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Diarrhea is one of the most common infectious diseases known worldwide. However, few studies have
examined anaerobic diarrhea-causing bacteria (DB), which are difficult to culture. Recent advances in
molecular biology have facilitated the detection and analysis of anaerobic DB. In this study, long-term
trends in anaerobic DB were evaluated in Korea. From 2010 to 2018, symptoms of diarrhea reported were
analyzed among patients hospitalized at the Dankook University Hospital in Korea. Results of multiplex
polymerase chain reaction based on seasonality, age, overlapping infection, and other factors in patients
were evaluated. DB were detected in 38.2% of 1716 stool specimens in the duration of the study. Of the
pathogens detected using this method, 49.8% (n = 405/813) were anaerobic bacteria, including Clostridioides
perfringens, Campylobacter spp., Clostridioides difficile toxin B, and Aeromonas spp. Among the four anaer-
obic bacteria, Clostridioides perfringens was the most commonly occurring (15.5%; n = 126/813). Detection
rates of Clostridioides perfringens, Clostridioides difficile toxin B, and Aeromonas spp. were 34.1% (n = 22/
55), 34.9% (n = 43/126), and 40.0% (n = 38/109), respectively. The detection rate of Campylobacter spp. (32.7%;
n = 37/115) was the highest in patients between 10 and 20 years of age. The detection rate of anaerobic DB
showed an increase in 2018 as compared with that in 2010, and the number of events of diarrhea caused by
anaerobic DB also increased in this duration. Further studies are required to devise methods that might

prevent the proliferation of anaerobic DB.
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Introduction

Gastroenteritis with diarrhea is a common gastroin-
testinal disorder that affects more than 3-5 billion indi-
viduals worldwide each year [1] and is caused by various
pathogens, including bacteria, viruses, and protozoa [2].
Patients with gastroenteritis with diarrhea may develop
dehydration symptoms due to diarrhea, leading to death
if proper treatment is not obtained.
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Research on diarrhea-causing bacteria (DB) has been
carried out in various fields for many years. However,
few studies have evaluated the distribution and epide-
miological trends in anaerobic DB for which culture is
difficult. Recent molecular biology experiments have
facilitated the detection of anaerobic DB that are diffi-
cult to culture, enabling the analysis of trends in anaero-
bic DB over a relatively long period of time.

Clostridioides perfringens is a gram-positive anaerobic
bacterium that produces spores and is found in the gas-
trointestinal tracts of humans and animals [3]. Spores of
Clostridioides perfringens are not killed after heating for
4 h at 100C and can, therefore, persist when food is kept
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at a warm temperature for an extended period of time,
such as the conditions encountered in cafeterias and hos-
pitals [4]. In addition to simple gastroenteritis with diar-
rhea, Clostridioides perfringens can also cause enteritis
necroticans [5].

Campylobacter spp. is a gram-negative anaerobic
strain that is mainly distributed in the intestines of com-
panion animals [6]. Campylobacter spp. is transmitted
through undercooked meat, water contaminated with
livestock feces, raw milk, and pasteurized milk products.
In recent years, the detection rate of Campylobacter spp.
in the United States of America has gradually increased
[7].

Owing to the public health implications of gastro-
enteritis with diarrhea, national surveillance of this dis-
ease has been conducted in several countries, including
EnterNet-Korea in Korea, EnterNet in the European
Union, FoodNet in the United States of America,
OzFoodNet in Australia, and FoodNet Canada in
Canada. Despite national research and surveillance of
DB, trend analysis studies focusing on anaerobic bacte-
ria are rare.

Accordingly, in this study, the current status and
trends of isolation of DB were evaluated in order to con-
tribute to basic data on the treatment and prevention of
gastroenteritis with diarrhea.

Materials and Methods

This study was approved by Dankook University
Research Ethics Committee (IRB No. 2018-06-007).

Samples

From June 2010 to May 2018, patients with diarrhea
who were admitted to Dankook University Hospital
were examined. Stool specimens were evaluated using
multiplex polymerase chain reaction (mPCR). The
samples were subjected to nucleic acid extraction within
24 h after collection.

