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Objectives: It was supposed to analyze status and affecting factors in water and food-borne
communicable disease by screening entrants with diarrhea symptom at the point of entry in Korea
Methods: Symptomatic travelers with water and food-borne communicable diseases who entered
Korea were diagnosed by a health declaration and detection of causative agents in water and
food using laboratory tests. Among those entered in 2017, the affecting factors in the incidence of
communicable diseases among those who had diarrhea at the entry into Korea, were analyzed, with
frequency and chi-square test.

Results: The number of travel entrants with gastrointestinal communicable diseases increased by
40.19% from 2013 to 2017. The percentage of causative agents of water and food-borne communicable
diseases was the highest at 69.2% from July to September. The rate of detection of causative agents of
communicable disease pathogens in travelers from Southeast Asia entering Korea was 70.2%, which was
higher than people arriving from East Asia and Central Asia (57.5%; p < 0.001).

Conclusion: The positive ratio of causative agents of water and food-borne communicable diseases
was high among travelers that had entered Korea from July to September, with a high number among
entrants from Southeast Asia. Based on the positive detection of causative agents, the entry period and
countries visited were statistically significant affecting factors (p < 0.001).
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Introduction

Overseas travelers to and from Korea has been steadily
increasing due to the increased number of international air
routes. The Korea Immigration Service Statistics reported that
the number of domestic travelers increased from 27,397,000
in 2013 to 40,249,000 in 2017 [1]. This has raised public
awareness over communicable diseases such as influenza
(H1IN1), Middle East Respiratory Syndrome (MERS), shigellosis,
and outbreaks of avian influenza infections in humans in
China, leading to concerns over management of these diseases
in Korea [2,3]. The identification and quarantine of infected

people may prevent the spread of communicable diseases,
but latency of illness, lack of traveler information and route of
travel make this difficult to control on a large scale [4,5].

In order to prevent the spread of communicable diseases
in Korea, the National Quarantine Station requires a health
declaration to be completed by people entering Korea
(passengers and crew) by air or sea transportation, and
symptom surveillance to be carried out (fever, diarrhea,
vomiting, abdominal pain, cough, runny nose, nasal congestion,
sore throat, and shortness of breath). People quarantined
undergo specimen laboratory tests to determine communicable
disease infection [6].
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The major communicable diseases that have been reported to
the Korean Centers for Disease Control and Prevention (KCDC)
are dengue fever, malaria, hepatitis A, shigellosis and Zika
virus [7]. In recent times, the number of cases of shigellosis
(a Category 1 in Communicable Diseases Prevention Act), is
increasing. The incidence rate of shigellosis is high among
travelers from Southeast Asia such as Vietnam, Philippines, and
India [8].

Among 192 cases of shigellosis reported to the KCDC in
2018, 146 cases (76.0%) had been infected from abroad. This
means that there has been a 2.1-fold increase in cases from
the 69 cases of shigellosis reported in 2017 [9]. The number of
water and food-borne (WFB) communicable diseases (such as
shigellosis, cholera, typhoid, paratyphoid, Enterohemorrhagic E.
coli and vibrio vulnificus sepsis) originating from the outside of
Korea, showed a decline from 2013 to 2016 (103 cases in 2013,
72 cases in 2014, 62 cases in 2015, 47 cases in 2016), but in 2017
there were 159 cases reported, which was 3.4-times higher than
the number of cases reported in the previous year [10].

Materials and Methods

Using data from the quarantine information system in KCDC,
this study surveyed the health status of travelers entered Korea
who were quarantined during 2013 to 2017 because they had
symptoms of communicable disease. The incidence status and
its related factors of overseas WFB communicable diseases
were analyzed.

Among 173,790,994 travelers entered Korea (41,585,659
in 2017, 39,523,941 in 2016, 33,484,474 in 2015, 31,103,900
in 2014, 28,093,020 in 2013), 492,032 travelers (154,645 in
2017, 97,067 in 2016, 63,424 in 2015, 92,586 in 2014, 84,310
in 2013) entered Korea by air and were surveyed for diarrhea,
respiratory symptoms and fever. The causative agents were
determined through laboratory testings for WFB communicable
diseases. During 2013-2017, the quarantine inspection
detected 94,225 travelers who experienced diarrhea, vomit,
and stomachache. In this study, 5,805 entrants with diarrhea
to Korea in 2017, and 5,297 entrants who had the history of
visiting Asia were analyzed.

A frequency analysis and chi-square test was conducted
to figure out the distribution and its associated factors on
travelers with communicable disease symptoms, and causative
agents of WFB communicable disease detected during the
5-year period (2013 to 2017).

Statistical significance was considered when p < 0.05 level by
using PASW Statistics 18 (SPSS Inc., Chicago, IL, USA).

