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Abstract

The study explores the presence of extended-spectrum (-lactamase-producing Gram-negative bacteria (ESBL-
GNB) and carbapenem-resistant Gram-negative bacteria (CR-GNB) in the stool of hemodialysis patients, reflecting a
significant concern amid rising antibiotic resistance. This cross-sectional study included 137 outpatients conducted
from October to December 2023 at An-Najah National University Hospital. Samples were incubated on appropriate
MacConkey-based agar for bacterial analysis, and potential risk factors were evaluated using logistic regression.
Out of 137 stool samples, 116 (84.7%) were positive for ESBL-producing bacteria, and 8 (5.8%) for carbapenem-
resistant bacteria. Age of the patients (@OR: 1.068; p: 0.012), hypertension (aOR: 15.582; p: 0.0107), ischemic heart
disease (@OR: 5.381; p: 0.040), the timing of the dialysis shift (@OR: 8.864; p: 0,005), and the level of blood urea
nitrogen (@OR: 1.049; p: 0.045) were independently associated with ESBL-GNB colonization. Carbapenem-resistant
bacteria colonization presented an inverse association with ischemic heart disease (aOR: 0.052; p: 0.041). This

study highlights a significant prevalence of ESBL-GNB colonization linked with age and comorbidities such as
hypertension. An inverse association of CR-GNB colonization with ischemic heart disease was observed, suggesting
a complex interplay between patient health status and antibiotic-resistant bacterial colonization.
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Introduction

Antimicrobial resistance poses a serious threat to global
healthcare systems, especially when it comes from mul-
tidrug-resistant gram-negative bacteria (MDR-GNB). In
patient care settings, the prevalence of certain bacteria
has increased dramatically over the past 20 years, partic-
ularly carbapenem-resistant gram-negative bacteria (CR-
GNB) and extended-spectrum [-lactamase-producing
gram-negative bacteria (ESBL-GNB) [1-4]. The Centers
for Disease Control and Prevention (CDC) has classified
these bacteria as serious dangers, which are made worse
by the notable pause in the development of antibiotics
[5, 6]. The quick rise of CR-GNB, which shows resistance
to most antibiotics, further jeopardizes the few available
treatment choices, which are mostly limited to last-resort
medications like carbapenems [7, 8]. The requirement for
a thorough understanding of the incidence and infection
rates of CR-GNB and ESBL-GNB in feces underscores
how serious this issue is in hospital settings, where fecal
carriage raises the risk of subsequent infections.

In light of end-stage renal disease (ESRD), an advanced
stage of chronic kidney disease (CKD), this research is
extremely important. Because of compromised immune
systems and dysbiosis of the gut flora, patients with
ESRD are more vulnerable to potentially deadly infec-
tions including infections caused by MDR pathogens [9—
11]. After cardiovascular illnesses, infections rank as the
second most common cause of death for ESRD patients
in the US [12, 13]. There is an urgent need for targeted
study in this field because the survival rates of ESRD
patients infected with CR-GNB are significantly lower
than those of individuals who are not [14]. Studies exam-
ining the frequency of fecal CR-GNB in the Palestinian
environment are noticeably lacking. Nevertheless, clos-
ing this gap is essential to create efficient control mecha-
nisms and enhance patient outcomes.

According to recent literature and published studies,
patients on hemodialysis are more likely to encounter
multidrug-resistant microorganisms, especially gram-
negative bacteria [15, 16]. Furthermore, ESBL-GNB and
CR-GNB colonization among hemodialysis patients have
been studied extensively, showing varying carriage rates
in different geographic areas [17-19]. Asymptomatically
colonized patients may play a crucial role as reservoirs
for infection spread, potentially contributing to the rising
incidence of clinical infections caused by these resistant
bacteria [20, 21]. These individuals are expected to have
a high presence of fecal bacteria due to regular hospital
visits, frequent contact with medical staff and equipment,
consumption of hospital food, and the frequent use of
antibiotics [18, 22].

