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The first case of human cryptosporidiosis was reported in Korea in 1995; however, an
outbreak of Cryptosporidium has not been reported in Korea until now. This paper
describes the first outbreak of cryptosporidiosis in Korea. On May 24, 2012, a local public
health center filed a report on 126 residents with gastrointestinal symptoms in an old
apartment complex in Seoul. Epidemiological investigations were implemented on 125 of
the 126 patients. The patients were reported continuously over a period of 22 days.
Diarrhea was the most common clinical symptom, and lasted for 5 days on average. The
tap water was the only common exposure of the patients. During the environmental
investigation it was discovered that the water and septic tanks were situated closely and
that the waste water pipes were corroded where they passed over the water pipes.
Cryptosporidium parvum was detected in 3 of the 7 stool specimens by PCR-RFLP. A
number of Cryptosporidium oocysts were also detected in the water specimens from the
water tank. In conclusion, Cryptosporidium parvum was the key causal pathogen of this
outbreak. It is presumed that the tap water was contaminated by a sewage leak from the
aged pipelines.
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INTRODUCTION

Cryptosporidium is a minute coccidian parasite with worldwide
distribution. Two species of Cryptosporidium, C. hominis and C.
parvum, are the major micro-organisms of human infection (1,
2). Recently, the outbreaks of cryptosporidiosis have increased
due to increase in recreational water use (3-5). The first human
infection of Cryptosporidium was reported in Korea in 1995 (6)
and since then, epidemiologic studies were carried out on a di-
verse range of regions (7-11). Although a positive rate of Crypto-
sporidium oocysts in human less than 3% was reported in most
of the regions, some regions reported a very high positive rate
of more than 40%. The livestock in such regions also displayed
high level of positive rates. Therefore, it is possible to presume
that zoonotic transmission is the most important cause of Cryp-
tosporidium infection in Korea. Howevery, in spite of such high
level of positive rates in specific regions, an outbreak of Crypto-
sporidium has not been reported in Korea until now. This study
is reporting the first outbreak of Cryptosporidiosis in Korea. This
outbreak could be deemed to be highly significant in that it has
displayed unique epidemiologic characteristics irrelevant to
the usage of recreational water or the zoonotic transmission.
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MATERIALS AND METHODS

Study setting

This study is a case series study. On May 24, 2012, a local public
health center filed a report on 126 residents with diarrhea in an
old apartment complex in Seoul, Korea. An epidemiological in-
vestigation was immediately undertaken by a Seoul Metropoli-
tan Epidemic Intelligence Service (EIS) officer in Seoul along
with infectious disease inspectors from the local Public Health
Center. Korea Centers for Disease Control and Prevention (KCDC)
was consulted on this epidemiological investigation. Clinical
specimens including stool specimens and rectal smear samples
were taken for microbiological examination during the epide-
miological investigation. Water specimens from the water tank
in the apartment complex and the adjacent building were col-
lected by the Waterworks Research Institute of the Seoul Met-
ropolitan Government.

Case definitions

The case was defined as the residents of the apartment complex,
who had frequently suffered from watery diarrhea more than
twice, or two of the following symptoms, namely, watery diar-
rhea, abdomen pain, fever and vomiting in May 2012.
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Data collection and pathogen detection

Data were collected by using the structured case report form
during the epidemiologic investigation. The case report form
included the following variables: the demographic features such
as sex, age and address, the common exposures, clinical features
and date of onset.

