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Abstract: Objective: Clostridioides difficile, a Gram-positive, spore-forming bacillus, has emerged as a leading
cause of healthcare-associated infections, significantly contributing to infectious diarrhea and increasing
healthcare costs. Materials and Methods: This cross-sectional, observational study polled Saudi Arabian
nursing staff from July 2023 till December 2023 to evaluate their knowledge, attitudes, and habits regarding C.
difficile infection (CDI). They were evaluated using a pre-tested, standardized questionnaire. Results: A total of
358 nurses in Saudi Arabia were surveyed, and 66% reported having knowledge of C. difficile procedures.
However, only 30.5% of respondents correctly classified C. difficile as an anaerobic bacillus, while 42% were
aware of the organism’s common occurrence in healthy adult volunteers. Additionally. 56% of respondents
were aware of risk factors, and 49% could name typical medicines that might cause illness. Merely 24%
acknowledged the cytotoxin test as the gold standard for detection. Of those who responded, 27% identified
hand washing your hands was the greatest preventive approach and 36% thought that oral metronidazole was
the best course of action. Conclusions: These findings highlight the global challenge that nurses are adequately
knowledgeable on C. difficile. They stress the necessity of continuing education and training to enhance CDI
management and patient outcomes, regardless of geographical variances.

Keywords: Clostridioides difficile; cross-sectional survey; infection diseases; medical laboratory;
nurses; spore-forming bacillus

1. Introduction

Clostridioides difficile (C. difficile), a Gram-positive, anaerobic, spore-forming bacillus, is
recognized as an opportunistic pathogen present in the intestinal tracts of both humans and animals,
as well as in the environment [1-7]. Recent reports highlight its emergence as a predominant
pathogen responsible for healthcare-associated infections (HAIs) [1-3]. Moreover, C. difficile has
become the primary etiological agent of infective diarrhea in developed nations [4,6]. Notably, it
stands as a major contributor to escalating healthcare costs, with an estimated excess of USD 11,285
per case reported in the United States alone [7]. In the United Kingdom, C. difficile infection (CDI)
stands as the predominant hospital-acquired infection, and it is still increasing. In 2004, about 44,107
instances of C. difficile were documented among individuals 65 years of age or older, according to
statistics supplied by the Department of Health for England and Wales. The following year saw an
increase in cases to 51,690, highlighting the alarming rising trend in CDIs [8].

Because drugs alter the composition of the gut microbiota and reduce colonization resistance,
there is a strong correlation between antibiotic exposure and the frequency of CDI [9-11]. By
interfering with the synthesis of secondary bile acids, this mutation promotes the colonization of C.
difficile and contributes to the pathophysiology of active infection [12]. In particular, the capacity of
the host to convert primary bile acids into secondary bile acids is weakened by antibiotic use, leading
to the germination of C. difficile spores [12]. These factors combine to promote the development of
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active infection in colonized individuals, and the primary bile acid taurocholate assists in this process
[12].

Antibiotic usage and the prevalence of CDI are substantially correlated, with penicillin,
cephalosporins, clindamycin, and fluoroquinolones presenting the highest risks [13,14]. Elderly
people, especially those over 65 years of age, are 10 times more vulnerable than younger patients
[15,16]. Hospitalization, gastrointestinal surgery, immunosuppressive conditions, organ
transplantation, chemotherapy, inflammatory bowel illness, chronic renal disease, exposure to
environmental contaminants, contact with a known carrier of C. difficile, and a history of CDI are
additional risk factors for infection [17-21]. Although its potential to increase infection risk by
changing the gut microbiota and making people more vulnerable to C. difficile colonization and
infection is being investigated, the function of stomach acid suppression in CDI remains debatable
[22].

