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ARTICLE INFO ABSTRACT

Keywords: Clostridium (Clostridioides) difficile is the main cause for nosocomial diarrhoea in industrialised nations.
Epidemiology Epidemiologic data on the pathogen’s occurrence in other world regions are still scarce. In this context we
Middle East characterized with phenotypic and molecular genetic methods C. difficile isolates stemming from hospitalised
Distribution

patients with diarrhoea in Lebanon.

From 129 stool samples of symptomatic patients at a tertiary care University hospital in Lebanon, a total of
107 C. difficile strains were cultivated and underwent ribotyping, toxin gene detection and antibiotic resistance
testing.

Ribotype 014 (RT014, 16.8%) predominated, followed by RT002 (9.3%), RT106 (8.4%) and RT070 (6.5%).
Binary toxin gene-positive isolates (RT023, RT078 and RT126) were rarely detected and RT027 was absent.
Interestingly, within one isolate only the toxin A gene (tcdA) was detected. Multiple-locus variable-number
tandem repeat analysis (MLVA) revealed strong strain diversity in most RTs. The isolates were sensitive to
metronidazole and vancomycin, and only a small proportion of strains displayed resistance against moxifloxacin,
rifampicin, and clarithromycin (5.6%, 1.9%, and 2.8%), respectively.

The data indicate that the genetic strain composition of Lebanese strains differs markedly from the situation
seen in Europe and North America. Especially the epidemic RTs seen in the latter regions were almost absent in
Lebanon. Interestingly, most strains showed almost no resistance to commonly used antibiotics that are sus-
pected to play a major role in the development of C. difficile infection, despite frequent use of these antibiotics in
Lebanon. Thus, the role of antimicrobial resistance as a major driving force for infection development remains
uncertain in this area.

Prevalence
MLST
BI/NAP1/027

1. Introduction successfully colonize the gut if the normal flora of the intestine is dis-
rupted (Rupnik et al., 2009). The main virulence factors produced by
Clostridium difficile (synonymous: Clostridioides difficile), is a Gram- this pathogen are the tcdA- and tcdB-encoded toxins A and B (Gerding

positive spore-forming rod-shaped bacterium, which is the main cau- et al., 2014). Some strains may express a third toxin termed “binary
sative agent of nosocomial diarrhoea. Antibiotic treatment is thought to toxin” which is encoded by cdtAB and preferentially found in epidemic
be a main driver for C. difficile infection, as C. difficile can only clones (Gerding et al., 2014).
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Several methods have been established to distinguish C. difficile
isolates, such as ribotyping, surface layer protein A sequence typing
(splAST), multiple-locus variable-number tandem repeat analysis
(MLVA) and multi locus sequence typing (MLST). Due to the different
typing targets of the methods used, certain discrepancies between se-
quence types and ribotypes (RTs) of a given isolate may sometimes
occur (Dingle et al., 2013).

Given the impact of previous antimicrobial therapy for the devel-
opment of C. difficile infection (CDI), antibiotic stewardship and sur-
veillance is important to evaluate resistance patterns of C. difficile (e.g.
against metronidazole, one of the drugs of choice for treating CDI), and
to determine antimicrobial factors that might favour the selection of
certain C. difficile strains.

Epidemiologic data suggest a strong regional diversity of C. difficile
strains that can be monitored by molecular and antimicrobial surveil-
lance (Becker et al., 2015). Some years ago, epidemic RT027 isolates,
which seem to be associated with a more severe clinical course, have
spread from North America to Europe and elsewhere (He et al., 2013).

Especially in Europe, North America and Australia, numerous stu-
dies concerning the epidemiology and impact on the local health care
systems have been conducted for C. difficile (Davies et al., 2016; Knight
et al., 2015; Tenover et al., 2011). However, only little information is
available for C. difficile in other parts of the world, particularly re-
garding low- and middle-income countries. In the Middle East, very few
epidemiologic studies have been published and these showed sub-
stantial differences to characteristics from other regions (Adler et al.,
2015; Jamal and Rotimi, 2016). In Lebanon, only a single study has
been conducted so far, which focused on toxinotyping and did not
provide in-depth data on the molecular epidemiology and strain relat-
edness (Moukhaiber et al., 2015).

Here, C. difficile isolates originating from symptomatic patients
being treated at the American University of the Beirut Medical Center in
Beirut, Lebanon, were characterized using ribotyping, toxin gene de-
tection and antimicrobial susceptibility testing. The overarching goal of
this study was to comprehensively assess the molecular epidemiology
and antimicrobial resistance patterns of C. difficile in a Middle Eastern
country.