This study aims to determine the prevalence of ESBL-
GNB and CR-GNB fecal carriage among hemodialy-
sis patients in a Palestinian tertiary care hospital. In

Page 2 of 9

addition, we aim to identify risk factors for ESBL-GNB
and CR-GNB fecal colonization. This study will con-
tribute positively to the global effort in managing MDR
pathogens in high-risk groups and improve the regional
understanding of antimicrobial resistance.

Methods

Study design and setting

A cross-sectional study was conducted from October to
December 2023 at Najah National University Hospital
(NNUH), Nablus, to investigate the fecal carriage preva-
lence of ESBL-GNB and CR-GNB among hemodialysis
patients. NNUH is a not-for-profit teaching hospital and
specialized medical center that includes a Kidney Disease
Treatment Center. This facility has 100 hemodialysis beds
and 6 peritoneal dialysis beds, divided into four units to
deliver outpatient hemodialysis treatment for around 276
individuals. The hospital is recognized as the primary
center for hemodialysis in the northern governorates of
Palestine, serving patients from across the West Bank
[23].

Participants and sample size

All outpatients undergoing hemodialysis at the hospital
from October to December 2023 were included in the
study upon providing informed consent and agreeing
to provide a single fecal sample. Exclusion criteria com-
prised patients<18 years, in-patients undergoing hemo-
dialysis, unable or unwilling to provide a single fecal
sample, an imminent switch to peritoneal dialysis, men-
tal illness, and any medical condition that could affect
bowel function or compromise the accuracy of the study
results. The total number of the population upon starting
the study was 276 patients. However, after applying the
inclusion and exclusion criteria, 233 of the patients were
eligible. The sample size was calculated using a popula-
tion of the 233 eligible patients with a confidence level
of 95%, a margin of error of 5%, and an assumed popula-
tion proportion of 50% (the prevalence of fecal carriage
of ESBL-GNB and CR-GNB among hemodialysis patients
in our setting was unknown, and this value provides the
maximum sample size for a conservative estimate). Based
on these parameters, the minimum required sample size
was calculated to be 146 patients. However, of the 233
eligible patients, only 159 agreed to participate, with 137
providing fecal samples (see Fig. 1).

Microbiological screening

Stool samples from 137 patients were collected for
the screening process. Swabs from each sample were
streaked onto three different MacConkey agar plates.
The first plate was supplemented with 1 pg/ml cefo-
taxime for detecting ESBL-GNB, the second plate with
1 pg/ml meropenem to screen for CR-GNB, and the
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Fig. 1 Inclusion of patients and sampling

third MacConkey agar plate contained no antibiotics. All
plates were incubated at 37 degrees for 24—48 h [14, 15,
26].

Clinically confirmed strains (ESBL-GNB and CR-GNB)
and E. coil ATCC 25,922 were used as controls for the
prepared media in each preparation [24, 25]. Antibiotics
used in this study were purchased from Sigma Aldrich,
while the media were purchased from Oxoid. Media with
antibiotics were prepared as described in the Clinical
and Laboratory Standard Institute (CLSI) 2023 and as
described in the literature [24—26].

Data collection

Potential risk factors for the colonization by CR-GNB
and ESBL-GNB were identified based on existing litera-
ture and the clinical rationale [14, 17-19, 27-33]. Base-
line demographic data including age and gender were
obtained from hospital medical records. Laboratory
results were collected from routine monthly lab reports.
Other variables assessed included comorbidities such
as hypertension, diabetes mellitus, ischemic heart dis-
ease, congestive heart failure, cerebrovascular accidents,
cancer, fractures, and previous surgeries. Additionally,
anticoagulant use, vascular access type, dialysis shift
timing (morning or evening), frequency of dialysis ses-
sions per week, and duration of hemodialysis in months
were recorded. The dependent variable was whether the
patient’s stool culture tested positive or negative for CR-
GNB and/or ESBL-GNB based on culture results.

Statistical methods

The data was entered and analyzed using the Statistical
Package for Social Sciences (IBM-SPSS) software, version
29. Categorical variables were described using absolute
and relative frequencies. The distribution of continuous
variables was tested, and variables were reported as mean

and standard deviation or as median (interquartile range)
according to the normality of distribution. A logistic
regression model was used for univariate and multivari-
ate analysis, and measures of association (odds ratio: OR)
were reported with their corresponding 95% confidence
intervals (CI). All statistical analyses were conducted
using two-tailed tests, and statistical significance was
determined by a p-value below 0.05. The reported p-val-
ues were rounded to three decimal places.

