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ABSTRACT

Objectives: Investigations into foodborne illness, potentially caused by Kudoa septempunctata, has been
ongoing in Korea since 2015. However, epidemiological analysis reporting and positive K septempunctata
detection in feces in Korea has been limited. The aim of this study was to provide epidemiologic data
analysis of possible food poisoning caused by K septempunctata in Korea.

Methods: This study reviewed 16 Kudoa outbreak investigation reports, including suspected cases
between 2015 and 2016 in Gyeonggi province, Korea. Suspected Kudoa foodborne illness outbreak
was defined as “evidence of K septempunctata in at least one sample.” The time and place of outbreak,
patient symptoms and Kudoa (+) detection rate in feces was analyzed.

Results: Kudoa foodborne illness outbreaks occurred in most patients in August (22.6%) and in most
outbreaks in April (25%). The attack rate was 53.9% and the average attack rate in patients who had
consumed olive flounder was 64.7%. The average incubation period was 4.3 hours per outbreak.
Diarrhea was the most common symptom which was reported by 91.5% patients. The Kudoa (+)
detection rate in feces was 69.2% of cases.

Conclusion: Monthly distribution of Kudoa foodborne illness was different from previous studies. The
Kudoa (+) detection rate in feces decreased rapidly between 25.5 and 28.5 hours of the time interval
from food intake to epidemiologic survey. To identify effective period of time of investigation, we
believe additional study with extended number of cases is necessary.

©2018 Korea Centers for Disease Control and Prevention. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

septempunctata. This new species, K septempunctata, has 6 or 7
polar capsules and lives in the muscles of the olive flounders

Kudoa is a genus of Myxozoa which is a parasite of marine
fish [1]. The parasitic symptoms of Kudoa infection are the
formation of cysts viewable by the naked eye in muscles
around the body, the brain, pericardium, digestive system
and kidneys. Certain species of Myxozoan parasites live off
muscles, forming pseudocysts, and often cause postmortem
myoliquefaction in their hosts [2].

In 2010, a new species of Myxozoa was found in farmed
olive flounders from Jeju Island, Korea, and was named Kudoa

by forming pseudocysts, although this process does not cause
postmortem myoliquefaction. Kudoa species cannot be seen
via the naked eye and can only be diagnosed through PCR
detection and microscopic tests.

The life cycle of K septempunctata is not clear, but it is
presumed that the olive flounder is infected via annelids, an
intermediate host. It is likely that young, farmed flounder
are infected with K septempunctata spores, which divide and
multiply in number and become mature spores as the flounder
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grows [3].

Japan has seen more than 100 cases of unidentifiable
foodborne illness outbreaks annually since 2003. The
consumption of raw olive flounders was often related to such
outbreaks. Kawai et al [4] reported that K septempunctata could
give rise to water and foodborne diseases, in addition to the
Ministry of Health, Labour and Welfare of Japan announcing
that K septempunctata was a cause of acute water and
foodborne diseases in June 2011 [5].

There are varying opinions as to whether K septempunctata
causes water and foodborne diseases [6,7]. Unlike the tests
carried out by Kawai et al [4] in Japan, some investigators
report conflicting results [8,9]; as such, the pathogenesis of K
septempunctata cannot be regarded as conclusive. However,
the lack of proof of pathogenesis of K septempunctata cannot
be grounds for assuming that it does not cause foodborne
diseases; as such, there is a need for epidemiological
investigation.

Since 2015, the Korea National Research Institute of Health
and the Institute of Health and Environment, have included
tests for K septempunctata in epidemiologic investigations for
suspected water and foodborne diseases [10].

The Korea Centers for Disease Control and Prevention
(KCDC), through its epidemiological investigation of infectious
diseases in the Korea annual report 2015, have announced the
characteristics of 11 outbreaks of K septempunctata occurring
across Korea in 2015 [10]. The Guideline for Water & Foodborne
Diseases Prevention and Control (2017) has classified K
septempunctata infection as, “other infections,” providing
details on diagnosis guidelines and various characteristics [3].

However, as there are a limited number of existing
epidemiological studies and reports on the foodborne diseases
resulting from K septempunctata in Korea, the need for research
on Kudoa species has become important. This study analyzes
the epidemiologic characteristics of 16 outbreaks of foodborne
illnesses caused by K septempunctata reported in Gyeonggi
province in Korea, between 2015 and 2016. Moreover, this
study examined methods to increase Kudoa (+) detection rates
in feces as this had not been previously reported.

