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Background/aim: Clostridium difficile is a frequent cause of nosocomial infections and has become a major public health concern in
developed nations. In the present study, the prevalence and antimicrobial susceptibility pattern of toxigenic C. difficile strains isolated
in Iran were investigated.

Materials and methods: Between June 2016 and May 2017, 2947 inpatient fecal samples were taken from symptomatic adult hospitalized
patients in different units of 32 care facilities in Tehran, Iran. C. difficile strains were identified by microbiological/biochemical methods.
Susceptibility to 20 antimicrobials was measured by E-test method. Toxin-specific immunoassays and cytotoxicity assays were used to
determine in vitro toxin production.

Results: Out of 2947 fecal samples, 538 (18.25%) C. difficile isolates were obtained among those with suspected CDI. In E-test method,
all C. difficile isolates were susceptible to fidaxomicin, vancomycin, amoxicillin/clavulanate, and meropenem and were resistant to
penicillin G. The prevalence of multidrug resistant C. difficile was 69.33% (373/538). Among 538 C. difficile, 147 (27.32%), 169 (31.41%),
and 222 (41.26%) isolates were TcdA+/TcdB+, TcdA-/TcdB+, and TcdA-/TcdB-, respectively.

Conclusion: The results evidently support the hypothesis of a probable role of toxigenic strains of C. difficile in developing gastrointestinal

complaints in patients with diarrhea.
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1. Introduction

Clostridium difficile is an anaerobic, fermentative, spore-
forming, and gram-positive bacillus (1). The spectrum of
C. difficile-associated disease (CDAD) varies from mild
diarrhea to severe life-threatening colitis, and it may
lead to toxic megacolon, perforation, sepsis, and even
death (2,3). C. difficile infection (CDI) is one of the most
important nosocomial infections, and in the past decade,
its incidence has increased noticeably worldwide (4). The
clinical features of CDI are mediated by cellular exotoxins
secreted into the colonic environment during bacterial
growth. Toxigenic C. difficile strains are responsible for
nearly all cases of pseudomembranous colitis (PMC) and
for 15% to 25% of cases of antibiotic-associated diarrhea
(AAD). C. difficile is also considered the most common
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cause of antibiotic-associated colitis (AAC) in developed
countries (1,3,5,6). In the last 20 years, C. difficile has
also emerged as a main cause of nosocomial diarrhea in
adult patients and has been responsible for large outbreaks
in hospital settings (7,8). For hospitalized patients, the
overall incidence of C. difficile-associated diseases has
been found to vary widely, from 0.1 to 2 per 100 patient
admissions (7,9,10). In many hospitals, C. difficile is the
most frequently isolated enteropathogen (11).

The pathogenicity of this bacterium is determined by
the production of two major toxins: enterotoxin A (Toxn
A or TcdA; 308 kDa) and cytotoxin B (Toxin B or TcdB;
270 kDa), which are the major virulence factors of this
microorganism and which are encoded by two separated
genes, called tcdA and tedB, located in close vicinity on the
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chromosome (12,13). Together with three additional genes
(tcdC, tcdD, and tcdE), they form a 19.6-kb chromosomal
pathogenicity locus named PaLoc (11,14). These toxins
ultimately mediate diarrhea and colitis (11).

Toxin A can cause accumulation of fluid and mucosal
damage in several animal models such as rabbit ileal and
colonic loops, hamster cecal segments, as well as in mouse
and rat intestines (15,16). Toxin B has no enterotoxic
activity, but it is a stronger cytotoxin than toxin A in tissue
culture line by nearly one thousand fold (16). Toxins A
and B both disrupt the actin cytoskeleton of gut epithelial
cells by the UDP-glucose-dependent glucosylation of
proteins from the Rho and Ras subfamilies (17,18). Some
strains of C. difficile also produce an additional toxin,
actin-specific ADP-ribosyltransferase (binary toxin)
called CDT, which was first explained by Popoft et al. in
1988 (19). The binary toxin CDT is unrelated to the well-
characterized Toxins A and B, and the significance of
this is uncertain (11). Additionally, antibiotic exposure is
considered to be one of the main risk factors for CDAD
(20). Indeed, previous exposure to antibiotics, which can
disrupt the intestinal normal flora, is the major risk factor
for CDI (21,22). Extended-spectrum cephalosporins
and clindamycin are the antibiotics most commonly
implicated in CDI (4). Many antimicrobials are traded
as over-the-counter drugs in Iran. When coupled with a
general lack of information regarding the correct use of
antimicrobials in the community, misuse is predictable
(20,23). Of concern is the fact that toxigenic isolates are
capable of converting toxin-negative strains to toxin-
positive strains via horizontal transfer of the pathogenicity
locus and that transfer of mobile genetic elements carried
out antimicrobial resistance genes has been revealed in
vitro (24,25). Little is known about the prevalence and
antimicrobial susceptibility pattern of toxigenic C. difficile
isolates in Iran. Therefore, the present study was designed
to determine the prevalence of C. difficile containing the
TcdA and TedB toxins among strains isolated in Iran and
second to characterize the antimicrobial susceptibility
profile of these isolates.

