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http://rdcu.be/rOo1 
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The problem of CDI  
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Human Clostridium difficile 
infections in Europe: 123,997 
(at least 6,000 deaths) 
 
Costs: 3 billion € per year 

Mortality 10-15%  
Recurrences in 20% 

Clostridium difficile 

 Antibiotics  Antibiotics 

 132 million pigs in Europe 



Clements, LID 2010 
Le monnier, Med Mal Infect 2014. 
Miao He, Nat Genet 2013. 
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Since 2004; Exponential increase of CDI 

PCR Ribotype 027/176:  
 
*Increased mortality and 
complications rate 
*FQ resistance 
*Related to healthcare facilities 
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* 18 hospitals participated in CDI surveillance 
* Mean CDI incidence was 6.1 per 10,000 bed days 
* PCR ribotype 176  (29%) and 001 (24%) were most frequently found 





Mortality is high,  even in an 
endemic situation 
 
CDI is associated with a 2.5 
fold increase  in 30-day 
mortality   

Clin Infect Dis. 2013;56:1108-16 



 
 
 

ESCMID Guidelines 2016  
 

“Two step algorithm with 
free toxin detection in stools” 
 



Additional recommendations   

* CDI testing should not be limited to samples with a physician’s request 

* Repeated testing during the same diarrheal episode is not recommended in 

an endemic situation 

* Repeated testing after a first negative sample during the same diarrheal 

episode may be useful in cases with ongoing clinical suspicion during an 

epidemic situation 

* In case of outbreak situations, we recommend to perform toxigenic culture 

and molecular typing of recovered isolates 
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PCR cycle thresholds serve as reliable predictor of toxin 
presence in Clostridium difficile infection 

23-mei-17 12  Manuscript in preparation:  Leiden and Amphia hospital 

CT cut-off 

value 

PPV (%) NPV (%) 

20.0 70.0a 64.5 

21.1 76.5a 66.3 

22.0 84.0 69.2 

23.0 76.2 72.7 

24.1 72.7 75.7 

25.3 71.3 84.3 

26.0 67.4 85.6 

27.0 65.0 88.8 

28.0 61.8 90.7 

29.0 58.8 92.0 

30.0 54.7 91.1 

CT cut-off 

value 

PPV (%) NPV (%) 

22.0 100.0 73.2 

23.0 100.0 74.5 

24.0 100.0 74.5 

25.0 81.8 78.4 

26.0 75.0 80.4 

27.0 70.8 84.3 

28.0 52.6 85.3 

29.0 55.1 93.8 

30.0 51.9 94.9 

31.0 50.0 98.1 



Role of the laboratory 

Testing for Clostridium difficile Without Physicians Request Improves Diagnosis of C. difficile-Associated 
Diarrhea. N.Vaessen, E.van de Vorm, H.Endtz, I.Spijkerman, H.Gerritsen, Ed J.Kuijper. ICAAC 2004, 
Washington DC 

Diagnosis of diarrhoea in patients hospitalized ≥ 3 d. 

CDI requested by 
physician 

CDI not requested 

N. of stools 258 138 

CD toxin + 22 (8.5%) 11 (8%) 

enteric pathog. 1 (Shigella) 0 



Hospital surveillance 
• 27 hospitals   

• All hospitalized patients >2 years old  with a positive 
toxin test for C. difficile 

• Patient data linked to PCR ribotypes  

→ Incidence rates, clinical characteristics, circulating 
ribotypes and clusters 

 

Local and national surveillance  is the basis for CDI 

Outbreak investigation 
• All Dutch health-care facilities n>155 

• PCR ribotyping for outbreaks/severe cases 

• Support with epidemiological and molecular 
(MLVA) analysis 

→ Outbreaks and transmission routes 

 

All Dutch hospitals  Surveillance hospitals 



5-year overview  

N=4,399 patients, 51% female, 70% on antibiotics before infection 

33% onset at home, 61% inhospital 

18% recurrent infection (lab confirmed) 

24% severe infection   

N=465 overall mortality (13.3%)  