Nucleic acid extraction

For DNA isolation for mPCR, a QIAamp DNA Mini
Kit (Qiagen, Germany) was used according to the manu-
facturer’s instructions. For each sample, 200 ul sample
was used for DNA isolation. A Nanodrop 1000 (Thermo
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Table 1. Target genes and their product sizes for multiplex
PCR.

Pathogen Target genes  Product size (bp)
Aeromonas spp. hly, ela 217
Campylobacter spp. asp, hip 227
Clostridioides perfringens cpa 700
Clostridioides difficile toxin B tcdB 476
Escherichia coli H7 fliC 370
Escherichia coli 0157 rfb 476
Salmonella spp. sopB 395
Shigella spp. vif, ipaH 330
Vibrio spp. hly, tih, vvh 651
Yersinia enterocolitica inv 580

Fisher Scientific, USA) was used to measure the concen-
tration of extracted DNA.

mPCR analysis

For PCR, a Seeplex Diarrhea-B1 and B2 ACE Detec-
tion kit (Seegene, Korea) was used. Ten pathogen
species, including Aeromonas spp., Campylobacter spp.,
Clostridioides difficile toxin B, Clostridioides perfringens,
Escherichia coli O157:H7, Salmonella spp., Shigella
spp., verocytotoxin-producing E. coli, Vibrio spp., and
Yersinia enterocolitica, were evaluated. Four microliters
of 5x DB1 (DB2) PM (containing 1 ul of 8-methoxypsoralen
solution and 3 ul primer mixture containing primer pairs
for the internal control and template for the internal
control) in 2x Multiplex Master Mix (containing DNA
polymerase, buffer with deoxynucleoside triphosphates,
MgCl,, and stabilizers) was added. Next, 17 ul PCR
Master Mix and 3 ul nucleic acid were added to PCR
tubes, and PCR was performed. PCR target genes and
product sizes are shown in Table 1.

Electrophoresis

The mPCR products were electrophoresed on 2%
agarose gels with ethidium bromide for 30 min at 100—
150 V. The agarose gels were rinsed with distilled water,
amplification was assessed by visualizing the gel on a
UV trans illuminator, and the results were analyzed
after photographs were acquired.



Results

Among 1,716 stool specimens, DB were detected in
656 samples (average detection rate: 38.2% over the 9-
year period). Among these 656 samples, 813 pathogens
were detected. The four anaerobic DB accounted for
49.8% (n = 405/813) of these pathogens. Of 1,716
patients, 919 were male, and 797 were female. The
detection rate of DB in males was 38.6% (n = 355/919),
whereas that in females was 37.8% (n = 301/797). The
average age of the patients was 36.5 years (median age,
29.8 years; range, 0.0-97.7 years), and the average age
of patients with DB positivity was 32.5 years (median
age, 19.0 years; range, 0.0-97.7 years).

The detection ratio of Clostridioides perfringens was
the highest in November (14.3%; n = 18/126), and detec-
tion ratio of Campylobacter spp. was the highest in July
(19.1%; n = 22/115). The detection ratio of Clostridioides
difficile toxin B was highest in May (12.8%; n = 14/109),
and detection ratio of Aeromonas spp. was highest in
August (20.0%; n = 11/55; Table 2).

As shown in Fig. 1, the PCR-positive detection rate for
anaerobic DB was the highest at 45.1% (n = 101/224),
whereas that of aerobic bacteria was 43.6% (n = 41/94).
The anaerobic DB detection rate was the highest (65.5%;
n = 36/55) in patients 20-30 years of age, whereas the
aerobic DB detection rate was the highest (62.8%; n =

Table 2. Monthly distribution of diarrhea-causing bacteria
detection rates from 2010 to 2018 in Cheonan, Korea.

