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ABSTRACT

Objectives: On February 16, 2022, 12 cases of hepatitis E virus (HEV) infection were reported in 
a food manufacturing factory in Korea. The aim of this study was to identify additional cases 
and to determine the source of this HEV outbreak. 
Methods: This study was an in-depth investigation of 12 HEV immunoglobulin M (IgM)-positive 
cases and their demographic, clinical, and epidemiological characteristics. On-site specimens 
were collected from the environment and from humans, and a follow-up investigation was 
conducted 2 to 3 months after the outbreak. 
Results: Among 80 production workers in the factory, 12 (15.0%) had acute HEV infection, all 
of whom were asymptomatic. The follow-up investigation showed that 3 cases were HEV IgM-
positive, while 6 were HEV IgG-positive. HEV genes were not detected in the HEV IgM-positive 
specimens. HEV genes were not detected in the food products or environmental specimens 
collected on-site. HEV was presumed to be the causative pathogen. However, it could not be 
confirmed that the source of infection was common consumption inside the factory. 
Conclusion: This was the first domestic case of an HEV infection outbreak in a food manufacturing 
factory in Korea. Our results provide information for the future control of outbreaks and for the 
preparation of measures to prevent domestic outbreaks of HEV infection. 
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Introduction 

Hepatitis E is an acute viral infection caused by the hepatitis 
E virus (HEV) [1]. According to the World Health Organization, 
20 million cases of hepatitis E are reported annually, of which 
3.3 million (16.5%) are symptomatic. In 2015, 44,000 people 
died from hepatitis E [2].  

The incubation period of hepatitis E is 15 to 64 days (average, 
40 days) [3]. Hepatitis E is a waterborne and foodborne disease 
orally transmitted through the consumption of contaminated 
water or food. The signs and symptoms include fever, fatigue, 
vomiting, stomachache, jaundice, and dark brown urine. 
Although these symptoms are like those of hepatitis A, most 
cases of hepatitis E are asymptomatic. Hepatitis E can progress 
to chronic infection in immunocompromised patients [1,4]. 

HEV has 8 genotypes, 4 (1–4) of which are reported in 
humans [5]. HEV genotypes 1 and 2 are mostly found in 
Asian and African countries with poor sanitation and are 
transmitted through the fecal-to-oral route, often in large-
scale waterborne outbreaks. HEV genotypes 3 and 4 cause 
zoonotic infection between humans and animals, mainly 
boars, pigs, and deer. Sporadic cases of infection through 
the consumption of contaminated foods have been reported 
in Europe, North America, parts of Asia (Japan, Taiwan), 
Australia, and New Zealand [4,6]. HEV genotype 7 has been 
reported in people who consume meat and milk derived 
from camels [7]. 

Sporadic outbreaks of hepatitis E from the consumption of 
undercooked meat and processed meat products have been 
reported in the developed countries of Europe and Japan [4,8]. 
Domestic cases of hepatitis E have been reported from the 
consumption of boar bile and raw roe deer meat [9–11]. As 
a result, interest in hepatitis E has expanded, and hepatitis 
E was designated a class 2 notifiable infectious disease with 
commencement of a mandatory surveillance system on 
July 1, 2020. According to statistics on infectious diseases by 
the Korea Disease Control and Prevention Agency (KDCA), 
approximately 500 cases a year are reported. However, when 
compared to hepatitis A, B, and C, awareness of hepatitis E 
is relatively low among healthcare workers and the public in 
Korea. Studies on hepatitis E are lacking in Korea, which is a 
non-epidemic area of acute hepatitis E [12]. 

On February 16, 2022, an outbreak of hepatitis E was 
reported in a food manufacturing factory in Korea during 
a routine health examination of workers. As this was the 
first reported domestic outbreak of hepatitis E, the KDCA 
examined the incidence and cause of the outbreak in the 
factory and initiated an epidemiological investigation to 
establish preventive measures. 

