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Abstract

Context: Clostridioides difficile (C. difficile) is an agent responsible for severe infection with a high mortality rate in healthcare facili-
ties. With the discovery of C. difficile in the community, it was assumed that this bacterium might be transmitted to humans through
non-hospital sources.

Evidence Acquisition: This study examined different aspects of the epidemiology of C. difficile in Asian countries with a review of
the literature using search engines such as Web of Science, Scopus, and PubMed.

Results: Based on the literature pertaining to Asia, the highest rate of C. difficile is found in samples collected from farm animals, red
meat, and meat-based products. Two ribotypes 027 and 078, as hypervirulent factors, were found in different non-hospital sources.
Resistance to the most frequently used antibiotics in healthcare setting was observed in C. difficile.

Conclusions: Due to the heterogeneity of the examination of C. difficile, understanding the actual condition of C. difficile is difficult.
However, the presence of two hypervirulent ribotypes of C. difficile in non-hospital sources is alarming. It seems that it is necessary
to perform further studies on C. difficile in non-hospital sources. Defining a focal point for such research could be helpful to explore

the situation of C. difficile in clinical settings and communities of Asian countries.
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1. Context

Clostridioides difficile (C. difficile) is a Gram-positive, tox-
igenic, and obligate anaerobic bacterium with the ca-
pacity for spore development (1, 2). Today, C. difficile is
known as the leading cause of nosocomial infections (CDI),
responsible for antibiotic-associated diarrhea (AAD) and
pseudomembranous colitis (PMC) in vulnerable and older
adults (3). Since C. difficile naturally exists in humans’ and
animals’ digestive systems and intestines, the destruction
of the normal enteric flora by antibiotics leads to the or-
ganism’s growth and toxin production (4). Clostridioides
difficile produces two types of toxins A (tcdA) and B (tcdB).
Nearly all toxigenic forms of C. difficile release toxins, and
a few clinically relevant strains secrete only toxin B in a
colonic environment. Another toxin was discovered in
some C. difficile strains, named binary toxin (cdt), associ-
ated with intensive symptoms (5, 6). Significant mortal-
ity related to the virulence properties of PCR ribotypes 027
and 078 of C. difficile has been highlighted in clinical epi-
demiology (7).

It is estimated that 453,000 and 172,000 infections oc-
cur annually in the United States and Europe. In a study

conducted in Asia in 2017, it was estimated that 4,343 out
of 37,633 infected people were at CDI risk (8). The epidemi-
ology of CDI has been changing since 2000. The stud-
ies show that virulence factors are not connected to tra-
ditional risk factors such as antibiotic therapy, previous
hospitalization, and advanced age. The genome compari-
son of C. difficile shows that a large proportion of CDI orig-
inates from the community (CACDI) (9). The high preva-
lence of CACDI has raised many questions about the organ-
ism’s origin. The gene sequence of human C. difficile has
also been detected in strains isolated from different non-
hospital sources, but there is currently no objective evi-
dence of this source of human transmission (10). To better
understand CACD], it would be interesting to examine the
studies related to its occurrence. The prevalence of C. diffi-
cile varies between different parts of the community; how-
ever, there is a lack of any review on this subject in Asian
countries. Thus, the present literature review aimed to fill
the gap by evaluating the epidemiology of C. difficile in dif-
ferent non-hospital sources.
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2. Evidence Acquisition

In light of the reports on the C. difficile prevalence in
non-hospital sources, the current study was conducted to
investigate this issue with keywords including prevalence,
toxigenicity, ribotyping, and antibiotic resistance in Asian
countries using search engines such as Web of Science, Sco-
pus, and Medline from 2010 to 2021.

3. Results

3.1. Farm Animals

The first study related to farm animals was from Japan
in Asia, finding that two out of 250 (0.8%) fecal samples of
pigs were contaminated with C. difficile. One strain was pos-
itive for the tcdB gene, and the other was negative for the
tcdA and tcdB genes (11). Due to public health concerns
about C. difficile colonization in the pig intestine, another
study was conducted on 120 fecal samples from piglets in
Japan. A total of 100 C. difficile strains were isolated from 69
(57.5%) feces, and 61(61%) isolates were toxin-positive. Ribo-
type 078 identified in 12 isolates was genetically related to
both humans and pigs (12). Besides, C. difficile was found
in 90 out of 150 (60%) stool samples collected from calves
in Iran. The result of this study indicated a high incidence
of C. difficile with high antibiotic resistance to clindamycin
(13). In another Iranian study performed on 150 fecal sam-
ples collected from camels, goats, sheep, and cows, the con-
tamination rate of toxigenic C. difficile was 4% (14). Hussain
etal,, in a study conducted in India, reported the contami-
nation with C. difficile in fecal samples collected from cattle,
pigs, and poultry at 4.8%,12.4%, and 13.9%, respectively (15).