The clinical specimens were primarily examined by the Seoul
Research Institute of Public Health and Environment for the
bacteriological and virological examination as the Epidemio-
logic Investigation Guideline for Food and Waterborne Diseases
from KCDC (12). The stool specimens were subsequently exam-
ined by the Korea National Institute of Health for parasitologi-
cal examination. The protozoa detection was undertaken by
polymerase chain reaction (PCR) and polymerase chain reac-
tion-restriction fragment length polymorphism (PCR-RFLP)
(13). PCR was performed in 20 pL reactions containing 4 puL of
DNA template, 10 pM of each primey, 1.25 U of Ex Tag DNA poly-
merase (iNtRON Biotechnology, Seongnam, Korea), 1.5 mM
MgCl,, and 0.2 mM of each dNTP. The primers that were used
were CP2-415F (upstream), 5-CCCACGCGAAGTTGAAGTA-
AC-3” and CP2-415-R (downstream), 5"-CTTAGGTTGCTTGC-
TTGGAGTTGG-3". The amplified size was 415 bp fragment.
The PCR conditions used for first-step PCR were 1 cycle of 94°C
for 5 min, 35 cycles of 94°C for 30 sec, 53°C for 30 sec, and 72°C
for 90 sec, and final extension of 1 cycle of 72°C for 10 min. The
nested-PCR was performed using 1 cycle of 94°C for 5 min, 35
cycles of 94°C for 30 sec, 55°C for 30 sec, and 72°C for 90 sec, and
final extension of 1 cycle of 72°C for 10 min. For the nested-PCR,
the primers were 5'-CAACCAGAAGTTGAGGTT-3" (upstream)
and 5’-CTAGTATGCTTCAGACCATGA-3" (downstream). The
nested PCR amplified 171 bp fragment. Each PCR product ob-
tained by nested-PCR analysis was purified with a QIAquick
Gel Extraction kit (QIAGEN Inc., Valencia, CA, USA) and was
digested with restriction enzymes of BsiEI to identification of
Cryptosporidium hominis and C. parvum (13). The water speci-
mens were examined by the Waterworks Research Institute of
Seoul Metropolitan Government. The analyzed pathogens are
listed on Table 1.

Ethics statements

The study protocol was approved by the institutional review
board of Korea National Institute of Health (IRB No. 2013-
01CON-02-P). The informed consent was waived by the board.

RESULTS

The apartment complex, consisting of three buildings, was built
in 1977. A total of 228 households (564 people) were residing in
the apartment complex at the time of the incident. Total num-
ber of patients reported was 126 during the period of epidemio-
logic investigations with prevalence rate of 22.3% (126/564). Of
the 126 patients, epidemiologic investigations were implement-
ed on 125 patients.

Demographic data

There were more females (55.2%) than the males (44.8%) and
the mean age was 46.95 yr. The prevalence rates in each apart-
ment were as follows: 62.1% per one household for building-A,
40.7% for building-B and 63.6% for building-C (Table 2). The

Table 2. Demographic characteristics of the patients in the outbreak (n = 125)

Characteristics No. of patients (%)
Age, mean years = SD 46.95 + 22.4
0-10 7(5.6)
11-20 13 (10.4)
21-30 10 (8)
31-40 11(8.8)
41-50 19 (15.2)
51-60 22 (17.6)
61-70 25 (20
71-80 11(8.8)
> 81 7(5.6)
Sex
Male 56 (44.8)
Female 69 (65.2)
Prevalence rate by the apartment household
Building A 64/103* (62.13)
Building B 33/81* (40.74)
Building C 28/44* (63.63)

Data are No. (%) of patients, unless otherwise indicated. *No. of patients/Household
in a building.

Table 1. Pathogens examined in the rectal smear samples, stool specimens and water specimens

Specimens Number of samples Microorganisms
Rectal smear samples 29 Bacteria (10): Salmonella spp., Shigella spp., Staphyloccocus aureus, Vibrio spp., Listeria monocytogenes,
Yersinia enterocolitica, Bacillus cereus, Escherichia coli, Clostridium perfringens, Campylobacter jejuni
Virus (5): Rotavirus, Norovirus, Adenovirus, Astrovirus, Sapovirus
Stool specimens 7 Bacteria (10): Salmonella spp., Shigella spp., Staphyloccocus aureus, Vibrio spp., Listeria monocytogenes,

Yersinia enterocolitica, Bacillus cereus, Escherichia coli, Clostridium perfringens, Campylobacter jejuni
Virus (5): Rotavirus, Norovirus, Adenovirus, Astrovirus, Sapovirus
Protozoa (3): Cryptosporidium spp., Giardia lamblia, Entamoeba histolytica

1 L for viruses
2 L for bacteria

Water specimens

Virus: Enterovirus (by TCVA), Norovirus (by PCR)
Bacteria: Total coliforms, General bacteria, Psychrophilic bacteria, Fecal Streptococci, Sulfite reducing

spore forming anaerobes, Salmonella spp., Shigella spp., Escherichia coli, Enterococcus spp.,
Pseudomonas aeruginosa

3 L for protozoa

Protozoa: Cryptosporidium spp., Giardia lamblia
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patients were reported throughout the entire floors of the apart-
ment (Fig. 1).

