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Abstract 

Background: Variations in testing for Clostridium difficile infection (CDI) may hinder patient care, increase 

the risk of transmission and skew epidemiological data. We aimed to measure the under-ascertainment of 

CDI across Europe. 

 

Methods: We carried out questionnaire-based and point prevalence measurements of CDI in 481 

participating hospitals (PHs) across 20 European countries. PHs were questioned about their CDI testing 

policy and methodology during 2011-2012 and 2012-2013. On one day in winter 2012/2013 and summer 

2013 each hospital sent all diarrhoeal samples submitted to their microbiology laboratory to a national co-

ordinating laboratory (NCL) for standardised CDI testing. The results of local and NCL CDI testing were 

compared.  

 

Findings: Mean CDI testing (65.8 tests/10,000 PBD; country range 4.6-223.3) and case rates (7.0 

cases/10,000 PBD; country range 0.8-28.7) were markedly higher than in previous studies. However,  only 

39.9% used optimised methodology (defined by European guidelines). On average 23.1% of all CDI cases, as 

determined by NCLs, were not diagnosed by PHs due to lack of clinical suspicion, equating to an average of 

74 missed diagnoses per day.   

 

Interpretation: A wide variety of testing strategies are used across Europe. Lack of clinical suspicion and 

sub-optimal laboratory diagnostic methods mean that an estimated 40,000 in-patients with CDI are 

potentially undiagnosed each year in 481 European hospitals.  

 

Funding: The study was initiated and wholly financially supported by Astellas Pharmaceuticals Europe 

Limited.  



Introduction 
 
Clostridium difficile is the major infective cause of nosocomial diarrhoea in the developed world. Rapid and 

accurate diagnosis is important to optimise patient care and infection prevention.1 There has been an 

increase in the measured incidence of C. difficile infection (CDI) in countries with surveillance programmes, 

and a marked shift in epidemiology over the last decade.2-4 In Europe C. difficile is the most commonly 

reported pathogen associated with hospital associated gastrointestinal disease, whilst in the US it was the 

most commonly reported health-care associated microorganism in a survey of 183 hospitals in 2010.5,6  

 

In the most recent European epidemiological survey of CDI (2008) the incidence in 97 hospitals across 29 

countries varied widely (range 0.0-36.3 per 10,000 patient bed days per hospital (PBH); weighted mean 

4.1).7 The reasons for this large variation are unclear. Predisposing factors to CDI, including increasing age, 

co-morbidities and use of broad-spectrum antibiotics may be similar across Europe, although exposure to 

different C. difficile strains likely varies.1,8 Notably, there was a >40-fold variation in CDI testing frequency 

across European countries, and a correlation between testing rate and reported infection rate was found.7 

Sub-optimal case ascertainment, either due to inadequate laboratory diagnosis or lack of clinical suspicion 

means that the true burden of CDI is unclear.9-12 A recent point prevalence study in Spain found that 66% of 

CDI patients on a single day were undiagnosed or misdiagnosed, due either to lack of clinical suspicion 

(47%) or inadequate laboratory testing (19%).9 Optimal laboratory diagnosis of CDI depends on testing the 

right patients, at the right time with the right tests. Importantly, detection of C. difficile toxin in patient 

faecal samples, as opposed to toxigenic  C. difficile (strains that produce toxin in vitro, or have toxin genes 

present), correlates with disease severity and mortality.12,13 To improve the sub-optimal sensitivity of 

commercially available toxin detection assays, two-stage laboratory diagnosis, involving a sensitive C. 

difficile screening test followed by a C. difficile toxin assay is recommended.1,12 Nevertheless, a 

questionnaire-based study in 125 European laboratories in 2010 showed wide variation in use of CDI 

diagnostic methods, with a quarter still using a single assay.14  Notably, however, such data do not ascertain 

the true extent of missed CDI diagnoses. 

 

We aimed to determine the under-ascertainment of CDI in hospitals in 20 European countries by asking 

participating hospitals (PHs) to forward diarrhoeal in-patient faecal samples, regardless of microbiology 

tests requested or performed locally, received on two days (one in winter 2012/13 and one in summer 

2013) to a national coordinating laboratory (NCL) for CDI testing by the study reference method (SRM). PHs 

were also asked to complete a study questionnaire regarding CDI testing. 

 



Methods 

Study design 

The study followed the design of a previous point-prevalence study conducted in Spain.9 Ethical approval 

was granted in the Netherlands, Sweden and Slovenia; the remainder did not require ethical approval as 

the study was classed as surveillance. Results were reported back to participating laboratories but 

(purposely) not in a clinically relevant timescale i.e. (a minimum of 3 weeks after receipt of sample).  The 

study was therefore strictly ‘non-interventional’.  PHs were recruited at a rate of one per one million 

population for each of the 20 study countries, and were selected by national co-ordinators to cover all 

major geographical regions within each country. The full study design is shown in the study flow chart 

(figure 1.) 

Study questionnaires 

Details of testing policy and methods and CDI testing and positivity rates for each PH during two 12 month 

periods (September 2011-August 2012 and September 2012-August 2013) were collected via a 

questionnaire (see questionnaire in Supplementary materials).  

Samples 

All in-patient diarrhoeal samples submitted to the PH microbiology laboratory on the study days were 

eligible for inclusion, regardless of the original test(s) requested. There was no age exclusion but only one 

sample per patient was included. Samples were anonymised by the PH using a EUCLID study number and 

sent with a data capture form to the EUCLID National Coordinating Laboratory (NCL) for their country; 

patient age, gender and specialty, and whether the sample was tested for CDI at the PH and the result of 

any such test were recorded. Samples were stored at 4°C before transport to the NCL within 7 days. 

Transport was refrigerated for 6 countries in the winter sampling period and for all 20 in the summer.  

Testing at the NCLs 

Samples were tested using a 2-test CDI algorithm: membrane enzyme immunoassay (EIA) for glutamate 

dehydrogenase (GDH) and toxins A & B (C.DIFF QUIK CHEK COMPLETE®, Techlab, USA), following 

manufacturers’ instructions; this is the study reference method (SRM). Indeterminate results (GDH-ve/toxin 

+ve) were repeated; if the second test gave the same result it was recorded as only toxin positive. Samples 

yielding an invalid result (no control line) were repeated once and the second result recorded, even if still 

invalid. Confirmatory testing, performed on all samples positive for either GDH or toxin, comprised one of 

two combinations of tests; either toxigenic culture (culture for C. difficile and detection of toxins in culture 

supernatants) or PCR on faeces for C. difficile toxin genes and culture for C. difficile. Due to differences in 

availability of culture media and PCR assays within the 20 different countries, it was not possible to use a 



single confirmatory method (table 1. in Supplementary materials). All C. difficile isolates identified at the 

NCLs were sent to the European Coordinating laboratory in Leeds, UK for confirmation of identification and 

PCR-ribotyping.15 

Quality assurance 

Each NCL was asked to process external quality control samples sent by the European Coordinating 

laboratory. Six blinded ‘mock’ samples were sent during each testing period to assess each of C. difficile 

assays used by NCLs (table 1. Supplementary materials). 

Data analysis 

All PH and NCL data were entered onto a secure online system. Using questionnaire data, mean testing and 

CDI rates/10,000 patient bed days (PBD) (synonymous with occupied bed days) were calculated for each 

country and Europe. Also, the measured rates on the EUCLID study days were calculated using the number 

of tests performed, cases detected by NCLs and the PBDs of each PH that year. For testing methodology, an 

optimised diagnostic algorithm was defined as GDH or NAAT followed by (or simultaneous with) toxin 

detection.  

