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Open Access
ABSTRACT

Background: This study aimed to determine the risk factors of infectious diarrhea in patients undergoing
chemotherapy or hematopoietic stem cell transplantation for hematological malignancies.

Materials and Methods: This was a prospective, observational study. Patients in whom the infectious agent was
determined by laboratory examination were considered to have infectious diarrhea. Patients with diarrhea were
categorized as infectious or unidentified and compared in terms of demographic data, treatments, risk factors,
laboratory findings, and prognosis.

Results: A total of 838 patients were hospitalized, among which 105 patients who met the inclusion criteria were
included (12.5%). The patients were divided into two groups: 67 (63.8%) with unidentified diarrhea and 38 (36.2%)
with infectious diarrhea. There were no differences between these groups in terms of age, sex, types of hematological
malignancies, and presence of comorbidities. The most commonly isolated microorganism was Clostridioides difficile
(12.4%). The rate of corticosteroid use was higher in the group with infectious diarrhea (39.5%) than in the group
with unidentified diarrhea (7.5%) (P <0.001). The rate of granulocyte colony-stimulating factor (GCSF) use was higher
in patients with unidentified diarrhea than in patients with infectious diarrhea (67.2% vs. 42.1%, P=0.022). The
median duration of diarrhea was 9 (4-10) days in the group with infectious diarrhea and 5 (3-8) days in the group
with unidentified diarrhea (P=0.012). According to the multivariate logistic regression model, corticosteroid treatment
increased the risk of infectious diarrhea by a 4.75-fold (95% confidence interval [Cl], 1.32-17.02) times. Moreover, the
duration of diarrhea may result in a 1.15 (95% Cl, 1.02-1.31) fold increase in the risk of infectious diarrhea, while GCSF
treatment had a 2.84 (1/0.35) (95% Cl, 0.12-0.96) fold risk-reducing effect against infectious diarrhea.

Conclusion: Infectious diarrhea lasts longer than unidentified diarrhea in patients with hematological malignancies.
Although corticosteroid use is a risk factor for developing infectious diarrhea, GCSF use has a protective effect.
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Infectious diarrhea in hematological malignancy

GRAPHICAL ABSTRACT

Infection &
Chemotherapy

iCc

Determination of Risk Factors for Infectious Diarrhea in

Patients with Hematological Malighancy

The study aimed to determine the risk factors for infectious diarrhea in
patients receiving chemotherapy or hematopoietic stem cell transplantation
due to hematological malignancy.

Methods

X

Patients with diarrhea were categorized as infectious and unidentified
and compared regarding demographic data, treatments, risk factors,
laboratory findings, and prognosis.

% #

Conclusion

INTRODUCTION

Diarrhea is a common complication in patients with
hematologic malignancies [1]. Cancer treatment-related
diarrhea may be caused by several conditions, such as
nutritional deficiencies, specific chemotherapies, proton
pump inhibitors, antibiotics, immunotherapeutic methods,
surgery, radiation, and graft versus host disease (GVHD),
which significantly affect patient morbidity and mortality
[2, 3]. The etiological spectrum of infectious diarrhea
includes bacterial, viral, and parasitic agents. Although
infectious diarrhea develops in immunocompetent adults
with mild symptoms, it may cause complications such

as neutropenic enterocolitis, sepsis, septic shock, or
perforation in patients with hematological malignancies
[4, 5]. Therefore, it is crucial to practice effective source
control and implement appropriate isolation procedures
because diarrheal agents such as viral gastroenteritis or
Clostridioides difficile, can spread rapidly [6, 7]. Moreover,
epidemics caused by infectious diarrheal factors in
patients with cancer, disruptions in chemotherapy plans,
and associated morbidities due to these epidemics

have been reported [8]. Consequently, understanding
the risk factors for infectious diarrhea in patients with
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Result

In the study, 838 patients were hospitalized,
and 105 of those who met the definition criteria were included (12.5%).

