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Summary

Clostridium diffi  cile, recently renamed to Clostridioides diffi  cile is the main cause of nosocomial diarrhea in developed nations. 
In recent years the appearance of so called “hypervirulent” strains like ribotype 027 (RT027) originating from North America 
has shaped the epidemiology in many parts of the world posing a huge burden on the healthcare system. These hyper-
virulent strains among others (e. g. RT017) are associated with resistance towards several antibiotics (e. g. fl uoroquinolones) 
favoring their selection. In Europe, Israel and the American continent RT027 seems to have become the most prevalent 
strain, while in other parts of the world other RTs dominate. In Far East Asia, RT017 is the predominant strain, while in 
Australia RT014/020 and RT002 are mostly prevalent. However, for most parts of the world the C. diffi  cile world map is rather 
incomplete, such as in most African countries, Middle East Asia, South Asia but also Eastern Europe including the Russian 
Federation. Multi-center studies are therefore needed to assess the impact of this pathogen including its molecular epide-
miology and corresponding resistance.

keywords: genotyping; splAST; MLST; surveillance; Russia; BI/NAP; whole genome sequencing (WGS); cgMLST

DOI: 10.31146/1682-8658-ecg-160-12-11-18

Clostridium diffi  cile — from Bacillus diffi  cilis to Clostridioides diffi  cile, global 
molecular epidemiology and possible implications for the Russian Federation
Fabian Berger 1, 2, Nahid Kuhenuri-Chami 3, Lutz von Müller 1, 2, 4, Alexander Mellmann 1, 5, Barbara Gärtner 1, 2

1  German National Reference Laboratory for Clostridium diffi  cile, Germany
2  Institute for Medical Microbiology and Hygiene, University of Saarland Medical Centre, Homburg/Saar, Germany
3  Department for General, Visceral, Vascular, and Paediatric Surgery, Saarland University Hospital and Saarland University Faculty of Medicine, Homburg, 

Germany
4  Institute for Laboratory Medicine, Microbiology and Hygiene, Christophorus Kliniken, Coesfeld, Germany
5  Institute of Hygiene, University of Münster, Münster, Germany

Introduction

Clostridium diffi  cile is a gram positive rod shaped spore 
forming bacterium which is the main causative agent for 
nosocomial diarrhea posing a huge burden for the health-
care system leading to high morbidity and mortality [1, 2].

Th e majority of strains produce two toxins; toxin A 
and B with the corresponding genes tcdA and tcdB [3] 
while a third one, binary toxin (cdtAB) is preferentially 
detected in more virulent isolates [4]. Toxin gene neg-
ative strains can be considered apathogenic and may 
protect the host organism from being colonized with 
toxigenic strains [5].

Th e pathogen is ubiquitously found and can be iso-
lated from environmental sources (e. g. food, soil and 
water) and from a broad variety of diff erent animal 
species [6–9].

Antibiotic use is the main risk factor for disease de-
velopment disruption of the normal gut microbiome, 
which may lead to colonization and proliferation of 
C. diffi  cile [10]. Alongside mild cases of diarrhea more 
severe courses of disease like pseudomembranous colitis 
and toxic megacolon are possible [11]. Th e carrier rate 
of C. diffi  cile in healthy adults may vary ranging from 
0–15% [12] while in infants this prevalence can be much 
higher and sometimes exceeding 80% [13]. Interestingly 
up to the age of 2 years there is usually no clinical signif-
icance since disease development is rare [14].

Th e pathogen was fi rst described by Hall and O’Toole 
in 1938 aft er its isolation from the stool of infants as 

“Bacillus diffi  cilis” [15]. Th e term “diffi  cile” derives from 
the Latin word “diffi  cult” and points out to the challenge 
to isolate this infectious agent in the microbiological lab-
oratory. In the 1970s taxonomy changed to Clostridium 
diffi  cile [16] with the term “Clostridium” deriving from 
Prazmowski in 1880 of the morphologically similar bac-
terium “Clostridium butyricum”, which has been used 
for a broad variety of gram-positive bacteria in following 
years [17]. In 1978 the association between C. diffi  cile 
and antibiotic induced diarrhea (pseudomembranous 
colitis) has been described [18]. Since the development 
of discriminatory genotypic methods, nomenclature is 
more in fl ux than being formerly based mainly on mor-
phology and biochemical traits. C. diffi  cile was therefore 
renamed in 2013 to Peptoclostridium diffi  cile as proposed 
by Yutin and Galperin [19]In 2016 however, a further 
reclassifi cation occurred being currently classifi ed as 
Clostridioides diffi  cile [15].