Astudy by Jafari etal. showed that10% of 100 fecal sam-
ples collected from ostrich had C. difficile, with 70% toxic-
ity in Iran (16). In another Iranian survey, the prevalence
rate of C. difficile was found to be 14 out of 40 (35%) fecal
samples collected from chicken. A total of five out of 14
samples were positive for tcdA, tcdB, and cdt genes, and
none was positive for binary toxins in molecular identifi-
cation (17). In Korea, 910 fecal samples from pigs (diarrheic
and healthy) were analyzed for C. difficile prevalence, and
contamination was observed in 98 (30.4%) diarrheic and 78
(13.3%) healthy samples. Ribotype 078 identified in most
isolates indicated a leading causative pathogen of neona-
tal diarrhea in piglets (18). The results for 398, 121, and
19 rectal samples from pigs, chickens, and ducks showed
that 8.2% of the samples were contaminated with C. diffi-
cile, with a toxigenic rate of 88.6%. In this study, the isola-
tion of hypervirulent strain ribotype 078 from piglets was
reported for the first time in China (19).

3.2. Slaughterhouse

In a study conducted in Iran, C. difficile was studied in
farm animals from slaughterhouse to retail stage through

examining 450 samples of feces, post-eviscerated animals,
washed carcasses, and the meat of camels, goats, sheep,
and cows in a slaughterhouse, as well as examining 300
samples of chopped and ground meat in the retail stage.
Clostridioides difficile was detected in all samples of differ-
entsections of the slaughterhouse, which were found to be
20 (13.3%), 23 (15.3%), and 11 (7.3%) for feces, post-eviscerated
animals, and washed carcasses, respectively. A total of 79
(26.3%) samples were contaminated with C. difficile in the
retail stage, with a higher rate in the ground form (9.3%)
than in the chopped form (2%). Toxigenic isolates were
found in 29 (3.8%) samples with 21 different ribotypes speci-
fied in Iran (14). The examination of C. difficile was reported
in 659 colonic content of pigs at local slaughterhouses of
six Korean provinces. The prevalence rate was low, and
multidrug-resistant C. difficile ribotype 078 was present in
two (0.3%) samples (20).

In 422 swab samples from different parts of a pig
slaughterhouse, including hiding, scalding water, stool,
colon, belly, and carcass surfaces, in Taiwan, toxigenic
C. difficile was found in all slaughterhouse sections in
high prevalence (48%), and ribotype 126 was dominant.
These ribotypes detected from the slaughterhouse, pig
stool, colons, carcasses, and scalding water were closely
genetically related, directing serious hazards for cross-
contamination (21). To find hypervirulence ribotypes 027
and 078 of C. difficile in the slaughter line of Turkey, it was
examined 555 final carcasses of cattle and sheep destined
both for meat production and retail outlets. The bacterium
was detected in 83 (33.6%) cattle and 78 (25.3%) sheep carcass
samples. Ribotype 027 was found in 18.1% and 7.7% of the
isolates from cattle and sheep, whereas the other hypervir-
ulentisolate ribotype 078 could not be detected among the
analyzed samples (22).

3.3. Meat from Poultry and Birds

The first report of contamination by C. difficile in white
meat in Asian countries originated from Iran by Hassan-
zadeh and Rahimi in 2013. In this study, 240 samples of
ostrich and turkey were examined with the isolation of C.
difficile from 11 (9.1%) and 14 (11.6%) samples of ostrich and
turkey meat (23). In another study conducted by these
researchers, C. difficile was found in 19 out of 120 (15.8%)
chicken samples (24). In a study in Turkey (2015) on 310 dif-
ferent chicken parts, the prevalence rate of toxigenic iso-
lates was low (1.6%) (25). Another study performed on 65
samples of necks, thighs, and wings in packed chicken in
Iran showed that seven (70%) out of 10 (15.3%) C. difficile iso-
lates were toxigenic (17). Clostridioides difficile was detected
in 25 0f 149 (16.8%) chicken samples evaluated in Korea, and
4.4% of positive isolates were toxigenic (26). In contrast,
C. difficile was not found in 27 samples of chicken breast in
Turkey (27). Two parts of chickens, including meat (89) and
liver (28), were evaluated for the presence of C. difficile in
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the retail stage in Japan. One toxigenic isolate was found
in this study and four PCR ribotypes, including Fi, F7, F8,
and F9, from seven positive isolates of C. difficile (28).