Materials and Methods

1. Case criteria

The cases of foodborne illness outbreaks potentially caused
by K septempunctata were defined as cases of water and
foodborne illness outbreaks where one or more patients’
human vomit or feces were found to contain K septempunctata
as detected by 18S and 28S rDNA PCR [3]. Although other
pathogenic organisms may have been detected, they were
considered not to be the cause of the foodborne illness

considering the latent period and clinical symptoms. In cases
where the incubation period was short after consumption of
raw fish, attempts were made to collect feces from the patients
which were subject to protozoan tests, including Kudoa. Data
were collected on the date of occurrence, location, number of
patients and their symptoms. Kudoa detection rate in feces,
and consumption rates of olive flounders in patients and non-
patients were recorded and epidemiologically analyzed.

2. Outbreak criteria

Report of outbreaks of water and foodborne diseases are
cases defined as two or more patients who have contracted
the symptoms while being connected spatially and temporally,
and the causes of the symptoms are thought to be due to the
same food source. Reported cases by the Gyeonggi province
include cases where the source of infection is located within
the province, and cases where the majority of patients reside
in the province if the source of infection is unclear [3].

This study has examined the epidemiological investigation
of 16 foodborne illness outbreaks thought to be caused by K
septempunctata, reported by the Gyeonggi province between
January 2015 and December 2016.

3. Kudoa (+) detection rate in feces (%)

For each outbreak, the Kudoa (+) detection rate in feces
(%) was calculated by determining the number of Kudoa (+)
specimen divided by the total number of feces specimens
examined.

Kudoa (+) detection rate in feces (%) = (Number of Kudoa (+)
feces/ Total Number of Feces examined) x 100

Results

Epidemiological analysis was carried out for a total of 16
outbreaks (4 in 2015, 12 in 2016) that had occurred in the last
2 years in Gyeonggi province (Table 1). All cases included the
consumption of raw fish and related foodstuffs, including olive
flounders.

The regional distribution of reported outbreaks of food
poisoning caused by K septempunctata were: 5 outbreaks in
Hwaseong city (31.3%), 3 outbreaks in Gimpo city (18.8%),
2 outbreaks in Hanam city (12.3%), and 1 outbreak each for
Dongan-gu, Anyang city, Manan-gu, Anyang city, Bundang-
gu, Seongnam city, Siheung city, Gunpo city and Gangnam-gu,
Seoul (Figure 1).

The number of people adversely affected by K septempunctata
peaked in August with 14 patients (22.6%), and April with 12
patients (19.4%).

The number of outbreaks peaked in April with 4 outbreaks
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(25%), followed by October and November with 3 outbreaks
(18.8%), respectively (Figure 2). The attack rate averaged 53.9%,
with the rate ranging between 25% to 100% for each outbreak.
The average attack rate in patients who had consumed olive
flounder was 64.7%, with the rate ranging between 25% to 100%
for each outbreak. The incubation period averaged 4.3 hours
per outbreak, with a distribution between 2 hours to 9 hours
for each patient. Patients with multiple symptoms indicated
that 91.5% of patients experienced diarrhea, making it the most
common symptom, followed by vomiting 86.4%, abdominal
pain 67.8%, nausea 57.6% and fever 34.6%.

Confirmation of Kudoa (+) detection in feces was found in
69.2% of cases, with a diverse range between 25% to 100% for
each outbreak. Analyzing the outbreaks (Figure 3), Kudoa (+)
detection rate in feces was much lower for patients who had
more than 25.5 hours to 28.5 hours between the time of food

intake and the beginning of the epidemiological investigation.
The percentage of patients who consumed raw olive flounder
amongst the patients was 100%, and in non-patients, the
percentage was 96.8%.

Discussion

The presence of Myxosporian parasites in Korea have
been investigated [11], and in particular, evidence for K
septempunctata infection of farmed olive flounders and their
young [12, 13, 14]. In the Jeju region where olive flounders
are farmed, investigators analyzed the farming environment
in both Kudoa positive and negative farms [15]. Outbreaks of
food poisoning caused by Kudoa in one or more patients have
been investigated and reported in Korea since 2015. However,

Table 1. Summary of epidemiologic investigation reports of Kudoa foodborne illness outbreaks in Gyeonggi province between 2015 and 2016.