Th e incidence of C. diffi  cile infections (CDI) can be 
estimated for Europe to be as high as 4.1/10.000 patient 
days (PD) per hospital [20] (2008) with similar rates are 
reported for the US [5.4/10.000 PD [21]] (2012). How-
ever, a large study conducted in 2012/2013 in Europe 
mean incidence was 7/10.000 PD with large diff erences 
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depending on the investigated country ranging from 
0.7–28.7/10.000 PD [22]. From a meta-analysis includ-
ing 37.663 Asian patients CDI incidence was estimated 
to be 5.3/10.000 PD [23] and therefore similar when 
compared to rates encountered in Europe and the US.

Since studies concerning the impact of C. diffi  cile 
infections (CDI) on the healthcare system have been 
conducted especially for industrialized nations and lack 
in particular in low and middle income countries this 
fact emphasizes the need for intensifi ed research [24].

Molecular typing of C. difficile and antimicrobial resistance

C. diffi  cile can be distinguished genetically by a broad 
variety of methods. Th e most common assays are PCR 
ribotyping [25], multilocus sequence typing (MLST) 
[26], surface layer protein A gene sequence typing 
(splAST) [27] and pulse fi eld gel electrophoresis [28]. 
One typing method that might gain more attention in 
the future possibly replacing the latter assays when it 
becomes more aff ordable is whole genome sequencing 
[29]. A nomenclature of a core genome MLST (cgMLST) 
scheme has been proposed recently [29].

Of these genotyping methods, ribotyping is cur-
rently the most commonly utilized assay for genotypic 
characterization of C. diffi  cile in Europe according 
to a questionnaire being available in 16/32 European 
countries in the year 2014 [26].

Th e molecular epidemiology is always in fl ux and may 
change within a few years. Recently the introduction of 

“hypervirulent” strains such as ribotype 027 (RT027) 
originating from North America especially to Europe 
but also other parts of the world (e. g. South America) 
has contributed to a higher CDI incidence in the aff ected 
areas [30]. Resistances toward other antimicrobials, 
which are frequently used in human medicine (e. g. mac-
rolides and fl uoroquinolones), seem to be a factor for 
selection especially for more virulent strains such as 
RT027 [31]. Of note high rates of rifampicin resistance 
have also been noted for the RT027 strains in Europe [31, 
32]. Furthermore, an association between lack of strain 
diversity and high levels of antimicrobial resistance 
has been described for Europe, which corroborates 
with an epidemic RT027 setting [31, 33]. Additionally 
to RT027, other RTs are also associated with antibiotic 
resistance. RT17 being highly prevalent in the Far East 
is also linked with resistance towards a broad variety of 

antimicrobials including fl uoroquinolones, macrolides 
[34], which might favor its selection as well.

Although the impact of animal and environmental 
sources of C. diffi  cile is yet unclear, some strains such 
as RT078 and RT126 seem to be live-stock associated 
and C. diffi  cile can be detected on several food sources 
like vegetables and meat along with a broad variety of 
other RTs that can be frequently found in the human 
population [35–45].

Some RTs seem to be distributed across several world 
regions (e. g. RT001 and RT002) while others remain 
restricted to certain areas (e. g. RT176 to Europe, Table 
1). It could also be shown that strains such as RT001 and 
RT027 are frequently hospital associated and can be 
driven back by the application of antibiotic stewardship 
including the reduction of antibiotic use and avoidance 
of CDI high risk antimicrobials (clindamycin, fl uo-
roquinolones, cephalosporins aminopenicillins with 
betalactamase inhibitors) [46]. Although resistance 
towards antibiotics used for C. diffi  cile therapy (mainly 
metronidazole, vancomycin and fi daxomicin) is still 
rare in Europe [31], other world regions encounter re-
sistance rates of metronidazole of up to 18% (e. g. China 
and Israel) [47], while reduced susceptibility towards 
vancomycin [except in Israel [48]] and fi daxomicin 
are fortunately still rare [47]. Due to the fact that the 
vancomycin concentration in human feces is usually 
>1.000 mg/L, the clinical signifi cance of elevated MICs 
(>4mg/L) remains still unclear [49].

