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Two Adenovirus Serotype 3 Outbreaks Associated with Febrile
Respiratory Disease and Pharyngoconjunctival Fever in Children
under 15 Years of Age in Hangzhou, China, during 2011
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Adenovirus serotype 3 and 7 outbreaks have occurred periodically in northern, eastern, and southern China since 1955,
but there has been no report since the adenovirus serotype 7 outbreak first occurred in Hangzhou, China, in 1991. Here we
explored the epidemiology and etiology of two adenovirus serotype 3 outbreaks in Hangzhou in 2011. One acute respira-
tory outbreak was found in Chun’an County, where a total of 371 cases were confirmed in 5 of 23 towns from 4 to 31 May
2011. The outbreak affected 18.57% (13/70) of schools and 14.49% (90/621) of classes. The incidence was 5.18% (371/
7,163). The population was distributed among individuals ages 7 to 15 years. No parents or teachers were infected. Another
pharyngoconjunctival fever outbreak was discovered in the Chenjinglun Swimming Center located in the Xihu District
between 1 and 15 July 2011. A total of 134 cases were confirmed in 900 amateur swimmers, with an incidence of 14.89%
(134/900). The ages ranged from 4 to 9 years. The two outbreaks had no severe complications or death. The viruses in
66.67% (10/15) of throat swabs from children with acute respiratory infections and 100% (10/10) of the swabs from chil-
dren with pharyngoconjunctival fever were confirmed to be adenovirus serotype 3 with 100% homology by PCR. Of these
samples, 60.0% (12/20) had a classical characteristic cytopathic effect, presented as grape-like clusters at 72 h after infec-
tion in HEp-2 cells. In conclusion, the acute respiratory infection and pharyngoconjunctival fever outbreak in Hangzhou
were caused by the completely homologous type 3 adenovirus in subgenus B. Moreover, these outbreaks demonstrated
rapid transmission rates, possibly due to close contact and droplet transmission.

denoviruses (Ads) are nonenveloped, double-stranded DNA
viruses with a 35,000-bp genome belonging to the Adenoviri-
dae family, genus Mastadenovirus. The viral nucleic acids and core
proteins are enclosed in an icosahedral capsid, along with the ma-
jor capsid protein, hexons, and pentons (39). Since the first isola-
tion of adenovirus from children’s tonsils in 1953, at least 51 other
human serotypes have been identified (18). These serotypes are
divided into six subgroups (A to F) on the basis of hemagglutina-
tion features, DNA homology, and genomic organization, and
subgroup B is further divided into subgroups Bl and B2. Adeno-
viruses can cause a wide range of infections, mainly in the respi-
ratory tract, gastrointestinal tract, urinary tract and bladder, eyes,
liver, etc. (31, 32). In general, one serotype can cause different
clinical diseases or different serotypes may also cause the same
disease. There are several differences in tissue specificity between
different Ad subgroups. Serotype A is frequently used for gene
engineering, Ad subgroups B1, C, and E are known to infect the
respiratory system, subgroup B2 viruses infect the kidney, a large
number of D serotypes have been associated with epidemic kera-
toconjunctivitis and infection of the ocular system, and subgroup
F viruses cause gastroenteritis (51). Humans can develop persis-
tent, long-term immunity against a given serotype, and thus, re-
infection with the same subgroup of virus is rare; however, no
cross-reactive immunity against different viral serotypes is devel-
oped.
Several outbreaks caused by different adenovirus subgroups
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have been reported worldwide, including recent outbreaks in Ar-
gentina (Ad serotype 3 [Ad3], Ad4, Ad7), Brazil (Adl, Ad7, Ad8),
Colombia (Ad7), Taiwan (Ad3, Ad4, Ad5) (49), and the former
Soviet Union (Ad3, Ad7). Most of these cases were found in for-
eign military populations (45). In the United States, Ad14 was a
rarely reported but emerging adenoviral serotype in Oregon,
Washington, Texas, and New York in 2006 and 2007 (7). China
has also had many local adenoviral outbreaks since the first pan-
demic northeast of mainland China, which primarily infected in-
fants under 2 years of age. The epidemic regions were distributed
in the north, east, and south of China in cities such as Beijing,
Shanghai, Jiangsu, Hangzhou, Shenzhen, Guangzhou, and Shan-
tou. The predominant epidemic strains were serotypes 3 and 7 (2,
8,9, 16, 22, 28).

