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Clostridioides difficile infection



„Clostridium“ pochází z řeckého klōstēr (spindle), 

because under the microscope, the colonies resemble 
spindles used in weaving fabrics and long rods with 
bulging ends.

Clostridium difficile ([klos-trid′e-əm di-fi -sil′]

Species name„difficile“is a form of the Latin adjective 
„difficilis“, because at first identification (Hall a O'Toole v 
roce 1935) the organism was difficult to isolate and grew 
slowly in pure culture.

Etymologia: Clostridium difficile. Emerg Infect Dis. 2010;16(4):674. doi: 10.3201/eid1604.ET1604; Oren and Rupnik , 2018; Lawson et al., 2016.

Clostridium difficile nebo Clostridioides difficile?
Both names are still valid

Based on the analysis of the 16S rRNA gene sequence, Clostridium difficile is the closest relative of Clostridium mangenotii
with a similarity of 94.7%, and both are located in the family Peptostreptococcaceae, which is phylogenetically distant
from C. butyricum and other representatives of Clostridium sensu stricto.
Based on phenotypic, chemotaxonomic and phylogenetic analyses, the new genus Clostridioides gen. nov. is designed for
Clostridium difficile.



Spore formation by C. difficile is crucial for the survival 
and dissemination of the bacterium in the environment.

The dormant aerotolerant and highly resistant spore 
facilitates efficient transmission and persistence in the 
host.

Spores are resistant to different environmental 
conditions, antibiotics, and some disinfectants (usage of 
sporicidal ones).

Dormant spore vs metabolically active cell
Gram-positive
Obligate anaerobe
Can produce toxins (A, B some strains Binary)
Spore-forming



Clostridioides difficile infection (CDI)

Smits et al., 2016; Crobach et al., 2018; Chilton et al., 2018

Fecal-oral route of 
transmission.

Asymptomatic colonization
or infection.

Recurrence of CDI (25%, 50%).

Symptoms: watery diarrhoea, 
fever, loss of appetite, 
nausea and abdominal 
pain/tenderness.

Toxins=disruption 
of cytoskeletal 
structure and tight 
junctions with
subsequent cell 
rounding, 
detachment and 
cell death.



Severe forms of CDI

Pseudomembranous colitis Paralytic ileus = toxic megacolon, surgical intervention,
high mortality



124 000 CDI cases a year
Approx. 17% die. 4% in relation to CDI

How common is CDI?

European mean: 5 cases per 10,000 bed-days 



What does a patient at risk of CDI look like?

RISK factors for CDI

Advanced age ≥ 65 years
Comorbidity conditions
Exposure to acid-suppressing agents (PPIs)
Exposure to antibiotics
Exposure to the healthcare system
Immunosuppressive conditions and agents 
(cancer, chemotherapy, organ transplant, HIV)
Manipulation of GI system (feeding tubes, 
surgery)

EVERYTHING WHICH AFFECTS 
MICROBIOTA and IMMUNE 

SYSTEM.



Laboratory diagnostics–odor?

The dog correctly identified 25 of 
the 30 cases (sensitivity 83%, 65% 
to 94%) and 265 of the 270 controls 
(specificity 98%, 95% to 99%).

Better to send the sample to the laboratory!!!



Vancomycin and its effect on the gut microbiota



Empirical Clostridium difficile Infection (CDI) Therapy 
Result in False-Negative CDI Diagnostic Test Results

Sunkesula et al., 2013

Sampling before 
treatment (if possible)!



WHO should be tested?

All hospitalized patients aged ≥2 
years who had three 
or more unformed stools within 24 
hours.
*40,000 hospitalized patients a year 
are not diagnosed!

Children under 2 years of age should be tested on a case-by-case 
basis in consultation with a paediatrician and clinical microbiologist.
In children, the likelihood of colonization should always be considered
C. difficile and/or co-infection with other intestinal pathogens. 

In primary care, patients 
who do not respond to 
oral rehydration and 
where antibiotic 
treatment is considered 
should be tested.                 

Davies a kol., 2014; Crobach a kol., 2016; Krůtová a kol., 2022



1/2 of community-based CDI cases 
About 111,000 cases of CDI per year in Europe.

Infections caused by C. difficile are under diagnosis

Viprey et al., 2022

1/3 hospital CDI
Around 37,000 CDI cases per year in Europe

If we test all diarrheal stools delivered to the laboratory.

A patient with CDI must be detected early!! 
Preventing spore spread and reducing the risk of CDI complications.

Diarrhoea=CDI?=TEST



Sampling for stool testing: gastrointestinal infection

Unformed stool sample
(taking the shape of a container)

Rectal swab:
Paralytic ileus only

Bacterial culture: stool is not 
available



What can we test?
Glutamate dehydrogenase (GDH)
(enzyme produced by all C. difficile), EIA

Toxins A/B
(virulence factor(s)), EIA

Gene (s) fragment(s) for toxins, PCR
(not the same like toxins!)