2. Materials and methods

2.1. Definitions

A CDI case was defined as a patient with diarrhea and a
positive laboratory assay for C. difficile toxin A and/or B in
stools (26). A CDI was classified as severe if a patient also
tulfilled at least one of the following criteria: (i) polynuclear
neutrophil count >20,000/mm?; or (ii) concentration of
serum albumin <35 g/L. The patients were classified into
three groups, based on the severity of the underlying
infection, according to the McCabe score: (A) no fatal
disease, (B) fatal disease in the following 5 years, or (C)
fatal disease in the following year (27). The nosocomial

infection (HA-CDI) was diagnosed in patients who
developed diarrhea at least 72 h after admission or within
2 months of the last discharge provided that they were not
residents in a long-term facility, and they tested positive
for CDI (28). Only one episode/patient was involved in the
study. An episode was designated as a recurrence when it
occurred within 8 weeks of the onset of a previous episode
(26).

2.2. Design of the study and sample collection

Two thousand nine hundred forty-seven inpatient fecal
specimens (one specimen per patient) submitted for
routine CDI testing from June 2016 to April 2017 inclusive
were included in the study. All strains were recovered
from patients hospitalized in 32 different care facilities
in Tehran, Iran, or its surroundings. Only diarrheal fecal
specimens were included in the study. Samples from
children younger than 2 years old were excluded. The
samples were tested either on the collection day or stored
at 2-8 °C for testing within <48 h, and then frozen at —20
°C or -70 °C for further toxicity assay.

2.3. Culture and identification of C. difficile isolates
Fecal samples collected from patients suspected to be
infected with C. difficile were first treated with alcohol,
and then the mixture was inoculated on cycloserine-
cefoxitin fructose egg yolk agar (CCFA) plates prepared
with a C. difficile agar base and selective supplement
(Oxoid, Basingstoke, UK). The plates were incubated in
an anaerobic chamber with GENbag Anaer (bioMérieux,
Marcy IEtoile, France) at 37 °C for 72 h. The isolates were
confirmed as C. difficile by the characteristic morphology
of the colonies, horse odor, green-yellow fluorescence
under UV light (365 nm), gram staining, and the API 20A
biochemical test (bioMe ‘rieux). All isolates were stored at
—70 °C in brain-heart infusion broth with 10% glycerol
until subsequent analyses.

2.4. Antimicrobial susceptibility testing

Minimal inhibitory concentrations (MICs) of 20 antibiotics
(chloramphenicol, penicillin G, fidaxomicin, vancomycin,
metronidazole, rifampin, clindamycin, tetracycline,
fusidic acid, linezolid, erythromycin, trimethoprim/
sulphamethoxazole, bacitracin, ciprofloxacin, piperacillin/
tazobactam, amoxicillin/clavulanate, moxifloxacin,
gatifloxacin, levofloxacin, and meropenem) were evaluated
for all isolated strains of C. difficile using E-test strips (AB
Biodisk, Durham, NC, USA). Testing and interpretation of
MICs results (clinical breakpoint determination) followed
the recommended guidelines of Clinical and Laboratory
Standards Institute (CLSI) and European Committee on
Antimicrobial Susceptibility Testing (EUCA ST). A strain
with resistance to >3 antimicrobial classes was defined as
multidrug resistance (MDR). Strains of C. difficile ATCC
700057 and Escherichia coli ATCC 25922 were included in
each run as controls.
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2.5. Detection of C. difficile toxins

Toxin-specific immunoassays and cytotoxicity assays were
used to determine in vitro toxin production. A single
colony of C. difficile isolates was inoculated into brain
heart infusion (BHI) broth (Oxoid, Basingstoke, UK)
and were cultured anaerobically for 48 h. Broth cultures
were centrifuged at 4000 x g for 10 min, after which the
supernatants were filtered through 0.2-IM Acrodisc syringe
filters (Pall Corp., Portsmouth, UK) and stored at -20 °C
for up to 3 months before analysis of toxin production.
Toxin A (TcdA) was detected using the C. difficile Tox A
ELISA (Tech Laboratory, Blacksburg, VA, USA) and an
immune-chromatography assay by antitoxin A antibody
labelled with latex, the C. difficile toxin A test (Oxoid),
according to the manufacturer’s instructions. Additionally,
the immunoenzymic assay C. difficile Tox A/B test (Tech
Laboratory) was used for detection of either TcdA and/or
TedB toxins. The procedures were conducted according to
the manufacturer’s instructions. Toxin B was detected by a
cell culture cytotoxin assay on the McCoy cell line. In brief,
ten-fold serial dilutions of filtered bacterial supernatants
were added in duplicate to McCoy cells and incubated for
24 h. C. difficile VPI-10463 was used as a positive control.
The cytopathic effect (CPE) was surveyed by inverse
microscopy. If this CPE could be neutralized by polyclonal
antiserum to C. difficile (C. difficile TOX-B Test; TechLab),
the test was considered positive.

2.6. Statistical analysis

Statistical analysis was performed with SPSS software,
version 16.0 for Windows (SPSS Inc., Chicago, IL, USA).
P-value <0.05 was considered statistically significant.