Results

In this study, cases of fever, diarrhea and respiratory symptoms
among people quarantined within the period 2013-2017 were
confirmed. Causative agents of WFB communicable disease were
determined using laboratory tests at the point of entry and
related factors affecting gastrointestinal WFB communicable
diseases were analyzed.

1. Travel entrants identified with diarrhea, fever and/or respi-
ratory symptoms who were quarantined (2013-2017)

The ratio of the travelers entered Korea between 2013
and 2017 with a fever, diarrhea and respiratory symptoms,
increased by 1.6 times in 2017 (n =154,645) compared to 2016
(n=97,067).

Travelers with respiratory symptoms alone accounted for
75.9% (n = 63,956) in 2013, 76.1% (n = 70,436) in 2014, 75.9%
(n = 48,156) in 2015, 75.8% (n = 73,625) in 2016 and 68.4%
(n=105,750) in 2017.

The proportion of travelers with symptoms, including
diarrhea, vomiting and stomachache reduced from 17.2% (n =
14,534) in 2013 to 16.1% (n = 14,901) in 2014, 14.7% (n = 9,330)
in 2015, and 16.3% (n = 15,814) in 2016. In 2017, there was an
increase to 25.6% (n = 39,646; Table 1).

2. Causative agents of WFB communicable diseases among
symptomatic entrants who were quarantined (2013-2017)

The total number of causative agents in 2013 was 1,385, 2,171
in 2014, 786 in 2015, 1,481 in 2016 and 5,350 in 2017. Over
the time period, diarrhea was reported in 65 (4.7%) cases of
shigellosis in 2013, 36 (1.7%) cases in 2014, 19 (2.4%) cases in
2015, 16 (1.1%) cases in 2016 and 28 (0.5%) cases in 2017 (up 1.8
times from the previous year). Vibrio sepsis, (a communicable
disease of the 3" Category according to the communicable
Disease Prevention Act) was detected in 2 cases (0.1%) in
2013, and 1 case (0.1%) in 2014 and 2016. The causative agents
[enteropathogenic E. coli (EPEC), enterotoxin-resistant E. coli
(ETEC), Vibrio parahaemolyticus, Campylobacter, Salmonella
and enteroinvasive E. coli] were detected. Among 10,877 cases
of gastrointestinal communicable disease detected between
2013 and 2017, 9,847 cases (87.8%) were confirmed by the
presence of ETEC and EPEC.

ETEC was detected in 673 cases (48.6%) in 2013, 1,007 cases
(46.4%) in 2014, 231 cases (29.4%) in 2015, 586 cases (39.6%)
in 2016 and 1,663 cases (31.1%) in 2017. EPEC was detected in
377 cases (27.2%) in 2013, 811 cases (37.3%) in 2014, 409 cases
(52.0%) in 2015, 718 cases (48.5%) in 2016, and 3,072 cases
(57.4%) in 2017 (Table 2).
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Table 1. Travelers identified with diarrhea, fever and/or respiratory symptoms who were quarantined (2013-2017).

2013 2014 2015 2016 2017
Symptoms* Total
N % N % N % N % N %
Travelers
enterer 173,790,994 28,093,020 100.0 31,103,900 100.0 33,484,474 100.0 39,523,941 100.0 41,585,659 100.0
Korea
Total
symptomatics 492,032 84,310 0.3 92,586 0.3 63,424 0.2 97,067 0.3 154,645 0.4
Gastro- 94,225 14,534 17.2 14,901 16.1 9,330 14.7 15,814 163 39,646 25.6
intestinal ’ ’ : » . ) . ) . , X
Fever 35,884 5,820 6.9 7,249 7.8 5,938 9.4 7,628 79 9,249 6.0
Respiratory 361,923 63,956 75.9 70,436 76.1 48,156 75.9 73,625 75.8 105,750 68.4

*Symptoms: gastro-intestinal symptoms (diarrhea, vomit, stomachache), fever, respiratory (runny nose/nasal stuffiness, sore throat, cough,
dyspnea.
"Travelers entered Korea: crew and passenger from aircrafts.

Table 2. Causative agents of WFB communicable diseases among symptomatic travelers who were quarantined (2013-2017).