Here, we describe two different outbreaks caused by serotype 3
in Hangzhou City in eastern China between May and July 2011.
One was an acute respiratory infection that occurred in the
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county, and the other presented as a pharyngoconjunctival fever
that occurred in a swimming training center located in the down-
town area of the city. Although the majority of cases presented
with mild-moderate clinical symptoms of infection, these out-
breaks were characterized by a high transmissibility rate and rapid
spread. No adenovirus outbreak had been be reported since the
first Ad outbreak caused by serotype 7 in Hangzhou 20 years ago.
The origins and characteristics of these two different Ad outbreaks
were important factors that we focused on in this research study.

MATERIALS AND METHODS

Case population and exposed population. The population evaluated in
this study included two sections. The first section had a total of 505 pa-
tients ranging in age from 7 to 15 years (371 cases with acute respiratory
infections and 134 cases with pharyngoconjunctival fever) from two ade-
novirus serotype 3 outbreaks in Hangzhou, China. Cases were found by
active searches by local public health doctors and passive reports from
teachers, local clinicians, and patients. The second section had an exposed
population of 8,063, including 7,163 teaching staff and students who had
close contacts with patients or lived or studied with patients in the same
school during the 2 weeks (the longest incubation) of the febrile respira-
tory disease outbreak (4 to 31 May 2011) and 900 swimmers who took part
in training in the same swimming pool within 6 days (incubation, 3 to 6
days) after the first case report in the pharyngoconjunctival fever out-
break.

Case definition. (i) Acute respiratory infection outbreak. The clini-
cal case definition of an acute respiratory infection was a person who had
lived in the initial and nearby towns since the onset of the first case on 4
May 2011 and displayed the following symptoms: temperature of
>100.4°F or >38.0°C plus at least one other sign or symptom of respira-
tory illness, including pharyngitis, cough, expectoration, and asthma, and
pneumonia confirmed by lung X ray and computed tomography (CT)
scan.

(ii) Pharyngoconjunctival fever outbreak. From 1 July 2011, all
swimming trainees in the Chen Jinglun Sports Center with a temperature
of >100.4°F or >38.0°C plus one of the following symptoms or signs were
defined as cases. Bronchitis and pneumonia were not included in cases:
pharyngitis, rhinitis, conjunctivitis, cervical lymphadenitis, sore throat, or
swollen tonsils.

(iii) Severe illness. We defined severe illness to be a case that resulted
in the admission of the patient to an intensive care unit (ICU) or death for
serious complications, such as shock, pneumonia, encephalitis, heart,
lung, and kidney failure, and sepsis.

(iv) Noncase definition. The teachers, students, and parents from the
exposed population were judged to be not infected with adenovirus if they
did not have the corresponding clinical symptoms and signs and the pha-
ryngeal swab was negative for adenovirus DNA.

Case diagnosis. All patients with a clinical illness from 4 May to 31 July
2011 were required to see hospital doctors in the local children’s hospital
for a physical examination, X-ray scan, and blood test. The diagnosis of
adenovirus infection was directly confirmed by viral isolation or PCR
assay of the hexon gene.

Study design. We conducted a retrospective descriptive study of the
clinical, laboratory, and radiographic characteristics of 505 patients in-
fected with Ad during the study period (10 May to 31 July 2011). All
available medical records were reviewed by 10 clinicians, using a standard-
ized data collection tool. Furthermore, during the outbreak period, 505
patients who met the case definition were required to report to the Hang-
zhou Center for Disease Control and Prevention (CDC), where epidemi-
ologists and local public health doctors interviewed the reported cases and
their parents, caregivers, or teachers using a standard questionnaire. All
pharyngeal swabs from patients were submitted to the Hangzhou CDC for
testing for Ad DNA by PCR assay, and Ads from a total of 25 representa-
tives of samples from the different regions were subtyped.
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Sample collection. Using the throat sterile swabs provided by the bio-
Meérieux company (catalog no. 482CE), CDC laboratory virologists went
to different locations to collect pharyngeal swab specimens from patients
with clinical illness meeting the case definition and noncases without clin-
ical symptoms and signs. All samples were transported to the laboratory at
4°Cinanice box, and they were stored at 4°C in a refrigerator until testing
for DNA by PCR within 24 h. A total of 15 representative swab specimens
from 371 respiratory cases and 10 representative specimens from 134
pharyngoconjunctival fever cases from different areas were used for sub-
typing. In addition, a total of 30 pharyngeal swab specimens were col-
lected from healthy parents and from the teaching staff, and these samples
were used as the control group during the same time period.