Ethical considerations

This study was approved by the Institutional Review
Board (IRB) of An-Najah National University (Ref: Med.
Sept. 2023/2). The IRB reviewed all aspects of the study
protocol, including procedures for accessing and uti-
lizing patient clinical information. The study was also
approved by the clinical research center of An-Najah
National University Hospital. All collected data were
employed exclusively for this clinical research project
and were maintained with strict confidentiality. Patient
data and hospital details were anonymized through a
coding system, allowing access to the information only
for authorized research staff to maintain confidentiality.
Written informed consent was obtained from each par-
ticipant before their inclusion in the study. The research
methodology followed all relevant ethical guidelines and
regulations.

Results

Participants and clinical characteristics

The study included a diverse group of hemodialysis
patients, with male patients constituting a majority at
56.9%. The age of participants ranged widely from 19 to
87 years, with an average age of 59.31+13.96 years (see
Table 1). Most patients received hemodialysis three times
per week, with a slightly higher representation from the
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Table 1 Demographic and clinical profiles of participants

Variable N (%)
Age (years), median and IQR 61(51.5-69.0)
Dialysis duration (months), median and IQR 34 (15.5-66.5)
Gender
Male 78 (56.9)
Female 59 (43.1)

Comorbidities

HTN 119 (86.9)
DM 81 (59.1)
IHD 58 (42.3)
CHF 25(18.2)
CVA 17(12.4)
Cancer 1(0.7)
Fracture 8 (5.8)
Surgery 69 (50.4)
Dialysis shift
Morning 79 (57.7)
Evening 58 (42.3)
Sessions per week
<3 11 (8.0)
>3 126 (92.0)
Vascular access
cvC 20 (14.6)
AVF 117 (854)
Anticoagulant use 99 (72.3)

HTN: hypertension; DM: diabetes mellitus; IHD: ischemic heart disease; CHF:
congestive heart failure; CVA, cerebrovascular accidents; CVC, central venous
catheter; AVF: arteriovenous fistula

morning shift at 57.7%. The arteriovenous fistulas (AVF)
stood out as the most common type of vascular access
among the subjects. Hypertension (HTN) was notably
the most prevalent comorbidity followed by diabetes,
affecting 86.9% and 59.1% of the cohort respectively,
highlighting their significance as comorbid conditions in
the population under study, as shown in Table 1.

Colonization rates and comorbidities of hemodialysis
patients harboring ESBL and carbapenem-resistant gram-
negative bacteria

In the cross-sectional study, out of 137 hemodialy-
sis patients, 116 patients (84.7%) were colonized with
ESBL-GNB. The median age of these colonized patients
was 62.00 years. The group consisted of 67 male patients
(57.8%) and 49 female patients (42.2%). Among the colo-
nized patients, 104 (89.7%) had hypertension, 69 (59.5%)
had diabetes mellitus, and 54 (46.6%) had ischemic heart
disease. Other comorbidities included congestive heart
failure in 25 patients (21.6%), cerebrovascular accident in
17 patients (14.7%), cancer in 1 patient (0.9%), and frac-
tures in 7 patients (6.0%). Surgical history was reported
in 63 patients (54.3%). The median duration of dialysis
among the colonized patients was 33.00 months (inter-
quartile range 14.50 to 67.00 months). Morning dialysis
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shifts were attended by 71 patients (61.2%), while 45
patients (38.8%) attended evening shifts. A total of 109
patients (94.0%) underwent three or more dialysis ses-
sions per week. Vascular access via arteriovenous fistula
was present in 100 patients (86.2%), and central venous
catheters were used in 16 patients (13.8%). Anticoagulant
use was noted in 83 patients (71.6%). Laboratory mea-
surements showed a median blood urea nitrogen level
of 53.20 mg/dL, white blood cell count of 6.90x10"9/L,
hemoglobin level of 10.90 g/dL, calcium level of 9.00 mg/
dL, and phosphate level of 4.51 mg/dL, as shown in the
supplementary table.