C. diffi  cile epidemiology is permanently changing 
emphasizing the need for ongoing surveillance proce-
dures including molecular typing to detect emerging 
virulent strains and rising rates of antimicrobial resis-
tance [50, 51].

Epidemiology in Europe

In 2008, according to a multi-center study conducted 
in 34 European countries including 106 laboratories, 
RT014/020 was the most prevalent genotype (16%), 
followed by RT001 (9%) and RT078 (8%), while RT027 
isolates were rarely detected (5%) at that date [50].

However, in a point prevalence study carried out a 
few years later in 2012/2013, RT027 isolates were most 
prevalent reaching 19% followed by RT001/072 (11%), 
RT014/020 (10%), while RT078 was detected in 3% of 
all isolates respectively [51]. Major diff erences may also 
be evident on the regional level (e. g. between neighbor-
ing countries). In the Czech Republic, RT176, which 
is closely related to RT027 and RT001 (29% and 24% 
respectively), are the most common RTs [52]. RT176 is 

also distributed in Poland and dominates in addition 
to RT027 (14% and 62% respectively) [53].

In Italy, RT018 is the dominant strain (≥40%) be-
ing associated with high grade fl uoroquinolone resis-
tance [54, 55]. In Finland, RT027 is the most common 
RT (19%) followed by RT001 (13%), RT014/020 (14%), 
RT023 (6%), RT002 (5%) and RT078 (5%) [56]. Of note 
RT017 isolates have been detected in Southern Europe 
[e.g. Portugal [57]], which represent the most common 
RTs in the Eastern parts of Asia. Th e most prevalent 
Portuguese RTs were RT001, RT017, RT014/020 (26%, 
17% and 6% respectively) [57]. For vast parts of Eastern 
Europe (e. g. Ukraine, Belarus and the Russian Federa-
tion respectively), however, data are scarce.
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Epidemiology in Asia

Only few studies have been conducted in Asia concern-
ing the molecular C. diffi  cile epidemiology. Additionally 
these studies oft en use genotyping methods like splAST 
thereby limiting a comparison to the ribotyping no-
menclature. In contrast to Europe, up to this date the 
strain distribution is not heavily infl uenced by RT027 
for most regions despite its occasional appearance in 
several Asian countries [e.g. in China and Singapore 
[58–60]]. Th e epidemiologically most important strains 
are RT017, RT018, RT014, RT002 and RT001 [61]. RT017 
seems to be most prevalent e. g. in the mainland of 
China RT017 with a rate as high as 37% [62–64], while 
RT002 seems to play an important role in Hong Kong 
reaching 9% [65]. RT017 is furthermore associated with 
multidrug resistance [33], which might also favor the 
selection of this strain as seen for RT027. Interestingly 
phylogenetic studies suggest a North American origin of 
this strain [66]. In Korea, RT017 is also highly prevalent 
(up to 26%) [67, 68]. Of note RT027 has also emerged 
although being still rather uncommon in Korea [69]. For 
Japan representative genotyping data are scarce but the 
most common RTs seem to be RT001, RT002, RT014, 
RT052, RT369 and the genotype smz/018 (corresponds 
to RT018 in splAST nomenclature) [70]. Interesting-
ly, RT017 seems to be only of minor epidemiological 
importance compared to other East Asian countries. 
RT027 has been detected in the past but has not yet been 
established in Japan [71]. In Th ailand, RT017 is also one 
of the most common RTs (11%) together with RT014/020 
(16%), RT010 (non-toxigenic, 11%), RT039 (9%) and 
RT009 (6%) [72]. In Indonesia in a small multi-center 
study the most prevalent strain was RT017 (24%), while 
RT014/020 and RT002 represented 3% and 1% of all 
samples, respectively [73]. A huge strain diversity was 

