
The proportion of microorganism infection among 
patients with CKD by gender: 

The study investigated the occurrence of 
microorganism infections in patients with CKD, 
categorised by gender. Among these infections, 
Escherichia coli (E. coli) was the most prevalent, 
accounting for 52.68% of all cases. The proportion of 
E. coli infections was slightly lower in male 
participants (44.90%) compared to female 
participants (55.13%), but it remained the 

predominant pathogen in both genders. Klebsiella 
infections were documented in 29 patients, 
representing 14.15% of all infections, with similar 
proportions among male (14.29%) and female 
(14.10%) participants. Pseudomonas infections were 
reported in 20 patients, amounting to 9.76% of all 
infections, with comparable rates between males and 
females. Coagulase-negative staphylococci (CoNS) 
infections were diagnosed in 12 patients, making up 
5.85% of all infections. Among the participants, a 

higher proportion of male patients (14.29%) 
experienced these infections compared to female 
patients (3.21%) [Table-II].
Citrobacter infections were found in 7 patients, 
representing 3.41% of all infections, and all of these 
cases occurred in female participants. Staphylococcai, 
Enterococci, and Proteus organisms showed relatively 
lower infection rates (2.93%, 4.88%, and 5.37%, 
respectively), with Staphylococcal infections being 
more prevalent among male participants (6.12%) 
compared to female participants (1.92%). The 
findings indicated that Streptococcal infections were 
only present in 2 patients, accounting for 0.98% of all 

infections, and both cases occurred in female patients. 
Therefore, the study concludes that gender may play a 
role in the occurrence of certain microorganism 
infections among patients with CKD. [Table-II].
Antibiotic susceptibility profiles against multiple 
clinical isolates among patients with CKD:
The antibiotic susceptibility profiles in patients with 
chronic kidney disease (CKD) reveal varying levels of 
effectiveness for different antimicrobial agents and 
microbial isolates, as shown in Table-IV. Carbapenems, 
such as Meropenem and Imipenem, demonstrate the 
highest overall sensitivity rates, exceeding 88%. They 
consistently show effectiveness against a broad 

spectrum of microbial isolates, including Streptococci, 
Citrobacter spp, CoNS, E. coli, Enterococci, 
Klebsiella, Proteus, Pseudomonas, and 
Staphylococcus. Both antimicrobial agents remain 
predominant (over 90%) in CoNS organisms. Amikacin 
is a reliable treatment option, with substantial 
sensitivity ranging from 50% to 100% against most 
isolates. Ciprofloxacin and Levofloxacin exhibit 
moderate to high sensitivity, particularly against E. coli 
(approximately 37% and 38%, respectively) and 
Pseudomonas (around 74% and 75%, respectively), 
although there is some variability.
Nitrofurantoin stands out for its sensitivity against 
various isolates, while Amoxiclav demonstrates 
moderate to high effectiveness against Streptococci, E. 
coli, and Klebsiella. Gentamicin shows variable 
sensitivity across isolates, with notable effectiveness 
against Staphylococci and E. coli. However, some 
antibiotics, like Ceftazidime and Cefuroxime, exhibit 
limited efficacy against certain isolates [Table-IV].

DISCUSSION
The study included a total of 205 patients, with females 
with UTI predominant (76.1%), revealing an overall 
mean age of 63.22 years, with males showing a slightly 
lower mean age compared to females, although this 
disparity did not reach statistical significance. The 
genderbased discrepancies were consistent with a 
previously published article that found a higher 
incidence of infection in females19,20.
Interestingly, while the age distribution across various 
age groups did not demonstrate statistically significant 
differences between males and females, there were 
notable trends. The highest proportion of patients fell 
within the 61-70 years age group, followed by the 
51-60 years age group, indicating a predominance of 
older individuals affected by UTI with CKD. These 
findings align with a recently published report 
conducted in Bangladesh, indicating an increased 
prevalence of  UTI in CKD with advancing age21. 
However, it's imperative to note that our study's limited 
sample size might have influenced the statistical power 
to detect significant differences.
Median serum creatinine levels and estimated 
glomerular filtration rates (eGFR) showed similar 
values between genders. However, a significant 
difference in median haemoglobin levels was 
observed, with females exhibiting higher levels, 
reflecting potential differences in anaemia prevalence 
between genders.
The prevalence of diabetes among CKD patients with 
UTI was notably high, with 71.71% diagnosed as 
diabetic. This finding underscores the strong 

association between diabetes and UTI in CKD, 
consistent with previous research highlighting diabetic 
complications related to poor glycaemic control and 
older age as a leading cause of CKD worldwide22. The 
high prevalence of diabetes in our study population 
emphasises the need for robust diabetes management 
strategies to prevent or delay the progression of 
CKD23.
Furthermore, the distribution of CKD stages among 
UTI patients demonstrated a significant burden of 
advanced CKD, with stage 4 and stage 5 CKD 
accounting for 35.1% and 24.4% of cases, respectively. 
This distribution suggests a considerable proportion of 
patients may be at risk of complications such as 
end-stage renal disease (ESRD) and the need for renal 
replacement therapy (RRT)24. These findings 
underscore the importance of early detection and 
intervention strategies aimed at slowing the 
progression of CKD, particularly among high-risk 
individuals such as those with diabetes.
In terms of the proportion of microorganisms causing 
UTI among patients with chronic kidney disease 
(CKD), stratified by gender, Escherichia coli (E. coli) 
emerged as the predominant pathogen, responsible for 
more than half (52.68%) of all infections. While the 
proportion of E. coli infections was slightly lower 
among male participants compared to females, it 
remained the most prevalent organism in both genders, 
highlighting its significance as a causative agent in 
CKD-associated infections. The results aligned with 
previously conducted studies25,26. 
Similarly, Klebsiella infections were notably prevalent, 
representing 14.15% of all infections, with comparable 
rates between males and females27. Notably, 
coagulase-negative Staphylococci (CoNS) infections 
were more prevalent among male patients (14.29%) 
compared to females (3.21%), suggesting potential 
gender-specific differences in susceptibility to certain 
pathogens. These overall proportions and gender-based 
variation are consistent with various previous 
studies28,29. Conversely, Streptococcal and Citrobacter 
infections were less common overall, with Streptococci 
found exclusively and Citrobacter infections 
predominantly affecting females27,30. The relatively 
low prevalence of Staphylococcal, Enterococci, and 
Proteus infections28 underscores the diverse microbial 
landscape associated with CKD, necessitating targeted 
surveillance and management strategies tailored to 
specific pathogens. 
The examination of antibiotic susceptibility profiles 
among patients with chronic kidney disease (CKD) 
delineates a complex landscape of antimicrobial 
efficacy against various clinical isolates. Carbapenems, 

including Meropenem and Imipenem, emerge as 
stalwart therapeutic options, boasting sensitivity rates 
exceeding 88% across multiple microbial strains31. 
Notably, both agents exhibit consistent effectiveness 
against a broad spectrum of pathogens, encompassing 
Streptococci, Citrobacter spp, Coagulase-negative 
staphylococci (CoNS), Escherichia coli (E. coli), 
Enterococci, Klebsiella, Proteus, Pseudomonas, and 
Staphylococci organisms. Particularly commendable 
is their robust efficacy against CoNS, with sensitivity 
rates surpassing 90%. Amikacin also stands out as a 
reliable treatment avenue, showcasing substantial 
sensitivity ranging from 50% to 100% against most 
isolates32,33. In contrast, Ciprofloxacin and 
Levofloxacin demonstrate moderate to high 
sensitivity, notably against E. coli and Pseudomonas 
strains; which was found to be consistent with 
previous research27. Nevertheless, some variability in 
effectiveness is observed across isolates, warranting 
careful consideration during therapeutic selection. 
Nitrofurantoin emerges as a noteworthy candidate, 
exhibiting notable sensitivity against diverse isolates, 
as demonstrated by previous research studies27,34. 
Similarly, Amoxiclav demonstrates moderate to high 
effectiveness against Streptococci, E. coli, and 
Klebsiella strains, aligned with previous studies32,35. 
Gentamicin exhibits variable sensitivity across 
isolates, with pronounced effectiveness against Staph. 
and E. coli36. However, certain antibiotics, such as 
Ceftazidime and Cefuroxime, showcase limited 
efficacy against specific isolates, emphasising the 
importance of tailored antibiotic stewardship 
practices28. 
This comprehensive analysis underscores the 
imperative of judicious antibiotic selection guided by 
local susceptibility patterns to optimise therapeutic 
outcomes and mitigate the emergence of 
antimicrobial resistance.

LIMITATIONS
The limitations of the study include its retrospective 
design, reliance on data from a single healthcare 
centre, small sample size, focus on urinary 
specimens, absence of molecular characterisation of 
isolates, and inability to explore temporal trends.

CONCLUSION
The study conducted in Bangladesh emphasises that 
patients with chronic kidney disease exhibit diverse 
antibiotic susceptibility patterns. The research 
revealed that carbapenems, specifically Meropenem 
and Imipenem display greater efficacy, while other 

antibiotics exhibit varying degrees of effectiveness. It 
is imperative to choose antibiotics tailored for each 
patient to effectively manage infections within this 
population. However, further studies with multicenter 
and molecular characterisation of isolates are required 
to provide valuable insights for the development of 
more targeted treatment strategies.
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ABSTRACT
Chronic kidney disease (CKD) is a significant health concern in Bangladesh, with patients frequently 
experiencing infectious complications due to immunocompromised status. The study aimed to investigate the 
antibiotic susceptibility patterns among patients with chronic kidney disease (CKD) in Bangladesh. This 
cross-sectional study was conducted at Jalalabad Ragib-Rabeya Medical College in Sylhet, Bangladesh, from 
June 2022 to May 2023. Through a comprehensive analysis of clinical isolates from 205 CKD patients, the study 
reveals varying susceptibility profiles across multiple antibiotics. Among the antibiotics tested, carbapenems, 
specifically, meropenem and imipenem, exhibit high sensitivity rates exceeding 88% against diverse microbial 
isolates. This highlights their efficacy as broad-spectrum agents. Amikacin, on the other hand, emerges as a 
reliable treatment option, showing substantial sensitivity ranging from 50% to 100% against most isolates. 
Other antibiotics, such as ciprofloxacin and levofloxacin, demonstrate moderate to high sensitivity. They are 
particularly effective against prevalent pathogens like Escherichia coli and Pseudomonas. However, some 
antibiotics, including ceftazidime and cefuroxime, show limited efficacy against specific isolates. These findings 
underscore the importance of judicious antibiotic selection and surveillance in CKD patients. Such measures are 
crucial for optimising treatment outcomes and minimising antibiotic resistance. The study also highlights the 
need for ongoing antibiotic stewardship efforts. It emphasises the significance of tailored therapy based on local 
susceptibility patterns to effectively combat infectious complications in CKD patients.
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INTRODUCTION
Chronic kidney disease (CKD) represents a 
significant health challenge worldwide, with 
escalating prevalence rates observed, particularly in 
low and middle-income nations such as Bangladesh. 

In 2017, an estimated 1.2 million people died from 
CKD worldwide, with a 41.5% increase in the all-age 
mortality rate between 1990 and 2017. Despite this 
increase, there was no significant change in the 
age-standardised mortality rate during the same 
period. The global prevalence of all-stage CKD was 
recorded at 697.5 million cases, corresponding to a 
prevalence of 9.1%1. According to the Global Burden 
of Disease study, there were approximately 1.4 
million deaths worldwide due to CKD in 2019. This 
represents a 20% increase from 2010 and is one of 
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comorbidities, CKD stage, and antibiotic usage 
history, were considered eligible for inclusion in the 
study. Patients diagnosed with acute kidney injury 
(AKI) or other renal conditions that did not meet the 
criteria for CKD, those with clinical specimens 
deemed inadequate for microbiological analysis, and 
patients with severe immunocompromised conditions 
or undergoing immunosuppressive therapy were 
excluded from the study. The estimated glomerular 
filtration rate (eGFR) (ml/min per 1.73 m2) was 
calculated according to the Chronic Kidney Disease 
Epidemiology Collaboration (CKD-EPI) updated 
formula15, and CKD stages were categorised 
following guidelines by the American Kidney 
Association16.

Bacterial identification using urine samples: 
Aseptic techniques were used to prevent 
contamination and ensure accurate results. The urine 
sample was collected in a sterile container and 
transported to the laboratory. Upon receipt, the 
sample was mixed for homogeneity, and a small 
amount was inoculated onto culture media. The plates 
were then incubated at 37° Celsius for 18-24 hours to 
promote bacterial growth. After incubation, the plates 
were examined for colony morphology, colour, size, 
and any features indicating bacterial growth. Further 
biochemical testing was conducted to characterise 
and confirm the isolates. Common tests, including 
catalase, oxidase, indole, urease, and carbohydrate 
fermentation tests, were performed to provide 
information about the metabolic properties of the 
bacteria. The identified bacterial species, along with 
antibiotic susceptibility testing results, were included 
in the final report. Stringent quality control measures 
were maintained to ensure the reliability and validity 
of the results, facilitating the accurate diagnosis and 
treatment of bacterial urinary tract infections. 
Bacteriuria was defined as the growth of any 
microorganism at a concentration of ≥105 CFU/ml or 
≥103 CFU/ml in patients with symptoms. 
Asymptomatic bacteriuria (ASBU) was defined as the 
presence of at least 105 colony-forming units 
(CFU/ml) of bacterial species in a midstream urine 
sample that was collected cleanly and did not show 
any symptoms of a urinary tract infection (UTI)17. 
The isolated organisms were identified using the 
standard biochemical method, which involves 
assessing the appearance of the colonies, staining 
reactions, and biochemical properties.

Antibiotic susceptibility testing procedure:
Antibiotic susceptibility testing was conducted 

meticulously using standardised protocols to evaluate 
the effectiveness of different antibiotics against 
microbial isolates obtained from individuals 
diagnosed with chronic kidney disease (CKD). 
Initially, pure cultures of microbial isolates were 
obtained by subculturing on appropriate agar plates. 
The Kirby-Bauer disk diffusion method, following 
the guidelines set by the Clinical and Laboratory 
Standards Institute (CLSI)18, was then used for 
susceptibility testing. This involved preparing 
standardised inoculum suspensions of microbial 
isolates, which were then evenly spread on 
Mueller-Hinton agar plates. Antibiotic disks, each 
containing specific concentrations of antibiotics 
relevant to CKD associated infections, were 
strategically placed on the agar surface. After an 
incubation period under optimal conditions, the 
diameter of the zone of inhibition surrounding each 
antibiotic disk was carefully measured using a 
calibrated ruler. The interpretation of zone sizes 
followed the established breakpoints outlined in the 
CLSI guidelines, allowing for the classification of 
isolates as susceptible, intermediate, or resistant to 
each antibiotic tested. Throughout the testing process, 
rigorous quality control measures were implemented 
to ensure the precision and reliability of susceptibility 
testing results. These measures included the inclusion 
of standard reference strains and routine performance 
assessments.

Statistical analysis:
Descriptive analyses are presented using different 
methods for continuous and categorical variables. For 
normally distributed continuous variables, the 
mean±standard deviation (SD) is reported. Skewed 
data is described using the median and 25% and 75% 
quartiles. Categorical variables are expressed as 
proportions (%). Before conducting the analyses, the 
normality of continuous variables was checked using 
histograms and box plots. To compare groups for 
normally distributed continuous variables, the student 
t-test was used. For skewed continuous variables, the 
non-parametric Kruskal-Wallis test was performed. 
Categorical variables were analysed using Fisher's 
exact test or the χ² test, depending on the 
circumstances. The data were analysed using the 
statistical software STATA 17.

RESULTS
Demographic and clinical characteristics of 
patients with CKD by gender:
The study conducted a comprehensive analysis of 
demographic and clinical characteristics among the 

study participants with chronic kidney diseases, 
categorising them by gender. A total of 205 individuals 
were included in the study, with 49 (23.9%) being male 
and 156 (76.1%) being female (Table-I).
The overall mean age of the participants was 
63.22±9.07 years. Males had a slightly lower mean age 
of 62.47 years compared to females, who had a mean 
age of 63.46 years. However, this difference was not 
statistically significant (p=0.06). Similarly, there were 
no statistically significant differences observed between 
males and females across various age groups (41-50, 
51-60, 61-70, 71-80, and >80) (p=0.198) (Table-I).
Median serum creatinine levels and estimated 
glomerular filtration rates (eGFR) showed similar 
values between males and females (S. creatinine: 2.2 

mg/dl vs. 2.3 mg/dl, p=0.3303; eGFR: 32 
ml/min/1.73m2vs. 25.5 ml/min/1.73m2, p=0.111). 
However, a significant difference in median 
haemoglobin levels was observed, with females 
having higher levels (10.4 g/dl vs. 11 g/dl, 
p=0.019). Furthermore, the proportion of diabetes 
was notably higher among females compared to 
males, and this difference was statistically 
significant (59.18% vs. 75.64%, p=0.026). 
Notably, there were significant disparities in the 
distribution of chronic kidney disease (CKD) 
stages between genders (p<0.001). Stage 4 CKD 
was more prevalent among males (57.14%), while 
Stage 5 CKD was more prevalent among females 
(36.73%) [Table-I].

INTRODUCTION

Hypertension (HTN) is a worldwide problem and a major 
global health burden, as high salt intake is one of the 
crucial factors often related to it1. The relationship 
between high salt intake and elevation of blood pressure 

is currently one of the major focuses of scientific 
research. According to Parmar et al., the most 
important factor causing an abnormal rise in blood 
pressure is high salt intake2. Consuming excessive 
dietary salt can lead to high blood pressure, which 
suggests that the best way to control hypertension is by 
creating awareness of       this disease and promoting 
healthy salt intake behaviour3. 
Hypertension may be defined as a persistent elevation 
of blood pressure (BP)  beyond 130/80 mmHg4. 
Increased blood pressure has always been considered a 
major marker for other risk factors for 

non-communicable diseases (NCDs)  like increasing 
body weight, dyslipidaemia, glucose intolerance, and 
the metabolic syndrome5. Hypertension is being 
considered  to be responsible for 13% of global 
deaths6. With the projection of a 30% increase in 
worldwide prevalence of this condition by the year 
2025 and also for its focal role in the  rising global 
burden of disease and disability, hypertension has 
become one of the most challenging diseases for world 
public health7. A recent study  show that three-quarters 
of the world’s hypertensive population resides in low 
and middle socio-economic countries, and the 
prevalence of hypertension is higher in low and middle 
socio-economic countries (31.5%) than in high 
socio-economic countries7. Bangladesh is one of those 
low and middle income countries that are experiencing 
an epidemiological transition from communicable to 
non-communicable diseases. Risk factors for 
hypertension include high body mass index (BMI), 
smoking, arterial stiffness, and high dietary salt 
intake8.
The World Health Organization (WHO) and Food and 
Agricultural Organization (FAO) recommend daily 
intake of salt of <5 gm from all sources. However, 
dietary salt intake is much higher than this in many 
low and  middle income countries. In addition to this, 
many of these countries  do not have representative 
population data on dietary salt intake. Bangladesh is 
one such country. In Bangladesh, it is a popular 
practice that people add salt during their routine meals, 
as they have a strong preference for a salty taste. The 
use  of salted pickles is also very popular in this 
country. Many people eat sour seasonal fruits with salt. 
Preservation of dry fish in salt is another popular 
dietary practice in Bangladesh. Salt that is taken during 
meals also constitutes a significant proportion of total 
salt intake in Bangladesh. 
This  is true even for the educated society of Bangladesh. 
Therefore, the avoidance of added  salt on the dining 
table should be the primary target of salt reduction in 
Bangladesh9. This study aimed to understand and 
assess the factors affecting knowledge, attitude, and 
practice towards salt intake and its relationship with 
blood pressure. 

MATERIALS AND METHODS
This cross-sectional study was conducted at Jalalabad 
Ragib-Rabeya Medical College Hospital, Sylhet, 
between September 1, 2022, and September 30, 2022, 
among patients attending out-patient departments of 
surgery, medicine, obstetrics, and gynaecology. A total 
of 214 respondents were selected by purposive 
sampling method. The respondents aged more than 18 
years, attended the hospital during the study period and 

willing to participate in the research were included.  
The respondents aged less than 18 and those who 
were not willing to participate were excluded. All the 
participants were informed about the study and its 
objective and the consent form was filled by the 
individual participants. The study was approved by 
the Institutional Review Committee of Jalalabad 
Ragib-Rabeya Medical College. The data was 
collected using a pretested, interviewer administered 
semi-structured questionnaire to evaluate knowledge, 
attitude, and practice regarding salt intake and its 
relationship with blood pressure. The questionnaire 
included baseline exposure variables like age, sex, 
family size, education, BMI, and knowledge, attitude, 
and practice related variables. Bodyweight was 
measured through an analogue weigh scale. Body 
height was measured using a standard stadiometer. 
BMI was defined as weight (Kilogrammes) divided 
by the square of height (Metres). The BMI cutoffs 
recommended by the WHO were used. The data were 
analysed using SPSS (Statistical Package for Social 
Sciences) version 25. The Chi-square test was used to 
see the relationship between variables, and a p-value 
of <0.05 was considered statistically significant.

RESULTS
This study includes 214 respondents, among them 
62% were male and 38% were female. Most of the 
respondents (32.2%) were more than 50 years old and 
17.3% were in age group 41-50. BMIs of 64.8% of 

respondents were within the normal range and 4.7% 
were obese (Table-I). Among the respondents, 22% 
were illiterate, 35% completed their primary 
education and 29% completed secondary level 
(Figure-1).
Among all the respondents, 61.2% seem to consume 
the right amount of salt per meal (Figure-2). Only 
31.3% of respondents deemed lowering salt intake in 
their diet as very important (Figure-3). Majority of the 
respondents (65.8%) practice table salt, and 93% did 
not know the national recommendation of daily salt 
intake. The relation between knowledge about the 

national recommendation of salt intake and the 
practice of adding table salt was not significant 
(p=0.591) (Table-II). More than half of the 
respondents (54.7%) have no knowledge regarding 
the occurrence of hypertension due to too much salt 
consumption. Of them, 34.6% practice table salt 
intake. On the other hand, 45.3% of the respondents 
believe that excessive salt intake can lead to 
hypertension. The relation between the knowledge of 
the respondents on HTN due to too much salt 
consumption and their practice of intake of table salt 
was not significant (p=0.227) (Table-III).          
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the highest increases among the leading causes of 
death2. The prevalence of CKD in South Asia is 
reported to be 13.6% in Thailand3, 10.8% in China4, 
and 15.0% in India5. CKD commonly results in 
progressive end-stage renal disease (ESRD), leading 
to higher rates of hospitalisation and premature 
deaths6. 
Chronic kidney disease (CKD) poses a significant 
burden on public health in Bangladesh, with a 
growing number of individuals affected by this 
condition. A meta-analysis of 225,206 participants 
found that the prevalence of chronic kidney disease 
(CKD) among individuals in Bangladesh was 
22.48%. This rate is significantly higher than the 
global prevalence of CKD. Moreover, the analysis 
revealed that the prevalence of CKD was higher in 
females (25.32%) compared to males (20.31%)7. 
CKD is characterised by a progressive decline in 
kidney function over time, leading to various 
complications, including electrolyte imbalances, fluid 
retention, and cardiovascular diseases8,9. In 
Bangladesh, factors such as inadequate access to 
healthcare services, limited awareness about kidney 
health, and high prevalence of risk factors like 
diabetes and hypertension contribute to the escalating 
burden of CKD10,11. Moreover, the management of 
CKD is complicated by the frequent occurrence of 
infectious complications, such as urinary tract 
infections (UTIs) and bloodstream infections, which 
are often exacerbated by the immunocompromised 
state associated with kidney dysfunction12,13. 
The effective management of CKD often necessitates 
antibiotic therapy to address associated infectious 
complications13,14. However, despite the critical role 
antibiotics play in patient care, there remains a 
notable dearth of comprehensive studies elucidating 
the antibiotic susceptibility patterns specific to CKD 
patients within the Bangladeshi context. 
Understanding the prevailing microbial landscape 
and the nuanced effectiveness of antibiotics is 
paramount for guiding evidence-based treatment 
strategies and curtailing the emergence of 
antimicrobial resistance a pressing concern that poses 
formidable threats to patient outcomes and healthcare 
systems alike. Thus, this study endeavours to furnish 
a meticulous analysis of antibiotic  susceptibility 
patterns among CKD patients in Bangladesh, 
discerning the prevalence of microbial isolates and 
their susceptibilities to commonly prescribed 
antibiotics. By scrutinising clinical isolates obtained 
from CKD patients, this research aspires to furnish 
invaluable insights to inform antimicrobial 
stewardship practices tailored to the distinctive 

healthcare milieu of Bangladesh. Ultimately, the 
study seeks to furnish actionable evidence aimed at 
optimising patient care and combating the ominous 
tide of antimicrobial resistance, thereby fortifying the 
armamentarium for effectively managing infections 
within the purview of CKD in Bangladesh. The study 
aimed to unveil the pattern of microbial isolates and 
their susceptibility profiles to commonly prescribed 
antibiotics, with the overarching goal of informing 
evidence-based antimicrobial stewardship practices 
and enhancing patient care within the context of 
CKD management.

MATERIALS AND METHODS
Study design and site:
This study adopted a cross-sectional study design to 
investigate the antibiotic susceptibility patterns 
among individuals diagnosed with chronic kidney 
disease (CKD) presenting with suspected or 
confirmed infectious complications. The study took 
place at Jalalabad Ragib-Rabeya Medical College 
Hospital in Sylhet, eastern Bangladesh, between June 
2022 and May 31, 2023. This tertiary healthcare 
centre provides both inpatient and outpatient services 
for patients with chronic kidney disease (CKD) in its 
nephrology department. This medical college is a 
prominent healthcare hub with specialised facilities 
and a dedicated healthcare team in the nephrology 
department focused on diagnosing, treating, and 
managing CKD patients. Its geographical location 
enhances accessibility for a diverse patient 
population, allowing for a comprehensive and 
representative study of CKD in the region.