In fact, several studies found that the patients’ rates of C. difficile colonization increased from 2
to 20%, with longer hospital stays, longer antibiotic usage, close contact with sick or colonized people,
and nursing home living being associated with increased risk [23-25]. All previous reasons for C.
difficile colonization originated from the highly resistant spores of C. difficile. Viable C. difficile spores
are commonly detected in healthcare environments and can be discovered on stethoscopes, bedside
furniture, the hands of healthcare personnel, cellphones, and other medical equipment [23,26]. This
highlights the importance of nurses and other healthcare workers following strict hand hygiene and
infection prevention and control protocols [23,27,28]. Using disposable gloves and gowns, hand
washing with soap and water, solitary patient isolation, daily cleaning of high-touch surfaces, and
comprehensive room decontamination upon patient discharge are effective ways of lowering the risk
of CDI [26,29]. The adoption of these infection control measures, which greatly lower the prevalence
of CDI in healthcare settings, is contingent upon the involvement of nurses and other healthcare
workers. As active members of antimicrobial stewardship teams, nurses collaborate with other
healthcare professionals to monitor patients with CDI and teach them and their families about the
use of antibiotics [26,29]. This study investigated the awareness and understanding of CDI among
nurses in Saudi Arabia, as there has been no prior research on this topic. The objective was to identify
knowledge gaps to enhance future training programs for nurses and healthcare professionals on
infection control procedures.

2. Materials and Methods

2.1. Study Design and Setting

This was an observational, cross-sectional study was conducted involving nursing staff from
three tertiary public hospitals in Riyadh, Saudi Arabia, between July and December 2023.

2.2. Structure of Questionnaire

Data regarding demographic characteristics and knowledge, attitudes, and practices regarding
CDI were obtained using a pre-tested, semi-structured, and close-ended questionnaire. The
questionnaire was structured and modified with 17 core questions, three on demographics, and two
on CDI information received by nurses. Other questions focused on basic microbiology and illness
caused by CDI (items 1-4), risk factors for increased susceptibility to CDI (items 5-7), and CDI
detection and management (items 8-12) [30]. All 17 core questions on knowledge, attitudes, and
practices were scored on a three-point scale. The questionnaire clearly stated that the information
would be used only for scientific purposes, and the participants signed a consent form. The
questionnaire was in English. Instructions were included to simplify the questionnaire. Participants
were also encouraged to ask any questions regarding the content of the questionnaire.

2.3. Ethical Consideration

Ethical approval was obtained from the Ethics Committee of Majmaah University (Approval
No. MUREC- Jan.l7 /COM-2023/3-4). Prior to the participants completing the online questionnaire,
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informed consent was obtained, and the participants were informed of the goals and advantages of
the study. All information was kept private and used solely for statistical analysis.

2.4. Data Collection

The questionnaire was developed using Google Forms and mailed to all nurses. A total of 358
nurses (male and female) were included in the stratified random sampling based on their educational
level (Table 1).

Table 1. Demographic characteristics of the samples (N=358).

Characteristics Total Nurses (N=358)
Sex at birth, n (%)
Male 118 (33.0)
Female 240 (67.0)
Educational level, n (%)
Diploma in nursing 42 (11.7)
Bachelor's Degree 236 (65.9)
Master's Degree 74 (20.7)
Doctor of Philosophy (PhD) 6 (1.7)

2.5. Statistical Analysis

Data were coded and analyzed using Statistical Package for the Social Sciences (SPSS) program.
The responses were analyzed descriptively to define the distribution of the demographic and other
characteristics. Categorical variable scores were analyzed as numerical variables and expressed as
numbers and percentages.

