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ABSTRACT
BACKGROUND: The toxigenic strains of Clostridioides (Clostridium) diffi cile is the most common pathogen of 
nosocomial and antibiotic-related diarrhoea in healthcare facilities. Lately, there has been an increase in the 
incidence of C. diffi cile infection (CDI) cases in Slovakia.
MATERIALS AND METHODS: Retrospective analysis of the CDI appearance was carried out in the Zilina 
region. Additionally, an electronic survey focused on the diagnosis and treatment management of C. diffi cile 
infection was conducted among leading clinicians of the wards where CDI was present. 
RESULTS: Eighty percent of clinicians reported that they were following the recommendations for diagnosis and 
treatment of C. diffi cile infection in their everyday practice. The majority of leading physicians were from internal 
medicine wards (50 %). Most respondents stated that the laboratory results correlated with the clinical symptoms 
of patients. The fi rst-choice treatment of C. diffi cile infections was reported to be oral vancomycin (in 21.7 %) 
and oral metronidazole (in 47.8 %). The estimate of fi rst-choice treatment success rate was 80 %, while the 
recurrence rate and severe course was observed in 20%. Vancomycin was the standard treatment for recurrent 
infection. It was administered orally either alone (31 %) or combined with metronidazole (38 %) or fi daxomicin (31 %).
CONCLUSION: The results of the survey showed that recommendations for the diagnosis and treatment 
were implemented in the wards of hospitals and showed the awareness of the necessity of rapid diagnosis 
and early treatment of C. diffi cile infection in patients (Fig. 4, Ref. 30). Text in PDF www.elis.sk
KEYWORDS: C. diffi cile, laboratory methods, recommendations for diagnosis and treatment of colitis caused 
by C. diffi cile, survey.
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Introduction 

The toxigenic strains of C. diffi cile are among the most com-
mon inducers of diarrhoea acquired in the hospital environment, 
and are considered to be the cause of a large proportion of anti-
biotic-related nosocomial diarrhoea which is a signifi cant medical 
and economic burden in hospitals and other healthcare facilities. 
Over the last two decades, there has been an increase in the inci-
dence of severe C. diffi cile infection (CDI) cases. New highly viru-
lent C. diffi cile strains (e.g. ribotype 027) and other hypervirulent 
strains emerged (1). Several outbreaks have been caused by the 
North American Pulsed Field type 1 and polymerase chain reac-
tion (PCR) ribotype 027 (NAP1/027) strain. This virulent strain 
has been associated with an increase in the production of toxins 
A and B, fl uoroquinolone resistance, and production of a binary 
toxin. The role of the binary toxin is not clear, but it may syner-
gistically increase the virulence of toxins A and B.

From 2010 to 2017, the incidence in Slovakia increased from 
0.9 to 20.6/10,000 hospitalised patients (2). Hand hygiene is also 
proven to be effective in reducing the incidence of nosocomial 
infections (3).

An accurate and fast diagnosis of CDI is essential for optimal 
patient care and in preventing the spread of infection. It has been 
shown that rapid diagnosis has a positive impact on patients´ care 
by reducing delays in initiating the isolation and treatment in con-
fi rmed CDI cases (4).

The European study (EUCLID, 2014) has shown suboptimal 
diagnosis of CDI caused by variations in testing strategies, as well 
as by the lack of clinical suspicion of the disease, and in turn by 
the lack of surveillance. Since then, hospitals have implemented 
optimal diagnostic algorithms, they increased and encouraged 
further implementation of optimal diagnostic methods for early 
and reliable diagnosis of C. diffi cile infections in order to avoid 
the spread of the disease (1).

A combination of high-sensitivity and higher-specifi city me-
thods is already used in the majority of diagnostic laboratories 
today (5).

The diagnosis of CDI is based on a combination of symptoms 
confi rmed by microbiological evidence of toxins produced by C. 
diffi cile or toxigenic strains of C. diffi cile in faeces (6), without 
reasonable evidence for other cause of diarrhoea. Diarrhoea is a 
condition of having loose stools (corresponding to stool types 5–7 
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in Bristol stool chart) in frequency of three stools in 24 or fewer 
consecutive hours (7). Risk factors for severe CDI are age over 
65 years, current treatment with broad-spectrum antibiotics, and 
long-term hospitalization (longer than 3 weeks) (8). 