Rapid viral DNA extraction and detection by nested PCR. Adenovi-
rus DNA extraction was performed following the instructions of the kit
(catalog no. 51106; Qiagen Company), and 200 .l template was dissolved
in double-distilled water and aliquoted into four samples (50 pl/each)
that were stored at —80°C. Nested PCR was used to detect the hexon gene
of adenovirus. We amplified all Ad serotypes with universal primers from
the hexon gene, of which the forward primer sequence was 5'-GCCGAG
AAGGGCGTGCGCAGGTA-3'" and the reverse primer sequence was 5'-
TACGCCAACTCCGCCCACGCGCGCT-3". The cycling conditions
were as follows: denaturation at 95°C for 2 min, followed by 35 cycles of
denaturation at 95°C for 15 s, annealing at 55°C for 15 s, and extension at
60°C for 45 s. The objective fragment size was 522 bp (bp 930 to 1451;
GenBank accession no. FJ943637.1) and was detected by 1.5% agarose
electrophoresis. All of the primers and probes were previously reported
and synthesized by the Shanghai Bio-Engineer Biology Company (29).
The standard adenovirus strains provided by the China CDC were used as
a positive control. Saline was used as a negative control (from DNA ex-
traction, the process begins with physiological saline as a negative con-
trol).

Viral culture and isolation. A total of 20 pharyngeal swab specimens
that were Ad DNA positive were further cultured in HEp-2 cells main-
tained in Eagle’s medium at 37°C for 14 days. The cell cultures were
observed for 3 to 4 weeks. When the cells exhibited a characteristic cyto-
pathic effect (CPE), we identified the serotypes of the isolated adenovi-
ruses using hexon gene type-specific primers, including primers for the
hexon genes of the main predominant serotypes, Ad3 and Ad7, in China.
The type-specific forward primer sequence for amplification of Ad sero-
type 3 was 5'-GGTAGAGATGCTGTTGCAGGA-3'; the reverse primer
sequence was 5'-CCCATCCATTAGTGTCATCGGT-3'. The amplifica-
tion size was 502 bp. The type-specific forward primer sequence for PCR
Ad serotype 7 was 5'-GGAAAGACATTACTGCAGACA-3', and the re-
verse primer sequence was 5 -AATTTCAGGCGAAAAAGCGTCA-3'.
The amplification size was 311 bp (52). The adenovirus serotypes were
determined by the use of neutralization assays with a type-specific refer-
ence antibody. The neutralization concentration was determined against
a 100-fold 50% tissue culture infective dose.

Data sequence analysis. The nucleotide sequences of the amplified
products were directly determined by dideoxy sequencing, using an ABI
Prism BigDye Terminator cycle sequencing kit. The sequences were de-
termined and compared using the MegAlign software package.

Statistical analysis. All of the statistical analyses were performed using
the Statistical Package for the Social Sciences (SPSS; version 12.0). Cate-
gorical variables were compared using the chi-square test and Fisher’s
exact test. All of the statistical tests were two-sided, and a P value of <0.05
was considered statistically significant.

RESULTS

Distribution of timeline in acute respiratory infection out-
break. As of 31 May 2011, there were a total of 127 confirmed cases
in Hangzhou. The first case was reported on 4 May 2011. The
outbreak experienced three stages: the first stage was a sporadic
period from 4 to 10 May. The second stage was a sustained-in-
crease period beginning on 11 May, which reached its peak be-
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FIG 1 Timeline distribution of 127 acute respiratory cases from an outbreak caused by adenovirus type 3 in the Yaoshan central school, Chun’an County of

Hangzhou, from 4 to 31 May 2011.

tween 16 and 20 May, when there were 74 cases that accounted for
58.26% (74/127) of all infections. The peak did not remain stable
because we took a series of control measures, including patient
isolation, suspension of classes, sterilization of the environment,
and health education. The third stage was a period of decrease
though 21 May. The outbreak curve had a single peak (Fig. 1).

