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Abstract: Clostridium difficile infection (CDI) is the most common infectious disease related to
antibiotic-associated diarrhoea and is a current leading cause of morbidity/mortality, with substantial
consequences for healthcare services and overall public health. Thus, we performed a retrospective
epidemiological study of CDI for a long period (8 years), in an infectious hospital located in
north-western Romania, which serves an entire county of the country (617,827 inhabitants). From 2011
to 2018, 877 patients were diagnosed with CDI; the mean incidence of this disease was 2.76 cases/10,000
patient-days, with an increasing trend in the annual incidence until 2016, at which point there was a
decrease. The most commonly afflicted were patients in the 75–84 age group, observed in winter
and spring. The results show that the antibiotics were administered in 679 (77.42%) subjects, within
the last 3 months before CDI, statistically significant more than proton-pump inhibitors (PPIs)—128
(14.60%) and antidepressant medications—60 (6.84%), which were administered during the same
period (p < 0.001). No medication was reported in 10 (6.84%) cases of CDI, in the last 3 months of
the study. The fatality rate attained 4.1%, tripling in 2018 vs. 2011. CDI became a significant public
health conundrum that can, nevertheless, be combatted through a judicious use of antibiotics.

Keywords: Clostridium difficile infection; epidemiology; proton-pump inhibitors; antidepressants;
Romania

1. Introduction

Clostridium difficile (CD) is omnipresent in the environment; it is also considered to be a greatly
important bacterium in diarrhoea-associated disease, for both different animal species and human.
The incidence and the severity of CD infection (CDI) have significantly increased worldwide during
the last two decades [1]. Often fatal, it can aggravate already existing pathologies and is responsible
for generating outbreaks of nosocomial infections [2,3]. It can prolong hospitalization time and thus
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increases expenses and creates a vicious circle in which patients are exposed to healthcare services for
increased periods, opening the opportunity for exposure to other multidrug-resistant pathogens [4].

As the most encountered cause of infections connected to the healthcare field, CD is a major
concern for the medical network [5,6]. Although there are important actions to prevent and decrease
the occurrence of CDI in hospitals, there still are serious effects, both clinical and economic. Several
centers have implemented associated actions of various composition, manifestation and efficiency.
Incomplete information about the effectiveness of existing treatments/interventions and the spread of
this pathology makes it difficult to prevent healthcare-associated CDI (HA-CDI). [7]. Therefore, health
approaches to CDI prevention and reduction should be reconsidered. In order to obtain better care and
prevention on a large scale, programs and efficient interventions, with scalable and sustainable impact,
need to be implemented in healthcare systems. All public health actions have to consider sustainability
as well as the development of strategies for CDI from the individual disease management to a more
consistent global medical approach [8]. In order to restrain the rates of CDI and decrease morbidity,
it is necessary to approach CD as a global health issue and to raise consciousness of its impact [9].

Also, the incidence of HA-CDI is a relevant qualitative indicator in terms of the healthcare system
implemented both in each hospital and at the national level; it reflects the quality of antimicrobial
administration as well as infection prevention [10].

In Romania, the widespread use of antibiotics [10–12], justified or not, and often with unrestricted
access to them, has generated an upward trend in CDI. The use of antibiotics is responsible for
the alteration of human gut microbiota (HGM), leading to dysbiosis [13]. Once the commensal
microorganisms are destroyed, their place can be occupied by pathogens. CD, an obligate anaerobic
and spore-forming bacterium, is one of the most feared microorganisms likely to colonize the human
gastrointestinal tract under such conditions, causing antibiotic-associated diarrhoea (AAD) along with
pseudomembranous colitis (PMC). CD strains can be toxigenic (carrying toxin genes) and non-toxigenic
(toxin genes are absent), both having the ability to colonize human and animal intestines. Spores can
survive for a long term in the environment, being present in soil, water, and feces, and in healthcare
settings [14]. In advantageous conditions, and inside the human host, they will germinate to a
vegetative form responsible for toxin production. Enterotoxin A and cytotoxin B are responsible for
inflammation, necrosis and increased vascular permeability at the host epithelial cell level, in the case
of human colonization with toxigenic strains of CD. Another toxin (known as the binary toxin) has an
unclear role in the disease’s pathophysiology, usually being related to severe cases [15].

