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After the first outbreak of Clostridium difficile PCR 
ribotype (RT) 027 in Germany in 2007, no further out-
breaks were reported until the recent re-emergence of 
RT 027 in Hesse, a federal state with 6 million inhab-
itants located in south-west Germany. We undertook 
a survey to determine the prevalence of RT 027 and 
other strains in a prospective study. From January 2011 
to July 2013, we analysed 291 specimens from patients 
diagnosed with C. difficile infection (CDI) in 40 health-
care facilities in Hesse. The mean incidence of CDI in 
hospitals including at least 10 patients in the survey 
was 9.9 per 10,000 patient days (range 4.8-22.8) in 
November 2012. We obtained 214 toxigenic C. diffi-
cile isolates. RT 001 was the most prevalent (31.8%). 
RT 027, the second most common type (26.6%), was 
prevalent in all hospitals (n=14) from which at least 
seven isolates were available for typing, but its fre-
quency varied considerably (range: 9.1–70%). The 
annual frequency of RT 027 increased from 21.4% in 
2011 to 30.0% in 2013 (p=0.04). Our study indicates 
that infections with C. difficile RT 027 are now preva-
lent in Hesse. It underscores the need for surveillance 
programmes to analyse the molecular epidemiology of 
C. difficile.

Introduction
Clostridium difficile is the main cause of antibiotic-asso-
ciated diarrhoea in hospitals in industrialised coun-
tries. It characteristically occurs in elderly patients with 
co-morbidity in whom the intestinal flora has been dis-
rupted by previous use of antibiotics. Since early 2003, 
increasing rates of C. difficile infection (CDI) have been 
reported in Canada and the United States, with a larger 
proportion of severe and recurrent cases than previ-
ously reported [1,2]. The raised incidence and virulence 
of CDI have coincided with the spread of hypervirulent 
strains, particularly the NAP1/PCR-ribotype (RT) 027 
strain [3]. Subsequently, epidemics of CDI caused by 
RT 027 have been recognised in hospitals in European 
countries, e.g. the United Kingdom, the Netherlands, 
Belgium, and Austria [4,5].

In Germany, the first outbreak of infection caused by the 
RT 027 strain was reported from Rhineland-Palatinate 
in 2007 [6]. Since then, sporadic cases of infection by 
RT 027 have been detected in other regions, but no 
further outbreak has been reported. In a study from 
Bavaria, south-east Germany, this strain accounted for 
4.6% of C. difficile isolates collected in 2009 [7]. In a 
nationwide study by Zaiss et al., RT 027 was detected 
in 8% of isolates obtained from patients with severe 
CDI in 84 German hospitals in 2008 [8]. In a pan-Euro-
pean survey, RT 027 was not detected among 25 C. dif-
ficile isolates collected in German hospitals in 2008, 
although it accounted for 5% of isolates from different 
European countries [9].

Mandatory reporting of severe CDI was introduced in 
Germany in 2007 and a case definition was developed 
by the Robert Koch Institute [10]. Although incidence 
rates and also prevalence of severe CDI increased in 
Germany after 2000, an association with particular 
strains remained unclear, since no microbiological char-
acterisation of the isolates accompanied the nation-
wide surveillance [11-13]. Although we have previously 
reported on severe CDI due to RT 027 in Hesse, a federal 
state with six million inhabitants located in south-west 
Germany (Figure 1), our studies were mainly focussed 
on severe cases of CDI reported to the regional health 
authorities [14,15]. Similar to the national surveillance 
programme, our regional surveillance did not reveal 
the actual prevalence of RT 027 and other circulating 
types. The aim of the present study was to analyse the 
molecular epidemiology of a comprehensive sample of 
C. difficile isolates associated with any clinical mani-
festation of CDI. We here present the results of surveil-
lance of CDI in over 40 hospitals and other healthcare 
facilities in Hesse from January 2011 through July 2013.

Methods
Hospitals, rehabilitation clinics, regional health 
authorities and physicians in private practices were 
approached to voluntarily participate in the pro-
gramme ‘C. difficile surveillance in Hesse’ via internet, 
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email, information events and telephone calls. Patients 
older than two years, who were diagnosed with CDI in 
a hospital or other healthcare facility in Hesse, were 
eligible for participation. The hospitals participating in 
the study were requested to enrol between 10 and 20 
patients with a positive toxin test of faeces. There was 
no selection of patients based on specific criteria such 
as disease severity, duration, recurrence, etc. Patients 
with epidemiological link (cluster of cases or outbreak) 
were excluded. Patients were tested on request of their 
physician in the local laboratory that provided diag-
nostic service for the respective hospital. Participation 
requirements were submission of a faecal sample to 
our laboratories and completing a questionnaire on 
clinical symptoms, previous and current antibiotic 
therapy, and previous laboratory testing results. The 
participating centres also provided data to determine 
the incidence rates of CDI. The medical ethical com-
mittee of the Hessian Medical Association approved 
the investigation; no patient agreement was necessary 
because the samples were collected for routine micro-
biological diagnostics.