3. Results

During the 12 months of the study period, from 2947
fecal samples taken from symptomatic adult hospitalized
patients in different units of the 32 designated hospitals,
538 (18.25%) C. difficile isolates were obtained among
those with suspected CDI, which confirmed as HI-CDI
agent. According to classification of patients with CDI as
mentioned above, 486 were in class A, 35 were in class B,
and 17 were in class C. These 538 C. difficile isolates were
analyzed for TcdA and/or TcdB toxins. Using the C. difficile
ToxA ELISA, the C. difficile toxin A test, the ToxA/B test,
and the TcdB cytotoxicity testing on McCoy cells, 147
(27.32%) isolates produced detectable toxin A and toxin B
(TcdA+/TcdB+). One hundred sixty-nine (31.41%) isolates
were toxin B-positive but toxin A-negative (TcdA-/TcdB+),
because TcdA could not be detected using the commercial
latex test for TcdA, but a CPE on the McCoy cell line was
observed. The TOX A/B tests gave positive results for all
169 A-B+ strains. The remaining 222 (41.26%) C. difficile
isolates were negative for toxin production (TcdA-/TcdB-
) because all tests gave negative results. Furthermore, all
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316 (58.74%) toxin-positive isolates (TcdA+/TcdB+ and
TcdA-/TedB+) induced a CPE when investigated using the
cell culture cytotoxicity assay (Table 1). The CPE observed
for the 169 isolates that were negative in the toxin A ELISA
was atypical, demonstrating complete cell rounding of the
McCoy cell line body with no cytoplasmic extensions. In
total, among 538 C. difficile isolates, 222 (41.26%) were
nontoxigenicand 316 (58.74%) isolates were toxin producer
by conducted test. The highest and lowest incidence of
toxin positive strains in hospital wards was related to ICU/
CCU (n=135; 42.72%) and Trauma center (n = 4; 1.26%).
Distribution of toxin positive strains in different hospital
units are shown in Table 2. The antimicrobial susceptibility
patterns of 538 C. difficile isolates, measured by MIC-
Etest method, are presented in Table 3. All C. difficile
isolates were susceptible to fidaxomicin, vancomycin,
amoxicillin/clavulanate and meropenem and were
resistant to Penicillin G. The antimicrobial resistance
rates were distinctly higher for fusidic acid, ciprofloxacin,
clindamycin, levofloxacin and erythromycin than PIP-
TAZ, metronidazole, rifampin, moxifloxacin, gatifloxacin,
vancomycin and tetracycline (P < 0.05). The antimicrobial
resistance rates were meaningfully higher for penicillin
G, trimethoprim/sulphamethoxazole, bacitracin,
ciprofloxacin, erythromycin, levofloxacin, clindamycin
than for fusidic acid, tetracycline, gatifloxacin,
moxifloxacin, chloramphenicol, metronidazole,
rifampin, piperacillin/tazobactam, linezolid, fidaxomicin,
vancomycin, amoxicillin/clavulanate, and meropenem (P
< 0.05). The prevalence of MDR, as defined by resistance
to 23 antimicrobials tested, in all C. difficile isolates was
69.33% (373/538). Exactly, 118 (80.27%), 121 (71.59%),
and 134 (60.36%) of A+/B+, A-/B+, and A-/B- C. difficile
strains were MDR, respectively. The prevalence of MDR
was significantly higher in toxigenic C. difficile strains
(239/3165 75.63%) in comparison to nontoxigenic strains
(134/222; 60.36%) (P < 0.05).

4. Discussion

Clostridium difficile is a microorganism that can be found
in most individuals without causing symptoms, but in
some people it can cause a severe diarrhea and colitis.
The bacterium is typically acquired from the hospitals, as
environmental contamination is common and healthcare
personnel may carry it in their hands, or on contaminated
devices (3,29). CDI is an increasing public health concern
worldwide and is the primary cause of intestinal infection
associated to antimicrobial treatment (30). Due to being
rapid, cost-effective, and easy performance of testing;
ELISAs, immune-chromatography, immunoenzymic,
and cytotoxicity (cell culture) assays are now used most
frequently by clinical laboratories for diagnosis of C.
difficile infection (31). The frequency of C. difficile infection
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Table 1. Summary of results for detection of toxigenic and nontoxigenic Clostridium difficile strains.

No. (%) of Toxigenic Toxin Toxin Cell culture
samples status A ELISA A+B ELISA cytotoxicity assay
147 (27.32%) A+/B+ + + +

538 169 (31.41%) A-/B+ - + +*
222 (41.26%) A-/B- - - -

*Variant cytopathic effect observed

Table 2. Distribution of toxin-positive and toxin-negative strains in different hospital units.

Wards No. .of C. difficile No. ‘of toxigenic No. .of nontoxigenic
strains strains (%) strains (%)
ICU/CCU 211 118 (37.34%) 93 (41.89%)
General surgery 121 83 (26.26%) 38 (17.12)
Transplant 78 37 (11.70) 41 (18.47)
Internal medicine 51 32 (10.12%) 19 (8.56)
Burn unit 27 11 (3.48%) 16 (7.21)
Cardiology 15 9 (2.84%) 6(2.7)
Oncology 9 9 (2.84%) 0(0)
Orthopedic 13 8 (2.53%) 5(2.25)
Urology 6 6 (1.89%) 0(0)
Trauma center 7 3(0.94) 4(1.8)
Total 538 316 (100) 222 (100)

among the patients suffering from CDAD is different
throughout the world. The global prevalence of CDAD is
0.9% and 2% in the general population and ICU patients,
respectively (32). A comparable pattern is observed in Asia
(3%) and Europe (1%) (32). Additionally, investigations
have revealed that 3.6%, 3.3%, 3.3%, 2.4%, 0.9%, and
20% of CDAD in hospitalized patients of the USA, UK,
Canada, China, France, and Taiwan are associated to C.
difficile infection, respectively (33-35). The prevalence of
CDI or CDAD has been less studied in Iran. In our study,
C. difficile was responsible for 18.25% of the suspected
patients with nosocomial diarrhea. These cases came from
ICU/CCU, general surgery, transplant, internal medicine,
burn unit, cardiology, oncology, orthopedic, urology ,and
trauma center.