Distribution of timeline in pharyngoconjunctival fever out-
break. The earliest onset was found on 1 July 2011, and the last
case was confirmed on 15 July. The outbreak attained a high peak
from 7 to 10 July, when there were a total of 93 confirmed cases,
accounting for 69.40% of all the cases. The epidemic curve showed
a single peak (Fig. 2).

Regional distribution in acute respiratory infection out-
break. Hangzhou, the capital of Zhejiang Province, has 13 dis-
tricts/counties, including the 8 districts of Shangcheng, Xiacheng,
Jianggan, Gongshu, Xihu, Binjiang, Xiaoshan, and Yuhang and
the 5 counties of Jiande, Fuyang, Lin’an, Tonglu, and Chun’an.
This adenovirus outbreak occurred in the suburb of Chun’an,
situated southwest of Hanghzhou, with 23 towns and a population
of 336,843. Of these, 21.74% (5/23) of the towns had an adenovi-
rus 3 outbreak from 4 to 31 May 2011. The outbreak occurred in
13 of 70 schools (18.57%, 13/70) across 5 towns. However, there
were 14.49% (90/621) classes with reported cases. A total of 371
cases were confirmed from the exposed population of 7,163, and
the incidence was 5.18% (371/7 163). The outbreak affected a
population that was mainly associated with elementary schools
(30%, 6/20), kindergartens (13.95%, 6/43), and junior high
schools (14.28%, 1/7) (Fig. 3).

Regional distribution in pharyngoconjunctival fever out-
break. The Chenjinglun Swimming Center is located in the Xihu
District in the center of Hangzhou City. There are four swimming
pools, including two outdoor pools. One of the outdoor pools was
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16 m in length and 25 m in width with a depth of 1.1 to 1.5 m, and
the other was irregular with an area of approximately 300 m* and
a depth of 1.2 m. The water in these two pools can be exchanged
via a water circulation system. The two indoor swimming pools
were standard pools that were 50 m by 25 m with a depth of 2 m.
The water cannot be exchanged between these two pools. All 134
patients that were positive for Ad type 3 were trained using the
outdoor swimming pool, and no cases were found among indoor
swimming pool users.

Population distribution in acute respiratory infection out-
break. The largest outbreak was found in the Yaoshan Town cen-
tral school, where there were 33 staff and 442 students, including 6
grades and 14 classes. All of the students came from 11 nearby
areas comprised of local residents without moving populations. A
total of 127 confirmed cases were reported, and the incidence was
28.73% (127/442). These included 67 male cases (30.18%, 67/222)
and 60 female cases (27.27%, 60/220). The male-to-female ratio
was 1.12:1. The gender distribution had no statistically significant
difference between male and female students (x> = 0.46, P >
0.05). The average age was 10.29 years, and ages ranged from 7 to
15 years. Moreover, there were 72 students absent during the en-
tire month of May. None of the teachers or parents associated with
individual cases was found to be infected. The oldest cases were 15
years of age, and the youngest were 7 years of age. The age distri-
bution was as follows: 7 years old, 0.79% (1/127); 8 years old,
11.81% (15/127); 9 years old 27.56% (35/127); 10 years old,
23.62% (30/127); 11 years old, 15.75% (20/127); 12 years
old, 5.51% (7/127); 13 years old, 2.36% (3/127); 14 years old,
11.02% (14/127); and 15 years old, 1.57% (2/127) (Fig. 4).

Population distribution in pharyngoconjunctival fever out-
break. The Chenjinglun Swimming Center had 8 coaches, 48
staff members, and 1,300 trainee children 6 to 10 years old that
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FIG 2 Timeline distribution of 134 pharyngoconjunctival fever cases from an outbreak caused by adenovirus type 3 in the Chenjinglun Swimming Center
located in the Xihu District of Hangzhou from 1 to 15 July 2011.