Beta-lactam antibiotics, including penicillin, are a class of drugs classified as frequently
CDI-associated [16], but antibiotics are not only culprits to cause dysbiosis. Other risk factors
predispose to CDI, such as gastric acid suppressants, antidepressants, immunocompromised hosts,
gastrointestinal surgery, prolonged hospitalization and severe underlying conditions, such as acute
lymphoblastic leukaemia with gastrointestinal involvement, which is the most frequent form of cancer
in children, or gastrointestinal tract malignancy [17–19].

CDI has become a major public health problem due to the combination of several factors, such as
asymptomatic colonization, the increased resistance of the spores in the environment and, especially in
hospital environments, the emergence of hypervirulent strains. These strains synthesize binary toxins
which determination is constrained by a lack of appropriate infrastructure and financial means [20].
Asymptomatic colonization is present in young children, medical staff and in the first week after
cessation of correct etiological treatment conducted in symptomatic patients [21].

Regarding the increased incidence of CDI, even among the population considered to be at low
risk to become infected and also to monitor the incidence and to establish the population at risk, this
study aimed to present long-term epidemiologic data correlated with the evolution of CDI incidence,
and the way in which the marked increase in antibiotic consumption influences it.
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2. Materials and Methods

2.1. Protocol

An 8-year retrospective study from January 1st, 2011, to December 31, 2018, was conducted in
the Department of Infectious Diseases at Oradea Municipal Hospital “Gavril Curteanu”, Oradea,
Romania, which provides medical services to the population of the entire Bihor county; according to
the Romanian National Institute of Statistics (NIS), this county has a population of 617,827 (2018), 51%
living in urban areas [22]. All patients admitted with diarrhoea were tested for CDI. The demographic
and epidemiologic data, past medical history (PMH), as well as the clinical features of the positive cases,
were analysed. The following pathologies were registered: cardiovascular disease (CVD), diabetes
mellitus (DM), inflammatory bowel disease (IBD), neoplasm (N), chronic kidney disease (CKD), hepatic
cirrhosis (HC), chronic respiratory diseases (CRD), psychiatric diseases (PD), and past surgery history
(PSH). Patients with no associated diseases nor presence in medical services were included in the
category community acquired (CA). Diagnosis of CDI, and patient admission to the hospital during
the first episode of CDI were criteria for being included in the study. Patients with AAD, but with
CD toxins A/B binary negative, and those with recurrent CDI within the 3 months following the first
episode were excluded.

HA-CDIs were considered to be cases with onset in a healthcare unit declared within a minimum
of 48 hours of admission, or within the first 4 weeks following discharge. Community-associated
CDI (CA-CDI) were considered patients with onset of symptomatology during the first 48 hours after
admission to a healthcare service, or the case of a patient having no presence in a healthcare service
within the last 3 months.

Patients whose onset was between 4 and 12 weeks after discharge from a medical unit were
classified as having an unknown origin of CDI (UO-CDI). The classification was made according to the
European Society of Clinical Microbiology and Infectious Diseases [23].

2.2. Ethical Statement

All participants in the study signed an informed consent form at the hospital upon admission.
The study was approved by the Ethics Commission of the Oradea Municipal Hospital “Gavril Curteanu”,
Oradea, Romania (no. 1026/12 September 2018) and conforms to the World Medical Association Code
of Ethics (Declaration of Helsinki, 1967). The manuscript is in line with the Recommendations for the
Conduct, Reporting, Editing and Publication of Scholarly Work in Medical Journals and aim for the
inclusion of representative human populations (sex, age and ethnicity) as per those recommendations.

