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ABSTRACT

Objectives: Increased C. difficile infection rates were observed during the last decade, as well as the onset of complicated forms
of the disease. The primary objective of this study was to report the first outbreak of C. difficile in a Serbian hospital, aiming to
determine clinical and environmental factors associated with the outbreak. The secondary objective was to describe outbreak
control measures taken.
Design: The retrospective cohort study conducted from 18 April to 22 May 2013 in Serbian healthcare. Ninety-five patients
hospitalized at the Department for orthopedic surgery during the CDI outbreak.
Results: Prophylactic antibiotic therapy was identified among 93.3% patients with and 87.9% without C. difficile infection. The
multivariate logistic regression analysis has shown that the independent risk factors for C. difficile infection incidence are the age
beyond 70 (OR = 4.5; 95%CI = 1.1-18.2; p = .031) and the length of antibiotic therapy (OR = 1.5; 95%CI = 1.1-2.1; p = .017).
Conclusion: The length of antibiotic prophylaxis is linked with the incidence. Orthopedic departments have a risk of C. difficile
infection. Infection control measure, antimicrobial stewardship programs and compliance to guidelines for the prescribing of
antibiotics play important role in the prevention of C. difficile infection burden.
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1. INTRODUCTION

Clostridium difficile (C. difficile) is one of the most common
causes of nosocomial gastrointestinal infections.[1] Increased
C. difficile infection (CDI) rates were observed during the
last decade, as well as the onset of complicated forms of

the disease. Information on the incidence of these infections
varies from one country to another. On the global level, it has
been estimated that the incidence has almost doubled, from
5.5 per 10,000 in the year 2000, to 11.2 per 10,000 in the year
2005 in the USA.[2] In Canada, the incidence rate increased
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from 6 per 1,000 hospital admissions in 1997 to 22.5 in 2004,
while the mortality rate increased from 1.5% to 6.9%.[3] Con-
tributing factor to the dramatic change in the epidemiology
of CDI was the emergence of hypervirulent strains, such as
ribotype 027 (NAP1/BI/027), which is responsible for the
great numbers of outbreaks, first in the United States and
Canada, and then also in Western Europe.[3–5] This stain
is still dominant in the EU countries[6, 7] as in the countries
neighboring Serbia.[8] The first single cases of C. difficile
associated diarrhea have been officially reported in Serbia in
2011.[9] In 2013, 63 cases died of CDI, while CDI accounted
for 13% of all hospital infections. Twenty-one CDI nosoco-
mial outbreaks with 163 cases have been reported this year
in the country.[10] This study decribes the first outbreak of C.
difficile in a Serbian hospital, aiming to determine clinical
and environmental factors associated with this outbreak and
to describe the outbreak control measures taken.

2. METHODS
2.1 Study design
Retrospective cohort study.

2.2 Study setting and data collection
The study was conducted in General Hospital Uzice, a 750-
bed secondary care facility, located in the central-eastern part
of Serbia (an estimated population area of about 340,000 in-
habitants). The hospital’s medical services included 24-hour
in-house physicians of various specialties, nurses, laboratory,
radiology department and pharmacy. Day, night shifts and
weekends were covered by rotating full-time hospitalists and
nurses. The study included 98 patients who were hospital-
ized at the Department for orthopedic surgery, during the
CDI outbreak, recorded from 18 April to 22 May 2013. To
describe this outbreak, an infection control team (Antibi-
otic stewardship staff) collected clinical and microbiological
data for each patient using a standardized epidemiological
questionnaire. Data on potential disease, risk factors, daily
progress notes, medical information, and outcomes were ob-
tained from the hospital records or by surveying the patients.
The data included age, gender, date of admission, risk factors
for CDI, date of CDI onset and outcome.