were divided into 40 classes. One group with 900 amateurs 134 cases were consistent with the case definition, with an over-
from kindergarten and primary schools were training in the allincidence of 14.89% (134/900). All of the patients were from
outdoor swimming pool. Another group with 400 professional the amateur group trained in the outdoor pool. No profes-
swimmers was training in the indoor swimming pool. A total of  sional athletes, staff, or teachers that worked with the patients
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FIG 3 Regional distribution of outbreak of 371 acute respiratory cases in 5 towns from Chun’an County from 4 to 31 May 2011 and outbreak of 134
pharyngoconjunctival fever cases in the Xihu District of Hangzhou from 1 to 15 July 2011, all caused by adenovirus type 3.
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FIG 4 Age group distribution of 127 adenovirus-confirmed cases in the Yaoshan central school, Chun’an County of Hangzhou, from 4 to 31 May 2011.

became infected. Approximately 80.60% (108/134) of the total
reported cases were found in training between 5 p.m. and 6
p.m. There were 65 male and 69 female cases, and the ratio of
males to females was 0.94:1. The age distribution ranged from
4 to 9 years, with the 5- to 7-year-old category accounting for
90.30% (121/134) of the total number of reported cases. The
average age was 6.85 years.

Clinical characteristics in acute respiratory infection out-
break. A total of 127 confirmed cases were analyzed and collated.
There were no severe cases or deaths among these cases. The most
common symptoms included fever (100.00%, 127/127), headache
(46.51%, 59/127), fatigue (36.43%, 46/127), tonsillitis (30.23%,
38/127), sore throat (26.36%, 33/127), cough (20.93%, 27/127),
sneezing (14.73%, 19/127), muscle aches (3.88%, 5/127), con-
junctivitis (3.10%, 4/127), and diarrhea (2.33%, 3/127).

All cases had a high fever for several days. The average clin-
ical stay was 7 to 10 days. Laboratory testing showed that the
total number of white blood cells was not significantly elevated
during the early period, but the leukocyte and neutrophil
counts increased in 3.1% (4/127) of patients with coinfections
involving bacteria during the later clinical period. A total of 15
patients (11.81%, 15/127) were hospitalized for persistent fever
without serious complications. Another 112 cases (88.19%,
112/127) did not need hospitalization. The ratio of hospitalized
cases versus those treated but not admitted was 1:7.5 (15/112).
The clinical symptoms of patients infected with adenovirus
type 3, causing 127 acute respiratory infections and 134
pharyngoconjunctival fever cases from two outbreaks in Hang-
zhou in 2011, are shown in Fig. 5, which does not include data
related to antibiotic treatment.

Clinical characteristics in pharyngoconjunctival fever out-
break. A total of 134 cases presented with fever, and 63.43% (85/
134) of patients had a high fever (temperature over 40°C). Symp-
toms among the cases were fever (100.00%, 134/134), tonsillitis
(72.39%, 97/134), sore throat (71.64%, 96/134), headache
(55.60%, 75/134), sneezing (43.28%, 58/134), cough (38.06%, 51/
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134), conjunctivitis (29.10%, 39/134), fatigue (24.30%, 33/134),
diarrhea (18.66%, 25/134), and muscle aches (2.45%, 3/134) (Fig.
5). The clinical course usually lasted approximately 7 days. A total
of 14 patients were hospitalized without severe complications,
such as pneumonia and heart failure.

Pathogenic characteristics of acute respiratory infection out-
break. A total of 15 pharyngeal swab specimens were collected
from acutely ill cases, and 30 specimens were collected from the
healthy control population. All pharyngeal swabs were used to
detect the hexon gene of adenovirus DNA. The positive rates of
detection were 66.67% (10/15) and 0% (0/30), respectively, and
the difference between the two groups was statistically significant
(x* =22,P<0.01).

Pathogenic characteristics of pharyngoconjunctival fever
outbreak. A total of 10 and 30 pharyngeal swab specimens were
collected from pharyngoconjunctival fever and healthy students,
respectively. The 40 samples were tested for the presence of ade-
novirus DNA by PCR. The results showed that all samples from
the cases were positive and 7 samples were strongly positive. The
positive rates were 100% (10/10) and 0% (0/30) in pharyngocon-
junctival fever and healthy students, respectively. There were ob-
vious differences between the two groups (P = 0, P < 0.01, Fish-
er’s exact test). The 20 hexon gene sequences from the two
outbreaks were searched for in GenBank with BLAST analysis and
identified as adenovirus serotype 3. The nucleotide identity be-
tween the 20 sequences was 100%, with 98.7% to 100% nucleotide
identity to serotype 3 strains obtained from other regions, includ-
ing Beijing, Guangzhou, and the United States, detected. The nu-
cleotide identity to a representative strain from serotype 11 was
only 65.7% (Fig. 6). In addition, samples from the two outbreaks
were also tested by PCR for other pathogens known to cause acute
respiratory diseases (ARDs), such as influenza viruses HINI,
H3N2, H2N2, and B, parainfluenza virus, respiratory syncytial
virus, and severe acute respiratory syndrome coronavirus. They
were all negative.