2. Materials and methods
2.1. Specimen collection and initial testing

Stool specimens of symptomatic in-patients with clinical suspicion
of CDI treated between December 2015 and January 2017 at the
University Hospital (American University) in Beirut, Lebanon were
screened for C. difficile. Indication for screening was development of
diarrhoea during hospitalisation. Diarrheal stool samples were analysed
using C.DIFF QUICK CHECK COMPLETE (Techlab, Blacksburg, USA) for
glutamate dehydrogenase (GDH) and toxin A/B followed by GeneXpert
toxin PCR (Cepheid, Sunnyvale, USA). Samples tested positive for toxin
A/B or corresponding toxin genes were frozen at —20 °C and forwarded
to the National Reference Laboratory for Clostridium difficile in
Homburg, Germany.

In 25% of the patients antibiotics were used prior to hospitalisation
while in 74% of patients antibiotics were administered during the
hospital stay prior to symptom development. Only 1% of the patients
received no antibiotics.

2.2. Ribotyping, multiple-locus variable-number tandem repeat analysis
(MLVA), toxin profile detection and antimicrobial resistance testing

Upon arrival in Homburg, isolates were cultivated under anaerobic
conditions on selective media (CLO-Agar, bioMérieux; Marcy L’Etoile,
France). PCR-based ribotyping on isolates was performed as described
previously (Firber et al., 2017). Detection of the toxin genes (tcdA, tcdB
and cdtAB) was performed using a multiplex PCR in accordance with
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standard protocols (European harmonized diagnostic procedures
ECDIS).

Resistance profiles were determined as described previously (von
Miiller et al., 2012), i.e. utilizing the E-test method at a McFarland
standard of 4.0 for the antibiotics metronidazole, vancomycin, and
moxifloxacin (MIC Strip, Liofilchem; Roseto degli Abruzzi, Italy).
Minimal inhibitory concentrations (MICs) were interpreted as defined
by the European Committee on Antimicrobial Susceptibility Testing
(EUCAST; http://www.eucast.org/clinical_breakpoints/version 2017).
Clarithromycin and rifampicin susceptibilities were tested by the agar
disc diffusion method (Becton Dickinson; Heidelberg, Germany). Re-
sistance was defined by the complete absence of an inhibition zone.

Multiple-locus variable-number tandem repeat analysis (MLVA) was
used as described previously (Farber et al., 2017) to exclude possible
outbreak settings. Clonality was defined as <2 and genetic relatedness
by =10 repeat differences (Farber et al., 2017).

3. Results

Out of 129 specimens tested positive for toxin or toxin genes, a total
of 107 C. difficile strains could be grown in culture. Moreover,
10 Clostridium spp. strains other than C. difficile (C. aldense,
C. clostridioforme, C. symbiosum, C. glycolicum and C. perfringens) were
found. In 12 stool samples, no growth of any Clostridium spp. was ob-
served. All C. difficile isolates underwent ribotyping and were tested for
the presence of toxin genes by PCR. Results are shown in Table 1.

Among the 107 C. difficile isolates, the most prevalent RTs were
RT014 (16.8%), followed by RT002 (9.3%), RT106 (8.4%), and RT070
(6.5%). Of note, in nearly one-fifth of the samples, unclassified and
previously undescribed RTs were found (18.7%). Interestingly, no
RT027 strains were detected. To exclude a possible overrepresentation
of outbreak isolates in our strain set, isolates of the most prevalent RTs
(RT002, RT014, RT070, and RT106) were additionally characterized by

Table 1

Ribotype distribution of 107 C. difficile isolates obtained from symptomatic patients at a
tertiary care University hospital in Beirut, Lebanon (2015-2017) and their characteristic
toxin gene profiles.tcdA, gene coding for toxin A, tcdB, gene coding for toxin B, cdtAB,
genes coding for binary toxin, RT, ribotype.

Ribotype(s) n (%) Detected toxin genes
RT001 3 (2.8%) tcdA, tcdB
RT002 10 (9.3%) tcdA, tcdB
RT005 3 (2.8%) tcdA, tcdB
RTO10 1 (0.9%) no toxin genes detected
RTO11 2 (1.9%) tcdA, tcdB
RT012 2 (1.9%) tcdA, tcdB
RT014 18 (16.8%) tcdA, tcdB
RTO15 5 (4.7%) tcdA, tcdB
RT020 5 (4.7%) tcdA, tcdB
RT023 1 (0.9%) tcdA, tcdB, cdtAB
RT024 2 (1.8%) tcdA, tcdB
RT029 1 (0.9%) tcdA, tcdB
RT043 1 (0.9%) tcdA, tcdB
RT046 3 (2.8%) tcdA, tcdB
RT054 1 (0.9%) tcdA, tcdB
RT056 4 (3.7%) tcdA, tcdB
RT070 7 (6.5%) tcdA, tcdB
RT078 1 (0.9%) tcdA, tcdB, cdtAB
RT084 1 (0.9%) no toxin genes detected
RT087 1 (0.9%) tcdA, tcdB
RT090 4 (3.7%) tcdA, tcdB
RT106 9 (8.4%) tcdA, tcdB
RT126 1 (0.9%) tcdA, tcdB, cdtAB
RT140 1 (0.9%) no toxin genes detected
Unclassified ribotype® 14 (13.1%) tcdA, tcdB
5 (4.7%) no toxin genes detected
1 (0.9%) tcdA only