 

Patients with samples that were CDI positive at the NCL (GDH positive/toxin positive by SRM), but not 

tested at the PH, were classified as ‘under-diagnosed’; and those samples with positive SRM at the NCL but 

negative results at the PH (false-negatives) or samples with negative SRM results at the NCL but positive at 

the PH (false-positives) were classified as ‘misdiagnosis’. Results of the confirmatory tests were used to 

provide additional information on the SRM result but did not change this, as none of the confirmatory 

assays directly detected toxin in faeces.  

 

All data were analysed on SPSS version 19. Differences in proportions were compared using Mann-Whitney 

or where data was matched McNemar’s. For comparisons across European regions, countries were 

categorised geographically according to a UN classification.16 Correlations between testing rates and CDI 

case rates, and testing rates and the prevalence of ribotype 027 were analysed using Pearson’s correlation. 

 

Role of the Funding source 

The EUCLID study was initiated and wholly financially supported by Astellas Pharmaceuticals Europe 

Limited. The funder contributed to the study design but did not contribute to the data collection, analysis 

or interpretation. Astellas Pharma Europe Ltd reviewed the manuscript before submission in-line with the 

terms of the funding agreement. 



Results 

Submitted samples 

A total of 3923 (winter) and 3389 (summer) faecal samples were submitted from 481 participating hospitals 

(94.3% of the target number of PHs required) in 20 European countries in the two sampling periods; 15 

samples were excluded due to incomplete data, leaving 3908 and 3389 (mean 7.6 samples per hospital, 

range 3.5-17.2).   

Patient demographics  

Data on patient gender, age and speciality were available for between 7293-7 samples (table 1). The ratio 

of males:females was 1.00 for submitted samples, but there were slightly more females with CDI and 

confirmed C. difficile toxigenic isolates (table 1). The majority of samples (61.8%) originated from medical 

wards, which included care of the elderly wards (table 1). The median age of CDI cases (confirmed at NCL) 

with no test at the original PH was 72.0 years, which was significantly lower than the median age (76.0 

years) for CDI patients with a PH positive test result (Mann-Whitney p=<0.0001).  

Under-diagnosis and misdiagnosis 

Across the 481 European hospitals on the two study days, 148 (mean 74) patients with CDI (GDH 

positive/toxin positive using SRM at NCLs) were not tested for CDI at the PH (table 2,) representing 23.1% 

of NCL-defined cases. Of these, 125/148 were confirmed to contain toxigenic C. difficile (21 by toxigenic 

culture, 104 by culture/PCR). There was significant variation in the percentage of under-diagnosis across 

the countries (range 0.0-87.5%; Kruskal-Wallis p = <0.0001). 

 

A further 237 patients (mean 119; 5.2%) were diagnosed with CDI at the PH but did not have demonstrable 

toxin in their faecal sample when tested using SRM at the NCL (defined here as false-positives). Of these, 

136 had a toxigenic strain of C. difficile detected in their sample by confirmatory testing. The highest rates 

of false-positive results in winter occurred in the Czech Republic and Romania (Supplementary materials 

table 2), where use of stand-alone toxin EIAs (SAT EIAs) for CDI diagnosis was common. The level of false-

positives in the Czech Republic decreased from 19.4% to 4.9% after 90% of their PHs changed from SAT EIAs 

to an optimised diagnostic methodology. On the second sampling day, 87.5% of PHs in Romania still used a 

SAT EIA and their false-positive rate remained the highest.  

 

C. difficile toxin was detected using SRM in samples from 68 patients (mean 34, 1.6%) who had originally 

received a negative test result at the PH (false-negatives). Of these, 52/68 were confirmed as toxigenic C. 

difficile (12 by toxigenic culture, 40 by culture/PCR). The UK had the highest proportion of PHs using an 

optimised method for CDI diagnosis, and had low levels of both false-positive and false-negative results 



(table 2). Overall, only 57.2% of the patients tested for CDI across Europe during the study had a diagnosis 

at their original PH that agreed with the SRM as performed at NCLs.  

 

CDI testing and case rates 

Reported versus measured CDI testing and case rates 

Of 481 PHs, 458 reported (via questionnaires) their testing and CDI case rates per 10,000 patient bed days 

(PBD) (table 3), providing data for 19/20 countries; neither PHs in Slovenia provided this information. There 

was a 48-fold variation in country specific CDI testing rates (4.6-223.3/10,000 PBD). The reported CDI rates 

also varied markedly (41-fold variation) between countries (mean 6.6-7.3; 0.7-28.7 cases/10,000 PBD). 

Country reported rates were generally similar comparing 2011/12 with 2012/13, but these approximately 

doubled in Finland, Ireland and Romania, whilst there was an 80% decrease in Slovakia. 

 

The measured CDI rate during the study (by NCLs) was 2.4-2.9-fold higher than the reported rate (mean 

17.2-19 vs 6.6-7.3 cases/10,000 PBD, respectively). The measured testing rate was 1.3-1.5-fold higher than 

the reported rate (mean 92.4-95.4 vs 62.3-69.2/10,000 PBD, respectively) (table 3). There was a poor 

correlation between the rate of testing and CDI rate regardless of whether the rates were reported or 

measured (Pearson’s correlation (r) = 0.5741 and 0.2332 respectively, R2 = 0.2302 and 0.353, respectively) 

(figures2a and 2b).  

 

Testing policy and methodology 

In 2011-12 (questionnaire 1) of 481 hospitals, 468 routinely tested for CDI; the 14 exceptions comprised 3 

and 11 hospitals in Bulgaria and Romania, respectively (table 4a). In 2012-13 (questionnaire 2) 427/438 

hospitals that replied routinely tested for CDI; again the exceptions were in Bulgaria and Romania (table 

4b). Of the PHs routinely testing for CDI, 9.6% (11.3% and 7.5% in questionnaire 1 and 2, respectively) 

examined all submitted diarrhoeal in-patient samples (empirical testing); 24.5% tested all in-patient 

diarrhoeal samples if other criteria were met, such as patient >2 years old or in hospital for >3 days (tables 

4a and 4b). UK PHs reported the highest level of empirical testing (18%), while 62.4% and 63.2% of PHs and 

20% and 30% of European countries only tested for CDI if there was a specific clinician request 

(questionnaires 1 and 2, respectively).  

 

In 2011-12 there were 152 PHs (32.5%) using optimised methods for CDI laboratory diagnosis, with the UK 

accounting for 28.9% of these (n = 44) (table 4a); the overall rate increased to 48.0% in 2012-13 

(MacNemar’s test, for those PHs providing data in both questionnaires, p = <0.00001) (table4b). A toxin 



detection method was used by 75.6% and 72.8% of PHs, while few employed stand-alone molecular tests 

(mean 4.2% across both questionnaires). The largest change in methodology occurred in Czech Republic, 

where 90% of the PHs changed from SAT assays to an optimised diagnostic method.  

 

PCR-ribotypes  

There were 138 different C. difficile ribotypes isolated among 1211 isolates; the ten most common are 

shown in figure 3. C. difficile ribotype 027 was the most prevalent, but 88% of these were found in only 

4/20 countries: Germany (43.5% of all 027s), Hungary (17.5%), Poland (16.1%) and Romania (11.7%). An 

inverse correlation was observed between testing rate and prevalence of ribotype 027 across north, south, 

east and west quadrants of Europe (Pearson’s correlation -0.6996) (figure 4). 

Quality assurance  

EQA results were obtained for all NCLs. All cell-cytotoxicity results were correct; one NCL had an incorrect 

culture result for 2/12 of their EQA samples (overall NCLs 2/240) and one had an incorrect result using the 

C. DIFF QUIK CHEK COMPLETE® (overall 1/240). PCR results were slightly more variable, with 4 NCLs 

returning a false-negative result for 1/12 (overall 4/240) EQA samples. 