2.3. Diagnosis of CDI

The cases were checked for toxigenic CD in all patients with diarrhoea (≥3 unformed stools over
24-hour periods) prior to etiological treatment. Unformed stool samples were tested for the presence
of free faecal toxins A and/or B using chromatographic immunoassay CerTest CD GDH+Toxin A+B,
(CerTest Biotec, Spain) prior CDI treatment. Sensitivity for toxin A was 96.6% (95% confidence interval
CI, 92.2% to 99.9%), for toxin B of 100% (95% CI, 92.2% to 99.9%), specificity for toxin A was 100% (95%
CI, 96.2% to 100%), for toxin B of 98.9% (95% CI, 94% to 100%) [24].

The cases suspicion of CDI, negative at the previous determination, without another proven
aetiology, were checked by Cepheid Xpert CD BT Assay (Cepheid, Sweden), utilizing real-time
polymerase chain reaction. The test identifies hypervirulent strains of CD, producing binary toxin, by
identifying CD toxin gene B (tcdB), binary toxin gene (cdt), and a deletion of a nucleotide at position
117 of the tcdC accessory gene from patients’ stool. The sensitivity of the test for toxigenic CD was
93.39% and the specificity 94.02%, respectively [25].

For detection, 1–2 g of freshly emitted feces or 1–2 mL of liquid feces were collected in a sterile
container, with no preservative added. The sample was transported to the laboratory as quickly as
possible and analysed within a maximum of two hours. The results were expressed qualitatively.
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2.4. Statistical Analysis

The Software SPSS (Statistical Package for the Social Sciences), version 26, was used for statistical
analysis and graphical representation. Chi-square test and Mann–Whitney U statistics for two
independent variables were used to calculate the p-value. A p-value of less than 0.05 indicates
statistical significance.

3. Results

Over the 8 years of study, 4354 patients, both children and adults, were diagnosed with acute
gastroenteritis (AE), and 877 with CDI. The mean incidence density for the eight-year period was
2.76 cases per 10,000 patient-days. The mean CDI prevalence was 20.14%, with annual variation
from 7.65% to 41.45% (Figure 1). Over the 8 years of study, 4354 patients, both children and
adults, were diagnosed with AE, and 877 with CDI. The incidence rate was 2.76 cases per 10,000
patient-days. The mean infection rate was 20.14%, with annual variation from 7.65% to 41.45%
(Figure 2). The frequency of CDI cases increased, starting in 2011 and reaching its maximum in 2016.
The incidence density of CDI cases is depicted in Figure 2. The distribution of confirmed CDI cases by
age and gender is presented in Figure 3.
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Figure 1. Infection rate of CDI according to year. AE—acute gastroenteritis;
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The incidence of CDI according to residence was higher in patients from rural areas (452, 51.54%),
with an urban to rural ratio of 1:1.06, and no statistical significance, p = 0.36 (Figure 4). Statistically,
CDI cases were significantly more frequent in the winter–spring season than in the summer–autumn
period (475 vs. 402, p = 0.013) (Figure 5).
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It was revealed that antibiotics (ATBT) had been administered in 679 (77.42%) cases within the last
3 months before CDI, statistically significant more than proton-pump inhibitors (PPIs)—128 (14.60%)
and antidepressant medications (AD)—60 (6.84%) administered in the same period (p < 0.001). In 10
(6.84%) cases of CDI, no medication was reported (NM) in the last 3 months (Figure 6).
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Figure 6. Drug use associated with CDI: ATBT—antibiotics; PPI—proton-pump inhibitors;
AD—antidepressant medications; NM—no medication.

During the 8 years of the study, almost half of the cases (378/43%) were recorded in association
with cephalosporins. The lowest values were recorded in cases previously treated with macrolides
(27/3%) and antitubercular agents (27/3%). Fluoroquinolones were found in association with 193 (22%)
cases with CDI, aminopenicillins in 167 (19%) cases, and rifaximin in 88 (10%).