Additional specimens were obtained from a group 
of patients who had been reported to the local 
health authorities as severe cases of CDI (mandatory 

reporting). Upon request of the local health authorities 
to the respective hospital or local laboratory, the local 
diagnostic laboratory forwarded the specimens to our 
institution for PCR ribotyping. The isolated C. difficile 
strains (n=12) were included in this study. Furthermore, 
some specimens from diarrhoeal patients residing in 
nursing homes or rehabilitation clinics were directly 
submitted to our laboratory for diagnostic tests for CDI. 
These isolates (n=14) were also included in the study. 

Together, 291 samples collected in 40 healthcare 
facilities were enrolled from January 2011 through 
July 2013. C. difficile was detected by culture on  
C. difficile-selective agar containing cycloserine, 
cefoxitin and fructose (Oxoid, Wesel, Germany) with 
and without pre-treatment with ethanol as described 
previously [16]. Identification was performed by rou-
tine microbiological techniques and a latex agglutina-
tion test for C. difficile (Microgen, Cambereley, United 
Kingdom). All isolates were tested for in vitro produc-
tion of C. difficile toxins A and B by ELISA (Biopharm, 
Darmstadt, Germany). C. difficile toxin A and B genes 
were detected by commercial PCR kits (Hyplex, Gießen, 
and Hain, Nehren, Germany). PCR ribotyping was per-
formed in the laboratories of the Hesse State Health 
Office or in the Department of Medical Microbiology, 
Leiden University Medical Center, according to the pro-
tocol of Bidet et al. [16,17].

The incidence of CDI in the collaborating hospitals was 
evaluated using the data provided by the study coordi-
nator of each facility. The incidence rate was calculated 
by dividing the number of patients with laboratory-
confirmed CDI who were treated in the hospital in 
November 2012 by the total number of patient days in 
November 2012. This month was selected for assess-
ing the incidence of CDI in our study in order to allow a 
better comparison with the results of a pan-European 
study that analysed the incidence in the participating 
hospitals in November 2008 [9].

Statistical analysis was performed with the linear 
regression model using Excel 2007. A p value of <0.05 
was considered significant.

Results

Participating hospitals and patients’ 
characteristics
Fourteen hospitals located in 12 cities in 11 different 
districts across Hesse participated in this study by sub-
mitting at least 10 faecal samples (Figure 1). Of these, 
13 hospitals offered secondary or tertiary care, and 
one was specialised in geriatrics. Table 1 lists general 
information about these facilities. The samples from 
these hospitals accounted for 240 of 291 analysed 
specimens. The remaining 51 samples were obtained 
from 26 other healthcare facilities, including acute care 
hospitals, rehabilitation clinics, nursing homes, gen-
eral practitioner or internist practises, and one prison.

Figure 1
Distribution of hospitals that contributed to this study 
by submitting at least 10 specimens from patients with 
Clostridium difficile infection, Hesse, 2011 to 2013 (n=14)
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Of 291 samples analysed, 229 samples which were col-
lected from 219 patients contained C. difficile. From 
219 patient-adjusted isolates, 214 (97.7%) were toxi-
genic. Together, 193 (90.2%) of 214 toxigenic isolates 
were from patients in acute care hospitals, nine (4.2%) 
from rehabilitation clinics, seven (3.3%) from outpa-
tients, and five (2.3%) from nursing homes. Four of 
seven outpatients had been hospitalised within four 
weeks before onset of diarrhoea. These cases were 
considered as hospital-acquired. 

The median age of patients with confirmed CDI (n=214) 
was 77 years (range: 2.5–98 years), and 107 patients 
(49.5%) were female. According to the questionnaire, 
36 (16.7%) patients had previous CDI episodes in the 
three months before the current episode and 20 (9.3%) 
patients had died at the time the questionnaire was 
completed, i.e. within 30 day after collection of the fae-
cal sample.

