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ABSTRACT

Risk Factors for a Hepatitis A Outbreak in a Builgli
YOUNGSANG KIM

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor HEE-CHEOL KANG)

Objectives
On April, 2009, a hepatitis A outbreak occurrecibuilding. The outbreak
was investigated to understand the characteristittee outbreak and to
clarify the risk factors.

Methods
The cases were defined as workers who worked ibukding from February
to April, 2009, they had medical evidence of hdjsatind they were positive
on anti-hepatitis A virus (HAV) IgM antibody tesiBhis case-control study
was conducted with 55 subjects (11 cases andrtathed controls). The
controls are matched according to gender, agetendrhploying company
among the workers who were negative for IgG and &iti-HAV. The
progress of the outbreak is described. Stool spawmnwvere tested genetically.
General characteristics were compared betweerafeand control groups.
Common candidate risk factors were evaluated betweegroups. The
menus of the cafeteria at the building and the $aidhe restaurants around
the building were analyzed, respectively.



Results
The outbreak lasted from March 23 to April 1, 2088V was detected in
only one stool specimen. The differences of gerdratacteristics between
the groups were not significant. The case grougkaaovertime significantly
more frequently (Odds Ratio (OR) =1.63) than dig ¢bntrol group, but the
other differences among the common factors wereaigatficant. The intake
of each cafeteria menu didn’t differ between thaugs. The case group took
significantly more leafy vegetables for wrappindR€8.81) among the foods
eaten outside the building. The frequency of receattime work and the
intake of leafy vegetables outside the buildingenstill significant according
to the multivariate analysis.

Conclusion
A higher frequency of overtime work and a greatésike of leafy vegetables
at restaurants around the building increased $keofiiinfection during the
HAV outbreak.

Key words: hepatitis A, acute hepatitis, hepatitisutbreak, hepatitis A virus,
HAV
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I. INTRODUCTION

1. Background
During the past several years the number of patievith hepatitis A has
remarkably increased nationwide. The sentinel silamee system reported that
the number of registered patients with hepatitizas 2,233 in 2007, 7,895 in
2008 and 14,944 in 2009
Decades ago, many people obtained immunity to hepa# virus (HAV)
through unapparent infection in childhood becauspoor hygiene; now it is
expected that the frequency of apparent infect®rintreasing because the
improved hygiene in Korea has reduced the populatiath this type of
immunity’. According to previous studies in 19791984 and 1998 the
seropositive rates for HAV for people less thary@ars old were 67.3%, 47.3%
and 5.4%, respectively. Another study reported that seropositive rate for
young people between 11 and 20 years old was 0B 4n 2008. Similarly,
the prevalence of anti-HAV antibody among schootients in Hong Kong has
fallen from 44.8% in 1978 to 7% in 1999
It has been reported that the risk factors for HAkéction among the reported
cases are household or sexual contact, a commanesoutbreak, men who
have sex with men, injection drug users, day daternational travel and so
forth®. It was reported that many outbreaks of hepafitisere associated with
food handlers in Canalla
Korean researchers studied the clinical featureqcnfte hepatitis A in the
western part of Daejeon and Chungnam province etvi2®00 and 2004; the
presumed risk factors were raw fish or shellfisgestion (30.5%), a travel
history (22.2%), close contact with a hepatitis &ignt (10.8%) and drinking
underground spring wat@r(10.8%). Other studies reported that water from a
mineral spring® and water from an underground spring that was uised
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restaurarit were suspected as being sources of HVA infectimfortunately,
none of these studies described the differenceseleet the patients and the
healthy control group.

Several outbreaks were recently noticed and inyatstd; the cause of one
outbreak was revealed to be person to person trasism, but the cause of the
others failed to be clarifietf™.

2. Objectives
On April, 2009, a company in a financial district $eoul was notified that
several of their workers had HAV and a thoroughestigation of this outbreak
was conducted. This case-control design study e&rd to contribute to
understanding the characteristics of this outbraakl discovering the risk
factors.

II. SUBJECTS AND METHODS

1. Case definition

On April 2009, a company in a financial district3eoul notified a health center
that about 10 workers were hospitalized with heigath. The cases were
defined as the workers who worked in companiestéatan the same building
from February to April, 2009, they had medical evide of hepatitis and they
were confirmed as being positive on an anti-HAV Ightibody test.

