phillip Zucs, and Birgitta de Jong

Legionnaires’ disease is underreported in Europe; noti-
fication 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 Office 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 findings 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 notification 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
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the timely detection of clusters and the identification 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 notified 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 confirmed 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 notification rates differ sub-
stantially across countries and that causes of undernotifica-
tion are likely to vary (6). Because notification rates tend
to reflect the quality of national surveillance rather than
the local risk for Legionnaires’ disease, it is difficult 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 Definitions

In travel medicine, the use of surveillance data is a valid
method for calculating absolute risk estimates in travelers
(14). Notification of Legionnaires’ disease cases is man-
datory in all 27 EU Member States (notification 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 definition 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

1812

was not taken into account in the analysis. Tourism de-
nominator data for 2009 were obtained from the Statisti-
cal Office 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 defined 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% Cls 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. Notification 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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Table 1. Cases of travel-associated Legionnaires’ disease by country of residence and destination country, Europe, 2009*

Reported no. cases by destination country

Country of residence 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.

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 x 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.

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

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 figures,
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,

@ ~N @ o

wm

Report rate/million travelers
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Figure 1. Notification 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.

1813



RESEARCH

Table 2. Cases of travel-associated Legionnaires’ disease and risk per million nights in European domestic and nondomestic travelers,

Europe, 2009*

No. (% cases in

No. nights spent by travelers, millions

TALD risk in cases/million nights

Destination domestic travelers) (% by domestic travelers) 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.

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 x 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 reflect 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 reflect, 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 reflects 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-

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*t

Risk for travelers to destination

Total no. cases

Destination (cases/million nights) Incidence ratio (95% CI) 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.
t1n the United Kingdom, reporting of Legionnaires’ disease became mandatory in 2010.
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Figure 2. Risk for travel-associated Legionnaires’
disease in residents of Denmark, France, the
Netherlands, and the United Kingdom who traveled
to countries in Europe. Risk is displayed in countries
where travelers spent at least 5 million nights
in commercial accommodations during 2009,
European Union/European Economic Area (in cases
per million nights).

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 confirm 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 undernotification (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
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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-identified.
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 confirm these results over
time. Larger datasets could allow adjustment for age, sea-
sons, and accommodation types. In large countries, region-
al stratification 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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Litchi—associated Acute
Encephalitis in Children,
Northern Vietnam, 2004-2009
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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% ClI
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 confirmed 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.

cute 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-
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stranded flavivirus 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 identified 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 specific
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 intensification 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 unidentified
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 first 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. Confirmation 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

—— Rivars

Districts a 5 10 20
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mainly rural area covers 3,827 km? 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 fluid (CSF) analyses, and
cranial computed tomography scans, were available for
88 AME patients hospitalized during 20062009 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 % and t
tests.

To determine the nature of the host response to AME,
Multiple Analyte Profiling (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 1001IS technology (Miliplex MAP kits; Milipore,
Billerica, MA, USA). The analyzed group comprised
samples from 5 patients who survived, 5 who died of the

Figure 1. Location and map of Bac
Giang province in Vietnam. A color
version of this figure is available
online (wwwnc.cdc.gov/ElD/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 20062008 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 offices 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 Office 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
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Province for 2004-2009. A 2-level (year and commune)
binomial negative regression model with fixed-effect
coefficients 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.cde.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 final 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 defined 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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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 =288
<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,t 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,t 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, x 10° cells/L, n = 85 NA 17.5 (10.7-22.0)
Lymphocytes, %, n =72 NA 19 (13-29)
Platelets, x 10%/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, x 10° 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 H,0, 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.

TObserved by parents before admission or measured at admission (>38°C).

1Either meningitis signs, stiff neck, Kernig’s sign, meningitis rash.

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
significantly 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,
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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/mm?® [reference <5
cells/mm?]), 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 Profiling are shown
for selected analytes in the online Technical Appendix
Figure (wwwnc.cde.gov/EID/pdfs/11-1761-Techapp.pdf).
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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.

interferon-a, 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 final 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:
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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 significantly
(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 insufficient protection against
mosquito bites. Several species of bats were identified
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 identified
in Bac Giang Province: Anopheles vagus, Armigeres
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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
km?). A color version of this figure is available online (wwwnc.cdc.
gov/EID/ article/18/11/11-1761-F3.htm).