Characteristics of Clostridium difficile isolates
The 214 toxigenic isolates were further characterised. 
Altogether, 41 ribotypes were detected. Ribotype 001 
was the most prevalent type, accounting for 68 (31.8%) 
of toxigenic isolates (Table 2). It was detected in 20 
of 37 healthcare facilities that had submitted sam-
ples with positive culture results. Ribotype 027 rep-
resented the second most common strain, accounting 
for 57 (26.6%) of toxigenic isolates. It was detected in 
19 healthcare facilities. One isolate was defined as a 
RT 027 variant because it displayed a slight banding 

difference compared to the epidemic RT 027 strain. In 
contrast to the epidemic RT 027, this isolate was sen-
sitive to erythromycin and moxifloxacin. But similar 
to the epidemic RT 027 strain, this isolate also con-
tained binary toxin genes and had a mutation in tcdC 
at positions 18 and 117. Ribotype 014 accounted for 
21 (9.8%) of toxigenic isolates and was detected in 13 
healthcare facilities. Ribotypes 078, 002, 029, 012, 
017, and 005 were encountered in 2.8%, 2.8%, 2.8%, 
1.9%, 1.9% and 1.4% of toxigenic isolates (Table 2). 
Other ribotypes were detected sporadically, i.e. once 
or twice, in this study. They included RT 003, 011, 013, 
043, 045, 046, 049, 052, 062, 071, 081, 087, 126, 136, 
150, 159, 181, 207, 209, 216, 235, 258, 268, 293, 476, 
and seven unknown ribotypes.

Prevalence of Clostridium difficile RT 027 in 
the collaborating hospitals
We next determined the frequency of isolation of RT 
027 in those hospitals that had submitted at least 10 
specimens to this study (Figure 1). The epidemic RT 027 
strain was detected in all hospitals, but its prevalence 
varied markedly between different hospitals, ranging 
from 9.1 to 70% (Table 1).

Incidence of Clostridium difficile infection in 
the collaborating hospitals
We further evaluated the incidence of CDI in collaborat-
ing hospitals that had submitted at least 10 specimens 
from CDI patients to this study. Incidence data were 
collected for one month (November 2012). Data were 
available from 13 of 14 hospitals. The mean incidence 

Table 1
Clostridium difficile isolates submitted by collaborating hospitals, Hesse, January 2011–July 2013 (n=180) 

Hospital number Number of beds Incidence per 10,000 patient 
days

Number of  toxigenic 
isolates

Number and proportion of 
ribotype 027, n (%)

1a 90 17.3 7 1 (14.3)
2 570 4.8 9 1 (11.1)
3 1,200 7.9 16 2 (12.5)
4 190 5.1 11 1 (9.1)
5 180 7.3 12 4 (33.3)
6 930 NA 8 3 (37.5)
7 280 11.3 13 4 (30.8)
8b 270 12.6 10 7 (70.0)
9 750 5.4 17 2 (11.8)
10 790 11.5 14 2 (14.3)
11 1,190 5.9 20 9 (45.0)
12 1,030 11.2 16 4 (25.0)
13b 140 22.8 11 1 (9.1)
14 1,030 5.6 16 9 (56.3)

NA: not available. 
a Geriatric hospital.
b Hospital with large geriatric unit.
All submitting hospitals were acute care hospitals located in 12 cities in 11 different districts in Hesse and submitted at least 10 specimens 
from patients with Clostridium difficile infection to this study (Figure 1).
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of CDI in these hospitals was 9.9 per 10,000 patient 
days. The incidence varied considerably between dif-
ferent hospitals, ranging from 4.8 to 22.8 per 10,000 
patient days (Table 1). The highest incidence rates were 
reported from a geriatric clinic (Hospital 1: 17.3 per 
10,000 patient days) and a hospital with a large geri-
atric unit (Hospital 13: 22.8 per 10,000 patient days).

Changing frequency of Clostridium difficile RT 
027 over time
In order to monitor the spread of RT 027, we determined 
the annual frequency of isolation of RT 027, along with 
other prevalent ribotypes such as RT 001 and 014, over 
the study period. Ribotype 027 accounted for 21.4% 
of toxigenic isolates in 2011. Its frequency increased 
to 26.2% in 2012 and 30.0% in 2013 (Figure 2). The 
increase in the prevalence of RT 027 was statistically 
significant (correlation coefficient: 0.995; p=0.04).

Discussion
To our knowledge, this is the first report on increased 
incidence of C. difficile RT 027 in Germany. The epi-
demic RT 027 strain represented the second most 
prevalent type and accounted for 26.6% of isolates 
collected in 37 healthcare facilities in Hesse in 2011 to 
2013. Previous studies have revealed a relatively low 
prevalence (0–8%) of RT 027 among isolates collected 
in different parts of Germany, including Hesse, in 2008 
and 2009 [7-9]. RT 027 was not detected in a random 
collection of C. difficile isolates from German hospi-
tals in 2008 [9]. More recent data from a representa-
tive nation-wide sample are not yet available. Our data 
suggest that the epidemiology of RT 027 has changed 
in Hesse and probably also in other parts of Germany.