Discussion 

In the largest international epidemiological study of CDI diagnosis ever performed, we found that under-

reporting across Europe was common, driven primarily by a lack of clinical suspicion (and hence no local 

testing for CDI), and was compounded by misdiagnosis related to sub-optimal testing. On one day across 

Europe, a mean of 74 in-patients with CDI were not tested for CDI by their hospital; on average a further 34 

patients had a false-negative result at the local hospital (table 2 and supplementary materials table 2). 

Assuming that our measured daily under- and mis-diagnosis rates were constant, these figures equate to 

approximately 40,000 missed CDI diagnoses per year at the 481 study hospitals across Europe. The total 

number of patients with under- or mis-diagnoses in the European Union would be far greater than this 

estimate, especially considering that there are approximately 8000 hospitals in the region.17 Notably, the 

median age of the 148 undiagnosed patients was significantly lower than that of the 426 patients with CDI 

who were tested at PHs (72 versus 76 years, p= <0.0001). Our data suggest that clinical suspicion of, and 

therefore testing for CDI is affected by patient age, potentially exaggerating the differences between age-

specific diagnosis rates. In the UK, where CDI testing is relatively common, the age specific CDI rate in those 

aged >75 years (172.9 per 100 population) is 3.5- and 7.2-fold greater than in those aged 65-74 years and 

the total population, respectively.18 

 



The rate of CDI under-diagnosis (23.1%) we found is similar to that recorded in Spain (25%) in 2009.9 Unlike 

the previous study, however, we only collected one sample per patient, thereby reducing the effect of 

repetitive sampling. We did not determine why a sample was not tested, and so our measured under-

diagnosis rate may be inflated. For example, it is the policy in many hospital laboratories not to re-test 

previously diagnosed patients (e.g. those positive within 14 days), even if a repeat sample is submitted. 

However, as current CDI laboratory tests are not indicated for treatment monitoring, the number of 

samples from known CDI positive patients sent to the laboratory is likely to have been small.1 Conversely, 

the rate of under-diagnosis could potentially be higher, as we have no indication of the number of patients 

who had no faecal samples collected due to lack of clinical suspicion of infection, or empirical treatment 

without attempted laboratory diagnosis.  

 

European guidelines state that if free toxin in faeces is absent but C. difficile is detected (bacterium, toxin 

gene or GDH) then CDI cannot be differentiated from asymptomatic colonisation.1 Therefore, detection of a 

C. difficile target in the absence of free toxin could be defined as a false-positive result. In our study 237 

patients had faecal samples that were designated positive for CDI at the PH (by local definitions) but tested 

negative by SRM at the NCL (table 2). If, however, we re-designated the 136/237 cases that had a toxigenic 

C. difficile strain isolated (at the NCL) as true-positives for CDI, this would reduce the false-positive rate 

from 5.2% to 2.2%. Notably, the majority (65%) of these 136 cases were not tested for free toxin at the 

original PH, even though locally they were considered to represent CDI (68 PCR and 21 cytotoxigenic 

culture). Whichever is considered the gold-standard testing method for CDI,12,19 the frequency of 

misdiagnoses was dwarfed by the undiagnosed rate (20.4%). Patients with a false-positive result may 

receive unnecessary treatment and/or inappropriate isolation measures (single room or cohorting).  

Inappropriate isolation can block scarce resources, with unforeseen consequences due to failure to isolate 

other patients, while cohorting could expose (non-genuine CDI) patients to real CDI cases. It remains 

unclear whether C. difficile positive but toxin-negative cases are a major source of cross-infection. 20 

 

The diagnostic method used in our study (QUIK CHEK COMPLETE, Techlab, US) was chosen as toxin 

detection in faecal samples correlates with clinical outcome, whilst detection of a toxigenic strain does 

not.12,13 Toxin detection is therefore a better indicator of clinically relevant CDI. Our false-negative rate was 

much lower (1.6% vs. 19.0%) compared with a previous study, but this used toxigenic culture to determine 

CDI status, which will over-estimate clinically relevant CDI.9,12 The toxin detection method we used could be 

criticised as it is not the most sensitive method.11 It was, however, the only commercial method that could 

be distributed to all 20 study countries. Refrigerated transport of samples was universal following the 

summer but not the winter study day (n=6/20 NCLs). It is known that C. difficile toxins can degrade at room 



temperature, and so some samples reported as toxin-positive by PHs and yet toxin-negative at NCLs could 

have been wrongly designated as false-positives.21 However, as this phenomenon could only affect 

laboratories using a toxin detection method, it may only be relevant for 41/237 (17%) false-positive results. 

The only time non-refrigerated transport was used during this study was during winter, which may have 

helped mitigate the potential for toxin degradation.  

 

Other limitations to our study include the possible introduction of bias regarding testing at PH (i.e. we may 

have unintentionally altered practice on the study days). Notably, the highest testing rate at PHs for 

samples submitted on the study days was in the Czech Republic (97.8%), even though empirical testing is 

uncommon here (table 2). This suggests either potential bias, or that the level of clinical suspicion in some 

countries is relatively high. In support of the latter, no empirical testing was recorded in study hospitals in 

Bulgaria, and in turn only 35.1% of submitted samples had a CDI test at PHs, which is consistent with a low 

level of clinical suspicion of CDI. This potential bias of increased testing on the study day may also account 

for the increased measured incidence of CDI (2.4-2.9-fold) compared with the questionnaire-reported rate 

(table 3). Interestingly, however, the measured testing incidence was only 1.3-1.5-fold higher than the 

reported rate, indicating only a moderate level of increased testing. We made several assumptions when 

calculating the annual measured rates, including that bed occupancy and testing rates were constant 

throughout the year. Additionally, the measured rate could not be calculated for 14% of NCLs because of 

missing data. 

 

The reported CDI testing frequency across Europe for 2011-12 has increased from that recorded in 2008 

(65.8 vs 52.1 tests/10,000 PBD).7 There has also been a 70% increase in reported CDI incidence from 4.1 to 

7.0 CDI cases/10,000 patent bed days, despite the frequent use of sub-optimal laboratory diagnostics.7 It 

should be noted, however, that the 2008 CDI ‘European’ rate was determined in only 87 hospitals 

compared with 427-468 in the present study.7 Importantly, if cases diagnosed at NCLs are used to calculate 

CDI incidence, the ‘true’ rate is 2.4-2.9-fold higher than the reported CDI rate (table 3). 

 

The diversity of C. difficile ribotypes across Europe was much greater in EUCLID compared with the 2008 

study (138 ribotypes from 20 countries vs 65 from 26 countries, respectively).7 Additionally, the overall 

prevalence of ribotype 027 has increased more than 3-fold (5% to 18%), although there is marked inter-

country variation; high ribotype 027 endemicity has shifted from the UK and Ireland in 2008 to Germany 

and eastern Europe in 2012/13.7 Notably, we found an inverse correlation between rate of CDI testing and 

C. difficile 027 prevalence in four regions of Europe (Pearson’s correlation (r) = 0.6996, figure 4). This 

suggests that increased CDI awareness, using optimal testing policies and methodologies, can reduce the 



dissemination of epidemic strains. Given the increased morbidity and mortality associated with CDI caused 

by hypervirulent strains such as ribotype 027, this is an important observation that reinforces the potential 

clinical and epidemiological value of high CDI testing rates.2 

 

Testing policy varied markedly across PHs (tables 2a and 2b). Only two countries (Bulgaria and Romania) 

had PHs that did not routinely test for CDI, and both had the highest rates of under-diagnosis (table 2). Only 

9.6% of PHs routinely tested all diarrhoeal in-patient faecal samples, although 63% of samples submitted to 

the NCLs did have a previous CDI test at the PH. A wide variety of diagnostic methods for CDI are being 

used across Europe (tables 4a and 4b). Only 32.5% of PHs used an optimised method for the diagnosis of 

CDI in 2011-2012, similar to a previous survey (29%).14 This proportion increased significantly to 48% in the 

following 12 months (p = <0.00001). Three-quarters (74.2%) of PHs employed at least one assay to detect 

faecal C. difficile toxin, but this included use of SAT EIAs, which have low sensitivity and sub-optimal 

specificity.11,12 Notably, in those countries where SAT EIAs were commonly used (Czech Republic and 

Romania), the highest levels of false-positive results were observed (table 2 and Supplementary materials 

table 2).  