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 fields
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 flies, 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
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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 first
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 inflammatory process.

The protective effects of poultry density and mean
relative humidity during January—April (pre—epidemic
period) are more difficult 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 flowering, 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

Table 3. Multivariate analysis of Ac Mong encephalitis, Bac
Giang Province, Vietnam, 2004—2009

Variable/category IRR* (95% Cl)  p valuet
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./km?
<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.
tIndicates global p value.
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humidity) in the final model suggests that both factors are
independently correlated with the spatiotemporal patterns
of the disease. Definitive identification 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 nonspecific case definition 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 intensified, 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 identified
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 difficulties, 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
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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 finding 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
specific 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 fields 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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Community Outbreak of
Adenovirus, Taiwan, 2011
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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 specific human
diseases, e.g., infantile diarrhea (HAdV 40, 41), epidemic
keratoconjunctivitis (HAdV 8, 19, 37, 54), and hemorrhagic
cystitis (HAAV 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
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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 influenza 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 influenza-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 identification,
sequencing, and typing. For this study, we reviewed
virologic surveillance data from week 1 of 2008 through

'"These authors contributed equally to this article.
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week 43 of 2011 (January 1, 2008—October 30, 2011). The
weekly adenovirus-positive rate is defined 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 defined as the baseline adenovirus-
positive rate + 2 SD. The start and end of the epidemic were
defined 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 identified
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 classified as having
severe infection; all other patients were classified as having
nonsevere infection.

Virus Culture, Identification, 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 quantification 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 fibroblasts, Hep-2,
RD, MK-2, and MDCK cells. If a cytopathic effect was
observed, the presence of adenovirus was further confirmed
by direct immunofluorescence staining with a virus-specific
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 fiber genes were amplified 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
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phylogenetic analyses, we included the full-length
sequences of the hexon and fiber 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 y? or Fisher exact
test for categorical variables and the Mann-Whitney U test
for continuous variables. A p value <0.05 was considered
significant. 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 significantly, to 10%
(p<0.001). The proportion of HAdAV-3 also increased,
from 30% to 74%, while the proportions of all other types
decreased significantly (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

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



Adenovirus, Taiwan, 2011

14 . . r
No. patients admitted %
12 Weekly isolation rate - 30 §
T | e Epidemic threshold 3
g r% g
E
S 8 - 20 @
w
2 <]
c 6 - 15 &
5] =
= =]
T 4 “A - 10 3
; / 3
2 2 -5 &
0 =S
13 5 7 911131517 1921232527 2931 333537 3941434547 4951 ‘1 35 7 911131517 1921232527 29313335 37 3941434547 4951

2010

2011

Week and year

Figure 1. Weekly adenovirus-positive rates for respiratory specimens from patients with influenza-like iliness 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 influenza-like iliness for respiratory virus surveillance in the corresponding week.

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 identified 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
identified 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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70  @HAdV-2 OHAdV-5 O Others

3 80 _ %
5 7 '
E 40 % %
s 30 g %
b v

2008 2009 2010 201
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
figure is available online (wwnc.cdc.gov/ElD/article/18/11/12-0629.
htm).
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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*

Severe infection, Nonsevere infection,

Characteristic All n=231 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
Cardiopulmonaryt 31 (15) 12 (39) 19 (1) <0.001
Neurologict 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.
tCongenital heart diseases (12), asthma (11), chronic lung disease (4), tracheobronchial stenosis (2), and laryngo-tracheo-bronchomalacia (2).

tCerebral palsy, epilepsy, and psychomotor retardation.
§Acute myeloid leukemia and Burkitt's leukemia.

{lPompe disease, metachromatic leukodystrophy, glycogen storage disease, isovaleric acidemia, short-chain acyl-coA dehydrogenase deficiency, renal

tubular acidosis, and mitochondrial disease.
#Hypogammaglobulinemia.