Recent updated results   

Surveillance period (May-May) 2009-2010 2010-2011 2011-2012 2012-2013 2013-2014 2014-2015 2015-2016 

Incidence               

per 10.000 patient-days 2,7 2,8 2,9 2,9 2,9 3,0 3,1 

Location of onset               

within healthcare facility 63% 73% 69% 63% 64% 59% 58% 

at home 37% 27% 31% 37% 36% 41% 42% 

Course and outcome               

Severe CDI 28% 20% 27% 25% 21% 24% 21% 

Uncomplicated course 66% 86% 87% 88% 87% 86% 89% 

Deaths contributable to CDI 4% 3% 4% 2% 3% 4% 2% 

PCR ribotype 027               

Prevalence 4.2% 2.4% 2.3% 3.4% 3.2% 0.7% 1.2% 

N reported 027 outbreaks-sentinel 
surveillance 1 1 0 1 0 0 0 

N reported 027 outbreaks-ad hoc typing 2 2 1 2 5 1 0 

Jaarlijkse bijeenkomst CDI surveillance    16 



Conclusions National Reference Laboratory 

 

* Most frequent types are Type 014/020 and 001 

* C.difficile types 078 as third most frequently found 

* C. difficile Type 078 associated with complicated course 

 



Ribotype 078 patients compared to others 

 

  

078 CDI  

(n=493) 

Non-078 CDI  

(n=3,263) Risk ratio or P-value                                       

 

% (95% CI) % (95% CI) RR (95% CI) 

Age       

     < 18 years 1.2% (0.2-2.2) 2.9% (2.3-3.4) 

P = .039 
     18-65 years 30.8% (26.7-34.8) 32.0% (30.4-33.6) 

     65-85 years 56.4% (52.0-60.8) 51.2% (49.5-53.0) 

     > 85 years 11.6% (8.8-14.4) 13.9% (12.7-15.1) 

Female gender  50.7% (46.3-55.1) 51.2% (49.4-52.9) 0.99 (0.90-1.09) 

Hospital service             

 Medical 68.8% (63.2-74.3) 71.6% (69.6-73.7) 

P = .517  ICU 5.5% (2.8-8.2) 4.3% (3.4-5.2) 

 Surgery 25.7% (20.5-30.9) 24.1% (22.1-26.0) 

Previous CDI (>8 weeks) 29.6% (24.3-35.0) 23.1% (21.2-25.0) 1.28 (1.05-1.57) 

Community-onset of symptoms  37.3% (32.9-41.6) 33.1% (31.5-34.7) 1.13 (0.99-1.28) 

Antibiotic therapy prior to CDI 71.1% (66.7-75.5) 71.2% (69.5-72.9) 1.00 (0.93-1.07) 

Severe CDI 30.3% (26.1-34.6) 23.7% (22.2-25.3) 1.28 (1.10-1.49) 
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* Type 265 was frequently found… 
* TcdA negative, TcdB positive 
* 75%  highly related, no clusters 

17 hospitals in the Netherlands,  
sentinel surveillance 





“When do you test for CDI in a patient with diarrhoea 
who visits the general practitioner?” 
  
A. All patients 
B. All patients above 65 years of age  
C. Patients with a known risk factor for CDI (previous 

admission, antibiotic use, any underlying disease) 
D. Only when screening for SSYC or viral pathogens is 

negative 
E. Never 

 



2
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CMI; Study CDI among patients with diarrhoea visiting a general practitioner 

3 laboratories  >800 general practititioners  2,810,830 patients 

 

Inclusion in cohort 

 Diarrhoea & faecal sample to laboratory 

 Age >2 years  

 No prior positive test for C. difficile in this study   

 

Diagnostics 

 1 center: cell cytotoxicity assay 

 2 centers: EIA CDI 

 All centers: PCR for other pathogens 

 

 

 

 



 CDI occurs in 1.5% of all patients with diarrhoea and a diagnostic test request 

 In Tilburg: 1.8% positive, 1.4% with C. difficile as only pathogen. 