@20 RTs could not be classified (only two samples showed corresponding banding
patterns indicating an identical RT).


http://www.eucast.org/clinical_breakpoints/version
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Table 2

RTO070
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Fig. 1. Minimum spanning trees for predominant
ribotypes (RTs) in order to exclude potential out-
break settings using Multiple-locus variable-number
tandem repeat analysis (MLVA), isolates in blue;
Cross-over stitches: number of different loci; Arabic
numbers: amount of different repeats; clonal isolates
accompanied by an area in light grey, genetically
related strains in dark grey. Relatedness is defined as
a repeat difference < 10, clonality as <2.

Minimal inhibitory concentrations (MICs) of strains possessing a resistance against at least one of the antimicrobial test substances, R, resistant; S, sensitive.

Antibiotic Metronidazole Vancomycin Moxifloxacin Clarithromycin Rifampicin
Cut-off values” 2mg/L 2mg/L 4mg/L

Samples with at least one resistance

RT005" 1.00 mg/L (S) 0.38 mg/L (S) >32mg/L (R) S S
RTO12" 0.75mg/L (S) 0.38 mg/L (S) 3.00 mg/L (S) R R
RT126" 0.38 mg/L (S) 0.50 mg/L (S) >32mg/L (R) R R
RT078" 0.38 mg/L (S) 0.19 mg/L (S) >32mg/L (R) S S
unclassified RT” 0.19mg/L (S) 0.19mg/L (S) >32mg/L (R) S S
unclassified RT® 0.25 mg/L (S) 0.38 mg/L (S) >32mg/L (R) S S
unclassified RT¢ 1.00 mg/L (S) 0.38 mg/L (S) >32mg/L (R) S S
unclassified RT¢ 0.38 mg/L (S) 0.19mg/L (S) 0.75mg/L (S) R S

@ Cut off values according to EUCAST (http://www.eucast.org/clinical breakpoints/).
Y strain harbouring tcdA and tcdB.

¢ strain harbouring tcdA.

4 strain without detected toxin genes.

MLVA (Fig. 1). With the exception of RT106, in which 5 out of the 9
isolates showed a genetic relatedness, only a minor proportion (< 30%)
of all RTs displayed clonality and/or genetic relatedness.

Multiplex PCR revealed that most C. difficile isolates (91.6%) were
positive for tcdA and tcdB. Three isolates corresponding to RT023,
RT078, and RT126, were additionally positive for the binary toxin
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cdtAB. No toxin specific PCR fragments were detected in 8 isolates
(7.5%). Importantly, in one unclassified RT isolate, only tcdA, but no
tcdB was found.

The majority of samples (92.5%) were susceptible towards all tested
antibiotics, while only eight strains possessed a resistance against at
least one of the test substances, most frequently against moxifloxacin
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Table 4
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Resistance patterns of C. difficile isolates, relative amount of strains classified as non-susceptible.

Geographic region Europe North America Australia

Far East Middle East

Study® n = 953 (Freeman USA n = 316 n = 440° (Knight

et al., 2017)° (Tenover et al., et al., 2015)
2012)¢

Substance

Metronidazole 2% 0% 0%

Vancomycin 1%* = 0%

Moxifloxacin 37% 38% 3%

Macrolides - 42% 84%

Rifampicin 17% 8% 0%

Taiwan n = 113 (Lin et al., 2011);
Korea n = 120 China n = 110 (Huang
et al., 2010)¢

Israel n = 208 (Adler et al., 2015)%; Kuwait
n = 146 (Jamal and Rotimi, 2016)"; this
study n = 107¢

23% (China) 18% (Israel); 0-3%' (Kuwait); 0% (this
study)

47% (Israel); 0% (Kuwait); 0% (this study)
60% (Israel); 5.6% this study

0%

16% (Taiwan); 62% (China); 42%
(Korea)

46% (Taiwan); 85% (China); 80%
(Korea)

29% (China)

14-48%" (Kuwait); 2.8% (this study)

0-16%f (Kuwait); 1.9% (this study)

2 Only studies with at least 100 samples are listed for all available world regions. Studies with isolates collected prior to the global dissemination of RT027 were also excluded, to better
reflect the current situation in RT027 prevalent regions. For Europe and USA, representative multicentre studies covering different representative geographical regions were selected.