Materials and Methods 

Study Background and Settings 
The site of the outbreak was a food manufacturing factory 
that produced food by mixing, charging, drying, and packing. 
Among the 162 employees, 80 were production workers. 
The processing system in the factory was automated and 
all operations were sealed. There was no process in which 
employees had direct contact with the raw materials and 
products. The production workers worked in 3 shifts (day, 
evening, and night), and there was a cafeteria used by all 
employees in the factory. According to the requirements of 
importing countries, the production workers underwent 
annual health examinations with a surveillance checklist 
that included bacillary dysentery, hepatitis A, and hepatitis E. 
On February 16, 2022, the routine on-site health examination 
of 80 production workers showed 12 cases of hepatitis E 
infection. 

Considering that the cases were clustered in one factory 
during a single time period, and that the number of cases 
was higher than the usual occurrence reported in the 
province where the factory was located (4 cases annually), 
we identified this cluster as an HEV outbreak within the 
factory.  

Epidemiological Investigation  

Case definition 
According to the diagnostic criteria for hepatitis E, we defined 
cases as those who tested positive for HEV immunoglobulin 
M (IgM) among the production workers who worked and 
underwent routine health examinations in the factory from 
December 14, 2021 to February 16, 2022. As all cases were 
asymptomatic, diagnostic test results were substituted for 
symptoms. 

Study design 
The cases were detected through routine health examinations 
and not based on the manifestation of symptoms after 
consumption of a particular food item. Therefore, the source 
of common exposure was unclear. The long incubation period 
of acute hepatitis E (15–64 days) hindered the application of 
cohort or case-control studies. Therefore, a case series study 
was conducted involving the production workers who met 
the case definition. 

Case investigation 
Basic case information was obtained using an epidemiologic 
report form. An in-depth epidemiological investigation was 
conducted through phone calls. Demographic information 
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was collected including sex, age, and residence, as well 
as epidemiological characteristics including signs and 
symptoms; history of underlying disease; history of HEV 
infection; travel history; history of animal contact; history 
of contact with HEV-infected patients; history of blood 
donation, blood transfusion, or organ donation; and history 
of food consumption during the risk exposure period (15–64 
days) and the incubation period for index patients (December 
14, 2021 to February 1, 2022). Clinical characteristics were 
obtained, including HEV test results and alanine transaminase 
and aspartate transaminase measurements. The history  
of hospital visits during the estimated exposure period 
was obtained from the drug utilization review (DUR) data 
of the Health Insurance Review & Assessment Service. 
Record reviews were used, since all HEV-positive cases were 
reportedly asymptomatic. 

Environmental Investigation 

Investigation of the cafeteria and food items 
Considering that more than 1 month had passed since 
the diagnosis of the cases, and that all the cases used the 
same cafeteria in the factory, the investigation focused 
more on the cafeteria and food items than on the worksite 
or environment. The Food Sanitation Act mandates the 
preservation of food for 144 hours after provision. Since the 
preserved foods from the risk exposure period were not 
available, the most recent preserved foods were collected. 

The consumption history of meat and processed meat 
products from the list of food items provided at the cafeteria 
was analyzed in addition to the in-depth epidemiological 
investigation. The consumption history of raw meat, processed 
meat products, animal liver/intestine, and frozen fruits was 
examined. Furthermore, the kitchen and cooking environment, 
method of food preservation and distribution, and supply of 
food ingredients were investigated by interviewing kitchen 
employees. Since the IgM-positive HEV infection had occurred 
in the past, recent changes in suppliers of food ingredients, 
kitchen workers, and the cooking environment were also 
investigated.  

Investigation of the worksite and environment 
Environmental specimens were collected from workroom 
handles, manufactured products, and water that the cases 
could have been in contact with while working. 