According to a previous study in Iran, C. difficile
was isolated from 5.3% of patients with gastrointestinal
complaints, 6.1% of patients with nosocomial diarrhea
and 4% of children with diarrhea (31,36,37). Zarandi et al.
(2017) indicated that the frequency of CDI was 21% among
diarrheal samples from ICU (38). In another research the
prevalence of CDI was near 20% in hospitalized patients
(39), which is similar to our findings. The frequency of CDI

was reported 4.9% for Turkish patients but this amount
was 18% for Canadian patients with nosocomial diarrhea,
which was consistent with our results (40,41). In the survey
conducted by Langley et al. (2002), C. difficile (with 32%
prevalence) was one of the most common pathogens in
nosocomial diarrheal episodes (42). In a study carried out
by Gursoy et al. (2007), the total prevalence of C. difficile
was 27.7% (43). In Brazil, C. difficile was responsible for
5.5% of hospitalized children with severe diarrhea and in
Argentina, C. difficile-positive specimens were identified
in 38.5% of symptomatic patients (16,44).

Effective treatment of CDI is frequently based on
common sensitivity reports for the strains in each country.
There are a few reports about the prevalence of MDR
phenotype among the clinical isolates in some countries
(45,46). Shayganmehr et al. (2015) reported high resistance
rate of C. difficile isolates to ciprofloxacin (97%), and low
resistance rate to metronidazole (5%), which is similar to
our results (47). High level fluoroquinolone-resistant C.
difficile strains was previously reported by Nore'n et al.
(2010), who investigated resistance frequency of isolates to
moxifloxacin (23%), levofloxacin (100%), and ciprofloxacin
(100%) (48). Data from the current study showed that
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Table 3. Distribution of antibiotic susceptibility patterns of C. difficile isolates based on toxin production.

Toxigenic strains (n = 316)

Nontoxigenic strains (n = 222)

A+/B+ (n = 147) A-/B+ (n = 169) A-/B-
Antibiotics

S I R S I R S I R

N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)
Chloramphenicol |79 (53.74) |35(23.8) |33 (22.44) |60 (35.5) 74 (43.78) |35(20.71) | 121 (54.5) |62(27.92) |29 (13.06)
Penicillin G 0 (0.00) 0(0.00) |147(100) |0 (0.00) 2(1.18) | 167(98.82) |0 (0.00) 5025  |217(97.75)
Fidaxomicin 147 (100) | 0(0.00) |0 (0.00) 169 (100) | 0(0.00) |0 (0.00) 222(100) | 0(0.00) |0 (0.00)
Vancomycin 147 (100) | 0(0.00) |0 (0.00) 169 (100) | 0(0.00) |0 (0.00) 222(100) | 0(0.00) |0 (0.00)
Metronidazole 127 (86.39) |8 (5.44) |12(8.16) |143(84.61) |6(3.55) |20(11.83) |214(96.39) |8(3.6) 0 (0.00)
Rifampin 127 (86.39) |11 (7.48) |9 (6.12) 151(89.34) |7(414) |11(6.5) 215(96.84) |7(3.15) |0 (0.00)
Clindamycin 20(13.6) |21(1428) |106(72.1) |28(16.56) |32 (18.93) | 109 (64.49) |41 (18.46) |25(11.26) | 156 (70.27)
Tetracycline 70 (47.61) |13 (8.84) |64(43.53) |66(39.05) |34(20.11) |69 (40.82) |85(38.28) |30 (13.51) |107 (63.31)
Fusidic acid 52(3537) |23 (15.64) |72(48.97) |86(50.88) |16(9.46) |68(40.23) |157(70.72) |22(9.9) |43 (19.36)
Linezolid 142 (96.59) |2(1.36) |3 (2.04) 168 (99.4) |1(0.6) |0 (0.00) 219(98.64) |1(0.45)  |2(0.9)
Erythromycin 35(23.8)  |0(0.00) |112(762) |54(31.95) |0(0.00) |115(68.05) |46(20.72) |0(0.00)  |176(79.28)
Ciprofloxacin 18(12.24) |4(272)  |125(85.03) |22(13.01) |6(3.55) |141(83.43) |29(13.06) |0(0.00)  |193(86.94)
Piperacillin/ 130 (88.43) | 11(7.48) |6 (4.08) 154 (91.12) |6(3.55) |9(5.32) 207 (93.24) |7(3.15) |8(3.6)
tazobactam
Amoxicillin/

