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epidemiological investigation of a hepatitis A outbreak at an
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SUMMARY
In May 2011, the Center for Disease Control and Prevention of a Chinese county found a rapid
increase in the number of hepatitis A case notiﬁcation; these were traced to an outbreak in an
elementary school. Twenty-eight cases aged between 7 and 13 years with onset between 7 May
and 8 June were serologically conﬁrmed. Network method was conducted to reconstruct an
outbreak network and to quantify the relative importance of those involved in the outbreak.
A case-control study was used to study the association between the outbreak and putative
risk factors. The network analysis suggested this was a disseminated outbreak originating from
a 4-year-old boy with propagated spread. Evidence from the case-control study supported
consumption of well water as a potential risk factor; however, this was unable to be established
through ﬁeld investigation. Outbreak networks can be used to identify the possible source of
infectious disease outbreak, especially when the environmental investigation information is
negative or not available.
Key words: Hepatitis A, outbreaks, personal hygiene.

I N T RO D U C T I O N
Hepatitis A is a viral disease which has a worldwide
distribution. It has an incubation period of, on average, 28 days (range 15–50 days) [1]. Hepatitis A virus
(HAV) infection is usually asymptomatic in young
children [2]. Most outbreaks of hepatitis A have been
linked to consumption of uncooked contaminated
foods, or contaminated water [3–7].
Improved sanitation in many parts of the world,
including in China, has left a growing proportion of
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school-aged children and young adults susceptible to
HAV, and these are the age groups that are most typically affected by HAV outbreaks in middle-income
countries [8]. As a result of this increase in susceptibility, hepatitis A vaccination in children has been conducted in China since the 1990s. In parallel with this
the risk of HAV infection has been in sharp decline [9].
On 29 May 2011, the Center for Disease Control
and Prevention of county M in Anhui province,
China, found on an increased number of pupils with
hepatitis A at an elementary school in a rural township with 86 000 residents. This was a day school
with 42 teachers and 698 pupils. After preliminary
investigations, it was conﬁrmed as an outbreak and
reported through China’s Public Health Emergency
Response Information System (PHERIS). Anhui province introduced HAV vaccine in routine childhood
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immunization in 2006; however, all of the cases in this
outbreak were children born before 2006 who had not
received the free vaccination. Based on data from the
notiﬁable diseases reporting system in China, there
were only ﬁve (sporadic) cases of hepatitis A reported
in the township during 2004–2010; and all cases had
been adults aged >25 years. The cluster hepatitis A
symptomatic cases in children therefore received considerable public attention.
A social network in an outbreak is a set of actors
(that ‘play a role’ in the transmission of an infectious
agent, such as persons, places and other ‘objects’ such
as an animal reservoir) together with the links that
connect them in an infectious disease outbreak. The
links are epidemiologically relevant interactions
between the persons, places and any other actors
involved [10]. By the use of social network diagrams
we were able to reconstruct an outbreak network
and quantify the relative importance of the different
actors that played a role in the outbreak. In community outbreaks, especially in rural areas where isolating and identifying pathogens is difﬁcult, the use of
social networks may help both to determine epidemiological links between cases and to identify the possible
source of the infectious disease outbreak. The network
method was used in this study to map possible sources
and routes of transmission in affected children.
METHODS

hepatitis were interviewed by members of the investigation team. For younger children who might not be
able to answer the questions accurately on their
own, the children’s mothers (or guardians) were interviewed alongside the children. Questions focused on:
(1) general information: sex, age, school grade, classroom, home village; (2) clinical information: onset
and duration of illness, symptoms, date of hospitalization; (3) potential risk factors: sources of water consumed, school activities, food consumption, personal
hygiene habits and contact with other symptomatic
individuals. These contacts (cases) were deﬁned as
having an epidemiological link to another case, for
which a detailed investigation was conducted through
the contact and social network investigation.
Contact and social network investigation
A hepatitis A case was considered to have an epidemiological link if there was known contact with
another case or if the case was a member of the identiﬁed social network. Face-to-face interviews of available cases (or with help from their guardians) were
conducted to establish links. The epidemiological
link was deﬁned as a close relative or friend/classmate.
Particular attention was paid to contacts who lived
together, shared food or used the same tableware
between cases and contacts. Contact tracing records
were reviewed to discover if there was a common
source.