3.4. Red Meat

The prevalence of C. difficile in raw meat in the retail
stage was reported from Iran among 660 samples of red
meat. Overall, 13 (2%) samples were contaminated with C.
difficile, which mainly belonged to buffalo (9%), and seven
out of those 13 (53.9%) were toxigenic. Among the posi-
tive isolates, seven were ribotype 078 (29). Esfandiari et
al. in 2014 found C. difficile in eight (4%) of 200 samples
of chopped and ground beef and mutton meat collected
from meat-packaging plants in Iran (5). In addition, these
researchers collected a total of 100 beef samples, includ-
ing 50 chopped and 50 ground, from butcheries. Clostrid-
ioides difficile was isolated from 12 (12%) samples. In both
studies, the prevalence rate was higher in ground meat
than in chopped meat, suggesting a wide distribution of
C. difficile spores in the environment, especially from the
meat grinder, due to the formation of a biofilm (30). In
contrast, a high prevalence rate was reported in 100 (30%)
samples of ground beef collected from butcheries in Iran
(31). In an examination conducted in Turkey on a total of
100 samples, including "modified atmosphere packaging"
minced (50) and cubed beef (50), 3% of samples were con-
taminated with toxigenic C. difficile (32).

A sampling of 62 raw meat samples, including skin
pork and ground pork, was performed in Taiwan. A total of
four samples out of 23 (17%) isolates of C. difficile harbored
tcdA, tcdB, cdtA, and cdtB (21). Among 266 samples of beef
and pork meat examined in Korea, nine (6.8%) and 11 (8.3%),
respectively, were found positive for C. difficile (26). Lack of
C.difficile was reported in 31 ground beef samples in Turkey
(27). In Saudi Arabia, of 600 samples of raw cow, sheep,
and goat meat, C. difficile was discovered in nine (1.5%) sam-
ples. All isolates were toxigenic with a profile of ribotype
078 (33). A collection of 351 samples, including pork meat,
pig liver, and beef meat, was examined in Japan. A total of
three positive C. difficile isolates was found in these samples
with two distinct ribotypes belonging to Japan (F10 and R6)
(28).

3.5. Meat-based Products

In 2014, 211 hamburger, their raw ingredients, and
environmental samples were collected from processing
plants of Iran. Clostridioides difficile was not detected in
45 non-meat ingredients, including defrosted onions, tex-
tured soy proteins, and seasonings. On the other hand,
the bacterium was isolated from nine samples, including
raw meat (5.6%), swabs taken from the environment (3.5%),
and hamburger samples (7.1%) before and after molding
(34). In another study conducted by Iranian researchers,
570 meat-based samples, including hamburgers, minced
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meat, chicken nuggets, sausages, and canned meat, were
studied in 2015. Clostridioides difficile was observed in six
(1.2%) samples, of which five were toxigenic isolates: one
hamburger and four minced meat samples (35). Some
meat-based products were examined for the presence of
C. difficile in Turkey. A total of two (4.6%) samples, includ-
ing meatball and cooked meat doner, had C. difficile. The
method of slow rotated cooking of doner in front of heat-
ing elements, and the lack of cooking for meatballs were
suggested as the reasons for C. difficile presence (27). In an-
other study conducted in Turkey, 319 meat products were
obtained from butcheries and supermarkets to survey C.
difficile. The toxigenic form of this organism was isolated
in 22 (6.9%) examined meat product samples, and nine
(40.9%) isolates were identified as ribotype 027 (36).