2. Study subjects
This study has a matched case-control design tlirgothe risk factors. Eleven
cases met the definition and they were includatiérstudy.
A total of 506 workers in 4 companies worked in thalding where the
hepatitis A outbreak occurred. Antibody testing wasducted for 500 workers.
For each case, 4 controls are allocated randomlgngmnthe workers with
negative results on the anti-HAV IgG and IgM antipdest. The controls were
matched with the cases according to gender, agkinwR years and the
company where they worked.

3. Survey of cases
The time of onset, the symptomatic period and #s®a@ated symptoms among
the cases were investigated. The contact histdty apatitis A patients or with
the other cases, common exposure at a cafeteridneofbuilding or other
restaurants around the building and the travebtysivere also examined. The
stool specimens from the cases were geneticallyyzath for confirming
homogeneity. Genetic analysis of the stool specinfeam the food handlers of

4



the cafeteria was also conducted. The proportiarasés among the susceptible
workers was also calculated.

4. Comparison between the case and control groups
The survey was conducted using structured questicesithat were developed
in cooperation with the Korean Center for Diseasatt®| and Prevention. The
gquestionnaires were sent to the subjects by emanadl,then each question was
confirmed by telephone or a face-to-face interviéhe general characteristics
of each subject such as gender, age, company dbgment, marital status, the
number of family members and the existence of ohildamong family
members were investigated. The risks of the frequesertime work, the
frequency of the company recently dining outsitie,ftequency of eating in the
cafeteria and eating breakfast were estimated. 3iheificance of each
difference was also calculated.
The intake history of the cafeteria menus was aealybecause the cafeteria is
the most probable place for workers of the buildindpe exposed to the same
environment.
The frequency of ingesting raw or potentially lessoked foods at the
restaurants around the building was examined. &ads were raw oyster, raw
beef, sashimi, vegetables, fruits, etc.

5. Statistical analysis
The cases were analyzed by descriptive statistics.
The differences of general characteristics anddifferences of the common
candidate risk factors between the cases and ¢®nwere tested using
conditional logistic regression.
To analyze the intake history of cafeteria menls,dubjects were divided into
exposed and unexposed groups for each menu. Expasis defined as intake
more than or equal to half of the food. The riskravcalculated before and
after adjusting for the frequency of eating in tadeteria by using conditional
logistic regression analysis.
To analyze the intake frequency of each food atr#staurants around the
building, the subjects were divided into the explbaad unexposed groups for
each item. Exposure was defined as intake moredhagqual to the median of
amount for each item. Risks were calculated bedo after adjusting for the
frequency of recent company dining outside by usamgpditional logistic
regression analysis.
After adjusting for the significant variables, tipgobable risk factors were
established using multivariate conditional logisggression analysis.
All the analyses were conducted using the R 2.8ckages for Windows.



lll. RESULTS

1. Survey of the cases

The first two cases developed on March 23, 2009n1dce cases were noticed
after April 1 when the final case had developedjfif¢ 1]. The cases stated that
they had not met any patients with hepatitis A muaknown fever. Only one
case had a history of traveling abroad. Only a ¢ases knew each other and
there were few opportunities to meet between compan

Figure 1. Epidemic curve of the hepatitis A outlirea
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Among 500 workers whose sera were tested, exceptlfecases and 4 workers
who could not be confirmed with a single test, laodly status of 485 workers
was confirmed. Considering that the workers withegative result on the anti-
HAV IgG antibody test were susceptible to hepathisand the cases were
susceptible before being infected, the susceptilolikers were 249 before this
outbreak; the proportion of the cases among theegtible subjects was
estimated at 4.4%. The major symptoms of the casws fever, chills and
jaundice. Symptoms of abdominal cramps, diarrhea @nuritus were
comparatively rare [Figure 2]. According to the g&n analysis of stool
specimens from the cases, HAV was detected fromamé sample; its subtype
was llIA. HAV was not found in any stool specimerighe food handlers of the
cafeteria.