Case deﬁnition and case identiﬁcation
A clinical case of HAV infection was deﬁned as a
pupil or staff member with onset of jaundice or
debility between 7 May and 6 June 2011 with elevated
alanine aminotransferase (ALT) of more than double
the normal upper limit. A conﬁrmed case of hepatitis
A was deﬁned as an acute illness with clinical symptoms compatible with a clinical case plus the presence
of IgM antibody to HAV. Cases were identiﬁed on the
basis of reports from laboratories and physicians.
A comprehensive questionnaire was administered
to all class teachers in the school and general practitioners of township hospitals in order to identify
additional cases. Historical reports of HAV in this
county were also investigated.
Epidemiological investigation
General investigation
A standardized questionnaire was developed for information collection. The children with symptoms of

Case-control study
An unmatched case-control study was conducted at
the elementary school. All pupils who met the clinical
case deﬁnition were included and controls were
selected using stratiﬁed random sampling from all
classes of the school. Controls were excluded if they
had a history of hepatitis A or had received hepatitis
A vaccine. Serum samples of controls were subjected
to the serum antibody test and those who were
positive for HAV IgM or IgG were also excluded.
The same questionnaire, with the exception of clinical
information, was used for interviewing controls. All
participants gave informed consent to participate in
this study.

Environmental investigation
Further investigation also included the school’s
water supply system (potable water and well water)
and possible problems during the month prior to the
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Table 1. Symptoms of hepatitis A for cases, Anhui
province, China, 2011
Patients with symptoms
(N = 28)
Symptom

No.

%

Dark urine
Debility
Nausea
Loss of appetite
Vomiting
Scleral icterus
Abdominal pain
Liver pain
Headache
Skin jaundice
Fever

27
23
21
19
17
15
13
8
5
3
3

96·43
82·14
75·00
67·86
60·71
53·57
46·43
28·57
17·86
10·71
10·71

3

conﬁrmed by serological testing. Symptoms of the
28 patients were typical for HAV infection (see
Table 1). All cases were pupils aged 7–13 years. The
attack rate was 4·0% (28/698). Male pupils had a
higher attack rate (5·8%) than female pupils (1·3%).
Cases were found in all grades, distribution of cases
did not cluster within grades (χ2 = 10·266, P > 0·05,
see Table 2). Grades 1–3 had a statistically signiﬁcant higher attack rate than grades 4–6 (6·2% vs.
1·5%, P = 0·002). Nine out of 14 classes had hepatitis
A cases with a median attack rate of 3·7% (range
1·9–16%). Compared to the baseline of hepatitis A
in county M (Table 3), this cluster was conﬁrmed as
an outbreak.

Social network analysis to identify a source patient
epidemic. Potable water and well water specimens and
snacks sold in grocery stores near the school were
sampled for HAV detection using reverse transcription–polymerase chain reaction (RT–PCR) [11].

Statistical analysis
Epi Info v. 3.5.4 (CDC, USA) was used to record data
and R v. 2.15.3 (R Foundation, Austria) for statistical
analysis. We described the distribution of cases by age,
sex, school grade, classroom, and village. The χ2 test
was used to analyse the outcomes. The package
‘igraph’ of R was used to draw the social network
diagrams.
Each individual case and control was shown as a
node in the network, connected to other nodes via a
line which depicted the status of their links, i.e. relative or close friend/classmate, without directionality.
Univariate analysis was performed calculating odds
ratios (OR) and 95% conﬁdence intervals (CI) for
individual exposures in the case-control study.
Variables statistically signiﬁcant at P < 0·1 in univariate analysis were included in a multiple logistic
regression model. In the latter model, an association
was considered statistically signiﬁcant when P < 0·05.

