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ABSTRACT

Objective: To identify the risk factors of Clostridium difficile
infection (CDI) in diarrheal patients admitted to the intensive care
unit (ICU) in Tehran Baharloo Hospital.

Methods: A case-control study was conducted on ICU patients with
hospital-acquired diarrhea. A total of 101 patients were divided into
two groups: the case group (CDI positive, n=47) and the control
group (CDI negative, n=54). The baseline information such as use of
antibiotics, other drugs administration, treatments before diarrhea,
laboratory results, and vital signs of the two groups were compared.
Besides, logistic regression model was used to assess the correlation
between CDI positivity and mortality.

Results: Hospital stay length, ICU stay length, duration from
admission to diarrhea onset, and nasogastric feeding duration,
mechanical ventilation rate and its duration were significantly
different from these of the control group (P<0.05). The frequency
of proton pump inhibitor and carbapenem in the case group was
significantly higher than that of the control group (P<0.05). In
addition, age had a significant effect on the mortality of CDI
patients.

Conclusions: Patients with older age, longer duration of hospital or
ICU stay, longer duration of endotracheal feeding and/or intubation
were more susceptible to CDI. In addition, proton pump inhibitor
and carbapenem use influenced the gut microbiome diversity and

increased the CDI risk in patients.
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1. Introduction

As a Gram-positive anaerobic and spore-forming bacterialll,
Clostridium difficile (C. difficile) is the most common infectious
cause of diarrhea in ICU. Patients with predisposing factors that
disrupt the normal flora in gastrointestinal tract are susceptible to
the colonization of C. difficile infection (CDI)[2,3]. The predisposing
factors include broad-spectrum antibiotics, aging, hospitalization
(especially in ICU), renal failure, hypoalbuminemia, nasogastric
feeding, comorbidities, and invasive gastrointestinal procedures[4,5].
Protone pump inhibitor (PPI) is a possible cause of CDI[5]. The
administration of antibiotics is a major cause of severe colitis in
ICUI6]. Various researches reported different antibiotic classes
associated with CDI. In one research cephalosporin and clindamycin
were reported as the most common causel[7], but another study
reported fluoroquinolone(8]. Studies on the CDI risk factors are
limited in Iran. The most recent one is a cross-sectional study on
the CDI antibiogram and its risk factors[9]. Other researches are

mainly on epidemiology, antibiotic susceptibility, and molecular
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studies[10-14]. This case-control study aims to identify the associated

factors of CDI in ICU patients with hospital-acquired diarrhea.

2. Materials and methods
2.1. Ethics approval

The study was approved by the Ethics Committee of Tehran
University of Medical Sciences. The approval code is 96-03-30-
4399.

2.2. Study design

The current case-control study was conducted at the Baharloo
Hospital, a general hospital with 330 beds. Patients admitted to ICU
between July 2017 to February 2019 were selected. These patients
were diagnosed as acute diarrhea, with loose stools at least 3 times
within 24 h. They were followed-up until the discharge or death.
Patients were excluded if they had colectomy, chronic renal failure,
inflammatory bowel disease, hepatic failure, laxatives concurrently,
or had diarrhea within 72 h following ICU admission.

A total of 101 patients were selected for further analysis. At the
onset of diarrhea, stool samples were collected for stool examination
and culture.

2.3. Diagnosis and grouping

Hospital-acquired diarrhea was defined as loose stools for three
or more times in 24 h. Diarrheic patients with positive CDI were
assigned to the case group. The patients who had hospital-acquired
diarrhea without CDI served as the control group.

2.4. C. difficile detection

Stool samples from 101 patients were sent to the hospital
laboratory for smear, culture, and C. difficile toxin assay. Glutamate
dehydrogenase (GDH) method with sensitivity and specificity as
100.0% and 92.8% respectively[15.16] was used for CDI detection.
The Clostridium K-set (Coris Bio concept-Belgium) was applied.

2.5. Data collection

Data were obtained from medical records, physical examinations,
and ICU report sheets. The data included age, gender, length of
hospital stay, usage of antibiotics, PPI or H, blocker administration,
duration of mechanical ventilation, and nasogastric feeding.

Acute Physiological and Chronic Health Evaluation II score was
used to predict the severity of underlying diseases. Patients with
acute nosocomial diarrhea were categorized into two groups based
on the GDH results: C. difficle associated diarrhea (the case group)

and non-C. difficle associated diarrhea (the control group).
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2.6. Statistical analyses

Statistical analysis was performed using SPSS 16 edition (SPSS
Inc., Chicago, IL). Variables with a normal distribution were
expressed as mean + SD and compared using Student’s i-test.
Variables with a non-normal distribution were described as median
and interquartile range (IQR). To compare categorical variables, the
£ test or Fisher’s test was performed. Multivariate logistic regression
analysis including all potential risk factors for CDI was performed
to estimate the correlation between CDI and mortality. Data were
adjusted for age, sex, antibiotic use, diabetes mellitus, and duration

of nasogastric feeding. The significant level was set at a=0.05.