Quth Dateol o (ymean MO prsons ASICk Diathes Natsea Vomiting sbdominal %o " o 1y e ofor
(hr)'  (min-max) P inrisk . ° ° : (%) rate (%)" feces(%)’ 0.£(%)" pts(%)% nonpts(?é)ﬁ
1 01)18/15 255 59(5-65) 7 8 85 714 714 571 85.7 - 87 1000 875 1000  100.0
2 04/19/15 17.8 3.5(3~4) 3 4 75.0 100.0 0 66.7 66.7 0 66.7 50.0 100.0 100.0 0
3 08/18/15 . 4,1 (2~9) 14 18 77.8 100.0 571 100.0 429 50.0 214 66.7 100.0 - -
4 10/14/15 22.2 3.5(2~5) 4 15 26.7 75.0 75.0 50.0 75.0 50.0 75.0 66.7 26.7 100.0 100.0
5 03/20/16 215 - 2 4 50.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 50.0 100.0 100.0
6 03/26/16 - - 3 12 25.0 100.0 100.0 100.0 100.0 1000 66.7 50.0 25.0 100.0 100.0
7 04/20/16 255 - 3 6 50.0 - - - - - 100.0 100.0 50.0 100.0 100.0
8 04/29/16  78.0 4.5 (3~6) 3 3 100.0 100.0 0 100.0 0 0 100.0 333 100.0 100.0 uncalc®
9 04/29/16 17.5 - 3 3 100.0 100.0 100.0 100.0 66.7 333 333 100.0 100.0 100.0 uncalc
10 06/10/16  28.5 -(5~6) 4 20 20.0 100.0 100.0 100.0 100.0 0 100.0 25.0 - - -
11 06/12/16 19.5 - 3 5 60.0 100.0 0 100.0 100.0 0 66.7 50.0 - - -
12 10/08/16  53.0 3.5(3~4) 2 2 100.0 100.0 100.0 100.0 50.0 0 100.0 50.0 100.0 100.0 uncalc
13 10/18/16 35.8 6.5 (6~7) 2 2 100.0 100.0 0 100.0 50.0 50.0 50.0 100.0 100.0 100.0 uncalc
14  11/03/16 13.8 - 3 3 100.0 66.7 100 100.0 100.0 66.7 66.7 100.0 100.0 100.0 uncalc
15 11/08/16 - 2.5(2~3) 3 6 50.0 100.0 333 66.7 66.7 0 333 100.0 50.0 100.0 100.0
16  11/08/16 15.5 5.0 (4~6) 3 4 75.0 66.7 0 66.7 66.7 0 66.7 50.0 75.0 100.0 1000
me- 28.8/ 4.3/ 39/ 72| 53.9 91.5 57.6 86.4 67.8 34.6 62.9 69.2 64.7 100 96.8
an outb outb  outb outb (62/115) (54/59) (34/59) (51/59) (40/59) (18/52) (39/62) (27/39) (55/85) (41/41)  (30/31)

Outb = Outbreak; No = Number; hr = hour; pts = patients; nonpts = non-patients; exam = examination; Date of occurrence = MM/DD/YY

'Time interval (hr) = Time interval between Food intake and Epidemiologic survey

% Feces exam rate (%) = No of Feces examination/No of patients) x 100

*Kudoa(+) rate in Feces (%) = Kudoa(+) detection rate in Feces = (No of Kudoa(+) stool/No of Feces examination) x 100

* Attack rate with o.f. (%) = (No of patients/ No of raw olive flounder intake) x 100

® Intake of o.f. among pts(%) = (No of raw olive flounder intake/ No of patients)X 100

® Intake of o.f. among nonpts(%) = (No of raw olive flounder intake/ No of non-patients)X 100

7 - = absence of data
#uncalc = uncalculable because No of non-patients is 0.
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Figure 1. The regional distribution of reported outbreaks of food
poisoning caused by K septempunctata.
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Figure 2. The monthly distribution of reported outbreaks of food
poisoning caused by K septempunctata.
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Figure 3. Kudoa (+) detection rate in feces by time interval between food intake and

epidermiologic survey.

in the outbreak of water and foodborne illnesses that includes
at least one case of K septempunctata in feces or vomit, it
may be too hasty to judge that such a case is attributable to
K septempunctata. This is because K septempunctata found in
vomit or feces simply means that the patient has ingested olive
flounders infected by Kudoa, and this may be independent of
the occurrence of food poisoning from other pathogens [7].
The pathogenesis of the K septempunctata in animal testing
has shown different results between researchers [4, 8, 9].
However, even prior to determining the pathogenesis of the K
septempunctata, it is important to epidemiologically analyze

cases with foodborne illness outbreaks involving patients in
whom Kudoa has been detected. This study has considered the
differing opinions on the pathogenesis of K septempunctata and
the fact that the epidemiological investigation of infectious
diseases in the Korea Annual Report 2015, has analyzed
outbreaks that have involved one or more K septempunctata
positive specimens. So, in this study, the possible diagnosis
instead of confirmed diagnosis have been analyzed.