Figure 2. Symptoms of the cases

12 ~

Number of cases




2. General characteristics and common candidate astoifs
The medians of the duration of being hospitalized the absence from work
were 8 and 13 days, respectively [Table 1]. Théedihces of the general

characteristics between the case and control graeps not significant [Table
1].

Table 1. General characteristics of the study sirbje

Cases (N=11) Controls (N=44)
N (%) or N (%) or P value*
Median (IQR) Median (IQR)

Gender (Male) 8 (72.7%) 32 (72.7%) -
Age 29 (5) 30 (4.25) 0.862
Company -

A 7 (63.6%) 28 (63.6%)

B 2 (18.2%) 8 (18.2%)

C 1(9.1%) 4 (9.1%)

D 1(9.1%) 4 (9.1%)
Married 4 (36.4%) 18 (46.2%) 0.541
Number of family members 3(1.5) 3(2) 0.529
Er)l(wlztr?; fr?eof;(r:rr]]illl;/jﬁgmbers 3 (30%) 8 (21.1%) 0.428
Number of hospitalized days 8 (5) -
Number of days absent from work 13 (8) -

* Conditional logistic regression analysis
IQR = interquartile range



The case group worked overtime more frequently €Rlatio (OR) =1.63) than
did the control group, with significance, but thther differences among the
common candidate risk factors were not signifi¢g@able 2].

Table 2. Common candidate risk factors of the stubjects

Cases Controls
N (%) or N (%) or OR (95%ClI)* P value*
Median (IQR) Median (IQR)

Frequency of recent overtime work _
(days/week) 4 (1.5) 2(3) 1.63 (1.00 - 2.65) 0.049
The company recently dining outside i
(days/month) 2(2.5) 2(3) 0.85 (0.56 - 1.31) 0.467
Frequency of eating in the cafeteria i
(days/week) 4 (1) 4 (1) 1.92 (0.78 - 4.72) 0.153
Breakfast o o
(No vs Yes) 6 (33.3%) 14 (66.7%) 0.33 (0.08 - 1.43) 0.139

* Conditional logistic regression analysis
IQR = interquartile range; OR = odds ratio; Cl snfidence interval

3. Intake history in the cafeteria in the building andhe restaurants
around the building
The control group ate boiled vegetables, seasoegdtables and Kimchi more
than the case group did [Table 3]. However afteluiding three kinds of menus
into the multivariate conditional logistic regremsi model, each had no
significance.



Table 3. Intake history of the cafeteria menus

After adjustment*

0,
OR (95%CI)t p valuet OR (95%CI)T o valuet

Bibimbay

Unexposedf 1.00 1.00

Exposed§ NA 0.999 NA 0.999
Boiled vegetable

UnexposedF 1.00 1.00

Exposed§ 0.19 (0.05 - 0.78) 0.021 0.21 (0.0B84)0 0.027
Seasoned \getable

UnexposedF 1.00 1.00

Exposed§ 0.07 (0.01 - 0.58) 0.014 0.08 (0.083) 0.016
Vegetable salad dressed with chili pow

Unexposed? 1.00 1.00

Exposed§ 0.51 (0.13 - 2.03) 0.336 0.44 (0.100p 0.286
Fresh leafy vegetabldor wrapping

Unexposed? 1.00 1.00

Exposed§ 6.62 (0.73 - 60.24) 0.093 5.59 (0.49.23) 0.121
Salac

Unexposed? 1.00 1.00

Exposed§ 3.91 (0.75 - 20.48) 0.106 3.42 (0.52.8) 0.158
Dessert/Drink

Unexposed? 1.00 1.00

Exposed§ 0.70 (0.16 - 3.12) 0.645 0.74 (0.1483 0.715
Fresh fruit:

UnexposedF 1.00 1.00

Exposed§ 3.00 (0.34 - 26.25) 0.321 2.91 (0.38.59) 0.359
Kimchi

UnexposedF 1.00 1.00

Exposed§ 0.19 (0.05 - 0.79) 0.022 0.11 (0.0890 0.018
Acorn jello

UnexposedF 1.00 1.00

Exposed§ 0.57 (0.15 - 2.19) 0.411 0.46 (0.130)1 0.264
Soft toft

UnexposedF 1.00 1.00

Exposed§ 1.00 (0.21 - 4.71) 1.000 0.53 (0.090)3 0.475
Salted squi

Unexposed? 1.00 1.00

Exposed§ 0.84 (0.23 - 3.05) 0.793 0.83 (0.238p 0.781

* After adjustment for the frequency of eating lire tcafeteria
t Conditional logistic regression analysis
* intake less than half of food
§ intake more than or equal to half of food
OR = odds ratio; ClI = confidence interval
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The case group took significantly more leafy vebkts for wrapping
(OR=8.81) among the foods provided at the restasigound the building than
the control group did after adjusting for the freqay of the company recently
dining outside [Table 4].
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Table 4. Intake frequency at the restaurants artumduilding

After adjustment*

OR (95%CI)t P valuet OR (95%CI)T b valuet

Roasted meat

UnexposedF 1.00 1.00

Exposed§ 1.00 (0.25 - 4.00) 1.000 1.44 (0.292)7 0.653
Raw oyster

Unexposed? 1.00 1.00

Exposed§ 0.33 (0.07 - 1.67) 0.181 0.36 (0.0B3)L 0.217
Raw beef

UnexposedF 1.00 1.00

Exposed§ 0.52 (0.10 - 2.78) 0.447 0.52 (0.088) 0.452
Sashimi

Unexposed? 1.00 1.00

Exposed§ 2.12 (0.48 - 9.41) 0.322 3.16 (0.621)1 0.167
Crab preserved in soy sauce

Unexposed? 1.00 1.00

Exposed§ 1.19 (0.20 - 7.21) 0.850 1.53 (0.22.59) 0.669
Other raw foods

Unexposedf 1.00 1.00

Exposed§ 1.63 (0.08 - 34.64) 0.753 1.58 (0.83.23) 0.765
Street food

Unexposed? 1.00 1.00

Exposed§ 2.50 (0.68 - 9.11) 0.166 3.01 (0.79.59) 0.108
Snack stall

Unexposedf 1.00 1.00

Exposed§ 0.37 (0.04 - 3.32) 0.374 0.40 (0.0464)3 0.420
Salad

UnexposedF 1.00 1.00

Exposed§ 0.58 (0.15 - 2.18) 0.418 0.61 (0.187p 0.479
Fresh fruits

Unexposed? 1.00 1.00

Exposed§ 1.14 (0.23 - 5.70) 0.871 1.11 (0.2Z7%6 0.897
Fresh leafy vegetables for wrapping Lettuce, Sedaafe

Unexposedf 1.00 1.00

Exposed§ 4.70 (0.89 - 24.74) 0.068 8.81 (1.62.03) 0.038
Fresh vegetables (Cucumber, carrot, green chilipegp

UnexposedF 1.00 1.00

Exposed§ 1.08 (0.27 - 4.22) 0.916 1.26 (0.2926 0.754
Kimchi

Unexposed? 1.00 1.00

Exposed§ 0.27 (0.05 - 1.33) 0.107 0.25 (0.08311 0.104
Korean pancake with sea foods

UnexposedF 1.00 1.00

Exposed§ 0.63 (0.14 - 2.80) 0.544 0.69 (0.137)3 0.632

* After adjustment for the company recently dinimgtside
t Conditional logistic regression analysis

+ intake less than the median amount of food intake

§ intake more than or equal to the median of amotifdod intake
OR = odds ratio; ClI = confidence interval

12



The frequency of overtime work and intake of leaggetables outside were
still significant according to the analysis usirte tmultivariate conditional
logistic regression model with adjustment for thegtiency of the company
recently dining outside [Table 5].

Table 5. Adjusted odds ratios* of the hepatitisudlmeak

OR (95%Cl) P value
Frequency of recent overtime work 2.22 (1.07 1%.6 0.032
Leafy vegetables for wrapping (Lettuce, Sesamgfeaf
Unexposed? 1.00
Exposed§ 34.9 (1.33 - 919.05) 0.033

* Multivariate conditional logistic regression aysils including the frequency of recent
overtime work and intake of leafy vegetables foapping with adjustment for the
company recently dining outside

t taken at restaurants around the building

* intake less than the median amount of food intake

§ intake more than or equal to the median amoufdaadf intake

OR = odds ratio; ClI = confidence interval

IV. DISCUSSION

According to the cases’ history, it cannot be judijeat HAV was transmitted
by direct contact. The differences between the tohéhe first cases and the
time of the other cases were from 5 to 9 days; roasés could not have been
transmitted from a specific case as an index chkse.these reasons, it is
appropriate that this outbreak was caused by foouster.