3. Results

A total of 358 nurses working at three different hospitals in Saudi Arabia responded to the
questionnaire. Overall, 67% (n=240) of the respondents were female and 33% (n=118) male (Table 1).
Regarding whether they had received information about hospital protocols and policies concerning
CDI, 66% (n= 236) of respondents indicated that they had received such information, whereas 34%
(n=122) indicated that they had not (data not shown). Regarding knowledge of the basic microbiology
and illness caused by CDI (questions 1-4; Table 2), 30.5% (n=109) of respondents correctly identified
C. difficile as an anaerobic bacillus, and 42% (n=151) correctly determined the percentage of normal
healthy adults carrying toxin-producing C. difficile in their gut flora. However, only a small number
of respondents (n= 33; 9%) knew that toxic megacolon is a condition caused by CDI. Additionally,
most of the respondents (58%; n=209) were aware that the incubation for CDI ranges from 2 days to
8 weeks. Regarding risk factors for increased susceptibility to CDI (questions 5-8; Table 2),
approximately 56% of respondents (n=199) demonstrated awareness of the various predisposing
factors for acquiring CDI. Only about 49% (n=175) of respondents could correctly identify the drugs
cephalosporins, aminopenicillins, fluoroquinolones, and clindamycin as the most frequently cited
causes of CDI. However, 86 (24%) respondents indicated that restricting the use of antibiotics was the
most effective strategy for reducing symptomatic CDIs.

Concerning the detection and management of CDI (items 8-12; Table 2), approximately 19%
(n=67) of respondents believed that it was not necessary to treat all cases of C. difficile associated
diarrhea, whereas 81% (n=291) answered that it was necessary to treat all cases of C. difficile associated
diarrhea. When asked about the gold standard test for identifying CDI, only 24% (n=86) of
respondents were able to identify cytotoxin assay for detecting cytotoxin B as the gold standard test
for the identification of pathogenic CDI. Interestingly, approximately 50% (n=180) of respondents

d0i:10.20944/preprints202410.2402.v1


https://doi.org/10.20944/preprints202410.2402.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 October 2024

4

answered that the stool culture was the gold standard. Moreover, 27% (n=96) of respondents
identified hand washing with soap and water as the most effective way to prevent the transmission
of C. difficile. When asked about the first-choice antibiotic for the treatment of C. difficile associated
diarrhea, 36% (n=130) of respondents were able to choose the right answer, which is oral
metronidazole. However, approximately 18% (n=63) correctly identified oral vancomycin as the
second option for patients who fail to respond to oral metronidazole in cases of C. difficile-associated
diarrhea.

Table 2. Answer distribution to questions on various aspects of CDI (N=358). Correct answers are

d0i:10.20944/preprints202410.2402.v1

underlined.
Item Total Nurses
(N=358)
Section 1: Basic microbiology and illness caused by CDI, n (%)

1- What type of organism is C. difficile?
Anaerobic bacillus 109 (30.4)
Gram-positive coccus 181 (50.5)
Gram-negative bacillus 41 (11.5)
Fungus 27 (7.6)

2- What percentage of normal healthy adults carry toxin-producing C. difficile in

their gut flora?

None 63 (17.6)
5% 151 (42.2)
;_70% 132 (36.9)
100% 12 (3.3)

3- Which of the following conditions may be due to CDI?
Pseudomembranous colitis 96 (26.8)
Antibiotic-associated colitis 94 (26.2)
Antibiotic-associated cases of diarrhea 96 (26.8)
Toxic megacolon 3302)

4-What is the incubation period of C. difficile associated disease?
Less than 2 days 65 (18.1)
2 days to 8 weeks 209 (58.4)
8-10 weeks 59 (16.5)
More than 10 weeks 25(7.0)

Section 2: Risk factors that increase susceptibility to acquiring CDI, n (%)

5-Which of the following risk factors are associated with acquisition of C.

difficile?

Prolonged hospital stay 62 (17.3)
Advanced age 43 (12.0)
Immunosuppressant 31(8.7)
Usage of antacids and stool softeners 23 (6:4)
All of the above 199556)