E *E*
Unidentified diarrhea Infectious diarrhea
(n=67,63.8%) (n=238,36.2%)

Highest organism:
Clostridioides difficile
(12.4%)

Duration of diarrhea 5 days 9 days

Corticosteroid use 7.5% 39.5%

G-CSF use 67.2% 42.1%

Corticosteroid use G-CSF treatment

Risk reducing
OR, 2.84(1/0.35)

Risk factors

of diarrhea Risk increase

(OR, 4.75)

1 3

Infectious diarrhea lasts longer in patients with hematological malignancies. While corticosteroid
use is a risk factor for developing infectious diarrhea, GCSF use has a protective effect.

hematological malignancies is critical for predicting
epidemics, outcomes, and early initiation of appropriate
empirical treatments [8, 9].

Therefore, this study aimed to determine the risk factors
for infectious diarrhea in patients receiving chemotherapy
or hematopoietic stem cell transplantation (HSCT) for
hematological malignancies.

MATERIALS AND METHOD

This prospective study included patients diagnosed with
malignancy at the Erciyes University Faculty of Medicine
Hospital, hematology and bone marrow transplantation
unit, hematology, and bone marrow transplantation unit
between June 1, 2021, and November 30, 2022. Patients
treated as inpatients in these units and those who
developed diarrhea 72 h after admission to the hospital
were included in the study.

1. Data collection

Patient demographic information, type and stage of
hematological cancer, comorbidities, history of HSCT,
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presence and duration of neutropenia at the onset of
diarrhea, chemotherapy regimen, use of corticosteroids,
granulocyte colony-stimulating factor (GCSF),
radiotherapy, and antibiotic treatment in the last 15 days
before diarrhea occurred were recorded.

Acute gastroenteritis was described as unexplained loose
or watery stools that occurred three times in a 24-hour
period [9].

2. Ethics statement

This study was approved by the Clinical Research Ethics
Committee of Erciyes University Faculty of Medicine
(26.05.2021 /2021-381). Informed consent was obtained
from all patients included in the study.

3. Stool testing

Stool samples from patients who met the definition of
acute gastroenteritis were collected and sent to the
laboratory within 30 min. After staining with Lugol'’s
solution, the presence of leukocytes, erythrocytes, and
parasites was determined via microscopic examination.
Hekto Enteric Agar (Thermo Scientific) medium was
used to culture Salmonella spp. and Shigella spp., and
Thermo Scientific™ Butzler Agar was used for routine
Campylobacter spp. culture. The toxin A+toxin B
combination rapid test (CITES; CMC Medical, Spain) was
performed for C. difficile detection.

Patients in whom diarrhea was persistent despite
supportive or empirical treatment at the 72nd hour of
the onset of acute gastroenteritis and whose etiology
could not be determined by other laboratory tests were
tested for cytomegalovirus (CMV) colitis using a stool
CMV polymerase chain reaction (PCR) (Roche diagnostic,
Cobas 6800 system) test. Stool specimens were tested
also by the multiplex PCR method using the BD Max
Enteric Viral Panel. The gastrointestinal pathogen
panel includes sapoviruses, noroviruses, astroviruses,
rotaviruses, and adenoviruses.

Colonoscopy was performed in patients whose etiology
could not be determined by laboratory tests for two weeks,
and the biopsy samples underwent histopathological
examination. The presence of colitis was recorded when
radiological imaging was performed during diarrhea. To
determine the prognosis, improvement, follow-up in the
intensive care unit, development of acute renal failure,
perforation, and 28-day mortality were assessed.
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Infectious diarrhea was defined as patients whose infectious
agent was determined by laboratory examination.

Improvement was defined as stool consistency returning
to normal and the number of daily defecations decreasing
to three or fewer.

Patients were categorized as having infectious or
unidentified diarrhea and were compared in terms of
demographic data, treatments, risk factors, and prognosis.

4, Statistical analysis

Data were analyzed using SPSS 25 (IBM Corp., Armonk,
NY, USA). The mean, standard deviation, median (Q1-Q3),
minimum, maximum, frequency, and percentage values
were presented for descriptive measurements. Normality
was assessed using the Shapiro-Wilk and Kolmogorov-
Smirnov tests. Student’s t-test and Mann-Whitney U test
were used for pairwise comparisons, and adjusted
Bonferroni values were used for repeated measurements.
Chi-square (Pearson, Yates, Fisher's Exact, Likelihood
Ratio) tests were used to evaluate categorical data. The
risk coefficients and confidence intervals were calculated
for the variables significant in the univariate. Statistical
significance was set a P <0.05 for all other tests except
the pairwise comparison correction.