In the Gyeonggi province, the mass outbreaks reported to the
Comprehensive Management System at the Centre for Disease
Control relating to water and foodborne diseases have reported
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125 outbreaks in 2015 and 130 outbreaks in 2016; there were
48 sashimi-related outbreaks in 2015, and 52 in 2016. Amongst
these foodborne outbreaks, 4 outbreaks were positive for
Kudoa in 2015 and 12 in 2016. These results correlated to
3.2%, of the outbreaks reported in the province for water and
foodborne illnesses in 2015, increasing to 9.2% in 2016, with
8.3% of sashimi-related outbreaks in 2015, increasing to 23.1%
in 2016.

The increase in foodborne outbreaks positive for Kudoa in
2016 compared to 2015 in Gyeonggi province may relate to
the fact that public health centers have become more aware
of testing for Kudoa in these outbreaks. According to the Korea
National Research Institute of Health in 2015, Kudoa-related
requests for testing were made for 38 outbreaks and 153
patients, nationwide; between January 1, 2016 to November
30, 2016, this increased to 77 outbreaks and 251 patients [16].
Other potential causes for the increase in incidence of Kudoa
positive findings may be due to the fact that tests for Kudoa in
Jeju province are not done for the entire population of olive
flounders but only samples of the olive flounder, resulting
in the increased risk of Kudoa positive olive flounders being
consumed. Moreover, olive flounders testing positive for
Kudoa cannot be exported to Japan but are available for sale
domestically, and thus increasing the risk of consumption in
Korea.

The regional distribution of food does not necessarily
indicate the location of origin of the raw olive flounders;
as such, it is important to understand the actual source of
origin of the farmed olive flounders. However, amongst the 16
outbreak reports, only Outbreak 1 and 4 were investigated to
identify the source of origin, which was Jeju. Tests for origin
were not completed in other outbreaks and represents a point
for future improvement.

According to the statistics of Fisheries Outlook Center
of Korea Maritime Institute, the production rate of farmed
flounder produced in Jeju, Wando and other regions from
January 2015 to December 2016 was 67.0%, 28.8%, and 4.3%,
respectively. Therefore, most of the live domestic farmed
flounder originates from either Jeju or Wando. In the sashimi
restaurants located in Gyeonggi province, live olive flounders
are mainly supplied from Incheon Live Fish Wholesale
Market, Hanam Live Fish Wholesale Market, and Noryangjin
Fish Market [17]. It is presumed that the rate of the origin of
live flounders supplied to the sashimi restaurants is similar.
There were no related and detailed statistics on the increased
outbreaks in Hwaseong city and Gimpo city in Gyeonggi
province, so we could not identify their exact cause.

Analysis of the number of outbreaks of food poisoning
involving K septempunctata between 2015 and 2016 in
Gyeonggi were highest in April, followed by the October and
November. The national trends for outbreaks between 2015

and 2016 in Korea were 11 outbreaks in 2015 and increasing
to 42 outbreaks in 2016; with May peaking with 14 outbreaks
(26.4%), followed by August with 7 outbreaks (13.2%), indicating
differences with the former trend [3]. In Japan, approximately
75% of all outbreaks are reported to occur between August to
November[5]. In the case of Gyeonggi province, 43.9% of the
outbreaks occurred between August and November which is
markedly lower than the incidence in Japan, Similarly, 36.4%
of outbreaks occurred in this timeframe nationally according
to statistics from the Epidemiological Investigation of
Infectious Diseases in the Korea Annual Report 2015 [10]. Such
differences in the monthly distribution of foodborne illnesses
from K septempunctata may occur from misdiagnosis of other
foodborne pathogens [7] and are sometimes attributed to the
differences in ocean temperature where the olive flounders
are farmed [10, 18, 19, 20] Further research is required to
understand the differing trends between Japan and Korea.

Testing for Kudoa was performed on feces specimens except
in Outbreak 3, where a vomit specimen tested positive for
Kudoa. The fact that there were no tests for vomit specimens
except in Outbreak 3, indicates that increasing future tests on
vomit specimens, especially when feces specimens are not
available, are required to increase the rate of diagnosis.

In terms of the attack rate, the average attack rate in
Gyeonggi province between 2015 and 2016 was 53.9%, which
was lower than the national average in 2015 of 61% [10].