During the first 4 years monitored, treatment with cephalosporins and fluoroquinolones tended to
rise, but then decreased during the last 4 years, while the other antibiotics showed a positive increasing
trend (Figure 7).
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Regarding the recent hospitalization of CDI patients, 498 (56.78%) were HA-CDI, statistically
significantly higher than 251 (28.62%) cases of CA-CDI, and 128 (14.60%) cases of UO-CDI (p < 0.001)
(Figure 8). Past surgery history (PSH), cardiovascular diseases (CVD), and psychiatric diseases (PD)
were most commonly associated with CDI (Figure 9).
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Figure 9. Prevalence of HA-CDI according to PMH: HA-CDI—Healthcare-associated—Clostridium difficile
infection; PMH—past medical history; PSH—past surgery history; PD—psychiatric diseases;
CRD—chronic respiratory diseases; HC—hepatic cirrhosis; CKD—chronic kidney diseases; N—neoplasm;
IBD—inflammatory bowel disease; DM—diabetes mellitus; CVD—cardiovascular diseases.

A CDI proportional mortality rate of 72% was reported for the total numbers of deaths occurring
due to digestive infectious diseases, with a case fatality rate of 4.1% (Figure 10). From 2011 to 2018,
the case fatality rate tripled from 2.86% to 8.97%. Females were more affected than males, but the
difference was not statistically significant (p = 0.182). The mean age at which death from CDI occurred
was 73.97 ± 8.91 years (range 60–89 years). Death from CDI occurred, on average, at 7.27 ± 5.99 days,
(range 1–19 days) after hospital admission.
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4. Discussion

In the last two decades, CDI has recurred as an infectious disease with increasing importance
worldwide. The increase in the incidence of CDI, as well as an increasingly vulnerable population from
the point of view of healthcare, has resulted in an increase in the frequency of medical and surgical
complications, the appearance of additional health care costs but also increased mortality. Moreover,
CDI is one of the more common pathologies that occur in patients previously considered to have a low
risk of acquiring the disease [26]. Previous epidemiological studies have shown that CDI incidence
varies between hospitals [27].

As a particular case, in the hospital included in this research, during the 8 years of study, about 20%
of the AE were represented by the CDI. A significant increase in the incidence is observed in the first
5 years (from 7.8% in 2011 to 41.45% in 2016), almost every second patient who requested medical care
for the diarrheal syndrome during that period being diagnosed with CDI. The spread was worrying
in this department, which led to isolation measures and a judicious use of antibiotics, decreasing the
prevalence slightly over the next 2 years though it remained at alarming levels. The average incidence
rate during the study period was 2.76 cases per 10,000 patient-days with the largest variation in 2016
(3.80 cases per 10,000 patient-days) when the incidence rate was significantly increased both compared
to the study average and to the incidence of 2.4 cases per 10,000 patient-days reported by the European
Centre for Disease Prevention and Control (ECDC) in a 2016 study of 7711 cases in 20 European
countries but in which Romania was not included [28].

Balsells et al. claimed a CDI rate of 3.54 per 10,000 patient-days/y in a meta-analysis in
229 publications between 2005-2015 using data from 41 countries (including Romania) [7]. In 2014,
the incidence found in our research (2.08 cases per 10,000 patient) was lower than the 5.2 cases per
10,000 patient-days found by Popescu et al. (in a survey conducted on 393 patients from nine Romanian
hospitals) but near the value of 2.86 cases per 10,000 patient-days reported by the same study for
Timisoara County (a region near Oradea) [29]. The value we obtained, though identical to that at
the European level, was lower than that reported by other Romanian studies, possibly since we
excluded from the study the patients with AAD who had negative CD toxins according to our method
of identification.

Male patients predominated in the CDI rate with a majority of 53.25%, but this was not significantly
notable. The highest rates of CDI were found in the 75–84-year-old group. According to ECDC
surveillance from 2016, CDI is predominant in older patients, the median age being 75 [28]. Elderly
patients have multiple comorbidities that require long-term medical care. Their immune systems
are deficient, and most of their viral infections can develop into bacterial supra-infection, requiring
antibiotic treatment [30].