 

It has been reported that CDI testing rates correlate with reported case rates.7 We found only a week 

association between these parameters (Figures 2a (reported rates) and 2b (measured rates) R2=0.2302 and 

0.353; Pearson’s (r) = 0.5741 and 0.2332 respectively), which is likely due to the much larger study and 

increased heterogeneity of sampling and testing policies. Changes to sampling and testing policy and 

methodology clearly affect CDI positivity rates.22,23 In the UK there has been a national campaign to reduce 

the incidence of CDI and to standardise laboratory diagnosis.24 The proportion of UK PHs using 

methodology consistent with the SRM was the highest of all countries, in line with national guidelines; 

consequently, under- and misdiagnosis was relatively uncommon.  This perhaps serves as an example of 

how improved monitoring of CDI can help to reduce infection rates.  While national surveillance schemes 

have been associated with reduced incidence of CDI in some countries, this remains a major healthcare 

burden.23-27 

 

Our study highlights the large variation and inconsistencies in the diagnosis of CDI across Europe. Many 

surveillance systems rely on the reported rate of CDI without taking into consideration the underlying 

diagnostic methods.5,29,30 CDI diagnosis should be standardised to ensure that data within and between 

countries can be meaningfully compared, and so that prevention and control resources are directed 

appropriately.  

 



Research in context 
Systematic review: We searched PubMed for the terms “European”, “C. difficile infection”, “prevalence” 

and “incidence”.  There was one multi-centre study that collected data on C. difficile infection (CDI) in 

hospitalised patients, and gave details of methods of diagnosis and incidence.7 All data were collected via 

questionnaire with no secondary examination of faecal samples carried out. This study could therefore not 

evaluate the rate of ‘missed’ CDI diagnosis.  

 

Interpretation: Our study, using a population-adjusted, hospital sample size that is 5 times larger than the 

2008 European study,7 actually measured (using routinely submitted patient faecal samples) the size of the 

gap between the cases of CDI that are diagnosed and those that are missed. Our data show that on average 

each hospital in Europe misses about 80 cases of CDI per year (about 40 000 missed cases in total in the 481 

hospitals studied). We found that C. difficile testing and locally determined CDI incidence had increased by 

26% and 70%, respectively, compared with 2008 rates. Additionally, there has been a marked shift in the 

prevalence of C. difficile ribotype 027, particularly in eastern Europe. Thus, despite more C. difficile testing 

and increased recognition, there still remains a large burden of undetected cases that is likely to hamper 

control measures 

Contributers 
The study was designed by KD, MHW, EB and CL with support from the EUCLID core group, on behalf of the 

EUCLID study group. GD was responsible for project management and sample logistics. KD was principal 

scientific European coordinator. KD, EB, EK, FB, PM, EP, IM, MD, MO, SM, HP, TN, LM, FF, ON, KI, ZsB, DS, 

MR, EN were national coordinators for each European country. Data were analysed and the manuscript 

drafted by KD and MHW. All authors reviewed drafts of the manuscript.  

 

EUCLID core group 

Prof. Mark Wilcox, University of Leeds, UK (Joint Chair). Prof. Ed Kuijper, Leiden University medical Centre, 

Netherlands (Joint Chair). Kerrie Davies, Leeds Teaching Hospitals NHS Trust, UK (Scientific study 

coordinator).  Dr Tim Planche, St Georges University Hospital, UK. Dr Frederic Barbut, Saint-Antoine 

Hospital, Paris. Dr Axel Kola, Charité - Universitätsmedizin, Berlin. Dr Fidelma Fitzpatrick, Health Protection 

Surveillance Centre & Beaumont Hospital, Dublin, Ireland. Dr Outi Lyytikäinen, National Institute of Health 

and Welfare, Finland. Dr Chris Longshaw, Astellas Pharma Europe, Sponsor representative. Dr Christian 

Felter, Astella Pharma Europe, Sponsor representative. 



 

EUCLID study group 

Kerrie Davies, Leeds Teaching Hospitals NHS Trust, UK (European Coordinator). Mark Wilcox, University of 

Leeds, UK (European Coordinator). Georgina Davis, University of Leeds, UK (European Coordinator).Chris 

Longshaw, Astellas Pharma Europe, (European Coordinator and Industry representative). Dr Ed Kuijper, 

Leiden University Medical Centre, Netherlands (National coordinator). Dr. Lutz von Müller, Saarland 

University Medical Centre, Germany (National coordinator). Outi Lyytikäinen and Silja Mentula, National 

Institute of Health and Welfare, Finland (National coordinator). Fidelma Fitzpatrick, Health Protection 

Surveillance Centre & Beaumont Hospital, Ireland (National coordinator). Emilio Bouza, Catedrático-Jefe de 

Servicio, Microbiologica Clinica E. Infecciosas. Hospital General Universitario 'Gregorio Marañón ', Spain 

(National coordinator).  Frederic Barbut, Saint-Antoine Hospital, France (National coordinator). Monica 

Oleastro, National Institute of Health, Portugal (National coordinator). Michel Delmee, University of 

Louvain, Belgium (National coordinator). Paola Mastrantonio, Istituto Superiore di Sanità, Italy (National 

coordinator). Torbjorn Noren, Orebro University Hospital, Sweden (National coordinator). Dr Franz 

Allerberger, Austria Agency for Health and Food Safety, Austria (National coordinator). Hanna Pituch, 

Medical University of Warsaw, Poland (National coordinator).  Maja Rupnik, National laboratory for health, 

environment and food, Slovenia (National coordinator).  Zsuzsanna Barna, National centre for 

Epidemiology, Hungary (National coordinator). Efthymia Petinaki, University Hospital of Larissa, Greece 

(National coordinator). Otakar Nyc, University Hospital FN Motol, Czech Republic (National coordinator). 

Daniela Lemeni , Cantacuzino Institute, Romania (National coordinator). Kate Ivanova, National Centre of 

Infectious and Parasitic Diseases, Bulgaria (National coordinator). Elena Novakova, Jessenius Faculty of 

Medicine in Martin, Comenius University , Slovakia (National coordinator).  

Transparency declaration 

EUCLID study was initiated and wholly financially supported by Astellas Pharmaceuticals Europe Limited. 

Conflicts of Interest 

KD, EB, MD, FF, EK, KI, IM, LvM, PM, SM, EN, TN, MO, EP, HP and DS report grants from Astellas Pharma 

Europe Ltd during the conduct of the study. GD reports grants from Astellas Pharma Europe Ltd during the 

conduct of the study and grants from Astellas Pharma Europe Ltd outside the submitted work. CL was a 

salaried employee of Astellas Pharma Europe Ltd during the conduct of this study. ZsB reports grants, 

personal fees and non-financial support from Astellas Pharma Europe Ltd during the conduct of this study. 