Furthermore, 20 positive pharyngeal swab specimens were in-
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FIG 5 Clinical symptoms of infection with adenovirus type 3, causing 127 acute respiratory infections and 134 pharyngoconjunctival fever cases from two

outbreaks in Hangzhou in 2011.

oculated into HEp-2 cell cultures. CPE was observed in cultures
derived from 60.0% (12/20) of the pharyngeal swab specimens.
The typical CPE characteristics of adenovirus were observed un-
der an inverted microscope, where infected cells began to swell,
became rounded, and developed into grape-like clusters 72 h after
infection (Fig. 7). The 50% tissue culture infective doses (CIDs,s)

Adenovirus 7

Adenovirus 3

of the isolated viral strains were between 10~ * and 10~ °. The pres-
ence of adenovirus and adenovirus type were further confirmed,
and the virus was found to be serotype 3 by the adenovirus neu-
tralization test.

Adenovirus emergency surveillance. The Hangzhou govern-
ment built the adenovirus emergency pathogen surveillance sys-

adenovirus__type__3-2008-Beijing(2)
adenovirus_type__3-20068-Guangzhou
adenovirus__type_3-2005-Guangzhou

adenovirus__type_ 7-2008-Beijing

— adenovirus_type_3-2008-Beijing
—— adenovirus_type_3-2006-USA
Human_adenovirus__type_3_vaccine_strain-2009

Human_adenovirus__type_7_vaccine_strain-2006

0.05

adenovirus_type_11-2009Beijing

FIG 6 Phylogenetic analysis of the hexon gene sequences isolated from acute respiratory infection and pharyngoconjunctival fever cases from two
outbreaks in Hangzhou and from other regions. Purple, adenovirus type 7 isolated from the adenovirus surveillance; pink, adenovirus type 3 isolated from

two outbreaks.
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FIG 7 HEp-2 cells were found to exhibit a classical CPE when inoculated with throat swabs from the two outbreaks. The CPE presented as grape-like clusters at
72 h after infection. Magnification, X 100. (A) Control; (B) CPE; blue arrow, characteristic cytopathic effect (CPE) site.

tem in Chun’an, Tonglu, located in the suburbs, and the provin-
cial children’s emergency hospital in the center of the city since the
adenovirus outbreak was reported in schools in the suburbs of
Hangzhou. The results showed that the rates of adenoviral DNA-
positive individuals with influenza-like illness (ILI) were 44.44%
(8/18),7.69% (2/26), 0% (0/15), 17.64% (3/17), and 0% (0/14) in
June, July, August, September, and October 2011, respectively.
The total positive rate was 13.54% (13/96). In addition, 7 hexon
gene sequences from patients with influenza illness were con-
firmed to be serotype 7 (Fig. 6).

The influenza surveillance showed that the percent ILI in the
entire city fluctuated approximately 2.58%, with the urban ILI
(2.00%) being higher than that of the suburbs (1%), including
Tonglu, Jiande, and Chun’an Counties. Generally, the percent ILI

500

300 [

IL1 %

200 [

0.00 . . .

====Whole city ====Suburb ====Jiande

maintained a stable curve, except for the epidemic peak that oc-
curred earlier in the year, but from week 17, the rate of influenza-
like illness sharply increased from 0.99% to 4.95% in Chun’an
County due to the adenovirus outbreak (Fig. 8).

DISCUSSION

Ad3 and Ad7 have usually been associated with outbreaks of acute
respiratory tract infections. Adenovirus-associated acute respira-
tory disease (AARD) is most often reported in the military in the
Americas, Europe, and Asia. The dominant serotypes were Ad3a2,
with occasional outbreaks of Ad3a4, Ad3a5, and Ad3a6 occurring
in China between 1962 and 1988 (29). These outbreaks were as-
sociated with recruits from different regions of China that were
housed together for long periods of time during intense training at

Tonglu === Chunan

I V.