Clostridioides Campylo- Clostridioides Aeromonas

Month perfringens bacter spp. difficile toxin spp.
(%) (%) B (%) (%)

Spring 3 127 52 73 3.6
4 6.3 1.7 11.0 0.0

5 1.1 12.2 128 9.1

Summer 6 9.5 139 9.2 55
7 103 19.1 9.2 14.5

8 87 18.3 55 20.0

Autumn 9 7.1 9.6 83 164
10 6.3 26 9.2 164

1 14.3 7.0 6.4 73

Winter 12 4.0 6.1 6.4 1.8
1 4.8 1.7 55 1.8

2 48 26 9.2 36
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Fig. 1. Age distribution of diarrhea-causing bacteria detec-
tion rates (2010-2018) in Cheonan, Korea.
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Fig. 2. Age distribution by pathogen and Average age of
patients that tested positive for anaerobic diarrhea-causing
bacteria.
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27/43) in patients 40-49 years of age.

Detection rates of Clostridioides perfringens,
Clostridioides difficile toxin B, and Aeromonas spp.
(Fig. 2) were higher in patients less than 10 years of age
and greater than 70 years of age, and the detection rate
of Campylobacter spp. was the highest in patients 10-20
years of age.

The average age of patients with Campylobacter spp.
positivity was the lowest (21.3 years; median age: 16.1
years; range: 0.0-77.8 years), and that of patients with
Clostridioides difficile toxin B positivity was 44.9 years
(median age: 58.0 years; range: 0.5-93.0 years; Fig. 2).

The co-infection rate for DB detected by PCR was
20.1% (n = 132/656). Of these individuals, 26 co-
infections involved anaerobic DB, accounting for 19.7%
of DB co-infections. Of co-infections between the anaerobic
DBs, 24 were double infections, and two were triple
infections. Among co-infections with anaerobic DB, 10
cases of double infections of Clostridioides perfringens
and Campylobacter spp. were observed.

As shown in Fig. 3, the detection rates of Clostridioides
perfringens were 10.8% (n = 4/37) in 2010 and 32% (n =
8/25) in 2018. The detection rate of Campylobacter spp.
increased from 10.8% (n = 4/37) in 2010 to 28.0% (n =7/
25) in 2018, and the detection rate of Clostridioides diffi-
ctle toxin B also increased from 2.7% in 2010 to 24.0% in
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Fig. 3. Distribution of diarrhea-causing bacteria detection
rates (2010-2018) in Cheonan, Korea.
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Fig. 4. Distribution of anaerobic and aerobic diarrhea-causing
bacteria detection ratios (2010-2018) in Cheonan, Korea.

2018 (n = 6/25). The detection rate of anaerobic DB
increased from 28.9% in 2010 (n = 13/45) to 68.8% in
2018 (n = 22/32).

Discussion

In this study, the incidence and characteristics of DB
positivity in Korean patients hospitalized for diarrhea at
Dankook University Hospital from 2010 to 2018 were
examined. The results of this study showed that the DB-
positive rate during the study period was higher than
those reported by Korea Centers for Disease Control and
Prevention (KCDC) in 2013 [8], Kim et al. in 2013 [9],
and Lee et al. in 2018 [10]. Among anaerobic DB,
Clostridioides perfringens was the most common. The
Acute Diarrheal Disease Laboratory Surveillance Project
in Korea reported that the detection rate of Clostridioides
spp. was high in Chungnam province [9]. In this study,
Clostridioides perfringens was detected not only in
anaerobic DB but also among 10 DB samples analyzed
by PCR. The next most commonly detected anaerobic
DB was Campylobacter spp., which was identified at a
higher rate in this study than in a study by the KCDC in
2013 [8]. According to surveillance data (C-EnterNet)
published in Canada [11], Campylobacter spp. was rec-



ognized as the first pathogen of food poisoning bacteria,
and the World Health Organization (WHO) identified
Campylobacter spp. as the most common causative
pathogen of gastroenteritis with diarrhea [12]. Therefore,
active prevention of Campylobacter spp. is essential.

The detection rate increased from May and was highest
in August in this study. This trend was similar to that
described by Kim et al. [9]. Moreover, the detection rate
of DB decreased between December and January and
tended to increase between June and August, similar to
the results of a study described by Lee et al. [10] in 2018.
Campylobacter spp. tended to be highly detected
throughout the year, mainly from May to August, and
Clostridioides perfringens was detected at high levels in
March and November, similar to the results described
by the KCDC [8] and Kim et al. [9] in 2013. Aeromonas
spp. showed the highest detection rates from August to
October. Bacteria are generally known to grow vigor-
ously in hot and humid environments, resulting in
higher detection and disease rates during the summer
months. However, the results showed that Aeromonas
spp. was evenly distributed throughout the year, not
only in June and August. Thus, measures for DB pre-
vention are needed throughout the year.

