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Abstract
Background  Clostridioides difficile infections (CDI) present significant health risks and are among the most important 
nosocomial infections. Ribotype (RT) 027 poses a particular risk due to its proposed “hypervirulence”. Traditionally, C. 
difficile isolates are characterized using PCR-ribotyping. More recently, whole genome sequence (WGS) analysis is 
increasingly used, which may provide a higher discriminatory power. This study aimed to assess the distribution of 
different C. difficile RTs in hospitals in the Berlin-Brandenburg area, and to analyse the heterogeneity within isolates of 
different ribotypes using WGS.

Methods  Between February 2020 and November 2021, stool samples from patients with laboratory-confirmed CDI 
were collected from 22 hospitals (approximately 13,900 beds) in Berlin and Brandenburg. Toxigenic isolates (n = 476) 
were further characterized by ribotyping, antibiotic susceptibility testing, toxinotyping, and core genome multilocus 
sequence typing (cgMLST).

Results  Sixty-five different RTs were detected, with RT014 (16.1%), RT027 (12.8%), and RT001 (7.6%) being the 
most prevalent. RT027 isolates exhibited resistance to several antibiotics. Further, cgMLST analysis revealed very 
close genetic relatedness between RT027 isolates despite being epidemiologically unrelated. Similar findings of a 
monomorphic population were observed for RT078 isolates. In contrast, other RTs showed a heterogenic population 
structure.

Conclusions  This study provides first insights into the distribution of C. difficile genotypes, corresponding 
antimicrobial resistance, and clonal relatedness using cgMLST, highlighting RT027 as the second most common 
genotype for the studied area. For the monomorphic RT027 and RT078 populations, new definitions of clonal 
relatedness might be necessary.

Keywords  Clostridioides difficile, Ribotype 027, Ribotype 078, Clostridioides difficile infection (CDI), Whole genome 
sequencing (WGS), Ribotyping, Core genome multilocus sequence typing (cgMLST)

Whole genome sequence analysis reveals 
limited diversity among Clostridioides difficile 
ribotype 027 and 078 isolates collected in 22 
hospitals in Berlin and Brandenburg, Germany
Esther E. Dirks1, Vanessa Pfiffer1,2, Genevieve Sohl1, Fabian K. Berger3,4, Ina Friesen2,5, Johannes Friesen6, 
Ralf Ignatius6,7, Johannes Elias8,9, Alexander Mellmann10 and Mardjan Arvand1,11*

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13756-025-01565-y&domain=pdf&date_stamp=2025-5-22


Page 2 of 10Dirks et al. Antimicrobial Resistance & Infection Control           (2025) 14:56 

Background
Clostridioides difficile is a major nosocomial pathogen 
worldwide, with C. difficile infections (CDI) being the 
most common cause of antibiotic-associated diarrhoea 
[1]. These infections constitute a significant health threat, 
especially to vulnerable groups, such as the elderly or 
patients with comorbidities. They also cause substan-
tial economic costs with high recurrence and mortality 
rates [2]. CDI manifests itself in variable clinical forms 
from mild diarrhoea - the most common symptom - to 
pseudomembranous colitis, toxic megacolon, sepsis or 
even death [3]. CDI is principally mediated by two exo-
toxins: toxin A (encoded by tcdA), and toxin B (encoded 
by tcdB), which are, in some ribotypes (RTs), accompa-
nied by the binary toxin (encoded by cdtA and cdtB). Of 
additional concern is the fact that CDI is one of the most 
common hospital-acquired infections (HAI) [4]. Antimi-
crobial resistance is known to promote the selection of 
certain C. difficile strains such as RT027 [5].