Outbreak pattern
The patient was first found on May 3 and the last patient on May
28. The peak time of the incidence was May 18 (Fig. 2).

Clinical manifestations

Of the 125 patients, 121 patients suffered from diarrhea, while
73 patients suffered from abdominal pain, 34 patients suffered
from fever and 26 patients suffered from vomiting. On average
diarrhea was continued for five days (Fig. 3).

Epidemiologic investigations

As the results of epidemiologic investigations, it was found that
there were no abnormalities prior to the outbreak through which
all the patients could be commonly exposed to the pathogen.
The tap water was the only common source of exposure of the

patients to the pathogen. Accordingly, investigation was con-
ducted on the usage of tap water among the patients. All the
patients used tap water for domestic purposes including cook-
ing. A total of 116 out of 125 patients used tap water for drinking
while the remaining 9 did not. Of the 116 patients who used tap
water for drinking, 50 used water purifier, 60 boiled the tap wa-
ter, and 6 boiled the water from the water purifier. There was no
patient who drank tap water without any kind of treatments.

Environmental investigations

The water tank that stored the tap water was buried underground
in the vacant lot at the center of the apartment complex. Septic
tanks were situated within the distance of 3meters in its sur-
rounding. The external wall of the underground water tank was
constructed with concrete and had no crack. The upper portion
of the underground water tank was covered with manhole. Struc-
tural abnormality of the pipeline was observed during the inves-
tigation of the pipeline structure. The wastepipes for the septic
tank crossed over the water pipes for the water tank. These pipes
were aged and worn out (Fig. 4).
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Fig. 1. Patient distribution by building floor into the apartment complex. Fig. 2. Clinical presentations in the outbreak.
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Fig. 3. Patients with gastrointestinal symptoms by onset, May 4-May 27, 2012.
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Table 3. Pathogens detected in the rectal smear samples and stool specimens

Rectal smear samples Stool specimens

Patients

(n=29 (h=7)
1 Staphylococcus aureus Cryptosporidium parvum
2 Negative Cryptosporidium parvum
3 Negative Cryptosporidium parvum
4 Negative Negative
5 Negative Negative
6 Negative Negative
7 Negative Negative
8 Staphylococcus aureus ND
9 Negative ND
10 Negative ND
11 Negative ND
12 Negative ND
13 Negative ND
14 Negative ND
15 Negative ND
16 Negative ND
17 Negative ND
18 Negative ND
19 Negative ND
20 Negative ND
21 Negative ND
22 Negative ND
23 Negative ND
24 Negative ND
25 Negative ND
26 Negative ND
27 Negative ND
28 Negative ND
29 Negative ND
ND, Not done.

Table 4. Pathogens detected in the water specimens

Pathogens Underground The adjacent
water tank building
Bacteria
General bacteria 360 CFU/mL Negative
Psychrophilic bacteria 1,000 CFU/mL Negative
Total coliforms Positive Negative
Escherichia coli Positive Negative
Fecal Streptococci Positive Negative
Sulfite reducing spore forming anaerobes Negative Negative
Salmonella spp. Negative Negative
Shigella spp. Positive Negative
Enterococci Positive Negative
Pseudomonas aeruginosa Positive Negative
Virus
Enterovirus Negative Negative
Norovirus Negative Negative
Parasite
Cryptosporidium spp. TNTC Negative
Giardia lamblia Negative Negative

TNTC, Too numerous to count.

Laboratory results

During the epidemiological investigation, 20 rectal smear sam-
ples and six stool specimens were collected from the residents
suffering from severe diarrhea. Additionally, nine rectal smear

986  http://jkms.org

Fig. 4. The corroded water pipes in the apartment complex, Seoul, Korea.
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Fig. 5. PCR-RFLP pattern of amplified Cryptosporidium parvum. The amplified DNA by
PCR was digested with BsiEl. Lane 1, Marker; Lane 2, Control; Lane 3, Patient stool
sample.

samples and one stool specimen were taken from the residents
who started diarrhea after the investigation. Staphylococcus au-
reus was detected in two specimens among 29 rectal smear sam-
ples and seven stool specimens, and C. parvum had been de-
tected in 3 of the 7 stool specimens by PCR-RFLP (Table 3 and
Fig. 5). Also, a number of bacteria and C. parvum oocysts were
detected in the tap water of underground water tank. On the
other hand, there was no other pathogen detected in the tap
water of the nearby buildings (Table 4).