2013 2014 2015 2016 2017
Total

N % N % N % N % N %
Total . 11,173 1,385 100.0 2,171 100.0 786 100.0 1,481 100.0 5,350 100.0
(causative agents)
Shigella 164 65 47 36 1.7 19 24 16 11 28 0.5
Vibrio cholerae O1 7 3 02 B ~ ~ B ~ ~ 4 01
Ogawa
Vibrio cholerae
0139, CTX- 2 1 0.1 1 0.1 - - - - - -
EHEC 57 5 0.4 5 0.2 5 0.6 27 1.8 15 0.3
Vibrio cholerae
non 01 62 9 0.6 17 0.8 4 0.5 3 0.2 29 0.6
Vibrio vulnificus 4 2 0.1 1 0.1 - - 1 0.1 - -
EPEC 5,387 377 27.2 811 373 409 52.0 718 48.5 3,072 57.4
ETEC 4,160 673 48.6 1,007 46.4 231 29.4 586 39.6 1,663 311
Vibrio : 615 100 72 131 6.0 50 6.4 70 47 264 49
parahaemolyticus
Campylobacter 475 90 6.5 1m 5.1 53 6.7 27 1.8 194 3.6
Salmonella 161 30 2.2 29 13 8 1.0 20 14 74 1.4
EIEC 79 30 2.2 22 1.0 7 0.9 13 0.9 7 0.1

EIEC = enteroinvasive E. coli; EPEC = enteropathogenic E. coli; ETEC = enterotoxin-resistant E. coli.; WFB = water and food-borne.
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Table 3. Laboratory test results for causative agents of WFB communicable diseases among travelers with diarrhea entered Korea in the quarterly

periods in 2017.

Classification Total (%) Negative (%) Positive (%) x* p
Total 5,805 (100.0) 1,983 (34.2) 3,822 (65.8)

January-March 1,542 (100.0) 632 (41.0) 910 (59.0)

April-June 1,116 (100.0) 364 (32.6) 752 (67.4) 44813 <0.001
July-September 1,901 (100.0) 585 (30.8) 1,316 (69.2)

October-December 1,246 (100.0) 402 (32.3) 844 (67.7)

WEB = water and food-borne.

Table 4. Positivity of causative agents for WFB communicable diseases among Asia travelers entered Korea who were quarantined.
Classification Total (%) Negative (%) Positive (%) x* p
Total 5,297 (100.0) 1,751 (33.1) 3,546 (66.9)

South-East Asia* 3,947 (100.0) 1,177 (29.8) 2,770 (70.2) 73.300 <0.001
Other Asian countries’ 1,350 (100.0) 574 (42.5) 776 (57.5)

*South-East Asia: Philippines, Thailand, Laos, Vietnam, Malaysia, Cambodia, Singapore, Indonesia, Myanmar, Brunei
Other Asia countries: China, Japan, Hong Kong, Taiwan, Mongolia, India, Nepal, Kazakhstan, Turkey

WEFB = water and food-borne.

3. Laboratory test results of causative agents for WFB com-
municable diseases among entrants with diarrhea to Korea in
quarantine in quarterly periods in 2017.

3.1. Chi-square analysis of travelers entered Korea who tested
positive for WFB communicable diseases in quarantine

The laboratory test results of those people quarantined in
2017 showed a statistically significant difference according
to the entry period of travel (x* = 44.813, p < 0.001). Among
the 5,805 people entering Korea who were quarantined, the
highest number of cases was 1,901 from July to September,
and the lowest was 1,116 from April to May. The detection of
causative agents of WFB communicable diseases was at its
highest rate from July to September (69.2%; n = 1,316) out
of 1,901 travelers tested. January to March had the lowest
number of travelers (59.0%; n = 910) tested positive for WFB
communicable diseases out of 1,542 (Table 3).

3.2. Test result for Asia travelers entered Korea in quarantine
According to the visit history of travelers entered Korea
from Southeast Asia, East Asia and Central Asia, Asia travelers

to Korea (n = 5,297) reported diarrhea, and there was a
statistically significant difference in the positive detection of
causative agents of WFB communicable diseases in quarantine
(x*=73.300, p < 0.001).

Among travelers entered Korea who visited Southeast Asia in
2017, 70.2% (n = 2,770) tested positive for WFB communicable
diseases. On the other hand, positive ratio of the detection rate
of WFB communicable disease pathogens was 57.5% (n = 776)
among East Asia and Central Asia travelers entered Korea (Table 4).

Discussion

It has been difficult to recognize the incidence of
communicable disease due to the latency of illness, travel
route and survey of international travelers. In this regard,
the study researched the status of travelers with diarrhea
and analyzed the current status and related factors affecting
WFB communicable diseases in quarantine. As a result of the
research, the number of travelers entered Korea, with diarrhea,
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fever and respiratory symptoms has steadily increased in
the period from 2013 to 2017. In particular, incidences of
reported diarrhea increased by 2.5 times in 2017 compared to
2016. In addition, KCDC (2018) reported an increase in WFB
communicable diseases such as shigellosis and typhoid fever
[10].

During the 5-year period, the number of symptomatic
travelers entered Korea who were quarantined has steadily
increased except in 2015. Among travelers entered with gastro-
intestinal, the incidences reported in 2013 were 17.2% (n
14,534), 16.1% (n = 14,901) out of 92,586 in 2014, 14.7% (n
9,330) out of 63,424 in 2015, 16.3% (n = 15,814) out of 97,067
people in 2016, and 25.6%(n = 39,646) out of 154,645 in 2017.
The incidence of diarrhea increased by 1.5 times in 2017
compared to 2016 [11].