Metronidalozole and vancomycin have been the mainstays 
of CDI treatment in recent years. Fidaxomicin is a macrocyclic 
antibiotic approved for the treatment of CDI in adults. Fidaxomi-
cin is also associated with greater preservation of the intestinal 
microbiota as compared with vancomycin (9). Optimal treatment 
depends on the severity of the disease and the risk of recurrence 
(10). Treatment response is present when after therapy, either the 
stool frequency decreases or stool consistency improves, as well 
as when other parameters of disease severity (clinical, labora-
tory, radiological) improve and no new signs of severe disease 
develop (7).

A big problem is the recurrence of CDI which usually mani-
fests as diarrhoea and other signs and symptoms of CDI, and is 
confi rmed by recurrence or persistence of a positive stool test 
result for C. diffi cile or its toxins. Most recurrences, up to 25 %, 
occur within the fi rst 30 days of completing a course of anti-
CDI antibiotic therapy, and may arise from a resumption of the 
primary infection (relapse) or a new exposure to C. diffi cile (re-
infection) (6, 7).

Faecal microbiota transplant (FMT) is effective in the recur-
rent course of the disease (11).

FMT was integrated into European guidelines as a standard 
for the treatment of patients with multiple CDI relapses (7). The 
antibiotic stewardship in healthcare settings is needed (16)

Methods

The data were taken from the epidemiological information 
system (EPIS) of Slovakia. Reported CDI cases with colitis caused 
by C. diffi cile in population of Zilina self-governing region were 
processed from years 2015–2019. The involved districts of the 
Zilina self-governing region were Žilina, Bytča, Čadca, Kysucké 
Nové Mesto, Dolný Kubín, Trstená, Námestovo, Ružomberok, 
Liptovský Mikuláš, Martin, and Turčianske Teplice. 

We have also conducted an electronic survey among leading 
clinicians from different wards where CDI was common. Electronic 
survey was focused on the diagnosis and treatment of C. diffi cile 
infection. The survey was carried out from March to June 2019 via 
electronic questionnaires which were sent to the leading clinicians 
of wards in Slovakia. The answers were fi lled in by 24/100 leading 
clinicians from various wards namely internal medicine (50 %), 
long-term care (17 %), intensive care (17 %), paediatrics and in-
fectology (8 %), and oncology (8 %) from primary, secondary and 
tertiary hospitals. The questionnaires consisted of several ques-
tions concerning laboratory diagnosis and treatment of CDI, the 
use of current recommendations for the diagnosis and treatment 
of colitis caused by C. diffi cile (8, 10), testing methods, testing 
frequency in patients, testing of toxins, correlation of symptoms 
of CDI with laboratory results, treatment management according 
to the severity of the disease, treatment of CDI recurrences, and 
possibilities of other treatment methods (12). 

Results of appearance of CDI in Žilina region

According to data reported to EPIS in Žilina region, the in-
cidence of reported CDI increased. The incidence rate in 2015 
was 4 patients per 10,000 inhabitants, it doubled in 2017, and 
increased up to 10 per 10,000 inhabitants in 2018, while in 2019, 
this number remained approximately on the same level with 10.2 
CDI patients per 10,000 inhabitants. About 84 % of CDI patients 
were hospital-associated infections (HAI-CDI), and 16 % of CDI 
patients were community-associated cases (CA-CDI). 

As displayed in Figure 1, the HAI-CDI cases per 100,000 inha-
bitants of Žilina region in 2019 were reported from internal wards, 
long-term care, intensive care units, surgery, pneumology, infec-
tology, neurology and other wards (urology and oncology, etc.).