Study population and recruiting strategy:
The study population consisted of patients aged 40 
years and older who had been diagnosed with chronic 
kidney disease (CKD) and were receiving treatment 
at Jalalabad Ragib-Rabeya Medical College Hospital. 
These patients presented with suspected or confirmed 
infectious complications associated with their 
condition. Both males and females were included in 
the study population, with varying CKD stages 
between 3 and 5. These stages were confirmed 
through clinical evaluation, laboratory tests, and the 
estimated glomerular filtration rate (GFR). The 
population was purposefully recruited based on 
positive urinary tract infection (UTI) results among 
individuals suffering from CKD. Patients who were 
required to undergo antibiotic susceptibility testing 
and had complete demographic and clinical data 
available for analysis, including age, gender, 
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The proportion of microorganism infection among 
patients with CKD by gender: 

The study investigated the occurrence of 
microorganism infections in patients with CKD, 
categorised by gender. Among these infections, 
Escherichia coli (E. coli) was the most prevalent, 
accounting for 52.68% of all cases. The proportion of 
E. coli infections was slightly lower in male 
participants (44.90%) compared to female 
participants (55.13%), but it remained the 

predominant pathogen in both genders. Klebsiella 
infections were documented in 29 patients, 
representing 14.15% of all infections, with similar 
proportions among male (14.29%) and female 
(14.10%) participants. Pseudomonas infections were 
reported in 20 patients, amounting to 9.76% of all 
infections, with comparable rates between males and 
females. Coagulase-negative staphylococci (CoNS) 
infections were diagnosed in 12 patients, making up 
5.85% of all infections. Among the participants, a 

higher proportion of male patients (14.29%) 
experienced these infections compared to female 
patients (3.21%) [Table-II].
Citrobacter infections were found in 7 patients, 
representing 3.41% of all infections, and all of these 
cases occurred in female participants. Staphylococcai, 
Enterococci, and Proteus organisms showed relatively 
lower infection rates (2.93%, 4.88%, and 5.37%, 
respectively), with Staphylococcal infections being 
more prevalent among male participants (6.12%) 
compared to female participants (1.92%). The 
findings indicated that Streptococcal infections were 
only present in 2 patients, accounting for 0.98% of all 

infections, and both cases occurred in female patients. 
Therefore, the study concludes that gender may play a 
role in the occurrence of certain microorganism 
infections among patients with CKD. [Table-II].
Antibiotic susceptibility profiles against multiple 
clinical isolates among patients with CKD:
The antibiotic susceptibility profiles in patients with 
chronic kidney disease (CKD) reveal varying levels of 
effectiveness for different antimicrobial agents and 
microbial isolates, as shown in Table-IV. Carbapenems, 
such as Meropenem and Imipenem, demonstrate the 
highest overall sensitivity rates, exceeding 88%. They 
consistently show effectiveness against a broad 

spectrum of microbial isolates, including Streptococci, 
Citrobacter spp, CoNS, E. coli, Enterococci, 
Klebsiella, Proteus, Pseudomonas, and 
Staphylococcus. Both antimicrobial agents remain 
predominant (over 90%) in CoNS organisms. Amikacin 
is a reliable treatment option, with substantial 
sensitivity ranging from 50% to 100% against most 
isolates. Ciprofloxacin and Levofloxacin exhibit 
moderate to high sensitivity, particularly against E. coli 
(approximately 37% and 38%, respectively) and 
Pseudomonas (around 74% and 75%, respectively), 
although there is some variability.
Nitrofurantoin stands out for its sensitivity against 
various isolates, while Amoxiclav demonstrates 
moderate to high effectiveness against Streptococci, E. 
coli, and Klebsiella. Gentamicin shows variable 
sensitivity across isolates, with notable effectiveness 
against Staphylococci and E. coli. However, some 
antibiotics, like Ceftazidime and Cefuroxime, exhibit 
limited efficacy against certain isolates [Table-IV].

DISCUSSION
The study included a total of 205 patients, with females 
with UTI predominant (76.1%), revealing an overall 
mean age of 63.22 years, with males showing a slightly 
lower mean age compared to females, although this 
disparity did not reach statistical significance. The 
genderbased discrepancies were consistent with a 
previously published article that found a higher 
incidence of infection in females19,20.
Interestingly, while the age distribution across various 
age groups did not demonstrate statistically significant 
differences between males and females, there were 
notable trends. The highest proportion of patients fell 
within the 61-70 years age group, followed by the 
51-60 years age group, indicating a predominance of 
older individuals affected by UTI with CKD. These 
findings align with a recently published report 
conducted in Bangladesh, indicating an increased 
prevalence of  UTI in CKD with advancing age21. 
However, it's imperative to note that our study's limited 
sample size might have influenced the statistical power 
to detect significant differences.
Median serum creatinine levels and estimated 
glomerular filtration rates (eGFR) showed similar 
values between genders. However, a significant 
difference in median haemoglobin levels was 
observed, with females exhibiting higher levels, 
reflecting potential differences in anaemia prevalence 
between genders.
The prevalence of diabetes among CKD patients with 
UTI was notably high, with 71.71% diagnosed as 
diabetic. This finding underscores the strong 

association between diabetes and UTI in CKD, 
consistent with previous research highlighting diabetic 
complications related to poor glycaemic control and 
older age as a leading cause of CKD worldwide22. The 
high prevalence of diabetes in our study population 
emphasises the need for robust diabetes management 
strategies to prevent or delay the progression of 
CKD23.
Furthermore, the distribution of CKD stages among 
UTI patients demonstrated a significant burden of 
advanced CKD, with stage 4 and stage 5 CKD 
accounting for 35.1% and 24.4% of cases, respectively. 
This distribution suggests a considerable proportion of 
patients may be at risk of complications such as 
end-stage renal disease (ESRD) and the need for renal 
replacement therapy (RRT)24. These findings 
underscore the importance of early detection and 
intervention strategies aimed at slowing the 
progression of CKD, particularly among high-risk 
individuals such as those with diabetes.
In terms of the proportion of microorganisms causing 
UTI among patients with chronic kidney disease 
(CKD), stratified by gender, Escherichia coli (E. coli) 
emerged as the predominant pathogen, responsible for 
more than half (52.68%) of all infections. While the 
proportion of E. coli infections was slightly lower 
among male participants compared to females, it 
remained the most prevalent organism in both genders, 
highlighting its significance as a causative agent in 
CKD-associated infections. The results aligned with 
previously conducted studies25,26. 
Similarly, Klebsiella infections were notably prevalent, 
representing 14.15% of all infections, with comparable 
rates between males and females27. Notably, 
coagulase-negative Staphylococci (CoNS) infections 
were more prevalent among male patients (14.29%) 
compared to females (3.21%), suggesting potential 
gender-specific differences in susceptibility to certain 
pathogens. These overall proportions and gender-based 
variation are consistent with various previous 
studies28,29. Conversely, Streptococcal and Citrobacter 
infections were less common overall, with Streptococci 
found exclusively and Citrobacter infections 
predominantly affecting females27,30. The relatively 
low prevalence of Staphylococcal, Enterococci, and 
Proteus infections28 underscores the diverse microbial 
landscape associated with CKD, necessitating targeted 
surveillance and management strategies tailored to 
specific pathogens. 
The examination of antibiotic susceptibility profiles 
among patients with chronic kidney disease (CKD) 
delineates a complex landscape of antimicrobial 
efficacy against various clinical isolates. Carbapenems, 

including Meropenem and Imipenem, emerge as 
stalwart therapeutic options, boasting sensitivity rates 
exceeding 88% across multiple microbial strains31. 
Notably, both agents exhibit consistent effectiveness 
against a broad spectrum of pathogens, encompassing 
Streptococci, Citrobacter spp, Coagulase-negative 
staphylococci (CoNS), Escherichia coli (E. coli), 
Enterococci, Klebsiella, Proteus, Pseudomonas, and 
Staphylococci organisms. Particularly commendable 
is their robust efficacy against CoNS, with sensitivity 
rates surpassing 90%. Amikacin also stands out as a 
reliable treatment avenue, showcasing substantial 
sensitivity ranging from 50% to 100% against most 
isolates32,33. In contrast, Ciprofloxacin and 
Levofloxacin demonstrate moderate to high 
sensitivity, notably against E. coli and Pseudomonas 
strains; which was found to be consistent with 
previous research27. Nevertheless, some variability in 
effectiveness is observed across isolates, warranting 
careful consideration during therapeutic selection. 
Nitrofurantoin emerges as a noteworthy candidate, 
exhibiting notable sensitivity against diverse isolates, 
as demonstrated by previous research studies27,34. 
Similarly, Amoxiclav demonstrates moderate to high 
effectiveness against Streptococci, E. coli, and 
Klebsiella strains, aligned with previous studies32,35. 
Gentamicin exhibits variable sensitivity across 
isolates, with pronounced effectiveness against Staph. 
and E. coli36. However, certain antibiotics, such as 
Ceftazidime and Cefuroxime, showcase limited 
efficacy against specific isolates, emphasising the 
importance of tailored antibiotic stewardship 
practices28. 
This comprehensive analysis underscores the 
imperative of judicious antibiotic selection guided by 
local susceptibility patterns to optimise therapeutic 
outcomes and mitigate the emergence of 
antimicrobial resistance.

LIMITATIONS
The limitations of the study include its retrospective 
design, reliance on data from a single healthcare 
centre, small sample size, focus on urinary 
specimens, absence of molecular characterisation of 
isolates, and inability to explore temporal trends.

CONCLUSION
The study conducted in Bangladesh emphasises that 
patients with chronic kidney disease exhibit diverse 
antibiotic susceptibility patterns. The research 
revealed that carbapenems, specifically Meropenem 
and Imipenem display greater efficacy, while other 

antibiotics exhibit varying degrees of effectiveness. It 
is imperative to choose antibiotics tailored for each 
patient to effectively manage infections within this 
population. However, further studies with multicenter 
and molecular characterisation of isolates are required 
to provide valuable insights for the development of 
more targeted treatment strategies.
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INTRODUCTION
Chronic kidney disease (CKD) represents a 
significant health challenge worldwide, with 
escalating prevalence rates observed, particularly in 
low and middle-income nations such as Bangladesh. 

In 2017, an estimated 1.2 million people died from 
CKD worldwide, with a 41.5% increase in the all-age 
mortality rate between 1990 and 2017. Despite this 
increase, there was no significant change in the 
age-standardised mortality rate during the same 
period. The global prevalence of all-stage CKD was 
recorded at 697.5 million cases, corresponding to a 
prevalence of 9.1%1. According to the Global Burden 
of Disease study, there were approximately 1.4 
million deaths worldwide due to CKD in 2019. This 
represents a 20% increase from 2010 and is one of 
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comorbidities, CKD stage, and antibiotic usage 
history, were considered eligible for inclusion in the 
study. Patients diagnosed with acute kidney injury 
(AKI) or other renal conditions that did not meet the 
criteria for CKD, those with clinical specimens 
deemed inadequate for microbiological analysis, and 
patients with severe immunocompromised conditions 
or undergoing immunosuppressive therapy were 
excluded from the study. The estimated glomerular 
filtration rate (eGFR) (ml/min per 1.73 m2) was 
calculated according to the Chronic Kidney Disease 
Epidemiology Collaboration (CKD-EPI) updated 
formula15, and CKD stages were categorised 
following guidelines by the American Kidney 
Association16.

Bacterial identification using urine samples: 
Aseptic techniques were used to prevent 
contamination and ensure accurate results. The urine 
sample was collected in a sterile container and 
transported to the laboratory. Upon receipt, the 
sample was mixed for homogeneity, and a small 
amount was inoculated onto culture media. The plates 
were then incubated at 37° Celsius for 18-24 hours to 
promote bacterial growth. After incubation, the plates 
were examined for colony morphology, colour, size, 
and any features indicating bacterial growth. Further 
biochemical testing was conducted to characterise 
and confirm the isolates. Common tests, including 
catalase, oxidase, indole, urease, and carbohydrate 
fermentation tests, were performed to provide 
information about the metabolic properties of the 
bacteria. The identified bacterial species, along with 
antibiotic susceptibility testing results, were included 
in the final report. Stringent quality control measures 
were maintained to ensure the reliability and validity 
of the results, facilitating the accurate diagnosis and 
treatment of bacterial urinary tract infections. 
Bacteriuria was defined as the growth of any 
microorganism at a concentration of ≥105 CFU/ml or 
≥103 CFU/ml in patients with symptoms. 
Asymptomatic bacteriuria (ASBU) was defined as the 
presence of at least 105 colony-forming units 
(CFU/ml) of bacterial species in a midstream urine 
sample that was collected cleanly and did not show 
any symptoms of a urinary tract infection (UTI)17. 
The isolated organisms were identified using the 
standard biochemical method, which involves 
assessing the appearance of the colonies, staining 
reactions, and biochemical properties.

Antibiotic susceptibility testing procedure:
Antibiotic susceptibility testing was conducted 

meticulously using standardised protocols to evaluate 
the effectiveness of different antibiotics against 
microbial isolates obtained from individuals 
diagnosed with chronic kidney disease (CKD). 
Initially, pure cultures of microbial isolates were 
obtained by subculturing on appropriate agar plates. 
The Kirby-Bauer disk diffusion method, following 
the guidelines set by the Clinical and Laboratory 
Standards Institute (CLSI)18, was then used for 
susceptibility testing. This involved preparing 
standardised inoculum suspensions of microbial 
isolates, which were then evenly spread on 
Mueller-Hinton agar plates. Antibiotic disks, each 
containing specific concentrations of antibiotics 
relevant to CKD associated infections, were 
strategically placed on the agar surface. After an 
incubation period under optimal conditions, the 
diameter of the zone of inhibition surrounding each 
antibiotic disk was carefully measured using a 
calibrated ruler. The interpretation of zone sizes 
followed the established breakpoints outlined in the 
CLSI guidelines, allowing for the classification of 
isolates as susceptible, intermediate, or resistant to 
each antibiotic tested. Throughout the testing process, 
rigorous quality control measures were implemented 
to ensure the precision and reliability of susceptibility 
testing results. These measures included the inclusion 
of standard reference strains and routine performance 
assessments.

Statistical analysis:
Descriptive analyses are presented using different 
methods for continuous and categorical variables. For 
normally distributed continuous variables, the 
mean±standard deviation (SD) is reported. Skewed 
data is described using the median and 25% and 75% 
quartiles. Categorical variables are expressed as 
proportions (%). Before conducting the analyses, the 
normality of continuous variables was checked using 
histograms and box plots. To compare groups for 
normally distributed continuous variables, the student 
t-test was used. For skewed continuous variables, the 
non-parametric Kruskal-Wallis test was performed. 
Categorical variables were analysed using Fisher's 
exact test or the χ² test, depending on the 
circumstances. The data were analysed using the 
statistical software STATA 17.

RESULTS
Demographic and clinical characteristics of 
patients with CKD by gender:
The study conducted a comprehensive analysis of 
demographic and clinical characteristics among the 

study participants with chronic kidney diseases, 
categorising them by gender. A total of 205 individuals 
were included in the study, with 49 (23.9%) being male 
and 156 (76.1%) being female (Table-I).
The overall mean age of the participants was 
63.22±9.07 years. Males had a slightly lower mean age 
of 62.47 years compared to females, who had a mean 
age of 63.46 years. However, this difference was not 
statistically significant (p=0.06). Similarly, there were 
no statistically significant differences observed between 
males and females across various age groups (41-50, 
51-60, 61-70, 71-80, and >80) (p=0.198) (Table-I).
Median serum creatinine levels and estimated 
glomerular filtration rates (eGFR) showed similar 
values between males and females (S. creatinine: 2.2 

mg/dl vs. 2.3 mg/dl, p=0.3303; eGFR: 32 
ml/min/1.73m2vs. 25.5 ml/min/1.73m2, p=0.111). 
However, a significant difference in median 
haemoglobin levels was observed, with females 
having higher levels (10.4 g/dl vs. 11 g/dl, 
p=0.019). Furthermore, the proportion of diabetes 
was notably higher among females compared to 
males, and this difference was statistically 
significant (59.18% vs. 75.64%, p=0.026). 
Notably, there were significant disparities in the 
distribution of chronic kidney disease (CKD) 
stages between genders (p<0.001). Stage 4 CKD 
was more prevalent among males (57.14%), while 
Stage 5 CKD was more prevalent among females 
(36.73%) [Table-I].

INTRODUCTION

Hypertension (HTN) is a worldwide problem and a major 
global health burden, as high salt intake is one of the 
crucial factors often related to it1. The relationship 
between high salt intake and elevation of blood pressure 

is currently one of the major focuses of scientific 
research. According to Parmar et al., the most 
important factor causing an abnormal rise in blood 
pressure is high salt intake2. Consuming excessive 
dietary salt can lead to high blood pressure, which 
suggests that the best way to control hypertension is by 
creating awareness of       this disease and promoting 
healthy salt intake behaviour3. 
Hypertension may be defined as a persistent elevation 
of blood pressure (BP)  beyond 130/80 mmHg4. 
Increased blood pressure has always been considered a 
major marker for other risk factors for 

non-communicable diseases (NCDs)  like increasing 
body weight, dyslipidaemia, glucose intolerance, and 
the metabolic syndrome5. Hypertension is being 
considered  to be responsible for 13% of global 
deaths6. With the projection of a 30% increase in 
worldwide prevalence of this condition by the year 
2025 and also for its focal role in the  rising global 
burden of disease and disability, hypertension has 
become one of the most challenging diseases for world 
public health7. A recent study  show that three-quarters 
of the world’s hypertensive population resides in low 
and middle socio-economic countries, and the 
prevalence of hypertension is higher in low and middle 
socio-economic countries (31.5%) than in high 
socio-economic countries7. Bangladesh is one of those 
low and middle income countries that are experiencing 
an epidemiological transition from communicable to 
non-communicable diseases. Risk factors for 
hypertension include high body mass index (BMI), 
smoking, arterial stiffness, and high dietary salt 
intake8.
The World Health Organization (WHO) and Food and 
Agricultural Organization (FAO) recommend daily 
intake of salt of <5 gm from all sources. However, 
dietary salt intake is much higher than this in many 
low and  middle income countries. In addition to this, 
many of these countries  do not have representative 
population data on dietary salt intake. Bangladesh is 
one such country. In Bangladesh, it is a popular 
practice that people add salt during their routine meals, 
as they have a strong preference for a salty taste. The 
use  of salted pickles is also very popular in this 
country. Many people eat sour seasonal fruits with salt. 
Preservation of dry fish in salt is another popular 
dietary practice in Bangladesh. Salt that is taken during 
meals also constitutes a significant proportion of total 
salt intake in Bangladesh. 
This  is true even for the educated society of Bangladesh. 
Therefore, the avoidance of added  salt on the dining 
table should be the primary target of salt reduction in 
Bangladesh9. This study aimed to understand and 
assess the factors affecting knowledge, attitude, and 
practice towards salt intake and its relationship with 
blood pressure. 

MATERIALS AND METHODS
This cross-sectional study was conducted at Jalalabad 
Ragib-Rabeya Medical College Hospital, Sylhet, 
between September 1, 2022, and September 30, 2022, 
among patients attending out-patient departments of 
surgery, medicine, obstetrics, and gynaecology. A total 
of 214 respondents were selected by purposive 
sampling method. The respondents aged more than 18 
years, attended the hospital during the study period and 

willing to participate in the research were included.  
The respondents aged less than 18 and those who 
were not willing to participate were excluded. All the 
participants were informed about the study and its 
objective and the consent form was filled by the 
individual participants. The study was approved by 
the Institutional Review Committee of Jalalabad 
Ragib-Rabeya Medical College. The data was 
collected using a pretested, interviewer administered 
semi-structured questionnaire to evaluate knowledge, 
attitude, and practice regarding salt intake and its 
relationship with blood pressure. The questionnaire 
included baseline exposure variables like age, sex, 
family size, education, BMI, and knowledge, attitude, 
and practice related variables. Bodyweight was 
measured through an analogue weigh scale. Body 
height was measured using a standard stadiometer. 
BMI was defined as weight (Kilogrammes) divided 
by the square of height (Metres). The BMI cutoffs 
recommended by the WHO were used. The data were 
analysed using SPSS (Statistical Package for Social 
Sciences) version 25. The Chi-square test was used to 
see the relationship between variables, and a p-value 
of <0.05 was considered statistically significant.

RESULTS
This study includes 214 respondents, among them 
62% were male and 38% were female. Most of the 
respondents (32.2%) were more than 50 years old and 
17.3% were in age group 41-50. BMIs of 64.8% of 

respondents were within the normal range and 4.7% 
were obese (Table-I). Among the respondents, 22% 
were illiterate, 35% completed their primary 
education and 29% completed secondary level 
(Figure-1).
Among all the respondents, 61.2% seem to consume 
the right amount of salt per meal (Figure-2). Only 
31.3% of respondents deemed lowering salt intake in 
their diet as very important (Figure-3). Majority of the 
respondents (65.8%) practice table salt, and 93% did 
not know the national recommendation of daily salt 
intake. The relation between knowledge about the 

national recommendation of salt intake and the 
practice of adding table salt was not significant 
(p=0.591) (Table-II). More than half of the 
respondents (54.7%) have no knowledge regarding 
the occurrence of hypertension due to too much salt 
consumption. Of them, 34.6% practice table salt 
intake. On the other hand, 45.3% of the respondents 
believe that excessive salt intake can lead to 
hypertension. The relation between the knowledge of 
the respondents on HTN due to too much salt 
consumption and their practice of intake of table salt 
was not significant (p=0.227) (Table-III).          

the highest increases among the leading causes of 
death2. The prevalence of CKD in South Asia is 
reported to be 13.6% in Thailand3, 10.8% in China4, 
and 15.0% in India5. CKD commonly results in 
progressive end-stage renal disease (ESRD), leading 
to higher rates of hospitalisation and premature 
deaths6. 
Chronic kidney disease (CKD) poses a significant 
burden on public health in Bangladesh, with a 
growing number of individuals affected by this 
condition. A meta-analysis of 225,206 participants 
found that the prevalence of chronic kidney disease 
(CKD) among individuals in Bangladesh was 
22.48%. This rate is significantly higher than the 
global prevalence of CKD. Moreover, the analysis 
revealed that the prevalence of CKD was higher in 
females (25.32%) compared to males (20.31%)7. 
CKD is characterised by a progressive decline in 
kidney function over time, leading to various 
complications, including electrolyte imbalances, fluid 
retention, and cardiovascular diseases8,9. In 
Bangladesh, factors such as inadequate access to 
healthcare services, limited awareness about kidney 
health, and high prevalence of risk factors like 
diabetes and hypertension contribute to the escalating 
burden of CKD10,11. Moreover, the management of 
CKD is complicated by the frequent occurrence of 
infectious complications, such as urinary tract 
infections (UTIs) and bloodstream infections, which 
are often exacerbated by the immunocompromised 
state associated with kidney dysfunction12,13. 
The effective management of CKD often necessitates 
antibiotic therapy to address associated infectious 
complications13,14. However, despite the critical role 
antibiotics play in patient care, there remains a 
notable dearth of comprehensive studies elucidating 
the antibiotic susceptibility patterns specific to CKD 
patients within the Bangladeshi context. 
Understanding the prevailing microbial landscape 
and the nuanced effectiveness of antibiotics is 
paramount for guiding evidence-based treatment 
strategies and curtailing the emergence of 
antimicrobial resistance a pressing concern that poses 
formidable threats to patient outcomes and healthcare 
systems alike. Thus, this study endeavours to furnish 
a meticulous analysis of antibiotic  susceptibility 
patterns among CKD patients in Bangladesh, 
discerning the prevalence of microbial isolates and 
their susceptibilities to commonly prescribed 
antibiotics. By scrutinising clinical isolates obtained 
from CKD patients, this research aspires to furnish 
invaluable insights to inform antimicrobial 
stewardship practices tailored to the distinctive 

healthcare milieu of Bangladesh. Ultimately, the 
study seeks to furnish actionable evidence aimed at 
optimising patient care and combating the ominous 
tide of antimicrobial resistance, thereby fortifying the 
armamentarium for effectively managing infections 
within the purview of CKD in Bangladesh. The study 
aimed to unveil the pattern of microbial isolates and 
their susceptibility profiles to commonly prescribed 
antibiotics, with the overarching goal of informing 
evidence-based antimicrobial stewardship practices 
and enhancing patient care within the context of 
CKD management.

MATERIALS AND METHODS
Study design and site:
This study adopted a cross-sectional study design to 
investigate the antibiotic susceptibility patterns 
among individuals diagnosed with chronic kidney 
disease (CKD) presenting with suspected or 
confirmed infectious complications. The study took 
place at Jalalabad Ragib-Rabeya Medical College 
Hospital in Sylhet, eastern Bangladesh, between June 
2022 and May 31, 2023. This tertiary healthcare 
centre provides both inpatient and outpatient services 
for patients with chronic kidney disease (CKD) in its 
nephrology department. This medical college is a 
prominent healthcare hub with specialised facilities 
and a dedicated healthcare team in the nephrology 
department focused on diagnosing, treating, and 
managing CKD patients. Its geographical location 
enhances accessibility for a diverse patient 
population, allowing for a comprehensive and 
representative study of CKD in the region.

Study population and recruiting strategy:
The study population consisted of patients aged 40 
years and older who had been diagnosed with chronic 
kidney disease (CKD) and were receiving treatment 
at Jalalabad Ragib-Rabeya Medical College Hospital. 
These patients presented with suspected or confirmed 
infectious complications associated with their 
condition. Both males and females were included in 
the study population, with varying CKD stages 
between 3 and 5. These stages were confirmed 
through clinical evaluation, laboratory tests, and the 
estimated glomerular filtration rate (GFR). The 
population was purposefully recruited based on 
positive urinary tract infection (UTI) results among 
individuals suffering from CKD. Patients who were 
required to undergo antibiotic susceptibility testing 
and had complete demographic and clinical data 
available for analysis, including age, gender, 
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The proportion of microorganism infection among 
patients with CKD by gender: 

The study investigated the occurrence of 
microorganism infections in patients with CKD, 
categorised by gender. Among these infections, 
Escherichia coli (E. coli) was the most prevalent, 
accounting for 52.68% of all cases. The proportion of 
E. coli infections was slightly lower in male 
participants (44.90%) compared to female 
participants (55.13%), but it remained the 

predominant pathogen in both genders. Klebsiella 
infections were documented in 29 patients, 
representing 14.15% of all infections, with similar 
proportions among male (14.29%) and female 
(14.10%) participants. Pseudomonas infections were 
reported in 20 patients, amounting to 9.76% of all 
infections, with comparable rates between males and 
females. Coagulase-negative staphylococci (CoNS) 
infections were diagnosed in 12 patients, making up 
5.85% of all infections. Among the participants, a 

higher proportion of male patients (14.29%) 
experienced these infections compared to female 
patients (3.21%) [Table-II].
Citrobacter infections were found in 7 patients, 
representing 3.41% of all infections, and all of these 
cases occurred in female participants. Staphylococcai, 
Enterococci, and Proteus organisms showed relatively 
lower infection rates (2.93%, 4.88%, and 5.37%, 
respectively), with Staphylococcal infections being 
more prevalent among male participants (6.12%) 
compared to female participants (1.92%). The 
findings indicated that Streptococcal infections were 
only present in 2 patients, accounting for 0.98% of all 

infections, and both cases occurred in female patients. 
Therefore, the study concludes that gender may play a 
role in the occurrence of certain microorganism 
infections among patients with CKD. [Table-II].
Antibiotic susceptibility profiles against multiple 
clinical isolates among patients with CKD:
The antibiotic susceptibility profiles in patients with 
chronic kidney disease (CKD) reveal varying levels of 
effectiveness for different antimicrobial agents and 
microbial isolates, as shown in Table-IV. Carbapenems, 
such as Meropenem and Imipenem, demonstrate the 
highest overall sensitivity rates, exceeding 88%. They 
consistently show effectiveness against a broad 

spectrum of microbial isolates, including Streptococci, 
Citrobacter spp, CoNS, E. coli, Enterococci, 
Klebsiella, Proteus, Pseudomonas, and 
Staphylococcus. Both antimicrobial agents remain 
predominant (over 90%) in CoNS organisms. Amikacin 
is a reliable treatment option, with substantial 
sensitivity ranging from 50% to 100% against most 
isolates. Ciprofloxacin and Levofloxacin exhibit 
moderate to high sensitivity, particularly against E. coli 
(approximately 37% and 38%, respectively) and 
Pseudomonas (around 74% and 75%, respectively), 
although there is some variability.
Nitrofurantoin stands out for its sensitivity against 
various isolates, while Amoxiclav demonstrates 
moderate to high effectiveness against Streptococci, E. 
coli, and Klebsiella. Gentamicin shows variable 
sensitivity across isolates, with notable effectiveness 
against Staphylococci and E. coli. However, some 
antibiotics, like Ceftazidime and Cefuroxime, exhibit 
limited efficacy against certain isolates [Table-IV].

