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transmission after natural disasters is 
low but real and that it is not directly 
related to the disasters and dead bod-
ies, but primarily associated with the 
characteristics of the displaced popu-
lation within the local disease ecology. 
This belief supports the need for rapid 
but accurate assessment of health 
status, risk, and needs, the results of 
which greatly infl uence the nature of 
relief activities (4). Key functions of 
relief teams are communicable dis-
eases surveillance, early warning, and 
rapid response to epidemic-prone situ-
ations or outbreaks.

As an example, on October 26, 
2005, after an earthquake in Pakistan, 
the World Health Organization asked 
the French military epidemiologic as-
sessment team (1 epidemiologist and 
1 veterinarian) to perform a sanitary 
assessment after cases of acute bloody 
diarrhea were reported in the camp 
of Tariqabad (estimated population 
≈2,000), near Muzaffarabad. The as-
sessment highlighted a lack of safe 
water and sanitation facilities, low 
routine immunization coverage, and 
disruption of healthcare services. 

To prevent further diarrhea, we 
recommended improving the over-
all water and sanitation conditions. A 
medical team from a French nongov-
ernment organization was also provid-
ed to help the 1 physician at the camp. 
Concurrently, we recommended a 
vaccination campaign as preventive 
strategy against diseases likely to oc-
cur in such conditions: tetanus, diph-
theria, and measles. These measures 
were quickly implemented to reduce 
the overall risk, and no further unusu-
al increases in disease incidence were 
noted during the following weeks. As 
in another outbreak documented in a 
camp in the Muzaffarabad area (5), 
rapid detection, response, and imple-
mentation of control measures are 
critical for minimizing the illness and 
death associated with outbreaks in 
these high-risk populations.
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Recombinant 
Sapovirus 

Gastroenteritis, 
Japan 

To the Editor: Sapovirus and 
norovirus are causative agents of gas-
troenteritis in children and adults. No-
rovirus is the most important cause of 
outbreaks of gastroenteritis, whereas 
only a few outbreaks of sapovirus 
have been reported (1,2). On the basis 
of complete capsid gene sequences, 
sapovirus can be divided into 5 geno-
groups, among which GI, GII, GIV, 
and GV infect humans, whereas sapo-
virus GIII infects porcine species.

We report 2 outbreaks of gastro-
enteritis in Hokkaido, Japan. The fi rst 
outbreak (A) occurred at a college 
from May 29 to June 2, 2000. A total 
of 12 persons (11 students and 1 teach-
er) reported symptoms of gastroenteri-
tis (nausea, vomiting, stomachache, 
diarrhea, and fever); 11 stool speci-
mens were collected from days 1 to 
7 after onset of illness (Table). These 
specimens were negative for norovirus 
(data not shown), but 5 were positive 
for sapoviruslike viruses by electron 
microscopy (Table). 

The 11 specimens were then ex-
amined for sapovirus by using nested 
reverse transcription–PCR (RT-PCR) 
as described (3). A total of 9 (82%) 
of 11 specimens were positive for 
sapovirus. Sequence analysis showed 
that these 9 viruses had 100% nucleo-
tide identity and likely represented 
the same sapovirus strain (termed 
Yak2 strain, GenBank accession no. 
AB046353). To determine the number 
of cDNA copies per gram of stool, we 
performed real-time RT-PCR as de-
scribed (4). The number of sapovirus 
cDNA copies ranged from 5.36 × 105 
to 7.47 × 109/g stool (median 5.49 × 
109 copies/g stool) (Table). 

The second outbreak (B) occurred 
at a kindergarten from February 1 to 
22, 2005. A total of 23 persons (15 
children and 8 adults) reported symp-
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toms of gastroenteritis (nausea, vomit-
ing, stomachache, diarrhea, and fever); 
7 stool specimens were collected (Ta-
ble). These specimens were negative 
for norovirus (data not shown), but all 
were positive for sapovirus by nested 
RT-PCR. The 7 sequences from this 
outbreak had 100% nucleotide iden-
tity and likely represented the same 
sapovirus strain (termed Nay1 strain, 
GenBank accession no. EF213768). 
The number of sapovirus cDNA cop-
ies ranged from 1.14 × 109 to 5.41 × 
1010/g stool (median 2.50 × 1010 cop-
ies/g stool) (Table).

One positive sapovirus specimen 
from each outbreak was subjected to 
further sequence analysis in which 
a single overlapping PCR fragment 
covering the partial polymerase gene 
and capsid gene was amplifi ed. The 
Yak2 and Nay1 sequences shared 
≈71% nucleotide identity for this frag-
ment and likely represented different 
sapovirus strains. The Yak2 sequence 
closely matched sapovirus GIV 
Ehime1107 and SW278 sequences 
(GenBank accession nos. DQ058829 
and AY237420, respectively) and had 
98% and 97% nucleotide identity for 

the entire fragment, respectively (5). 
The Nay1 sequence closely matched 
the sapovirus GII C12 sequence 
(AY603425) and had 91% nucleotide 
identity for the entire fragment.