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 x 10? cells/uL; 58% vs. 6%; p<0.001)
and thrombocytopenia (platelet count <150 x 10%/uL;
77% vs. 11%; p<0.001). Lactate dehydrogenase level

was elevated in all patients, but the level was significantly
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 significantly
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 x 107
(range 1.60 x 10°-3.00 x 10°) for throat swabs, 5.30 x 10®
(range 3.10 x 10°-9.90 x 10") for sputum, and 7.95 x 10®
(range 4.80 x 107-2.40 x 10') for pleural effusion. Viral
load did not differ between patients with severe versus
nonsevere infection.

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*

Severe infection, Nonsevere infection,

Signs and symptoms All n=31 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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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, x 10%/uL (range), n = 201 237 106 (11-340) 251(14-555) <0.001
Thrombocytopenia, no. (%) patientst 43 (21) 24 (77) 19 (11) <0.001
Leukocytes, x 10° cells/uL (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 >2x 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 >2x 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.
tPlatelet count <150,000/pL.
fLeukocyte count <5,000 cells/uL.
§Serum sodium <135 mmol/L.

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.
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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
19992001, 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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Figure 3. Phylogenetic analysis of hexon (A) and fiber (B) genes of
human adenovirus (HAdV) type 7 isolates. Coding sequences of
hexon and fiber 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.

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 fitness than that
of other circulating strains (18). During the 1999 outbreak
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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 HAAV-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 fiber 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 conflicting
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 significantly 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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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 first infection with HAdV (28); our
laboratory data revealed that adenovirus-infected patients
had more profound systemic involvement than was
reflected 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 efficacy 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 confirmed 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.
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Antigenic Diversity of Enteroviruses
Associated with Nonpolio Acute

Flaccid Paralysis,

India, 2007-2009

C. Durga Rao, Prasanna Yergolkar,!* and K. Subbanna Shankarappa®?

Because of the broadened acute flacid paralysis (AFP)
definition 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 identified 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 identified. Association of human enterovirus with
NP-AFP requires better assessment and understanding of
health risks of NPEV infections after polio elimination.

Acute flaccid paralysis (AFP) is defined as sudden onset
of weakness and floppiness 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 influenced by
environmental and geographic factors. To cast a wider net
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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 definition of AFP
in India. The expanded case definition 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 Office and WHO.
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2Current affiliation: University of Horticultural Sciences, Bagalkot,
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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 reflects
the excellent implementation of the expanded definition
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 reflects
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 (CBYV), 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) amplification, 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
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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
first-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 identified 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

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



Institutional Biosafety and Ethical committees for carrying
out the work.

Laboratory Analyses

Total RNA was extracted from 200 pL of NPEV-
positive RD cell culture supernatants or clarified
chloroform extracted fecal samples by using RNeasy
mini kit (QIAGEN, Hilden, Germany). RNA was eluted
in 100 uL of RNase-free water and stored at —80°C. EV
species—specific 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—specific primers; set 2 contained primers specific
for EV-A, EV71, and EV-D and sets 3 and 4 consisted of
primers specific for Aichi virus/kobuvirus and klasseviruses
and for cardioviruses and human cosaviruses, respectively.
VP1 region was amplified 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
first 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 M 13 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 identified by comparing VPI
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 MEGAS (13) as described in

Enterovirus and Nonpolio AFP, India

the legends to the figures. 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 VPl1-specific PCR fragments corresponding to
EV-A, EV-B, or EV-C species. Sequencing of VP1 from
154 second specimens confirmed the serotype specificity
of the isolate determined from the first sample (Tables 1
and 2 in online Technical Appendix). Whereas the species-
specific primers yielded a PCR product of =1,200 bp,
the EV71-specific primers F1 and R1 yielded an 850-bp
fragment. VP1 region from 291 (35.4%) samples could not
be amplified 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,

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*

No. samples used for RNA

No. (%) RT-PCR-positive

Total no. AFP samples extraction Total no. (%) RD- patients/RD-positive or

State/RD cell status (second samples) 2007 2008 2009 positive patients -negative patients
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)t

Healthy children NA 240 250 290 20/780 (2.56)t 18/20 (90.0)t
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.
1Not 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
CBVS5 (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, El, 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 CBVS5, 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
1x or 2x 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
CAVS.