147 (100) | 0(0.00) | 0(0.00) 169 (100)  |0(0.00) |0 (0.00) 222(100) | 0(0.00) |0 (0.00)
clavulanate
Trimethoprim/ 14(952)  |0(0.00) |133(90.47) |7 (4.14) 0(0.00) |162(95.85) |1 (0.45) 0(0.00) | 221(99.55)
sulphamethoxazole
Moxifloxacin 94(63.94) |10(6.8)  |43(29.25) |115(68.04) |17(10.05) |37 (21.89) |164(73.87) |6(2.7) 52 (23.42)
Gatifloxacin 93(63.26) |2(136) |52(35.37) |119(70.41) |5(2.95) |45(26.62) |178(80.18) |4 (1.8) 40 (18.01)
Levofloxacin 29(19.72) | 16(10.88) |102(69.38) |31(18.34) |7(4.14) |131(77.51) |39(17.56) |11(4.95) |178(80.18)
Bacitracin 7 (4.76) 0(0.00) |140(92.23) |21(12.42) |0(0.00) |148(87.57) |13 (5.85) 0(0.00) |209 (94.14)
Meropenem 147 (100) | 0(0.00) |0 (0.00) 169 (100)  |0(0.00) |0 (0.00) 222(100) | 0(0.00) |0 (0.00)

118 (80.27) 121 (71.6)
MDR 134 (60.36)

239 (75.93)

S: susceptible, I: intermediate, R: resistant.

8.16% of our strains were resistant to metronidazole that
was higher than the overall reported rate of resistance
from other studies (49-51). This resistance level probably
was caused by indiscriminate use of metronidazole in CDI
and also in other common cases of protozoal infections in
Iran. In the present study, the analysis of the antimicrobial
resistance phenotypes among the 538 C. difficile isolates
showed 89 strains with single drug resistance (16.54%),
76 strains with double drug resistance (14.12%), and
373 isolates with triple antibacterial resistance or MDR
phenotypes (69.33%). All the strains with resistance
phenotypes to metronidazole belonged to the triple
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drug resistance groups. In a study in Italy, out of 316 C.
difficile clinical isolates, 12 (3.7%) were resistant to only
one antibiotic, 54 (17%) to two antibiotics, and 82 (26%)
to at least three antibiotics (MDR); however, reduced
susceptibility to metronidazole was not found among the
MDR strains (46). In a similar research in Kuwait, there
was no resistance to metronidazole among C. difficile
isolates, while MDR phenotype was observed in 75.3% of
isolates and double and triple resistance phenotypes were
identified in 11% and 38.3% of the isolates, respectively
(52). Most of the MDR strains in our study were toxigenic
(75.93%). Concurrent resistance to the tested antibiotics
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was significant in the tcdA+/B+ toxigenic group. These
findings cast new light to the association between toxin
producer strains and resistance phenotype in C. difficile.
This relationship was previously reported by other
researchers (46,53,54). It has been demonstrated that
toxigenic C. difficile isolates are resistant to broad spectrum
antimicrobial drugs, such as p-lactams, flouroquinolones,
and clindamycin (55). It has been also shown that mean
intake of several beta-lactams and fluoroquinolones was
higher in affected hospitals with the resistant-toxigenic
C. difficile strains, which suggests the involvement of
widespread antibiotic prescription in selection of toxigenic
isolates in these hospitals (56). The relationship between
toxigenicity and resistance phenotype of the C. difficile
strains was also supported by a recent finding about
cotransfer of C. difficile pathogenicity locus, encoding the
two noted toxins, with conjugative transposons encoding
resistance to several antibiotics (24).

The prevalence of toxigenic C. difficile nosocomial
diarrhea varied in different studies, but there are a limited
number of studies in this field in Iran. Sadeghifard et al.
(2010) analyzed a total of 942 stool samples from Iranian
patients with nosocomial diarrhea. They showed that 57
samples (6.1%) were positive for toxigenic C. difficile (57).
Among the strains investigated in this study, 27.3% were
A+/B+, 31.4% were A-/B+, and 41.2% were A-/B-. In the
study conducted by Pituch et al. (2006), 43%, 45.5 %, and
8.9 % were A+/B+, A-/B+, and A-/B-, respectively (12).
In their previous study (in the period 1999-2001 from
patients with CDAD) among 33 C. difficile strains, 45%
were A+/B+ but 55% were A-/B+ (58). The findings of the
present study confirmed the high prevalence of toxigenic
isolates in our hospitals. Rezazadeh Zarandi et al. (2017)
demonstrated that 49.57% of C. difficile isolates did not
carry tcdA and tcdB genes. Interestingly, 77.5% of the total
isolates belonged to nontoxigenic type (A-/B- and A+/B-
) and 22.5% were toxin-producing (A+/B+) (38). They
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demonstrated that nontoxigenic type A-/B- was the most
prevalent type (38). Similar to our results, several studies
have shown that the nontoxin production type (A-/B-) is
the most prevalent (42%-50%) in clinical data (59,60).
In some studies, they were regarded as pathogenic while
as nonpathogenic in others (59,61). In this study, they
are considered nonpathogenic. Toxin production type,
A+/B+ which is clearly associated with CDAD, has up to
71.6% prevalence among C. difficile toxin production types
globally (38), while the A-/B+ type was prevalent in our
isolates, although its prevalence was lower than that of
nontoxigenic strains in Iran and other parts of the world
(38). In total, nontoxigenic isolates are prevalent in clinical
samples.