In the period from 2015 to 2019, the numbers of CDI cases 
per 100,000 inhabitants increased in Žilina region and Čadca dis-
trict. In Martin district, the total number of reported CDI cases in 
population remained at the same level, while in 2019 there was 
even a slight decrease in the incidence of CDI cases. In 2019, 
75.5 % of CDI cases in population of Žilina district were older 
than 65 years, 12.5 % were in the age group of 55‒64 years, 8.5 % 
were in the age group of 45‒54 years, while 3.5 % patients with 
CDI were reported among patients under 44 years. The propor-
tion of females with CDI in 2019 was 55 % while the proportion 
of males reached 45 %.

Results of a survey of the diagnostics and treatment of CDI

The survey questions were focused on the diagnosis and treat-
ment of patients with colitis caused by toxigenic C. diffi cile. 

Most of the clinicians who participated in the survey (80%) 
stated that they were following the current recommendations for 
diagnosis and treatment of colitis caused by Clostridium diffi cile 
in their wards. The question was aimed at establishing which diag-
nostic testing methods the participants clinicians requested when 
CDI was suspected in their patients. 

As to the laboratory testing of biologic samples, the glutamate 
dehydrogenase (GDH) assay and toxins A/B (EIA) were requested 
most frequently. In suspection of CDI in patients, a majority of 

Fig. 1. Reported HAI-CDI cases in Zilina region in 2019.
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clinicians indicated GDH test along with A/B toxins. The real-
time PCR (polymerase chain reaction) was not requested in the 
diagnosis of CDI. As to the testing the C. diffi cile toxin, the clini-
cians indicated the toxins A/B EIA test (immunochromatography) 
in 58.3 %, or enzyme-linked immunosorbent assay (ELISA) in 
33.3 % of patients´ samples. Multi-step diagnostic algorithms are 
integrated in the laboratory practice. 

The majority of clinicians (83.3 %) stated they requested diag-
nostic testing for CDI at the beginning and at the end of the CDI 
treatment, and 16.4 % participants ordered the testing of biologic 
samples at the beginning, during, and after the treatment of CDI.

The turn-around time of laboratory testing methods was satis-
fying from the point of view of clinicians. The majority of cli-
nicians reported that the results of laboratory tests for the evi-
dence of toxins correlated well with patients’ clinical symptoms 
of colitis caused by Clostridium diffi cile. A proportion of 50 % 
of respondents stated that results of tests for the detection of A/B 
toxins in patients correlated with the clinical signs of CDI in 
80‒90 %, while 33 % of clinicians considered them to correlate 
in 60‒80 %.

Eighty percent of participants in the survey presented that they 
have already been following current recommendations for therapy 
of colitis caused by C. diffi cile. The fi rst-line therapy success rate 
estimated was 80 % in clinical cure, 2‒5  % in persisting colitis, 
1  % in sepsis or megacolon, and 15 % in recurrence. According 
to the participating clinicians, the success rate of fi rst-line treat-
ment in patients with CDI was 80%. The recurrence of C. diffi cile 
infection occurred in 15 % of CDI patients. The surveyed clini-
cians noted that recurrences were mostly common in their patients 
within 1 month or 2 months after completing the therapy of CDI 
(80 % or 20 %, respectively). 

The fi rst-line therapy of C. diffi cile infections at a particular 
ward was reported to be oral vancomycin (21.7  %), oral metroni-
dazole (47.8  %), or concomitant oral vancomycin with i.v. met-
ronidazole (17.4 %).

Participants of the survey specifi ed that in patients with CDI 
recurrence without SIRS or sepsis, they used vancomycin p.o. in 
10 cases (42 %) as fi rst-choice treatment, vancomycin p.o. con-
comitantly with metronidazole i.v. in 42 %, or fi daxomicin in 8 %. 
Vancomycin p.o. with descending pulse dosing was noted to be 
administered in 8 % of the patients. 

In cases of CDI recurrence with SIRS or sepsis, the clinicians 
reported to use vancomycin in (30 %) as well as vancomycin p.o. 
and concomitant treatment with metronidazole i.v. in 40 %. They 
also reported treatment with fi daxomicin in 30 %. 