Of the 532 NPEV-positive cases, 41 (7.7%) were
identified 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, CBVS5, E6,
EV69, and EV71 accounted for 12.2%, 12.2%, 14.6%,

- e el i sl

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
Tounderstand 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 N975¢c), E (N493), and F
(N390), were identified (Figure 3, panel A). Isolate N975¢
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

AL S

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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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 MEGAS (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.

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 identified 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) identified 6—12
serotypes, those in Romania and the People’s Republic
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of China observed 20 and 40, respectively (32,33). The
serotypes that were prevalent varied in each of these
studies. In contrast, we identified 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

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 MEGAS5 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 significance 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 identified. 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 findings 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 significance 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-Pacific 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 significance 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
NPEYV infections after poliomyelitis elimination in India.
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Livestock Density as Risk Factor for
Livestock-associated Methicillin-
Resistant Staphylococcus aureus,
the Netherlands

Beth J. Feingold, Ellen K. Silbergeld, Frank C. Curriero, Brigite A.G.L. van Cleef, Max E.O.C. Heck,
and Jan A.J.W. Kluytmans

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% CIl 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 unaffili-
ated with livestock farming.

taphylococcus 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-
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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-field gel elec-
trophoresis (8). It was first 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-
fied 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 field 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 find 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
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and the Environment (www.rivm.nl/mrsa). Case-patients
were LA-MRSA index patients, that is, the first 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 sufficient 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 sufficient, 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, defined respectively as the expected numbers of case-
patients and controls per km? 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 km? compared with those for T-MRSA
per km? 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 fit of the models using
Akaike information criteria and the Hosmer-Lemeshow
goodness-of-fit 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

Livestock-associated MRSA, the Netherlands

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 B of the density coefficient
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 identified specific
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 significantly greater than the esti-
mated risk outside of the window. Statistical significance is
based on the null hypothesis of Poisson constant risk (28).
We created maps showing the identified 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.

Table 1. Characteristics of population in study of LA-MRSA carriage, the Netherlands, 2003—2005*

MRSA status, no. (%) persons

Total no. (%)

Characteristic LA-MRSA T-MRSA persons p valuet
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) 6 (18.39)
Quartile 2, 0.005-0.651 5(18.52) 15 (25.00) 0 (22.99)
Quartile 3, 0.652-3.268 6 (22.22) 12 (20.00) 8 (20.69)
Quartile 4, 3.269-45.477 16 (59.26) 17 (28.33) 3(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.
TFisher 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 insufficient (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%).

@ Livestock-associated MRSA cases " B
@ Typesble MRSA conlrals ' ;

~e
&
= X i oW

0.260-2.027
B 20255649
B 3.550-0.175
W o TE-5T

Fig dansityha
(quartiles)
0.000-0.004
O 0.005-0.651
B 0.655-3.268

B 525045477
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Specific 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 significant 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

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.

Cow derisitya
(quarties)
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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 figure is available online (wwwnc.cdc.gov/ElD/article/18/11/11-1850-F2.htm).

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 <0.000).
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 significantly (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 significant 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 significant 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

Table 2. Risk factors for LA-MRSA in comparison with those for T-MRSA, the Netherlands, 2003—-2005*

Univariate models AIC
Variable 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.
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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%Cl) 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.

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
significant (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 | 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-fit tests indicate
that all models fit the data sufficiently 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-

Table 4. Results of multivariate logistic regression for LA-MRSA carriage compared with those for T-MRSA carriage, the Netherlands,