To conclude, this study indicates that C. difficile
might be an important enteric pathogen in patients in
Iranian hospitals. As long as toxigenic C. difficile strains
are recognized as the primary cause of severe diarrheal
disease, the best management approach is to further our
understanding of this opportunistic pathogen and improve
the diagnostic methods. Further study of the epidemiology
and microbiology of CDI in this region is required to
explore some apparent differences. As a consequence, it
seems necessary to investigate the mechanisms involved
in the infection and pathogenesis of this organism such
as production of various toxins. Our results showed an
association between the coexistence of tcdA+/tcdB+ genes
and MDR phenotypes among the clinical isolates of C.
difficile. This finding emphasizes the need for continuous
monitoring of antimicrobial susceptibility patterns among
the pathogenic strains for prevention of the occurrence of
eradication failure in the infected patients.

Acknowledgment
The authors would like to thank Saadat Pirouzi for statically
analysis and technical assistance in the present study.

4. Kim J, Kang J, Kim H, Seo MR, Choi T, Pai H, Kuijper
EJ, Sanders I, Fawley W. Epidemiology of Clostridium difficile
infections in a tertiary-care hospital in Korea. Clin Microbiol
Infect 2013; 19: 521-527.

5. Frost F, Craun G, Calderon R. Increasing hospitalization and
death possibly due to Clostridium difficile diarrheal disease.
Emerg Infect Dis. 1998; 4: 619-623.

6.  Bartlett JG. Antibiotic-associated diarrhea. N Engl ] Med 2002;
346: 334-339.

Cartmill T, Orr K, Freeman R, Sisson P, Lightfoot N. Nosocomial
infection with Clostridium difficile investigated by pyrolysis
mass spectrometry. ] Med Microbiol 1992; 37: 352-356.

389



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

390

MOHAMMADBEIGI et al. / Turk ] Med Sci

McFarland LV, Mulligan ME, Kwok RY, Stamm WE.
Nosocomial acquisition of Clostridium difficile infection. N
Engl ] Med 1989; 320: 204-210.

Bowen K, McFarland L, Greenberg R, Ramsey M, Record
K, Svenson J. Isolation of Clostridium difficile at a university
hospital: a two-year study. Clin Infect Dis 1995; 20: 261-262.

Olson MM, Shanholtzer CJ, Lee JT, Gerding DN. Ten years
of prospective Clostridium difficile-associated ~ disease
surveillance and treatment at the Minneapolis VA Medical
Center, 1982-1991. Infect Control Hosp Epidemiol 1994; 15:
371-381.

Gongalves C, Decré D, Barbut F, Burghoffer B, Petit J-C.
Prevalence and characterization of a binary toxin (actin-
specific ADP-ribosyltransferase) from Clostridium difficile. J
Clin Microbiol 2004; 42: 1933-1939.

Pituch H, Brazier JS, Obuch-Woszczatynski P, Wultanska
D, Meisel-Mikolajczyk E Luczak M. Prevalence and
association of PCR ribotypes of Clostridium difficile isolated
from symptomatic patients from Warsaw with macrolide-
lincosamide-streptogramin B (MLSB) type resistance. ] Med
Microbiol 2006; 55: 207-213.

Voth DE, Ballard JD. Clostridium difficile toxins: mechanism
of action and role in disease. Clin Microbiol Rev 2005; 18: 247-
263.

Barbut F, Lalande V, Burghoffer B, Thien HV, Grimprel E, Petit
J-C. Prevalence and genetic characterization of toxin A variant
strains of Clostridium difficile among adults and children with
diarrhea in France. ] Clin Microbiol 2002; 40: 2079-2083.

Lyerly DM, Saum KE, MAcDONALD DK, Wilkins TD. Effects
of Clostridium difficile toxins given intragastrically to animals.
Infect Immun 1985; 47: 349-352.

Ferreira CE, Nakano V, Durigon EL, Avila-Campos MJ.
Prevalence of Clostridium spp. and Clostridium difficile in
children with acute diarrhea in Sao Paulo city, Brazil. Mem Inst
Oswaldo Cruz 2003; 98: 451-454.

Just I, Selzer J, Wilm M, Von Eichel-Streiber C, Mann M,
Aktories K. Glucosylation of Rho proteins by Clostridium
difficile toxin B. Nature 1995; 375: 500.

Just I, Wilm M, Selzer ], Rex G, von Eichel-Streiber C, Mann
M, Aktories K. The enterotoxin from Clostridium difficile
(ToxA) monoglucosylates the Rho proteins. ] Biol Chem 1995;
270: 13932-13936.

Geric B, Rupnik M, Gerding DN, Grabnar M, Johnson S.
Distribution of Clostridium difficile variant toxinotypes and
strains with binary toxin genes among clinical isolates in an
American hospital. ] Med Microbiol 2004; 53: 887-894.

Putsathit P, Maneerattanaporn M, Piewngam P, Knight
DR, Kiratisin P, Riley TV. Antimicrobial susceptibility of
Clostridium difficile isolated in Thailand. Antimicrob Resist
Infect Control 2017; 6: 1-6.

Freeman J, Bauer M, Baines SD, Corver J, Fawley W, Goorhuis
B, E. J. Kuijper, M. H. Wilcox. The changing epidemiology of
Clostridium difficile infections. Clin Microbiol Rev 2010; 23:
529-549.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

Razavi B, Apisarnthanarak A, Mundy LM. Clostridium difficile:
emergence of hypervirulence and fluoroquinolone resistance.
Infection 2007; 35: 300-307.