Female gender 7302 57.4%

Age, mean (±sd) 41.3 (23.2)

Pathogen detected 2786 21.9% 9.68 (9.33-10.05) 12566

Diagnosed pathogens

Campylobacter  spp. 1056 8.3% 3.67 (3.45-3.90) 10598

Giardia lamblia 454 3.6% 1.58 (1.44-1.73) 8954

Salmonella  spp. 198 1.6% 0.69 (0.60-0.79) 10598

Clostridium difficile 194 1.5% 0.67 (0.58-0.78) 12714

Shigella  spp. 114 0.9% 0.40 (0.33-0.47) 10598

Cryptosporidium 107 0.8% 0.37 (0.31-0.45) 8954

Norovirus 75 0.6% 0.26 (0.21-0.32) 1374

Entamoeba histolytica 2 0.0% 0.01 (0.00-0.02) 6720

 

rate per 10,000 

person years 

(95% CI)

Samples

(N=12714)

no. of 

samples 

tested

no. of 

cases

% of all 

samples
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N % N % OR 95% CI p-value

Symptoms

Bloody stools 36 25.2 44 15.7 1.82 1.07-3.09 0.03

Watery diarrhoea 119 78.3 207 68.1 1.71 1.08-2.71 0.02

Frequency of diarrhoea >8 times 68 44.7 75 24.9 2.39 1.59-3.61 <0.01

Time to visit GP <1 month 96 64.5 165 56.3 1.40 0.94-2.10 0.10

Medication

Antibiotics 82 55.0 49 16.6 8.15 4.57-15.5 <0.01

Other medication 92 60.5 166 56.1 1.26 0.81-1.98 0.31

PPI / antacida 43 29.1 60 21.1 1.59 0.99-2.55 0.06

Statin 25 16.9 40 14.1 1.38 0.74-2.58 0.31

NSAID 11 7.4 24 8.4 0.80 0.37-1.73 0.57

DM 10 6.8 19 6.7 1.03 0.46-2.28 0.95

Immuunsuppression 11 7.4 12 4.2 1.72 0.74-4.02 0.21

Diuretics, antihypertensives 47 30.9 76 25.2 1.48 0.87-2.53 0.15

90 59.2 120 39.7 2.64 1.66-4.20 <0.01

Circulatory system diseases 18 11.8 34 11.3 1.09 0.54-2.19 0.81

Respiratory system diseases 24 15.8 26 8.6 1.90 1.08-3.36 0.03

Cancer 10 6.6 7 2.3 3.60 1.21-10.7 0.02

Environment

Previous admission 28 18.4 21 7.0 3.16 1.67-5.99 <0.01

Family member with diarrhoea 7 4.8 23 8.0 0.58 0.25-1.35 0.20

Infant <2 year old 40 27.6 97 32.2 0.75 0.47-1.20 0.23

Visit foreign country In western world 16 15.4 43 18.4 0.79 0.40-1.56 0.50

Outside western world 15 14.4 41 17.5 0.77 0.38-1.58 0.48

Underlying diseases 

Crude analysis

Any disease

CDI Cases 

(N=152)

Controls 

(N=304)Possible predictors
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 A third of the CDI patients did not use antibiotics nor was previous 
hospitalized  

 10-20% additionally had no underlying diseases or medication use prior to 
diarrhoea 

 

 Patients in the community are difficult to recognize! 

 Current guidelines for GPs: test if AB use or hospitalized 
 

 
Setting Patients tested Positive results Detection of CDI

≥ 2 years former advice UK (2009) 100% 1.5% 100%

≥ 65 years, after AB use or hospitalization current advice UK (2012) 31% 3.5% 72%

After AB use or hospitalization current advice NL 18% 5.0% 61%

Docter's current practice current practice NL 7% 8.1% 40%

Prediction rule, cut-off ≥3 this study 44% 2.9% 85%

Prediction rule, cut-off ≥6 this study 11% 6.7% 51%

Prediction rule, cut-off ≥8 this study 2% 18.4% 27%

% of all positives

Test algorithm for CDI in diarrhoeal 

samples from the community

% of all unformed stool 

samples

% of all tested 

samples



 

Outcome within 6 months (known for 122 CDI patients) 

 79% was treated for diarrhoea:  
  metronidazole (89%) 
  vancomycin (6%) 
  combination (3%)  

 25% recurrent diarrhoea  (confirmed positive toxin test in 37%) 

 4% hospitalized because of diarrhoea (< 6m) 

 4 died (3%)  in 1 patient (0.6%) CDI contributed to the cause of death 

 

 patients with CDI in the community do quite well,  
BUT they were treated! 