3. Results

Among these 101 samples, 47 were positive (the case group),
and 54 samples were negative (the control group). The baseline
characteristics of the case group and the control group were
summarized in Table 1. There was no significant difference
between the two groups in baseline variables except for hospital
stay length, ICU stay length, duration from admission to diarrhea
onset, and nasogastric feeding duration (P<0.05) (Table 1).
Treatments before onset of hospital-acquired diarrhea are presented
in Table 2. The rate of intubation, duration of intubation, and
duration of nasogastric feeding in the case group were significantly
more than that in the control group (P<0.05) (Table 2). Except for
the PPI, there was no significant difference in drug usage between
the case and the control group (Table 3).

There was no significant difference in the use of antibiotics
except for carbapenem (Table 4). The leukocytosis, folate serum
levels, and complicated diarrhea were significantly higher in the
case group than the control group (P<0.05). Other variables on the
onset day of diarrhea were not significantly different between the
two groups on the onset day of diarrhea (Table 5). According to the
results of multiple logistic regression, only age had a significant
impact on the mortality of CDI patients (Table 6).

4. Discussion

C. difficile is a common pathogen of hospital-acquired infection,
with high mortality and morbidity[17]. CDI is caused by multiple
predisposing factors including intubation, nasogastric feeding, and
antibiotic use. Mechanical ventilation could change the patient’s
normal flora and lead to CDI. Nasogastric feeding could also result
in changes in intestinal microfloral5,18]. Antibiotic-associated
diarrhea is known for disrupting the balance of normal gut
microbiota. In this study, we found that ICU stay length of the case
group is longer than that of the control group (P<0.05), which were
similar to other studies[19-21].

We also found that the duration of endotracheal intubation and

nasogastric feeding in the case group was also significantly longer
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Table 1. Characteristics of patients with hospital-acquired diarrhea.
Variables Case group (n=47) Control group (n=54) 7 U P-value
Median age (years) 68.74+16.94 68.44+19.26 0.26 0.93
Gender [n (%)]

Female 25 (53.20%) 31 (57.40%) 0.18 0.67

Male 22 (46.80%) 23 (42.60%) ’ ’
Hospital stay length (day), [Median (IQR)] 48.0 (58) 31.5(52) 1.05 0.04
ICU stay length (day), [Median (IQR)] 40.0 (51) 30.5 (44) 1.90 0.02
Duration from admission to diarrhea onset (day), [Median (IQR)] 23.5(29) 12.0 (20) 0.64 0.01
Nasogastric -time (day) (duration from nasogastric tube insertion until onset of
diarrhea), [Median (IQR)] 18.0 (25) 6.0 (22) 1.31 0.02
Death [n (%)] 27 (57.40%) 30 (55.60%) 0.03 0.84
Drug use before admission [n (%)]

3 (48. '

No 23 (48.90%) 24 (44.44%) 040 051

Yes* 24 (51.06%) 30 (55.55%)
Antibiotic use before diarrhea onset [n (%)]

No 1(2.10%) 6 (11.10%)

.14 I

Yes** 46 (97.90%) 48 (88.90%) 3 0.08
Other concomitant infection

No 11 (23.40%) 19 (35.20%) L67 0.19

Yes*#* 36 (76.60%) 35 (66.80%) ’ )

*Drug used such as an antibiotic, antiepileptic, gastrointestinal drugs, corticosteroids, and cardiologic drugs before ICU admission; **Antibiotics use such

as penicillin, aminoglycoside, fluoroquinolone, clindamycin, Piperacillin/tazobactam, vancomycin, carbapenem, targocid, macrolides, cephalosporin, and

metronidazole; ***Infections concomitant with diarrhea: pulmonary, soft tissue, catheter, and urinary tract. IQR: Interquatrain range.

Table 2. Treatment and duration before onset of hospital-acquired diarrhea.

Variables Case group (n=47) Control group (n=54) x1U P-value
Rate of treatments [n (%)]
Tracheostomy 18 (38.3%) 12 (22.2%) 0.91 0.07
Intubation 35 (74.5%) 31 (57.4%) 4.50 0.03
Nasogastric tube 41 (87.2%) 42 (77.8%) 3.11 0.21
Duration (day), [Median (IQR)]

Tracheostomy 17.5 (20) 31.0 (75) 1.21 0.75

Intubation 32.5(33) 29.0 (89) 4.15 0.01

Nasogastric tube 44.0 (56) 29.0 (91) 3.92 0.02
Table 3. Drugs administered before onset of hospital-acquired diarrhea [n (%)].