DISCUSSION
The study included a total of 205 patients, with females 
with UTI predominant (76.1%), revealing an overall 
mean age of 63.22 years, with males showing a slightly 
lower mean age compared to females, although this 
disparity did not reach statistical significance. The 
genderbased discrepancies were consistent with a 
previously published article that found a higher 
incidence of infection in females19,20.
Interestingly, while the age distribution across various 
age groups did not demonstrate statistically significant 
differences between males and females, there were 
notable trends. The highest proportion of patients fell 
within the 61-70 years age group, followed by the 
51-60 years age group, indicating a predominance of 
older individuals affected by UTI with CKD. These 
findings align with a recently published report 
conducted in Bangladesh, indicating an increased 
prevalence of  UTI in CKD with advancing age21. 
However, it's imperative to note that our study's limited 
sample size might have influenced the statistical power 
to detect significant differences.
Median serum creatinine levels and estimated 
glomerular filtration rates (eGFR) showed similar 
values between genders. However, a significant 
difference in median haemoglobin levels was 
observed, with females exhibiting higher levels, 
reflecting potential differences in anaemia prevalence 
between genders.
The prevalence of diabetes among CKD patients with 
UTI was notably high, with 71.71% diagnosed as 
diabetic. This finding underscores the strong 

association between diabetes and UTI in CKD, 
consistent with previous research highlighting diabetic 
complications related to poor glycaemic control and 
older age as a leading cause of CKD worldwide22. The 
high prevalence of diabetes in our study population 
emphasises the need for robust diabetes management 
strategies to prevent or delay the progression of 
CKD23.
Furthermore, the distribution of CKD stages among 
UTI patients demonstrated a significant burden of 
advanced CKD, with stage 4 and stage 5 CKD 
accounting for 35.1% and 24.4% of cases, respectively. 
This distribution suggests a considerable proportion of 
patients may be at risk of complications such as 
end-stage renal disease (ESRD) and the need for renal 
replacement therapy (RRT)24. These findings 
underscore the importance of early detection and 
intervention strategies aimed at slowing the 
progression of CKD, particularly among high-risk 
individuals such as those with diabetes.
In terms of the proportion of microorganisms causing 
UTI among patients with chronic kidney disease 
(CKD), stratified by gender, Escherichia coli (E. coli) 
emerged as the predominant pathogen, responsible for 
more than half (52.68%) of all infections. While the 
proportion of E. coli infections was slightly lower 
among male participants compared to females, it 
remained the most prevalent organism in both genders, 
highlighting its significance as a causative agent in 
CKD-associated infections. The results aligned with 
previously conducted studies25,26. 
Similarly, Klebsiella infections were notably prevalent, 
representing 14.15% of all infections, with comparable 
rates between males and females27. Notably, 
coagulase-negative Staphylococci (CoNS) infections 
were more prevalent among male patients (14.29%) 
compared to females (3.21%), suggesting potential 
gender-specific differences in susceptibility to certain 
pathogens. These overall proportions and gender-based 
variation are consistent with various previous 
studies28,29. Conversely, Streptococcal and Citrobacter 
infections were less common overall, with Streptococci 
found exclusively and Citrobacter infections 
predominantly affecting females27,30. The relatively 
low prevalence of Staphylococcal, Enterococci, and 
Proteus infections28 underscores the diverse microbial 
landscape associated with CKD, necessitating targeted 
surveillance and management strategies tailored to 
specific pathogens. 
The examination of antibiotic susceptibility profiles 
among patients with chronic kidney disease (CKD) 
delineates a complex landscape of antimicrobial 
efficacy against various clinical isolates. Carbapenems, 

including Meropenem and Imipenem, emerge as 
stalwart therapeutic options, boasting sensitivity rates 
exceeding 88% across multiple microbial strains31. 
Notably, both agents exhibit consistent effectiveness 
against a broad spectrum of pathogens, encompassing 
Streptococci, Citrobacter spp, Coagulase-negative 
staphylococci (CoNS), Escherichia coli (E. coli), 
Enterococci, Klebsiella, Proteus, Pseudomonas, and 
Staphylococci organisms. Particularly commendable 
is their robust efficacy against CoNS, with sensitivity 
rates surpassing 90%. Amikacin also stands out as a 
reliable treatment avenue, showcasing substantial 
sensitivity ranging from 50% to 100% against most 
isolates32,33. In contrast, Ciprofloxacin and 
Levofloxacin demonstrate moderate to high 
sensitivity, notably against E. coli and Pseudomonas 
strains; which was found to be consistent with 
previous research27. Nevertheless, some variability in 
effectiveness is observed across isolates, warranting 
careful consideration during therapeutic selection. 
Nitrofurantoin emerges as a noteworthy candidate, 
exhibiting notable sensitivity against diverse isolates, 
as demonstrated by previous research studies27,34. 
Similarly, Amoxiclav demonstrates moderate to high 
effectiveness against Streptococci, E. coli, and 
Klebsiella strains, aligned with previous studies32,35. 
Gentamicin exhibits variable sensitivity across 
isolates, with pronounced effectiveness against Staph. 
and E. coli36. However, certain antibiotics, such as 
Ceftazidime and Cefuroxime, showcase limited 
efficacy against specific isolates, emphasising the 
importance of tailored antibiotic stewardship 
practices28. 
This comprehensive analysis underscores the 
imperative of judicious antibiotic selection guided by 
local susceptibility patterns to optimise therapeutic 
outcomes and mitigate the emergence of 
antimicrobial resistance.

LIMITATIONS
The limitations of the study include its retrospective 
design, reliance on data from a single healthcare 
centre, small sample size, focus on urinary 
specimens, absence of molecular characterisation of 
isolates, and inability to explore temporal trends.

CONCLUSION
The study conducted in Bangladesh emphasises that 
patients with chronic kidney disease exhibit diverse 
antibiotic susceptibility patterns. The research 
revealed that carbapenems, specifically Meropenem 
and Imipenem display greater efficacy, while other 

antibiotics exhibit varying degrees of effectiveness. It 
is imperative to choose antibiotics tailored for each 
patient to effectively manage infections within this 
population. However, further studies with multicenter 
and molecular characterisation of isolates are required 
to provide valuable insights for the development of 
more targeted treatment strategies.
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INTRODUCTION
Chronic kidney disease (CKD) represents a 
significant health challenge worldwide, with 
escalating prevalence rates observed, particularly in 
low and middle-income nations such as Bangladesh. 

In 2017, an estimated 1.2 million people died from 
CKD worldwide, with a 41.5% increase in the all-age 
mortality rate between 1990 and 2017. Despite this 
increase, there was no significant change in the 
age-standardised mortality rate during the same 
period. The global prevalence of all-stage CKD was 
recorded at 697.5 million cases, corresponding to a 
prevalence of 9.1%1. According to the Global Burden 
of Disease study, there were approximately 1.4 
million deaths worldwide due to CKD in 2019. This 
represents a 20% increase from 2010 and is one of 
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comorbidities, CKD stage, and antibiotic usage 
history, were considered eligible for inclusion in the 
study. Patients diagnosed with acute kidney injury 
(AKI) or other renal conditions that did not meet the 
criteria for CKD, those with clinical specimens 
deemed inadequate for microbiological analysis, and 
patients with severe immunocompromised conditions 
or undergoing immunosuppressive therapy were 
excluded from the study. The estimated glomerular 
filtration rate (eGFR) (ml/min per 1.73 m2) was 
calculated according to the Chronic Kidney Disease 
Epidemiology Collaboration (CKD-EPI) updated 
formula15, and CKD stages were categorised 
following guidelines by the American Kidney 
Association16.

Bacterial identification using urine samples: 
Aseptic techniques were used to prevent 
contamination and ensure accurate results. The urine 
sample was collected in a sterile container and 
transported to the laboratory. Upon receipt, the 
sample was mixed for homogeneity, and a small 
amount was inoculated onto culture media. The plates 
were then incubated at 37° Celsius for 18-24 hours to 
promote bacterial growth. After incubation, the plates 
were examined for colony morphology, colour, size, 
and any features indicating bacterial growth. Further 
biochemical testing was conducted to characterise 
and confirm the isolates. Common tests, including 
catalase, oxidase, indole, urease, and carbohydrate 
fermentation tests, were performed to provide 
information about the metabolic properties of the 
bacteria. The identified bacterial species, along with 
antibiotic susceptibility testing results, were included 
in the final report. Stringent quality control measures 
were maintained to ensure the reliability and validity 
of the results, facilitating the accurate diagnosis and 
treatment of bacterial urinary tract infections. 
Bacteriuria was defined as the growth of any 
microorganism at a concentration of ≥105 CFU/ml or 
≥103 CFU/ml in patients with symptoms. 
Asymptomatic bacteriuria (ASBU) was defined as the 
presence of at least 105 colony-forming units 
(CFU/ml) of bacterial species in a midstream urine 
sample that was collected cleanly and did not show 
any symptoms of a urinary tract infection (UTI)17. 
The isolated organisms were identified using the 
standard biochemical method, which involves 
assessing the appearance of the colonies, staining 
reactions, and biochemical properties.

Antibiotic susceptibility testing procedure:
Antibiotic susceptibility testing was conducted 

meticulously using standardised protocols to evaluate 
the effectiveness of different antibiotics against 
microbial isolates obtained from individuals 
diagnosed with chronic kidney disease (CKD). 
Initially, pure cultures of microbial isolates were 
obtained by subculturing on appropriate agar plates. 
The Kirby-Bauer disk diffusion method, following 
the guidelines set by the Clinical and Laboratory 
Standards Institute (CLSI)18, was then used for 
susceptibility testing. This involved preparing 
standardised inoculum suspensions of microbial 
isolates, which were then evenly spread on 
Mueller-Hinton agar plates. Antibiotic disks, each 
containing specific concentrations of antibiotics 
relevant to CKD associated infections, were 
strategically placed on the agar surface. After an 
incubation period under optimal conditions, the 
diameter of the zone of inhibition surrounding each 
antibiotic disk was carefully measured using a 
calibrated ruler. The interpretation of zone sizes 
followed the established breakpoints outlined in the 
CLSI guidelines, allowing for the classification of 
isolates as susceptible, intermediate, or resistant to 
each antibiotic tested. Throughout the testing process, 
rigorous quality control measures were implemented 
to ensure the precision and reliability of susceptibility 
testing results. These measures included the inclusion 
of standard reference strains and routine performance 
assessments.

Statistical analysis:
Descriptive analyses are presented using different 
methods for continuous and categorical variables. For 
normally distributed continuous variables, the 
mean±standard deviation (SD) is reported. Skewed 
data is described using the median and 25% and 75% 
quartiles. Categorical variables are expressed as 
proportions (%). Before conducting the analyses, the 
normality of continuous variables was checked using 
histograms and box plots. To compare groups for 
normally distributed continuous variables, the student 
t-test was used. For skewed continuous variables, the 
non-parametric Kruskal-Wallis test was performed. 
Categorical variables were analysed using Fisher's 
exact test or the χ² test, depending on the 
circumstances. The data were analysed using the 
statistical software STATA 17.

RESULTS
Demographic and clinical characteristics of 
patients with CKD by gender:
The study conducted a comprehensive analysis of 
demographic and clinical characteristics among the 
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study participants with chronic kidney diseases, 
categorising them by gender. A total of 205 individuals 
were included in the study, with 49 (23.9%) being male 
and 156 (76.1%) being female (Table-I).
The overall mean age of the participants was 
63.22±9.07 years. Males had a slightly lower mean age 
of 62.47 years compared to females, who had a mean 
age of 63.46 years. However, this difference was not 
statistically significant (p=0.06). Similarly, there were 
no statistically significant differences observed between 
males and females across various age groups (41-50, 
51-60, 61-70, 71-80, and >80) (p=0.198) (Table-I).
Median serum creatinine levels and estimated 
glomerular filtration rates (eGFR) showed similar 
values between males and females (S. creatinine: 2.2 

mg/dl vs. 2.3 mg/dl, p=0.3303; eGFR: 32 
ml/min/1.73m2vs. 25.5 ml/min/1.73m2, p=0.111). 
However, a significant difference in median 
haemoglobin levels was observed, with females 
having higher levels (10.4 g/dl vs. 11 g/dl, 
p=0.019). Furthermore, the proportion of diabetes 
was notably higher among females compared to 
males, and this difference was statistically 
significant (59.18% vs. 75.64%, p=0.026). 
Notably, there were significant disparities in the 
distribution of chronic kidney disease (CKD) 
stages between genders (p<0.001). Stage 4 CKD 
was more prevalent among males (57.14%), while 
Stage 5 CKD was more prevalent among females 
(36.73%) [Table-I].

INTRODUCTION

Hypertension (HTN) is a worldwide problem and a major 
global health burden, as high salt intake is one of the 
crucial factors often related to it1. The relationship 
between high salt intake and elevation of blood pressure 

is currently one of the major focuses of scientific 
research. According to Parmar et al., the most 
important factor causing an abnormal rise in blood 
pressure is high salt intake2. Consuming excessive 
dietary salt can lead to high blood pressure, which 
suggests that the best way to control hypertension is by 
creating awareness of       this disease and promoting 
healthy salt intake behaviour3. 
Hypertension may be defined as a persistent elevation 
of blood pressure (BP)  beyond 130/80 mmHg4. 
Increased blood pressure has always been considered a 
major marker for other risk factors for 

non-communicable diseases (NCDs)  like increasing 
body weight, dyslipidaemia, glucose intolerance, and 
the metabolic syndrome5. Hypertension is being 
considered  to be responsible for 13% of global 
deaths6. With the projection of a 30% increase in 
worldwide prevalence of this condition by the year 
2025 and also for its focal role in the  rising global 
burden of disease and disability, hypertension has 
become one of the most challenging diseases for world 
public health7. A recent study  show that three-quarters 
of the world’s hypertensive population resides in low 
and middle socio-economic countries, and the 
prevalence of hypertension is higher in low and middle 
socio-economic countries (31.5%) than in high 
socio-economic countries7. Bangladesh is one of those 
low and middle income countries that are experiencing 
an epidemiological transition from communicable to 
non-communicable diseases. Risk factors for 
hypertension include high body mass index (BMI), 
smoking, arterial stiffness, and high dietary salt 
intake8.
The World Health Organization (WHO) and Food and 
Agricultural Organization (FAO) recommend daily 
intake of salt of <5 gm from all sources. However, 
dietary salt intake is much higher than this in many 
low and  middle income countries. In addition to this, 
many of these countries  do not have representative 
population data on dietary salt intake. Bangladesh is 
one such country. In Bangladesh, it is a popular 
practice that people add salt during their routine meals, 
as they have a strong preference for a salty taste. The 
use  of salted pickles is also very popular in this 
country. Many people eat sour seasonal fruits with salt. 
Preservation of dry fish in salt is another popular 
dietary practice in Bangladesh. Salt that is taken during 
meals also constitutes a significant proportion of total 
salt intake in Bangladesh. 
This  is true even for the educated society of Bangladesh. 
Therefore, the avoidance of added  salt on the dining 
table should be the primary target of salt reduction in 
Bangladesh9. This study aimed to understand and 
assess the factors affecting knowledge, attitude, and 
practice towards salt intake and its relationship with 
blood pressure. 

MATERIALS AND METHODS
This cross-sectional study was conducted at Jalalabad 
Ragib-Rabeya Medical College Hospital, Sylhet, 
between September 1, 2022, and September 30, 2022, 
among patients attending out-patient departments of 
surgery, medicine, obstetrics, and gynaecology. A total 
of 214 respondents were selected by purposive 
sampling method. The respondents aged more than 18 
years, attended the hospital during the study period and 

willing to participate in the research were included.  
The respondents aged less than 18 and those who 
were not willing to participate were excluded. All the 
participants were informed about the study and its 
objective and the consent form was filled by the 
individual participants. The study was approved by 
the Institutional Review Committee of Jalalabad 
Ragib-Rabeya Medical College. The data was 
collected using a pretested, interviewer administered 
semi-structured questionnaire to evaluate knowledge, 
attitude, and practice regarding salt intake and its 
relationship with blood pressure. The questionnaire 
included baseline exposure variables like age, sex, 
family size, education, BMI, and knowledge, attitude, 
and practice related variables. Bodyweight was 
measured through an analogue weigh scale. Body 
height was measured using a standard stadiometer. 
BMI was defined as weight (Kilogrammes) divided 
by the square of height (Metres). The BMI cutoffs 
recommended by the WHO were used. The data were 
analysed using SPSS (Statistical Package for Social 
Sciences) version 25. The Chi-square test was used to 
see the relationship between variables, and a p-value 
of <0.05 was considered statistically significant.

RESULTS
This study includes 214 respondents, among them 
62% were male and 38% were female. Most of the 
respondents (32.2%) were more than 50 years old and 
17.3% were in age group 41-50. BMIs of 64.8% of 

respondents were within the normal range and 4.7% 
were obese (Table-I). Among the respondents, 22% 
were illiterate, 35% completed their primary 
education and 29% completed secondary level 
(Figure-1).
Among all the respondents, 61.2% seem to consume 
the right amount of salt per meal (Figure-2). Only 
31.3% of respondents deemed lowering salt intake in 
their diet as very important (Figure-3). Majority of the 
respondents (65.8%) practice table salt, and 93% did 
not know the national recommendation of daily salt 
intake. The relation between knowledge about the 

national recommendation of salt intake and the 
practice of adding table salt was not significant 
(p=0.591) (Table-II). More than half of the 
respondents (54.7%) have no knowledge regarding 
the occurrence of hypertension due to too much salt 
consumption. Of them, 34.6% practice table salt 
intake. On the other hand, 45.3% of the respondents 
believe that excessive salt intake can lead to 
hypertension. The relation between the knowledge of 
the respondents on HTN due to too much salt 
consumption and their practice of intake of table salt 
was not significant (p=0.227) (Table-III).          

the highest increases among the leading causes of 
death2. The prevalence of CKD in South Asia is 
reported to be 13.6% in Thailand3, 10.8% in China4, 
and 15.0% in India5. CKD commonly results in 
progressive end-stage renal disease (ESRD), leading 
to higher rates of hospitalisation and premature 
deaths6. 
Chronic kidney disease (CKD) poses a significant 
burden on public health in Bangladesh, with a 
growing number of individuals affected by this 
condition. A meta-analysis of 225,206 participants 
found that the prevalence of chronic kidney disease 
(CKD) among individuals in Bangladesh was 
22.48%. This rate is significantly higher than the 
global prevalence of CKD. Moreover, the analysis 
revealed that the prevalence of CKD was higher in 
females (25.32%) compared to males (20.31%)7. 
CKD is characterised by a progressive decline in 
kidney function over time, leading to various 
complications, including electrolyte imbalances, fluid 
retention, and cardiovascular diseases8,9. In 
Bangladesh, factors such as inadequate access to 
healthcare services, limited awareness about kidney 
health, and high prevalence of risk factors like 
diabetes and hypertension contribute to the escalating 
burden of CKD10,11. Moreover, the management of 
CKD is complicated by the frequent occurrence of 
infectious complications, such as urinary tract 
infections (UTIs) and bloodstream infections, which 
are often exacerbated by the immunocompromised 
state associated with kidney dysfunction12,13. 
The effective management of CKD often necessitates 
antibiotic therapy to address associated infectious 
complications13,14. However, despite the critical role 
antibiotics play in patient care, there remains a 
notable dearth of comprehensive studies elucidating 
the antibiotic susceptibility patterns specific to CKD 
patients within the Bangladeshi context. 
Understanding the prevailing microbial landscape 
and the nuanced effectiveness of antibiotics is 
paramount for guiding evidence-based treatment 
strategies and curtailing the emergence of 
antimicrobial resistance a pressing concern that poses 
formidable threats to patient outcomes and healthcare 
systems alike. Thus, this study endeavours to furnish 
a meticulous analysis of antibiotic  susceptibility 
patterns among CKD patients in Bangladesh, 
discerning the prevalence of microbial isolates and 
their susceptibilities to commonly prescribed 
antibiotics. By scrutinising clinical isolates obtained 
from CKD patients, this research aspires to furnish 
invaluable insights to inform antimicrobial 
stewardship practices tailored to the distinctive 

healthcare milieu of Bangladesh. Ultimately, the 
study seeks to furnish actionable evidence aimed at 
optimising patient care and combating the ominous 
tide of antimicrobial resistance, thereby fortifying the 
armamentarium for effectively managing infections 
within the purview of CKD in Bangladesh. The study 
aimed to unveil the pattern of microbial isolates and 
their susceptibility profiles to commonly prescribed 
antibiotics, with the overarching goal of informing 
evidence-based antimicrobial stewardship practices 
and enhancing patient care within the context of 
CKD management.

MATERIALS AND METHODS
Study design and site:
This study adopted a cross-sectional study design to 
investigate the antibiotic susceptibility patterns 
among individuals diagnosed with chronic kidney 
disease (CKD) presenting with suspected or 
confirmed infectious complications. The study took 
place at Jalalabad Ragib-Rabeya Medical College 
Hospital in Sylhet, eastern Bangladesh, between June 
2022 and May 31, 2023. This tertiary healthcare 
centre provides both inpatient and outpatient services 
for patients with chronic kidney disease (CKD) in its 
nephrology department. This medical college is a 
prominent healthcare hub with specialised facilities 
and a dedicated healthcare team in the nephrology 
department focused on diagnosing, treating, and 
managing CKD patients. Its geographical location 
enhances accessibility for a diverse patient 
population, allowing for a comprehensive and 
representative study of CKD in the region.

Study population and recruiting strategy:
The study population consisted of patients aged 40 
years and older who had been diagnosed with chronic 
kidney disease (CKD) and were receiving treatment 
at Jalalabad Ragib-Rabeya Medical College Hospital. 
These patients presented with suspected or confirmed 
infectious complications associated with their 
condition. Both males and females were included in 
the study population, with varying CKD stages 
between 3 and 5. These stages were confirmed 
through clinical evaluation, laboratory tests, and the 
estimated glomerular filtration rate (GFR). The 
population was purposefully recruited based on 
positive urinary tract infection (UTI) results among 
individuals suffering from CKD. Patients who were 
required to undergo antibiotic susceptibility testing 
and had complete demographic and clinical data 
available for analysis, including age, gender, 
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The proportion of microorganism infection among 
patients with CKD by gender: 

The study investigated the occurrence of 
microorganism infections in patients with CKD, 
categorised by gender. Among these infections, 
Escherichia coli (E. coli) was the most prevalent, 
accounting for 52.68% of all cases. The proportion of 
E. coli infections was slightly lower in male 
participants (44.90%) compared to female 
participants (55.13%), but it remained the 

predominant pathogen in both genders. Klebsiella 
infections were documented in 29 patients, 
representing 14.15% of all infections, with similar 
proportions among male (14.29%) and female 
(14.10%) participants. Pseudomonas infections were 
reported in 20 patients, amounting to 9.76% of all 
infections, with comparable rates between males and 
females. Coagulase-negative staphylococci (CoNS) 
infections were diagnosed in 12 patients, making up 
5.85% of all infections. Among the participants, a 

higher proportion of male patients (14.29%) 
experienced these infections compared to female 
patients (3.21%) [Table-II].
Citrobacter infections were found in 7 patients, 
representing 3.41% of all infections, and all of these 
cases occurred in female participants. Staphylococcai, 
Enterococci, and Proteus organisms showed relatively 
lower infection rates (2.93%, 4.88%, and 5.37%, 
respectively), with Staphylococcal infections being 
more prevalent among male participants (6.12%) 
compared to female participants (1.92%). The 
findings indicated that Streptococcal infections were 
only present in 2 patients, accounting for 0.98% of all 

infections, and both cases occurred in female patients. 
Therefore, the study concludes that gender may play a 
role in the occurrence of certain microorganism 
infections among patients with CKD. [Table-II].
Antibiotic susceptibility profiles against multiple 
clinical isolates among patients with CKD:
The antibiotic susceptibility profiles in patients with 
chronic kidney disease (CKD) reveal varying levels of 
effectiveness for different antimicrobial agents and 
microbial isolates, as shown in Table-IV. Carbapenems, 
such as Meropenem and Imipenem, demonstrate the 
highest overall sensitivity rates, exceeding 88%. They 
consistently show effectiveness against a broad 

spectrum of microbial isolates, including Streptococci, 
Citrobacter spp, CoNS, E. coli, Enterococci, 
Klebsiella, Proteus, Pseudomonas, and 
Staphylococcus. Both antimicrobial agents remain 
predominant (over 90%) in CoNS organisms. Amikacin 
is a reliable treatment option, with substantial 
sensitivity ranging from 50% to 100% against most 
isolates. Ciprofloxacin and Levofloxacin exhibit 
moderate to high sensitivity, particularly against E. coli 
(approximately 37% and 38%, respectively) and 
Pseudomonas (around 74% and 75%, respectively), 
although there is some variability.
Nitrofurantoin stands out for its sensitivity against 
various isolates, while Amoxiclav demonstrates 
moderate to high effectiveness against Streptococci, E. 
coli, and Klebsiella. Gentamicin shows variable 
sensitivity across isolates, with notable effectiveness 
against Staphylococci and E. coli. However, some 
antibiotics, like Ceftazidime and Cefuroxime, exhibit 
limited efficacy against certain isolates [Table-IV].