A significant increase in CDI was noted at the begin-
ning of the 21st century [5]. This correlated with the 
emergence of RT027, which among others, is referred to 
as “hypervirulent” [6]. Increased toxin production, fluo-
roquinolone resistance, elevated sporulation frequency, 
causation of large outbreaks and severe courses of CDI 
have led to the postulation of hypervirulence for this RT 
[7]. Other RTs such as RT078 have also been linked to 
increased severity of disease [8]. For Germany, a marked 
increase in RT027 prevalence between 2007 and 2019 
was noted [9]. However, little is known about the distri-
bution and prevalence of different RTs in northeast Ger-
many, in particular for the capital area of Berlin and for 
Brandenburg (the federal state surrounding Berlin).

In the past, ribotyping has been frequently used for 
genotyping of C. difficile isolates in the context of out-
break investigations or to assess the distribution of dif-
ferent RTs in a geographic region [10]. In recent years, 
core genome multilocus sequence typing (cgMLST) has 
been applied in outbreak investigations and research 
studies [11]. The cgMLST method is based on the prin-
ciple of analysing differences in the sequence of selected 
genes or loci, which are non-repetitive and conserved 
among all members of a species, so-called core genes 
[12]. Compared to ribotyping, cgMLST exhibits a higher 
discriminatory power, the results can be shared and com-
pared more easily between laboratories, and it also allows 
phylogenetic analyses. However, a study by Baktash et 
al. recently showed limited discriminatory power of 
cgMLST within certain RTs originating from outbreak 
and non-outbreak situations [11]. Proper knowledge of 
the distribution of circulating strains and the popula-
tion structure of C. difficile in non-outbreak situations is 
crucial for understanding and interpreting typing results 
in outbreak situations. In particular, the relatedness of 

isolates of the same RT within a given geographic region 
is poorly understood, but crucial in order to evaluate 
possible transmission events using molecular methods 
exhibiting a high discriminatory power.

With cgMLST being often used for RT027 out-
break analysis, this multi-centre study aimed to analyse 
cgMLST patterns of different RTs, including RT027 in a 
non-outbreak situation, to determine the genotypic dis-
tribution of C. difficile on a population-based level cover-
ing approximately 60% of hospital beds in Berlin and 8% 
in Brandenburg at the time. Moreover, the occurrence, 
spread, antimicrobial susceptibility and genetic related-
ness of C. difficile should be determined.

Materials and methods
Bacterial isolates
Faecal samples of hospitalized patients with a labora-
tory-confirmed diagnosis of CDI were collected in 22 
hospitals (approximately 13,900 beds) in Berlin and Bran-
denburg from February 2020 to December 2021. The 
samples were allocated for diagnostic purposes and sent 
to the respective hospitals’ laboratories. Samples being 
tested positive for toxigenic C. difficile in the primary 
laboratory were forwarded to the Robert Koch Institute 
(RKI) for inclusion in this study. For this study, a case was 
defined as a patient of > 2 years of age with a laboratory-
confirmed CDI and symptoms of CDI. Only one sample 
per case was evaluated. Patient samples were included 
in the analysis regardless of the severity of the disease. 
Pseudonymised information about the patients, includ-
ing age, gender, symptoms, and clinical outcome, was 
recorded when possible.

At the RKI, C. difficile was grown on selective agar 
(CHROMID®C. difficile Agar, bioMérieux, Marcy-l’Étoile, 
France) after alcohol shock treatment of the stool samples 
as described previously [13]. Samples that were low in 
volume or produced no growth on selective media were 
also directly streaked on blood agar. Identification was 
performed using standard microbiological techniques 
and a latex agglutination test for C. difficile (Oxoid™ Clos-
tridium difficile, Fisher Scientific, Schwerte, Germany). 
All isolates were tested for in vitro production of toxins A 
and B with ELISA (RIDASCREEN®C. difficile ToxinA/B, 
r-Biopharm, Darmstadt, Germany). Toxin-producing iso-
lates were sent to the German National Reference Center 
(NRC) for C. difficile for ribotyping, toxin gene deter-
mination, cgMLST, and antibiotic susceptibility testing. 
Selected isolates that could not be assigned to a known 
RT in the NRC were sent to the Department of Medical 
Microbiology, University of Leiden, the Netherlands, for 
further ribotyping.
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PCR ribotyping and toxin gene detection
Capillary gel electrophoresis-based PCR ribotyping and 
toxin gene detection (tcdA, tcdB, cdtA and cdtB) were 
carried out as described before [10, 14]. For ribotyping, a 
standardized protocol of the European Society of Clinical 
Microbiology and Infectious Diseases was used [15].