12 3 4 5 6 7 8 9 10 11

13 14 15 16 17 18 19 20 21 22 23

Week/2011
FIG 8 The adenovirus outbreak influenced the percent of ILI in Hangzhou, 2011.
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military training centers. They were faced with close living quar-
ters, crowding, physical and mental stress, and meteorological
conditions, which were thought to be factors involved in these
AARD outbreaks (5, 10, 12, 13, 14, 27, 47).

However, a small number of outbreaks were reported among
students and younger children in educational environments who
were living, studying, and training in groups, resembling condi-
tions of a military environment (6, 35, 36, 53). Only a few studies
found low rates among 15- to 25-year-old students in 1960, 1978,
and 1997 in the United States (4, 21, 33, 34). In Japan, Ad7 out-
breaks of febrile respiratory disease were linked to high school
dormitories in the mid-1990s and again in 2003 (6).

This study demonstrated that an acute respiratory infection
outbreak in 2011 was caused by adenovirus type 3 (B subgroup)
and encompassed over 13 schools and 90 classes across 5 towns. A
total of 371 cases in an exposed population of 7,163 were con-
firmed. The regional distribution was remote mountainous areas,
and no cases were found in the downtown area of the city. This
outbreak had a large influence on the society because of the large
number of children affected and the wide geographic areas in-
volved. Furthermore, this outbreak spread rapidly, clustered in
classes and dormitories, and had a high incidence rate. In all, there
were special epidemic characteristics in this outbreak: a wide
range of geographic areas were involved; a high incidence was
found in schools, resulting in a large number of patients in a short
time; and children less than 15 years old were the infected popu-
lation. Spreading was controlled after class closures and a series of
other measures, and respiratory tract infectious diseases were re-
corded. However, disease transmission patterns, which include
droplets, person-to-person contact, or the fecal-oral route, need
to be further studied.

In this outbreak, most of the cases showed mild-moderate clin-
ical symptoms with acute, persistent high fever and respiratory
signs. Laboratory testing showed that the white blood cell count
was not significantly elevated during the early period, but the leu-
kocyte and neutrophil counts increased later in 3.1% (4/127) of
patients coinfected with bacteria, with the increase confirmed by
sputum culture and blood culture. According to the patients’ clin-
ical signs, routine blood testing results, and other epidemic char-
acteristics, we can assume that this was a viral outbreak. However,
further PCR diagnosis from throat swabs is needed to confirm the
type of virus outbreak (11, 54). No serious extrapulmonary com-
plications, such as lymphadenopathy, bleeding diathesis, anemia,
hepatomegaly, splenomegaly, exanthema, neurological signs, re-
nal signs, or death, were discovered. The lack of these symptoms
suggests that this infection is involved with the upper and not the
lower respiratory tract with little or no viremia. We also noted that
all of the infections were found in preschool and school-age chil-
dren with an average age of 10 years, but their parents and teachers
who were living or staying with them were not infected. We hy-
pothesized that this phenomenon was likely caused by children
without sufficient immunity because they live in a mountainous
area and had little contact with the outside world after birth. Fur-
ther epidemiological investigation and serological detection of ad-
enovirus antibodies are needed to confirm this supposition. Sun et
al. reported that the seroprevalence and antibody titers of adeno-
virus type 5 among the general population in the south of China
increased with age and that the proportions of people with high-
level Ad5 neutralizing antibodies (titers > 1,000) were 30.56%,
30.77%, 48.08%, 52.27%, and 54.35% in different age groups of
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<12, 13 to 20, 21 to 31, 32 to 40, and 41 to 72 years, respectively
(48). Another Chinese serum epidemiological survey also showed
that 70% to 80% of children under 5 years of age had antibodies
against more than one adenovirus subtype and were positive for
Ad types 1, 2, and 5 but were rarely positive for Ad types 3, 4, and
7 (1). That research supported the idea that seropositivity in-
creased with age and may contribute to the children’s increased
susceptibility.