Drugs Case group (n=47) Control group (n=54) 7 P-value
None 1(2.1%) 1(1.9%) 0.13 0.81
Laxative 4 (8.5%) 4 (7.4%) 0.04 0.83
Corticosteroids 14 (29.8%) 16 (29.6%) 0.01 0.98
Proton pump inhibitor 33 (70.2%) 26 (48.1%) 5.03 0.02
H, blocker 14 (29.8%) 19 (35.2%) 0.33 0.56
Antibiotics 41 (87.2%) 50 (92.6%) 1.52 0.46
Other drugs 1(2.1%) 2 (3.7%) 0.21 0.52
Table 4. Antibiotic used before diarrhea onset [n (%)].

Antibiotics Case group (n=47) Control group (n=54) 7 P-value
Penicillin 0 2 (3.7%) 1.77 0.18
Aminoglycoside 13 (27.7%) 12 (22.2%) 0.39 0.52
Fluroquinolone 16 (34.0%) 15 (27.8%) 0.46 0.49
Clindamycin 12 (25.5%) 15 (27.8%) 0.06 0.79
Tazocine 22 (46.8%) 16 (29.6%) 3.16 0.07
Vancomycin 21 (44.7%) 21 (38.9%) 0.34 0.55
Meropenem-imipenem 23 (48.9%) 16 (29.6%) 3.95 0.04
Targocid 1(2.1%) 2 (3.7%) 1.36 0.50
Macrolid 1(2.1%) 1(1.9%) 1.17 0.55
Cephalosporin 20 (42.6%) 30 (55.8%) 1.69 0.19
Metronidazole 10 (21.3%) 8 (14.8%) 1.96 0.37
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Table 5. Laboratory results and vital signs on the first day of diarrhea onset.

*Variables Case group (n=47) Control group (n=54) 71U P-value
Temperature (°C) 37.00 (38.00-37.00) 38.00 (38.00-37.00) -0.35 0.97
Systolic blood pressure (mm Hg) 123.00 (150.00-90.00) 122.00 (145.00-90.00) 0.01 0.98
pH 7.42 (7.45-7.22) 7.38 (7.45-7.32) -0.29 0.17
WBC (number/mL) 11900.00 (20000.00-8900.00) 11350.00 (15000.00-8375.00) -1.50 0.02
Albumin (mg/dL) 3.05 (340-2.60) 3.20 (3.55-2.75) -1.27 0.20
BUN (mg/dL) 46 (77.75-26.75) 49.50 (80.25-31.75) -0.58 0.55
Cr (mg/dL) 0.80 (1.20-0.70) 0.90 (1.20-0.78) -1.47 0.08
CRP (mg/L) 47.00 (70.50-30.00) 59.00 (77.00-37.00) -1.21 0.22
Na (meq/L) 137.00 (140.00-135.00) 138.00 (141.00-135.00) -0.36 0.71
K (meg/L) 4.00 (4.33-3.70) 3.90 (4.40-3.50) -1.07 0.28
Mg (meq/L) 1.98 (2.23-1.78) 2.00 (2.30-1.70) -0.38 0.69
Vit-D;(OH 25) (ng/mL) 22.40 (31.13-14.23) 19.50 (24.15-14.00) -1.31 0.18
Zinc (meq /L) 68.50 (92.25-60. 50) 77.50 (97.00-64.00) -0.83 0.40
B, (ng/mL) 781.50 (1272.75-435.95) 603.00 (897.50-284.00) -1.73 0.08
Folate (ng/mL) 6.40 (12.70-2.90) 5.85 (15.53-2.82) -0.11 0.03
Triglyceride (mg/dL) (n=69) 113.00 (202.00-73.00) 120.00 (176.50-84.50) -0.42 0.66
LDL-Cholesterol (mg/dL) (n=62) 59.50 (111.75-36.00) 51.00 (83.00-41.00) -0.40 0.68
HDL-Cholesterol (mg/dL) (n=55) 35.50 (40.75-35.50) 36 (41.00-35.00) -0.73 0.46
ALT (U/mL) (n=81) 20.00 (33.00-14.00) 29.00 (49.50-18.50) -1.65 0.09
AST (U/mL) (n=81) 28.00 (48.00-19.00) 25.00 (36.00-17.00) -0.84 0.39
APACHE score 15.00 (19.25-11.00) 17.00 (20.25-12.75) -1.22 0.22
Severe diarrhea 21 (44.7%) 20 (37%) 0.58 0.43
Complicated diarrhea 11(23.4%) 4 (7.4%) 2.15 0.02

*All variables have been measured on the first day of diarrhea. APACHE score: measured on the first day of ICU admission; WBC: White blood count; BUN:
Blood urea nitrogen; CPR: C-reactive protein; LDL: Low density lipoprotein; HDL: High density lipoprotein. ALT: Alanine aminotransferase; AST: Aspartate

aminotransferase.