RESULTS

During the planned study period, 838 patients were
hospitalized and received chemotherapy in the
hematology or bone marrow transplant units. Among
them, 105 patients who met the criteria for acute
gastroenteritis were included in this study. The overall
rate of diarrhea was 12.5%. Patients were divided

into two groups: 67 (63.8%) had unidentified and 38
(36.2%) had infectious diarrhea. The rate of infectious
diarrhea was 4.5%. A comparison of the groups in terms
of demographic data, hematological malignancies,

and treatments is presented in Table 1. The groups

were similar in terms of demographic data, type of
hematological malignancy, and presence of comorbidities.
There were no significant differences between the groups
in hematological malignancy stage, history, and type of
HSCT, presence of neutropenia and neutropenic fever

at the onset of diarrhea, or duration of neutropenia. In

the three-month period before the onset of diarrhea,
corticosteroid therapy was administered to 15 (39.5%)
patients with infectious diarrhea and 5 (7.5%) patients with

https://doi.org/10.3947/ic.2023.0102 241
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Table 1. Comparison of demographic data, hematological malignancies, and treatments of patients with infectious and unidentified diarrhea

Variables Infectious diarrhea Unidentified diarrhea P Multivariate regression
(n=38) (n=67) analysis OR (95% Cl), P

Age, Median (Q1-Q3) 51.9+13.5 (19-71) 47+14.3 (18-79) 0.144

Male sex 26 (68.4) 35(52.2) 0.106

Type of malignancy 0.260

ALL 4 (10.5) 5(7.5)

AML 6 (15.8) 12 (17.9)

MM 13 (34.2) 22 (32.8)

HL 5(13.2) 13 (19.4)

NHL 9(23.7) 7 (10.4)

Other 1(2.6) 8 (11.9)

Presence of comorbidity 8 (21.1) 24 (35.8) 0.174
Malignancy phase

New diagnosis 2 (5.3) 4 (6.0)

Remission 16 (42.1) 24 (35.8) 0.817

Refractory 20 (52.6) 39 (58.2)

HSCT 30 (78.9) 52 (77.6) >0.999
Type of HSCT

Autologous 23 (60.5) 39 (58.2)

Allogeneic 7 (18.4) 13 (19.4) >0.999
Presence of neutropenia 20 (52.6) 44 (65.7) 0.268
Presence of neutropenic Fever 10 (26.3) 17 (25.4) >0.999
Duration of neutropenia, Median (Q1-Q3) 5(3-12) 6 (4-8) 0.930
The time until diarrhea after chemotherapy or HSCT, 6 (2-30) 5(2-14) 0.820

Median (Q1-Q3)

Anthracycline 2 (5.3) 4 (6.0) >0.999

Antimetabolite 4 (10.5) 9 (13.4) 0.766

Corticosteroid 15 (39.5) 5 (7.5) <0.001 4.75 (1.32-17.02), 0.017
GCSF 16 (42.1) 45 (67.2) 0.022 0.35 (0.12-0.96), 0.042
Radiotherapy 2(5.3) 1(1.5) 0.296

GVHD 4 (10.5) 0

Any antibiotic 34 (89.5) 55 (82.1) 0.466

Piperacillin tazobactam 17 (44.7) 30 (44.8) >0.999

Carbapenem 8 (21.1) 17 (25.4) 0.794

Levofloxacin 21 (55.3) 34 (50.7) 0.656

Moxifloxacin 2 (5.3) 4 (6.0) >0.999

Aminoglycoside 13 (34.2) 25 (37.3) 0.915

Tigecycline 2 (5.3) 1(1.5) 0.296

Glycopeptide 9 (23.7) 17 (25.4) >0.999
Any antifungal 28 (73.7) 59 (88.1) 0.108

Fluconazole 20 (52.6) 51(76.1) 0.024

Voriconazole 8 (21.1) 6 (9.0) 0.146

Amphotericin_B 5(13.2) 5(7.5) 0.490

Echinocandin 1(2.6) 3(4.5) >0.999

Posaconazole 2 (5.3) 2 (3.0) 0.619
Antiviral 31(81.6) 59 (88.1) 0.534

OR, odds ratio; Cl, confidence interval; ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; MM, multiple myeloma; HL, Hodgkin
lymphoma; NHL, non-Hodgkin lymphoma; HSCT, hematopoietic stem cell transplantation; GCSF, granulocyte colony stimulation factor; GVHD,

graft versus host disease.