The detection rate of Clostridioides difficile toxin B
was the highest in patients less than 10 years of age and
was decreased in patients 10-40 years of age. These
results were similar to those of another Korean study
[10,13]. Clostridioides perfringens, Clostridioides difficile
toxin B, and Aeromonas spp. showed the highest detec-
tion rates in patients less than 10 years of age. The aver-
age age of anaerobic DB-positive patients was the lowest
in patients infected with Campylobacter spp. Indeed,
Campylobacter spp. is the most common in children less
than 1 year of age and in individuals aged between 15
and 44 years; the reason for this is still unknown [14].

Few studies have examined co-infection rates and
frequencies of anaerobic DB. In general, standardized
laboratory methods for diagnosing DB infection involve
confirming the presence of the pathogen after incubation
[15, 16]. In this study, co-infection frequently occurred
between anaerobic DBs, with Clostridioides perfringens
and Campylobacter spp. being the most common, followed
by Clostridioides perfringens and Clostridioides difficile
toxin B. Moreover, two triple infections between
anaerobic DBs (one case of triple infection with Clos-
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tridioides perfringens, Clostridioides difficile toxin B,
and Aeromonas spp. and one case of triple infection with
Clostridioides difficile toxin B, Campylobacter spp., and
Aeromonas spp.) were observed. Duplicate infections
among DBs are common in developing countries, and lit-
tle is known about the biological interactions between
infected strains [17,18]. Thus, further studies are
required to evaluate the clinical relevance of overlapping
infections.

Detection rates of Clostridioides perfringens, Cam-
pylobacter spp., and Clostridioides difficile toxin B
increased in 2018 compared with those in 2010. Com-
pared with previous studies in Korea, the detection rate
of Campylobacter spp. has increased steadily [9, 19]. The
presence of Clostridioides difficile toxin B has increased
with the use of antibiotics [20]. Indeed, in this study, the
rate in 2018 was almost 10 times higher than that in
2010. Aeromonas spp. also has high intestinal coloniza-
tion rates in Korea because of the high intake of raw fish
or uncooked seafood [21]. However, the mechanism
through which anaerobic DB cause increased diarrhea is
not clear. More research is needed to evaluate this effect
of anaerobic DB in Korea.

There were some limitations to this study. First, this
study was conducted at a single institution and did not
represent various regions throughout Korea. Moreover,
this was a retrospective study, and the results were not
analyzed according to the clinical characteristics of the
patients (symptoms, previous antibiotic administration,
underlying diseases, etc.). In addition, antibiotic resis-
tance could not be studied in this context. Only DB infec-
tion trends from 2010 to 2018 were analyzed, and
further studies are needed to assess other pathogens
(e.g., viruses) causing diarrhea in the future.

Most diarrhea symptoms are temporary and do not
require treatment or laboratory findings for confirma-
tion of the causative pathogen. However, because severe
health problems can result in young patients or patients
with underlying diseases, it is necessary to promptly and
accurately distinguish and diagnose the causative
bacteria. In particular, the possibility of recurrence of
Campylobacter spp. is increasing because of treatment
difficulties [22]. Some recent studies have examined the
prevalence of anaerobic DB in diarrheal diseases.
Therefore, the current findings are expected to be helpful
for the treatment and prevention of diarrheal diseases
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caused by anaerobic bacteria. A common method for
diagnosing bacterial infection in diarrhea is to identify
pathogens after culture [15,16]. However, because
anaerobic DB are not easily cultured, it is difficult to
identify anaerobic bacteria using this method. In con-
trast, PCR is useful for diagnosing anaerobic DB with
high accuracy. Thus, further studies are being planned
to develop a new DB rapid detection kit that identifies
anaerobic DB species in cases in which diarrheal disease
does not spontaneously resolve.
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