DISCUSSION
The study included a total of 205 patients, with females 
with UTI predominant (76.1%), revealing an overall 
mean age of 63.22 years, with males showing a slightly 
lower mean age compared to females, although this 
disparity did not reach statistical significance. The 
genderbased discrepancies were consistent with a 
previously published article that found a higher 
incidence of infection in females19,20.
Interestingly, while the age distribution across various 
age groups did not demonstrate statistically significant 
differences between males and females, there were 
notable trends. The highest proportion of patients fell 
within the 61-70 years age group, followed by the 
51-60 years age group, indicating a predominance of 
older individuals affected by UTI with CKD. These 
findings align with a recently published report 
conducted in Bangladesh, indicating an increased 
prevalence of  UTI in CKD with advancing age21. 
However, it's imperative to note that our study's limited 
sample size might have influenced the statistical power 
to detect significant differences.
Median serum creatinine levels and estimated 
glomerular filtration rates (eGFR) showed similar 
values between genders. However, a significant 
difference in median haemoglobin levels was 
observed, with females exhibiting higher levels, 
reflecting potential differences in anaemia prevalence 
between genders.
The prevalence of diabetes among CKD patients with 
UTI was notably high, with 71.71% diagnosed as 
diabetic. This finding underscores the strong 

association between diabetes and UTI in CKD, 
consistent with previous research highlighting diabetic 
complications related to poor glycaemic control and 
older age as a leading cause of CKD worldwide22. The 
high prevalence of diabetes in our study population 
emphasises the need for robust diabetes management 
strategies to prevent or delay the progression of 
CKD23.
Furthermore, the distribution of CKD stages among 
UTI patients demonstrated a significant burden of 
advanced CKD, with stage 4 and stage 5 CKD 
accounting for 35.1% and 24.4% of cases, respectively. 
This distribution suggests a considerable proportion of 
patients may be at risk of complications such as 
end-stage renal disease (ESRD) and the need for renal 
replacement therapy (RRT)24. These findings 
underscore the importance of early detection and 
intervention strategies aimed at slowing the 
progression of CKD, particularly among high-risk 
individuals such as those with diabetes.
In terms of the proportion of microorganisms causing 
UTI among patients with chronic kidney disease 
(CKD), stratified by gender, Escherichia coli (E. coli) 
emerged as the predominant pathogen, responsible for 
more than half (52.68%) of all infections. While the 
proportion of E. coli infections was slightly lower 
among male participants compared to females, it 
remained the most prevalent organism in both genders, 
highlighting its significance as a causative agent in 
CKD-associated infections. The results aligned with 
previously conducted studies25,26. 
Similarly, Klebsiella infections were notably prevalent, 
representing 14.15% of all infections, with comparable 
rates between males and females27. Notably, 
coagulase-negative Staphylococci (CoNS) infections 
were more prevalent among male patients (14.29%) 
compared to females (3.21%), suggesting potential 
gender-specific differences in susceptibility to certain 
pathogens. These overall proportions and gender-based 
variation are consistent with various previous 
studies28,29. Conversely, Streptococcal and Citrobacter 
infections were less common overall, with Streptococci 
found exclusively and Citrobacter infections 
predominantly affecting females27,30. The relatively 
low prevalence of Staphylococcal, Enterococci, and 
Proteus infections28 underscores the diverse microbial 
landscape associated with CKD, necessitating targeted 
surveillance and management strategies tailored to 
specific pathogens. 
The examination of antibiotic susceptibility profiles 
among patients with chronic kidney disease (CKD) 
delineates a complex landscape of antimicrobial 
efficacy against various clinical isolates. Carbapenems, 

including Meropenem and Imipenem, emerge as 
stalwart therapeutic options, boasting sensitivity rates 
exceeding 88% across multiple microbial strains31. 
Notably, both agents exhibit consistent effectiveness 
against a broad spectrum of pathogens, encompassing 
Streptococci, Citrobacter spp, Coagulase-negative 
staphylococci (CoNS), Escherichia coli (E. coli), 
Enterococci, Klebsiella, Proteus, Pseudomonas, and 
Staphylococci organisms. Particularly commendable 
is their robust efficacy against CoNS, with sensitivity 
rates surpassing 90%. Amikacin also stands out as a 
reliable treatment avenue, showcasing substantial 
sensitivity ranging from 50% to 100% against most 
isolates32,33. In contrast, Ciprofloxacin and 
Levofloxacin demonstrate moderate to high 
sensitivity, notably against E. coli and Pseudomonas 
strains; which was found to be consistent with 
previous research27. Nevertheless, some variability in 
effectiveness is observed across isolates, warranting 
careful consideration during therapeutic selection. 
Nitrofurantoin emerges as a noteworthy candidate, 
exhibiting notable sensitivity against diverse isolates, 
as demonstrated by previous research studies27,34. 
Similarly, Amoxiclav demonstrates moderate to high 
effectiveness against Streptococci, E. coli, and 
Klebsiella strains, aligned with previous studies32,35. 
Gentamicin exhibits variable sensitivity across 
isolates, with pronounced effectiveness against Staph. 
and E. coli36. However, certain antibiotics, such as 
Ceftazidime and Cefuroxime, showcase limited 
efficacy against specific isolates, emphasising the 
importance of tailored antibiotic stewardship 
practices28. 
This comprehensive analysis underscores the 
imperative of judicious antibiotic selection guided by 
local susceptibility patterns to optimise therapeutic 
outcomes and mitigate the emergence of 
antimicrobial resistance.

LIMITATIONS
The limitations of the study include its retrospective 
design, reliance on data from a single healthcare 
centre, small sample size, focus on urinary 
specimens, absence of molecular characterisation of 
isolates, and inability to explore temporal trends.

CONCLUSION
The study conducted in Bangladesh emphasises that 
patients with chronic kidney disease exhibit diverse 
antibiotic susceptibility patterns. The research 
revealed that carbapenems, specifically Meropenem 
and Imipenem display greater efficacy, while other 

antibiotics exhibit varying degrees of effectiveness. It 
is imperative to choose antibiotics tailored for each 
patient to effectively manage infections within this 
population. However, further studies with multicenter 
and molecular characterisation of isolates are required 
to provide valuable insights for the development of 
more targeted treatment strategies.
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INTRODUCTION
Chronic kidney disease (CKD) represents a 
significant health challenge worldwide, with 
escalating prevalence rates observed, particularly in 
low and middle-income nations such as Bangladesh. 

In 2017, an estimated 1.2 million people died from 
CKD worldwide, with a 41.5% increase in the all-age 
mortality rate between 1990 and 2017. Despite this 
increase, there was no significant change in the 
age-standardised mortality rate during the same 
period. The global prevalence of all-stage CKD was 
recorded at 697.5 million cases, corresponding to a 
prevalence of 9.1%1. According to the Global Burden 
of Disease study, there were approximately 1.4 
million deaths worldwide due to CKD in 2019. This 
represents a 20% increase from 2010 and is one of 

comorbidities, CKD stage, and antibiotic usage 
history, were considered eligible for inclusion in the 
study. Patients diagnosed with acute kidney injury 
(AKI) or other renal conditions that did not meet the 
criteria for CKD, those with clinical specimens 
deemed inadequate for microbiological analysis, and 
patients with severe immunocompromised conditions 
or undergoing immunosuppressive therapy were 
excluded from the study. The estimated glomerular 
filtration rate (eGFR) (ml/min per 1.73 m2) was 
calculated according to the Chronic Kidney Disease 
Epidemiology Collaboration (CKD-EPI) updated 
formula15, and CKD stages were categorised 
following guidelines by the American Kidney 
Association16.

Bacterial identification using urine samples: 
Aseptic techniques were used to prevent 
contamination and ensure accurate results. The urine 
sample was collected in a sterile container and 
transported to the laboratory. Upon receipt, the 
sample was mixed for homogeneity, and a small 
amount was inoculated onto culture media. The plates 
were then incubated at 37° Celsius for 18-24 hours to 
promote bacterial growth. After incubation, the plates 
were examined for colony morphology, colour, size, 
and any features indicating bacterial growth. Further 
biochemical testing was conducted to characterise 
and confirm the isolates. Common tests, including 
catalase, oxidase, indole, urease, and carbohydrate 
fermentation tests, were performed to provide 
information about the metabolic properties of the 
bacteria. The identified bacterial species, along with 
antibiotic susceptibility testing results, were included 
in the final report. Stringent quality control measures 
were maintained to ensure the reliability and validity 
of the results, facilitating the accurate diagnosis and 
treatment of bacterial urinary tract infections. 
Bacteriuria was defined as the growth of any 
microorganism at a concentration of ≥105 CFU/ml or 
≥103 CFU/ml in patients with symptoms. 
Asymptomatic bacteriuria (ASBU) was defined as the 
presence of at least 105 colony-forming units 
(CFU/ml) of bacterial species in a midstream urine 
sample that was collected cleanly and did not show 
any symptoms of a urinary tract infection (UTI)17. 
The isolated organisms were identified using the 
standard biochemical method, which involves 
assessing the appearance of the colonies, staining 
reactions, and biochemical properties.

Antibiotic susceptibility testing procedure:
Antibiotic susceptibility testing was conducted 

meticulously using standardised protocols to evaluate 
the effectiveness of different antibiotics against 
microbial isolates obtained from individuals 
diagnosed with chronic kidney disease (CKD). 
Initially, pure cultures of microbial isolates were 
obtained by subculturing on appropriate agar plates. 
The Kirby-Bauer disk diffusion method, following 
the guidelines set by the Clinical and Laboratory 
Standards Institute (CLSI)18, was then used for 
susceptibility testing. This involved preparing 
standardised inoculum suspensions of microbial 
isolates, which were then evenly spread on 
Mueller-Hinton agar plates. Antibiotic disks, each 
containing specific concentrations of antibiotics 
relevant to CKD associated infections, were 
strategically placed on the agar surface. After an 
incubation period under optimal conditions, the 
diameter of the zone of inhibition surrounding each 
antibiotic disk was carefully measured using a 
calibrated ruler. The interpretation of zone sizes 
followed the established breakpoints outlined in the 
CLSI guidelines, allowing for the classification of 
isolates as susceptible, intermediate, or resistant to 
each antibiotic tested. Throughout the testing process, 
rigorous quality control measures were implemented 
to ensure the precision and reliability of susceptibility 
testing results. These measures included the inclusion 
of standard reference strains and routine performance 
assessments.

Statistical analysis:
Descriptive analyses are presented using different 
methods for continuous and categorical variables. For 
normally distributed continuous variables, the 
mean±standard deviation (SD) is reported. Skewed 
data is described using the median and 25% and 75% 
quartiles. Categorical variables are expressed as 
proportions (%). Before conducting the analyses, the 
normality of continuous variables was checked using 
histograms and box plots. To compare groups for 
normally distributed continuous variables, the student 
t-test was used. For skewed continuous variables, the 
non-parametric Kruskal-Wallis test was performed. 
Categorical variables were analysed using Fisher's 
exact test or the χ² test, depending on the 
circumstances. The data were analysed using the 
statistical software STATA 17.

RESULTS
Demographic and clinical characteristics of 
patients with CKD by gender:
The study conducted a comprehensive analysis of 
demographic and clinical characteristics among the 
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study participants with chronic kidney diseases, 
categorising them by gender. A total of 205 individuals 
were included in the study, with 49 (23.9%) being male 
and 156 (76.1%) being female (Table-I).
The overall mean age of the participants was 
63.22±9.07 years. Males had a slightly lower mean age 
of 62.47 years compared to females, who had a mean 
age of 63.46 years. However, this difference was not 
statistically significant (p=0.06). Similarly, there were 
no statistically significant differences observed between 
males and females across various age groups (41-50, 
51-60, 61-70, 71-80, and >80) (p=0.198) (Table-I).
Median serum creatinine levels and estimated 
glomerular filtration rates (eGFR) showed similar 
values between males and females (S. creatinine: 2.2 

mg/dl vs. 2.3 mg/dl, p=0.3303; eGFR: 32 
ml/min/1.73m2vs. 25.5 ml/min/1.73m2, p=0.111). 
However, a significant difference in median 
haemoglobin levels was observed, with females 
having higher levels (10.4 g/dl vs. 11 g/dl, 
p=0.019). Furthermore, the proportion of diabetes 
was notably higher among females compared to 
males, and this difference was statistically 
significant (59.18% vs. 75.64%, p=0.026). 
Notably, there were significant disparities in the 
distribution of chronic kidney disease (CKD) 
stages between genders (p<0.001). Stage 4 CKD 
was more prevalent among males (57.14%), while 
Stage 5 CKD was more prevalent among females 
(36.73%) [Table-I].

63.22±9.07
41-85

16 (7.8)
66 (32.2)
81 (39.5)
37 (18.1)
5 (2.4)

2.3 (1.6-3.5)

26 (15-36)
10.6 (9.3-11.6)

147 (71.7)
58 (28.3)

83 (40.5)
72 (35.1)
50 (24.4)

62.47±10.59
47-85

6 (12.2)
10 (20.4)
24 (48.9)
8 (16.3)

1 (2)

2.2 (1.6-5.4)

32 (13-47)
10.4 (9.15-11.5)

29 (59.2)
20 (40.8)

28 (57.1)
69 (44.2)
32 (20.5)

0.508

0. 198

0.3303

0.111
0.019

0.026

<0.001

Age in year, mean (±SD)
Age range (Min-Max)
Age distribution in years, n %
41-50
51-60
61- 70
71-80
>80
S. Creatinine,
Median (QI-Q3)
eGFR,
Median (QI-Q3)
Hb (g/dl),
Median (QI-Q3)
Diabetes status, n (%)
Diabetic
Non-diabetic
CKD Stage, n (%)
Stage 3
Stage 4
Stage 5

Variables
Overall
(N=205)

Male
(n=49)

Female
(n=156)

p-value

63.46±8.56
41-85

10 (6.4)
56 (35.9)
57 (36.5)
29 (18.6)
4 (2.6)

2.3 (1.6-3.5)

25.5 (15-36)
11 (10.2-11.9)

118 (75.6)
38 (24.4)

55 (35.3)
3 (6.1)

18 (36.7)

Table-I: Demographic and clinical characteristics of patients with CKD by gender.
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*eGFR denotes estimated glomerular filtration rate, Hb denotes haemoglobin, and CKD denotes chronic kidney disease

INTRODUCTION

Hypertension (HTN) is a worldwide problem and a major 
global health burden, as high salt intake is one of the 
crucial factors often related to it1. The relationship 
between high salt intake and elevation of blood pressure 

is currently one of the major focuses of scientific 
research. According to Parmar et al., the most 
important factor causing an abnormal rise in blood 
pressure is high salt intake2. Consuming excessive 
dietary salt can lead to high blood pressure, which 
suggests that the best way to control hypertension is by 
creating awareness of       this disease and promoting 
healthy salt intake behaviour3. 
Hypertension may be defined as a persistent elevation 
of blood pressure (BP)  beyond 130/80 mmHg4. 
Increased blood pressure has always been considered a 
major marker for other risk factors for 

non-communicable diseases (NCDs)  like increasing 
body weight, dyslipidaemia, glucose intolerance, and 
the metabolic syndrome5. Hypertension is being 
considered  to be responsible for 13% of global 
deaths6. With the projection of a 30% increase in 
worldwide prevalence of this condition by the year 
2025 and also for its focal role in the  rising global 
burden of disease and disability, hypertension has 
become one of the most challenging diseases for world 
public health7. A recent study  show that three-quarters 
of the world’s hypertensive population resides in low 
and middle socio-economic countries, and the 
prevalence of hypertension is higher in low and middle 
socio-economic countries (31.5%) than in high 
socio-economic countries7. Bangladesh is one of those 
low and middle income countries that are experiencing 
an epidemiological transition from communicable to 
non-communicable diseases. Risk factors for 
hypertension include high body mass index (BMI), 
smoking, arterial stiffness, and high dietary salt 
intake8.
The World Health Organization (WHO) and Food and 
Agricultural Organization (FAO) recommend daily 
intake of salt of <5 gm from all sources. However, 
dietary salt intake is much higher than this in many 
low and  middle income countries. In addition to this, 
many of these countries  do not have representative 
population data on dietary salt intake. Bangladesh is 
one such country. In Bangladesh, it is a popular 
practice that people add salt during their routine meals, 
as they have a strong preference for a salty taste. The 
use  of salted pickles is also very popular in this 
country. Many people eat sour seasonal fruits with salt. 
Preservation of dry fish in salt is another popular 
dietary practice in Bangladesh. Salt that is taken during 
meals also constitutes a significant proportion of total 
salt intake in Bangladesh. 
This  is true even for the educated society of Bangladesh. 
Therefore, the avoidance of added  salt on the dining 
table should be the primary target of salt reduction in 
Bangladesh9. This study aimed to understand and 
assess the factors affecting knowledge, attitude, and 
practice towards salt intake and its relationship with 
blood pressure. 

MATERIALS AND METHODS
This cross-sectional study was conducted at Jalalabad 
Ragib-Rabeya Medical College Hospital, Sylhet, 
between September 1, 2022, and September 30, 2022, 
among patients attending out-patient departments of 
surgery, medicine, obstetrics, and gynaecology. A total 
of 214 respondents were selected by purposive 
sampling method. The respondents aged more than 18 
years, attended the hospital during the study period and 

willing to participate in the research were included.  
The respondents aged less than 18 and those who 
were not willing to participate were excluded. All the 
participants were informed about the study and its 
objective and the consent form was filled by the 
individual participants. The study was approved by 
the Institutional Review Committee of Jalalabad 
Ragib-Rabeya Medical College. The data was 
collected using a pretested, interviewer administered 
semi-structured questionnaire to evaluate knowledge, 
attitude, and practice regarding salt intake and its 
relationship with blood pressure. The questionnaire 
included baseline exposure variables like age, sex, 
family size, education, BMI, and knowledge, attitude, 
and practice related variables. Bodyweight was 
measured through an analogue weigh scale. Body 
height was measured using a standard stadiometer. 
BMI was defined as weight (Kilogrammes) divided 
by the square of height (Metres). The BMI cutoffs 
recommended by the WHO were used. The data were 
analysed using SPSS (Statistical Package for Social 
Sciences) version 25. The Chi-square test was used to 
see the relationship between variables, and a p-value 
of <0.05 was considered statistically significant.

RESULTS
This study includes 214 respondents, among them 
62% were male and 38% were female. Most of the 
respondents (32.2%) were more than 50 years old and 
17.3% were in age group 41-50. BMIs of 64.8% of 

respondents were within the normal range and 4.7% 
were obese (Table-I). Among the respondents, 22% 
were illiterate, 35% completed their primary 
education and 29% completed secondary level 
(Figure-1).
Among all the respondents, 61.2% seem to consume 
the right amount of salt per meal (Figure-2). Only 
31.3% of respondents deemed lowering salt intake in 
their diet as very important (Figure-3). Majority of the 
respondents (65.8%) practice table salt, and 93% did 
not know the national recommendation of daily salt 
intake. The relation between knowledge about the 

national recommendation of salt intake and the 
practice of adding table salt was not significant 
(p=0.591) (Table-II). More than half of the 
respondents (54.7%) have no knowledge regarding 
the occurrence of hypertension due to too much salt 
consumption. Of them, 34.6% practice table salt 
intake. On the other hand, 45.3% of the respondents 
believe that excessive salt intake can lead to 
hypertension. The relation between the knowledge of 
the respondents on HTN due to too much salt 
consumption and their practice of intake of table salt 
was not significant (p=0.227) (Table-III).          

the highest increases among the leading causes of 
death2. The prevalence of CKD in South Asia is 
reported to be 13.6% in Thailand3, 10.8% in China4, 
and 15.0% in India5. CKD commonly results in 
progressive end-stage renal disease (ESRD), leading 
to higher rates of hospitalisation and premature 
deaths6. 
Chronic kidney disease (CKD) poses a significant 
burden on public health in Bangladesh, with a 
growing number of individuals affected by this 
condition. A meta-analysis of 225,206 participants 
found that the prevalence of chronic kidney disease 
(CKD) among individuals in Bangladesh was 
22.48%. This rate is significantly higher than the 
global prevalence of CKD. Moreover, the analysis 
revealed that the prevalence of CKD was higher in 
females (25.32%) compared to males (20.31%)7. 
CKD is characterised by a progressive decline in 
kidney function over time, leading to various 
complications, including electrolyte imbalances, fluid 
retention, and cardiovascular diseases8,9. In 
Bangladesh, factors such as inadequate access to 
healthcare services, limited awareness about kidney 
health, and high prevalence of risk factors like 
diabetes and hypertension contribute to the escalating 
burden of CKD10,11. Moreover, the management of 
CKD is complicated by the frequent occurrence of 
infectious complications, such as urinary tract 
infections (UTIs) and bloodstream infections, which 
are often exacerbated by the immunocompromised 
state associated with kidney dysfunction12,13. 
The effective management of CKD often necessitates 
antibiotic therapy to address associated infectious 
complications13,14. However, despite the critical role 
antibiotics play in patient care, there remains a 
notable dearth of comprehensive studies elucidating 
the antibiotic susceptibility patterns specific to CKD 
patients within the Bangladeshi context. 
Understanding the prevailing microbial landscape 
and the nuanced effectiveness of antibiotics is 
paramount for guiding evidence-based treatment 
strategies and curtailing the emergence of 
antimicrobial resistance a pressing concern that poses 
formidable threats to patient outcomes and healthcare 
systems alike. Thus, this study endeavours to furnish 
a meticulous analysis of antibiotic  susceptibility 
patterns among CKD patients in Bangladesh, 
discerning the prevalence of microbial isolates and 
their susceptibilities to commonly prescribed 
antibiotics. By scrutinising clinical isolates obtained 
from CKD patients, this research aspires to furnish 
invaluable insights to inform antimicrobial 
stewardship practices tailored to the distinctive 

healthcare milieu of Bangladesh. Ultimately, the 
study seeks to furnish actionable evidence aimed at 
optimising patient care and combating the ominous 
tide of antimicrobial resistance, thereby fortifying the 
armamentarium for effectively managing infections 
within the purview of CKD in Bangladesh. The study 
aimed to unveil the pattern of microbial isolates and 
their susceptibility profiles to commonly prescribed 
antibiotics, with the overarching goal of informing 
evidence-based antimicrobial stewardship practices 
and enhancing patient care within the context of 
CKD management.

MATERIALS AND METHODS
Study design and site:
This study adopted a cross-sectional study design to 
investigate the antibiotic susceptibility patterns 
among individuals diagnosed with chronic kidney 
disease (CKD) presenting with suspected or 
confirmed infectious complications. The study took 
place at Jalalabad Ragib-Rabeya Medical College 
Hospital in Sylhet, eastern Bangladesh, between June 
2022 and May 31, 2023. This tertiary healthcare 
centre provides both inpatient and outpatient services 
for patients with chronic kidney disease (CKD) in its 
nephrology department. This medical college is a 
prominent healthcare hub with specialised facilities 
and a dedicated healthcare team in the nephrology 
department focused on diagnosing, treating, and 
managing CKD patients. Its geographical location 
enhances accessibility for a diverse patient 
population, allowing for a comprehensive and 
representative study of CKD in the region.

Study population and recruiting strategy:
The study population consisted of patients aged 40 
years and older who had been diagnosed with chronic 
kidney disease (CKD) and were receiving treatment 
at Jalalabad Ragib-Rabeya Medical College Hospital. 
These patients presented with suspected or confirmed 
infectious complications associated with their 
condition. Both males and females were included in 
the study population, with varying CKD stages 
between 3 and 5. These stages were confirmed 
through clinical evaluation, laboratory tests, and the 
estimated glomerular filtration rate (GFR). The 
population was purposefully recruited based on 
positive urinary tract infection (UTI) results among 
individuals suffering from CKD. Patients who were 
required to undergo antibiotic susceptibility testing 
and had complete demographic and clinical data 
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The proportion of microorganism infection among 
patients with CKD by gender: 

The study investigated the occurrence of 
microorganism infections in patients with CKD, 
categorised by gender. Among these infections, 
Escherichia coli (E. coli) was the most prevalent, 
accounting for 52.68% of all cases. The proportion of 
E. coli infections was slightly lower in male 
participants (44.90%) compared to female 
participants (55.13%), but it remained the 

predominant pathogen in both genders. Klebsiella 
infections were documented in 29 patients, 
representing 14.15% of all infections, with similar 
proportions among male (14.29%) and female 
(14.10%) participants. Pseudomonas infections were 
reported in 20 patients, amounting to 9.76% of all 
infections, with comparable rates between males and 
females. Coagulase-negative staphylococci (CoNS) 
infections were diagnosed in 12 patients, making up 
5.85% of all infections. Among the participants, a 

Table-II: Proportion of micro-organism infection among patients with CKD by gender.

Streptococci
Citrobacter
CoNS
E. Coli
Enterococci
Klebsiella
Proteus
Pseudomonas
Staphylococcus

2 (0.9)
7 (3.4)
12 (5.8)

108 (52.7)
10 (4.9)
29 (14.2)
11 (5.4)
20 (9.8)
6 (2.9)

0 (0)
0 (0)

7 (14.3)
22 (44.9)
3 (6.1)
7 (14.3)
2 (4.1)
5 (10.2)
3 (6.1)

2 (1.3)
7 (4.5)
5 (3.2)

86 (55.1)
7 (4.5)

22 (14.1)
9 (5.8)
15 (9.6)
3 (1.9)

Organism Overall (n=205) Male (n=49) Female (n=156)

Table-III: Antibiotic susceptibility profile of tested microbial isolates among patients with CKD.

Antibiotics Sensitive, n (%) Intermediate, n (%) Resistance, n (%)

Ceftriaxone
Amoxiclav
Cefuroxime
Cefixime
Ciprofloxacin
Levofloxacin
Azithromycin
Ceftazidime
Meropenem
Imipenem
Cefepime
Nitrofurantoin
Doxycycline
Amikacin
Gentamycin
Co-trimoxazole (CTX)
Linezolid

74 (37.2)
116 (61.1)
33 (22.3)
18 (9.3)
89 (45.4)
81 (43.1)
63 (31.8)
9 (32.1)

178 (88.6)
163 (88.1)
21 (23.3)
114 (58.5)
79 (48.5)
140 (75.3)
86 (64.7)
57 (34.1)
2 (14.3)

18 (9.1)
24 (12.6)
14 (9.5)
22 (11.3)
40 (20.4)
42 (22.3)
88 (44.4)
6 (21.4)
10 (4.9)
9 (4.9)

10 (11.1)
43 (22.1)
33 (20.3)
26 (13.9)
23 (17.3)
22 (13.2)
2 (14.3)

107 (53.8)
50 (26.3)
101 (68.2)
154 (79.4)
67 (34.2)
65 (34.6)
47 (23.7)
13 (46.4)
13 (6.5)
13 (7)

59 (65.6)
38 (19.5)
51 (31.3)
20 (10.8)
24 (18.1)
88 (52.7)
10 (71.4)

51

higher proportion of male patients (14.29%) 
experienced these infections compared to female 
patients (3.21%) [Table-II].
Citrobacter infections were found in 7 patients, 
representing 3.41% of all infections, and all of these 
cases occurred in female participants. Staphylococcai, 
Enterococci, and Proteus organisms showed relatively 
lower infection rates (2.93%, 4.88%, and 5.37%, 
respectively), with Staphylococcal infections being 
more prevalent among male participants (6.12%) 
compared to female participants (1.92%). The 
findings indicated that Streptococcal infections were 
only present in 2 patients, accounting for 0.98% of all 

infections, and both cases occurred in female patients. 
Therefore, the study concludes that gender may play a 
role in the occurrence of certain microorganism 
infections among patients with CKD. [Table-II].
Antibiotic susceptibility profiles against multiple 
clinical isolates among patients with CKD:
The antibiotic susceptibility profiles in patients with 
chronic kidney disease (CKD) reveal varying levels of 
effectiveness for different antimicrobial agents and 
microbial isolates, as shown in Table-IV. Carbapenems, 
such as Meropenem and Imipenem, demonstrate the 
highest overall sensitivity rates, exceeding 88%. They 
consistently show effectiveness against a broad 

spectrum of microbial isolates, including Streptococci, 
Citrobacter spp, CoNS, E. coli, Enterococci, 
Klebsiella, Proteus, Pseudomonas, and 
Staphylococcus. Both antimicrobial agents remain 
predominant (over 90%) in CoNS organisms. Amikacin 
is a reliable treatment option, with substantial 
sensitivity ranging from 50% to 100% against most 
isolates. Ciprofloxacin and Levofloxacin exhibit 
moderate to high sensitivity, particularly against E. coli 
(approximately 37% and 38%, respectively) and 
Pseudomonas (around 74% and 75%, respectively), 
although there is some variability.
Nitrofurantoin stands out for its sensitivity against 
various isolates, while Amoxiclav demonstrates 
moderate to high effectiveness against Streptococci, E. 
coli, and Klebsiella. Gentamicin shows variable 
sensitivity across isolates, with notable effectiveness 
against Staphylococci and E. coli. However, some 
antibiotics, like Ceftazidime and Cefuroxime, exhibit 
limited efficacy against certain isolates [Table-IV].