MR reports grants from Astellas Pharma Europe Ltd during the conduct of the study and grants and personal fees 



from Astellas Pharma Europe Ltd outside the submitted work. FB reports grants from Astellas Pharam Europe Ltd 

during the conduct of this study; grants personal fees and non-financial support from Astellas, personal 

fees from Sanofi Pasteur, personal fees from Pfizer, Personal fees from Merck, grants from bioMerieux, 

grants from Cepheid, grants from Quidel-Bühlmann, grants from Diasorin, grants from bioSynex, grants 

from Cubist, grants from R-bioPharm outside of submitted work. ON reports grants and non-financial 

support from Astellas Pharma Europe Ltd during the conduct of this study. MW reports grants and personal 

fees from Actelion, grants and personal fees from Cubist, grants and personal fees from Astellas, grants and 

personal fees from Merck, personal fees from Optimer, grants and personal fees from Sanofi-Pasteur, 

grants and personal fees from Summit, during the conduct of the study; personal fees from Astra-Zeneca, 

grants and personal fees from Cerexa, personal fees from Durata, personal fees from Nabriva, personal fees 

from Novacta, personal fees from Novartis, personal fees from Pfizer, personal fees from Roche, personal 

fees from The Medicines Company , personal fees from VH Squared, grants and personal fees from Abbott, 

grants and personal fees from bioMerieux, grants from Da Volterra, grants and personal fees from 

European Tissue Symposium, other from Alere , personal fees from Basilea, outside the submitted work.  

Acknowledgements 

We would like to thank Helen Ashwin at Leeds University for all the PCR-ribotyping and Frank Lee, also at 

Leeds University for the data management. We would also like to acknowledge the following people for 

their help in assisting the NCLs; João Carlos Rodrigues (Portugal), Pitor Obuch-Woszczatyński (Poland), 

Elena Reigadas (Spain), Sylvia Debast (Netherlands), Karin Johansson (Sweden), Mathias Herrman 

(Germany), Elina Dobreva (Bulgaria), Éva Popovics (Hungary), Catherine Eckert (France), Alexander Indra 

(Austria), Patrizia Spigaglia (Italy), Christina Chatedaki (Greece), Daniela Lemeni (Romania), Johan van 

Broeck (Belgium), and Mateja Pris (Slovenia). Thanks for participation also go to all of the hospitals that 

took part in the study.  

References 

1. Crobach MJ, Dekkers OM, Wilcox MH, Kuijper EJ. European Society of Clinical Microbiology and 

Infectious Diseases (ESCMID): data review and recommendations for diagnosing Clostridium 

difficile-infection (CDI). Clinical Microbiology Infection 2009; 12: 1053-66. 

 

2. Freeman J, Bauer MP, Baines SD, Corver J, Fawley WN, Goorhuis B, Kuijper EJ, Wilcox MH. The 

changing epidemiology of Clostridium difficile infections. Clinical Microbiology Reviews 2010; 23: 

529-49.  

 



3. Johnson S. Changing epidemiology of C. difficile and emergence of new virulent strains. Clinical 

infectious diseases 2014; Advance access  

 

4. Lessa F C, Gould C V and McDonald L C. Current status of Clostridium difficile infection 

epidemiology. Clinical Infectious Diseases 2012; 55: s65-s70 

 

5. European Centre for Disease Prevention and Control point prevalence survey of healthcare-

associated infections and antimicrobial use in European acute care hospitals 2011-2012 

http://www.ecdc.europa.eu/en/publications/_layouts/forms/Publication_DispForm.aspx?List=4f55

ad51-4aed-4d32-b960-af70113dbb90&ID=865. Accessed 11th April 2014 

 

6. Magill S S, Edwards J R, Bamberg W, Beldavs Z, Drumyati G, Kainer M A, Lynfiled R, Maloney M, 

McAllister-Hollod L, Nadle J, Ray S M, Thompson D L, Wilson L E and Fridkin S K. Multistate point-

prevalence survey of healthcare-associated infections. New England Journal of Medicine 2014; 370: 

1198-1208 

 

7. Bauer MP, Notermans DW, van Benthem BH, Brazier JS, Wilcox MH, Rupnik M, Monnet DL, van 

Dissel JT, Kuijper EJ; ECDIS Study Group. Clostridium difficile infection in Europe: a hospital-based 

survey. Lancet 2011; 377: 63-73. 

 

8. McDonald L C., Owings M. and Jernigan D B. Clostridium difficile infection in patients discharged 

from US short-stay hospitals, 1996-2003. Emerging infectious diseases 2006; 12: 409-415 

 

9. Alcalá L, Martín A, Marín M, Sánchez-Somolinos M, Catalán P, Peláez T, Bouza E; Spanish 

Clostridium difficile Study Group. The undiagnosed cases of Clostridium difficile infection in a whole 

nation: where is the problem? Clinical Microbiology and Infection 2012. 18: E204-13.  

 

10. Planche T., A. Aghaizu, R. Holliman, P. Riley, J. Poloniecki, A. Breathnach and S. Krishna. Diagnosis of 

Clostridium difficile infection by toxin detection kits: a systematic review. Lancet. Infectious 

Diseases 2008; 8: 777-84. 

 

11. Eastwood, K., Else, P., Charlett, A. and Wilcox M. Comparison of nine commercially available 

Clostridium difficile toxin detection assays, a real-time PCR assay for C. difficile tcdB, and a 

http://www.ecdc.europa.eu/en/publications/_layouts/forms/Publication_DispForm.aspx?List=4f55ad51-4aed-4d32-b960-af70113dbb90&ID=865
http://www.ecdc.europa.eu/en/publications/_layouts/forms/Publication_DispForm.aspx?List=4f55ad51-4aed-4d32-b960-af70113dbb90&ID=865


glutamate dehydrogenase detection assay to cytotoxin and cytotoxigenic culture methods. Journal 

of Clinical Microbiology 2009; 47: 3211-3217. 

 

12. Planche T, Davies K, Coen P, Finney J, Monahan I, Morris K, O'Connor L, Oakley S, Pope C, Wren M, 

Shetty N, Crook D,Wilcox M. Differences in outcome according to Clostridium difficile testing 

method: a prospective multicentre diagnostic validation study of C. difficile infection. Lancet 

Infectious Diseases 2013; 13: 936-945. 

 

13. Longtin Y, Trottier S, Brochu G, Paquet-Bolduc B, Garenc C, Loungnarath V, Beaulieu C, Goulet D, 

Longtin J. Impact of the type of diagnostic assay on Clostridium difficile infection and complication 

rates in a mandatory reporting program. Clinical Infectious Diseases 2013; 56: 67-73 

 

14. van Dorp S, Hensgens M P M, Virolainen A, Nagy E, Mastrantonio P, Ivanova K, Fitzpatrick F, Barbut 

F, Hall V, Eckmanns T, Suetens C, Davies K A, Wilcox M H, Notermans D, Kuijper E J on behalf of the 

ECDIS-Net participants. Diagnostic testing and measurement of Clostridium difficile infections 

across Europe. Poster at ECCMID 2013. Berlin, Germany 

 

15. Stubbs S, Brazier J, O'Neill G, Duerden B. 1999. PCR targeted to the 16S-23S rRNA gene intergenic 

spacer region of Clostridium difficile and construction of a library consisting of 116 different PCR 

ribotypes. Journal of Clinical Microbiology 1999; 37: 461-463 

 
 

16. UN Geoscheme for Europe. https://unstats.un.org/unsd/methods/m49/m49regin.html. Last 

accessed 4th July 2014 

 

17. European Commission. European Hospital Survey: Benchmarking Deployment of eHealth Services 

(2012-2013). 2014. Available at: ftp.jrc.es/EURdoc/JRC85852.pdf Last accessed 16 June 2014 

 

18. Public Health England. Voluntary surveillance of Clostridium difficile, England, Wales and Northern 

Ireland: 2013. http://www.hpa.org.uk/webc/HPAwebFile/HPAweb_C/1317140806905 Last 

accessed 15 June 2014. 