Laboratory Testing 
Anti-HEV IgM was tested in the positive plasma samples 
using an abia HEV IgM enzyme linked immunosorbent 
assay kit (AB Diagnostic Systems GmbH) according to the 

manufacturer’s manual. Anti-HEV IgM-positive samples 
were tested for HEV RNA using the PowerChek HEV virus 
qRT-PCR kit (KogeneBiotech Co.). Primers and probes were 
designed based on multiple sequence alignment of the 
HEV genome sequences in the open reading frame 2/3 
region. Environmental samples were taken from within 
the facility, and HEV RNA quantitative reverse transcription 
polymerase chain reaction (qRT-PCR) tests were performed. 
Environmental tests were conducted on water purifiers, 
doorknobs, telephones, manufactured products in the 
workplace, kitchen tools in the cafeteria, and preserved foods. 

Follow-up Investigation 
To monitor the onset of additional cases and determine the 
continuation of the outbreak, a follow-up was conducted in 
April 2022, 2 to 3 months after the outbreak was detected, 
by screening for HEV IgM, HEV IgG, and HEV genes. 

Data Analysis 
Descriptive statistics (presented as frequencies and percentages) 
were used to analyze differences in the demographic, clinical, 
and epidemiological characteristics of the cases collected 
during the epidemiological investigation. Microsoft Excel 
2013 (Microsoft Corp.) was used for the analysis. 

Ethics Approval 
The study protocol was approved by the Institutional Review 
Board of the KDCA (IRB-2022-08-03-PE-A). 

Results 

Descriptive Epidemiology 
On February 16, 2022, 12 of 80 production workers in the 
factory tested positive for HEV in their routine on-site health 
examinations. 

Demographic and clinical characteristics showed that all 
12 cases were men and the median age was 50 years (range, 
43–59 years). The attack rate of acute hepatitis E among 
production workers was 15.0% (12/80). Regarding age, 18.2% 
of production workers (8/44) were in their 50s and 12.9% 
(4/31) were in their 40s. The attack rate according to work 
division was 23.5% (4/17) in department B and 18.8% (3/16) in 
department E (Table 1). 

All cases were asymptomatic (HEV carriers), and most (10/12) 
showed normal liver function, based on alanine transaminase 
and aspartate transaminase levels. A history of chronic 
diseases (e.g., hypertension) was found in 8 cases, and cases 
no. 1, no. 3, and no. 8 tested anti-HEV IgM-positive since their 
previous health examination in 2020. Although all cases 
reported being asymptomatic during the investigation, the 
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DUR of the Health Insurance Review & Assessment Service 
revealed that 1 case (no. 8) had presented with digestive 
symptoms (i.e., gastroenteritis and colitis) during the 
estimated HEV exposure period (December 2021 to February 
2022) (Table 2).  

The analysis of the epidemiological characteristics of the 
production workers revealed that, within the estimated HEV 
exposure period, there was no history of overseas travel 
(including to acute hepatitis E epidemic regions), blood 
donation, blood transfusion, organ donation, or contact with a 
hepatitis E-infected patient. As zoonotic infection is possible 
in acute hepatitis E, any history of animal contact while 
hunting or while in a barn or farm near the factory or home 
was examined. The results showed that case no. 12 had a small 
barn containing 6 hens and 2 dogs. Any history of consuming 
undercooked meat, animal liver or bile, shellfish, processed 
meat products (e.g., unheated sausage), or frozen fruits was 
investigated. Cases no. 4 and no. 10 had consumed cow liver 
or raw meat but did not develop symptoms (Table 3). 

Environmental Investigation 
During the on-site epidemiological investigation, we 
collected and tested 3 human specimens from the kitchen 
employees; 19 environmental specimens from handles in 
the worksite, kitchen knives, cutting boards, washcloths, 
preserved food products, and water; and 4 specimens from 
manufactured products. However, no pathogens were isolated 
from these specimens, and the source of infection could not 

Table 1. Hepatitis E attack rate by age, sex, and work 
department among the factory production workers (n = 80)

Variable Total Hepatitis  
E cases (n)

Attack  
rate (%)

Total 80 12 15.0
Age (y), median (range) 50 (27–60) 50 (43–59)
 20–29 1 0 0.0
 30–39 3 0 0.0
 40–49 31 4 12.9
 50–59 44 8 18.2
  ≥ 60 1 0 0.0

Sex
 Male 80 12 15.0
 Female 0 0 0.0
Department
 A 6 1 16.7
 B 17 4 23.5
 C 7 1 14.3
 D 10 1 10.0
 E 16 3 18.8
 F 4 1 25.0
 G 13 0 0.0
 H 7 1 14.3
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be determined. The factory operated its own self-service 
cafeteria, and no specific problems were identified in the 
sanitary conditions of the cooking environment, the cooking 
staff, or the food suppliers. All processes within the workshop 
were automated and contained within a closed workspace. 
Therefore, there was no contact between the workers and 
the products, and the likelihood of contamination of the 
manufactured food by workers was assessed to be low. 