Whole genome sequencing and core genome multilocus 
sequence typing (cgMLST)
Genomic DNA of bacterial isolates were extracted using 
the Monarch® Genomic DNA Purification Kit (New Eng-
land Biolabs, Ipswich, MA, USA) as described in the 
manufacturer’s protocol. Whole genome sequencing 
was done either on an Illumina MiSeq® system (Illumina 
Inc., San Diego, CA, USA) using the Nextera XT library 
preparation kit version 2 and the 250 bp-paired-end pro-
tocol (Illumina Inc.) or on a PacBio® Sequel IIe system 
(Pacific Biosciences, Menlo Park, CA, USA) using the 
SMRTbell® Express Template Prep Kit 2.0 (Pacific Biosci-
ences Inc.). Illumina reads were de novo-assembled with 
the aid of the SKESA assembler with default parameters. 
PacBio sequencing data were assembled de novo using 
the SMRT® Link software suite versions 10 or 11 with 
default parameters. For cgMLST, a previously published 
cgMLST scheme for C. difficile was used [16] and alleles 
were extracted and analysed using the SeqSphere+ soft-
ware (Ridom GmbH, Münster, Germany) and a thresh-
old of ≤ 6 allele differences for the maximum number of 
differing alleles for isolates that likely belonged to the 
same clone [16]. For graphical representations, either 
minimum-spanning or neighbour-joining trees were gen-
erated using SeqSphere+ and displayed using the same 
software or iToL [17].

Antimicrobial susceptibility testing
Antibiotic susceptibility testing was performed as previ-
ously described [10, 14]. In short, epsilometry testing was 
used for metronidazole, vancomycin and moxifloxacin 
(Liofilchem, Roseto degli Abruzzi, Italy) and agar disk 
diffusion (Kirby Bauer method) for clarithromycin and 
rifampicin (Becton Dickinson, Heidelberg, Germany) 
on Columbia agar (Becton Dickinson) with a McFarland 
value of 4.0. For clarithromycin (15  µg disc) and rifam-
picin (5 µg disc), the complete lack of an inhibition zone 
was considered as “resistant”, in accordance with previous 
studies [10, 14]. EUCAST breakpoints or epidemiologic 
cut-off values (ECOFF) were used for epsilometry testing 
(v13.0 for metronidazole and vancomycin (breakpoints), 
v11.0 for moxifloxacin (ECOFF), ​h​t​t​p​​s​:​/​​/​w​w​w​​.​e​​u​c​a​​s​t​.​​o​r​g​
/​​c​l​​i​n​i​​c​a​l​​_​b​r​e​​a​k​​p​o​i​n​t​s).

Statistics
For statistical analysis, RStudio (Integrated Develop-
ment for R. RStudio, PBC, Boston, MA) was used. A 

Shapiro-Wilk Test was utilized to determine whether the 
given dataset followed a normal distribution. Age group 
divergences and differences in cgMLST distance were 
analysed by a Mann-Whitney U test. The results were 
considered significant with a p-value < 0.05.

Data availability
Whole genome sequencing data is deposited at 
NCBI Genbank under BioProject Accession Number 
PRJNA1260709.

Results
Twenty-two hospitals (19 in Berlin and 3 in Branden-
burg) participated in this study. During the study period, 
there were 88 hospitals in Berlin, indicating that the study 
was able to cover 22% of hospitals. As there were several 
tertiary care hospitals among the participating hospitals, 
the study was able to cover 12,350 of 20,636 (59.8%) hos-
pital beds during this period. From Brandenburg, 3 of 63 
(4.8%) hospitals participated in the study, which covered 
1,203 of 15,225 (7.9%) of the total hospital beds in Bran-
denburg. The sample submission per hospital was hetero-
geneously distributed (range between 2 and 31; median 
29 samples). Information on the ward from which the 
sample originated was available for 319 isolates. Of note, 
110 (34.5%) samples stemmed from geriatric wards.