unidentified diarrhea (P <0.001). The rate of G-CSF use was
higher in patients with unidentified diarrhea than in those
with infectious diarrhea (67.2% vs. 42.1%, P=0.022).

When antimicrobial treatments were evaluated, the rate
of fluconazole use was higher in the unidentified diarrhea
group than in the infectious diarrhea group (76.1% vs.

52.6%) (P=0.024).

icjournal.org

Stool microscopy was performed for all 105 patients;
leukocytes were observed in 26 patients, erythrocytes in
three patients, and yeast in one patient. Parasitic stool
examination was performed in 78 patients; Blastocstis
hominis was detected in three patients, Entamoeba
histolytica in five patients, and Giardia intestinalis in

2 patients. C. difficile screening was performed in 87
patients and was found to be positive in 13 patients. CMV

https://doi.org/10.3947/ic.2023.0102
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Table 2. Evaluation of diagnostic examinations

Variables Positive/total test number
Stool microscopy (n=105)

Leukocyte 26/105

Erythrocyte 3/105

Yeast 1/105
Parasitic diagnostic tests

Blastocystis hominis 3/78

Entamoeba histolytica 5/78

Giardia intestinalis 2/78
Stool culture (Salmonella spp.) 3/105
Clostridioides difficile 13/87
Stool CMV PCR 8/22
Adenovirus PCR 3/22
Abdominal USG

Neutropenic colitis 1/7
Abdominal CT

Neutropenic colitis 14/31

Enteritis 3/31
Colonoscopy

GVHD 3/3

CMYV, cytomegalovirus; USG, ultrasonography; CT, computed
tomography; GVHD, Graft Versus Host Disease.

colitis was detected in eight patients. A gastrointestinal
pathogen panel was examined in 22 patients which
revealed adenovirus PCR positivity in three patients.

One patient was diagnosed with neutropenic colitis using
abdominal ultrasound. Abdominal computed tomography
was performed in 31 patients, 14 of whom had neutropenic
colitis, while three patients had enteritis. Colonoscopy
was performed in three patients, and histopathological
examination of the biopsy was compatible with GVHD
(Table 2). All 13 patients who were C. difficile positive had
a history of antibiotic use in the last 15 days involving
carbapenem (6 patients), glycopeptide (6 patients),
piperacillin-tazobactam (4 patients), and quinolone

(4 patients). The empirical antibiotic treatments are
listed in Table 3. Accordingly, 89.5% of patients with
infectious diarrhea and 77.6% with unidentified diarrhea
were administered empirical antibiotic treatment.
Metronidazole was the most commonly used empiric
antibiotic, which was administered in 92.1% of patients with
infectious diarrhea and 77.3% with unidentified diarrhea.

°
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Table 3. Comparison of antibiotics used in the empirical treatment
of infectious and unidentified diarrhea

Variables Unidentified Infectious P
diarrhea (n=67) diarrhea (n=38)

Any antibiotic 52 (77.6) 34 (89.5) 0.210

Metronidazole 51 (76.1) 35 (92.1) 0.098

Vancomycin 10 (14.9) 10 (26.3) 0.257

Ciprofloxacin 6 (9.0) 3(7.9) >0.999

The comparison of prognoses of patients with infectious
and unidentified diarrhea is summarized in Table 4.
Accordingly, while the duration of diarrhea was 9 days

in patients with infectious diarrhea, it was 5 days in
patients with unidentified diarrhea; this difference was
statistically significant (P=0.012). Acute renal failure
developed in 42.1% patients with infectious diarrhea and
38.8% patients with unidentified diarrhea; however, none
of these patients required hemodialysis during follow-up.
No perforations were observed in any patient. Diagnostic
laparoscopy was required in only one patient with
unidentified diarrhea. While the 28-day mortality rate was
79% in patients with infectious diarrhea, it was only 3%
in those without infectious diarrhea.