present and 49% of all isolates were non-toxigenic [73]. 
In a recently published study from Malaysia, RT017 
was also most prevalent (20%) followed by RT043 (10%) 
with a high percentage of non-toxigenic isolates [74]. In 
Taiwan among all strains RT017 was also most promi-
nent with 31% but also RTs which belong to the RT078 
group (RT078/RT126/RT127) are prevalent to some 
extend (6%) [75]. In 50 of 170 isolates non-toxigenic 
strains were present in this Taiwanese study [75]. For 
India only one study is available in which the most 
prevalent RTs were RT001, RT017 and RT106 (37%, 34% 
and 13% respectively) [76]. In the Near and Middle East 
however, the epidemiology seems to diff er markedly. 
In Israel, RT027 is the most common RT reaching 32% 
resembling the situation in Europe and America where 
RT027 has become epidemic [48]. Due the fact that 
this study has used splAST, a comparison to the ribo-
typing nomenclature remains unfortunately restricted 
for other genotypes (e. g. cr-02; 18%). Th is is in sharp 
contrast to other Middle Eastern countries. In Kuwait 
RT001 (14%), RT002 (16%), RT003 (8%), RT014 (6%), 
RT126 (10%) and RT139 (8%) were of the most numerous 
strains in a study including isolated from hospital and 
community associated diarrhea [77]. In another study 
focusing on community-acquired infections in Kuwait, 
RT139 dominated with a 29% prevalence rate [78]. Th is 
strain make-up is quite similar to the situation seen in 
Lebanon, where all these strains were also present except 
RT003 and RT139 [79]. Most prevalent RTs were RT002 
(9%), RT014 (17%), RT020 (5%), RT070 (7%), RT106 (8%) 
[79]. For an Iran pediatric ward, 12% were RT027 strains 
[80] while in another study RT078 was prevalent in 21% 
of 19 cultural samples [81]. However, for healthy adults 
no molecular data are available.

World Region Europe Far East Asia
North and 

South America
Australia

Near and 
Middle East Asia

Study site, 
number of 
isolates

n=1196 [51]

Hong Kong (HK) n=345 [65]
Mainland China (MC) n=110–411 
[62–64]
Korea (KR) n=140–408 [67, 68]
Taiwan (TW) n=170 [75]
Th ailand (THA) n=105 [72]
India (IND) n=121 [76]

USA n=350 
[83]

Chile n=719 
[85]

n=440 [95]

Israel n=208 
[48]

Kuwait n=146 
[77]

Lebanon 
n=107 [79]

Ribotype distribution

RT001/(072) 11% <1% (HK); 12–15% (MC); ≤14% 
(KR); 37% (IND) 3% (USA) - 14% (Kuwait)

3% (Lebanon)

RT002 4% 9% (HK); ≤4% (KR) 5% (USA) 16% 16% (Kuwait)
9% (Lebanon)

RT014/(020) 10% 1% (HK); ≤5% (KR); 16% (THA) 2% (USA) 34% 6% (Kuwait)
22% (Lebanon)

RT017 <1%
<1% (HK); 16–26% (KR); 14–37% 
(MC); 31% (TW); 11% (THA); 34% 
(IND)

4% (USA) 2% -

RT018 3% ≤26% (KR) - - -

RT027 19% ≤2% (KR) 26% (USA), 
79% (Chile) - 32% (Israel)

RT078 3% ≤3% (KR); <1% (MC), <1% (TW) 4% (USA) 1% 1% (Lebanon)
RT106 - 13% (IND) 5% (USA) - 8% (Lebanon)

RT126 - 4% (TW) - - 10% (Kuwait)
1% (Lebanon)

RT176 2% - - - -

Table 1.
Ribotype (RT) distribution 
according to diff erent world 
regions; only studies with 
a representative number of 
isolates were included (≥100) 
being published aft er the 
global introduction of RT027. 
For Europe and the US one 
large multi-center study was 
cited. Studies may also include 
non-toxigenic strains.

Clostridium difficile — from Bacillus difficilis to Clostridioides difficile, global molecular epidemiology and possible implications for the Russian Federation
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Epidemiology in North, Central and South America

Th e epidemiology on the American continent has been 
largely infl uenced by the appearance and dissemination 
of the RT027 strain. Aft er its fi rst description as being 
causative for numerous outbreaks in Canada [82] this 
so called “hypervirulent” strain soon spread to Europe 
and South America.

In the US the strain make-up is therefore similar to 
the situation as seen in Europe with RT027 as the most 
prevalent strain (26%) [83]. Other strains of certain 
epidemiological importance in the US were RT001/072, 
RT002, RT014/020, RT017, RT078 and RT106 (3%, 5%, 
2%, 4%, 4% and 5% respectively) [83]. In Mexico around 
51% of all C. diffi  cile isolates are RT027 according to a 
larger multi-center study [84]. In Chile the impact of 
RT027 can even be considered higher than in the US 

and Mexico in which RT027 being detected within 79% 
of all human C. diffi  cile isolates [85].