The places where foods were exposed to workera aadeteria in the building
and the restaurants around the building. The feadsn in each home could be
candidates, but there was no report of a clusteutiireaks in the cases’ houses.
There was no evidence that any of the food handitthe cafeteria were the
origin of the infection; all of them were confirméal be negative on anti-HAV
IgM antibody tests and HAV was not detected geandyicfrom their stool
specimen. The infection could have originated fra@mntaminated food
materials or cooking tools at the cafeteria, betpbssibility is low considering
that there was no difference of the frequency ééteaia use between the case
and control groups and there were no abnormalrfgelon the environmental
survey. On the contrary, the control group sigaifity ate some of the menus in
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the cafeteria.

Food handlers and food materials from any of thetargants around the
building could also have been the source of infectit was suspected that a
specific restaurant could have been an infectiamcs) but it was impossible to
find evidence for this. The frequency of the intaké uncooked or less cooked
foods was investigated under the assumption ofapoimtated food materials.
Intakes of leafy vegetables were determined tcegme the risk of hepatitis A.
Previous studies showed that oysterslams’ and cockle® were the causes of
outbreaks. Hepatitis A outbreaks have also beeroceded with the
consumption of fresh produce contaminated with HRwe fresh produce was
frozen raspberrié§ iceberg lettuc®, frozen strawberrié§® green oniorfs,
etc. It has not yet been shown that any fresh m®duas associated with a
hepatitis A outbreak in Korea.

An experimental study suggested that the physibaracteristics of some
contaminated produce items might facilitate trassmon. After contaminating
lettuce, carrots and fennel with HAV, they were e with sterile distilled
water. HAV was detected from lettuce for 9 day®rftontamination, but for
only 4-7 days for the carrots and fennel. The sizd the wrinkled texture of
lettuce may provide HAV with favorable circumstasder long persistence.
Washing can reduce, but not completely remove tiEe HAV.

It is expected that more frequent overtime work ezaworkers more exposed
to the public environment of the company and surdings, and to be more
fatigued. If the public environment is contaminatén risk of infection should
be increased. It is known that fatigue is assodiatgh mild immunologic
disturbanc®. Immunologic disturbance can make a person maeegtible to
infection.

It is determined from this study that exposure toHAV-contaminated
environment and the fatigue caused by longer wgrkiours in companies
increased the risk of hepatitis A. It is also infel that a greater intake of the
contaminated leafy vegetables offered at restasirambund the building
increased the risk of hepatitis A. Once leafy vagkss like lettuce and sesame
leaf are contaminated, HAV is expected to persisaflong time.

There are four limitations to this study. Fist, &ese the virus was detected
from only one stool specimen, the homogeneity & #iruses of the cases
cannot be guaranteed. Second, because the suigiealied their intake history
for about two months, there are concerns that thay have failed to answer
correctly. Third, other buildings could not be istigated. If it is true that
contaminated food outside of the work building ealithis outbreak, then more
patients could exist in other buildings. The hdmatA patients in other
buildings were informed through an unofficial roubit they didn’t agree to
participate with this investigation. Thereforec@nnot be explained whether the
cause of this outbreak was a cause of others’tiofecLast, HAV wasn’t
separated directly from any foods, including leafggetables. Since it is
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actually difficult to separate virus from foods water, the cause should be
inferred from other evidence.

V. CONCLUSION

In conclusion, a higher frequency of overtime wank a greater intake of leafy
vegetables at restaurants around the building aser the risk of hepatitis A. It
is anticipated that this study can help providehier information about the
transmission pathway of HAV and establish count@suess against an

outbreak.
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APPENDICES
1. Questionnaire — Survey for cases
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2. Questionnaire — Survey for case-control study
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