6-Which of the following antibiotics are the most frequently cited causes of CDI?
Cephalosporins 69 (19.3)
Aminopenicillins 38 (10.6)
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Fluoroquinolones 37(10.3)
Clindamycin 39 (10.9)
All of the above 175 (48.9)
7-What is the single most successful measure in reducing symptomatic CDI?
Antibiotic restriction 86 (24.0)
Use of gloves while examining patients 25 (154)
175 (48.9)
Washing hands 42 (117)
Prophylactic use of metronidazole
Section 3: Detection and management of CDI, n (%)
8-Is it necessary to treat all cases of C. difficile associated diarrhea?
Yes 291 (81.3)
No 67 (18.7)
9-What is the gold standard test for the identification of pathogenic CDI?
Cytotoxin assay for detecting cytotoxin B 86 (24.0)
ELISA 58 (16.2)
Latex agglutination test 34(9.5)
Stool culture 180 (50.3)
10-What is the most effective way of preventing transmission of C. difficile?
Hand washing with soap and water 96 (26.8)
Rubbing hands with alcohol-based products 35(98)
Wearing gloves 20(5.6)
All of the above 207(578)
11-What is the first-line antibiotic choice for the treatment of C. difficile
associated diarrhea?
Oral vancomycin 89 (24.9)
Oral metronidazole 130 (36.3)
Intravenous vancomycin 70 (19.5)
Intravenous metronidazole 69 (19.3)
12-The treatment of choice in patients who failed to respond to oral
metronidazole in C. difficile associated diarrhea is:
Addition of oral vancomycin 91 (25.4)
Switch over to oral vancomycin 63 (17.6)
Switch over to intravenous metronidazole 71(19.8)
Addition of intravenous vancomycin 78 (21.8)
55 (15.4)

Switch over to intravenous metronidazole and oral vancomycin

Abbreviations: CDI, Clostridium difficile infection; ELISA, Enzyme-linked immunosorbent assay.

4. Discussion

To the best of our knowledge, this is the first study to assess the knowledge and practices related
to CDI diagnosis and management among nurses in Saudi Arabia. Our survey of 358 nurses in Saudi
Arabia revealed that 67% were female, and 66% had received information on C. difficile protocols.
Only 30.5% correctly identified C. difficile as an anaerobic bacillus, whereas 42% knew its prevalence
in healthy adults. Approximately 56% were aware of risk factors, and 49% identified common
antibiotics that cause infection. For detection, 24% recognized the cytotoxin assay as the gold
standard test. Regarding prevention, 27% endorsed hand washing, and 36% correctly chose oral
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metronidazole as the first-line treatment. C. difficile is a Gram-positive, anaerobic, spore-forming
bacillus found in human and animal intestines and in the environment. It has emerged as a leading
cause of HAIs and infectious diarrhea in developed countries, significantly increasing healthcare
costs, with an estimated USD 11,285 per case in the US. In the UK, C. difficile is the most common
HALI, with cases increasing from 44,107 in 2004 to 51,690 in 2005 among individuals aged 65 and older.

Similar to our research on Saudi Arabian nurses, several studies have examined nurses’
awareness and understanding of CDI. With regard to the introduction of a C. difficile prevention
bundle, Musuuza et al. [31] examined the implementation of C. difficile preventive measures, along
with relevant facilitators and obstacles. Similar to this study, they focused on how crucial it is for
nursing personnel to obtain appropriate training and knowledge. According to the findings, higher
nurse staffing levels and a positive work atmosphere lower infection rate [31], which is consistent
with the present study’s focus on knowledge and procedure adherence. In an Australian study on
nurses’ awareness of C. difficile, Kelly et al. [32] revealed that just 25% of nurses accurately recognized
issues connected to C. difficile, which is comparable to the poor awareness levels (9%) discovered in
our research concerning toxic megacolon. Studies conducted in Australia and the UK have reported
similar findings: only 53% and 70% of Australian and UK nurses, respectively, correctly identified
the incubation period for C. difficile, indicating widespread knowledge gaps [30,33]. A cross-sectional
study conducted among Italian nurses highlighted similar gaps in CDI knowledge and protocol
adherence. Approximately 74% of nurses used procedures and guidelines concerning CDI, but only
46.5% implemented specific CDI bundles in daily practice. Moreover, the study found a significant
lack of postgraduate training on CDI among nurses [34]