According to small monocentric study conducted in 
Costa Rica RT001, RT002 and RT017 seem to play a role 
in this country [86]. In the past, outbreaks with RT027 
and RT012 have been also described in Costa Rican 
hospitals as far back as 2009 [87]. In Brazil RT014 could 
be isolated in a single center [88] and RT133 and RT233 
were most prevalent (50% and 25% respectively) with a 
small sample set at a Brazilian University hospital [89]. 
However, no RT27 or RT078 have been reported for the 
largest South American country so far [90]. Additionally 
in Panama RT027 has been reported but no representa-
tive data are available [91]. For other American countries 
data about molecular epidemiology are even scarcer.

Epidemiology in Australia

In Australia RT244 has been described as a potential 
“hypervirulent” strain in Victoria being related to the 
RT027 strain [92]. RT027 has not been established in 
Australia with the fi rst patient having a travelling his-
tory to the US and up to this date only RT027 strains 
have been detected in the Melbourne region [93, 94]. 

However, according to a large multi-center study car-
ried out in 2013–2014 most prevalent RTs were RT014 
and RT002 (30% and 16% respectively) [95]. RT244 was 
only of minor importance and RT027 was not detected 
in this study [95]. Of note RT244 strains have also been 
reported to cause outbreaks in New Zealand [96].

Epidemiology in Africa

For Africa almost no data about molecular C. diffi  cile 
epidemiology is available.

In Algeria one study has been published so far in-
cluding only 11 isolates of which four were non-toxigen-
ic (RT084) and the other seven strains included mainly 
RT014 and RT020 [97]. In South Africa for instance 
in a small study including 32 isolates RT017 was most 

prevalent (50%) while 16% of all isolates were RT001 
[98]. A small study from Ghana revealed only three 
toxigenic isolates out of a total of fi ft een [99]. Th e most 
frequent (non-toxigenic) RT was RT084 as seen in the 
Algerian study [97]. In another study conducted in Tan-
zania only seven isolates could be retrieved including 
three RT038, two RT045 and two unknown RTs [100].

Implications for the Russian Federation

Little is known about the impact of C. diffi  cile on the 
Russian Federation’s healthcare system.

Overall antibiotic consumption was as high as 6.069 
Defi ned Daily Dose (DDD) per 1.000 population in 
2015 (https://resistancemap.cddep.org/AntibioticUse.
php; last accessed 19.09.2018) which can be compared 
to some European countries (e. g. Germany, Norway 
6.647 DDD and 5.666 DDD, respectively). Th e highest 
value for Europe can be seen in Greece with 15.536 
DDD followed by Spain (14.634 DDD), Romania (14.035 
DDD) and France (13.040 DDD). Of note the Neth-
erlands have the lowest rate with 4.127 DDD within 
Europe. Th e antibiotic consumption is therefore not 
higher than in other European countries and also the 
US (10.298 DDD) but still higher than in other world 
regions e. g. in West Africa (2.112 DDD) and Central 
America (1.695 DDD). Th is might indicate that C. dif-
fi cile could represent a signifi cant pathogen in Russia 
as it is in other European countries.

Due to the vast proportions of the Russian Federa-
tion it seems quite likely that C. diffi  cile epidemiology 
might be infl uenced especially by European, Central 

and Far Eastern strains. Th is would include RT001 
and RT027 which are the two most prevalent strains 
also in neighboring Finland as they are across Europe, 
potentially RT176 which is found in Poland and the 
Czech Republic. On the other hand strains like RT002 
(also detected in Europe) and RT017 might strongly 
infl uence the Far Eastern regions of Russian since they 
are prevalent in East Asia. Of note the RT distribution 
may diff er signifi cantly between countries as seen in 
Europe and the Middle East.

To assess the epidemiological situation it is therefore 
necessary to conduct multi-center studies with study 
sites representable for the Russian Federation covering 
all major regions including clinical, molecular and 
phenotypical data. Th is can be considered the basis 
for further counter measures such as infection control 
programs (e. g. antibiotic stewardship). Since C. diffi  cile 
epidemiology is permanently changing, ongoing sur-
veillance procedures including molecular typing and 
susceptibility testing are necessary to detect emerging 
virulent strains and rising rates of antimicrobial re-
sistance.
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