Public health measures

Due to the suspicion of tap water as the source of infection, the
supply of tap water was cut immediately. During this period of
stoppage in the supply of tap water, the pipeline structure was
corrected and the water tank and pipelines were disinfected.
Cutting off of the tap water supply was maintained until no Cryp-
tosporidium oocysts were detected through continuous water
test, and it took approximately 4 weeks before the Cryptosporid-
ium oocysts were found no more. There was no report of new
patient since the cutting off of the tap water supply. Although
there was a report of patients with recurring symptoms during
the same period, all the patients recovered without complica-
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tions. The occurrence of patients was monitored for 5 weeks
since the resuming of the tap water supply, and there was nei-
ther report of new patients nor patients with recurring symp-
toms.

DISCUSSION

Cryptosporidium sp. is diagnosed by identifying organism in
intestinal biopsy material, and by microscopically detecting oo-
cysts following modified acid fast stains or fluorescent stains in
stool specimens (14-16). Cryptosporidium can also be detected
by enzyme immunoassay or PCR (17-20). PCR could be an ex-
cellent diagnostic method for Cryptosporidium sp. because PCR
does not need highly trained expert and reduces the diagnostic
labor time. Moreover, PCR-RFLP could differentiate the two
species of Cryptosporidium, such as C. parvum and C. hominis.

In this study, C. parvum was detected by PCR-RFLP. Eight
patients who recovered at the time of investigation refused the
stool examination, and 22 among 29 patients, who had clinical
symptoms during epidemiologic investigation only consented
to taking of rectal smear samples, and denied taking of stool
specimens. C. parvumwas detected in 3 of the 7 stool specimens
in this study. In addition, a number of C. parvum oocysts were
detected in the tap water from the water tank. In the guidelines
for confirmation of food-borne disease outbreak (21, 22), Cryp-
tosporidium spp. can be confirmed as the causal pathogen for
the outbreak if Cryptosporidium was detected in stool speci-
mens or in small bowel biopsy of two or more ill persons, or if
pathogen is detected in the epidemiologically implicated food.
Although small number of stool specimens was examined, C.
parvum could be detected in more than two patients and in the
tap water, which was epidemiologically implicated. Therefore,
it provided sufficient ground to decide C. parvum as the cause
of the outbreak.

However, there is a limitation in concluding that all 126 re-
ported patients have been infected by C. parvum because a
number of different bacteria were detected in the tank water
specimens. These bacteria implied stool contamination of the
tap water. However, there was no bacterium or virus that iden-
tified in the stool specimens and rectal smear samples except
Staphylococcus aureus. S. aureus was detected in two rectal
smear samples. It was presumed that possibility of S. aureus be-
ing the major pathogen for this outbreak was low because the
clinical symptoms in the patients differed from those caused by
S. aureus. Based on the laboratory results, it was concluded that
C. parvumwas the key causal pathogen of this outbreak.

The numbers of water borne and food borne disease out-
breaks in Korea were 355 in 2008, 227 in 2009, 254 in 2010, 236
in 2011 and 288 in 2012 respectively. Majority of outbreaks were
due to infection at ordinary restaurants. In the large-scale out-
breaks with more than 100 people being affected, the main cause

http://dx.doi.org/10.3346/jkms.2013.28.7.983

was consumption of contaminated food at group canteen, in-
cluding schools. These outbreaks lasted less than 2 weeks. As
the results of internal data review on the water borne and food
borne disease outbreaks that reported to the Korea Centers for
Disease Control and Prevention over the last 5 yr, there has not
been any outbreak of waterborne disease like this case with large
number of patients with more than 100 patients being affected
over a period of more than 3 weeks.