Follow-up Investigation 
The follow-up tests revealed 3 HEV IgM-positive results (3 
previously HEV IgM-positive cases) and 6 HEV IgG-positive 
results (2 previously HEV IgM-positive cases and 4 previously 
negative cases). Viral genes were not isolated in the IgM-
positive specimens (Table 4). Based on the results of the 
follow-up investigation, the 3 HEV IgM-positive workers 
were among those who had first been reported in February 
2022, and no new cases had developed among the HEV IgM-
negative workers. 

Discussion 

Hepatitis E infection was designated a class 2 notifiable 
infectious disease in July 2020 in Korea. According to the 
Health Insurance Review and Assessment Service, the annual 
number of reported cases of acute hepatitis E was fewer than 
100 between 2010 and 2018. Reported cases reached a peak 
of 219 in 2019, dropped to 169 in 2020, then increased again to 
235 in 2021. 

Hepatitis E infection presents a wide range of clinical 
symptoms, from no or mild symptoms to fulminant 
hepatitis. Unlike previous reports outside Korea, all cases 
diagnosed in the current outbreak were asymptomatic 
[6,13]. However, the predominantly high infection rate in 
men aged 50 years or older in the present outbreak was 
in line with previous studies [2,6,14]. This epidemiological 

Table 3. Epidemiological characteristics of the HEV-infected factory production workers (n = 12)

Characteristic
Case no.

1 2 3 4 5 6 7 8 9 10 11 12
Travel history No No No No No No No No No No No No
History of blood donation/

transfusion
No No No No No No No No No No No No

Contact with HEV-infected patient No No No No No No No No No No No No
Contact with animals No No No No No No No No No No No Yesa)

Ingestion of HEV risk-related  
foods

No No No Yesb) No No No No No Yesc) No No

HEV, hepatitis E virus.
a)Small stock (6 chickens, 2 dogs). b)Raw cattle liver. c)Raw beef.

investigation showed that all 12 cases of acute hepatitis E 
from the factory were asymptomatic, but did show HEV 
IgM-positive results. Therefore, the causative pathogen was 
presumed to be HEV. Since the virus detected in the human 
specimens was not detected in the environmental specimens, 
it could not be determined that the source of infection 
was through common consumption inside the factory. 
Furthermore, the epidemiological investigation did not 
reveal common sources of exposure outside the workplace, 
such as the use of a common restaurant or other common 
activities. Acute hepatitis E occurred in 12 of 80 production 
workers in the factory, accounting for an attack rate of 15.0%. 
Considering an incubation period of 40 days (range, 15–64 
days) from February 2022 when the cases were detected, the 
infections inside the factory could have occurred between 
December 2021 and February 2022. Although all cases 
reported being asymptomatic during the investigation, the 
DUR of the Health Insurance Review & Assessment Service 
revealed that 1 case (no. 8) had symptoms of gastroenteritis 
and colitis and a history of hepatitis E in the past, so the 
possibility of an index case could not be ruled out. Despite the 
possibility of co-exposure among all cases, and insufficient 
evidence for an external environmental route of infection, it 
was difficult to determine the source of infection. 