In the same cohort, 8 out of 130 hemodialysis patients
(5.8%) were colonized with CR-GNB. The colonized
patients had a median age of 66.00 years, with an inter-
quartile range of 58.50 to 68.50 years. This group
included 4 male patients (50.0%) and 4 female patients
(50.0%). All colonized patients (8 patients, 100.0%) had
hypertension, and 7 patients (87.5%) had diabetes mel-
litus. Ischemic heart disease was present in 2 patients
(25.0%), congestive heart failure in 2 patients (25.0%),
and cerebrovascular accident in 2 patients (25.0%). One
patient (12.5%) had a history of cancer, and none had
fractures. Four patients (50.0%) had undergone surgery.
The median duration of dialysis was 37.50 months for the
colonized group. Morning dialysis shifts were attended
by 6 patients (75.0%), and evening shifts by 2 patients
(25.0%). Seven patients (87.5%) received three or more
dialysis sessions per week. Vascular access was estab-
lished via arteriovenous fistula in 7 patients (87.5%) and
via central venous catheter in 1 patient (12.5%). Antico-
agulant therapy was used by 6 patients (75.0%). Labora-
tory values indicated a median blood urea nitrogen level
of 39.05 mg/dL, white blood cell count of 6.43x10"9/L,
hemoglobin level of 10.65 g/dL, calcium level of 9.28 mg/
dL, and phosphate level of 2.98 mg/dL, as shown in the
supplementary table.

ESBL-GNB carriage & risk factors

Out of 137 stool samples that were collected throughout
the duration of the study, 116 samples exhibited growths
for ESBL-GNB (84.7%). Univariate analysis showed that
the age, hypertension, ischemic heart disease, and BUN
were positively or negatively associated with ESBL-
GNB colonization. These variables maintained their
association with colonization by ESBL-GNB even after
adjusting the multivariate analysis for the confound-
ing variables in this study to discern the nuanced rela-
tionships between various factors and the fecal carriage
of ESBL-GNB producing bacteria among hemodialysis
patients in the university hospital. The results revealed
compelling associations after adjusting for potential
confounding variables. The analysis uncovered that age
played a significant role (aOR: 1.068; p: 0.012) with older
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individuals exhibiting a higher prevalence of ESBL-GNB
colonization. Gender emerged as an insignificant fac-
tor (aOR: 0.291; p: 0.102) after adjusting for potential
confounding variables. This indicates that, when consid-
ering other relevant variables, there is no statistically sig-
nificant difference in the likelihood of ESBL colonization
between male and female patients.

Among the tested comorbidities only HTN and isch-
emic heart disease (IHD) appeared as statistically sig-
nificant associated with increased odds of ESBL-GNB
colonization. For hypertension, the adjusted odds ratio
(aOR) was 15.582, with a p-value of 0.017, indicating a
substantial independent association. Similarly, ischemic
heart disease exhibited an aOR of 5.381, with a p-value
of 0.040, signifying a significant correlation. These results
suggest that hemodialysis patients with hypertension or
ischemic heart disease are at a notably higher risk of har-
boring ESBL-GNB producing bacteria in their fecal flora
(see Table 2).

The timing of the dialysis shift revealed as a significant
factor (aOR: 8.864; p: 0,005), specifically, patients under-
going hemodialysis during the morning shift exhibited a
markedly higher probability of ESBL-GNB colonization.
This finding suggests that the morning dialysis session is
independently associated with an increased likelihood of
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ESBL-GNB colonization compared to other shifts when
accounting for other relevant variables. From the evalu-
ated laboratory parameters only, BUN stood out as a sig-
nificant indicator (aOR: 1.049; p: 0.045), this underscores
the clinical relevance of BUN as a potential biomarker for
bacterial colonization risk (see Table 2).