A multivariate logistic model was constructed to
investigate the effects of infectious diarrhea on risk
factors, treatments, laboratory findings, and prognosis.
Accordingly, corticosteroid treatment was found to
increase the risk of infectious diarrhea odds ratio, 4.75
(95% confidence interval [Cl], 1.32-17.02) times. GCSF
treatment had 2.84 (OR, 0.352; 95% Cl, 0.12-0.96)-
fold protective (risk-reducing) effect against infectious
diarrhea, whereas an increase in the duration of diarrhea
was found to increase the risk of infectious diarrhea by
115 (95% Cl, 1.02-1.31)-fold (Table 1, Table 4).

DISCUSSION

New cytotoxic treatment regimens and supportive
treatment options have improved the prognosis of

Table 4. Comparison of prognosis in patients with infectious and unidentified diarrhea

Variables Infectious diarrhea Unidentified diarrhea P Multivariate regression
(n=38) (n=67) analysis OR (95% ClI), P

Duration of the diarrhea 9 (4-10) 5 (3-8) 0.012 1.15 (1.02-1.31), 0.023

Improvement 35 (92.1) 64 (95.5) 0.665

Acute Kidney Failure 16 (42.1) 26 (38.8) 0.901

Surgical intervention 0 1(1.5) -

28-Day mortality 3(7.9) 2 (3.0) 0.350

OR, odds ratio; Cl, confidential interval.

Data are presented as median (Q1-Q3), and n (%). Mann-Whitney U and Chi-square tests were used.
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patients with hematological malignancies. However, as an
inevitable effect of this development, the risk of severe
infections has increased significantly owing to deeper
immunosuppression [10]. The frequency of diarrhea

in patients with hematological malignancies varies

from 4.8 - 41.0% [11, 12], and may be as high as 83% in
patients who underwent allogeneic HSCT [13]. Therefore,
understanding the causes of diarrhea according to risk
factors in patients with hematological malignancies,
prophylaxis, and empiric treatment practices are crucial
to prevent the development of complications [1]. The
present study examined hospitalized patients with
hematological malignancies or stem cell transplantation
for infectious or unidentified diarrhea.

Comparing patients with infectious and unidentified
diarrhea revealed that the rate of GCSF use was higher
in patients with unidentified diarrhea, indicating that
GCSF use had a protective effect against infectious
diarrhea. Mhaskar et al. demonstrated that GCSFs did
not significantly reduce overall mortality or infection-
related mortality compared with empirical antibiotics
alone [14]. However, the duration of hospitalization
exceeding 10 days, duration of neutropenia, and duration
of antibiotic use were significantly lower in patients
receiving GCSF. A prospective cohort study reported the
incidence and risk factors of neutropenic enterocolitis

in 317 neutropenic episodes in 215 patients. Accordingly,
the rate of GCSF use was found to be lower in patients
with neutropenic enterocolitis (18.2%) than in those with
diarrhea (27.1%) [15]. It was considered that the long
duration of neutropenia in severe chemotherapy protocols
applied to refractory and relapsed patients would also
affect the GCSF dose and duration of use. Thus, owing

to the positive effect of GCSF use on the duration of
neutropenia, GCSF has a protective effect against
infectious diarrhea.

In this study, the use of corticosteroids increased the
risk of infectious diarrhea 5.73 times. A meta-analysis
by Bloomfield et al. evaluated the risk factors of C.
difficile colitis and defined corticosteroid use in the
previous month as a risk factor [16]. Quintero et al.
examined invasive gastrointestinal mold infections in
immunosuppressed patients and reported that long-term
use of systemic steroids may be a major risk factor for
infection [17]. In line with these results, in the present
study, corticosteroids were the most commonly used
immunosuppressive agents (59.0%) [17]. Moreover, a
study conducted in a group of patients receiving solid
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organ transplant determined that corticosteroid use in
the last month increased the risk of C. difficile induced-
colitis threefold [18]. According to our study, opportunistic
microorganisms were able to proliferate owing to the
immunosuppressive effects of corticosteroids, which

led to a high rate of corticosteroid use in patients with
infectious diarrhea.