A total of 486 faecal samples from 486 patients with 
CDI were collected. Three patients and their respective 
samples were excluded because they did not meet the 
inclusion criteria. Fifty-four per cent of the patients were 
female and the median age was 79 years (range 6–95 
years; mean 74.1 years). From the 483 samples, 496 C. 
difficile isolates could be retrieved. Of these, 476 isolates 
were toxigenic and subjected to further analysis.

Among the 476 isolates, 65 different RTs were identi-
fied, while the RT could not be determined for seven iso-
lates. The eight most frequent RTs were RT014 (16.1%), 
followed by RT027 (12.8%), RT001 (7.6%), RT005 (6.1%), 
RT002 (5.9%), RT078 (4.9%), RT011 (4.6%) and RT023 
(3.4%) (Fig.  1). Patients infected with RT078 were sig-
nificantly younger than the overall patient population 
(p = 0.014). The results for all isolates are presented in the 
Supplementary Table S1.

 The distribution of different RTs in the participating 
hospitals varied. RT027 was present in all but one hospi-
tal from which ≥ 10 toxigenic isolates were retrieved. The 
proportion of RT027 among C. difficile isolates obtained 
from each hospital ranged from 0 to 38% (Supplementary 
Figure S1). The pattern of isolation of RT027 in the hos-
pitals showed no evidence of temporal clustering in any 
of the participating hospitals (Supplementary Table S1).

The 476 toxin-positive isolates were analysed for the 
presence of toxin genes. Of these, 363 isolates harboured 
only tcdA and tcdB, whereas 113 isolates contained 

https://www.eucast.org/clinical_breakpoints
https://www.eucast.org/clinical_breakpoints
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additionally the cdtA and cdtB genes. Seven different RTs 
were identified among the 113 isolates that harboured 
cdtA and cdtB (Table 1). All RT027 isolates carried cdtA 
and cdtB, as did all isolates assigned to RT023, RT045, 
RT078 and RT131 in this study.

Antimicrobial susceptibility testing was performed for 
476 isolates (Table  2). No vancomycin resistance was 
detected. Resistance to at least one antibiotic was found 
in 158 of 476 isolates. The resistant isolates were assigned 
to 22 different RTs. In all RT027 isolates, antibiotic resis-
tance was observed, and most of them were resistant to 
more than one of the antibiotics tested. One RT027 iso-
late showed resistance to metronidazole.

Using cgMLST data and different modelling of phy-
logenetic trees, no clusters were found that could be 
assigned to specific hospitals (Fig.  2). The cgMLST 

results for RT027 and RT078 are depicted in Figs. 3 and 
4, respectively. RT027 isolates formed a large cluster in 
which 55 of 61 isolates (90.2%) were represented. Only 
six RT027 isolates did not belong to this cluster. Simi-
larly, most RT078 isolates were assigned to a large cluster 
containing 12 of 23 isolates (52.2%). For the RTs RT001, 
RT002, RT005, RT011, RT014 and RT023 the minimum 
spanning trees are shown in the supplementary Figures 
S2-S7.

The cgMLST distance matrixes for the eight most com-
monly found RTs were analysed and compared. For every 
RT-specific distance matrix, the mean and median dis-
tance, as well as the standard deviation, were calculated 
(Table 3). Distances between RT027 isolates and the rest 
of the eight most common RTs were significantly lower 
(p = 0.001). Isolates belonging to RT078 showed signifi-
cantly lower distances as well (p = 0.001).

Discussion
This is the first systematic collection of data in this 
North-Eastern region of Germany to assess the RT dis-
tribution and corresponding antimicrobial resistance and 
the first study to perform a subsequent cgMLST analysis 
on isolates obtained from different hospitals in a non-
outbreak situation in a defined period of time and area 
covering a substantial part of the population.