2.3 Definitions
To be diagnosed as a hospital-associated CDI case, patient
had to have diarrheal stools or toxic megacolon, and a pos-
itive laboratory assay for C. difficile toxin A and/or B in
stools or a toxin-producing C. difficile organism detected in
stool. Diarrhea was defined as a presence of three or more
episodes of loose bowel movement per a 24-hour period, or
more frequently than is usual if the individuals had no other
recognizable etiology (e.g. laxative use). Diarrhea related

to CDI had to last at least 48 hours or more after hospital
admission. If patients had diarrhea that began within 48
hours of hospital admission, the etiology was considered
community-acquired and these patients were excluded from
the study.[11]

2.4 Laboratory diagnosis of C. diffiicile infections
Enzyme-linked immunoassay (VIDAS C. difficile Toxin
A/B) was used to examine stool specimens for toxin A and
B. A minimum of 2.0 ml of diarrheal stool was collected in
sterile watertight container and stored at 2◦C to 8◦C until
tested. Each container was labeled with patient’s name, date
and actual time of collection. All specimens were tested
within two days of collection. Immunoassays were primary
carried out in General hospital Uzice, then sent for con-
firmation and further microbiological analyses to the CDI
national reference laboratory in the Public Health Institute,
Niš. Antimicrobial resistance was determined by disk diffu-
sion method according to CLSI standard recommendations
(medium Clo Agar, BioMerieux). Commercially prepared
disks, impregnated with standard concentration of antibiotics
were evenly dispensed onto the agar surface.

To analyze if medical equipment and work surfaces have
been contaminated with C.difficile, the staff of Public Health
Institute Uzice took the daily swabs from the most critical
locations (operating tables, kitchen, wet areas, areas with
high levels of staff activity) and hospital staff’s hands by
parallel spaced and perpendicular stripes. The size of area
sampled was at least 100 cm2. The samples were kept at 4◦C
before being transported to the laboratory for testing. The
swabs were transferred to agar plate medium for C.difficile

2.5 Statistical analysis
Data analysis was performed using SPSS ver. 17.0 software
(SPSS Inc., Chicago, IL, USA) using methods of descriptive
and analytical statistics. Risk assessment was measured by
the Student-t test, Chi-square test and Fisher’s exact proba-
bility test. Univariate logistic regression analysis was per-
formed to identify risk factors. Nosocomial diarrhea with
proven C.difficileconsidered as a dependent variable. The
risk factors for which the univariate analysis gave p < .1 were
included in multivariate analyses using conditional multiple
logistic regression.

3. RESULTS
The index case of this outbreak was detected on 18th April,
and the last one on 22 May 2013. During this period, a
total of 98 patients were treated at the Department for or-
thopedic surgery of the General Hospital Uzice. Eighteen
orthopedic patients with diarrhea were identified. Out of
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these, 15 were laboratory confirmed nosocomial CDI infec-
tion (15.3%). Chronological distribution of the disease is
shown in Figure 1. Out of 15, three patients died in the
hospital, so the 30-day CDI case-fatality ratio was 20%. In
the observed cohort, a total of 14 (93.3%) patients under-
went surgery and all but one was placed in an intensive care
unit. The results of the univariate logistic regression analysis
are shown in the Table 1. Significantly more people older
than 70 years were in the group of patients with nosocomial
CDI (OR = 4.7; 95% CI = 1.2-18.0; p = .023). There were
no gender differences between nosocomail CDC and non

CDI cases (p = .976), nor were comorbidities such as di-
abetes (p = .948) and hypertension (p = .090) linked with
CDI. Prophylactic antibiotic therapy was identified among
14 (93.3%) patients with CDI and 87.9% without CDI. The
most commonly implicated antibiotics were beta-lactams.
The duration of antibiotic exposure was longer in patients
with CDI (p = .017) (see Table 1). The multivariate logistic
regression analysis showed that the independent risk factors
for CDI incidence are the age beyond 70 (OR = 4.5; 95%CI
= 1.1-18.2; p = .031; ) and the length of antibiotic therapy
(OR = 1.5; 95%CI = 1.1-2.1; p = .017) (see Table 2).