Sumpradit N, Chongtrakul P, Anuwong K, Pumtong S,
Kongsomboon K, Butdeemee P, Khonglormyati J, Chomyong
S, Tongyoung P, Losiriwat S et al. Antibiotics Smart Use: a
workable model for promoting the rational use of medicines in
Thailand. Bull World Health Organ 2012; 90: 905-913.

Brouwer MS, Roberts AP, Hussain H, Williams RJ, Allan E,
Mullany P. Horizontal gene transfer converts non-toxigenic
Clostridium difficile strains into toxin producers. Nat Commun
2013; 4: 1-6.

Goh S, Hussain H, Chang BJ, Emmett W, Riley TV, Mullany
P. Phage ¢C2 mediates transduction of Tn6215, encoding
erythromycin resistance, between Clostridium difficile strains.
MBio 2013; 4: 1-7.

Kuijper E, Coignard B, Till P. Emergence of Clostridium
difficile-associated disease in North America and Europe. Clin
Microbiol Infect 2006; 12: 2-18.

Mccabe WR, Jackson GG. Gram-negative bacteremia: I.
Etiology and ecology. Arch Intern Med 1962; 110: 847-855.

Mulvey MR, Boyd DA, Gravel D, Hutchinson J, Kelly S, McGeer
A, Moore D, Simor A, Suh KN, Taylor G et al. Hypervirulent
Clostridium difficile strains in hospitalized patients, Canada.
Emerg Infect Dis 2010; 16: 678-681.

Groschel DH, Toye B. Clostridium difficile infection. Crit Rev
Clin Lab Sci 1996; 33: 203-245.

Jin D, Luo Y, Huang C, Cai J, Ye ], Zheng Y, Wang L, Zhao
P, Liu A, Fang W, et al. Molecular epidemiology of Clostridium
difficile infection in hospitalized patients in Eastern China. J
Clin Microbiol 2017; 55: 801-810.

Nazemalhosseini-Mojarad E, Azimirad M, Razaghi M, Torabi
P, Moosavi A, Alebouyeh M, Aslani MM, Zali MR. Frequency
of Clostridium difficile among patients with gastrointestinal
complaints. Gastroenterol Hepatol Bed Bench 2011; 4: 210-
213.

Karanika S, Paudel S, Zervou FN, Grigoras C, Zacharioudakis
IM, Mylonakis E, editors. Prevalence and clinical outcomes
of Clostridium difficile infection in the intensive care unit: a
systematic review and meta-analysis. Open Forum Infect Dis
2015; 3: 1-10.

Wang X, Cai L, Yu R, Huang W, Zong Z. ICU-Onset
Clostridium difficile infection in a university hospital in China:
a prospective cohort study. PLoS One 2014; 9: 1-6.

Tschudin-Sutter S, Carroll KC, Tamma PD, Sudekum ML,
Frei R, Widmer AF, Ellis BC, Bartlett J, Per] TM. Impact of
toxigenic Clostridium difficile colonization on the risk of
subsequent C. difficile infection in intensive care unit patients.
Infect Control Hosp Epidemiol 2015; 36: 1324-1329.

Lee J-C, Hung Y-P, Lin H-J, Tsai P-J, Ko W-C. Clostridium
difficile infections in medical intensive care units of a medical
center in Southern Taiwan: variable seasonality and disease
severity. PLoS One 2016; 11: 1-11.



36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

MOHAMMADBEIGI et al. / Turk ] Med Sci

Sadeghifard N, Salari M, Ghassemi M, Shirazi M, Feizabadi
M, Kazemi B, Majdzadeh R, Amin-Harati F. Prevalence of
Clostridium difficile-associated diarrhea in hospitalized patients
with nosocomial diarrhea. Iran ] Public Health 2005; 34: 67-72.

Armin S, Babaie D, Karimi A, Fallah F Toxigenic Clostridium
difficile colonization in children. J Pediatr Infect Dis 2009; 4:
375-378.

Zarandi ER, Mansouri S, Nakhaee N, Sarafzadeh E Iranmanesh
Z, Moradi M. Frequency of antibiotic associated diarrhea caused
by Clostridium difficile among hospitalized patients in intensive
care unit, Kerman, Iran. Gastroenterol Hepatol Bed Bench 2017;
10: 229-234.

Jalali M, Khorvash F, Warriner K, Weese JS. Clostridium difficile
infection in an Iranian hospital. MC Res Notes 2012; 5: 1-5.

Soyletir G, Eskitiirk A, Kili¢ G, Korten V, Toziin N. Clostridium
difficile acquisition rate and its role in nosocomial diarrhoea at a
university hospital in Turkey. Eur ] Epidemiol 1996; 12: 391-394.

Miller M, Hyland M, Ofner-Agostini M, Gourdeau M, Ishak
M. Canadian Nosocomial Infection Surveillance Program.
Morbidity, mortality, and healthcare burden of nosocomial
Clostridium difficile-associated diarrhea in Canadian hospitals.
Infect Control Hosp Epidemiol 2002; 23: 137-140.