CR-GNB carriage &risk factors

In terms of CR-GNB only 8 were found to be colonized
with CR-GNB, representing an 5.8% prevalence. After
adjusting the potential confounding variables in the mul-
tivariate analysis. The results revealed a significant asso-
ciation only with IHD playing a notable role (aOR: 0.052;
p: 0.041). This low adjusted odds ratio (aOR) signifies a
robust inverse correlation, indicating that hemodialysis
patients with IHD are at a significantly lower risk of har-
boring CR-GNB in their fecal flora. This finding under-
scores the potential protective effect of IHD against
CR-GNB colonization in this specific patient population
(see Table 3).

Discussion

In this study, a high prevalence of colonization by ESBL-
GNB (84.7%) was found in patients on hemodialysis, and
they are higher than those found in other studies. In a

Table 2 Univariate and multivariate analysis for identification of factors associated with colonization by ESBL-GNB in hemodialysis

patients
Variable ESBL-GNB
Univariate analysis Multivariate analysis
OR 95%ClI p-value OR? 95%Cl p-value*
Age (years) 1.054 1.02-1.09 0.002* 1.068 1.01-1.12 0.012*
Gender Male 1.243 049-3.16 0.647 0.291 0.07-1.28 0.102
Female 1 - - 1 - -
Comorbidities HTN** 3467 1.13-10.62 0.023% 15.582 1.63-149.34 0.017%
DM** 1.101 0.43-2.82 0.841 0.326 0.06-1.93 0216
IHD** 3.702 1.17-11.67 0.019* 5.381 1.08-26.76 0.040*
Fracture** 1.284 0.15-11.01 0.819 1.008 0.07-15.46 0.996
Surgery** 2972 1.08-8.20 0.030* 1.961 0.42-9.05 0.388
Dialysis time (months) 0.998 0.99-1.01 0.769 1.002 0.99-1.02 0.773
Shift of dialysis Morning 2.564 0.99-6.67 0.054 8.864 191-41.15 0.005%
Evening 1 - - 1 - -
Sessions per week >3 3.664 0.97-13.86 0.056 2958 040-21.97 0.289
<3 1 - 1 - -
Vascular access AVF 1471 0.44-4.93 0532 0.965 0.18-5.26 0.967
cvC 1 1 -
Anticoagulants** 0.786 0.27-2.32 0.663 0.509 0.10-2.56 0413
Labs BUN 1.040 1.01-1.07 0.017* 1.049 1.00-1.10 0.045%
WBC 1.154 0.93-144 0.202 1.045 0.78-1.40 0.771
HGB 0.904 0.63-1.30 0.581 0.735 043-1.27 0.267
Calcium 0.78 041-1.49 0451 0.521 0.20-1.36 0.182
Phosphate 1.231 0.88-1.73 0.231 1.528 0.86-2.70 0.145

ESBL, extended-spectrum B-lactamase; GNB, Gram-negative bacilli; HTN, hypertension; DM, diabetes mellitus; IHD, ischemic heart disease; CVC, central venous
catheter; AVF, arteriovenous fistula; BUN, blood urea nitrogen; WBC, white blood cells; Hgb, hemoglobin.? Adjusted values *Significant values are marked with an

asterisk. **Reference: No
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Table 3 Univariate and multivariate analysis for identification of factors associated with colonization by CR-GNB in hemodialysis

patients
Variable CR-GNB
Univariate analysis Multivariate analysis
OR 95%Cl p-value OR? 95%ClI p-value®
Age (years) 1.035 0.98-1.10 0.258 1.062 097-1.16 0.198
Gender Male 0.743 0.18-3.10 0.683 1.674 0.27-10.49 0.582
Female 1 - - 1 - -
Comorbidities CHF** 1.536 0.291-8.10 0613 5.846 043-78.71 0.183
DM** 5.203 0.62-43.52 0.128 5.786 0.44-76.36 0.182
IHD** 0435 1.08-2.24 0.319 0.052 0.00-0.89 0.041*
CVA** 2533 0.47-13.71 0.281 3479 041-29.67 0.254
Surgery** 0.985 0.236-4.107 0.983 0.697 0.11-4.26 0.696
Dialysis time (months) 0.990 0.98-1.01 0.389 0.995 0.97-1.02 0.708
Shift of dialysis Morning 2301 045-11.84 0319 4929 0.69-35.05 0.111
Evening 1 - - 1 - -
Sessions per week >3 0.588 0.07-5.27 0.635 0.815 0.04-16.33 0.894
<3 1 - - 1 - -
Vascular access AVF 1.209 0.14-10.39 0.863 1462 0.08-25.42 0.794
cvC 1 - - 1 - -
Anticoagulants 1.161 0.22-6.02 0.859 1.754 0.01-5.80 0.786
Labs WBC 0.897 0.65-1.25 0516 0.775 048-1.25 0.296
HGB 0.862 0.51-1.45 0.576 0.803 042-1.55 0.515