R E SU LTS
Clinical and epidemiological characteristics of the
patients
A total of 28 cases which occurred between 7 May and
6 June 2011 met the clinical case deﬁnition and were

Contact tracing and network investigation was used in
the outbreak for purposes of source-case determination. Based on the network derived from interviews
of cases in the outbreak, a cluster of three pupils
(CA01, CA02, and CA03, with previous clinical
cases onset on 23, 30 March and 10 April, respectively) were found to connect to all but three cases
through direct contact or a shared social setting
(Fig. 1). These included two girls (cousins, CA01
and CA03) living together and one boy (CA02) who
was their neighbour. Further interview of the three
cases linked them to another 4-year-old boy (boy A,
onset on 13 March). Boy A’s family had rented an
apartment from the cousins’ family to run a noodle
restaurant from November 2010, and moved away
after the boy had developed symptoms of hepatitis.
Neither boy A nor his family were able to be found
for interview. Social network analysis had identiﬁed
boy A as the most probable source case. The evidence
from the social network diagram enhanced the growing conﬁdence that this hepatitis A outbreak in the
elementary school was a typical human-to-human
transmission.
Adding the previous cases into the epidemic
curve, the shape of the epidemic curve appears compatible with a propagated spread, especially when the
curve was drawn by individual class. It showed that
the three cases disseminated HAV to the other pupils
who subsequently developed symptoms (Fig. 2). Five
of nine ﬁrst cases in each class in this outbreak
were all close contacts of the three initial cases. They
were family members, neighbours, friends playing
together, or classmates sharing the same desk.
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Table 2. Attack rate by grade, class and sex in hepatitis A outbreak, Anhui
province, China, 2011
Total cases

No. of cases

AR (%)

RR

95% CI

Grade 1
Grade 2
Grade 3
Grade 4
Grade 5
Grade 6
Male
Female

153
104
117
111
99
114
400
298

10
6
7
3
1
1
23
5

6·536
5·769
5·983
2·703
1·010
0·877
5·750
1·678

7·451
6·577
6·821
3·081
1·152
Ref.
3·427
Ref.

2·591–21·428
2·214–19·540
2·322–20·032
0·963–9·853
0·278–4·768

Total

698

28

4·010

1·630–12·848

AR, Attack rate; RR, risk ratio; CI, conﬁdence interval.

Table 3. Case numbers and incidence rate of hepatitis A in county M (1991–2010)
No.

Incidence

No.

Incidence

1992

No.

Incidence

Incidence

Incidence

1991

0–6
7–15
516

3
4
10

2·4183
3·0776
1·2704

5
7
5

3·9715
5·3068
0·6259

28
10
9

21·9784
7·4919
1·1133

54
10
31

41·7979
7·3878
3·7815

59
17
40

45·0038
12·3764
4·8084

Total

17

1·6328

17

1·6088

47

4·3956

95

8·7612

116

10·5422

1997

1994

No.

Age

1996

1993

No.

1998

1999

0–6
7–15
516

29
9
17

21·8873
6·4833
2·0220

54
20
23

40·3600
14·2672
2·7091

29
28
30

21·4832
19·7976
3·5024

Total

56

5·0357

97

8·6378

87

7·6789

2001

2002

1995

2003

136 447
142 960
865 807
1 145 216

2000
13·9248
3·4975
1·6170

0
4
20

0·0000
2·7704
2·2872

3·3182

24

2·0750

2004

2005

0–6
7–15
516

0
0
16

0·0000
0·0000
1·8119

0
3
23

0·0000
2·0389
2·5811

0
4
32

0·0000
2·6920
3·5560

0
7
38

0·0000
4·5979
4·1213

2
2
20

1·3654
1·3032
2·1518

Total

16

1·3699

29

2·4604

41

3·4445

45

3·6897

24

1·9522

2006

2007

2008

2009

2010

0–6
7–15
516

28
9
12

18·8584
5·7855
1·2737

11
10
16

7·2459
6·2871
1·6610

1
5
14

0·6400
3·0541
1·4120

3
6
11

1·9209
3·6667
1·1100

1
0
4

0·6362
0·0000
0·4011

Total

49

3·9321

37

2·9039

20

1·5250

20

1·5258

5

0·3790

As the virus spread, cases started to increase and
reached its peak in the week of 26 May.