DISCUSSION
The study included a total of 205 patients, with females 
with UTI predominant (76.1%), revealing an overall 
mean age of 63.22 years, with males showing a slightly 
lower mean age compared to females, although this 
disparity did not reach statistical significance. The 
genderbased discrepancies were consistent with a 
previously published article that found a higher 
incidence of infection in females19,20.
Interestingly, while the age distribution across various 
age groups did not demonstrate statistically significant 
differences between males and females, there were 
notable trends. The highest proportion of patients fell 
within the 61-70 years age group, followed by the 
51-60 years age group, indicating a predominance of 
older individuals affected by UTI with CKD. These 
findings align with a recently published report 
conducted in Bangladesh, indicating an increased 
prevalence of  UTI in CKD with advancing age21. 
However, it's imperative to note that our study's limited 
sample size might have influenced the statistical power 
to detect significant differences.
Median serum creatinine levels and estimated 
glomerular filtration rates (eGFR) showed similar 
values between genders. However, a significant 
difference in median haemoglobin levels was 
observed, with females exhibiting higher levels, 
reflecting potential differences in anaemia prevalence 
between genders.
The prevalence of diabetes among CKD patients with 
UTI was notably high, with 71.71% diagnosed as 
diabetic. This finding underscores the strong 

association between diabetes and UTI in CKD, 
consistent with previous research highlighting diabetic 
complications related to poor glycaemic control and 
older age as a leading cause of CKD worldwide22. The 
high prevalence of diabetes in our study population 
emphasises the need for robust diabetes management 
strategies to prevent or delay the progression of 
CKD23.
Furthermore, the distribution of CKD stages among 
UTI patients demonstrated a significant burden of 
advanced CKD, with stage 4 and stage 5 CKD 
accounting for 35.1% and 24.4% of cases, respectively. 
This distribution suggests a considerable proportion of 
patients may be at risk of complications such as 
end-stage renal disease (ESRD) and the need for renal 
replacement therapy (RRT)24. These findings 
underscore the importance of early detection and 
intervention strategies aimed at slowing the 
progression of CKD, particularly among high-risk 
individuals such as those with diabetes.
In terms of the proportion of microorganisms causing 
UTI among patients with chronic kidney disease 
(CKD), stratified by gender, Escherichia coli (E. coli) 
emerged as the predominant pathogen, responsible for 
more than half (52.68%) of all infections. While the 
proportion of E. coli infections was slightly lower 
among male participants compared to females, it 
remained the most prevalent organism in both genders, 
highlighting its significance as a causative agent in 
CKD-associated infections. The results aligned with 
previously conducted studies25,26. 
Similarly, Klebsiella infections were notably prevalent, 
representing 14.15% of all infections, with comparable 
rates between males and females27. Notably, 
coagulase-negative Staphylococci (CoNS) infections 
were more prevalent among male patients (14.29%) 
compared to females (3.21%), suggesting potential 
gender-specific differences in susceptibility to certain 
pathogens. These overall proportions and gender-based 
variation are consistent with various previous 
studies28,29. Conversely, Streptococcal and Citrobacter 
infections were less common overall, with Streptococci 
found exclusively and Citrobacter infections 
predominantly affecting females27,30. The relatively 
low prevalence of Staphylococcal, Enterococci, and 
Proteus infections28 underscores the diverse microbial 
landscape associated with CKD, necessitating targeted 
surveillance and management strategies tailored to 
specific pathogens. 
The examination of antibiotic susceptibility profiles 
among patients with chronic kidney disease (CKD) 
delineates a complex landscape of antimicrobial 
efficacy against various clinical isolates. Carbapenems, 

including Meropenem and Imipenem, emerge as 
stalwart therapeutic options, boasting sensitivity rates 
exceeding 88% across multiple microbial strains31. 
Notably, both agents exhibit consistent effectiveness 
against a broad spectrum of pathogens, encompassing 
Streptococci, Citrobacter spp, Coagulase-negative 
staphylococci (CoNS), Escherichia coli (E. coli), 
Enterococci, Klebsiella, Proteus, Pseudomonas, and 
Staphylococci organisms. Particularly commendable 
is their robust efficacy against CoNS, with sensitivity 
rates surpassing 90%. Amikacin also stands out as a 
reliable treatment avenue, showcasing substantial 
sensitivity ranging from 50% to 100% against most 
isolates32,33. In contrast, Ciprofloxacin and 
Levofloxacin demonstrate moderate to high 
sensitivity, notably against E. coli and Pseudomonas 
strains; which was found to be consistent with 
previous research27. Nevertheless, some variability in 
effectiveness is observed across isolates, warranting 
careful consideration during therapeutic selection. 
Nitrofurantoin emerges as a noteworthy candidate, 
exhibiting notable sensitivity against diverse isolates, 
as demonstrated by previous research studies27,34. 
Similarly, Amoxiclav demonstrates moderate to high 
effectiveness against Streptococci, E. coli, and 
Klebsiella strains, aligned with previous studies32,35. 
Gentamicin exhibits variable sensitivity across 
isolates, with pronounced effectiveness against Staph. 
and E. coli36. However, certain antibiotics, such as 
Ceftazidime and Cefuroxime, showcase limited 
efficacy against specific isolates, emphasising the 
importance of tailored antibiotic stewardship 
practices28. 
This comprehensive analysis underscores the 
imperative of judicious antibiotic selection guided by 
local susceptibility patterns to optimise therapeutic 
outcomes and mitigate the emergence of 
antimicrobial resistance.

LIMITATIONS
The limitations of the study include its retrospective 
design, reliance on data from a single healthcare 
centre, small sample size, focus on urinary 
specimens, absence of molecular characterisation of 
isolates, and inability to explore temporal trends.

CONCLUSION
The study conducted in Bangladesh emphasises that 
patients with chronic kidney disease exhibit diverse 
antibiotic susceptibility patterns. The research 
revealed that carbapenems, specifically Meropenem 
and Imipenem display greater efficacy, while other 

antibiotics exhibit varying degrees of effectiveness. It 
is imperative to choose antibiotics tailored for each 
patient to effectively manage infections within this 
population. However, further studies with multicenter 
and molecular characterisation of isolates are required 
to provide valuable insights for the development of 
more targeted treatment strategies.
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INTRODUCTION
Chronic kidney disease (CKD) represents a 
significant health challenge worldwide, with 
escalating prevalence rates observed, particularly in 
low and middle-income nations such as Bangladesh. 

In 2017, an estimated 1.2 million people died from 
CKD worldwide, with a 41.5% increase in the all-age 
mortality rate between 1990 and 2017. Despite this 
increase, there was no significant change in the 
age-standardised mortality rate during the same 
period. The global prevalence of all-stage CKD was 
recorded at 697.5 million cases, corresponding to a 
prevalence of 9.1%1. According to the Global Burden 
of Disease study, there were approximately 1.4 
million deaths worldwide due to CKD in 2019. This 
represents a 20% increase from 2010 and is one of 

comorbidities, CKD stage, and antibiotic usage 
history, were considered eligible for inclusion in the 
study. Patients diagnosed with acute kidney injury 
(AKI) or other renal conditions that did not meet the 
criteria for CKD, those with clinical specimens 
deemed inadequate for microbiological analysis, and 
patients with severe immunocompromised conditions 
or undergoing immunosuppressive therapy were 
excluded from the study. The estimated glomerular 
filtration rate (eGFR) (ml/min per 1.73 m2) was 
calculated according to the Chronic Kidney Disease 
Epidemiology Collaboration (CKD-EPI) updated 
formula15, and CKD stages were categorised 
following guidelines by the American Kidney 
Association16.

Bacterial identification using urine samples: 
Aseptic techniques were used to prevent 
contamination and ensure accurate results. The urine 
sample was collected in a sterile container and 
transported to the laboratory. Upon receipt, the 
sample was mixed for homogeneity, and a small 
amount was inoculated onto culture media. The plates 
were then incubated at 37° Celsius for 18-24 hours to 
promote bacterial growth. After incubation, the plates 
were examined for colony morphology, colour, size, 
and any features indicating bacterial growth. Further 
biochemical testing was conducted to characterise 
and confirm the isolates. Common tests, including 
catalase, oxidase, indole, urease, and carbohydrate 
fermentation tests, were performed to provide 
information about the metabolic properties of the 
bacteria. The identified bacterial species, along with 
antibiotic susceptibility testing results, were included 
in the final report. Stringent quality control measures 
were maintained to ensure the reliability and validity 
of the results, facilitating the accurate diagnosis and 
treatment of bacterial urinary tract infections. 
Bacteriuria was defined as the growth of any 
microorganism at a concentration of ≥105 CFU/ml or 
≥103 CFU/ml in patients with symptoms. 
Asymptomatic bacteriuria (ASBU) was defined as the 
presence of at least 105 colony-forming units 
(CFU/ml) of bacterial species in a midstream urine 
sample that was collected cleanly and did not show 
any symptoms of a urinary tract infection (UTI)17. 
The isolated organisms were identified using the 
standard biochemical method, which involves 
assessing the appearance of the colonies, staining 
reactions, and biochemical properties.

Antibiotic susceptibility testing procedure:
Antibiotic susceptibility testing was conducted 

meticulously using standardised protocols to evaluate 
the effectiveness of different antibiotics against 
microbial isolates obtained from individuals 
diagnosed with chronic kidney disease (CKD). 
Initially, pure cultures of microbial isolates were 
obtained by subculturing on appropriate agar plates. 
The Kirby-Bauer disk diffusion method, following 
the guidelines set by the Clinical and Laboratory 
Standards Institute (CLSI)18, was then used for 
susceptibility testing. This involved preparing 
standardised inoculum suspensions of microbial 
isolates, which were then evenly spread on 
Mueller-Hinton agar plates. Antibiotic disks, each 
containing specific concentrations of antibiotics 
relevant to CKD associated infections, were 
strategically placed on the agar surface. After an 
incubation period under optimal conditions, the 
diameter of the zone of inhibition surrounding each 
antibiotic disk was carefully measured using a 
calibrated ruler. The interpretation of zone sizes 
followed the established breakpoints outlined in the 
CLSI guidelines, allowing for the classification of 
isolates as susceptible, intermediate, or resistant to 
each antibiotic tested. Throughout the testing process, 
rigorous quality control measures were implemented 
to ensure the precision and reliability of susceptibility 
testing results. These measures included the inclusion 
of standard reference strains and routine performance 
assessments.

Statistical analysis:
Descriptive analyses are presented using different 
methods for continuous and categorical variables. For 
normally distributed continuous variables, the 
mean±standard deviation (SD) is reported. Skewed 
data is described using the median and 25% and 75% 
quartiles. Categorical variables are expressed as 
proportions (%). Before conducting the analyses, the 
normality of continuous variables was checked using 
histograms and box plots. To compare groups for 
normally distributed continuous variables, the student 
t-test was used. For skewed continuous variables, the 
non-parametric Kruskal-Wallis test was performed. 
Categorical variables were analysed using Fisher's 
exact test or the χ² test, depending on the 
circumstances. The data were analysed using the 
statistical software STATA 17.

RESULTS
Demographic and clinical characteristics of 
patients with CKD by gender:
The study conducted a comprehensive analysis of 
demographic and clinical characteristics among the 

study participants with chronic kidney diseases, 
categorising them by gender. A total of 205 individuals 
were included in the study, with 49 (23.9%) being male 
and 156 (76.1%) being female (Table-I).
The overall mean age of the participants was 
63.22±9.07 years. Males had a slightly lower mean age 
of 62.47 years compared to females, who had a mean 
age of 63.46 years. However, this difference was not 
statistically significant (p=0.06). Similarly, there were 
no statistically significant differences observed between 
males and females across various age groups (41-50, 
51-60, 61-70, 71-80, and >80) (p=0.198) (Table-I).
Median serum creatinine levels and estimated 
glomerular filtration rates (eGFR) showed similar 
values between males and females (S. creatinine: 2.2 

mg/dl vs. 2.3 mg/dl, p=0.3303; eGFR: 32 
ml/min/1.73m2vs. 25.5 ml/min/1.73m2, p=0.111). 
However, a significant difference in median 
haemoglobin levels was observed, with females 
having higher levels (10.4 g/dl vs. 11 g/dl, 
p=0.019). Furthermore, the proportion of diabetes 
was notably higher among females compared to 
males, and this difference was statistically 
significant (59.18% vs. 75.64%, p=0.026). 
Notably, there were significant disparities in the 
distribution of chronic kidney disease (CKD) 
stages between genders (p<0.001). Stage 4 CKD 
was more prevalent among males (57.14%), while 
Stage 5 CKD was more prevalent among females 
(36.73%) [Table-I].

the highest increases among the leading causes of 
death2. The prevalence of CKD in South Asia is 
reported to be 13.6% in Thailand3, 10.8% in China4, 
and 15.0% in India5. CKD commonly results in 
progressive end-stage renal disease (ESRD), leading 
to higher rates of hospitalisation and premature 
deaths6. 
Chronic kidney disease (CKD) poses a significant 
burden on public health in Bangladesh, with a 
growing number of individuals affected by this 
condition. A meta-analysis of 225,206 participants 
found that the prevalence of chronic kidney disease 
(CKD) among individuals in Bangladesh was 
22.48%. This rate is significantly higher than the 
global prevalence of CKD. Moreover, the analysis 
revealed that the prevalence of CKD was higher in 
females (25.32%) compared to males (20.31%)7. 
CKD is characterised by a progressive decline in 
kidney function over time, leading to various 
complications, including electrolyte imbalances, fluid 
retention, and cardiovascular diseases8,9. In 
Bangladesh, factors such as inadequate access to 
healthcare services, limited awareness about kidney 
health, and high prevalence of risk factors like 
diabetes and hypertension contribute to the escalating 
burden of CKD10,11. Moreover, the management of 
CKD is complicated by the frequent occurrence of 
infectious complications, such as urinary tract 
infections (UTIs) and bloodstream infections, which 
are often exacerbated by the immunocompromised 
state associated with kidney dysfunction12,13. 
The effective management of CKD often necessitates 
antibiotic therapy to address associated infectious 
complications13,14. However, despite the critical role 
antibiotics play in patient care, there remains a 
notable dearth of comprehensive studies elucidating 
the antibiotic susceptibility patterns specific to CKD 
patients within the Bangladeshi context. 
Understanding the prevailing microbial landscape 
and the nuanced effectiveness of antibiotics is 
paramount for guiding evidence-based treatment 
strategies and curtailing the emergence of 
antimicrobial resistance a pressing concern that poses 
formidable threats to patient outcomes and healthcare 
systems alike. Thus, this study endeavours to furnish 
a meticulous analysis of antibiotic  susceptibility 
patterns among CKD patients in Bangladesh, 
discerning the prevalence of microbial isolates and 
their susceptibilities to commonly prescribed 
antibiotics. By scrutinising clinical isolates obtained 
from CKD patients, this research aspires to furnish 
invaluable insights to inform antimicrobial 
stewardship practices tailored to the distinctive 

healthcare milieu of Bangladesh. Ultimately, the 
study seeks to furnish actionable evidence aimed at 
optimising patient care and combating the ominous 
tide of antimicrobial resistance, thereby fortifying the 
armamentarium for effectively managing infections 
within the purview of CKD in Bangladesh. The study 
aimed to unveil the pattern of microbial isolates and 
their susceptibility profiles to commonly prescribed 
antibiotics, with the overarching goal of informing 
evidence-based antimicrobial stewardship practices 
and enhancing patient care within the context of 
CKD management.

MATERIALS AND METHODS
Study design and site:
This study adopted a cross-sectional study design to 
investigate the antibiotic susceptibility patterns 
among individuals diagnosed with chronic kidney 
disease (CKD) presenting with suspected or 
confirmed infectious complications. The study took 
place at Jalalabad Ragib-Rabeya Medical College 
Hospital in Sylhet, eastern Bangladesh, between June 
2022 and May 31, 2023. This tertiary healthcare 
centre provides both inpatient and outpatient services 
for patients with chronic kidney disease (CKD) in its 
nephrology department. This medical college is a 
prominent healthcare hub with specialised facilities 
and a dedicated healthcare team in the nephrology 
department focused on diagnosing, treating, and 
managing CKD patients. Its geographical location 
enhances accessibility for a diverse patient 
population, allowing for a comprehensive and 
representative study of CKD in the region.

Study population and recruiting strategy:
The study population consisted of patients aged 40 
years and older who had been diagnosed with chronic 
kidney disease (CKD) and were receiving treatment 
at Jalalabad Ragib-Rabeya Medical College Hospital. 
These patients presented with suspected or confirmed 
infectious complications associated with their 
condition. Both males and females were included in 
the study population, with varying CKD stages 
between 3 and 5. These stages were confirmed 
through clinical evaluation, laboratory tests, and the 
estimated glomerular filtration rate (GFR). The 
population was purposefully recruited based on 
positive urinary tract infection (UTI) results among 
individuals suffering from CKD. Patients who were 
required to undergo antibiotic susceptibility testing 
and had complete demographic and clinical data 
available for analysis, including age, gender, 
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The proportion of microorganism infection among 
patients with CKD by gender: 

The study investigated the occurrence of 
microorganism infections in patients with CKD, 
categorised by gender. Among these infections, 
Escherichia coli (E. coli) was the most prevalent, 
accounting for 52.68% of all cases. The proportion of 
E. coli infections was slightly lower in male 
participants (44.90%) compared to female 
participants (55.13%), but it remained the 

predominant pathogen in both genders. Klebsiella 
infections were documented in 29 patients, 
representing 14.15% of all infections, with similar 
proportions among male (14.29%) and female 
(14.10%) participants. Pseudomonas infections were 
reported in 20 patients, amounting to 9.76% of all 
infections, with comparable rates between males and 
females. Coagulase-negative staphylococci (CoNS) 
infections were diagnosed in 12 patients, making up 
5.85% of all infections. Among the participants, a 
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higher proportion of male patients (14.29%) 
experienced these infections compared to female 
patients (3.21%) [Table-II].
Citrobacter infections were found in 7 patients, 
representing 3.41% of all infections, and all of these 
cases occurred in female participants. Staphylococcai, 
Enterococci, and Proteus organisms showed relatively 
lower infection rates (2.93%, 4.88%, and 5.37%, 
respectively), with Staphylococcal infections being 
more prevalent among male participants (6.12%) 
compared to female participants (1.92%). The 
findings indicated that Streptococcal infections were 
only present in 2 patients, accounting for 0.98% of all 

infections, and both cases occurred in female patients. 
Therefore, the study concludes that gender may play a 
role in the occurrence of certain microorganism 
infections among patients with CKD. [Table-II].
Antibiotic susceptibility profiles against multiple 
clinical isolates among patients with CKD:
The antibiotic susceptibility profiles in patients with 
chronic kidney disease (CKD) reveal varying levels of 
effectiveness for different antimicrobial agents and 
microbial isolates, as shown in Table-IV. Carbapenems, 
such as Meropenem and Imipenem, demonstrate the 
highest overall sensitivity rates, exceeding 88%. They 
consistently show effectiveness against a broad 

Table-IV: Antibiotic susceptibility profiles against multiple clinical isolates among patients with CKD.

Ceftriaxone 
(n=199)
Amoxiclav
(n=190)
Cefuroxime
(n=148)
Cefixime
(n= 194)
Ciprofloxacin
(n= 196)
Levofloxacin
(n= 188)
Azithromycin
(n= 198)
Ceftazidime
(n=28)
Meropenem
(n=201)
Imipenem
(n=185)
Cefepime
(n=90)
Nitrofurantoin
(n=195)
Doxycycline
(n=163)
Amikacin
(n=186)
Gentamycin
(n=133)
CTX
(n=167)
Linezolid
(n=14)

Antibiotics

74 
(37.2)
116 

(61.1)
33 

(22.3)
18 

(9.3)
89 

(45.4)
81 

(43.1)
63 

(31.8)
9 

(32.1)
178 

(88.6)
163 

(88.1)
21 

(23.3)
114 

(58.5)
79 

(48.5)
140 

(75.3)
86 

(64.7)
57 

(34.1)
2 

(14.3)

Overall
n  (%)

1 
(50)
2 

(100)
0 
(0)
0 
(0)
1 

(50)
1 

(50)
0 
(0)
0 
(0)
1 

(50)
2 

(100)
-

-

1 
(50)
1 

(50)
1 

(100)
0 
(0)
-

Strep.
n  (%)

3 
(42.9)

2 
(33.3)

1 
(20)
1 

(14.3)
3 

(42.9)
2 

(33.3)
0 
(0)
-

6 
(85.7)

5 
(83.3)

2 
(100)

5 
(100)

3 
(75)
3 

(42.9)
3 

(50)
3 

(50)
0 
(0)

Citrobacter
n  (%)

4 
(36.4)

7 
(58.3)

3 
(42.9)

1 
(8.3)
10 

(83.3)
10 

(83.3)
5 

(41.7)
-

11 
(91.7)

10 
(90.9)

3 
(37.5)

9 
(75)
7 

(58.3)
7 

(70)
9 

(90)
2 

(20)
1 

(100)

CoNS
n  (%)

37
(35.6)

67 
(66.3)

17 
(21.3)

11 
(11.8)

37 
(36.6)

38 
(38.4)

30 
(28.3)

4 
(0.8)
96 

(90.6)
90 
(90)
10 

(20.4)
64 

(60.9)
40 

(50.6)
71 

(71.7)
41 

(56.9)
34 

(37.8)
0 
(0)

E. Coli
n  (%)

3
(30)
8 

(88.9)
2 

(22.2)
1 

(12.5)
5 

(50)
3 

(30)
4 

(40)
0 
(0)
7 

(70)
7 

(77.8)
0 
(0)
7 

(70)
4 

(40)
5 

(83.3)
4 

(80)
3 

(33.3)
1 

(100)

Enterococci
n  (%)

11 
(37.9)

12 
(42.9)

6 
(26.1)

1 
(3.5)
10 

(35.7)
7 

(26.9)
8 

(29.6)
1 

(14.3)
24 

(85.7)
24 

(92.3)
3 

(30)
11 

(40.7)
10 

(41.7)
21 

(77.8)
9 

(64.3)
6 

(26.1)
0 
(0)

Klebsiella
n  (%)

5 
(45.5)

8 
(72.7)

1 
(12.5)

0 
(0)
4 

(40)
2 

(22.2)
3 

(33.3)
-

11 
(100)

5 
(71.4)

2 
(40)
6 

(54.6)
6 

(54.6)
10 

(100)
1 

(25)
6 

(60)
0 
(0)

Proteus
n (%)

5 
(26.3)

6 
(37.5)

0 
(0)
0 
(0)
15 
(75)
14 

(73.7)
10 

(52.6)
4 

(100)
17 

(89.5)
16 

(88.9)
1 

(14.3)
7 

(36.8)
6 

(37.5)
19 
(95)
15 

(88.2)
1 

(7.7)
0 
(0)

Pseudomonas
n (%)

5 
(83.3)

4 
(80)
3 

(100)
2 

(33.3)
4 

(66.7)
4 

(80)
3 

(50)
-

5 
(83.3)

4 
(66.7)

0 
(0)
5 

(83.3)
2 

(40)
3 

(60)
3 

(75)
2 

(40)
-

Staph.
n (%)

*Strep. denotes Streptococci, E. coli denotes Escherichia coli, CoNS denotes coagulase-negative Staphylococci, 
Staph. denotes staphylococcus, CTX denotes Co-trimoxazole
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spectrum of microbial isolates, including Streptococci, 
Citrobacter spp, CoNS, E. coli, Enterococci, 
Klebsiella, Proteus, Pseudomonas, and 
Staphylococcus. Both antimicrobial agents remain 
predominant (over 90%) in CoNS organisms. Amikacin 
is a reliable treatment option, with substantial 
sensitivity ranging from 50% to 100% against most 
isolates. Ciprofloxacin and Levofloxacin exhibit 
moderate to high sensitivity, particularly against E. coli 
(approximately 37% and 38%, respectively) and 
Pseudomonas (around 74% and 75%, respectively), 
although there is some variability.
Nitrofurantoin stands out for its sensitivity against 
various isolates, while Amoxiclav demonstrates 
moderate to high effectiveness against Streptococci, E. 
coli, and Klebsiella. Gentamicin shows variable 
sensitivity across isolates, with notable effectiveness 
against Staphylococci and E. coli. However, some 
antibiotics, like Ceftazidime and Cefuroxime, exhibit 
limited efficacy against certain isolates [Table-IV].