C. difficile culture
(spores)

Recommended combination: 
GDH and toxins A/B or PCR and toxins A/B



No single commercial test can be used as a stand-alone test for diagnosing CDI as a 
result of inadequate positive predictive values at low CDI prevalence.

✓ Therefore, the use of a two-step algorithm is recommended

Why?

Crobach et al., CMI, 2016



Laboratory diagnostics of CDI

Crobach et al., CMI, 2016



How common are co-infections in 
children?

In children, the likelihood of C. difficile colonization or
co-infection with other intestinal pathogens should 
always be considered.

de Graaf H, Pai S, Burns DA, Karas JA, Enoch DA, Faust SN. Co-infection as a confounder for the role of Clostridium difficile 
infection in children with diarrhoea: a summary of the literature. Eur J Clin Microbiol Infect Dis. 2015;34(7):1281-7.

In children, the CDI test should not be 
the only test in case of diarrhoea!

Analysis of 31 studies (1,718 patients who tested 
positive C. difficile, 20.7% (range 0-100%) had co-
infection.



Stool testing: Dept. Med. Mic. FNM
May-August 2022

• Multiplex PCR (daily) 
• bacteria, viruses, parasites
• AusDiagnostics (panel M)
• 20 targets (AusDiagnostics (panel M)
• Community acquired diarrhoea

CDI (2 hod) - EIA
ArcDia - mariPOC CDI
• Glutamate dehydrogenase (GDH)
• C. difficile toxiny A/B
Internal evaluation: Krutova et al., JCM, 2019
Healthcare-assoc. and community acq. diarrhoea

Children Adults



PCR alone is not enough
for CDI diagnostics

Children = 191
Adults =115

March-August 2022



Culture of C. difficile-why?

Stool sample and alcohol 1:1, 30 minutes. Suppressing of other bacteria in sample, germination of spores.
Culture on selective media, anaerobic atmosphere 24-48 hrs.

Antimicrobial 
susceptibility testing and 
characterisation of 
strain for epidemiologic 
purposes.



Guidance documents USA/Europe

European guidance documents do not include children, a separate document (expert opinion).

N=433 N=6076



Pharmacokinetic differences 
of metronidazole, 
vancomycin and fidaxomicin. 

Krůtová et al., 2022

Antimicrobials approved 
for CDI treatment



Passive immunisation

1.ZINPLAVA
2.Damaged gut epithelial cells
3.Toxin B
4.ZINPLAVA binding to toxin B

Bezlotoxumab (ZINPLAVATM ) is a human monoclonal
antibody that binds to Clostridioides difficile toxin B
indicated to reduce the recurrence of CDI.

Should only be used in conjunction with antibacterial
drug treatment of CDI!

The rate of recurrent C. difficile infection was significantly lower with 
bezlotoxumab alone than with placebo (MODIFY I: 17% [67 of 386] vs. 28% 
[109 of 395]; adjusted difference, -10.1 percentage points; 95% confidence 
interval [CI], -15.9 to -4.3; P<0.001; MODIFY II: 16% [62 of 395] vs. 26% [97 
of 378]; adjusted difference, -9.9 percentage points; 95% CI, -15.5 to -4.3; 
P<0.001)



FMT: Feacal microbiota transplantation

Terveer et al., 2017



Future FMT? Live biotherapeutics

Benech et al., 2024



Currently valid guidance document for CDI treatment

van Prehn et al., 2021

CDI treatment should be 

guided order by the CDI 

episode.

Fidaxomicin is the drug of 

choice, but its price is still 

high.

In practice, vancomycin (p.o.)

is often used.

Patients with recurrent CDI 

should be offered FMT!

Be careful, if peristalsis is not 

already preserved, the 

treatment will not work!



Severe (complicated) course of CDI

Severe - complicated course is defined by the presence of one of the following factors that must be assigned to CDI: 

hypotension, septic shock, increased serum lactate, ileus, toxic megacolon, perforation of the intestine or any 

fulminant course of the disease (i.e. rapid deterioration of the patient's condition).

Treatment, if CDI is suspected in a severe course, we treat immediately and at the same time take a sample for 

microbiology!

Consult with the surgeon.

Oral treatment: fidaxomicin or vancomycin.

After consideration: intravenous administration of tigecycline 50 mg twice daily (100 mg loading dose) or 

metronidazole 500 mg three times daily should be added on a case-by-case basis.

If oral treatment is not possible, intraluminal (gastroduodenal or colonoscopic) administration of vancomycin or 

fidaxomicin in combination with IV therapy should be attempted, see above.