Research from the Johns Hopkins School of Nursing has emphasized the critical role of nurses
in CDI management and prevention. The study outlined the importance of comprehensive education
for nurses on CDI treatment protocols, emphasizing that only a subset of nurses is well-versed in
these guidelines. The study also detailed the standard treatments, such as the use of oral
metronidazole and vancomycin based on infection severity [35], which is similar to what was
observed in our study regarding knowledge of first-line treatment. A study examining knowledge
and practices of CDI control in Canada found that 70% of nurses were aware of infection control
measures, slightly higher than the 66% in our study, but still indicated significant gaps in
comprehensive knowledge and practices [31]. Another study examining Brazilian nurses’ knowledge
of infection control reported that 60% of nurses had formal training in C. difficile, which is similar to
the 66% in our study. Both findings emphasize the need for continuing education and training [32].
Our study found that 56% of nurses were aware of the proper incubation time for C. difficile, which
is significantly higher than the 35% reported in a UK-based study [31]. Nurses have shown a greater
general level of CDI management expertise in several US settings. According to previous studies,
most nurses are aware of the clinical recommendations for CDI. A sizable percentage of them —more
than 90% —knew the significance of particular infection control procedures and the role hand hygiene
plays in preventing CDI transmission [30,34,36,37].

Regarding the effect of training programs, according to research in the United States, in-depth
training programs dramatically increase nurses’ understanding of CDI [31]. This corroborates our
finding that 66% of nurses who received information knew more about hospital protocol. Another
study noted significant variability in CDI knowledge among nurses depending on their education
level and specific training received. For instance, nurses with advanced education or specific CDI
training exhibited much higher awareness of and adherence to CDI management protocols than those
without such training [34]. A study examining nurses’ awareness of antibiotic stewardship in
Germany found that only 30% of nurses were aware of the role of antibiotics in CDIs [32], which is
significantly lower than the 49% in the present study, suggesting a higher level of knowledge among
Saudi nurses. In terms of infection control methods, a Japanese study revealed that 50% of nurses
could name the appropriate CDI control strategies [31], which is comparable to the present study’s
finding —27% of respondents indicated that hand washing with soap and water was the best way to
avoid infections. Furthermore, our study found that 36% of nurses recognized oral metronidazole as
the first-line treatment for C. difficile, which is consistent to an Indian study where 40% of nurses
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were aware of the correct treatment methods. This highlights a significant level of awareness among
nursing professionals regarding appropriate treatment options for this infection [31].

The following are the study’s limitations. First, the sample size may not fully represent the
national nursing population, but still provides valuable insights. Furthermore, the results may not be
generalizable to all nurses due to the demographic distribution, with 67% being female participants.
Second, this study relied on self-reported data from nurses, which may introduce bias. It is possible
that participants might have inaccurately assessed their knowledge and behavior regarding CDI,
potentially affecting the accuracy of the results. This study provides valuable insights into the skills
and procedures of Saudi Arabian nurses but lacks a direct comparison with nurses from other
countries. Such a comparison could enhance understanding of how Saudi nurses' behavior and
knowledge align with or differ from international standards.

5. Conclusions

In summary, this study highlights the global challenge of ensuring that nursing staff members
are adequately knowledgeable about C. difficile. The need for ongoing education and training to
enhance the comprehension and management of CDI is a concept that unites all areas. The diverse
levels of knowledge suggest that the efficacy of existing educational initiatives varies by location,
even as common findings underscore this pervasive problem.

Studies have highlighted the vital significance of focused educational initiatives and continual
training to improve nursing staff's understanding and implementation of CDI management
procedures. Offering clear and accessible guidelines, along with improving training programs, can
help reduce the occurrence of CDI in healthcare settings and improve patient outcomes. CDI
management faces global information gaps that persist across different regions, as evidenced by
findings from a study in Saudi Arabia and other locations. Improving education and training
programs are key to address the gaps, standardize CDI standards and enhance global management.
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