DISCUSSION
The study included a total of 205 patients, with females 
with UTI predominant (76.1%), revealing an overall 
mean age of 63.22 years, with males showing a slightly 
lower mean age compared to females, although this 
disparity did not reach statistical significance. The 
genderbased discrepancies were consistent with a 
previously published article that found a higher 
incidence of infection in females19,20.
Interestingly, while the age distribution across various 
age groups did not demonstrate statistically significant 
differences between males and females, there were 
notable trends. The highest proportion of patients fell 
within the 61-70 years age group, followed by the 
51-60 years age group, indicating a predominance of 
older individuals affected by UTI with CKD. These 
findings align with a recently published report 
conducted in Bangladesh, indicating an increased 
prevalence of  UTI in CKD with advancing age21. 
However, it's imperative to note that our study's limited 
sample size might have influenced the statistical power 
to detect significant differences.
Median serum creatinine levels and estimated 
glomerular filtration rates (eGFR) showed similar 
values between genders. However, a significant 
difference in median haemoglobin levels was 
observed, with females exhibiting higher levels, 
reflecting potential differences in anaemia prevalence 
between genders.
The prevalence of diabetes among CKD patients with 
UTI was notably high, with 71.71% diagnosed as 
diabetic. This finding underscores the strong 

association between diabetes and UTI in CKD, 
consistent with previous research highlighting diabetic 
complications related to poor glycaemic control and 
older age as a leading cause of CKD worldwide22. The 
high prevalence of diabetes in our study population 
emphasises the need for robust diabetes management 
strategies to prevent or delay the progression of 
CKD23.
Furthermore, the distribution of CKD stages among 
UTI patients demonstrated a significant burden of 
advanced CKD, with stage 4 and stage 5 CKD 
accounting for 35.1% and 24.4% of cases, respectively. 
This distribution suggests a considerable proportion of 
patients may be at risk of complications such as 
end-stage renal disease (ESRD) and the need for renal 
replacement therapy (RRT)24. These findings 
underscore the importance of early detection and 
intervention strategies aimed at slowing the 
progression of CKD, particularly among high-risk 
individuals such as those with diabetes.
In terms of the proportion of microorganisms causing 
UTI among patients with chronic kidney disease 
(CKD), stratified by gender, Escherichia coli (E. coli) 
emerged as the predominant pathogen, responsible for 
more than half (52.68%) of all infections. While the 
proportion of E. coli infections was slightly lower 
among male participants compared to females, it 
remained the most prevalent organism in both genders, 
highlighting its significance as a causative agent in 
CKD-associated infections. The results aligned with 
previously conducted studies25,26. 
Similarly, Klebsiella infections were notably prevalent, 
representing 14.15% of all infections, with comparable 
rates between males and females27. Notably, 
coagulase-negative Staphylococci (CoNS) infections 
were more prevalent among male patients (14.29%) 
compared to females (3.21%), suggesting potential 
gender-specific differences in susceptibility to certain 
pathogens. These overall proportions and gender-based 
variation are consistent with various previous 
studies28,29. Conversely, Streptococcal and Citrobacter 
infections were less common overall, with Streptococci 
found exclusively and Citrobacter infections 
predominantly affecting females27,30. The relatively 
low prevalence of Staphylococcal, Enterococci, and 
Proteus infections28 underscores the diverse microbial 
landscape associated with CKD, necessitating targeted 
surveillance and management strategies tailored to 
specific pathogens. 
The examination of antibiotic susceptibility profiles 
among patients with chronic kidney disease (CKD) 
delineates a complex landscape of antimicrobial 
efficacy against various clinical isolates. Carbapenems, 

including Meropenem and Imipenem, emerge as 
stalwart therapeutic options, boasting sensitivity rates 
exceeding 88% across multiple microbial strains31. 
Notably, both agents exhibit consistent effectiveness 
against a broad spectrum of pathogens, encompassing 
Streptococci, Citrobacter spp, Coagulase-negative 
staphylococci (CoNS), Escherichia coli (E. coli), 
Enterococci, Klebsiella, Proteus, Pseudomonas, and 
Staphylococci organisms. Particularly commendable 
is their robust efficacy against CoNS, with sensitivity 
rates surpassing 90%. Amikacin also stands out as a 
reliable treatment avenue, showcasing substantial 
sensitivity ranging from 50% to 100% against most 
isolates32,33. In contrast, Ciprofloxacin and 
Levofloxacin demonstrate moderate to high 
sensitivity, notably against E. coli and Pseudomonas 
strains; which was found to be consistent with 
previous research27. Nevertheless, some variability in 
effectiveness is observed across isolates, warranting 
careful consideration during therapeutic selection. 
Nitrofurantoin emerges as a noteworthy candidate, 
exhibiting notable sensitivity against diverse isolates, 
as demonstrated by previous research studies27,34. 
Similarly, Amoxiclav demonstrates moderate to high 
effectiveness against Streptococci, E. coli, and 
Klebsiella strains, aligned with previous studies32,35. 
Gentamicin exhibits variable sensitivity across 
isolates, with pronounced effectiveness against Staph. 
and E. coli36. However, certain antibiotics, such as 
Ceftazidime and Cefuroxime, showcase limited 
efficacy against specific isolates, emphasising the 
importance of tailored antibiotic stewardship 
practices28. 
This comprehensive analysis underscores the 
imperative of judicious antibiotic selection guided by 
local susceptibility patterns to optimise therapeutic 
outcomes and mitigate the emergence of 
antimicrobial resistance.

LIMITATIONS
The limitations of the study include its retrospective 
design, reliance on data from a single healthcare 
centre, small sample size, focus on urinary 
specimens, absence of molecular characterisation of 
isolates, and inability to explore temporal trends.

CONCLUSION
The study conducted in Bangladesh emphasises that 
patients with chronic kidney disease exhibit diverse 
antibiotic susceptibility patterns. The research 
revealed that carbapenems, specifically Meropenem 
and Imipenem display greater efficacy, while other 

antibiotics exhibit varying degrees of effectiveness. It 
is imperative to choose antibiotics tailored for each 
patient to effectively manage infections within this 
population. However, further studies with multicenter 
and molecular characterisation of isolates are required 
to provide valuable insights for the development of 
more targeted treatment strategies.
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INTRODUCTION
Chronic kidney disease (CKD) represents a 
significant health challenge worldwide, with 
escalating prevalence rates observed, particularly in 
low and middle-income nations such as Bangladesh. 

In 2017, an estimated 1.2 million people died from 
CKD worldwide, with a 41.5% increase in the all-age 
mortality rate between 1990 and 2017. Despite this 
increase, there was no significant change in the 
age-standardised mortality rate during the same 
period. The global prevalence of all-stage CKD was 
recorded at 697.5 million cases, corresponding to a 
prevalence of 9.1%1. According to the Global Burden 
of Disease study, there were approximately 1.4 
million deaths worldwide due to CKD in 2019. This 
represents a 20% increase from 2010 and is one of 

comorbidities, CKD stage, and antibiotic usage 
history, were considered eligible for inclusion in the 
study. Patients diagnosed with acute kidney injury 
(AKI) or other renal conditions that did not meet the 
criteria for CKD, those with clinical specimens 
deemed inadequate for microbiological analysis, and 
patients with severe immunocompromised conditions 
or undergoing immunosuppressive therapy were 
excluded from the study. The estimated glomerular 
filtration rate (eGFR) (ml/min per 1.73 m2) was 
calculated according to the Chronic Kidney Disease 
Epidemiology Collaboration (CKD-EPI) updated 
formula15, and CKD stages were categorised 
following guidelines by the American Kidney 
Association16.

Bacterial identification using urine samples: 
Aseptic techniques were used to prevent 
contamination and ensure accurate results. The urine 
sample was collected in a sterile container and 
transported to the laboratory. Upon receipt, the 
sample was mixed for homogeneity, and a small 
amount was inoculated onto culture media. The plates 
were then incubated at 37° Celsius for 18-24 hours to 
promote bacterial growth. After incubation, the plates 
were examined for colony morphology, colour, size, 
and any features indicating bacterial growth. Further 
biochemical testing was conducted to characterise 
and confirm the isolates. Common tests, including 
catalase, oxidase, indole, urease, and carbohydrate 
fermentation tests, were performed to provide 
information about the metabolic properties of the 
bacteria. The identified bacterial species, along with 
antibiotic susceptibility testing results, were included 
in the final report. Stringent quality control measures 
were maintained to ensure the reliability and validity 
of the results, facilitating the accurate diagnosis and 
treatment of bacterial urinary tract infections. 
Bacteriuria was defined as the growth of any 
microorganism at a concentration of ≥105 CFU/ml or 
≥103 CFU/ml in patients with symptoms. 
Asymptomatic bacteriuria (ASBU) was defined as the 
presence of at least 105 colony-forming units 
(CFU/ml) of bacterial species in a midstream urine 
sample that was collected cleanly and did not show 
any symptoms of a urinary tract infection (UTI)17. 
The isolated organisms were identified using the 
standard biochemical method, which involves 
assessing the appearance of the colonies, staining 
reactions, and biochemical properties.

Antibiotic susceptibility testing procedure:
Antibiotic susceptibility testing was conducted 

meticulously using standardised protocols to evaluate 
the effectiveness of different antibiotics against 
microbial isolates obtained from individuals 
diagnosed with chronic kidney disease (CKD). 
Initially, pure cultures of microbial isolates were 
obtained by subculturing on appropriate agar plates. 
The Kirby-Bauer disk diffusion method, following 
the guidelines set by the Clinical and Laboratory 
Standards Institute (CLSI)18, was then used for 
susceptibility testing. This involved preparing 
standardised inoculum suspensions of microbial 
isolates, which were then evenly spread on 
Mueller-Hinton agar plates. Antibiotic disks, each 
containing specific concentrations of antibiotics 
relevant to CKD associated infections, were 
strategically placed on the agar surface. After an 
incubation period under optimal conditions, the 
diameter of the zone of inhibition surrounding each 
antibiotic disk was carefully measured using a 
calibrated ruler. The interpretation of zone sizes 
followed the established breakpoints outlined in the 
CLSI guidelines, allowing for the classification of 
isolates as susceptible, intermediate, or resistant to 
each antibiotic tested. Throughout the testing process, 
rigorous quality control measures were implemented 
to ensure the precision and reliability of susceptibility 
testing results. These measures included the inclusion 
of standard reference strains and routine performance 
assessments.

Statistical analysis:
Descriptive analyses are presented using different 
methods for continuous and categorical variables. For 
normally distributed continuous variables, the 
mean±standard deviation (SD) is reported. Skewed 
data is described using the median and 25% and 75% 
quartiles. Categorical variables are expressed as 
proportions (%). Before conducting the analyses, the 
normality of continuous variables was checked using 
histograms and box plots. To compare groups for 
normally distributed continuous variables, the student 
t-test was used. For skewed continuous variables, the 
non-parametric Kruskal-Wallis test was performed. 
Categorical variables were analysed using Fisher's 
exact test or the χ² test, depending on the 
circumstances. The data were analysed using the 
statistical software STATA 17.

RESULTS
Demographic and clinical characteristics of 
patients with CKD by gender:
The study conducted a comprehensive analysis of 
demographic and clinical characteristics among the 

study participants with chronic kidney diseases, 
categorising them by gender. A total of 205 individuals 
were included in the study, with 49 (23.9%) being male 
and 156 (76.1%) being female (Table-I).
The overall mean age of the participants was 
63.22±9.07 years. Males had a slightly lower mean age 
of 62.47 years compared to females, who had a mean 
age of 63.46 years. However, this difference was not 
statistically significant (p=0.06). Similarly, there were 
no statistically significant differences observed between 
males and females across various age groups (41-50, 
51-60, 61-70, 71-80, and >80) (p=0.198) (Table-I).
Median serum creatinine levels and estimated 
glomerular filtration rates (eGFR) showed similar 
values between males and females (S. creatinine: 2.2 

mg/dl vs. 2.3 mg/dl, p=0.3303; eGFR: 32 
ml/min/1.73m2vs. 25.5 ml/min/1.73m2, p=0.111). 
However, a significant difference in median 
haemoglobin levels was observed, with females 
having higher levels (10.4 g/dl vs. 11 g/dl, 
p=0.019). Furthermore, the proportion of diabetes 
was notably higher among females compared to 
males, and this difference was statistically 
significant (59.18% vs. 75.64%, p=0.026). 
Notably, there were significant disparities in the 
distribution of chronic kidney disease (CKD) 
stages between genders (p<0.001). Stage 4 CKD 
was more prevalent among males (57.14%), while 
Stage 5 CKD was more prevalent among females 
(36.73%) [Table-I].

the highest increases among the leading causes of 
death2. The prevalence of CKD in South Asia is 
reported to be 13.6% in Thailand3, 10.8% in China4, 
and 15.0% in India5. CKD commonly results in 
progressive end-stage renal disease (ESRD), leading 
to higher rates of hospitalisation and premature 
deaths6. 
Chronic kidney disease (CKD) poses a significant 
burden on public health in Bangladesh, with a 
growing number of individuals affected by this 
condition. A meta-analysis of 225,206 participants 
found that the prevalence of chronic kidney disease 
(CKD) among individuals in Bangladesh was 
22.48%. This rate is significantly higher than the 
global prevalence of CKD. Moreover, the analysis 
revealed that the prevalence of CKD was higher in 
females (25.32%) compared to males (20.31%)7. 
CKD is characterised by a progressive decline in 
kidney function over time, leading to various 
complications, including electrolyte imbalances, fluid 
retention, and cardiovascular diseases8,9. In 
Bangladesh, factors such as inadequate access to 
healthcare services, limited awareness about kidney 
health, and high prevalence of risk factors like 
diabetes and hypertension contribute to the escalating 
burden of CKD10,11. Moreover, the management of 
CKD is complicated by the frequent occurrence of 
infectious complications, such as urinary tract 
infections (UTIs) and bloodstream infections, which 
are often exacerbated by the immunocompromised 
state associated with kidney dysfunction12,13. 
The effective management of CKD often necessitates 
antibiotic therapy to address associated infectious 
complications13,14. However, despite the critical role 
antibiotics play in patient care, there remains a 
notable dearth of comprehensive studies elucidating 
the antibiotic susceptibility patterns specific to CKD 
patients within the Bangladeshi context. 
Understanding the prevailing microbial landscape 
and the nuanced effectiveness of antibiotics is 
paramount for guiding evidence-based treatment 
strategies and curtailing the emergence of 
antimicrobial resistance a pressing concern that poses 
formidable threats to patient outcomes and healthcare 
systems alike. Thus, this study endeavours to furnish 
a meticulous analysis of antibiotic  susceptibility 
patterns among CKD patients in Bangladesh, 
discerning the prevalence of microbial isolates and 
their susceptibilities to commonly prescribed 
antibiotics. By scrutinising clinical isolates obtained 
from CKD patients, this research aspires to furnish 
invaluable insights to inform antimicrobial 
stewardship practices tailored to the distinctive 

healthcare milieu of Bangladesh. Ultimately, the 
study seeks to furnish actionable evidence aimed at 
optimising patient care and combating the ominous 
tide of antimicrobial resistance, thereby fortifying the 
armamentarium for effectively managing infections 
within the purview of CKD in Bangladesh. The study 
aimed to unveil the pattern of microbial isolates and 
their susceptibility profiles to commonly prescribed 
antibiotics, with the overarching goal of informing 
evidence-based antimicrobial stewardship practices 
and enhancing patient care within the context of 
CKD management.

MATERIALS AND METHODS
Study design and site:
This study adopted a cross-sectional study design to 
investigate the antibiotic susceptibility patterns 
among individuals diagnosed with chronic kidney 
disease (CKD) presenting with suspected or 
confirmed infectious complications. The study took 
place at Jalalabad Ragib-Rabeya Medical College 
Hospital in Sylhet, eastern Bangladesh, between June 
2022 and May 31, 2023. This tertiary healthcare 
centre provides both inpatient and outpatient services 
for patients with chronic kidney disease (CKD) in its 
nephrology department. This medical college is a 
prominent healthcare hub with specialised facilities 
and a dedicated healthcare team in the nephrology 
department focused on diagnosing, treating, and 
managing CKD patients. Its geographical location 
enhances accessibility for a diverse patient 
population, allowing for a comprehensive and 
representative study of CKD in the region.

Study population and recruiting strategy:
The study population consisted of patients aged 40 
years and older who had been diagnosed with chronic 
kidney disease (CKD) and were receiving treatment 
at Jalalabad Ragib-Rabeya Medical College Hospital. 
These patients presented with suspected or confirmed 
infectious complications associated with their 
condition. Both males and females were included in 
the study population, with varying CKD stages 
between 3 and 5. These stages were confirmed 
through clinical evaluation, laboratory tests, and the 
estimated glomerular filtration rate (GFR). The 
population was purposefully recruited based on 
positive urinary tract infection (UTI) results among 
individuals suffering from CKD. Patients who were 
required to undergo antibiotic susceptibility testing 
and had complete demographic and clinical data 
available for analysis, including age, gender, 

30. Coutinho GMM, Silva ECD, Campanharo CRV, 
Belasco AGS, Fonseca CDD, Barbosa DA. 
Urinary tract infection in patients with chronic 
kidney disease under conservative treatment. Rev 
Bras Enferm 2021; 75: e20210065. 
doi:10.1590/0034-7167-2021-0065.

31. Jones RN, Rhomberg PR, Varnam DJ, Mathai D. A 
comparison of the antimicrobial activity of 
meropenem and selected broad-spectrum 
antimicrobials tested against multi-drug resistant 
Gram-negative bacilli including bacteraemic 
Salmonella spp.: initial studies for the MYSTIC 
programme in India. Int J Antimicrob Agents. 2002;  
20 (6): 426-31. doi: 10.1016/s0924-8579(02) 
00210-8. 

32. Hossain S, Aktar B, Solayman DM, Nowrozi F, 
Ahmed AA. Antibiotic Susceptibility Pattern of 
Staphylococcus aureus Isolated from Suppurative 
Lesions in Khwaja Yunus Ali Medical College 
Hospital. Khwaja Yunus Ali University J 2016; 1 
(1). 55-61.

33. Coste A, Deslandes G, Jalin L, Corvec S, Caillon J, 
Boutoille D, et al. PK/PD targets of amikacin and 

gentamicin in ICU patients. Médecine Mal Infect 
2020; 50 (8): 709-14. doi:10.1016/j. medmal. 
2019.12.003.

34. Kuruvilla TS, Dias M, D’souza RM. To explore 
the in vitro sensitivity of nitrofurantoin and its 
efficacy in treating multidrug-resistant 
Escherichia coli urinary isolates amongst 
inpatients at a tertiary care centre. Hamdan Med 
J 2023; 16 (3): 260-2. doi:10.4103/ 
hmj.hmj_68_23.

35. Farjana NE, Islam MA, Zerin T, Begum MA. 
Bacterial association in urinary tract infection 
and their drug resistance among patients in 
Rajshahi, Bangladesh. Int J Com Med Pub 
Health 2021; 8: 2144-9. 
doi:10.18203/2394-6040.ijcmph20211730. 

36. Bulman ZP, Cirz R, Hildebrandt D, Kane T, 
Rosario Z, Wlasichuk K, et al. Unraveling the 
Gentamicin Drug Product Complexity Reveals 
Variation in Microbiological Activities and 
Nephrotoxicity. Antimicrob Agents Chemother 
2020; 64 (9): e00533-20.doi:10.1128/aac. 
00533-20.



The proportion of microorganism infection among 
patients with CKD by gender: 

The study investigated the occurrence of 
microorganism infections in patients with CKD, 
categorised by gender. Among these infections, 
Escherichia coli (E. coli) was the most prevalent, 
accounting for 52.68% of all cases. The proportion of 
E. coli infections was slightly lower in male 
participants (44.90%) compared to female 
participants (55.13%), but it remained the 

predominant pathogen in both genders. Klebsiella 
infections were documented in 29 patients, 
representing 14.15% of all infections, with similar 
proportions among male (14.29%) and female 
(14.10%) participants. Pseudomonas infections were 
reported in 20 patients, amounting to 9.76% of all 
infections, with comparable rates between males and 
females. Coagulase-negative staphylococci (CoNS) 
infections were diagnosed in 12 patients, making up 
5.85% of all infections. Among the participants, a 

higher proportion of male patients (14.29%) 
experienced these infections compared to female 
patients (3.21%) [Table-II].
Citrobacter infections were found in 7 patients, 
representing 3.41% of all infections, and all of these 
cases occurred in female participants. Staphylococcai, 
Enterococci, and Proteus organisms showed relatively 
lower infection rates (2.93%, 4.88%, and 5.37%, 
respectively), with Staphylococcal infections being 
more prevalent among male participants (6.12%) 
compared to female participants (1.92%). The 
findings indicated that Streptococcal infections were 
only present in 2 patients, accounting for 0.98% of all 

infections, and both cases occurred in female patients. 
Therefore, the study concludes that gender may play a 
role in the occurrence of certain microorganism 
infections among patients with CKD. [Table-II].
Antibiotic susceptibility profiles against multiple 
clinical isolates among patients with CKD:
The antibiotic susceptibility profiles in patients with 
chronic kidney disease (CKD) reveal varying levels of 
effectiveness for different antimicrobial agents and 
microbial isolates, as shown in Table-IV. Carbapenems, 
such as Meropenem and Imipenem, demonstrate the 
highest overall sensitivity rates, exceeding 88%. They 
consistently show effectiveness against a broad 
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spectrum of microbial isolates, including Streptococci, 
Citrobacter spp, CoNS, E. coli, Enterococci, 
Klebsiella, Proteus, Pseudomonas, and 
Staphylococcus. Both antimicrobial agents remain 
predominant (over 90%) in CoNS organisms. Amikacin 
is a reliable treatment option, with substantial 
sensitivity ranging from 50% to 100% against most 
isolates. Ciprofloxacin and Levofloxacin exhibit 
moderate to high sensitivity, particularly against E. coli 
(approximately 37% and 38%, respectively) and 
Pseudomonas (around 74% and 75%, respectively), 
although there is some variability.
Nitrofurantoin stands out for its sensitivity against 
various isolates, while Amoxiclav demonstrates 
moderate to high effectiveness against Streptococci, E. 
coli, and Klebsiella. Gentamicin shows variable 
sensitivity across isolates, with notable effectiveness 
against Staphylococci and E. coli. However, some 
antibiotics, like Ceftazidime and Cefuroxime, exhibit 
limited efficacy against certain isolates [Table-IV].

DISCUSSION
The study included a total of 205 patients, with females 
with UTI predominant (76.1%), revealing an overall 
mean age of 63.22 years, with males showing a slightly 
lower mean age compared to females, although this 
disparity did not reach statistical significance. The 
genderbased discrepancies were consistent with a 
previously published article that found a higher 
incidence of infection in females19,20.
Interestingly, while the age distribution across various 
age groups did not demonstrate statistically significant 
differences between males and females, there were 
notable trends. The highest proportion of patients fell 
within the 61-70 years age group, followed by the 
51-60 years age group, indicating a predominance of 
older individuals affected by UTI with CKD. These 
findings align with a recently published report 
conducted in Bangladesh, indicating an increased 
prevalence of  UTI in CKD with advancing age21. 
However, it's imperative to note that our study's limited 
sample size might have influenced the statistical power 
to detect significant differences.
Median serum creatinine levels and estimated 
glomerular filtration rates (eGFR) showed similar 
values between genders. However, a significant 
difference in median haemoglobin levels was 
observed, with females exhibiting higher levels, 
reflecting potential differences in anaemia prevalence 
between genders.
The prevalence of diabetes among CKD patients with 
UTI was notably high, with 71.71% diagnosed as 
diabetic. This finding underscores the strong 

association between diabetes and UTI in CKD, 
consistent with previous research highlighting diabetic 
complications related to poor glycaemic control and 
older age as a leading cause of CKD worldwide22. The 
high prevalence of diabetes in our study population 
emphasises the need for robust diabetes management 
strategies to prevent or delay the progression of 
CKD23.
Furthermore, the distribution of CKD stages among 
UTI patients demonstrated a significant burden of 
advanced CKD, with stage 4 and stage 5 CKD 
accounting for 35.1% and 24.4% of cases, respectively. 
This distribution suggests a considerable proportion of 
patients may be at risk of complications such as 
end-stage renal disease (ESRD) and the need for renal 
replacement therapy (RRT)24. These findings 
underscore the importance of early detection and 
intervention strategies aimed at slowing the 
progression of CKD, particularly among high-risk 
individuals such as those with diabetes.
In terms of the proportion of microorganisms causing 
UTI among patients with chronic kidney disease 
(CKD), stratified by gender, Escherichia coli (E. coli) 
emerged as the predominant pathogen, responsible for 
more than half (52.68%) of all infections. While the 
proportion of E. coli infections was slightly lower 
among male participants compared to females, it 
remained the most prevalent organism in both genders, 
highlighting its significance as a causative agent in 
CKD-associated infections. The results aligned with 
previously conducted studies25,26. 
Similarly, Klebsiella infections were notably prevalent, 
representing 14.15% of all infections, with comparable 
rates between males and females27. Notably, 
coagulase-negative Staphylococci (CoNS) infections 
were more prevalent among male patients (14.29%) 
compared to females (3.21%), suggesting potential 
gender-specific differences in susceptibility to certain 
pathogens. These overall proportions and gender-based 
variation are consistent with various previous 
studies28,29. Conversely, Streptococcal and Citrobacter 
infections were less common overall, with Streptococci 
found exclusively and Citrobacter infections 
predominantly affecting females27,30. The relatively 
low prevalence of Staphylococcal, Enterococci, and 
Proteus infections28 underscores the diverse microbial 
landscape associated with CKD, necessitating targeted 
surveillance and management strategies tailored to 
specific pathogens. 
The examination of antibiotic susceptibility profiles 
among patients with chronic kidney disease (CKD) 
delineates a complex landscape of antimicrobial 
efficacy against various clinical isolates. Carbapenems, 
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including Meropenem and Imipenem, emerge as 
stalwart therapeutic options, boasting sensitivity rates 
exceeding 88% across multiple microbial strains31. 
Notably, both agents exhibit consistent effectiveness 
against a broad spectrum of pathogens, encompassing 
Streptococci, Citrobacter spp, Coagulase-negative 
staphylococci (CoNS), Escherichia coli (E. coli), 
Enterococci, Klebsiella, Proteus, Pseudomonas, and 
Staphylococci organisms. Particularly commendable 
is their robust efficacy against CoNS, with sensitivity 
rates surpassing 90%. Amikacin also stands out as a 
reliable treatment avenue, showcasing substantial 
sensitivity ranging from 50% to 100% against most 
isolates32,33. In contrast, Ciprofloxacin and 
Levofloxacin demonstrate moderate to high 
sensitivity, notably against E. coli and Pseudomonas 
strains; which was found to be consistent with 
previous research27. Nevertheless, some variability in 
effectiveness is observed across isolates, warranting 
careful consideration during therapeutic selection. 
Nitrofurantoin emerges as a noteworthy candidate, 
exhibiting notable sensitivity against diverse isolates, 
as demonstrated by previous research studies27,34. 
Similarly, Amoxiclav demonstrates moderate to high 
effectiveness against Streptococci, E. coli, and 
Klebsiella strains, aligned with previous studies32,35. 
Gentamicin exhibits variable sensitivity across 
isolates, with pronounced effectiveness against Staph. 
and E. coli36. However, certain antibiotics, such as 
Ceftazidime and Cefuroxime, showcase limited 
efficacy against specific isolates, emphasising the 
importance of tailored antibiotic stewardship 
practices28. 
This comprehensive analysis underscores the 
imperative of judicious antibiotic selection guided by 
local susceptibility patterns to optimise therapeutic 
outcomes and mitigate the emergence of 
antimicrobial resistance.

LIMITATIONS
The limitations of the study include its retrospective 
design, reliance on data from a single healthcare 
centre, small sample size, focus on urinary 
specimens, absence of molecular characterisation of 
isolates, and inability to explore temporal trends.

CONCLUSION
The study conducted in Bangladesh emphasises that 
patients with chronic kidney disease exhibit diverse 
antibiotic susceptibility patterns. The research 
revealed that carbapenems, specifically Meropenem 
and Imipenem display greater efficacy, while other 

antibiotics exhibit varying degrees of effectiveness. It 
is imperative to choose antibiotics tailored for each 
patient to effectively manage infections within this 
population. However, further studies with multicenter 
and molecular characterisation of isolates are required 
to provide valuable insights for the development of 
more targeted treatment strategies.