The RT most frequently detected was RT014 (16.1%), 
which is in line with earlier national and international 
studies that found RT014 among the most prevalent RTs 

Table 1  Ribotypes of C. difficile isolates harbouring the cdtA 
and cdtB gene (n = 113). One isolate of an unknown RT was also 
positive for cdtA and cdtB
Ribotype Isolates harbouring cdtA/B 

n (%)
RT023 (n = 16) 16 (100)
RT027 (n = 61) 61 (100)
RT045 (n = 2) 2 (100)
RT078 (n = 23) 23 (100)
RT126 (n = 10) 9 (90)
RT127 (n = 2) 1 (50)
RT131 (n = 1) 1 (100)

Fig. 1  Percentage of the eight most commonly found ribotypes among the toxigenic isolates in this study (n = 476)
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in CDI patients [18, 19]. RT027 was the second most 
abundant genotype (12.8%) and was detected in all but 
one hospital from which ≥ 10 toxigenic isolates were 
retrieved. In a 5-year pan-European study from 2019, 
RT027 was the most abundant ribotype (12.6%), followed 
by RT001 (10.6%) and RT014 (7.8%) [5]. These results 
are comparable with our findings despite RT014 show-
ing a slightly higher prevalence in our study. In a recent 
study conducted by the NRC, RT027 accounted for 3.5% 
of C. difficile isolates obtained from throughout Germany 
[10]. Our results show a markedly higher prevalence of 
RT027 in the Berlin-Brandenburg area. When looking at 
the level of individual hospitals, this study clearly shows 
that RT027 has become endemic and is rather common 
in hospitals in the Berlin-Brandenburg area.

Antibiotic resistance was mostly found against moxi-
floxacin, clarithromycin and rifampicin, and, as expected, 
a high percentage of RT027 isolates showed resistance 
against these antibiotics. Our findings of resistance pat-
terns are in line with a study by Abdrabou et al. con-
ducted at the same time. Here, the authors concluded 
that rifampicin and metronidazole resistance could be 
a driving force for RT027 selection and emphasised the 
importance of continuous surveillance efforts [14].

It has been shown that RT027 is not evenly distrib-
uted in different regions and even hospitals in Germany 
and Europe [9, 20, 21]. The proportion of RT027 in the 
hospitals included in our study varied markedly, ranging 

from 0 to 38%. This might be due to the fact that differ-
ent types of hospitals contributed to this study. High 
percentages of RT027 were found in hospitals primarily 
caring for geriatric patients. Another reason could be the 
unnoticed nosocomial transmission of RT027 in some 
hospitals. However, our study design asked for the sub-
mission of isolates from non-outbreak situations from 
different wards and our data on the temporal pattern of 
isolation of RT027 in each hospital did not show any tem-
poral clustering.

cgMLST revealed that the vast majority of RT027 iso-
lates in this study belonged to one large cluster. We did 
not find any cluster that could be assigned to an individ-
ual hospital. Therefore, in our setting, cgMLST in con-
junction with the cluster threshold definition given above 
would not allow for RT027 isolates to confirm transmis-
sion events within an individual hospital. In a study by 
Bakatash et al., the authors investigated a similar ques-
tion when they compared the discriminatory power of 
cgMLST, whole-genome MLST, and single nucleotide 
polymorphism (SNP) analysis for individual RTs [11]. 
The authors concluded that specific cut-off thresholds 
and epidemiological data are necessary to recognize out-
breaks of some specific RTs such as RT078. The results of 
our study suggest a similar situation for RT027. However, 
the authors of the latter paper also proposed a different 
cut-off value of three allelic differences for RT078. Cur-
rently, the literature lacks the average distance between 