 

19. Planche T, Wilcox M. Reference assays for Clostridium difficile infection: one or two gold standards? 

Journal of Clinical Pathology 2011; 64: 1-5.  

 

https://unstats.un.org/unsd/methods/m49/m49regin.html
ftp://ftp.jrc.es/EURdoc/JRC85852.pdf


20. Curry SR, Muto CA, Schlackman JL, Pasculle AW, Shutt KA, Marsh JW and Harrison LH. Use of 

multilocus variable number of tandem repeats analysis genotyping to determine the role of 

asymptomatic carriers in Clostridium difficile transmission. Clinical Infectious Diseases 2013; 57: 

1094-102.  

 

 

21. Freeman J, Wilcox MH. The effects of storage conditions on viability of Clostridium difficile 

vegetative cells and spores and toxin activity in human faeces. Journal of Clinical Pathology 2003; 

56: 126-8. 

 

22. Cohen J, Limbago B, Dumyati G, Holzebauer S, Johnson H, Perlmutter R, Dunn J, Nadle J, Lyons C, 

Phipps E, Beldavs Z, Clark L A and Lessa F C. Impact of changes in Clostridium difficile testing 

practices on stool rejection policies and C. difficile positivity rates across multiple laboratories in the 

United States. Journal of Clinical Microbiology 2014; 52: 632-634 

 

23. Adler A, Schwartzberg Y, Samra Z, Schwarts O, Carmeli Y, Schwaber M J and the Isreali Clostridium 

difficile diagnostics study group. Trends and changes in Clostridium difficile diagnostic policies and 

their impact on the proportion of positive samples: a national survey. Clinical Microbiology and 

Infection 2014; Doi: 10.1111/1469-0691.12634 (Epub ahead of print) 

 

24. Updated guidance on the diagnosis and reporting of Clostridium difficile. Epub. 

https://www.gov.uk/government/publications/updated-guidance-on-the-diagnosis-and-reporting-

of-clostridium-difficile. Accessed 11th April 2014 

 

25. Wiegand P N, Nathwani D, Wilcox M H, Stephens J, Shelbaya A and Haider S. Clinical and economic 

burden of Clostridium difficile infection in Europe: A systematic review of healthcare-facility-

acquired infection. Journal of Hospital Infection 2012; 81: 1-14 

 

26. McGlone SM, Bailey RR, Zimmer SM, Popovich MJ, Tian Y, Ufberg P, Muder RR, Lee BY. 2012. The 

economic burden of Clostridium difficile. Clinical Microbiology and Infection 2012; 18: 282-9. 

 

27. Laqu T, Stefan M S, Haessler S, Higgins T L, Rothberg M B, Nathanson B H, Hannon N S, Steingrub J 

S, Lindenauer P K. The impact of hospital-onset Clostridium difficile infection on the outcomes of 

hospitalized patients with sepsis. Journal of Hospital medicine 2014; Doi: 10.1002/jhm.2199 (Epub 

ahead of print) 

https://www.gov.uk/government/publications/updated-guidance-on-the-diagnosis-and-reporting-of-clostridium-difficile
https://www.gov.uk/government/publications/updated-guidance-on-the-diagnosis-and-reporting-of-clostridium-difficile


 

28. Wilcox M H, Shetty N, Fawley W N, Shemko M, Coen P, Birtles A, Cairns M, Curran M D, Dodgson K 

J, Green S M Hardy K J, Hawkey P M Magee J G, Sails A D and Wren M W D. 2012. Changing 

epidemiology of Clostridium difficile infection following the introduction of a national ribotyping-

based surveillance scheme in England. Clinical Infectious Diseases 2012; 55: 1056-1062 

 

29. Daneman N, Stukel T A, Ma X, Vermeulen M and Guttman A. 2012. Reduction in Clostridium difficile 

infection rates after mandatory hospital public reporting: Findings from a longitudinal cohort study 

in Canada. PLoS Medicine 2012; 9: e1001268 

 

30. Viseur N, Lambert M L, Delemée M, Broeck J V and Catry B. 2011. Nosocomial and non-nosocomial 

Clostridium difficile infections in hospitalized patients in Belgium-compulsory surveillance data from 

2008 to 2020. Eurosurveillence 2011; 16: pii=20000 



 
Table 1: Demographic data of in-patients with samples submitted by Participating Hospitals (PHs) during both sample collection periods 

 Sample group 

CDI positive by 
SRM 

N (% of total) 
 

CDI confirmation 
positive  

N (% of total) 
 

Total 
N (% of total) 

Gender:    

Males 311 (48.5) 478 (49.3) 3646 (50.0) 

Total 641 969 7297 

    

Age :    

Median  (years) 74.0 73.0 64.0 

Inter-quartile range 
(years) 59.0-81.0 54.8-81.0 35.0-78.0 

<20 years 50 (7.8) 104 (10.8) 1310 (18.0) 

20-60 years 111 (17.3) 173 (17.9) 1964 (26.9) 

60-80 years 275 (43.0) 398 (41.2) 2526 (34.6) 

>80 years 204 (31.9) 292 (30.2) 1493 (20.5) 

Total 640 967 7293 

    

Ward Location:    

ITU/HDU 21 40 414 

Medical 421 (65.7) 603 (62.2) 4506 (61.8) 

Obstetrics and 
gynaecology 0 (0.0) 3 (0.3) 41 (0.6) 

Other 93 (14.5) 149 (15.4) 787 (10.8) 

Paediatric 44 (6.9) 79 (8.2) 942 (12.9) 

Surgery 62 (9.7) 95 (9.8) 605 (8.3) 

Total 641 969 7295 

 



Table showing the patient demographics for all samples and samples found positive for CDI at the National Coordinating Laboratory (NCL) using the 
optimised method and the confirmation method. SRM = Study reference method. ITU = Intensive treatment unit. HDU = High dependency unit. 



Table 2:  Under-diagnosis and misdiagnosis of CDI in samples from Participating Hospitals (PHs) during the EUCLID Study 

Country 

Number of 
samples 

submitted 
per hospital 

 
 
 

(n/N) 

Percentage 
of 

submitted 
samples 
tested at 

PH 
 

(%) 

No. of 
undiagnosed 

cases 
 
 
 

N (% of all 
positives) 

No. of false 
positives at 

PH 
 
 

N (% of total 
samples 
tested) 

No. of false 
negatives at 

PH 
 
 

N (% of total 
samples 
tested) 

Austria  77/9 75.3 1 (20.0) 4 (6.9) 0 (0.0) 

Belgium 156/10 72.4 0 (0.0) 3 (2.7) 1 (0.9) 

Bulgaria 110/8 11.8 7 (87.5) 1 (7.7) 1 (7.7) 

Czech Republic 136/10 97.8 1 (6.7) 17 (12.8) 2 (1.5) 

Finland 113/5 55.8 2 (33.3) 2 (3.2) 0 (0.0) 

France 666/70 61.6 8 (30.8) 13 (3.2) 2 (0.5) 

Germany 2146/87 61.6 62 (24.5) 81 (6.1) 32 (2.4) 

Greece 118/11 52.5 3 (60.0) 8 (12.9) 0 (0.0) 