Today, rural Romania remains deprived of fast and efficient access to healthcare, though services
should have improved. CDI can have a delayed onset of up to 3 months following antibiotic treatment
or discharge from the hospital, though this is often unknown to doctors who do not frequently treat
this type of infection. Moreover, access to doctors in rural areas may be difficult, which is why the
disease’s infectious period may be prolonged, with patients becoming a source of infection in the
community. CD spores spread through the environment, being found in soil, water, and in both human
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and animal intestinal tract. New medical studies have raised suspicions that CDI may be a zoonotic
disease [31,32]. Contact with an environment contaminated by animal feces is more frequent in a rural
area, and any delay in medical attention may slowly increase the risk of CDI incidence in the area.

The global consumption of antibiotics registered an increase of 65% in the period 2000–2015,
Romania being classified in 2015 among the first four countries in the world, with the highest rates of
antibiotic consumption [33], and the second among European countries [10]. The increase in antibiotic
consumption up to 2015 reported by Romania coincided with an increase in CDI incidence during
2015–2016 secondary to antibiotic treatments. In the present study, the number of cases secondary to
antibiotic use was significantly higher than those of patients treated with drugs from other groups at
risk of CDI. The result we obtained is in agreement with the antibiotic consumption trend reported in
Romania, for the monitored period [10].

Even if antibiotic treatment is one of the most important factors in the aetiology of CDI, different
groups of antibiotics present different risks. In our study, cephalosporins were found to be more
frequently associated with CDI (43%), followed by fluoroquinolones (22%). According to the literature,
these two are classified as the highest risk group for CDI [34–36]. Awareness of the risk of introducing
CDI within the medical staff has probably been a factor leading to the gradual replacement of the
two groups of antibiotics with others presenting a low or medium risk of CDI, though the data we
obtained differ from those reported by the ECDC for Romania during the study period. According to
the ECDC, beta-lactam penicillin was the most frequent antibiotic (range 45.3–49.9%) used in Romania
during the 2011–2018 period [37], followed by other beta-lactams (including cephalosporins, range
15.3–20.6%), and quinolones (range 11.8–14%). The difference can be explained by the fact that CDI is
frequently healthcare-associated, and the use of antibiotics is correlated with antimicrobial resistance
in the region [11,12]. Research studies strongly correlate antibiotic prescription with a high risk of
CA-CDI as in C. difficile connected to healthcare [38,39]. There is urgent need of new antibiotics with
different ways of action to inhibit the growth of multi-drug-resistant bacteria. Identifying the molecules
able to influence the efflux process may represent a different approach, given that recent data showed
the action of the efflux process over the total resistance in microbial strains and that inhibiting efflux
pumps with adenosine triphospate-binding casette (ABC) transporter inhibitors may intensify the
effect of antibiotics that trigger them [40].

The presence of related pathologies increases the likelihood that patients will come into contact
with healthcare services, which, in turn, exposes patients to a possible environment contaminated
with microorganisms, usually multidrug resistance bacteria or fungus. Most of the time, hospitalized
patients benefit from medication responsible for dysbiosis, creating a favorable environment for CDI.
In our study, most frequently associated with patients suffering CDI were CVD, PD, and PSH. Although
CVD is not correlated with CDI, and the literature does not currently present dysbiosis as a side effect
of cardiovascular treatment, these patients with CVDs require regular medical visits and frequent
hospitalization to treat complications.

CDI may result in a 100% mortality rate in case of an Atlas score of 8 to 10 points or more [41]. Severe
complications such as fulminant colitis, toxic megacolon, colonic perforation and decompensations of
comorbidities may lead to death in patients with CDI. With a proportional mortality of 72% for deaths
induced by CDI, reported to the total number of deaths by infectious digestive diseases, we confirmed
the conclusion reported in the literature: CDI is a seriously lethal emerging pathogen and the leading
cause of death due to infectious digestive diseases. The case fatality rate reported by the literature
varied according to time and hospital location. We found a fatality rate of 4.1% for the study period.
Hensgens et al. in a 2006–2009 study of 1366 patients from 13 Dutch hospitals, found a case fatality
rate of 3.7% [42]. In a survey conducted by Hota et al. of 501 CDI patients admitted to three Canadian
hospitals in the period 2007–2008, the case fatality rate varied from 16% to 35% [43].