Travelers’ diarrhea is typically caused by the ingestion of
bacteria whilst travelling, and incidences of diarrhea are
affected by the travel destination and season of travel. Poor
hygiene habits in the location largely contribute to the risk of
travelers’ disease, and is common when visiting developing
countries [12,13]. Travelers’ diarrhea is a symptom of eating
infected food and to a lesser extent drinking unclean water
[14,15]. Globally, 30-70% of travelers experience diarrhea
during travel, and usually have bacterial pathogens such as
E. coli, Campylobacter jejuni, Shigella spp., and Salmonella spp.
These are major causes of diarrhea symptoms in travelers
[16,17].

As a result of confirmed causative agents for WFB
communicable diseases, 164 cases (56.2%) of shigellosis were
found among the communicable diseases in Category 1 under
the “Communicable Diseases Prevention Act.” In designated
communicable diseases (10,877 cases), 9,547 (87.8%) cases were
detected in ETEC and EPEC. A study by Jeon et al [18] showed
the same results as reported in the case of ETEC, Shigella spp.,
and Vibrio cholerae as causative agents of gastrointestinal
communicable diseases from overseas. Ericsson [19] reported
that traveler diarrhea was most commonly caused by ETEC and
EAEC. Ahn et al [20] reported that 36% of people were found to
have ETEC and 27% of EAEC were detected in Southeast Asian
people entering Korea.

In 2017, there were 5,805 people entering Korea who had
laboratory test for WFB communicable diseases. Among them,
69.2% (n = 1,131) of 1,901 people tested positive in the period
of July to September, which was statistically significantly
the highest positive ratio compared with periods in the rest
of the year (x* = 44.813, p < 0.001). From 2013 to 2017, the
positive ratio of the laboratory test was predicted by using
an exponential smoothing model based on the positive result
of people entering Korea with diarrhea. The positive ratio
was expected to be consistently high from July to September
(data not shown). In this study, 5,805 people entered Korea

with diarrhea in 2017 and were quarantined. The number
of Asian travelers entered Korea with symptoms of a WFB
communicable disease was 91.2% (n = 5,297). This was higher
than travelers entered Korea from other countries where the
highest positive rate was 66.9% (3,546) (x* = 42.9813, p < 0.001)
(data not shown).

WFB communicable diseases do not have a commercially
available vaccine, so overseas travelers should drink safe water
and wash their hands and eat sanitized food as a prevention
measure. The results from this study suggest that public
guidance for the prevention of infection is needed to prevent
and control WFB communicable disease outbreaks [21].

Among the travelers entered Korea in 2017 who came
from Southeast Asia, 70.2% (n = 2,770) of 3,947 travelers with
diarrhea were found to be infected with a WFB communicable
disease. Laboratory tests of travelers with diarrhea (n = 1,350)
who visited East Asia and Central Asia were positive for
WEFB communicable disease in 57.5% (n = 1,750) of the cases.
Southeast Asia has a high population growth rate and most
areas are undergoing rapid change, but a large proportion
of these people may not have access to safe drinking water
and clean food. Therefore, diarrhea due to pathogenic E. coli
can be common [22]. The overall level of medical care is low,
accessibility to medical institutions is limited, and there is
a lack of infection prevention and response systems. Direct
transmission between humans or animal to human is likely
[23].

In 2017, travelers entered Korea with diarrhea were
quarantined and tested for WFB communicable diseases.
Chi-square analysis was conducted to analyze the related
factors affecting WFB communicable diseases. The results
demonstrated that both entry period and the countries visited
were crucial factors.

In this study, causative agents of WFB communicable
diseases were detected in the laboratory and the related
factors were analyzed from 2013 to 2017. However, depending
on the health declaration during quarantine inspection, there
may have been limitations to confirm the characteristic of
food and the travel environment of travelers. In future studies,
the control variables such as gender, age, food intake, travel
environment are necessary to investigate and analyze related
factors affecting the test result of WFB communicable diseases.

Previous studies have used the positive ratio of people
entering Korea with diarrhea and based on results of specimens
collected in quarantine. However, this study was conducted
in consideration of the number of multi-detections of the
pathogen status from each travelers in 2017, as well as the
positive rate of the travelers under laboratory test and the
status of pathogen. This study confirmed that the number
of people entering Korea who were quarantined with fever,
respiratory symptoms and diarrhea increased from 2013 to
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2017. Moreover, the number of causative agents from WFB
communicable diseases in 2017 was the highest between
July and September, when many people entered Korea from
Southeast Asia. There were many cases of WFB communicable
diseases in Southeast Asia. By chi-square test the entry period
and the country visited prior to entry in Korea were statistically
significant factors.
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