3.6. Ready-to-eat Food

Iranian researchers examined a variety of 368 samples
of unpacked ready-to-eat food. Clostridioides difficile was de-
tected in five (1.36%) samples, out of which four toxigenic
isolates had positive tcdA and tcdB genes (37). Further-
more, 106 samples of ready-to-eat salads were examined for
the presence of C. difficile in Iran. In this study, six samples
(5.66%) were contaminated with C. difficile (38). A total of 60
samples of ready-to-eat vegetable salads were collected in
Iran. Theresults of this study showed that eight (13.3%) sam-
ples were contaminated with C. difficile (39). A total of 65
ready-to-eat food products, including 35 braised skin and
30 braised colon of pork samples, were collected in the re-
tail stage in Taiwan. Clostridioides difficile was found in 15
samples, out of which three isolates were positive for the
tcdA and tcdB genes in the braised colon. None of the pos-
itive isolates belonged to ribotype 078 (21).

3.7. Milk

The only study on C. difficile in milk was carried out in
Iran on 430 raw milk samples from bovine, ovine, caprine,
buffalo, and camel. Of the two samples of bovine milk
(135) contaminated with C. difficile (1.43%), isolates obtained
from one of these samples harbored the tcdA and tcdB
genes with ribotype 078 (40).

3.8. Molluscan Shellfish

The existence of C. difficile in different natural settings
demonstrates its ubiquity. Seafood, mainly edible shell-
fish, recognized for their capacity to accumulate various
pathogens from water through feeding, has been revealed
to contain C. difficile. A total of 820 shellfish samples, in-
cluding oysters, mussels, cockles, and clams, were ran-
domly collected from local harbors and retail centers of
Bushehr province, Iran. Toxigenic C. difficile was isolated
from 26 (3.17%) samples (41).
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3.9. Vegetables

Contamination of vegetables could be related to irriga-
tion or washing with contaminated water, as well as spore
transfer via fertilizers. In Saudi Arabia, out of 200 veg-
etable samples, including potato and parsnip, three sam-
ples were contaminated with C. difficile, which were toxi-
genic with ribotype 078 profile (42). In a study from Japan,
C. difficile was isolated from eight (3.3%) of 242 retail fresh
vegetables and fruits. A total of seven different PCR ribo-
types of C. difficile were found in this study. Positive iso-
lates with ribotype 014 were found worldwide, as well as
in Japanese clinical cases (28). In light of the presence
of ribotype 078, following good agricultural practices is
paramount to help prevent spores from entering the food
chain from farm to fork.

3.10. Household Animals

Extensive reports from veterinary clinics indicateanin-
crease in the prevalence of C. difficile AAD in pets in Ameri-
can countries. A few studies in Asia also reported the preva-
lence of C. difficile in pets. The first study in Asia was per-
formed in India, which examined 117 feces from pups and
adult dogs in two groups with and without antibiotic treat-
ment. The results showed that C. difficile was present in 16
(13.67%) isolates collected from adult dogs and pups. Out of
these isolates, 10 (62.5%) were toxigenic. A significant asso-
ciation was found between the rate of isolation of C. diffi-
cile and antibiotic use. Different ribotypes, including 012,
014, 046, 010, SLO 131, ACD 001, ACD 002, and ACD 003, were
identified in this study (43). According to the only inves-
tigation carried out in Iran, the prevalence rate of C. diffi-
cile in 151 fecal samples obtained from the dog population
was 7.9%. The genes tcdA and tcdB profiles were observed in
eight of the positive isolates (44). An examination of 204
canine fecal samples conducted in Japan showed a preva-
lence rate of toxigenic isolates of 47%, as well as 29 different
PCRribotypes (45). The distinguished ribotypes (ST-3, ST-15,
and ST129) of C. difficile were detected in 146 and 29 feces of
dogs and cats in a study performed in China (46).

3.11. Food Retail Fomites

Cross-contamination of food during purchase could be
caused by transportation. A study was conducted on 800
samples collected from baskets, trolleys, conveyors, and
outgoing shopper’s plastic bag surfaces in Saudi Arabia. A
total of 12 toxigenic isolates were observed with distinct ri-
botypes belonging to V, 027, A2, BT}, T1, and BT1 (47). The
detection of ribotype 027 in this study may indicate that
cleaning the surface is necessary to control the spread of
CACDIL.