Table 1. Potential risk factors for CDI at the Orthopedic Department of the General Hospital Uzice, univariate logistic
regression

 

 

Risk factors 
CDI cases (%) 
(N = 15) 

Non-CDI cases (%) 
(N = 83) 

OR (95% CI) p* 

Demographics and comorbidities 
Age ≥ 70 12 (80) 38 (45.7) 4.7 (1.2-18.0) .023* 
Female gender 10 (66.6) 55 (66.2) 1.0. (0.3-3.2) .976 
Diabetes 3 (25) 16 (19.2) 1.0 (0.2-4.1) .948 
Hypertension 9 (60) 30 (36.1) 2.6 (0.8-8.1) .090 
Medical procedures 
Urinary catheter placement 12 (80) 68 (81.9) 0.8 (0.2-3.5) .859 
Surgical intervention 14 (93.3) 71 (85.5) 2.3 (0.2-19.6) .426 
The admission to intensive care unit 14 (93.3) 70 (84.3) 2.6 (0.3-21.5) .376 
Surgical drain 14 (93.3) 68 (81.9) 3.0 (0.3-25.3) .294 
Antibiotic prophylaxis 14 (93.3) 73 (87.9) 1.9 (0.2-16.1) .550 
Length of antibiotic prophylaxis (days) 3.6±2.0 2.4±1.4 1.5 (1.1-2.1) .017* 
Ceftriaxone 11 (78.5) 56 (67.4) 1.3 (0.3-4.5) .654 

 Note. CDI- Clostridium difficille infection; OR-odd ratio; *p < .05. 

 

Table 2. Potential risk factors for CDI incidence at the Orthopedic Department of the General Hospital Uzice, multivariate
logistic regression

 

 

Risk factors       
CDI cases (%) 
N = 15 

Non-CDI-cases (%) 
N = 83 

OR (95% CI) P 

Age ≥ 70 12 (80) 38 (45.7) 4.5 (1.1-18.2) .031 
Length of antibiotic therapy 3.6 ± 2.0 2.4 ± 1.4 1.5 (1.1-2.1) .017 

Note. CDI- Clostridium difficille infection. OR-odd ratio 

 

 

4. DISCUSSION

We have described the CDI outbreak at the Department for
orthopedic surgery of the General Hospital Uzice, which
was the first outbreak of the CDI reported in Serbia. This
outbreak included 15 hospitalized patients with confirmed
CDI, with a high incidence rate (15.3%), as well as the case
fatality rate (20%).

First CDI cases were detected in 2011 in our hospital, when
the laboratory confirmation of these infections was intro-
duced. During 2012, a total of 20 cases were reported (in-
cidence rate was 1.34/1000 patient-days). This outbreak in
2013 was the first large CDI outbreak not only in our hospi-
tal, but in the whole country. It posed considerable clinical,
infection control and public health challenges. At that time,
surveillance and control of health care-associated infections
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(HAI) were organized at specific way. Infection control team
consisted of two infection control nurses employed in this
hospital who worked in close cooperation with an infection
control doctor (epidemiology specialist) from the responsible
Institute of Public Health. Such organization of HAI surveil-
lance is still applied in some hospitals in Serbia, although the
Rule book of HAI requires the existence of a complete own
HAI team in each hospital.[12] However, due to our limited

financial resources and the insufficient number of staff in
hospitals, such organization of the HAI surveillance has been
applied since 2001 when a national HAI surveillance system
was established in Serbia. The members of the infection
control team had a great experience in working together and,
thanks to good coordination and communication with all
staff in the hospital, managed to reach certain conclusions
and take adequate anti-epidemic measures.