The average incubation period in the past 2 years averaged
4.3 hours per outbreak (range in terms of patients: 2 hours to
9 hours). This is similar to the 2015 annual report where the
average incubation period per outbreak was 4.6 hours (range in
terms of patients: 1 hour to 15 hours) [10]. This is similar to the
report by Yahata et al [21] of Japan (average incubation period
of 5 hours) [21].

The most common symptom was diarrhea (91.5%), followed
by vomiting (86.4%), which is similar to the results from the
2015 annual report with diarrhea and vomiting, each reported
at 82.9% [10]. Moreover, these results are similar to reports
from Japan by Kawai [4] (diarrhea, 73.3%) or Yahata [21]
(diarrhea, 80%), as they also report that diarrhea is the most
common symptom.

It was impossible to identify the source of the infection as
the control groups were difficult to determine in all outbreaks,
with preserved food unavailable. There were little differences
between the percentage of individuals that had consumed olive
flounder in the patients and non-patients (Table 1).

K septempunctata has 3 genotypes, ST1, ST2 and ST3. Studies
have shown no statistically significant differences between
genotypes and the frequency of symptomatic cases and also
revealed that K septempunctata found in Japan, primarily had
ST1 or ST2 genotypes, whereas ST3 was commonly found in
Korea in terms of regional distribution [22].
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The Korea Center for Disease Control and Prevention
reported that all 84 specimens found in 45 outbreaks of K
septempunctata, were related to foodborne illnesses reported
between 2015 and autumn of 2016, and were all identical with
the ST3 genotype [23]. The genotypes for K septempunctata
found in the Gyeonggi outbreaks could not be individually
reported. However, as the outbreaks in Gyeonggi province
were tested by the Korea National Research Institute of Health,
it was possible to determine that the the Gyeonggi outbreaks
between 2015 to autumn of 2016 were all of the ST3 genotype
[22,23].

The symptoms of K septempunctata are similar to the
symptoms of other water and foodborne illnesses caused by
Staphylococcus aureus or Bacillus cereus, which may lead to
confusion in diagnosis [7]; as such, analysis was conducted
on 2 outbreaks (Outbreaks 1 and 5) which presented the
potential for coexisting infections amongst the 16 outbreaks
from Gyeonggi province. In Outbreak 1, enteropathogenic
Escherichia coli (EPEC) was found in 2 patients alongside
Kudoa, and there was one outbreak where Giardia lamblia was
detected alongside Kudoa. Considering the incubation period of
Outbreak 1 ranged from 5 hours to 6.5 hours, and the patients
tested positive for EPEC and G lamblia, symptoms disappeared
after one day, making it logical to exclude EPEC and G lamblia
as the causes of foodborne illnesses. In Outbreak 5, there was
one case where Norovirus was detected along with Kudoa and
considering the short incubation period (< 5 hours), it is also
logical to exclude Norovirus as the cause.

Analysis on the relationship between the time interval
between food intake and epidemiologic survey and Kudoa (+)
detection rate in feces, assumed that the Kudoa (+) detection
rate in feces would be related to the time interval between the
beginning of the symptoms and the time of feces specimen
collection. However, as the time interval referred to above
cannot be accurately identified through epidemiologic reports,
the analysis was done with the time intervals between
food intake and epidemiologic survey. Moreover, it is often
impossible to obtain feces specimen from all patients in
normal epidemiologic investigations of water and foodborne
illnesses; as such, there was a problem of equating the Kudoa
(+) detection rate in feces as being representative of the entire
outbreak. Eleven relevant outbreaks were analyzed where
more than 50% of the patients had feces specimen tests (Figure
3). Figure 3 shows that where the time of food consumption
and beginning of the epidemiologic investigation exceeded the
range of 25.5 hours to 28.5 hours, the detection rate fell rapidly;
these observations indicate that to increase Kudoa (+) detection
rate in feces, it is important to begin the epidemiologic
investigations as soon as possible so that the time interval
between food intake and epidemiologic survey is within 25.5
hours. The limitation of this research is that it has used the

time interval between food exposure and the beginning of
epidemiologic investigations, instead of the interval between
the beginning of symptoms and feces specimen collection time,
and the fact that there were insufficient number of outbreaks
to power statistical analysis.

Despite various limitations, outbreaks of foodborne illnesses
involving patients testing positive for K septempunctata in
Gyeonggi province has been analyzed. Given the situation
where there are suspicions of increasing foodborne illnesses
attributable to the K septempunctata, this study presents the
need for more accurate epidemiologic investigations and
specimen analysis.
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