Intravenous therapy alone will never reach high concentrations of the antibiotic in the stool, which is necessary to 

eradicate C. difficile!

van Prehn et al., 2021



Shortened regimens for CDI treatment?

Duricek et al., 2023

An Initiated Randomized Blinded Clinical Trial at Bulovka Hospital



The patient's skin and surroundings (toilet) are contaminated with C. difficile spores!

You can easily transmit them (hands, shared medical devices).

Anti-epidemic measures/contact precautions



Guidance document for C. difficile spread prevention

Every hospital should have 
such a document.



A patient with diarrhoea should have already been isolated

Reported CDI test positivity = 
Initiation of anti-epidemic measures = to prevent the spread

Patient isolation - single room/toilet

Anti-epidemic measures/contact precautions

Everyone has to follow them, otherwise they don't work!

A notice should be placed on the outer door of the isolation room, advising all visitors 
to contact nursing staff before entering.

The door should always be closed when possible, except in the entrance and exit. 
Fans must not be used as they may recirculate spores in the environment.

Explain to the patient and visitors what is happening



ECDC „School report“: 
Czech Republic – PPS 2022-2023

What should I do if I don't have a single room?
-Priority - patient with faecal incontinence
-Patient cohorting
-Fellow patients without ATBs and immunosuppression



Frequent cleaning and disinfection of the area (Terminal room cleaning)!

Gloves and gowns when entering the room (to the patient)

Personalised equipment

Hand hygiene!! Before putting on new gloves and after patient 
care

Anti-epidemic measures/contact precautions

Gloves are ESSENTIAL!

Gloves need to be changed! When?

If they are visibly contaminated
If I'm moving from a dirty to a clean area of patient care

Avoid contaminating yourself and the environment with 
contaminated gloves!

Hands must be washed before putting on gloves!



National CDI surveillance

Czech and Slovak system for 
reporting infectious 
diseases.
Code A04: Other bacterial 
Intestinal infections

CDI is one of the mandatory notifiable infectious diseases



European CDI surveillance

ECDC, CDI surveillance protocol v2.4, 32 pages Krutova M. - Faculty Hospital Motol



Monitoring of the occurrence and spread within healthcare facility

Why should we characterize C. difficile isolates (CDI cases)? 
Name the CDI case! 



C. difficile PCR ribotyping



Ribotyping – Implementation into routine practice



PCR ribotyping national data
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RT=ribotype, NR=new ribotype

52 ribotyping profiles
Zíková J., diploma thesis



Geographical distribution of participating hospitals

Zíková J., diploma thesis



C. difficile – ribotyping – FN Motol



PCR ribotyping – Patients vs. Other sources

Others: piglets, calves, 
wild boars.

One isolate of ribotype 001 in wild boar!
Krutova et al., 2018; Kecerova et al., 2019; Masarikova et al., 2020; Cizek et al., 2022 



C. difficile ribotype 001 wild boar vs. patients

Wild boar: 30 - 55 km/h



Safe Antibiotics for Patients at Risk of CDI 
– C. difficile Colonization?

Rupnik et al., 2009



Safe antibiotics for patients at risk of CDI?
The effect of antibiotics on the composition of the gut microbiota

✓ Antibiotics cause significant changes in the intestinal microflora. These changes include a decrease in bacterial 

diversity, 

✓ changes in the abundance of certain bacteria and an increase in antibiotic resistance.

✓ The longest duration of changes was observed after treatment with ciprofloxacin (one year), clindamycin (two years) 

and clarithromycin with metronidazole (four years). However, these findings are limited by the follow-up period.
(Zimmermann and Curtis, JI, 2019)



Risky ATB
fluoroquinolones and clindamycin
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Transmissibility!

Zíková J., diploma thesis



Frequently used ATB
Cephalosporins or piperacillin tazobactam?
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We don't know the mechanisms yet Zíková J., diploma thesis



Carbapenems
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We don't know the mechanism yet.Zíková J., diploma thesis
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Linezolid at risk!!

Presence of cfrB gene, which also causes resistance to clindamycin and erythromycin!

Zíková J., diploma thesis



Extraintestinal C. difficile infections

• Non-healing wounds
• In a spore-contaminated environment
• C. difficile is only pathogen

Nyč et al., 2015

Extraintestinal infections caused by C. difficile are rare.
Examples:

• Bacteraemia with or without plaque infection
• Intra-abdominal infections, extra-abdominal 

infections 
• abscesses (spleen, brain)
• Reactive arthritis, osteomyelitis
• Infections of prosthetic shoulder and knee joint 

replacements

Think about ANAEROBES



Thank you for your attention!

224435355, marcela.krutova@lfmotol.cuni.cz