Hungary 270/10 60.7 6 (15.0) 3 (1.8) 0 (0.0) 

Ireland 149/5 83.2 0 (0.0) 6 (4.8) 3 (2.4) 

Italy 710/65 64.8 15 (20.0) 21 (4.6) 3 (0.7) 

Netherlands 126/14 66.7 0 (0.0) 4 (4.8) 0 (0.0) 

Poland 320/27 59.1 10 (19.2) 25 (13.2) 5 (2.6) 

Portugal 135/11 64.4 2 (8.7) 3 (3.4) 2 (2.3) 

Romania 266/16 12.8 22 (66.7) 7 (20.6) 2 (5.9) 

Slovakia 158/6 34.2 2 (20.0) 3 (5.6) 1 (1.9) 

Slovenia 28/2 25.0 0 (0.0) 1 (14.3) 0 (0.0) 

Spain 431/51 66.1 2 (8.3) 15 (5.3) 5 (1.8) 

Sweden 133/9 77.4 0 (0.0) 3 (2.9) 0 (0.0) 

UK 1049/56 78.1 5 (14.3) 17 (2.1) 9 (1.1) 

Europe 7297/481 62.8 148 (23.1) 237 (5.2) 68 (1.5) 

Table shows the number of samples sent from local hospitals to national coordinating laboratories and the percentage of those that had a test at the 
submitting Participating Hospital (PH) before submission.  The percentage of all the samples which were positive for CDI at the National Coordinating 



Laboratory (NCL) (using the Study reference method (SRM)) which never received a test are indicated as under-diagnosed. Those which had incorrect 
results given at the original local hospital when compared with the Study reference method (SRM ) result at the NCL are indicated as misdiagnosis. This 
table shows the combined data from winter and Summer sampling periods. The full data set can be found in Supplementary materials table 2.  
  



Table 3: Mean reported testing and CDI rates/10,000 patient bed days at Participating Hospitals (PH s) for each country in the EUCLID study 

 CDI positive rate/10,000 patient bed days Testing frequency/10,000 patient bed days 

Country Reported rate 
(2011-2012) 

 
(N = 458) 

Measured rate 
(Winter sampling) 

 
(N = 396) 

Reported rate 
(2012-2013) 

 
(N = 458) 

Measured rate 
(Summer 
sampling) 
(N = 396) 

Reported rate 
(2011-2012) 

 
(N = 458) 

Measured rate 
(Winter 

sampling) 
(N = 396) 

Reported rate 
(2012-2013) 

 
(N = 458) 

Measured rate 
(Summer sampling) 

 
(N = 396) 

Austria 4.4 8.5 4.1 5.9 49.1 121.7 50.4 82.2 

Belgium 5.5 7.6 4.0 3.1 100.2 107.8 108.6 83.0 

Bulgaria 0.8 51.5 0.7 12.9 4.6 0.0 7.7 1.9 

Czech republic 4.4 33.0 6.2 4.8 49.1 152.2 35.1 127.7 

Finland 14.9 16.3 28.7 8.8 124.3 87.7 223.3 116.7 

France 3.9 4.6 3.3 2.9 38.2 40.9 37.7 36.7 

Germany 10.2 27.9 11.0 21.7 70.0 130.6 78.8 143.7 

Greece 3.4 3.1 3.9 3.8 29.5 45.4 26.4 67.4 

Hungary 12.3 9.6 15.5 25.8 45.8 67.4 60.8 76.0 

Ireland 4.8 12.2 9.1 0.0 129.3 265.7 173.1 283.3 

Italy 9.5 9.4 7.2 14.3 67.6 69.8 55.0 65.5 

Netherlands 7.4 0.0 5.3 12.1 97.3 96.8 71.1 79.4 

Poland 8.6 29.4 8.2 48.3 34.4 127.0 37.4 143.0 

Portugal 2.9 19.3 3.0 14.7 28.1 69.4 28.2 75.1 

Romania 3.9 92.3 7.4 94.4 12.3 57.7 32.4 13.0 

Slovakia 5.3 9.6 1.2 24.1 16.2 80.9 6.5 87.4 

Slovenia NDa NDa NDa NDa NDa NDa NDa NDa 

Spain 3.5 11.0 3.2 9.8 57.3 82.2 49.2 108.1 

Sweden 16.2 9.7 13.3 14.1 98.9 87.5 91.6 56.1 

UK 3.8 6.2 3.7 5.1 132.5 122.1 142.2 109.5 

Europe 6.6 19.0 7.3 17.2 62.3 95.4 69.2 92.4 
a No data was supplied by the participating hospitals in Slovenia.  
 



Table showing the CDI testing and CDI case rates per 10,000 patient bed days found in both of the EUCLID study questionnaire periods (2011-2012 and 
2012-2013) as reported by the participating hospitals (PHs) from each study.  The EUCLID measured rate was calculated using the actual number of cases or 
tests performed on the study day and the patient bed days supplied for each participating hospital for that year. 



Table 4a: C. difficile infection testing policy and methodology reported by participating hospitals (PHs) in each country, Sept 2011-Aug 2012 

Country No. 
participating 
hospitals that 

test for CDI  
 
 
 

N (% of 
responders) 

No. that test all 
diarrhoeal in-

patient samples 
 
 

N (%) 
 

No. that test all 
diarrhoeal in-

patient 
samples if 
criteria are 

meta 

N (%) 
 

No. that test 
diarrhoeal 
samples if 

requested by a 
physician 

 
 

N (%) 

No. using 
optimised CDI 

diagnostic testsb 
 
 
 

N (%) 

No. using stand-
alone molecular 
diagnosis of CDI 

 
 
 

N (%) 

No. using a 
method to detect 

toxins in faecal 
samples (although 

not optimal)c 

 
N (%) 

Austria 9 (100) 1 (11.1) 4 (44.4) 4 (44.4) 1 (11.1) 0 (0.0) 6 (66.7) 
Belgium 10 (100) 0 (0.0) 2 (20.0) 8 (80.0) 7 (70%) 0 (0.0) 10 (100) 

Bulgaria 5 (50.0) 0 (0.0) 3 (60.0) 2 (40.0) 0 (0.0) 0 (0.0) 4 (80.0 ) 

Czech republic 10 (100) 0 (0.0) 4 (40.0) 6 (60.0) 1 (10.0) 0 (0.0) 10 (100 ) 

Finland 5 (100) 0 (0.0) 0 (0.0) 5 (100.0)  0 (0.0) 1 (20.0) 3 (60.0) 
France 70 (100) 7 (10.0) 7 (10.0) 55 (78.6) 29 (41.4) 5 (7.1) 45 (64.3) 

Germany 87 (100) 12 (13.7) 30 (34.5) 38 (43.7) 25 (28.7) 1 (1.1) 64 (73.6) 

Greece 11 (100) 0 (0.0) 3 (27.3) 8 (72.7) 1 (9.1) 0 (0.0) 7 (63.6) 

Hungary 10 (100) 0 (0.0) 2 (20.0) 8 (80.0) 9 (90.0) 0 (0.0) 10 (100) 
Ireland 5 (100) 1 (20.0) 3 (60.0) 1 (20.0) 0 (0.0) 0 (0.0) 1 (20.0 ) 

Italy 65 (100) 10 (15.4) 7 (10.8) 47 (72.3) 15 (23.1) 6 (9.2) 48 (73.8 ) 

Netherlands 14 (100) 0 (0.0) 1 (7.1) 13 (92.8) 0 (0.0) 2 (14.3) 10 (71.4 ) 