REFERENCES
1. GBD Chronic Kidney Disease Collaboration. Global, 

regional, and national burden of chronic kidney 
disease, 1990-2017: a systematic analysis for the 
Global Burden of Disease Study 2017. Lancet 2020; 
395 (10225): 709-33. doi: 
10.1016/S0140-6736(20)30045-3.

2. Institute for Health Metrics and Evaluation. Global 
Burden of Disease (GBD) 2021 [Cited 5 August 
2022]. Available from: https:// 
www.healthdata.org/ research-analysis/gbd.

3. Jha V. Current Status of Chronic Kidney Disease 
Care in Southeast Asia. Semin Nephrol 2009; 29 
(5): 487-96. doi:10.1016/j.semnephrol.2009.06. 
005.

4. Zhang L, Wang F, Wang L, Wang W, Liu B, Liu J, 
et al. Prevalence of chronic kidney disease in 
China: a cross-sectional survey. Lancet 2012; 379 
(9818): 815-22. doi: 10.1016/S0140- 6736 (12) 
60033-6.

5. Varma PP, Raman DK, Ramakrishnan TS, Singh P, 
Varma A. Prevalence of early stages of chronic 
kidney disease in apparently healthy central 
government employees in India. Nephrol Dial 
Transplant 2010; 25 (9): 3011-7. doi:10.1093/ndt/ 
gfq131.

6. Mills KT, Xu Y, Zhang W, Bundy JD, Chen CS, 
Kelly TN, et al. A systematic analysis of 
worldwide population-based data on the global 
burden of chronic kidney disease in 2010. Kidney 
Int 2015; 88 (5): 950-7. doi:10.1038/ki.2015.230.

7. Banik S, Ghosh A. Prevalence of chronic kidney 
disease in Bangladesh: a systematic review and 
meta-analysis. Int Urol Nephrol 2021; 53 (4): 
713-8. doi:10.1007/s11255-020-02597-6.

8. Podkowinska A, Formanowicz D. Chronic kidney 
disease as oxidative stress- and 
inflammatory-mediated cardiovascular disease. 
Antioxidants 2020; 9 (8): 752. 
doi:10.3390/antiox9080752.

9. Kim GH. Fluid and Electrolyte Problems in 
Chronic Kidney Disease. In: Ar c  M, ed. 
Management of Chronic Kidney Disease. 
Springer, Cham; 2023. p 327-44. 
doi:10.1007/978-3-031-42045-0_22.

10. Trivedi A, Kumar S. Chronic kidney disease of 

unknown origin: think beyond common 
etiologies. Cureus 2023; 15 (5): e38939. 
doi:10.7759/ cureus. 38939.

11. Rashid HU, Alam MR, Khanam A, et al. 
Nephrology in Bangladesh. In: Moura-Neto JA, 
Divino-Filho JC, Ronco C, eds. Nephrology 
Worldwide. Springer, Cham; 2021. p 221-38. 
doi:10.1007/978-3-030-56890-0_18.

12. Wagenlehner FME, Bjerklund Johansen TE, Cai 
T, Koves B, Kranz J, Pilatz A, et al. 
Epidemiology, definition and treatment of 
complicated urinary tract infections. Nat Rev 
Urol 2020; 17 (10): 586-600. 
doi:10.1038/s41585-020-0362-4.

13. Scherberich JE, Fünfstück R, Naber KG.Urinary 
tract infections in patients with renal 
insufficiency and dialysis- epidemiology, 
pathogenesis, clinical symptoms, diagnosis and  
treatment. GMS Infect Dis 2021; 9. doi:10.3205/ 
id000076.

14. Falcone M, Paul M, Tiseo G, Yahav D, Prendki V, 
Friberg LE, et al. Considerations for the optimal 
management of antibiotic therapy in elderly 
patients. J Glob Antimicrob Resist 2020; 22: 
325-33. doi:10.1016/j.jgar.2020.02.022.

15. National Kidney Foundation. CKD-EPI creatinine 
equation (2021). New York: National Kidney 
Foundation; 2021 [Cited 5 August 2022]. 
Available from: https:// www. kidney.org/ 
professionals/ kdoqi/ gfr_calculator/ formula.

16. National Kidney Foundation. Chronic Kidney 
Disease, Classification. New York: National 
Kidney Foundation; 2021 [Cited 5 August 2022]. 
Available from:https://www.kidney.org/ 
professionals/guidelines/guidelines_commentarie
s/chronic-kidney-disease-classification.

17. Jaiswal S, Das R, Sharma S, Paudel P, 
Lamichhane SR. Bacteriological study of urinary 
tract infection in male patients undergoing 
dialysis due to chronic kidney disease in tertiary 
care hospitals in Nepal. RRJoLS 2013; 3 (2): 
8-19.

18. CLSI.org [Internet]. Pennsylvania: The Clinical 
and Laboratory Standards Institute 2022 [Cited 5 
August 2022]. Available from: 
https://clsi.org/standards/.

19. Ahmed MU, Khairuzzaman M, Begum A, Ahmed 
I. Isolation and antimicrobial susceptibility 
pattern of Escherichia coli causing urinary tract 
infection in Enam Medical College Hospital. J 
Enam Med Col 2012; 1 (2): 60-62. 
doi:10.3329/jemc.v1i2.11463.

20. Parvin US, Hossain MA, Musa AK, Mahamud C, 

Islam MT, Haque N, et al. Pattern of aerobic 
bacteria with antimicrobial susceptibility causing 
community acquired urinary tract infection. 
Mymensingh Med J 2009; 18 (2): 148-53.

21. Arjumand M, Ali GMT, Dutta PK, Hassan MH, 
Hasan KMA, Barua BK. Pattern of UTI in chronic 
kidney disease: experience from a tertiary care 
hospital, Bangladesh. Chattagram Maa-O-Shishu 
Hospital Med Col J 2021; 20 (1): 41-45. doi: 
10.3329/ cmoshmcj.v20i1. 53586.

22. Jitraknatee J, Ruengorn C, Nochaiwong S. 
Prevalence and risk factors of chronic kidney 
disease among type 2 diabetes patients: a 
cross-sectional study in primary care practice. Sci 
Rep 2020; 10 (1): 6205. 
doi:10.1038/s41598-020-63443-4.

23. Luyckx VA, Cherney DZI, Bello AK. Preventing 
CKD in developed countries. Kidney Int Rep 
2020; 5 (3): 263-77. doi:10.1016/j.ekir. 2019. 
12.003.

24. Fidan C, Agirbas I The effect of renal replacement 
therapy on health-related quality of life in end-stage 
renal disease: a meta-analysis. Clin Exp Nephrol 
2023; 27 (10): 829-46. doi: 10.1007/s10157 -023- 
02377-3.

25. Dasgupta C, Rafi MA, Salam MA. High 
prevalence of multidrug resistant uropathogens: A 
recent audit of antimicrobial susceptibility testing 
from a tertiary care hospital in Bangladesh. Pak J 
Med Sci 2020; 36 (6): 1297-1302. doi:10.12669/ 
pjms.36.6.2943.

26. Thapa TB, Pokhrel S, Lamichhane A, Singh VK, 
Shrestha O, Sapkota M, et al. Prevalence and 
antibiogram of bacteria causing urinary tract 
infection among patients with chronic kidney 
disease. Open Medicine. 2023; 18 (1). 
doi:10.1515/med-2023-0824.

27. Shankar M, Narasimhappa S, Madhura NS. 
Urinary tract infection in chronic kidney disease 
population: a clinical observational study. Cureus 
2021; 13 (1): e12486. doi:10.7759/cureus.12486.

28. Patel HB, Soni ST, Bhagyalaxmi A, Patel NM. 
Causative agents of urinary tract infections and 
their antimicrobial susceptibility patterns at a 
referral center in Western India: An audit to help 
clinicians prevent antibiotic misuse. J Family Med 
Prim Care 2019; 8 (1): 154-9. 
doi:10.4103/jfmpc.jfmpc_203_18.

29. Dimacali VG, Lim Bon Siong R. Infectious 
endophthalmitis at a Philippine tertiary hospital: a 
ten-year retrospective study. J Ophthalmic Inflamm 
Infect 2020; 10 (1): 19. doi: 10. 1186/ s12348-020-  
00208-0.

INTRODUCTION
Chronic kidney disease (CKD) represents a 
significant health challenge worldwide, with 
escalating prevalence rates observed, particularly in 
low and middle-income nations such as Bangladesh. 

In 2017, an estimated 1.2 million people died from 
CKD worldwide, with a 41.5% increase in the all-age 
mortality rate between 1990 and 2017. Despite this 
increase, there was no significant change in the 
age-standardised mortality rate during the same 
period. The global prevalence of all-stage CKD was 
recorded at 697.5 million cases, corresponding to a 
prevalence of 9.1%1. According to the Global Burden 
of Disease study, there were approximately 1.4 
million deaths worldwide due to CKD in 2019. This 
represents a 20% increase from 2010 and is one of 

comorbidities, CKD stage, and antibiotic usage 
history, were considered eligible for inclusion in the 
study. Patients diagnosed with acute kidney injury 
(AKI) or other renal conditions that did not meet the 
criteria for CKD, those with clinical specimens 
deemed inadequate for microbiological analysis, and 
patients with severe immunocompromised conditions 
or undergoing immunosuppressive therapy were 
excluded from the study. The estimated glomerular 
filtration rate (eGFR) (ml/min per 1.73 m2) was 
calculated according to the Chronic Kidney Disease 
Epidemiology Collaboration (CKD-EPI) updated 
formula15, and CKD stages were categorised 
following guidelines by the American Kidney 
Association16.

Bacterial identification using urine samples: 
Aseptic techniques were used to prevent 
contamination and ensure accurate results. The urine 
sample was collected in a sterile container and 
transported to the laboratory. Upon receipt, the 
sample was mixed for homogeneity, and a small 
amount was inoculated onto culture media. The plates 
were then incubated at 37° Celsius for 18-24 hours to 
promote bacterial growth. After incubation, the plates 
were examined for colony morphology, colour, size, 
and any features indicating bacterial growth. Further 
biochemical testing was conducted to characterise 
and confirm the isolates. Common tests, including 
catalase, oxidase, indole, urease, and carbohydrate 
fermentation tests, were performed to provide 
information about the metabolic properties of the 
bacteria. The identified bacterial species, along with 
antibiotic susceptibility testing results, were included 
in the final report. Stringent quality control measures 
were maintained to ensure the reliability and validity 
of the results, facilitating the accurate diagnosis and 
treatment of bacterial urinary tract infections. 
Bacteriuria was defined as the growth of any 
microorganism at a concentration of ≥105 CFU/ml or 
≥103 CFU/ml in patients with symptoms. 
Asymptomatic bacteriuria (ASBU) was defined as the 
presence of at least 105 colony-forming units 
(CFU/ml) of bacterial species in a midstream urine 
sample that was collected cleanly and did not show 
any symptoms of a urinary tract infection (UTI)17. 
The isolated organisms were identified using the 
standard biochemical method, which involves 
assessing the appearance of the colonies, staining 
reactions, and biochemical properties.

Antibiotic susceptibility testing procedure:
Antibiotic susceptibility testing was conducted 

meticulously using standardised protocols to evaluate 
the effectiveness of different antibiotics against 
microbial isolates obtained from individuals 
diagnosed with chronic kidney disease (CKD). 
Initially, pure cultures of microbial isolates were 
obtained by subculturing on appropriate agar plates. 
The Kirby-Bauer disk diffusion method, following 
the guidelines set by the Clinical and Laboratory 
Standards Institute (CLSI)18, was then used for 
susceptibility testing. This involved preparing 
standardised inoculum suspensions of microbial 
isolates, which were then evenly spread on 
Mueller-Hinton agar plates. Antibiotic disks, each 
containing specific concentrations of antibiotics 
relevant to CKD associated infections, were 
strategically placed on the agar surface. After an 
incubation period under optimal conditions, the 
diameter of the zone of inhibition surrounding each 
antibiotic disk was carefully measured using a 
calibrated ruler. The interpretation of zone sizes 
followed the established breakpoints outlined in the 
CLSI guidelines, allowing for the classification of 
isolates as susceptible, intermediate, or resistant to 
each antibiotic tested. Throughout the testing process, 
rigorous quality control measures were implemented 
to ensure the precision and reliability of susceptibility 
testing results. These measures included the inclusion 
of standard reference strains and routine performance 
assessments.

Statistical analysis:
Descriptive analyses are presented using different 
methods for continuous and categorical variables. For 
normally distributed continuous variables, the 
mean±standard deviation (SD) is reported. Skewed 
data is described using the median and 25% and 75% 
quartiles. Categorical variables are expressed as 
proportions (%). Before conducting the analyses, the 
normality of continuous variables was checked using 
histograms and box plots. To compare groups for 
normally distributed continuous variables, the student 
t-test was used. For skewed continuous variables, the 
non-parametric Kruskal-Wallis test was performed. 
Categorical variables were analysed using Fisher's 
exact test or the χ² test, depending on the 
circumstances. The data were analysed using the 
statistical software STATA 17.

RESULTS
Demographic and clinical characteristics of 
patients with CKD by gender:
The study conducted a comprehensive analysis of 
demographic and clinical characteristics among the 

study participants with chronic kidney diseases, 
categorising them by gender. A total of 205 individuals 
were included in the study, with 49 (23.9%) being male 
and 156 (76.1%) being female (Table-I).
The overall mean age of the participants was 
63.22±9.07 years. Males had a slightly lower mean age 
of 62.47 years compared to females, who had a mean 
age of 63.46 years. However, this difference was not 
statistically significant (p=0.06). Similarly, there were 
no statistically significant differences observed between 
males and females across various age groups (41-50, 
51-60, 61-70, 71-80, and >80) (p=0.198) (Table-I).
Median serum creatinine levels and estimated 
glomerular filtration rates (eGFR) showed similar 
values between males and females (S. creatinine: 2.2 

mg/dl vs. 2.3 mg/dl, p=0.3303; eGFR: 32 
ml/min/1.73m2vs. 25.5 ml/min/1.73m2, p=0.111). 
However, a significant difference in median 
haemoglobin levels was observed, with females 
having higher levels (10.4 g/dl vs. 11 g/dl, 
p=0.019). Furthermore, the proportion of diabetes 
was notably higher among females compared to 
males, and this difference was statistically 
significant (59.18% vs. 75.64%, p=0.026). 
Notably, there were significant disparities in the 
distribution of chronic kidney disease (CKD) 
stages between genders (p<0.001). Stage 4 CKD 
was more prevalent among males (57.14%), while 
Stage 5 CKD was more prevalent among females 
(36.73%) [Table-I].

the highest increases among the leading causes of 
death2. The prevalence of CKD in South Asia is 
reported to be 13.6% in Thailand3, 10.8% in China4, 
and 15.0% in India5. CKD commonly results in 
progressive end-stage renal disease (ESRD), leading 
to higher rates of hospitalisation and premature 
deaths6. 
Chronic kidney disease (CKD) poses a significant 
burden on public health in Bangladesh, with a 
growing number of individuals affected by this 
condition. A meta-analysis of 225,206 participants 
found that the prevalence of chronic kidney disease 
(CKD) among individuals in Bangladesh was 
22.48%. This rate is significantly higher than the 
global prevalence of CKD. Moreover, the analysis 
revealed that the prevalence of CKD was higher in 
females (25.32%) compared to males (20.31%)7. 
CKD is characterised by a progressive decline in 
kidney function over time, leading to various 
complications, including electrolyte imbalances, fluid 
retention, and cardiovascular diseases8,9. In 
Bangladesh, factors such as inadequate access to 
healthcare services, limited awareness about kidney 
health, and high prevalence of risk factors like 
diabetes and hypertension contribute to the escalating 
burden of CKD10,11. Moreover, the management of 
CKD is complicated by the frequent occurrence of 
infectious complications, such as urinary tract 
infections (UTIs) and bloodstream infections, which 
are often exacerbated by the immunocompromised 
state associated with kidney dysfunction12,13. 
The effective management of CKD often necessitates 
antibiotic therapy to address associated infectious 
complications13,14. However, despite the critical role 
antibiotics play in patient care, there remains a 
notable dearth of comprehensive studies elucidating 
the antibiotic susceptibility patterns specific to CKD 
patients within the Bangladeshi context. 
Understanding the prevailing microbial landscape 
and the nuanced effectiveness of antibiotics is 
paramount for guiding evidence-based treatment 
strategies and curtailing the emergence of 
antimicrobial resistance a pressing concern that poses 
formidable threats to patient outcomes and healthcare 
systems alike. Thus, this study endeavours to furnish 
a meticulous analysis of antibiotic  susceptibility 
patterns among CKD patients in Bangladesh, 
discerning the prevalence of microbial isolates and 
their susceptibilities to commonly prescribed 
antibiotics. By scrutinising clinical isolates obtained 
from CKD patients, this research aspires to furnish 
invaluable insights to inform antimicrobial 
stewardship practices tailored to the distinctive 

healthcare milieu of Bangladesh. Ultimately, the 
study seeks to furnish actionable evidence aimed at 
optimising patient care and combating the ominous 
tide of antimicrobial resistance, thereby fortifying the 
armamentarium for effectively managing infections 
within the purview of CKD in Bangladesh. The study 
aimed to unveil the pattern of microbial isolates and 
their susceptibility profiles to commonly prescribed 
antibiotics, with the overarching goal of informing 
evidence-based antimicrobial stewardship practices 
and enhancing patient care within the context of 
CKD management.

MATERIALS AND METHODS
Study design and site:
This study adopted a cross-sectional study design to 
investigate the antibiotic susceptibility patterns 
among individuals diagnosed with chronic kidney 
disease (CKD) presenting with suspected or 
confirmed infectious complications. The study took 
place at Jalalabad Ragib-Rabeya Medical College 
Hospital in Sylhet, eastern Bangladesh, between June 
2022 and May 31, 2023. This tertiary healthcare 
centre provides both inpatient and outpatient services 
for patients with chronic kidney disease (CKD) in its 
nephrology department. This medical college is a 
prominent healthcare hub with specialised facilities 
and a dedicated healthcare team in the nephrology 
department focused on diagnosing, treating, and 
managing CKD patients. Its geographical location 
enhances accessibility for a diverse patient 
population, allowing for a comprehensive and 
representative study of CKD in the region.

Study population and recruiting strategy:
The study population consisted of patients aged 40 
years and older who had been diagnosed with chronic 
kidney disease (CKD) and were receiving treatment 
at Jalalabad Ragib-Rabeya Medical College Hospital. 
These patients presented with suspected or confirmed 
infectious complications associated with their 
condition. Both males and females were included in 
the study population, with varying CKD stages 
between 3 and 5. These stages were confirmed 
through clinical evaluation, laboratory tests, and the 
estimated glomerular filtration rate (GFR). The 
population was purposefully recruited based on 
positive urinary tract infection (UTI) results among 
individuals suffering from CKD. Patients who were 
required to undergo antibiotic susceptibility testing 
and had complete demographic and clinical data 
available for analysis, including age, gender, 
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The proportion of microorganism infection among 
patients with CKD by gender: 

The study investigated the occurrence of 
microorganism infections in patients with CKD, 
categorised by gender. Among these infections, 
Escherichia coli (E. coli) was the most prevalent, 
accounting for 52.68% of all cases. The proportion of 
E. coli infections was slightly lower in male 
participants (44.90%) compared to female 
participants (55.13%), but it remained the 

predominant pathogen in both genders. Klebsiella 
infections were documented in 29 patients, 
representing 14.15% of all infections, with similar 
proportions among male (14.29%) and female 
(14.10%) participants. Pseudomonas infections were 
reported in 20 patients, amounting to 9.76% of all 
infections, with comparable rates between males and 
females. Coagulase-negative staphylococci (CoNS) 
infections were diagnosed in 12 patients, making up 
5.85% of all infections. Among the participants, a 

higher proportion of male patients (14.29%) 
experienced these infections compared to female 
patients (3.21%) [Table-II].
Citrobacter infections were found in 7 patients, 
representing 3.41% of all infections, and all of these 
cases occurred in female participants. Staphylococcai, 
Enterococci, and Proteus organisms showed relatively 
lower infection rates (2.93%, 4.88%, and 5.37%, 
respectively), with Staphylococcal infections being 
more prevalent among male participants (6.12%) 
compared to female participants (1.92%). The 
findings indicated that Streptococcal infections were 
only present in 2 patients, accounting for 0.98% of all 

infections, and both cases occurred in female patients. 
Therefore, the study concludes that gender may play a 
role in the occurrence of certain microorganism 
infections among patients with CKD. [Table-II].
Antibiotic susceptibility profiles against multiple 
clinical isolates among patients with CKD:
The antibiotic susceptibility profiles in patients with 
chronic kidney disease (CKD) reveal varying levels of 
effectiveness for different antimicrobial agents and 
microbial isolates, as shown in Table-IV. Carbapenems, 
such as Meropenem and Imipenem, demonstrate the 
highest overall sensitivity rates, exceeding 88%. They 
consistently show effectiveness against a broad 

spectrum of microbial isolates, including Streptococci, 
Citrobacter spp, CoNS, E. coli, Enterococci, 
Klebsiella, Proteus, Pseudomonas, and 
Staphylococcus. Both antimicrobial agents remain 
predominant (over 90%) in CoNS organisms. Amikacin 
is a reliable treatment option, with substantial 
sensitivity ranging from 50% to 100% against most 
isolates. Ciprofloxacin and Levofloxacin exhibit 
moderate to high sensitivity, particularly against E. coli 
(approximately 37% and 38%, respectively) and 
Pseudomonas (around 74% and 75%, respectively), 
although there is some variability.
Nitrofurantoin stands out for its sensitivity against 
various isolates, while Amoxiclav demonstrates 
moderate to high effectiveness against Streptococci, E. 
coli, and Klebsiella. Gentamicin shows variable 
sensitivity across isolates, with notable effectiveness 
against Staphylococci and E. coli. However, some 
antibiotics, like Ceftazidime and Cefuroxime, exhibit 
limited efficacy against certain isolates [Table-IV].

DISCUSSION
The study included a total of 205 patients, with females 
with UTI predominant (76.1%), revealing an overall 
mean age of 63.22 years, with males showing a slightly 
lower mean age compared to females, although this 
disparity did not reach statistical significance. The 
genderbased discrepancies were consistent with a 
previously published article that found a higher 
incidence of infection in females19,20.
Interestingly, while the age distribution across various 
age groups did not demonstrate statistically significant 
differences between males and females, there were 
notable trends. The highest proportion of patients fell 
within the 61-70 years age group, followed by the 
51-60 years age group, indicating a predominance of 
older individuals affected by UTI with CKD. These 
findings align with a recently published report 
conducted in Bangladesh, indicating an increased 
prevalence of  UTI in CKD with advancing age21. 
However, it's imperative to note that our study's limited 
sample size might have influenced the statistical power 
to detect significant differences.
Median serum creatinine levels and estimated 
glomerular filtration rates (eGFR) showed similar 
values between genders. However, a significant 
difference in median haemoglobin levels was 
observed, with females exhibiting higher levels, 
reflecting potential differences in anaemia prevalence 
between genders.
The prevalence of diabetes among CKD patients with 
UTI was notably high, with 71.71% diagnosed as 
diabetic. This finding underscores the strong 

association between diabetes and UTI in CKD, 
consistent with previous research highlighting diabetic 
complications related to poor glycaemic control and 
older age as a leading cause of CKD worldwide22. The 
high prevalence of diabetes in our study population 
emphasises the need for robust diabetes management 
strategies to prevent or delay the progression of 
CKD23.
Furthermore, the distribution of CKD stages among 
UTI patients demonstrated a significant burden of 
advanced CKD, with stage 4 and stage 5 CKD 
accounting for 35.1% and 24.4% of cases, respectively. 
This distribution suggests a considerable proportion of 
patients may be at risk of complications such as 
end-stage renal disease (ESRD) and the need for renal 
replacement therapy (RRT)24. These findings 
underscore the importance of early detection and 
intervention strategies aimed at slowing the 
progression of CKD, particularly among high-risk 
individuals such as those with diabetes.
In terms of the proportion of microorganisms causing 
UTI among patients with chronic kidney disease 
(CKD), stratified by gender, Escherichia coli (E. coli) 
emerged as the predominant pathogen, responsible for 
more than half (52.68%) of all infections. While the 
proportion of E. coli infections was slightly lower 
among male participants compared to females, it 
remained the most prevalent organism in both genders, 
highlighting its significance as a causative agent in 
CKD-associated infections. The results aligned with 
previously conducted studies25,26. 
Similarly, Klebsiella infections were notably prevalent, 
representing 14.15% of all infections, with comparable 
rates between males and females27. Notably, 
coagulase-negative Staphylococci (CoNS) infections 
were more prevalent among male patients (14.29%) 
compared to females (3.21%), suggesting potential 
gender-specific differences in susceptibility to certain 
pathogens. These overall proportions and gender-based 
variation are consistent with various previous 
studies28,29. Conversely, Streptococcal and Citrobacter 
infections were less common overall, with Streptococci 
found exclusively and Citrobacter infections 
predominantly affecting females27,30. The relatively 
low prevalence of Staphylococcal, Enterococci, and 
Proteus infections28 underscores the diverse microbial 
landscape associated with CKD, necessitating targeted 
surveillance and management strategies tailored to 
specific pathogens. 
The examination of antibiotic susceptibility profiles 
among patients with chronic kidney disease (CKD) 
delineates a complex landscape of antimicrobial 
efficacy against various clinical isolates. Carbapenems, 
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including Meropenem and Imipenem, emerge as 
stalwart therapeutic options, boasting sensitivity rates 
exceeding 88% across multiple microbial strains31. 
Notably, both agents exhibit consistent effectiveness 
against a broad spectrum of pathogens, encompassing 
Streptococci, Citrobacter spp, Coagulase-negative 
staphylococci (CoNS), Escherichia coli (E. coli), 
Enterococci, Klebsiella, Proteus, Pseudomonas, and 
Staphylococci organisms. Particularly commendable 
is their robust efficacy against CoNS, with sensitivity 
rates surpassing 90%. Amikacin also stands out as a 
reliable treatment avenue, showcasing substantial 
sensitivity ranging from 50% to 100% against most 
isolates32,33. In contrast, Ciprofloxacin and 
Levofloxacin demonstrate moderate to high 
sensitivity, notably against E. coli and Pseudomonas 
strains; which was found to be consistent with 
previous research27. Nevertheless, some variability in 
effectiveness is observed across isolates, warranting 
careful consideration during therapeutic selection. 
Nitrofurantoin emerges as a noteworthy candidate, 
exhibiting notable sensitivity against diverse isolates, 
as demonstrated by previous research studies27,34. 
Similarly, Amoxiclav demonstrates moderate to high 
effectiveness against Streptococci, E. coli, and 
Klebsiella strains, aligned with previous studies32,35. 
Gentamicin exhibits variable sensitivity across 
isolates, with pronounced effectiveness against Staph. 
and E. coli36. However, certain antibiotics, such as 
Ceftazidime and Cefuroxime, showcase limited 
efficacy against specific isolates, emphasising the 
importance of tailored antibiotic stewardship 
practices28. 
This comprehensive analysis underscores the 
imperative of judicious antibiotic selection guided by 
local susceptibility patterns to optimise therapeutic 
outcomes and mitigate the emergence of 
antimicrobial resistance.