Risk factors of the hepatitis A outbreak indentiﬁed
by the case-control study
The case-control study included 28 cases and 56
controls. The classmate controls had a similar age

distribution (mean age 9·51 years, S.D. = 1·56)
compared to cases (mean age 9·40 years, S.D. = 1·45,
t = 0·3117; P = 0·7561 for t test). Males accounted for
73·2% (41/56) and 82·1% (23/28) of total controls
and cases, respectively. Sex distribution was not signiﬁcantly different in either group (P = 0·365).
During the 50 days (longest incubation period)
before onset, 61% of cases were in close contact with
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Fig. 1. Network diagram of hepatitis A outbreak in an elementary school, Anhui province. Different-sized circles indicate
(from large to small) boy A (red), the three primary cases before the outbreak (yellow), the outbreak cases (purple),
controls (grey) and close contacts of the cases (green), respectively. Numbers in the circles indicate the number of days
since onset of symptoms for boy A. The large pink arrow indicates the most likely source case suggested by the network
structure. Heavy lines indicate links between clinical cases; light lines connect cases and their close contacts, e.g. family
members, classmates or friends.

other persons who had hepatitis symptoms compared
to 16% of controls (OR 8·071, 95% CI 2·850–22·857).
A well located near a toilet, containing non-potable
water was also identiﬁed as a potential vehicle for
transmission. Well water was consumed by 36% of
cases compared to 14% of controls (OR 3·194, 95%
CI 1·087–9·384). Living in villages Z or C was associated with increased risk for HAV infection (OR 3·059,
P < 0·05). The risk for pupils who washed their hands
before eating was signiﬁcantly lower than that of
pupils who did not (OR 0·289, 95% CI 0·111–0·753).
Results of univariate and multivariate analysis are
shown in Tables 4 and 5.
Of the six variables qualifying for inclusion in the
multivariate analysis (see Table 5) three factors were
signiﬁcantly associated with hepatitis A infection.
The strongest association was close contact with a
person with jaundice (OR 12·44, 95% CI 2·97–
52·06), followed by consumption of well water (OR
6·00, 95% CI 1·22–29·62). Washing hands before
eating was associated with a low risk of hepatitis A
infection (OR 0·122, 95% CI 0·026–0·569).

Environmental evidence and public health action taken
The purpose of the well near the toilet facility was
for ﬂushing the toilet and cleaning. Although
being informed of the risks of drinking raw water
several times, some students reported drinking well
water occasionally. The well water was sampled on
30 May and returned a negative result by RT–PCR
for HAV with no detectable total or faecal coliforms/
100 ml. We suspected that the well water might be as
a potential source; however, we were unable to obtain
reliable environmental and laboratory evidences to
support this. The water samples were tested about
2 months after the initial case became infected. The
viability of HAV in water is probably considerably
shorter than that length of time.
To prevent continuing infection, all the affected
patients were isolated in the town hospital. Members
of these cases’ families and other close contacts were
placed under medical observation at home. It was
also recommended that pupils should take basic
hygiene measures, with emphasis on washing hands
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Table 4. Results of the univariate analysis (n = 84)
Risk factors

Cases
(n = 28)

Controls
(n = 56)

OR

95% CI

P value

Close contact with person(s) with jaundice before onset of symptoms
Wash hands before eating
Wash hands after using toilet
Consumption of well water
Consume beverage bought from grocery store near school
Have breakfast from vendor’s stand
Live in villages Z or C
Consume a popsicle bought from grocery store near school
Consume other snacks bought from grocery store near school
Travel to other town or county within previous month
Consume uncooked food
Raised by grandparents
Have dogs in household