The case fatality rate was observed to have tripled during the study period, our results being in
agreement with those reported in the literature, thus supporting an increasing trend [43]. The number of
CDIs has risen in recent years, and the increase in mortality attributable to that infection is an alarming
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factor for the medical world. Possible causes for this may be increased incidence due to hypervirulent
strains responsible for severe infections, or the emergence of strains resistant to antibiotics in general
and especially to those usually used to treat this infection [44,45]. In Romania, the prevalence of the
hypervirulent ribotype NAP1/B1/027 is high. In a population study by Popescu et al. from November
2013 to February 2014, conducted on 393 CDI patients in hospitals from six different counties in Romania
(excluding Bihor county), ribotype 027 had a prevalence of 82.6% [29]. We could not determine the
incidence of this ribotype during the study period, because the polymerase chain reaction test for CD
toxin genes was performed only in negative cases for immunochromatography assay of the CD toxins.

Gender was not observed to be associated with death in CDI patients in the present study, but the
literature has no unitary opinion on this relationship. In a study conducted by Smith et al. in 2006–2010
on 474,513 CDI patients in 980 US hospitals, the number of deaths was higher in female cases [46].
In a French study of 40 CDI patients in 2007–2011, male cases were found to be frequently associated
with severe outcomes [47]. Death was also found to be more prevalent in males in a 2012–2013 study
of 373 CDI patients suffering from this pathology secondary to PPI medication [48]. However, other
studies have identified no relationship between gender and mortality [49].

In this study, patients with CDI whose mean age was 73.97 ± 8.91 years were more likely to
have a fatal outcome. In a study conducted by Schousboe et al., on 167 cases of CDI, from the
Canterbury District Health Board, Canterbury Region, New Zealand, the median age of death related
to CDI was 73 years, though a higher mortality rate was found in the first 30 days [50]. Older age
brings immunodeficiency, dysbiosis, and other debilitating diseases that can be decompensated by a
potentially severe diarrheal infectious disease such as CDI. All studies conducted so far regarding this
aspect of CDI reached a consensus [51,52]. Patients with CDI often come to the hospital within a few
days of the onset of appearance of symptoms, after having been referred to other health services, CDI
usually being ignored during this initial period. In the first days following hospitalization, the patient’s
condition is usually serious and the comorbidities, if any, are decompensated, with the risk of death
simultaneously increasing.

Today, CDI is a major health concern, especially to healthcare services. Due to an increasing
incidence of CDI (including those previously considered low risk), the need to identify at-risk patients,
to keep total incidence under control and to characterize the molecular epidemiology of CD strains,
urgent measures are required. Therefore, in Romania, it is mandatory for the public healthcare system
to re-evaluate the legislative provisions in force on infectious diseases, to review the protocols on this
subject, to update and optimize the programs that take into account CDI. Sustainable policies, which
are based on the idea of progress, should be focused on health and encourage a fair and periodic
assessment of the results achieved in the health field as part of the development of sustainable public
health programs.

5. Conclusions

The results of this retrospective epidemiological study indicate that during the research, about
20% of the AE were represented by the CDI, with an incidence of 2.76 cases per 10,000 patient days.
A growing trend in annual incidence is observed in the first 5 years, which determined isolation
measures and the judicious use of antibiotics and led to a slight decrease in the incidence in the next
two years. Thus, this research revealed an increasing incidence of CDI in western Romania during
2011–2018, requiring urgent attention on excessive antibiotic consumption (Romania being the main
European consumer, according to statistics). In addition, CD is an anaerobic spore-forming obligate
bacterium, resistant to common antibiotics and with a severe clinical picture, capable of inducing death.
This infection can be prevented only through collaboration between specialists, by implementing a
national antibiotic administration program and through strict rules regarding hygiene and isolation.
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