Poland 27 (100) 5 (18.5) 6 (22.2) 16 (59.3) 6 (22.0) 0 (0.0) 27 (100.0 ) 
Portugal 11 (100) 0 (0.0) 1 (9.0) 10 (90.9) 2 (18.2) 1 (9.1) 10 (90.9) 

Romania 5 (31.2) 0 (0.0) 0 (0.0) 3 (60.0) 0 (0.0) 0 (0.0) 4 (80.0) 

Slovakia 6 (100) 0 (0.0) 0 (0.0) 6 (100.0) 0 (0.0) 0 (0.0) 6 (100 ) 

Slovenia 2 (100) 0 (0.0) 0 (0.0) 2 (100.0) 0 (0.0) 0 (0.0) 0 (0.0 ) 
Spain 51 (100) 3 (5.9) 4 (7.8) 44 (86.3) 12 (23.5) 1 (2.0) 32 (62.7 ) 

Sweden 9 (100) 0 (0.0) 0 (0.0) 9 (100.0) 0 (0.0) 2 (22.0) 3 (33.3 ) 

UK 56 (100) 14 (25.0) 38 (67.9) 4 (7.1) 44 (78.6) 0 (0.0) 54 (96.4) 

Europe 468 (97.1) 53 (11.3) 115 (24.6) 292 (62.4) 152 (32.5) 18 (3.8) 354 (75.6) 

 
  



Table 4b: C. difficile infection testing policy and methodology reported by participating hospitals (PHs) in each country, Sept 2012-Aug 2013 

Country No. 
participating 
hospitals that 

test for CDI  
 
 
 

N (% of 
responders) 

No. that test all 
diarrhoeal in-

patient samples 
 
 

N (%) 
 

No. that test all 
diarrhoeal in-

patient 
samples if 
criteria are 

meta 

N (%) 
 

No. that only 
test on 

physician 
request 

 
 

N (%) 

No. using 
optimised CDI 

diagnostic testsb 
 
 
 

N (%) 

No. using stand-
alone molecular 
diagnosis of CDI 

 
 
 

N (%) 

No. using a 
method to detect 

toxins in faecal 
samples (although 

may not be 
optimal)c 

N (%) 

Austria 9 (100) 0 (0.0) 2 (22.0) 4 (44.4) 1 (11.1) 1 (11.10) 2 (22.2) 
Belgium 10 (100) 0 (0.0) 1 (10.0) 9 (90.0) 6 (60%) 0 (0.0) 9 (90.0) 

Bulgaria 8 (80.0) 0 (0.0) 0 (0.0) 8 (100.0) 0 (0.0) 0 (0.0) 7 (87.5 ) 

Czech republic 10 (100) 0 (0.0) 0 (0.0) 8 (80.0) 9 (90.0) 1 (10.0) 9 (90.0 ) 

Finland 5 (100) 0 (0.0) 0 (0.0) 5 (100.0)  0 (0.0) 0 (0.0) 3 (60.0) 
France 55 (100) 7 (10.0) 9 (16.4) 38 (69.1) 23 (41.8) 3 (5.4) 26 (47.3) 

Germany 71 (100) 12 (13.7) 22 (31.0) 33 (46.5) 30 (42.2) 3 (4.2) 52 (73.2) 

Greece 11 (100) 0 (0.0) 2 (18.1) 9 (81.8) 4 (36.4) 0 (0.0) 9 (81.8) 

Hungary 9 (100) 0 (0.0) 3 (33.3) 4 (44.4) 9 (90.0) 0 (0.0) 9 (100) 
Ireland 4 (100) 1 (20.0) 3 (60.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (20.0 ) 

Italy 65 (100) 1 (1.5) 2 (3.1) 60 (92.3) 20 (30.8) 6 (9.2) 39 (60.0 ) 

Netherlands 13 (100) 2 (15.4) 5 (38.5) 6 (46.1) 2 (15.4) 1 (7.7) 6 (46.1 ) 

Poland 23 (100) 2 (8.7) 3 (13.0) 16 (59.3) 15 (65.2) 0 (0.0) 22 (95.6 ) 
Portugal 11 (100) 0 (0.0) 0 (0.0) 11 (100.0) 2 (18.2) 1 (9.1) 9 (81.8) 

Romania 8 (50.0) 0 (0.0) 0 (0.0) 8 (100.0) 0 (0.0) 1 (12.5) 7 (87.5) 

Slovakia 6 (100) 0 (0.0) 0 (0.0) 6 (100.0) 0 (0.0) 0 (0.0) 6 (100 ) 

Slovenia 0 (100) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0 ) 
Spain 51 (100) 3 (5.9) 11 (21.6) 36 (70.6) 35 (68.6) 1 (2.0) 42 (82.4 ) 

Sweden 7 (100) 0 (0.0) 0 (0.0) 7 (100.0) 0 (0.0) 2 (22.0) 2 (28.6 ) 

UK 52 (100) 5 (9.6) 44 (84.6) 2 (3.8) 49 (94.2) 0 (0.0) 51 (98.1) 

Europe 427 (97.4) 33 (7.5) 107 (25.1) 270 (63.2) 205 (48.0) 20 (4.7) 311 (72.8) 
a Tested all in-patient samples only if they met certain criteria (which varied at different hospitals), these included patient >2 years old, patient hospitalised 
>3 days, query antibiotic-associated diarrhoea. 
b Optimised testing defined as detection of GDH and C. difficile toxins directly from a faecal sample, either using a combined method or algorithm approach.  
c Includes stand-alone toxin EIAs and toxigenic culture 
 



Tables showing numbers of participating hospitals (PHs) in each country and the percentage that reported testing all diarrhoeal faecal samples (empirical 
testing) in the two questionnaires. Testing methodology is indicated as those that use an optimised method, stand-alone molecular method or some form 
of detection of C. difficile toxins from faecal samples.



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Flow diagram of EUCLID study 

20 Countries in the European Union 
were selected 

481 hospitals (PH) were recruited 
(mean of 1 hospital/1 million general 

population) 

Hospitals asked to complete 
questionnaires regarding testing policy 

and methodology 

481 Hospitals 
completed 

questionnaire 1 

427 Hospitals 
completed 

questionnaire 2 

On testing day (one in winter 2012-
2013 and one summer 2013) 

aliquots of ALL unformed faecal 
samples submitted to the laboratory 

laboratory of the PH were sent to 
the NCL for that country 

Samples tested with study 
reference method for CDI diagnosis 

(n = 7312) 

Optimised results compared with 
original results at PH 

(n = 7312) 

PCR-ribotyping of C. difficile 
isolates 

Samples with a GDH positive result 
or all samples (varied per country) 
tested with confirmation method 

(n = 1754) 
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Figures 2a and 2b.  The correlation between the reported and measured testing rates and CDI case 
ascertainment across Europe during both sampling periods 
Pearson’s correlation (r) for reported testing rate and reported CDI cases rate = 0.5741 
Pearson’s correlation (r) for measured testing rate and measured CDI cases rate = 0.2332 
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Figure 3. The ten most common PCR-ribotypes 1211 isolates from 7297 samples submitted to the 
study (winter and summer sampling) from across Europe  
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Pearson’s correlation =-0.6996 

 
Figure 4. The relationship between the level of CDI testing in each of four regions of Europe and the 
prevalence of 027 in that region.  
 
Key:  
North = Finland, Ireland, Sweden, UK , South = Greece, Italy, Portugal, , Spain, West = Austria, 
Belgium, France, Germany, Netherlands, East = Bulgaria, Czech Republic, Hungary, Poland, Romania, 
Slovakia. Based on the divisions of Europe according to UN Geoscheme for Europe 
(https://unstats.un.org/unsd/methods/m49/m49regin.html) 
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