Table 2  Results of antimicrobial susceptibility testing of C. difficile isolates in correlation with ribotypes (RTs). Some isolates exhibit 
multiple resistances
Ribotype Metronidazole Clarithromycin Rifampicin Moxifloxacin No Resistance

n (%)
RT001 (n = 36) 0 17 0 17 0 (0)
RT002 (n = 28) 0 0 0 1 27 (96.4)
RT005 (n = 29) 0 1 0 1 27 (93.1)
RT006 (n = 1) 0 1 0 0 0 (0)
RT011 (n = 22) 0 6 0 3 16 (72.7)
RT012 (n = 11) 0 8 0 1 2 (18.2)
RT014 (n = 76) 0 1 0 12 63 (82.9)
RT015 (n = 13) 0 1 0 1 12 (92.3)
RT017 (n = 2) 0 2 0 1 0 (0)
RT023 (n = 16) 0 0 0 1 15 (93.8)
RT027 (n = 61) 1 59 57 59 0 (0)
RT045 (n = 2) 0 1 0 2 0 (0)
RT046 (n = 9) 0 6 0 0 3 (33.3)
RT078 (n = 23) 0 14 0 2 7 (30.4)
RT106 (n = 6) 0 3 0 2 2 (33.3)
RT126 (n = 10) 0 6 0 3 4 (40)
RT127 (n = 2) 0 0 0 1 1 (50)
RT216 (n = 2) 0 0 0 1 1 (50)
RT228 (n = 4) 0 0 0 1 3 (75)
RT328 (n = 1) 0 1 0 0 0 (0)
RT729 (n = 1) 0 1 0 0 0 (0)
RT808 (n = 1) 0 1 0 0 0 (0)
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RT027 isolates using cgMLST. In a recent study using 
cgMLST, it has been shown that the isolates with ST1/
RT027 type cluster very tightly together and form a single 
homogenous cluster [22]. Similarly, it has been shown 
that ST11/RT078 isolates from different continents, 
countries and host species are very closely (clonally) 
related [23]. Taken together, there is increasing evidence 
that the vast majority of RT027 isolates, as well as RT078, 
are clonally related to each other. This is in line with our 
results showing a close clonal relationship between epi-
demiologically unrelated isolates within the latter RTs, 
which is striking when compared to other genotypes. 
These findings agree with the fact that the epidemic 
RT027 and RT078 strains have evolved recently and 
showed a fast expenditure during the last two decades. 

In conclusion, the presented data suggests that cgMLST 
of the latter RTs is limited as a single indicator for noso-
comial transmission in the context of outbreak investiga-
tions. Hence, the results of an analysis using this method 
should be interpreted only in combination with sound 
epidemiological data. Further studies using cgMLST are 
needed to determine the overall heterogeneity among 
isolates of these RTs in a diverse sample from different 
hospitals, areas and countries.

On the other hand, our findings of just three RT027 
clusters and almost all isolates belonging to one major 
cluster (n = 55) could also indicate a clonal lineage circu-
lating in the Berlin and Brandenburg area. Many patients 
in this study were geriatric patients; thus, they might 
likely have already stayed in other hospitals or came from 

Fig. 2  Neighbour-joining tree of all analysed toxigenic isolates based on cgMLST alleles. The leaves are coloured according to the hospital the isolate is 
derived from. In addition, the presence (complete boxes) of toxin genes (tcdA [light blue], tcdB [dark blue], cdtA/B [green]) and absence (empty boxes), 
RTs, and sequence types (STs) are given. RTuc, ribotype unclassified
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long-term care facilities in the areas, where this specific 
RT027 lineage has become endemic. Not only could this 
lineage be circulating within hospitals but also in differ-
ent communities that belong to the catchment area of the 
specific hospitals. Unfortunately, no data exist on the RT 
distribution in community settings in the same region 
and time.