17
15
15
10
11
1
16
16
8
2
19
17
6

9
45
41
8
30
3
17
36
29
7
33
30
10

8·071
0·282
0·422
3·194
1·589
1·104
3·059
0·407
0·828
0·538
1·471
1·339
1·255

2·850–22·857
0·104–0·761
0·163–1·091
1·087–9·384
0·516–4·893
0·107–11·362
1·194–7·835
0·149–1·116
0·279–2·454
0·104–2·781
0·566–3·824
0·532–3·369
0·404–3·893

0·000
0·010
0·072
0·030
0·418
0·934
0·018
0·077
0·733
0·454
0·427
0·543
0·694

OR, Odds ratio; CI, conﬁdence interval.
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7

Boy A
3 Primary cases
Outbreak

Count of cases

6

5

4

3

2

1

0

Boy A
10 Mar.

7
14
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CA01 CA02 CA03
23 Mar. 30 Mar. 10 Apr.

21

28

4
Apr.

11

18

25

2
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9

16

23

30

13
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Date

Fig. 2. Date of illness onset for hepatitis A cases (n = 32), in an elementary school, Anhui province, March–June 2011.
The red bar indicates boy A, who had symptom onset on 10 March; green bars indicate the three primary cases that were
found by the network investigation; the blue bars indicate cases identiﬁed during the outbreak. The dates are the onset
dates of the four previous cases.

before eating, especially when having snacks at
school. No additional cases were reported that year
following the interventions described above. As a

precautionary measure, hepatitis A vaccine was
administered to students aged 7–13 years in the
surrounding villages.
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Table 5. Results of the multivariate analysis (n = 84)
Risk factors

OR

95% CI

P value

Sex
Close contact with person(s) with jaundice
before onset of symptoms
Wash hands before eating
Wash hands after using toilet
Consumption of well water
Live in villages Z or C
Consuming a popsicle bought from grocery
store near school

0·543
12·441

0·115–2·569
2·973–52·064

0·441
0·001

0·122
0·581
6·004
1·525
0·486

0·026–0·569
0·151–2·246
1·217–29·621
0·406–5·730
0·113–2·080

0·007
0·432
0·028
0·532
0·330

OR, Odds ratio; CI, conﬁdence interval.

D I SC US S IO N
Network analysis, as an appropriate approach to
explore and understand structural and relational
aspects of health, has been used primarily to study disease transmission, particularly sexually transmitted
diseases [10, 12]. In an outbreak investigation,
social network analysis may visually illustrate links
to explain secondary transmission and identify
the pattern of spread. It played an essential role in
identifying transmission patterns and possible
source cases, especially where laboratory evidence
was insufﬁcient. In this outbreak social network
mapping was used as a tool for an acute infectious
disease outbreak investigation and to help target
control measures. The result of the network analysis
was conﬁrmed by the case-control study and veriﬁed
the propagating epidemic. It was a good example of
using social network diagrams in the management of
an outbreak.
Hepatitis A outbreaks occur worldwide, with
most linked to contaminated food and water
[13–15]; however, there are limited published studies
about outbreaks propagated through close contact
[16]. Increasingly, school-aged children and young
adults are susceptible for hepatitis A due to improved
sanitation [8]. The annual national incidence rate of
hepatitis A in China was in sharp decline in the preceding decades [9]. Surveillance data suggested that
the incidence rate of hepatitis A over the past two
decades in county M shifted from intermediate to
low endemic and has fallen to 5/100 000 since 2010.
Only ﬁve adult sporadic cases of hepatitis A occurred
in this township during 2004–2010, although it is
suspected that infected children may be asymptomatic. In this outbreak of hepatitis A virus infection,
all the victims were children aged 7–13 years. Younger