To prevent the spread of HEV, we monitored for additional 
cases and anyone presenting with symptoms for the 
maximum incubation period of 64 days. In addition, follow-
ups were conducted with the production workers 2 to 3 
months after the outbreak (April 2022). The local public 
health center collected blood samples from the production 
workers between April 18 and 19, 2022, and the Department 
of Virus Analysis at the KDCA analyzed the specimens. In 
vitro diagnostic agents approved by the Ministry of Food 
and Drug Safety were used for antibody testing, and the 
HEV IgM-positive specimens were subjected to additional 
viral gene detection tests. Three HEV IgM-positive cases (all 
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previously HEV IgM-positive) and 6 HEV IgG-positive cases 
(2 previously HEV IgM-positive and 4 previously negative) 
were found. Among them, 1 case was both HEV IgM- and 
IgG-positive, and no viral genes were detected in the HEV 
IgM-positive specimens. The 3 HEV IgM-positive cases 
had previously tested positive for HEV IgM on February 
16, 2022. No new positive cases were detected among the 
previously HEV IgM-negative workers in the follow-up 
testing. Although HEV can be detected in blood for 3 to 6 
weeks after infection, its detection has also been reported 
after several months. As all cases showed normal liver 
function and no symptoms, no further interventions were 
performed, and the monitoring of the hepatitis E outbreak 
in the factory ended on April 25, 2022 (Figure S1). 

This outbreak investigation had a few limitations. First, 
because 19 days passed between the time that a diagnosis 
of hepatitis E was made and the beginning of the on-site 
epidemiological investigation and collection of specimens, 
the timeliness of the investigation, the design, and the 
selection of subjects were not sufficient. Considering the 
long incubation time of hepatitis E (15–64 days) and the 
time when the outbreak was first recognized, the on-site 
epidemiological investigation was conducted at least 1 
month after the onset of infections. Therefore, there were 
no preserved foods on-site that had been consumed by 
the HEV IgM-positive cases. It was also difficult to obtain 

cooperation for the investigation from the factory staff. For 
this reason, we were only able to investigate HEV IgM-positive 
production workers and not all employees. Thus, the risk of 
infection from food consumption could not be determined 
in this case series study. Although the factory cafeteria was 
used by all employees, the investigation was only conducted 
among production workers who were subject to routine 
health examinations, limiting our assessment of the route 
and location of the infection in this outbreak. In the event of 
a future hepatitis E outbreak, an appropriate investigation 
design and selection of subjects is necessary to identify the 
source and route of infection and to take effective control 
measures. 

Second, the factory had failed to take appropriate measures 
in the past when cases of hepatitis E were found during annual 
health examinations of the production workers because the 
cases had no specific symptoms, and the factory was not 
aware that hepatitis E was a notifiable infectious disease. 
According to previous studies [15–17], hepatitis E reinfections 
can occur despite immunization. HEV IgM-positive individuals 
convert to negative within 6 months on average, but HEV 
IgM positivity can last for 2 to 3 years. In this case, it was 
determined that 3 workers had been HEV IgM-positive in the 
past due to previous exposure to the virus, with antibodies 
remaining from the previous infection. In the event of an 
outbreak of hepatitis E, appropriate case management 

Table 4. Results of the F/U investigation of the factory production workers (n = 76)

Case no.

Routine health examination F/U investigation (April 18–19, 2022)
IgM  

(February  
16, 2022

PCR  
(March 5  

and 7, 2022)
IgM IgG PCR

Anti-HEV IgM(+) (n = 12) 1 Positive Negative Negative Positive Negative

2 Positive Negative Negative Negative Negative
3 Positive Negative Positive Positive Negative
4 Positive Negative Positive Negative Negative
5 Positive Negative Negative Negative Negative
6 Positive Negative Negative Negative Negative
7 Positive Negative Positive Negative Negative
8 Positive Negative Negative Negative Negative
9 Positive Negative Negative Negative Negative
10 Positive Negative Negative Negative Negative
11 Positive Negative Negative Negative Negative
12 Positive Negative Negative Negative Negative

Anti-HEV IgM(–) (n = 64) 4 Cases of  
the HEV- 
IgM(–)

Negative None Negative Positive Negative
Negative None Negative Positive Negative
Negative None Negative Positive Negative
Negative None Negative Positive Negative