The Nay1 sequence closely 
matched the C12 sequence, which was 
detected in Osaka, Japan, in 2001 (6), 
whereas the Yak2 sequence closely 
matched the Ehime1107 sequence, 
which was detected in Matsuyama, 
Japan, in 2002 (5), and the SW278 se-
quence, which was detected in Sweden 
in 2003 (1). We recently described the 
C12 strain as intragenogroup recombi-
nant sapovirus strain (6), whereas the 
Ehime1107 and SW278 strains were 
described as intergenogroup recombi-
nant sapovirus strains (5). Our results 
indicate that recombination sites in in-
tragenogroup and intergenogroup re-
combinant sapovirus strains were at the 
polymerase and capsid junction (5,6). 
Sapovirus Sydney53 (DQ104360) and 
Sydney3 strains (DQ104357), which 
were detected in Australia from Au-
gust 2001 to August 2004 (7), closely 
matched C12 and Ehime1107/SW278 
sequences, respectively. These results 
showed that recombinant sapovirus 

strains are stable in the environment 
and may be globally distributed. Our 
fi ndings also suggest a changing dis-
tribution of sapovirus-associated 
gastroenteritis in Hokkaido because 
different sapovirus GI strains were 
predominant in outbreaks of gastroen-
teritis in Hokkaido (8,9).

In a recent study, the number of 
norovirus cDNA copies per gram of 
stool specimen was analyzed and a 
discrepancy was found between the 
different norovirus genogroups (10). 
Chan et al. found that noroviruses GI 
and GII showed medians of 8.4 × 105 
and 3.0 × 108 copies/g of stool speci-
men, respectively, and speculated that 
increased viral loads were caused by 
higher transmissibility of norovirus 
GII strains (10). Our results showed 
that sapovirus GII Nay1 and GIV Yak2 
strains showed higher viral loads than 
norovirus GII strains. These results 
suggest that a high degree of shedding 
of sapovirus GII Nay1 and GIV Yak2 
strains may have caused the outbreak 
of gastroenteritis. However, to eluci-
date this suggestion, further studies are 
needed with other sapovirus strains.
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Table. Analysis of 18 stool specimens for sapovirus during 2 outbreaks of 
gastroenteritis, Japan* 
Outbreak,
specimen Date of illness onset EM

Nested
RT-PCR 

Real-time
PCR†

A
Yak1 Jun 2, 2000 – + 7.47 × 109

Yak2 May 29, 2000 – – –
Yak3 May 30, 2000 – – –
Yak4 May 31, 2000 + + 6.55 × 109

Yak5 Jun 1, 2000 – + 9.38 × 108

Yak6 Jun 1, 2000 – + 1.30 × 108

Yak7 May 29, 2000 – + 1.46 × 109

Yak8 May 29, 2000 + + 2.78 × 1010

Yak9 Jun 1, 2000 + + 3.00 × 109

Yak10 Jun 1, 2000 + + 2.05 × 109

Yak11 Jun 1, 2000 + + 5.36 × 105

B
Nay1 Feb 17, 2005 NT + 1.65 × 1010

Nay2 Feb 14, 2005 NT + 1.82 × 109

Nay3 Feb 18, 2005 NT + 1.14 × 109

Nay4 Feb 17, 2005 NT + 5.41 × 1010

Nay5 Feb 16, 2005 NT + 5.26 × 1010

Nay6 Feb 18, 2005 NT + 2.50 × 1010

Nay7 Feb 17, 2005 NT + 2.38 × 1010

*EM, electron microscopy; RT-PCR, reverse transcription–PCR; NT, not tested. 
†cDNA copies/g stool. 



LETTERS

788 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 13, No. 5, May 2007788 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 13, No. 5, May 2007

break of gastroenteritis in adults. Scand J 
Infect Dis. 2005;37:200–4.

  2.  Sakai Y, Nakata S, Honma S, Tatsumi M, 
Numata-Kinoshita K, Chiba S. Clinical 
severity of Norwalk virus and Sapporo 
virus gastroenteritis in children in Hokkai-
do, Japan. Pediatr Infect Dis J. 2001;20: 
849–53.

  3.  Okada M, Yamashita Y, Oseto M, Shino-
zaki K. The detection of human sapovirus-
es with universal and genogroup-specifi c 
primers. Arch Virol. 2006;151:2503–9.

  4.  Oka T, Katayama K, Hansman GS, 
Kageyama T, Ogawa S, Wu FT, et al. De-
tection of human sapovirus by real-time 
reverse transcription–polymerase chain 
reaction. J Med Virol. 2006;78:1347–53.

  5.  Hansman GS, Takeda N, Oka T, Oseto 
M, Hedlund KO, Katayama K. Intergeno-
group recombination in sapoviruses. 
Emerg Infect Dis. 2005;11:1916–20.

  6.  Katayama K, Miyoshi T, Uchino K, Oka 
T, Tanaka T, Takeda N, et al. Novel re-
combinant sapovirus. Emerg Infect Dis. 
2004;10:1874–6.