2003-2005*
Model 1: Model 2: Model 3: Model 4: model 1
individual level model 1 + pig density model 1 + cow density + veal calf density
Variable OR (95% Cl)  p value OR (95% Cl) p value OR (95% Cl)  pvalue OR (95% Cl)  p value
Individual level
Contact with pigs 8.63 0.030 6.41 0.086 6.84 0.069 9.41 0.030
(1.23-60.40) (0.77-53.35) (0.86-54.49) (1.24-71.26)
Contact with cows 7.37 0.125 8.39 0.127 5.10 0.212 6.18 0.146
(0.57-94.68) (0.55-129.18) (0.39-65.87) (0.53-71.83)
Rural 5.63 0.048 4.14 0.135 5.55 0.066 4.94 0.085
(1.02-31.17) (0.64—-26.65) (0.89-34.56) (0.802-30.41)
Probable source of MRSA
Foreign vs. 11.61 0.046 8.53 0.088 8.71 0.086 14.36 0.045
health care (1.04-129.63) (0.72-100.45) (0.74-102.73) (1.06—-193.53)
Unknown vs. 9.56 0.009 11.47 0.006 14.03 0.005 13.31 0.007
health care (1.76-51.93) (2.01-65.64) (2.25-87.47) (2.02-87.75)
Other vs. health 4.30 0.164 4.12 0.032 2.91 0.319 4.11 0.184
care (0.55-33.56) (0.54-31.32) (0.36-23.77) (0.51-33.00)
Municipality level
Log (pig density) 1.37 <0.041
(1.01-1.87)
Log (cow density) 2.28 0.016
(1.17-4.45)
Log (veal calf 1.37 0.009
density) (1.08-1.72)
Regression diagnostics
AIC 84.76 79.98 79.14 77.90
Hosmer- 2.52 0.6407 5.48 0.7050 7.52 <0.4817 6.09 <0.6374
Lemeshowt
Likelihood ratio NA 0.0092 <0.0058 <0.0029
test

*MRSA, methicillin-resistant Staphylococcus aureus; LA-MRSA, livestock-associated MRSA; T-MRSA, typeable MRSA; OR, odds ratio; AIC, Akaike

information criteria; NA, not applicable.
tHosmer-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 significant 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 identification 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 findings 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
finding 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

-— B

A Cluster of LA-MRSA cases
[IRR 5.2, p<0.014
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Livestock-associated MRSA, the Netherlands

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 identified by univariate analysis by van
Loo and colleagues (8) dropped out as being less significant
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 significant 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 final limitation is the possibility of recall bias in the
participants’ reports of exposures to livestock, leading to
a misclassification 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 identified 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 significant cluster in the
cluster detection analysis can be used to target interven-
tions in the Netherlands. Future work should investigate
more recent cases, specifically those without direct links to
livestock farming.

We confirm 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 findings 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
findings 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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Sources of Dengue Viruses
Imported into Queensland,
Australia, 2002-2010

David Warrilow, Judith A. Northill, and Alyssa T. Pyke

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,
Pacific Island countries, and non—Asia-Pacific countries. By
using phylogenetic methods, we assigned DENV isolates
from returning residents and overseas visitors with viremia
to a specific 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 Pacific Island countries during
2007-2009, and subsequently, in Innisfail, Australia, in
2009. Our findings indicate that Asia is a major source of
DENVs that are imported into Australia, causing a risk for
epidemics.

ueensland, a state located in the tropical and

subtropical northeastern arca 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
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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 identification 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
profile 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
amplification by reverse transcription PCR (RT-PCR).
The advantage of the latter is that sequencing of reaction
products enables a definitive diagnosis of acute infection,
identification of the virus serotype, and genotyping.
As an adjunct to isolation techniques, sequencing and
genotyping can provide valuable evidence of importation
or can confirm local transmission and enable differentiation
between multiple circulating strains and serotypes.

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



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 find it difficult 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 Scientific
Services, following the directive of Queensland Public
Health medical officers, 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
specific 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
Scientific Services.

Viral RNA Extraction and Nucleotide Sequencing

RNA was extracted from 200 pL 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.
Amplification was performed for each DENV serotype by
using the Superscript I1I/Platinum Taq High Fidelity One-
Step RT-PCR System (Invitrogen, Carlsbad, CA, USA)
with specific RT-PCR primers (Table 1, Appendix, wwwnc.
cdc.gov/ElD/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,
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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
MEGAS5 (www.megasoftware.net). Unrooted trees were
then constructed by using a maximum likelihood estimation
with a Jukes-Cantor model and y-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 fit revealed a significant increase with
time (r> = 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 reflects
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 amplification 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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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-
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Guinea (PNG), the Pacific Islands, and countries outside of
the Asia-Pacific region (non—Asia-Pacific).