When the outbreak occurred, our government undertook a
series of measures to protect public health, including isolating and
treating patients at home, conducting a body check in the morn-
ing, providing ventilation and disinfection support, overseeing
aggressive treatment of patients, helping to provide early detec-
tion of cases, providing school health education, and supporting
hospital infection control. We conducted emergency surveillance
of fever and respiratory tract infections in Chun’an County and
the surrounding counties to identify clustered cases as soon as
possible and also found some sporadic cases. With these measures,
along with the closing of the schools and the approaching summer
holiday, in which the students were dismissed until 20 June, the
outbreak was completely controlled.

Another, swimming-related pharyngeal conjunctival fever
outbreak was found in 900 swimmers (<10 years old). The epi-
demic characteristics were apparent aggregation, fast disease
spread, and similar symptoms, and the number of cases quickly
appeared within a short time, with the incidence being high. As a
result of the training class being conducted in the outdoor swim-
ming pool, disinfection became a problem because the environ-
mental temperature was too high; the residual chlorine in the
water became volatile much faster, making it difficult to achieve
the appropriate disinfecting effect. Another factor played a role in
the pool disinfection problem. The swimming classes were com-
prised of large numbers of trained students; each class had more
than 300 people in a small swimming pool, which caused frequent
contact between students. Furthermore, the swimmers became
more susceptible to virus due to the sudden change of climate
temperature at that time. The following measures of prevention
and control were proposed over time. First, the Chenjinglun
Swimming Center was closed starting on 15 July. Second, screen-
ing for fever, sore throat, and other symptoms was conducted for
all trainees and trainers, and when these were found, a visit or a call
was made to persuade parents to immediately take their children
to the hospital. Third, physical examinations of healthy training
students were performed before they were allowed back into the
water. Fourth, health education and health promotion work was
performed through communication with the parents, customers,
and the media to eliminate a public pandemic. At the same time,
we developed a surveillance system for detecting respiratory tract
infection cases in all hospitals of Hangzhou.

He et al. and others have reported that there was an acute
conjunctivitis outbreak caused by Ad3a2 in Shenzhen City in the
south of China in the summer of 1997 (17, 37). Hangzhou City’s
earliest adenovirus outbreak was reported in 1991 and was caused
by adenovirus serotype 7; there were no additional reports of Ad
outbreaks, until now. These two outbreaks took place from May to
July 2011, and both were caused by the same serotype, adenovirus
serotype 3. This showed that adenovirus type 3 is the major epi-
demic strain in Hangzhou City. In addition, adenovirus type 3 has
been reported in other cities in China. These two outbreaks were
found in younger children, but no infections were found in adults.
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In addition, there were different symptoms and modes of trans-
mission in the two outbreaks. The adenovirus infectious source
has not been identified, even though adenovirus can infect hu-
mans, poultry, cattle, dog, rats, pigs, and monkeys. It was once
thought that aviadenovirus or fowl adenovirus (FAV) could not
infect mammals, including humans, because of strict host speci-
ficity; however, this idea has been refuted (28). In the future, we
should monitor adenovirus transmission between birds and ani-
mals, and future studies of adenovirus in poultry should deter-
mine whether unique or similar strains circulate within that pop-
ulation (2).

Adenovirus in China is not a statutorily reportable infectious
disease, and these viruses have not been incorporated into the
monitoring system; therefore, information regarding seasonal
and population distributions as well as the high-risk and patho-
genic characteristics for the current epidemic is not clear. The
Hangzhou City government has developed adenovirus surveil-
lance, including epidemiological and pathogenic surveillance,
based on the current influenza monitoring system.

An adenovirus subgroup vaccine of a different subtype has
been used in the United States and other countries, including Brit-
ain, the Soviet Union, the Netherlands, Canada, France, and Fin-
land, where it has successfully protected military trainees against
Ad infection. Ad vaccines have a very good record of preventing
infection with the same type of adenovirus. However, due to the
number of different predominant serotypes that have been ob-
served, it is time to develop an effective long-term vaccination
strategy (3,19,40,41, 42,43, 44, 46,47, 50, 51). Although there has
been a report that vaccination against Ad4 and Ad7 was a success-
ful preventive measure in controlling an AARD outbreak in mili-
tary trainees in Taiwan and in mainland China, there are no read-
ily available vaccines that can be used. Therefore, in the future we
must strengthen vaccine research and development for Ad3,
which is the most frequent serotype found in China (15, 20, 22, 23,
24, 25, 26, 30, 38).
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