 CDI will be recognised as an important disease in the 
community 

 CDI has been transmitted from humans to animals 
(Type 078) and vice versa 

 Colonisation and disease development is dependent 
on microbiota and metabolomics 
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Large and diverse community 

reservoir for human CDI 

Farm animals reservoir for human CDI? 

Interspecies transmission? 

Type 078 

Type 078 
28 
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C. difficile types in humans and animals 

host number of 
ribotypes 
found 

most prevalent 
ribotypes   

references 

humans app. 400 
001; 014/020;  
078  

Bauer et al., 2011 

horses 10 to 12 
(078 (up to 
35%) 

Keel et al., 2007;  

Arroyo et al., 2005  

 Schoster et al, 2012 

calves 3 to 8 
078 (up to 
94%) 

 Hammitt et al., 2008  

Keel et al., 2007 

Schneeberg et al, 2014 

piglets 2 to 4 
078 (up to 
83%) 

Keel et al., 2007 
Pirs et al., 2008  



Two herds with outbreaks of diarrhoea in piglets (1 year) 

Yellow to orange watery diarrhoea 

High morbidity (80%), low mortality (12%), growth rates were affected 

 Periparturient medication of sows with trimethoprim-sulfadiazin, 
vaccination and use of amoxicilline:  

Exsudative fibrino-haemorragic colitis of colon, but no necrotic lesions in  
mucosa of small intestine  (C. perfringens). 

Mesocolonic oedema!  

Cultures for C. perfringens negative.  

No  Isospora suis or rotavi 

31/47 cultures positive for C. difficile  
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31 pig farms, 30 farms with Type 078 and 1 farm 045 

Of 56 farmers and employees, 14 (25%) were positive for fecal 

carriership of C. difficile  

Of 32 partners, 4 (13%) were positive   

Of 41 children, none was positive 

 

Typing revealed all Type 078, except for 1 farm (type 045)  



How significant is recurrent CDI? 

1. Recurrent disease has a milder clinical course 

2. Recurrent disease can be prevented by appriopriate 

treatment 

3. Mortality and morbidity of recurrent disease is 

comparable with a first episode 

4. Recurrent CDI only develops once   
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1. Recurrent disease has a milder clinical course 

2. Recurrent disease can be prevented by appriopriate 

treatment 

3. Mortality and morbidity of recurrent disease is 

comparable with a first episode 

4. Recurrent CDI only develops once   



1. Age (≥65 years) 

2. Marked leucocytosis 

3. Decreased blood albumin  

4. Elevated serum creatinine 

5. Comorbidity (severe underlying disease and/or 
immunodeficiency) 

6. All of the above 



Characteristics 
Strength of  

recommendation 
Quality of  
evidence 

Age (≥65 years) A II 

Marked leucocytosis (leucocyte count >15×109/L) A II 

Decreased blood albumin (<30 g/L) A II 

Elevated serum creatinine (≥133 µM or ≥1.5× premorbid 
level) 

A II 

Comorbidity (severe underlying disease and/or 
immunodeficiency) 

B II 

Debast SB, et al. Clin Microbiol Infect 2014;20(Suppl 2):1–26. 
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Wellcome Trust Sanger Institute 



   
 

 

 

    Keessen et al. Emerg Infect Dis. 2013 

Jun;19(6):1032-4. 

 

      

 

      

                       

>Knetsch et al, submitted.  
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Spread of Clostridium difficile between humans and farm 
animals in the Netherlands revealed by whole genome 
sequencing 
 

 
 Knetsch et al; Eurosurveillance, Volume 19, Issue 45, 13 November 2014  