As to the individual approach in CDI treatment, the clinicians 
mentioned diverse treatment strategies depending on whether there 
was a risk of severe course (e.g. severe leucocytosis), fulminant 
course (sepsis, toxic megacolon), if immunocompromised patients 
were involved, or continuance of antimicrobial treatment was neces-
sary. Participating clinicians also noted that they used individual 
approach in treatment of colitis caused by C. diffi cile in patients 
with infl ammatory bowel disease, i.e. those particularly susceptible 
to intestinal infections, also in older patients and those at high risk 
of developing enterococcal resistance (Fig. 2).

The clinicians had already been using fi daxomicin in the treat-
ment of patients with a severe course of CDI or in patients with 
recurrent CDI in cases that the intestinal microbiota had not been 
yet deteriorated (Fig. 3).

Almost 50 % of clinicians had already been indicating the 
treatment with fi daxomicin p.o., especially in patients at high risk 
of severe disease, when the recurrent CDI could be risky, in case 
of severe course of infection (9 patients), in cases of fi rst, second 
or multiple recurrences (1, 1, or 4 patients, respectively), in case 
of high risk of recurrence (1 patient), in case of the need for con-
tinued antibiotic therapy (4 patients) and in patients at high risk 
of developing enterococcal resistance (2). 

The clinicians noted that faecal microbiota transplant (FMT) 
was performed at their ward (25 %). The clinicians reported that 
faecal transplantation was carried out in patients with recurrent 
CDI (more than 2 or 3 recurrences). 

Discussion

The incidence of CDI has also risen in Europe and all over the 
world. In a survey of 97 hospitals across 34 European countries, 
the incidence of C diffi cile in hospitalized patients was 41 per 
100,000 patient-days. In Canada’s region of Quebec, the incidence 
in 2003 reached 92.2 cases per 100,000 population. CDI is more 
common in elderly people; old age may promote susceptibility 
to colonization and disease (13) According to Point Prevalence 
Survey (PPS) of healthcare-associated infections (HAI) carried 
out in the Slovak Republic in 2017, the most commonly detected 
microorganism was C. diffi cile (17.4 %) in comparison to the Eu-

Fig. 2. Individual approach in the treatment management of colitis 
caused by C. diffi cile.

Fig. 3. Fidaxomicin used by clinicians.
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ropean mean which was 7.3 % Since 2012, the incidence of the 
given pathogen has increased (from 1.7% to 17.4 %) due to its po-
tential to survive and spread in the hospital environment (14). The 
incidence of clostridial infections in PPS in Slovakia (14.1 % of all 
nosocomial infections; 84.8 % of gastrointestinal tract infections) 
was found to be high as compared to the European mean (4.8 % 

of all nosocomial infections; 44.6 % of gastrointestinal infections) 
(15). The study revealed a decrease in frequency of CDI testing in 
comparison to the European mean. The median number of stool 
analyses for CDI in the Slovakia is 19 per 10,000 patient-days (14).

According to the study carried out by Novakova et al, 87.5 % 
of participating hospitals used the recommended multi-step testing 

Fig. 4. Suggested diagnostic procedure for suspected CDI. Source: own processing according (17, 18).
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algorithm. The mean testing frequency in Slovakia was determined 
to be lower than that in the European Union (45.3 vs 36.5 tests per 
10,000 patient-days (16) 

In 2017, 88.5 % (1,715 cases) of hospital-associated cases 
of CDI in the Slovakia were reported from internal wards, 7.4 % 
(144 cases) of HAI-CDI were from surgical wards, and 2.8 % (54 
cases) were from ICU (intensive care units) (2).

Several tests or test algorithms are used to improve the rapid 
and accurate diagnosis of CDI. There are three main drivers of CDI 
rates that can distort true incidence: diarrhoea sampling frequency, 
rate of CDI testing (testing/requesting frequency) and laboratory 
methods. The targeted testing of risk patients has also an impact 
on CDI rates (11).