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

1852

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 Pacific Islands, and
non—Asia-Pacific regions. In addition to Asia, DENV-
2 was found to originate in PNG; DENV-3 originated in
PNG and a non—Asia-Pacific area (Brazil); and DENV-4
originated in the Pacific 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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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 (1)
Philippines 10 (7.1) 1 (IV), 2 (Cosmopolitan), 3 (1), 4 (1)
India 9(6.4) 1 (V), 2 (Cosmopolitan)
Timor-Leste 9(6.4) 1 (IV), 2 (Cosmopolitan), 4 (I1)
Vietnam 7 (5.0) 1 (1), 2 (Asian genotype 1), 3 (ll)
Malaysia 5(3.6) 1(1,1V), 4 (Il
Laos 2(1.4) 1 (I), 2 (Asian genotype 1)
Cambodia 2(1.4) 1(1), 3 (I
Singapore 1(0.7) 1)
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(1V), 4 (1)
Samoa 2(1.4) 4 (I
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

returning residents (Table 4) reported that they had most
frequently returned from Asia (77.0%), followed by PNG
(13.3%), then the Pacific Islands (8.1%), and least often
from non—Asia-Pacific areas (1.5%). The overall ratio was
significantly different from that expected on the bases of
the proportion of all Queensland residents who reported
A O Df
o D2
m D3
m D4

returning from dengue-endemic countries of those 4
regions, as calculated by using data from the Australian
Bureau of Statistics for 2002-2010 (y* 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

a

D1 B Pacific Islands D2
B Non-Asia-Pacific

D3 D4

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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arecent 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 Pacific Islands was
lower than expected. Because only 2 cases originated in the
non—Asia-Pacific region, it was subsequently difficult 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 classified 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
Pacific Islands, displacing DENV-1 in the process (20,21).
Our genotypic analysis confirms classification of the Pacific
Island DENV-4 in genoptypic group II, as recently reported
(21). This was the first time this genotypic group had been
reported in the Pacific 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, IN575592), was detected before the
Pacific outbreak in 2005. A maximum likelihood test of the
phylogenetic tree determined that a molecular clock was
applicable (H not rejected; p = 0.06). Using a previously
published substitution rate for dengue 4 of 1 x 1073
substitutions/site/year (22), we calculated that divergence
from a common ancestor occurred in ~2002 with an error
of + 2 years. Thus, the Pacific Island outbreak strain (Figure
6, Pacific Island clade) is geographically and temporally
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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.

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, IN575583). These
data support suggestions the Pacific Island outbreak strain
originated in Indonesia and made its way to the Torres

Table 4. Observed and expected numbers of imported DENVs by region, Queensland, Australia, 2002-2010*

No. (%) from

No. (%) from

No. (%) from No. (%) from

Imported DENVs Asiat Papua New Guinea Pacific Islands non—Asia-Pacific region
Observed 104 (77.0) 18 (13.3) 11 (8.1) 2(1.5)
Expectedf 92 (68.2) 11(7.9) 28 (20.8) 4(3.2)

*+ is 18 (p<0.0004; 2-tailed test). DENVs, dengue viruses.

tAsia 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.

IBased 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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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.

Strait (Australia) in 2005, probably through PNG, and
into the Pacific in 2007 where it is currently circulating.
A virus most closely related to the Pacific 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
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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 identified 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 Pacific region and, subsequently,
a secondary source of importation into Australia as can
be seen from the outbreak of the Pacific Island DENV-4
genotypic group II in Innisfail in 2009. If suggestions that
the Pacific 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 Pacific by
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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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Figure 6. Phylogenetic tree showing the relationship of dengue
viruses, serotype 4, 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.

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 Pacific 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 findings 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 intensified.
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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 identified Asia as the greatest source of
DENYV 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 specific
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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