The “hypervirulent” RT078 strain accounted for 4.8% of 
all toxigenic isolates, which is in accordance with a previ-
ous German-wide study [10]. Interestingly, similar to our 
findings for RT027, cgMLST revealed that most RT078 
isolates collected in this study belong to one large cluster 
that was not associated with a specific hospital. RT078 
is associated with livestock and food production, thus, 
showing a zoonotic potential [23]. This strain may cause 
severe symptoms in younger persons with fewer co-mor-
bidities [24, 25]. Our findings align with recent studies 
that have reported the emergence of this strain [26, 27], 

which could be due to a change in selection pressure. 
RT078 shows resistance to tetracyclines, an antibiotic 
still used in the veterinary field, especially in livestock. 
Dingle et al. have postulated that the intensive use of 
tetracyclines in agriculture and the subsequent selec-
tive pressure, as well as the fast spread of the pathogen 
via an international food chain, could be the reason for 
the spread of RT078 in humans [26]. Whether or not this 
could translate to the emergence of RT078 in healthcare 
should be addressed in future investigations.

The RT023 prevalence of 3.4% in this investigation is 
similar to a recent study [10] and should be of concern 
since this genotype is linked to more severe clinical out-
comes [28]. Similar prevalence rates have been noted in 
Denmark, the Netherlands and Great Britain [29]. Due 
to the fact that RT023 might form atypical white colo-
nies on selective agar, it might also be possibly missed in 
cultural diagnostics [28]. Interestingly, four out of sixteen 

Fig. 3  RT027 minimal spanning tree coloured according to hospital. The isolates belonging to a cluster are connected by grey bars. A cluster was defined 
with a threshold of ≤ 6 allele differences
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RT023 isolates in this study were detected in the respec-
tive samples together with another toxigenic isolate indi-
cating a coinfection with two RTs.

This study has some limitations. The data were col-
lected during the COVID-19 pandemic, which could have 
had an impact on the number of samples collected or on 
the composition of the patient groups that were enrolled. 
It is important to note that the participation was volun-
tary, and the resources of the hospitals and laboratories 
were limited particularly due to this situation. The study 
is further limited by the sample size and coverage of hos-
pitals participating in the Brandenburg area.

Our study demonstrates the need for molecular CDI 
surveillance on local, national and international levels. If 
pursued by a follow-up study, the presented data could 

serve as a basis for investigating the evolving molecular 
epidemiology of C. difficile in this region. As also sug-
gested by Persson et al., it could be advantageous to use 
cgMLST not only to investigate possible outbreaks and 
transmission events but also for national surveillance 
[30]. Its recent inclusion into the miGenomeSurv net-
work (http://www.miGenomeSurv.org) is one step in this 
direction. Further studies are needed to better under-
stand the evolution and population structure of epidemic 
strains, in particular RT027 and RT078.

In conclusion, our study shows that the epidemic 
RT027 strain is endemic and widespread in hospitals in 
the Berlin-Brandenburg area. It may help to increase the 
awareness of healthcare workers and improve compliance 
with infection prevention and control recommendations 

Table 3  Analysis of cgMLST distance (in allelic differences) matrixes. For the eight most common ribotypes (RTs) minimum, maximum, 
mean and median distance in alleles as well as standard deviation (SD) were calculated. The p-value refers to the cgMLST distance 
within the ribotype compared to the distance of all isolates
Ribotype minimum maximum mean median SD p
RT001 0 121 62 70.5 31.3 0.863
RT002 0 495 57.4 28 116.8 0.073
RT005 0 605 73.6 41 140.5 1
RT011 0 1382 241.4 182 352.6 1
RT014 0 1506 245 264.5 249.8 1
RT023 0 1956 283.3 48.5 608.5 1
RT027 0 106 14.6 8 22.9 0.001
RT078 0 24 10.7 10 4.7 0.001

Fig. 4  RT078 minimal spanning tree coloured according to the hospital the isolate derived from. The isolates belonging to a cluster are connected by 
grey bars. A cluster was defined with a threshold of ≤ 6 allele differences

 

http://www.miGenomeSurv.org
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and antibiotic stewardship to combat the further spread 
of nosocomial C. difficile strains. Further investigations 
are required to assess the changing molecular epidemiol-
ogy of this pathogen. The inclusion of a larger area and 
sample size could help to refine cluster definitions and 
the possible presence of area-specific circulating lineages.
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