Although there has not been any domestic report of the out-
break of cryptosporidiosis until now, there have continually
been literary reports on investigations of positive rates of Cryp-
tosporidium oocysts in human in different regions. Low posi-
tive rate of 0.5% was reported in Seoul (8), 1.1% in Chungju (9),
1.9% in Cheorwon (7), 2.2% for Chuncheon (8), 0.4% in Haman-
gun, and 1.1% for Euryeong-gun (9). However, high positive rate
of 10.5% was observed for Jeollanam-do, and while low positive
rate of 3.7% was observed for urban regions such as Mokpo and
Yeosu. Hwasun-gun displayed high positive rate of 40% (8),
which continued to be maintained at the high rate during the
investigations conducted afterwards (10). In addition, low posi-
tive rate of 1.5% was observed in the island regions of Jeollanam-
do (11). Such epidemiologic characteristics of Jeollanam-do
were presumed to be the results of the zoonotic transmission
because the high rates of Cryptosporidium infection were re-
ported in the livestock in the regions with high positive rates.
However, this study was different from the previous ones be-
cause the present outbreak was irrelevant with the zoonotic
transmission.

The symptoms of cryptosporidiosis develop after an incuba-
tion period about 1 week (23). Watery diarrhea is the main symp-
tom with possible accompaniment by abdominal pain, nausea,
vomiting, anorexia, fever and reduction in body weight. In gen-
eral, the symptoms last approximately 5-10 days in immuno-
competent individuals (24). Approximately 39% of the patients
display biphasic patterns in which symptoms recur within sev-
eral days to several weeks after the symptoms disappear (24-
26). This outbreak also displayed the majority of patients having
symptoms of watery diarrhea accompanied by abdominal pain,
fever and vomiting. Median duration of illness was about five
days. In addition, the patients with recurrence of symptoms
were reported in this outbreak. The clinical characteristics of
patients in this outbreak coincided with the clinical symptoms
of cryptosporidiosis.

The investigation on the usage of tap water was conducted to
deduce the transmission route of Cryptosporidium. In spite of
the investigation, the transmission route was not exactly identi-
fied in this study. However, it was still possible that some of the
residents might be exposed to sufficient quantity of Cryptospo-
ridium oocysts that could cause infection through the usage of
tap water for cooking and washing. The reason is that Crypto-
sporidium spp. could cause infection with minute quantity in
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the range of 10-30 oocysts (27).

In order to find the cause of contamination of the tap water,
water specimens from the adjacent buildings were taken for an
investigation. These buildings use water that has not passed
through the underground water tank, even though the same
water supply network is used. No pathogen was detected in the
water specimen in these buildings. This indicates that there was
no contamination of the tap water prior to being stored in the
underground water tank. With the old pipelines of the water
tank and the septic tanks and structural abnormalities of pipe-
line network in the apartment complex, it is presumed that
contaminated water was mixed with the water in the under-
ground water tank by leakage of sewage in wastepipe.

There are several limitations in this study. Firstly, the epide-
miological investigation to the patients without symptoms was
not made. Secondly, the stool examinations from the patients
who were already recovered were not conducted. Thirdly, the
leakage of pipelines of the underground water tank and septic
tank was not confirmed by means of dye tests. Fourthly, the
cause of C. parvum contamination of the sewage was not clari-
fied. For this, demographic data including occupation and un-
derlying disease from all residents in the apartment complex
should be collected. Because a number of the residents decline
to participate in the epidemiological investigation, further eval-
uation could not be conducted. However, the previous study
about the prevalence of Cryptosporidium spp. in the Han-river
which passed through Seoul showed that domestic wastewater
from the urban region could be a source of Cryptosporidium
spp. contamination (28).

In conclusion, the outbreak was due to C. parvum in the con-
taminated water of underground water tank. It is presumed that
the water in the underground water tank was contaminated by
sewage in the septic tank through the old pipelines. This report
is significant in that it is the first outbreak of cryptosporidiosis
in Korea, and occurred in the urban area without the risk fac-
tors like recreational water use or livestock infection. Since de-
tection of Cryptosporidium spp. is not a test generally performed
in the outbreak of waterborne disease, it can be easily overlooked
unless careful attention is paid. If the causal pathogen in the
outbreak that occurs in urban regions is not clear, then, it could
be helpful to implement tests for the presence of Cryptosporidi-
um species.
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