CR, carbapenem-resistant; GNB, Gram-negative bacilli; CHF, congestive heart failure; DM, diabetes mellitus; IHD, ischemic heart disease; CVA, cerebrovascular
accidents; CVC, central venous catheter; AVF, arteriovenous fistula; WBC, white blood cells; Hgb, hemoglobin. # Adjusted values. *Significant values are marked with

an asterisk. **Reference: No

study conducted in Colombia, the prevalence of ESBL-
GNB in hemodialysis patients was 41.2% 18 Similarly,
in an Iranian study involving hemodialysis patients, the
ESBL-GNB rate was 48.6% '°. Furthermore, our observed
rates outweigh those of ESBL-GNB colonization in the
general population, which are as high as 12.3% 2734,

For CR-GNB the prevalence was low (5.8%) compared
to other studies. In Colombia, a study conducted on
hemodialysis patients found that CR-GNB colonization
prevalence was 11.5% 8. In China, for example, the prev-
alence of CR-GNB in inpatients of a tertiary care hospital
closely aligned with our study at 6.6% '”. For the general
population around the world, the prevalence of CR-GNB
colonization was high reaching 6.9% *°.

This study showed a significant presence of ESBL-GNB
colonization among hemodialysis patients, particularly
linked to advanced age and specific underlying health
conditions. Age emerged as a critical factor, with colo-
nization becoming more likely as patients aged, which
differs from previous findings indicating no correlation
with age [17, 18, 28]. This aligns with the notion that
older patients may have a higher cumulative risk of expo-
sure to hospital environments or a diminished immune
response, leading to greater vulnerability. The strong
association between ESBL-GNB colonization and comor-
bidities such as hypertension and ischemic heart disease
suggests a complex interplay between the patient’s overall
health status and susceptibility to bacterial colonization.

Patients with such comorbidities have frequent contact
with healthcare, frequent hospital visits, and receive dif-
ferent groups of drugs, which increases the risk of colo-
nization by resistant bacteria [36], or could expose them
to immune response alterations due to potential interac-
tions between medications used for treatment [37], The
exact mechanisms behind this relationship warrant fur-
ther investigation.

Unexpectedly, patients undergoing dialysis during the
morning shift showed a higher probability of coloniza-
tion. This could be due to various factors including the
structure of staffing, the patient load, or differences in
cleaning protocols between shifts that require more in-
depth analysis. However, given that a majority of patients
received dialysis during the morning shift regardless of
their colonization status (57.7%) creating a slight dispro-
portionate representation of patients in each shift, this
association should be interpreted with caution as the data
may be skewed and further studies with a more balanced
sample distribution are needed to confirm this finding.

According to previous studies, the colonization of
MDR increases with antibiotic exposure [17, 35, 38].
Interestingly, a previous study that researched factors
associated with over-prescription of antimicrobials found
that morning shift dialysis patients were exposed to
higher rates of empiric antimicrobials while evening shift
patients are less likely to receive immediate antimicrobial
therapy, one hypothesis could be that these patients get
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their evaluation deferred until they visit the emergency
department or get hospitalized [39].

The observed inverse relationship between CR-GNB
colonization and ischemic heart disease (IHD) in this
study is a counterintuitive finding that challenges our
conventional understanding. However, this finding is
based on a small number of colonized patients (n=38),
which limits the statistical power and validity of this
association. The limited sample size makes it challeng-
ing to draw definitive conclusions, and the observed
inverse relationship may be due to chance or unmeasured
confounding factors. Therefore, this result should be
interpreted with caution, and we cannot assert a causal
relationship based on our data.