Figure 1. Health care-associated Clostridium difficile infections

Our results are similar to the results of other studies, showing
that patients ≥ 70 were around 4 times more likely to have
CDI than younger individuals.[13, 14] It was shown during one
outbreak that risk of CDI was 10 time higher among patients
older than 65 years.[15]

It is well known that CDI development is usually preceded
by the use of antimicrobial therapy, which alters the normal
ratio of bacteria in the digestive tract.[16] Almost all antibi-
otics have been associated with CDI, even the antibiotics
used in the surgical prophylaxis. Development of CDI in-
fections is frequently linked with the preoperative use of
third-generation cephalosporins. It was identified that when
multiple cefuroxime–based antibiotic prophylaxis in ortho-

pedic surgery was switched to a single dose of gentamycin
and flucloxacillin or teicoplanin for patients with methicillin-
resistant Staphylococcus aureus, the frequency of CDI sig-
nificantly decreased.[17] Although our study found no asso-
ciation between antibiotic therapy and CDI, the length of
antibiotic prophylaxis was statistically significantly related
to CDI incidence. The average length of antibiotic therapy
in non-CDI patients was 2.3 days, and in CDI patients 3.8
days. This outbreak increased the vigilance of the surgeons
and revealed the need for the application of current proto-
cols and guideline for antibiotic prophylaxis in orthopedic
surgery both in terms of the antibiotic class and the length
of their use. Comorbidities, such as diabetes (p = .630) and
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hypertension (0.141), were not related to CDI incidence. The
study conducted by Suljagic et al. in Serbia also found no
relation between diabetes and CDI,[13] however, the knowl-
edge of potential mechanisms for the increased risk of CDI
in patients with diabetes are still limited.[18]

During this outbreak, a bundle of outbreak control measures
were introduced including reinforcement of infection con-
trol measures, communication, optimization of diagnosis
and CDI therapy, as well as, antimicrobial stewardship. Pa-
tients were placed in the single room at the beginning of
the outbreak, and then, confirmed cases were followed in
the patients’ rooms in one part of the corridor. The hospital
environment hygiene was improved and chlorine prepara-
tions disinfection with adequate contact time was introduced
every eight hour shift. The staff was separated, and some of
them take cared only for CDI cases. They were re-educated
about hand washing and possible modes of CDI transmission.
Patients’ personal hygiene was also strictly maintained.

In April, when the outbreak was reported, the hospital was
more crowded than usual. While the average number of
hospitalized patients in other months was 72, in April it in-
creased up to 129. One of the special measures introduced
was the suspension of cold case admission, which ultimately
reduced the number of patients at the ward and contributed to
a more balanced accommodation schedule. All rooms at the
ward have four beds, which facilitated contact transmission.

Infection control team worked closely with staff in the re-
sponsible regional Institute of Public Health. Beside daily

communication at regional level, well-established collabora-
tion with policy-makers has existed. There are network of
25 regional public health institutes and one national Public
health Institute.

This first outbreak of CDI in our country was a signal to the
Serbian Ministry of Health to urgently issue Instruction for
Prevention and Control of Hospital Infections caused by C.
difficile, which became mandatory for all health institutions
in Serbia.[19] The same instruction regulated the therapeu-
tic according with international guidelines.[20, 21] Systematic
reviews support the hypothesis that implementation of antimi-
crobial stewardship programs (ASP) could have the positive
impact on the prevention of CDI outbreaks.[22, 23] The experi-
ences from this outbreak indicate the need to conduct further
research on the effectiveness of newly-implemented ASP in
Serbia.

Limitation of this study was lack of genotyping of C. dif-
ficile due to some technical problems in National referent
laboratory. However, lessons learned from this first CDI out-
break in Serbia were used by other healthcare institutions in
prevention and taking control measures in further outbreaks.

5. CONCLUSION
The length of antibiotic prophylaxis is linked with CDI in-
cidence. Orthopedic departments have a risk of CDI. There-
fore, infection control measure, antimicrobial stewardship
programs and compliance to guidelines for the prescribing of
antibiotics play important role in the prevention of C. difficile
infection burden.
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