No single commercial test can be used as a stand-alone test 
for diagnosing CDI as a result of inadequate positive predictive 
value at low CDI prevalence. Therefore, the use of two-step algo-
rithm should be implemented in laboratories performing the CDI 
diagnosis. Samples without free toxin detected by toxins A and B 
EIA but with positive glutamate dehydrogenase EIA, the nucleic 
acid amplifi cation test or toxigenic culture results need clinical 
evaluation to discern CDI patients from the asymptomatic carriers 
(7) In CDI diagnosis, the use of two- or three-step algorithms is 
recommended by ESCMID (European Society of Clinical Micro-
biology and Infectious Diseases) (6). 

An electronic clinical support system has been implemented in 
some American hospitals to improve evidence-based testing and 
CDI diagnosis, which generated alerts related to the requirement 
for testing symptoms (more than 3 incidences of diarrhoea in 24 
hours, leucocytosis, abdominal pain, and ileus), and alerts the sys-
tem user of the need for CDI testing. Subsequent monitoring of the 
implementation of the decision-making system led to a reduction 
in inadequate testing of samples for CDI, cost of treatment and 
unnecessary antimicrobial therapy (17). The proposal of diagnostic 
procedure by patients suspected to have CDI (practical algorithm) 
was designed according to existing algorithms (17, 18). The al-
gorithm would not replace the judgment of clinicians (Fig. 4).

In GDH-positive and A/B toxin -negative stool samples, the 
PCR tests for the detection of toxin genes by nucleic acid amplifi ca-
tion test or by toxigenic culture are recommended (7) For patients 
who are. C. diffi cile-positive by molecular-biological assay (PCR) 
but who are toxin-negative by immunoenzymatic methods, may 
be referred to as “C. diffi cile” carriers (20), as PCR determines 
the genes for toxin production (21). The reference methods (toxi-
genic culture and cytotoxin neutralisation assay) are not standard 
in routine laboratory practice, as they require special equipment, 
staff experience, and time, especially for toxicity testing. 

Another issue is the number of samples per patient that should 
be submitted for testing. The diagnostic gain of repeated testing 
within a 7-day period with both toxin A/B EIA and PCR was demon-
strated to be very low. However, in cases of ongoing clinical sus-
picion during an endemic situation, the submission of a repeated 
testing may be justifi ed (6) In suspicion of CDI in patients, an anae-
robic culture is established simultaneously for the presence of C. 
diffi cile in the tested sample of the patient. Formed stool samples 
should not be tested for CDI as these do not meet the clinical 

criteria of CDI, (only unformed stool samples should be tested). 
However, sometimes only solid parts of diarrhoeal faeces may be 
collected and submitted for C. diffi cile testing. An exception has 
to be made for patients suspected of CDI who have ileus. In these 
patients, a rectal swab can be used with adequate sensitivity and 
specifi city for (toxigenic) culture, real-time PCR or GDH (7). 

Metronidazole is used as the drug of the fi rst choice in patients 
with mild CDI. This fi nding was stated also in the survey. First-line 
therapy of C. diffi cile infections at a particular ward was reported 
to be oral vancomycin, oral metronidazole, or oral vancomycin 
with i.v. metronidazole, namely in 21.7  %, 47.8  % or 17.4 % of 
CDI cases, respectively. The estimate of fi rst-line therapy success 
rate was 85  % in clinical cure, 2‒5  % in persisting colitis, 1  % 
in sepsis or megacolon, 5 ‒10 % in recurrence, and 3  % resulted 
in death. In patients with a moderate to severe episode of CDI, 
vancomycin is used as the fi rst-line drug and fi daxomicin is used 
as the second-line drug. In the case of a severe episode of CDI, 
vancomycin is used as the drug of choice. Fidaxomicin is a second-
line drug in cases of a severe episode of CDI (8).

Clinicians noted an individual approach in the treatment of 
CDI in patients at risk of severe or fulminant course of infection, 
in case of immunosuppressed patients, as well as in patients with 
infl ammatory bowel disease. 

A study by Nylund et al suggested an increase in CDI among 
hospitalized patients. With conditions such as IBD (infl ammatory 
bowel disease) and immunosuppression, at risk are individual 
hospitalized patients that require antibiotic administration (22). 
Patients with chronic infl ammatory bowel disease (IBD) have a sig-
nifi cantly increased risk of clinically relevant clostridial infection 
(CDI). In turn, CDI can increase IBD activity. IBD patients with 
a proven CDI should be treated primarily with vancomycin (23).