children had a higher attack rate than older ones. This
may be due to two reasons:
(1) Older children were more likely than younger
children to have had prior infection. The sampling
IgG-positive rate in asymptomatic children of
grades 4–6 was slightly higher than that in children of grades 1–3, but the difference was not
statistically signiﬁcant (63% vs. 51%, P = 0·31).
The attack rate may have been underestimated
as non-susceptible children (IgG positive) were
included. The real attack rate in older children
might have been higher in the susceptible children
without IgM than the attack rate found in
younger children.
(2) We compared the hand-washing habits between
younger and older students. It was showed that
older students had better hygienic habits than
younger students. Younger school-aged children,
with less scrupulous hygiene, may have served as
a source of infection and caused the cluster of
cases of hepatitis A in grades 1–3 to be greater
in grades 4–6.
The network mapping and elevated ORs suggest that
the virus could be transmitted through close contact
with an infectious person. From 2006, Anhui province
introduced HAV vaccine in routine childhood immunization. In this outbreak, victims were born after
2006 (age range 7–13 years, median 9 years) and so
were not under the Expanded Programme on
Immunization (EPI) of China; moreover, few of
them had received commercial vaccine. These individuals would be at high-risk of infection especially
where poor sanitary conditions existed [17]; this created the possibility of an outbreak. Nearly 40%
of cases did not recall close contact with jaundiced
person(s). This may have been due to asymptomatic
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HAV infection in young children. Of the 144 selected
pupils 53·5% had a positive IgG test result. While
none of the children had received the HAV vaccination before, there was an indication that asymptomatic infection was common in the school children.
HAV is transmitted primarily by the faecal–oral
route [12]. Washing hands with safe water may reduce
the spread of hepatitis A. Results from this casecontrol study re-conﬁrmed this fact. Previous studies
identiﬁed that HAV can remain infectious on the
hands for more than 4 h and can be easily transferred
from contaminated surfaces. The risk of illness was
greater for people who did not routinely wash their
hands when taking care of infants or people with disabilities [14, 16, 18]. A programme of health education
targeted at primary students will help this group
form good personal hygiene habits such as washing
hands and should provide beneﬁt beyond the current
outbreak.
The epidemic curve reached a peak in the week
of 26 May. The sudden, increasing of cases late in
the outbreak may indicate a link to other sources.
The case-control study also revealed that consumption
of well water had a statistically signiﬁcant association
with hepatitis A in this outbreak. We suspected that
the water may have been contaminated by cases
early in this outbreak which led to a larger peak in
cases later on. However, no laboratory evidence was
found in the environmental investigation of the well
water to support this association. The absence of
laboratory evidence may be due to the viability of
HAV in water. Conﬁrmation of well-water sources
through identiﬁcation of HAV from the water has
been reported previously [6, 19]. In laboratory studies,
>90% of HAV survived for >12 weeks in ground
water or waste water at 5 °C [20]. Nevertheless, in
ﬁeld epidemiological investigations, it is difﬁcult to
sample positive water. In our investigation, the wellwater samples were tested about 2 months after the
initial case onset. By this time the local CDC had
already disinfected the well water to reduce the likelihood of future infections. Failure to sample the well
water for HAV prior to it being disinfected was a
limitation of our study. There was other evidence
from the investigation that pupils who washed their
hands more frequently had a lower risk of infection.
This may rebut the speculation regarding water contamination, because as well water was the only source
for washing, if it was contaminated those who used
the water to wash their hands had the chance of
becoming infected. The increased risk may also be

confounded with other behaviours rather than well
water itself. In addition, the three early cases were
not conﬁrmed cases since they had recovered before
the outbreak was detected and this was a limitation
of our investigation.
This outbreak could have been prevented if the
three early cases of hepatitis A had been reported
and isolated promptly. Those children who were in
close contact with these cases could have received
immunoglobulin soon after exposure, which might
have prevented their illness as well as the subsequent
transmission of HAV to others. Hepatitis A vaccine
should also have been considered for the pupils of
this school when the ﬁrst three cases became sick,
as this could have prevented the further spread of
disease. However, the opportunity of vaccination to
control this outbreak of hepatitis A. was missed, and
because of the high positive rate of IgG we estimated,
vaccination was not conducted in this school.
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