In this study, the rate of antibiotic use within 15 days
before diarrhea onset was >80% in both patient groups.
Likewise, the rate of antifungal and antiviral drug use
was > 70%. Levofloxacin and piperacillin-tazobactam
usage rates were higher among the antibiotics. All
patients diagnosed with C. difficile-associated colitis

had a history of antibiotic use in the last 15 days. Thus,
antibiotic-associated diarrhea may be self-limiting

in immunocompetent patients; however, the risk of
diarrhea-related complications increases with the use of
immunosuppressants [19]. A broad spectrum of beta-
lactam antibiotics, such as piperacillin-tazobactam, have
an anti-anaerobic effect that limit the dissemination of
some bacteria in the flora while stimulating the growth of
bacteria like Clostridioides spp. [16]. Aksoy et al. evaluated
the risk factors for patients with neutropenic enterocolitis
and reported that the rate of aminoglycoside,
cephalosporin, penicillin, and carbapenem use was higher
in the group with neutropenic enterocolitis compared to
the group of patients who did not develop neutropenic
enterocolitis [15]. Another study examining infectious
gastroenteritis in children who underwent allogeneic
HSCT reported that all children were administered an
antipseudomonal beta-lactamase inhibitor before the
gastroenteritis attack [8]. Therefore, considering the
history of intensive antibiotic use in the patient group
included in the study, C. difficile and antibiotic-associated
diarrhea should also be considered in the preliminary
diagnosis. First, revision of antibiotics is crucial for
rational antibiotic use.

In our study, C. difficile was the most common cause

of infectious diarrhea (11.0%). Moreover, C. difficile is
known to cause mild diarrhea, pseudomembranous
colitis, and toxic megacolon, with mortality rates of up to
25-40% [20, 21]. A prospective cohort study by Cannon
et al. reported that the rate of C. difficile colonization
was as high as 9.3% in patients with hematological
malignancies, and symptomatic disease developed
during hospitalization in 13.3% of the colonized patients
[22]. In a 2016-2017 European point prevalence study,
C. difficile was concluded to be the sixth most common
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microorganism responsible for healthcare-associated
infections [23]. Thus, a high prevalence of C. difficile
colonization, frequent antibiotic use, decreased immune
function, higher exposure to healthcare environments,

and immunocompromised individuals may be risk factors

for a major C. difficile infection burden [24]. However,
because the patient group included in the study had
many risk factors, such as being a sensitive population,
using corticosteroids and chemotherapeutic drugs, and

broad-spectrum antibiotics, it was vital to perform further

investigations on C. difficile in prolonged diarrhea.

According to our results, the duration of diarrhea was
longer in patients with infectious diarrhea than in those
with unidentified diarrhea (5 days vs. 9 days). In a study
examining the frequency of C. difficile infection and
risk factors in patients undergoing HSCT, the duration
of infection and hospital stay were longer in patients
with C. difficile infections (22 vs. 24.5 days) [25]. In this
study, CMV and other parasitic agents were detected as
infectious diarrheal agents. Among these factors, the
duration of diarrhea is prolonged and may progress to
complications.

The limitation of this study was its single center design

and limited sample size. Further, due to the observational

and non-interventional study design, diagnostic tests

could not be performed. Therefore, risk factors identified

in this study can be further validated using multicenter
studies with larger numbers of patients. Consequently,
algorithms for the diagnosis and empirical treatment of
diarrhea can be developed.

In conclusion, the duration of infectious diarrhea

was longer than unidentified diarrhea in patients

with hematological malignancies. In patients with
hematological malignancies who continue to have
diarrhea despite symptomatic and empirical treatments,
further investigations should be performed to identify
opportunistic infectious agents. Corticosteroid use has
been determined to be a risk factor for the development
of infectious diarrhea. In patients receiving high-dose
corticosteroids in the chemotherapy protocol and

those with diarrhea, further examination and empirical
treatment with infectious diarrheal agents should be
planned accordingly. The use of G-CSF has a protective
effect against the development of infectious diarrhea
and should be considered in patients with severe
immunosuppressive therapy and associated long-term
neutropenia.
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