  7.  Hansman GS, Takeda N, Katayama K, 
Tu ET, McIver CJ, Rawlinson WD, et al. 
Genetic diversity of sapovirus in children, 
Australia. Emerg Infect Dis. 2006;12: 
141–3.

  8.  Nakata S, Kogawa K, Numata K, Ukae S, 
Adachi N, Matson DO, et al. The epidemi-
ology of human calicivirus/Sapporo/82/Ja-
pan. Arch Virol Suppl. 1996;12:263–70.

  9.  Nakata S, Honma S, Numata KK, Kogawa 
K, Ukae S, Morita Y, et al. Members of 
the family caliciviridae (Norwalk virus 
and Sapporo virus) are the most preva-
lent cause of gastroenteritis outbreaks 
among infants in Japan. J Infect Dis. 
2000;181:2029–32.

  10.  Chan MC, Sung JJ, Lam RK, Chan PK, 
Lee NL, Lai RW, et al. Fecal viral load 
and norovirus-associated gastroenteritis. 
Emerg Infect Dis. 2006;12:1278–80.

Address for correspondence: Grant S. Hansman, 
Department of Virology II, National Institute of 
Infectious Diseases, 4-7-1 Gakuen, Musashi-
murayama, Tokyo 208-0011, Japan; email: 
ghansman@nih.go.jp

Salmonella 
Typhimurium in 

Hihi, New Zealand 
To the Editor: The recent fi nding 

of a previously unrecorded Salmonella 
strain in an endangered New Zealand 
passerine (the hihi, Notiomystis cincta; 
[1]) offers the rare opportunity to ob-
serve the initial arrival and pathology 
of an epizootic and to determine its 
population-level effect. Over 8 days 
in February 2006, 6 freshly dead hihi 
were discovered in a free-living island 
population. Pathologic fi ndings were 
similar: birds were in good body con-
dition with substantial subcutaneous 
fat reserves and no gross lesions in the 
crop, indicating death from a highly 
pathogenic disease. Histopathologic 
examination showed septicemia and 
infl ammatory necrosis of organs, par-
ticularly the liver and spleen, typical 
of salmonellosis in birds (2). Micro-
biologic examination of liver samples 
isolated heavy growths of the bacte-
rium Salmonella enterica serotype Ty-
phimurium DT195. During the same 
period, 3 more dead hihi were found, 
but they were too decomposed for 
postmortem examination.

Hihi are nectar-feeders that de-
clined to near extinction after Euro-
pean colonization of New Zealand 
and survived on a single island refuge 
(Hauturu). Since 1980, 14 attempts 
have been made to reintroduce the 
species to 6 other sites, resulting in 3 
new populations that persist with man-
agement. The S. Typhimurium DT195 
outbreak occurred within a reintro-
duced population on Tiritiri Matangi 
Island. Management includes provid-
ing supplementary food (sugar water) 
diluted with local rain water; feeders 
are sterilized before each use.

Because disease in hihi is closely 
monitored, the outbreak indicates that 
S. Typhimurium DT195 is a novel se-
rotype for this species. During Decem-
ber 2005, fecal screening of 18 broods 
(37 nestlings) from Tiritiri Matangi 

Island found no evidence of enteric 
pathogens; screenings in February and 
May 2005 (40 adult and juvenile birds) 
from Tiritiri Matangi Island similarly 
returned negative results. Screening 
in all hihi populations during 2004 
also found no evidence of Salmonella 
infection (32 adults and juveniles at 
Tiritiri Matangi, 29 at Hauturu, and 
27 at Kapiti), and a 15-year pathology 
database from 230 dead hihi collected 
across these populations and a captive 
breeding facility lists no salmonellosis 
cases (J.G. Ewen and M.R. Alley, un-
pub. data).

Documentation of the emergent 
stages of infectious disease in endan-
gered species is rare (3,4). This bac-
terium strain is absent from New Zea-
land’s livestock and wildlife (www.
surv.esr.cri.nz/enteric_reference/non
human_salmonella.php). Nontyphoid 
Salmonella spp. are a major health 
concern worldwide (5), and New Zea-
land conducts intensive surveillance 
to maintain food safety. The New Zea-
land Wildlife Health Centre has not re-
ported S. Typhimurium DT195 despite 
necropsies of >3,000 wild birds during 
1996–2006, which suggests this strain 
is rare in New Zealand, despite its 
presence in other countries (6).

S. Typhimurium DT195 has been 
detected in 3 human patients in New 
Zealand (1 each in 2002, 2003, and 
2006). The S. Typhimurium DT195 
isolated from hihi in the February 
2006 outbreak were indistinguishable 
from those isolated from the human 
case-patient in 2006 (see [2] for meth-
ods). Tiritiri Matangi is an isolated is-
land nature reserve 3 km off the New 
Zealand coast, which prevents move-
ment of hihi to other areas. How this 
strain appeared in a human patient and 
as an epizootic in an isolated island 
nature reserve is intriguing. The most 
recent human case was diagnosed on 
the North Island of New Zealand, 
but the person was not living in close 
proximity to the birds. Tiritiri Matangi 
receives ≈30,000 human visitors per 
year, but whether the person with S. 