Moreover, the low prevalence of CR-GNB coloni-
zation in our cohort (5.8%) aligns with findings from
other studies in the region. A recent study conducted in
the West Bank, Palestine, reported a 17% prevalence of
carbapenem-resistant Enterobacterales (CRE) among
600 randomly selected clinical samples collected from
five governmental hospitals [40]. While this indicates
that CRE is present in the region, the prevalence among
hemodialysis patients may be lower. Our findings sug-
gest that CRE colonization is relatively uncommon in
this patient population, but due to the small number of
cases, we cannot make strong assertions about risk fac-
tors such as IHD. Further studies with larger sample sizes
are necessary to confirm or refute the observed associa-
tion between CR-GNB colonization and ischemic heart
disease. Such studies would help to better understand
the epidemiology and risk factors of CRE colonization
among hemodialysis patients in our region.

Limitations

While this study provides valuable insights into the fecal
carriage of ESBL-GNB and CR-GNB among hemodialy-
sis patients, several limitations should be acknowledged.
Firstly, the single-center nature of the study conducted
in An-Najah National University Hospital may limit the
generalizability of our findings to broader population or
healthcare settings. Nonetheless, hemodialysis patients
share common characteristics that may facilitate the
extrapolation of the study results to diverse dialysis set-
tings. The self-collection of stool samples may be subject
to variability in adherence and technique among partici-
pants, potentially influencing the accuracy and reliabil-
ity of bacteria colonization screening. Additionally, the
sample size may impact the precision of our estimates.
It is imperative to acknowledge the absence of detailed
medical records regarding the antibiotics prescribed for
the hemodialysis patients in this study; the lack of com-
prehensive information on antibiotic usage hinders our
ability to assess the potential impact of antibiotic expo-
sure on the fecal carriage of ESBL-GNB and CR-GNB.
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In interpreting our results, it is crucial to recognize
these limitations and consider their potential impact on
the direction and magnitude of observed associations,
emphasizing the need for cautious interpretation and
further research to validate and extend our findings.

Despite the acknowledged limitations, this study is the
first to investigate the prevalence of ESBL-GNB and CR-
GNB colonization among hemodialysis patients in Pales-
tine which possesses notable strengths that enhance the
validity and relevance of our findings. First and foremost,
the comprehensive multivariate analysis employed in this
investigation allowed us to discern nuanced relation-
ships between various factors and the fecal carriage of
ESBL-GNB and CR-GNB among hemodialysis patients.
The adjustment for potential confounding variables
adds robustness to our results, providing a more accu-
rate reflection of the independent associations identi-
fied. Additionally, the focus on a vulnerable population
“hemodialysis patients” addresses an area of critical con-
cern in infection control. The utilization of stool samples
for bacterial screening, while subject to limitations, is a
practical approach to capturing the prevalence of bacte-
rial colonization. These strengths collectively contribute
to the significance of this study, offering valuable insights
into potential risk factors for bacterial colonization in
hemodialysis patients and informing targeted strategies
for infection prevention and patient management.

Implications and future directions

The findings highlight the importance of tailored inter-
ventions to reduce the risk of bacterial colonization and
enhance patient care in hemodialysis settings. There is an
imperative need for antimicrobial stewardship programs
within renal units, the implementation of educational
strategies regarding antibiotic use in the community, and
effective infection prevention strategies in diverse health-
care settings. Future research should focus on larger,
multicenter studies to further explore the risk factors
associated with antibiotic-resistant bacterial colonization
and to develop targeted interventions.

Conclusion

This study revealed a high prevalence of colonization by
ESBL-GNB among hemodialysis patients in a Palestinian
tertiary care hospital. Significant risk factors associated
with ESBL-GNB colonization included advanced age,
hypertension, ischemic heart disease, morning dialysis
shifts, and elevated blood urea nitrogen levels. CR-GNB
colonization was less prevalent, and an inverse associa-
tion with ischemic heart disease was observed, though
this finding should be interpreted with caution due to
the small sample size. These results emphasize the criti-
cal need for enhanced surveillance and infection control
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measures to prevent the spread of antibiotic-resistant
bacteria in hemodialysis settings.
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