Y interpreted according to EUCAST/CLSL

¢ interpreted according to CLSL

4 interpreted according to EUCAST.

¢ substance not tested.

f depending on nosocomial and community acquired infection.

¢ since the vancomycin concentration in human stools is regularly >1.000 mg/L (Baines and Wilcox, 2015) a clinical significance of elevated MICs >4 mg/L or even “resistant” isolates

>8mg/L remains unclear.
! for clindamycin (lincosamide) an overall non-full susceptibility was 71%.

rate (Adler et al., 2015). Similarly, these strains in Israel were fre-
quently resistant to metronidazole (RT027: 45%, cr-02: 18%).

Moxifloxacin resistance was the most common resistance type seen
in our study (6/107, 5.6%), however, rather low compared to other
regions of the world (Table 4). For the Middle Eastern country Kuwait,
resistance was common for macrolides and rifampicin [up to 48% and
16%, respectively (Jamal and Rotimi, 2016)], while in our strain set
resistance against these substances was rather low (2.8 and 1.9%, re-
spectively).

The comparably low level of antimicrobial resistance in these Lebanon-
derived C. difficile isolates is in sharp contrast to the antibiotic use in this
region (Alhomoud et al., 2017). According to statistics from the Center for
Disease Dynamics, Economics & Policy (CDDEP, https://resistancemap.
cddep.org/AntibioticUse.php), the overall antibiotic use for the year 2014
in Lebanon was 19.363 standard units per 1.000 population (SUP), which
is comparable to the rate seen in the USA (19.551 SUP). For fluor-
oquinolones and macrolides (2.013 SUP and 2990 SUP, respectively), the
consumption rates in Lebanon even exceeded the numbers seen in the USA
(1.696 SUP and 2.379 SUP, respectively). However, resistance rates for
these antibiotic classes were much higher in the USA with 38% for
fluoroquinolones and 42% for macrolides (Tenover et al., 2012). In Ku-
wait, on the other hand, consumption rates for the two agents (485 SUP
and 894 SUP, respectively) were much lower, albeit of the fact that
C. difficile isolates obtained in this country exhibited much higher re-
sistance rates against these antibiotic classes (Table 4). An association
between epidemic isolates, lack of strain diversity and high rates of anti-
biotic resistance within certain RTs such as RT001 and RT027 has been
described e.g. in Europe (Freeman et al., 2015; Freeman et al., 2017).
These RTs were only of minor importance in our strain set where a broader
strain diversity was present.

Taken together, our data might suggest that use of antibiotics is not
the major factor for selection of C. difficile strains in this region.
Limitations of the study are the monocentric approach and that fidax-
omicin as an important antibiotic used for therapy could not be tested
due to the non-availability of the test substance.

In 12 stool samples no Clostridium isolates could be cultivated. In 8
other specimens only non-toxigenic C. difficile isolates could be ob-
tained and in further 10 samples Clostridium spp. other than C. difficile
were detected. This might be attributed to the shipping and freezing
process to some extent and that patients might have been colonized by
more than one Clostridium species. This might suggest that in 18
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patients the cause of diarrhoea remains unclear.

The epidemiologic data show that the genetic makeup of Lebanese
strains differs significantly from the situation seen in other world regions
(e.g. between Israel and Kuwait but also North America and Europe),
since well-known epidemic strains such as RT027 were not found despite
the presence of other RTs with high prevalence in industrialised nations.
Moreover, quite different to the situation seen in many other countries,
the Lebanese strains developed almost no resistance to commonly used
antibiotics such as macrolides and fluoroquinolones that are suspected to
be a major driving factor for selection of nosocomial C. difficile strains and
hospital-associated disease (Freeman et al., 2010). Based on molecular
typing results with high variety of unrelated strains and the pre-
dominance of supposed wild-type isolates without antibiotic resistance,
we hypothesize that most cases of CDI in this Lebanese hospital were not
directly transmitted between patients. Until now, the prevalence of no-
socomial strains characterized by epidemic spreading and fluor-
oquinolone resistance is low. It might be speculated that based on gen-
erally high antibiotic consumption a potential introduction and spreading
of resistant and virulent ribotypes such as RT027 might challenge the
health-care system in the future. Hence, ongoing epidemiologic surveil-
lance is warranted.
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