Table 6. Result of logistic regression.

Variables OR* 95%CI** P-value
Sex

Female Reference

Male 2.30 0.93-5.15 0.06
Age*Hk 1.03 1.01-1.06 <0.01
Nasogastric tube feeding time™**** 1.14 0.77-1.70 0.49
Diabetes mellitus

Negative Reference

Positive 0.92 0.37-2.32 0.87
Antibiotic

Yes Reference

No 0.93 0.72-1.19 0.56
Clostridium difficile

Negative Reference

Positive 1.10 0.46-2.62 0.81
Hospital admission duration™*#+#%* 1.04 0.95-1.13 0.44
ICU admission duration™####* 1.08 0.96-1.21 0.22
Imipenem

No Reference

Yes 1.96 0.20-19.4 0.56

*OR: Odds ratio; ** CI: Confidence interval (95%); *** with one unit (year) increase in age the odds of the dependent variable increased by 1.03; **** with

one unit (day) increase in Nasogastric tube feeding time the odds of the dependent variable increased by 1.14; **##* with one unit (day) increase in Hospital

admission duration the odds of the dependent variable increased by 1.04; ***** with one unit (day) increase in ICU admission duration the odds of the

dependent variable increased by 1.08.

than the control group (P<0.05). Contamination of diet and low
fiber diet may decrease the intestinal acidity and cause C. difficile
colonization(22]. The longer duration of endotracheal intubation or
nasogastric feeding, patients are more prone to CDI. Other studies
have also shown that there is a significant association between

nasogastric feeding and incidence of CDI[1,18,22,23]. The critically

ill patients, who need mechanical ventilation, are faced with several
comorbidities and nosocomial infections such as pneumonia.
These conditions increase the number of gut neutrophils and their
permeability.

The present study showed that the duration from admission to

diarrhea onset in the case group is longer than that in the control
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group (P<0.05). The longer the admission duration is, the more
nasogastric feeding, endotracheal intubation, and contamination of
feeding diet patients receive. These factors are predisposing factors
of CDI[1.5,18.22].

Our study showed that the use of PPI in the case group is
significantly higher than the control group (P<0.05), which is similar
to other researhes|2.3,24-26]. PPI use can decrease gut microbial
diversity by changing gastric pHI5,27]. Antibiotic administration
could cause CDI via two ways: Firstly, the decreased clostridia and
bacterioid will increase after carbapenem discontinuing[8]; Secondly,
critically ill patients might also have been treated with other
antibiotics before starting carbapenem. Such patients might have
advanced infections and prolonged inflammation, which increases
risks for CDII2]. This study also showed that the administration
of carbapenem in CDI positive patients was significantly higher
than CDI negative patients (P<0.05). Cancado et al. also reported
that carbapenem resulted in increased CDI risk in ICU patients
significantly(6]. In addition, Chiang et al. revealed that carbapenem
along with prolonged mechanical ventilation was an important risk
factor for CDII2]. Ebrahim-Saraie ez al. found that carbapenems,
cephalosporins, and fluoroquinolones were the most common
antibiotics causing CDI[9]. Bartoletti es al. found that meropenem
was more efficient than tigecycline[28]. However, recommendation
by international database up-to-date is different from our findings.
According to up-to-date (2020), clindamycin, fluoroquinolone, and
cephalosporins are the most frequent antibiotics for developing CDI
whereas carbapenem is not dominant[7].

Possible reasons for diarrhea include non-infectious diarrhea such
as ileus, atonic bowel, and high infusion rate of feeding material[29].
Other infectious infections (i.e. apart from C. difficile) such as
norovirus, toxigenic strains of clostridium perfringens, Klebsiella
oxytoca, Staphylococcus aureus, and Bacteroides fragilis are possible
causes for diarrhea. However, they remain undefined due to limited
available studies[30].

In this study, significant differences in age and APACHE II score
between the case and the control group were not detected (P=0.936
and 0.225 respectively). The result also showed no significant
difference in mortality. The high mortality in both groups was
because that these patients are old with considerable underlying
diseases. High mortality may be related to comorbidities, age,
chronic underlying diseases, the severity of illness. And multicentre
and prospective studies on mortality of CDI in ICU are needed.

Our study is a case-control study and focuses on endotracheal
intubation, nasogastric feeding, and carbapenem use. There are
some limitations in our studies. This study was carried out in a
single center with limited laboratory facilities and with small sample
size. Bigger sample size is needed for further study. Besides, most
patients were old with multiple comorbidities, and that is why the
death rate of both groups was very high. Finally, all medical records
were obtained from our center and some factors such as previous

antibiotic use might could be neglected.
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