Langley JM, LeBlanc JC, Hanakowski M, Goloubeva O. The
role of Clostridium difficile and viruses as causes of nosocomial
diarrhea in children. Infect Control Hosp Epidemiol 2002; 23:
660-664.

Gursoy S, Guven K, Arikan T, Yurci A, Torun E, Baskol M,
Ozbakir O, Yucesoy M. Clostridium difficile infection frequency
in patients with nosocomial infections or using antibiotics.
Hepatogastroenterology 2007; 54: 1720-1724.

Legaria M, Lumelsky G, Rosetti S. Clostridium difficile-
associated diarrhea from a general hospital in Argentina.
Anaerobe 2003; 9: 113-116.

Wiist J, Sullivan N, Hardegger U, Wilkins T. Investigation of
an outbreak of antibiotic-associated colitis by various typing
methods. ] Clin Microbiol 1982; 16: 1096-1101.

Spigaglia P, Barbanti F, Mastrantonio P, difficile ESGoC,
Ackermann G, Balmelli C. Multidrug resistance in European
Clostridium difficile clinical isolates. ] Antimicrob Chemother
2011; 66: 2227-2234.

Shayganmehr F-S, Alebouyeh M, Azimirad M, Aslani MM, Zali
MR. Association of tcdA+/tcdB+ Clostridium difficile genotype
with emergence of multidrug-resistant strains conferring
metronidazole resistant phenotype. Iran Biomed J 2015; 19: 143-
148.

Norén T, Alriksson I, Akerlund T, Burman L, Unemo M. In vitro
susceptibility to 17 antimicrobials of clinical Clostridium difficile
isolates collected in 1993-2007 in Sweden. Clin Microbiol Infect
2010; 16: 1104-1110.

Waultanska D, Banaszkiewicz A, Radzikowski A, Obuch-
Woszczatynski P, Miynarczyk G, Brazier J, Pituch H, van Belkum
A. Clostridium difficile infection in Polish pediatric outpatients
with inflammatory bowel disease. Eur J Clin Microbiol Infect
Dis 2010; 29: 1265-1270.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Brazier ], Raybould R, Patel B, Duckworth G, Pearson A,
Charlett A, Duerden BI. Distribution and antimicrobial
susceptibility patterns of Clostridium difficile PCR ribotypes in
English hospitals, 2007-08. Euro Surveill 2008; 13: 1-7.

Mutlu E, Wroe AJ, Sanchez-Hurtado K, Brazier JS, Poxton IR.
Molecular characterization and antimicrobial susceptibility
patterns of Clostridium difficile strains isolated from hospitals
in south-east Scotland. ] Med Microbio 2007; 56: 921-929.

Jamal WY, Mokaddas EM, Verghese TL, Rotimi V. In vitro
activity of 15 antimicrobial agents against clinical isolates of
Clostridium difficile in Kuwait. Int ] Antimicrob Agents 2002;
20: 270-274.

Karlowsky JA, Zhanel GG, Hammond GW, Rubinstein E,
Wylie ], Du T, Mulvey MR, Alfa MJ. Multidrug-resistant
North American pulsotype 2 Clostridium difficile was the
predominant toxigenic hospital-acquired strain in the province
of Manitoba, Canada, in 2006-2007. ] Med Microbiol 2012; 61:
693-700.

Johnson S, Samore MH, Farrow KA, Killgore GE, Tenover FC,
Lyras D, Rood JI, DeGirolami P, Baltch AL, Rafferty ME et al.
Epidemics of diarrhea caused by a clindamycin-resistant strain
of Clostridium difficile in four hospitals. N Engl ] Med 1999;
341: 1645-1651.

Hedge DD, Strain JD, Heins JR, Farver DK. New advances
in the treatment of Clostridium difficile infection (CDI). Ther
Clin Risk Manag 2008; 4: 949-954.

Birgand G, Miliani K, Carbonne A, Astagneau P. Is high
consumption of antibiotics associated with Clostridium difficile
polymerase Chain Reaction-ribotype 027 infections in France?
Infect Control Hosp Epidemiol 2010; 31:302-305.

Sadeghifard N, Salari MH, Ghassemi MR, Eshraghi S, Harati
FA. The incidence of nosocomial toxigenic Clostridium difficile
associated diarrhea in Tehran tertiary medical centers. Acta
Medica Iranica 2010; 48: 320-324.

Pituch H, van Belkum A, van den Braak N, Obuch-
Woszczatynski P, Verbrugh H, Meisel-Mikofajczyk E Luczak
M. Recent emergence of an epidemic clindamycin-resistant
clone of Clostridium difficile among Polish patients with C.
difficile-associated diarrhea. J Clin Microbiol 2003; 41: 4184-
4187.

Natarajan M, Walk ST, Young VB, Aronoff DM. A clinical and
epidemiological review of non-toxigenic Clostridium difficile.
Anaerobe 2013; 22: 1-5.

Woodcock A, Moradi M, Smillie FI, Murray CS, Burnie JP,
Custovic A. Clostridium difficile, atopy and wheeze during the
first year of life. Pediatr Allergy Immunol 2002; 13: 357-360.

Martirosian G, Szczesny A, Cohen SH, Silva Jr J. Isolation of
non-toxigenic strains of Clostridium difficile from cases of
diarrhea among patients hospitalized in hematology/oncology
ward. Pol ] Microbiol 2004; 53: 197-200.

391