Changing epidemiology of CDI has been recently 
reported from other European countries [5,18]. A 

substantial increase in the incidence of CDI and prev-
alence of RT 027 was observed in England and Wales 
in 2005 to 2007 [19,20]. The introduction of a bundle 
of infection control measures at national level led to a 
significant decrease in the incidence of CDI and preva-
lence of RT 027 [5,18]. In the Netherlands, RT 027 was 
associated with outbreaks in several hospitals in 2005 
and 2006 [21]. Its prevalence decreased in the period 
from 2006 to 2009 and seemed to remain stable there-
after [22]. However, recent reports in 2013 suggest re-
emergence of RT 027 associated with severe CDI and 
outbreaks in the Netherlands, especially in healthcare 
facilities associated with nursing homes [23,24].

In our study, C. difficile RT 027 was prevalent in all hos-
pitals from which a sufficient number of isolates were 
available for typing, but its frequency varied between 
hospitals. Higher prevalence rates were observed in 
the southern part of Hesse (Hospitals 5–14), which is 
characterised by a higher density of population and 
hospitals. However, we also observed striking differ-
ences between hospitals in the same city. For example, 
the prevalence of RT 027 was 70% in Hospital 8 and 
11.8% in Hospital 9, which are located in the same city. 
Similarly, Hospitals 11 and 12 were located in the same 
city and had a different prevalence of RT 027 (45% ver-
sus 25%). Differences in patient characteristics, antimi-
crobial therapy regimens, diagnostic tests, awareness 
of the doctors, and infection prevention policy may 
have contributed to this variability.

None of the participating hospitals in this study had 
noticed or reported an outbreak of CDI at the time of 
sample collection. Nonetheless, the high prevalence of 
RT 027 in some hospitals indicates possible ongoing 
transmission. Further investigations to evaluate this 
hypothesis are in progress. Together, our data sug-
gest that RT 027 has become endemic in hospitals in 
Hesse. Because RT 027 is associated with outbreaks, 
more severe diarrhoea, higher attributable mortality, 
and more recurrences than other ribotypes, our find-
ings underscore the need for effective infection con-
trol measures to curb the spread of RT 027 and other 
hypervirulent strains in Germany.

The mean incidence of CDI in the collaborating hospi-
tals was 9.9 per 10,000 patient days in our study. This 
is higher than the rate reported by the national sur-
veillance system CDAD-KISS in 2012 (7.2 per 10,000 
patient days) [25]. This difference may in part be due 
to methodological differences. Our incidence data were 
derived from one month (November 2012), whereas the 
KISS data include the whole year. It is also possible 
that the high prevalence of RT 027 in our region may 
have contributed to a higher incidence of CDI in our 
study. However, it is also plausible that differences in 
patients’ characteristics and selection of participating 
hospitals could have contributed to this discrepancy. 
The participating hospitals in CDAD-KISS are mainly 
large academic hospitals. None of the collaborating 
hospitals in our study were participants of CDAD-KISS. 

Table 2
Frequency of Clostridium difficile ribotypes among 
toxigenic isolates from 37 healthcare facilities in Hesse, 
January 2011 to July 2013 (n=214 isolates)

Ribotype Number of 
isolates

Proportion of 
isolates (%)

Number of 
healthcare 
facilities 

001 68 31.8 20
027 57 26.6 19
014 21 9.8 13
078 6 2.8 6
002 6 2.8 4
029 6 2.8 4
012 4 1.9 3
017 4 1.9 1
005 3 1.4 2

In total, 39 different ribotypes were detected. Ribotypes detected 
only once or twice in this study are not listed in the Table.
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Our study included several smaller hospitals with a 
large proportion of geriatric patients, who are gener-
ally at higher risk of developing CDI. It is important to 
note that the highest incidence rates in our study were 
observed in geriatric hospitals and those with a large 
geriatric unit. 

In a pan-European survey, the incidence of hospital-
associated CDI ranged from 0 to 19.1 per 10,000 patient 
days in different countries [9]. In comparison, the inci-
dence of CDI in our study seems moderate. However, 
we believe that the incidence of CDI is generally under-
estimated in Germany, mainly because diagnostic 
tests are not routinely performed for all patients with 
healthcare-associated diarrhoea. Further educational 
programmes are necessary to increase the awareness 
of doctors and healthcare personnel for CDI.

The main limitation of our study is the small sample 
size, which can be explained by the voluntary nature 
of participation and limitations in time and resources 
in the collaborating hospitals. Since the study is being 
continued, we hope to overcome this restriction by 
increasing the number of the samples analysed. 

In conclusion, C. difficile infections caused by RT 027 are 
now observed frequently in Hesse and their prevalence 

seems to be increasing. Our data underscore the need 
for surveillance programmes that include both micro-
biological and epidemiological data at regional, state, 
and national level in Germany and for intervention pro-
grammes to combat CDI and the spread of hyperviru-
lent strains.
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