60 Cases of  
the HEV- 
IgM(–)

Negative None Negative Negative Negative

F/U, follow-up; IgM, immunoglobulin M; PCR, polymerase chain reaction; IgG, immunoglobulin G; HEV, hepatitis E virus. 
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measures require timely notification of the disease. 
Third, the HEV genotype that caused this outbreak could 

not be determined because qRT-PCR results from the 
12 HEV IgM-positive cases did not show viral genes. In a 
previous study [18], only 1 of 6 cases with HEV IgM-positive 
results showed positive qRT-PCR results, indicating that 
HEV viremia had decreased significantly in the serum of 
cases with acute symptomatic hepatitis E and, therefore, 
could not be detected. Further efforts are needed to isolate 
HEV genes from cases. 

Fourth, there is no internationally standardized diagnosis 
method for hepatitis E, and the possibility of false positives 
due to the low sensitivity of domestically approved hepatitis 
E antibody tests cannot be ruled out. According to the 
results of a previous study in Korea [19], the seroprevalence 
of HEV IgG in 147 study subjects was 23.1% when tested by 
Wantai kits (Wantai Biological Pharmacy Enterprise), while 
the GeneLab (GeneLabs Diagnostics) test for the same group 
showed 14.3%, indicating a high degree of reproducibility. 
Therefore, further research is needed on diagnostic methods, 
including a comparison of the sensitivity and specificity of 
various hepatitis E antibody test kits. 

Despite these limitations in our investigation, this was 
the first epidemiological investigation and response to 
a domestic hepatitis E outbreak in Korea. The results of 
this study suggest the following strategies for domestic 
hepatitis E control: 

First, we should raise awareness regarding hepatitis E and 
provide information and guidance to healthcare workers to 
enable an early diagnosis when symptoms manifest. Hepatitis 
E was designated a class 2 notifiable infectious disease in July 
2020. However, because its incidence is low in Korea, and most 
cases are reportedly asymptomatic, awareness is low among 
healthcare workers. This leads to frequent omissions or 
delayed reporting, likely resulting from a low rate of diagnosis 
even when the infection presents with symptoms. To avoid 
delays in the reporting of hepatitis E, awareness must be 
raised. 

Second, it is necessary to identify which groups are at 
risk of infection in Korea to establish effective HEV control 
strategies. The current outbreak was detected through 
routine health examinations of production workers required 
by other countries before exporting the products of the 
factory. Since hepatitis E is mostly asymptomatic or mildly 
symptomatic, it is possible to miss hepatitis E even when 
there is an outbreak. Therefore, it would be helpful to identify 
domestic risk groups by conducting seroprevalence surveys 
at the national or regional levels, targeting specific groups 
with known risk factors. 

Third, since HEV can be transmitted zoonotically, hepatitis 
E needs to be monitored, prevented, and managed using 
a One Health approach to prevent the spread of HEV from 
animal hosts to humans [20]. According to recent studies from 
Europe, Japan, and Australia, HEV genotypes 3 and 4 can lead 
to zoonotic waterborne or foodborne infections in humans 
and animals, mainly pigs, boars, and deer [4,6]. It is necessary 
to establish a system of communication and collaboration 
among multiple authorities to prepare an integrated 
governmental response system for infectious diseases, with  
a focus on the risk factors among people, animals, food, and 
the environment. 

Conclusion 

This was the first domestic outbreak of HEV infection to 
occur in a food manufacturing factory in Korea. Our results 
may provide useful information for effective outbreak 
control and the preparation of preventive measures against 
future domestic outbreaks of HEV infection. Currently, no 
commercial vaccine has been developed for hepatitis E in 
Korea. Therefore, to reduce the prevalence of hepatitis E 
infection and prevent outbreaks, the importance of consuming 
foods prepared in sanitary settings and fully cooked at the 
appropriate temperature should be publicly promoted. Raising 
public awareness of hepatitis E and establishing supportive 
systems is vital. 
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Figure S1. Timeline of the HEV outbreak. Supplementary data 
are available at https://doi.org/10.24171/j.phrp.2022.0305. 
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