Vancomycin and fi daxomicin are minimally absorbed from the 
intestinal tract and have high achievable concentrations in the in-
testinal lumen. Meanwhile, fi daxomicin has the ability to maintain 
the physiological microbiome, and the prevention of recurrences 
is higher in comparison to vancomycin (24).

Standard treatments for recurrent infection were vancomycin 
administered orally either alone (31 %) or combined with metro-
nidazole (38.5 %) or fi daxomicin (31 %). Fidaxomicin has been 
used almost once in 50 % of treatments in the survey. Recent 
studies showed also that most recurrences occur within the fi rst 
6 weeks after fi nishing the antibiotic treatment of CDI (25). Ap-
proximately 20‒27 % of patients treated for the fi rst episode of C 
diffi cile colitis relapse after successfully completing the therapy, 
typically 3 days to 3 weeks after treatment was ended. Patients 
who relapse once are at an even greater risk for further relapses; 
the relapse rate for patients with 2 or more relapses is 65 % (26). 
Fidaxomicin and vancomycin reach high concentrations in faeces. 
Fidaxomicin has a lower recurrence rate of CDI in comparison to 
vancomycin (27). The number of patients with recurrent CDI is still 
growing and currently used therapeutic approaches are not always 
effective (28). In a relapsing CDI, faecal microbiome transfer is 
an effective therapeutic measure.

A proportion of respondents (25 %) have used faecal micro-
biota transplant (FMT) in selected cases at their ward according to 
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the survey. The faecal microbiota transplant is a novel treatment 
in CDI with multiple recurrences (29)- Most recurrences, up to 
25 %, occur within the fi rst 30 days of completing the course of 
anti-CDI antibiotic therapy, and may arise from a resumption of 
the primary infection (relapse) or from a new exposure to C. dif-
fi cile (re-infection) (6, 7).

The management of recurrent clostridial infections is very 
demanding and expensive, it impacts mostly elderly polymorbid 
patients (30). It is necessary to provide patients with timely ap-
propriate antibiotic therapy while special attention should be paid 
to early selection of those who are at high risk of the disease in 
terms of rapid selection of the most appropriate therapy (8). In the 
context of CDI, there is a need for continuous awareness of the 
issue, as well as optimization and evaluation of diagnostic proce-
dures and algorithms and an early onset of the treatment that can 
help reduce the incidence, morbidity and mortality of C. diffi cile 
infection (6). 

Conclusion

The aim of the survey was to analyse the use of recommenda-
tions for the diagnosis and treatment of CDI among clinicians from 
different wards. The majority of respondents (80 %) declared that 
they were performing tests according to the recommendations for 
the diagnosis and treatment of colitis caused by Clostridium dif-
fi cile. Most of the clinicians stated that the testing results of CDI 
correlated in most cases with the clinical symptoms of the patients 
with CDI. They reported using algorithms for the diagnosis (toxin 
testing together with GDH screening) and treatment (80 %). 

The fi rst-line therapy of C. diffi cile infections at a particular 
ward was reported to be oral vancomycin (21.7 %), oral metronida-
zole (47.8 %) or oral vancomycin with i.v. metronidazole (17.4 %). 

The fi rst-line therapy success rate estimate was 80 %, while in 
15 % of patients, the clinicians estimated recurrence. Vancomycin 
administered orally was the standard treatment for recurrent infec-
tion, either alone (31%) or combined with metronidazole (38 %) 
or fi daxomicin (31 %). Fidaxomicin has been used in treatment 
management strategy in 50 %. A proportion of clinicians (25 %) 
have used faecal microbiota transplant (FMT) in selected cases 
at their ward. The results of the survey showed that recommenda-
tions for diagnostic methods are in most cases implemented in the 
diagnosis and treatment of CDI in wards of hospitals. Our survey 
indicated that leading clinicians are highly aware of C. diffi cile 
infections, however reveals differences in diagnostic and thera-
peutic procedures.
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