3.12. Wastewater Treatment Plants

Water sources are also considered a route of C. difficile.
Ninety-five samples were collected from a conventional ac-
tivated sludge treatment plant and a waste stabilization
pond system in Iran to examine this possibility. A total of
three (13.6%) samples of digested sludge (22) and two (5%)
samples from waste stabilization (40) ponds were found
to be contaminated with toxigenic C. difficile harboring the
tcdB gene (48).

3.13. Manure Compost

In Japan, a total of 14 manure compost samples were
collected from pig farms to examine the prevalence of C.
difficile. It was found that 11 C. difficile strains (82%) were tox-
igenic, with ribotype 078 being the most dominant. This
study shows that the application of composted manure in
agricultural land can pose a serious threat concerning C.
difficile transmission to the food chain (49).

4. Conclusions

Research carried out in different Asian countries has
shown different rates of the prevalence of C. difficile, vari-
able ribotypes, and resistance to diverse antibiotics (Table
1) in samples collected from non-hospital sources. Most
studies have focused on farm animals and meat, but C. dif-
ficile has also been evaluated in an extensive range of dif-
ferent non-hospital sources, with the prevalence rate from
1.43 to 88.6%. The highest rate belongs to samples obtained
from farm animals, red meat, and meat-based products.
Hence, the animals and their derivative products may be
considerable source for conveying C. difficile spores to hu-
mans.

Based on the finding of the two hypervirulent ribo-
types 027 and 078 in different sources, it seems that a
molecular relationship exists between clinical and com-
munity isolates. This situation increases the awareness
about the potential of C. difficile as an agent for CACDI.
Therefore, it is required to implement preventive mea-
sures and certain hygiene management activities to con-
trol C. difficile in Asian countries.

Most C. difficile isolates obtained from different sam-
ples were resistant to commonly used antimicrobial
agents in healthcare settings, demonstrating the impor-
tance of ongoing long-term surveillance of antimicrobial
resistance. Due to limitations in the size of sampling and
heterogeneity of examination, itis difficult to interpret the
exact prevalence of C. difficile. In sum, it is required to de-
fine a focal reference for clinical and non-hospital isolates
of C. difficile to help further research on the relationship be-
tween those sources.
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Table 1. Antibiotic Resistance of Examined Samples in the Current Study

Sample Resistance Reference
Feces of piglet Ceftriaxone ciprofloxacin, clindamycin, erythromycin (12)
Feces of calf Ciprofloxacin clindamycin, erythromycin, tetracycline, vancomycin (13)
Slaughtered pigs Cefoxitin ciprofloxacin, clindamycin erythromycin, moxifloxacin (20)
Sheep and cattle carcass Cefotaxime, imipenem (22)
Raw beef, cow, sheep, goat, camel and buffalo meat Ampicillin, ciprofloxacin, clindamycin, erythromycin, gentamycin, (29)
nalidixic acid, tetracyclin

Packaged minced and cubed beef meat Clindamycin (32)
Raw meat Clindamycin (26)
Meatball and meat doner Clindamycin, metronidazole, moxifloxacin tetracycline, vancomycin (27)
Meat products Cefotaxime, imipenem (36)
Salad (fasl, maccaroni, and olovyeh), falafel sandwich, and yoghurt Ampicillin, ciprofloxacin, clindamycin, erythromycin, gentamicin, (37)
stew nalidixic acid, tetracycline

Feces of canine Ceftriaxone, ciprofloxacin, clindamycin, erythromycin, levofloxacin, (45)

sitafloxacin
Feces of dog and cat Ampicillin, Cefoxitin, Clindamycin, Vancomycin (46)
Manure compost of pigs Ciprofloxacin, clindamycin, erythromycin, levofloxacin, tetracycline (49)
Rectal swabs from pigs, chickens and ducks Amoxicillin-clavulanic acid, ampicillin, cefotaxime, cefoxitin, (19)
ciprofloxacin, clindamycin, chloramphenicol, erythromycin, imipenem,
meropenem, moxifloxacin, tetracycline
Ready to-eat vegetable salads Clindamycin, nalidixic acid (39)
Raw bovine, ovine, caprine, camel and buffalo milk Ampicillin, clindamycin, gentamicin, nalidixic acid (40)
Shellfish Amoxicillin, ampicillin, metronidazole, moxifloxacin, penicillin (41)
Vegetables Cefotaxime (42)
Retail fomites Levofloxacin (47)
Footnotes tion of clostridium difficile as clostridioides difficile (Hall
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