LIMITATIONS
The limitations of the study include its retrospective 
design, reliance on data from a single healthcare 
centre, small sample size, focus on urinary 
specimens, absence of molecular characterisation of 
isolates, and inability to explore temporal trends.

CONCLUSION
The study conducted in Bangladesh emphasises that 
patients with chronic kidney disease exhibit diverse 
antibiotic susceptibility patterns. The research 
revealed that carbapenems, specifically Meropenem 
and Imipenem display greater efficacy, while other 

antibiotics exhibit varying degrees of effectiveness. It 
is imperative to choose antibiotics tailored for each 
patient to effectively manage infections within this 
population. However, further studies with multicenter 
and molecular characterisation of isolates are required 
to provide valuable insights for the development of 
more targeted treatment strategies.
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INTRODUCTION
Chronic kidney disease (CKD) represents a 
significant health challenge worldwide, with 
escalating prevalence rates observed, particularly in 
low and middle-income nations such as Bangladesh. 

In 2017, an estimated 1.2 million people died from 
CKD worldwide, with a 41.5% increase in the all-age 
mortality rate between 1990 and 2017. Despite this 
increase, there was no significant change in the 
age-standardised mortality rate during the same 
period. The global prevalence of all-stage CKD was 
recorded at 697.5 million cases, corresponding to a 
prevalence of 9.1%1. According to the Global Burden 
of Disease study, there were approximately 1.4 
million deaths worldwide due to CKD in 2019. This 
represents a 20% increase from 2010 and is one of 

comorbidities, CKD stage, and antibiotic usage 
history, were considered eligible for inclusion in the 
study. Patients diagnosed with acute kidney injury 
(AKI) or other renal conditions that did not meet the 
criteria for CKD, those with clinical specimens 
deemed inadequate for microbiological analysis, and 
patients with severe immunocompromised conditions 
or undergoing immunosuppressive therapy were 
excluded from the study. The estimated glomerular 
filtration rate (eGFR) (ml/min per 1.73 m2) was 
calculated according to the Chronic Kidney Disease 
Epidemiology Collaboration (CKD-EPI) updated 
formula15, and CKD stages were categorised 
following guidelines by the American Kidney 
Association16.

Bacterial identification using urine samples: 
Aseptic techniques were used to prevent 
contamination and ensure accurate results. The urine 
sample was collected in a sterile container and 
transported to the laboratory. Upon receipt, the 
sample was mixed for homogeneity, and a small 
amount was inoculated onto culture media. The plates 
were then incubated at 37° Celsius for 18-24 hours to 
promote bacterial growth. After incubation, the plates 
were examined for colony morphology, colour, size, 
and any features indicating bacterial growth. Further 
biochemical testing was conducted to characterise 
and confirm the isolates. Common tests, including 
catalase, oxidase, indole, urease, and carbohydrate 
fermentation tests, were performed to provide 
information about the metabolic properties of the 
bacteria. The identified bacterial species, along with 
antibiotic susceptibility testing results, were included 
in the final report. Stringent quality control measures 
were maintained to ensure the reliability and validity 
of the results, facilitating the accurate diagnosis and 
treatment of bacterial urinary tract infections. 
Bacteriuria was defined as the growth of any 
microorganism at a concentration of ≥105 CFU/ml or 
≥103 CFU/ml in patients with symptoms. 
Asymptomatic bacteriuria (ASBU) was defined as the 
presence of at least 105 colony-forming units 
(CFU/ml) of bacterial species in a midstream urine 
sample that was collected cleanly and did not show 
any symptoms of a urinary tract infection (UTI)17. 
The isolated organisms were identified using the 
standard biochemical method, which involves 
assessing the appearance of the colonies, staining 
reactions, and biochemical properties.

Antibiotic susceptibility testing procedure:
Antibiotic susceptibility testing was conducted 

meticulously using standardised protocols to evaluate 
the effectiveness of different antibiotics against 
microbial isolates obtained from individuals 
diagnosed with chronic kidney disease (CKD). 
Initially, pure cultures of microbial isolates were 
obtained by subculturing on appropriate agar plates. 
The Kirby-Bauer disk diffusion method, following 
the guidelines set by the Clinical and Laboratory 
Standards Institute (CLSI)18, was then used for 
susceptibility testing. This involved preparing 
standardised inoculum suspensions of microbial 
isolates, which were then evenly spread on 
Mueller-Hinton agar plates. Antibiotic disks, each 
containing specific concentrations of antibiotics 
relevant to CKD associated infections, were 
strategically placed on the agar surface. After an 
incubation period under optimal conditions, the 
diameter of the zone of inhibition surrounding each 
antibiotic disk was carefully measured using a 
calibrated ruler. The interpretation of zone sizes 
followed the established breakpoints outlined in the 
CLSI guidelines, allowing for the classification of 
isolates as susceptible, intermediate, or resistant to 
each antibiotic tested. Throughout the testing process, 
rigorous quality control measures were implemented 
to ensure the precision and reliability of susceptibility 
testing results. These measures included the inclusion 
of standard reference strains and routine performance 
assessments.

Statistical analysis:
Descriptive analyses are presented using different 
methods for continuous and categorical variables. For 
normally distributed continuous variables, the 
mean±standard deviation (SD) is reported. Skewed 
data is described using the median and 25% and 75% 
quartiles. Categorical variables are expressed as 
proportions (%). Before conducting the analyses, the 
normality of continuous variables was checked using 
histograms and box plots. To compare groups for 
normally distributed continuous variables, the student 
t-test was used. For skewed continuous variables, the 
non-parametric Kruskal-Wallis test was performed. 
Categorical variables were analysed using Fisher's 
exact test or the χ² test, depending on the 
circumstances. The data were analysed using the 
statistical software STATA 17.

RESULTS
Demographic and clinical characteristics of 
patients with CKD by gender:
The study conducted a comprehensive analysis of 
demographic and clinical characteristics among the 

study participants with chronic kidney diseases, 
categorising them by gender. A total of 205 individuals 
were included in the study, with 49 (23.9%) being male 
and 156 (76.1%) being female (Table-I).
The overall mean age of the participants was 
63.22±9.07 years. Males had a slightly lower mean age 
of 62.47 years compared to females, who had a mean 
age of 63.46 years. However, this difference was not 
statistically significant (p=0.06). Similarly, there were 
no statistically significant differences observed between 
males and females across various age groups (41-50, 
51-60, 61-70, 71-80, and >80) (p=0.198) (Table-I).
Median serum creatinine levels and estimated 
glomerular filtration rates (eGFR) showed similar 
values between males and females (S. creatinine: 2.2 

mg/dl vs. 2.3 mg/dl, p=0.3303; eGFR: 32 
ml/min/1.73m2vs. 25.5 ml/min/1.73m2, p=0.111). 
However, a significant difference in median 
haemoglobin levels was observed, with females 
having higher levels (10.4 g/dl vs. 11 g/dl, 
p=0.019). Furthermore, the proportion of diabetes 
was notably higher among females compared to 
males, and this difference was statistically 
significant (59.18% vs. 75.64%, p=0.026). 
Notably, there were significant disparities in the 
distribution of chronic kidney disease (CKD) 
stages between genders (p<0.001). Stage 4 CKD 
was more prevalent among males (57.14%), while 
Stage 5 CKD was more prevalent among females 
(36.73%) [Table-I].

the highest increases among the leading causes of 
death2. The prevalence of CKD in South Asia is 
reported to be 13.6% in Thailand3, 10.8% in China4, 
and 15.0% in India5. CKD commonly results in 
progressive end-stage renal disease (ESRD), leading 
to higher rates of hospitalisation and premature 
deaths6. 
Chronic kidney disease (CKD) poses a significant 
burden on public health in Bangladesh, with a 
growing number of individuals affected by this 
condition. A meta-analysis of 225,206 participants 
found that the prevalence of chronic kidney disease 
(CKD) among individuals in Bangladesh was 
22.48%. This rate is significantly higher than the 
global prevalence of CKD. Moreover, the analysis 
revealed that the prevalence of CKD was higher in 
females (25.32%) compared to males (20.31%)7. 
CKD is characterised by a progressive decline in 
kidney function over time, leading to various 
complications, including electrolyte imbalances, fluid 
retention, and cardiovascular diseases8,9. In 
Bangladesh, factors such as inadequate access to 
healthcare services, limited awareness about kidney 
health, and high prevalence of risk factors like 
diabetes and hypertension contribute to the escalating 
burden of CKD10,11. Moreover, the management of 
CKD is complicated by the frequent occurrence of 
infectious complications, such as urinary tract 
infections (UTIs) and bloodstream infections, which 
are often exacerbated by the immunocompromised 
state associated with kidney dysfunction12,13. 
The effective management of CKD often necessitates 
antibiotic therapy to address associated infectious 
complications13,14. However, despite the critical role 
antibiotics play in patient care, there remains a 
notable dearth of comprehensive studies elucidating 
the antibiotic susceptibility patterns specific to CKD 
patients within the Bangladeshi context. 
Understanding the prevailing microbial landscape 
and the nuanced effectiveness of antibiotics is 
paramount for guiding evidence-based treatment 
strategies and curtailing the emergence of 
antimicrobial resistance a pressing concern that poses 
formidable threats to patient outcomes and healthcare 
systems alike. Thus, this study endeavours to furnish 
a meticulous analysis of antibiotic  susceptibility 
patterns among CKD patients in Bangladesh, 
discerning the prevalence of microbial isolates and 
their susceptibilities to commonly prescribed 
antibiotics. By scrutinising clinical isolates obtained 
from CKD patients, this research aspires to furnish 
invaluable insights to inform antimicrobial 
stewardship practices tailored to the distinctive 

healthcare milieu of Bangladesh. Ultimately, the 
study seeks to furnish actionable evidence aimed at 
optimising patient care and combating the ominous 
tide of antimicrobial resistance, thereby fortifying the 
armamentarium for effectively managing infections 
within the purview of CKD in Bangladesh. The study 
aimed to unveil the pattern of microbial isolates and 
their susceptibility profiles to commonly prescribed 
antibiotics, with the overarching goal of informing 
evidence-based antimicrobial stewardship practices 
and enhancing patient care within the context of 
CKD management.

MATERIALS AND METHODS
Study design and site:
This study adopted a cross-sectional study design to 
investigate the antibiotic susceptibility patterns 
among individuals diagnosed with chronic kidney 
disease (CKD) presenting with suspected or 
confirmed infectious complications. The study took 
place at Jalalabad Ragib-Rabeya Medical College 
Hospital in Sylhet, eastern Bangladesh, between June 
2022 and May 31, 2023. This tertiary healthcare 
centre provides both inpatient and outpatient services 
for patients with chronic kidney disease (CKD) in its 
nephrology department. This medical college is a 
prominent healthcare hub with specialised facilities 
and a dedicated healthcare team in the nephrology 
department focused on diagnosing, treating, and 
managing CKD patients. Its geographical location 
enhances accessibility for a diverse patient 
population, allowing for a comprehensive and 
representative study of CKD in the region.

Study population and recruiting strategy:
The study population consisted of patients aged 40 
years and older who had been diagnosed with chronic 
kidney disease (CKD) and were receiving treatment 
at Jalalabad Ragib-Rabeya Medical College Hospital. 
These patients presented with suspected or confirmed 
infectious complications associated with their 
condition. Both males and females were included in 
the study population, with varying CKD stages 
between 3 and 5. These stages were confirmed 
through clinical evaluation, laboratory tests, and the 
estimated glomerular filtration rate (GFR). The 
population was purposefully recruited based on 
positive urinary tract infection (UTI) results among 
individuals suffering from CKD. Patients who were 
required to undergo antibiotic susceptibility testing 
and had complete demographic and clinical data 
available for analysis, including age, gender, 
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The proportion of microorganism infection among 
patients with CKD by gender: 

The study investigated the occurrence of 
microorganism infections in patients with CKD, 
categorised by gender. Among these infections, 
Escherichia coli (E. coli) was the most prevalent, 
accounting for 52.68% of all cases. The proportion of 
E. coli infections was slightly lower in male 
participants (44.90%) compared to female 
participants (55.13%), but it remained the 

predominant pathogen in both genders. Klebsiella 
infections were documented in 29 patients, 
representing 14.15% of all infections, with similar 
proportions among male (14.29%) and female 
(14.10%) participants. Pseudomonas infections were 
reported in 20 patients, amounting to 9.76% of all 
infections, with comparable rates between males and 
females. Coagulase-negative staphylococci (CoNS) 
infections were diagnosed in 12 patients, making up 
5.85% of all infections. Among the participants, a 

higher proportion of male patients (14.29%) 
experienced these infections compared to female 
patients (3.21%) [Table-II].
Citrobacter infections were found in 7 patients, 
representing 3.41% of all infections, and all of these 
cases occurred in female participants. Staphylococcai, 
Enterococci, and Proteus organisms showed relatively 
lower infection rates (2.93%, 4.88%, and 5.37%, 
respectively), with Staphylococcal infections being 
more prevalent among male participants (6.12%) 
compared to female participants (1.92%). The 
findings indicated that Streptococcal infections were 
only present in 2 patients, accounting for 0.98% of all 

infections, and both cases occurred in female patients. 
Therefore, the study concludes that gender may play a 
role in the occurrence of certain microorganism 
infections among patients with CKD. [Table-II].
Antibiotic susceptibility profiles against multiple 
clinical isolates among patients with CKD:
The antibiotic susceptibility profiles in patients with 
chronic kidney disease (CKD) reveal varying levels of 
effectiveness for different antimicrobial agents and 
microbial isolates, as shown in Table-IV. Carbapenems, 
such as Meropenem and Imipenem, demonstrate the 
highest overall sensitivity rates, exceeding 88%. They 
consistently show effectiveness against a broad 

spectrum of microbial isolates, including Streptococci, 
Citrobacter spp, CoNS, E. coli, Enterococci, 
Klebsiella, Proteus, Pseudomonas, and 
Staphylococcus. Both antimicrobial agents remain 
predominant (over 90%) in CoNS organisms. Amikacin 
is a reliable treatment option, with substantial 
sensitivity ranging from 50% to 100% against most 
isolates. Ciprofloxacin and Levofloxacin exhibit 
moderate to high sensitivity, particularly against E. coli 
(approximately 37% and 38%, respectively) and 
Pseudomonas (around 74% and 75%, respectively), 
although there is some variability.
Nitrofurantoin stands out for its sensitivity against 
various isolates, while Amoxiclav demonstrates 
moderate to high effectiveness against Streptococci, E. 
coli, and Klebsiella. Gentamicin shows variable 
sensitivity across isolates, with notable effectiveness 
against Staphylococci and E. coli. However, some 
antibiotics, like Ceftazidime and Cefuroxime, exhibit 
limited efficacy against certain isolates [Table-IV].

DISCUSSION
The study included a total of 205 patients, with females 
with UTI predominant (76.1%), revealing an overall 
mean age of 63.22 years, with males showing a slightly 
lower mean age compared to females, although this 
disparity did not reach statistical significance. The 
genderbased discrepancies were consistent with a 
previously published article that found a higher 
incidence of infection in females19,20.
Interestingly, while the age distribution across various 
age groups did not demonstrate statistically significant 
differences between males and females, there were 
notable trends. The highest proportion of patients fell 
within the 61-70 years age group, followed by the 
51-60 years age group, indicating a predominance of 
older individuals affected by UTI with CKD. These 
findings align with a recently published report 
conducted in Bangladesh, indicating an increased 
prevalence of  UTI in CKD with advancing age21. 
However, it's imperative to note that our study's limited 
sample size might have influenced the statistical power 
to detect significant differences.
Median serum creatinine levels and estimated 
glomerular filtration rates (eGFR) showed similar 
values between genders. However, a significant 
difference in median haemoglobin levels was 
observed, with females exhibiting higher levels, 
reflecting potential differences in anaemia prevalence 
between genders.
The prevalence of diabetes among CKD patients with 
UTI was notably high, with 71.71% diagnosed as 
diabetic. This finding underscores the strong 

association between diabetes and UTI in CKD, 
consistent with previous research highlighting diabetic 
complications related to poor glycaemic control and 
older age as a leading cause of CKD worldwide22. The 
high prevalence of diabetes in our study population 
emphasises the need for robust diabetes management 
strategies to prevent or delay the progression of 
CKD23.
Furthermore, the distribution of CKD stages among 
UTI patients demonstrated a significant burden of 
advanced CKD, with stage 4 and stage 5 CKD 
accounting for 35.1% and 24.4% of cases, respectively. 
This distribution suggests a considerable proportion of 
patients may be at risk of complications such as 
end-stage renal disease (ESRD) and the need for renal 
replacement therapy (RRT)24. These findings 
underscore the importance of early detection and 
intervention strategies aimed at slowing the 
progression of CKD, particularly among high-risk 
individuals such as those with diabetes.
In terms of the proportion of microorganisms causing 
UTI among patients with chronic kidney disease 
(CKD), stratified by gender, Escherichia coli (E. coli) 
emerged as the predominant pathogen, responsible for 
more than half (52.68%) of all infections. While the 
proportion of E. coli infections was slightly lower 
among male participants compared to females, it 
remained the most prevalent organism in both genders, 
highlighting its significance as a causative agent in 
CKD-associated infections. The results aligned with 
previously conducted studies25,26. 
Similarly, Klebsiella infections were notably prevalent, 
representing 14.15% of all infections, with comparable 
rates between males and females27. Notably, 
coagulase-negative Staphylococci (CoNS) infections 
were more prevalent among male patients (14.29%) 
compared to females (3.21%), suggesting potential 
gender-specific differences in susceptibility to certain 
pathogens. These overall proportions and gender-based 
variation are consistent with various previous 
studies28,29. Conversely, Streptococcal and Citrobacter 
infections were less common overall, with Streptococci 
found exclusively and Citrobacter infections 
predominantly affecting females27,30. The relatively 
low prevalence of Staphylococcal, Enterococci, and 
Proteus infections28 underscores the diverse microbial 
landscape associated with CKD, necessitating targeted 
surveillance and management strategies tailored to 
specific pathogens. 
The examination of antibiotic susceptibility profiles 
among patients with chronic kidney disease (CKD) 
delineates a complex landscape of antimicrobial 
efficacy against various clinical isolates. Carbapenems, 

including Meropenem and Imipenem, emerge as 
stalwart therapeutic options, boasting sensitivity rates 
exceeding 88% across multiple microbial strains31. 
Notably, both agents exhibit consistent effectiveness 
against a broad spectrum of pathogens, encompassing 
Streptococci, Citrobacter spp, Coagulase-negative 
staphylococci (CoNS), Escherichia coli (E. coli), 
Enterococci, Klebsiella, Proteus, Pseudomonas, and 
Staphylococci organisms. Particularly commendable 
is their robust efficacy against CoNS, with sensitivity 
rates surpassing 90%. Amikacin also stands out as a 
reliable treatment avenue, showcasing substantial 
sensitivity ranging from 50% to 100% against most 
isolates32,33. In contrast, Ciprofloxacin and 
Levofloxacin demonstrate moderate to high 
sensitivity, notably against E. coli and Pseudomonas 
strains; which was found to be consistent with 
previous research27. Nevertheless, some variability in 
effectiveness is observed across isolates, warranting 
careful consideration during therapeutic selection. 
Nitrofurantoin emerges as a noteworthy candidate, 
exhibiting notable sensitivity against diverse isolates, 
as demonstrated by previous research studies27,34. 
Similarly, Amoxiclav demonstrates moderate to high 
effectiveness against Streptococci, E. coli, and 
Klebsiella strains, aligned with previous studies32,35. 
Gentamicin exhibits variable sensitivity across 
isolates, with pronounced effectiveness against Staph. 
and E. coli36. However, certain antibiotics, such as 
Ceftazidime and Cefuroxime, showcase limited 
efficacy against specific isolates, emphasising the 
importance of tailored antibiotic stewardship 
practices28. 
This comprehensive analysis underscores the 
imperative of judicious antibiotic selection guided by 
local susceptibility patterns to optimise therapeutic 
outcomes and mitigate the emergence of 
antimicrobial resistance.

LIMITATIONS
The limitations of the study include its retrospective 
design, reliance on data from a single healthcare 
centre, small sample size, focus on urinary 
specimens, absence of molecular characterisation of 
isolates, and inability to explore temporal trends.

CONCLUSION
The study conducted in Bangladesh emphasises that 
patients with chronic kidney disease exhibit diverse 
antibiotic susceptibility patterns. The research 
revealed that carbapenems, specifically Meropenem 
and Imipenem display greater efficacy, while other 

antibiotics exhibit varying degrees of effectiveness. It 
is imperative to choose antibiotics tailored for each 
patient to effectively manage infections within this 
population. However, further studies with multicenter 
and molecular characterisation of isolates are required 
to provide valuable insights for the development of 
more targeted treatment strategies.
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INTRODUCTION
Chronic kidney disease (CKD) represents a 
significant health challenge worldwide, with 
escalating prevalence rates observed, particularly in 
low and middle-income nations such as Bangladesh. 

In 2017, an estimated 1.2 million people died from 
CKD worldwide, with a 41.5% increase in the all-age 
mortality rate between 1990 and 2017. Despite this 
increase, there was no significant change in the 
age-standardised mortality rate during the same 
period. The global prevalence of all-stage CKD was 
recorded at 697.5 million cases, corresponding to a 
prevalence of 9.1%1. According to the Global Burden 
of Disease study, there were approximately 1.4 
million deaths worldwide due to CKD in 2019. This 
represents a 20% increase from 2010 and is one of 

comorbidities, CKD stage, and antibiotic usage 
history, were considered eligible for inclusion in the 
study. Patients diagnosed with acute kidney injury 
(AKI) or other renal conditions that did not meet the 
criteria for CKD, those with clinical specimens 
deemed inadequate for microbiological analysis, and 
patients with severe immunocompromised conditions 
or undergoing immunosuppressive therapy were 
excluded from the study. The estimated glomerular 
filtration rate (eGFR) (ml/min per 1.73 m2) was 
calculated according to the Chronic Kidney Disease 
Epidemiology Collaboration (CKD-EPI) updated 
formula15, and CKD stages were categorised 
following guidelines by the American Kidney 
Association16.

Bacterial identification using urine samples: 
Aseptic techniques were used to prevent 
contamination and ensure accurate results. The urine 
sample was collected in a sterile container and 
transported to the laboratory. Upon receipt, the 
sample was mixed for homogeneity, and a small 
amount was inoculated onto culture media. The plates 
were then incubated at 37° Celsius for 18-24 hours to 
promote bacterial growth. After incubation, the plates 
were examined for colony morphology, colour, size, 
and any features indicating bacterial growth. Further 
biochemical testing was conducted to characterise 
and confirm the isolates. Common tests, including 
catalase, oxidase, indole, urease, and carbohydrate 
fermentation tests, were performed to provide 
information about the metabolic properties of the 
bacteria. The identified bacterial species, along with 
antibiotic susceptibility testing results, were included 
in the final report. Stringent quality control measures 
were maintained to ensure the reliability and validity 
of the results, facilitating the accurate diagnosis and 
treatment of bacterial urinary tract infections. 
Bacteriuria was defined as the growth of any 
microorganism at a concentration of ≥105 CFU/ml or 
≥103 CFU/ml in patients with symptoms. 
Asymptomatic bacteriuria (ASBU) was defined as the 
presence of at least 105 colony-forming units 
(CFU/ml) of bacterial species in a midstream urine 
sample that was collected cleanly and did not show 
any symptoms of a urinary tract infection (UTI)17. 
The isolated organisms were identified using the 
standard biochemical method, which involves 
assessing the appearance of the colonies, staining 
reactions, and biochemical properties.

Antibiotic susceptibility testing procedure:
Antibiotic susceptibility testing was conducted 

meticulously using standardised protocols to evaluate 
the effectiveness of different antibiotics against 
microbial isolates obtained from individuals 
diagnosed with chronic kidney disease (CKD). 
Initially, pure cultures of microbial isolates were 
obtained by subculturing on appropriate agar plates. 
The Kirby-Bauer disk diffusion method, following 
the guidelines set by the Clinical and Laboratory 
Standards Institute (CLSI)18, was then used for 
susceptibility testing. This involved preparing 
standardised inoculum suspensions of microbial 
isolates, which were then evenly spread on 
Mueller-Hinton agar plates. Antibiotic disks, each 
containing specific concentrations of antibiotics 
relevant to CKD associated infections, were 
strategically placed on the agar surface. After an 
incubation period under optimal conditions, the 
diameter of the zone of inhibition surrounding each 
antibiotic disk was carefully measured using a 
calibrated ruler. The interpretation of zone sizes 
followed the established breakpoints outlined in the 
CLSI guidelines, allowing for the classification of 
isolates as susceptible, intermediate, or resistant to 
each antibiotic tested. Throughout the testing process, 
rigorous quality control measures were implemented 
to ensure the precision and reliability of susceptibility 
testing results. These measures included the inclusion 
of standard reference strains and routine performance 
assessments.

Statistical analysis:
Descriptive analyses are presented using different 
methods for continuous and categorical variables. For 
normally distributed continuous variables, the 
mean±standard deviation (SD) is reported. Skewed 
data is described using the median and 25% and 75% 
quartiles. Categorical variables are expressed as 
proportions (%). Before conducting the analyses, the 
normality of continuous variables was checked using 
histograms and box plots. To compare groups for 
normally distributed continuous variables, the student 
t-test was used. For skewed continuous variables, the 
non-parametric Kruskal-Wallis test was performed. 
Categorical variables were analysed using Fisher's 
exact test or the χ² test, depending on the 
circumstances. The data were analysed using the 
statistical software STATA 17.

RESULTS
Demographic and clinical characteristics of 
patients with CKD by gender:
The study conducted a comprehensive analysis of 
demographic and clinical characteristics among the 

study participants with chronic kidney diseases, 
categorising them by gender. A total of 205 individuals 
were included in the study, with 49 (23.9%) being male 
and 156 (76.1%) being female (Table-I).
The overall mean age of the participants was 
63.22±9.07 years. Males had a slightly lower mean age 
of 62.47 years compared to females, who had a mean 
age of 63.46 years. However, this difference was not 
statistically significant (p=0.06). Similarly, there were 
no statistically significant differences observed between 
males and females across various age groups (41-50, 
51-60, 61-70, 71-80, and >80) (p=0.198) (Table-I).
Median serum creatinine levels and estimated 
glomerular filtration rates (eGFR) showed similar 
values between males and females (S. creatinine: 2.2 

mg/dl vs. 2.3 mg/dl, p=0.3303; eGFR: 32 
ml/min/1.73m2vs. 25.5 ml/min/1.73m2, p=0.111). 
However, a significant difference in median 
haemoglobin levels was observed, with females 
having higher levels (10.4 g/dl vs. 11 g/dl, 
p=0.019). Furthermore, the proportion of diabetes 
was notably higher among females compared to 
males, and this difference was statistically 
significant (59.18% vs. 75.64%, p=0.026). 
Notably, there were significant disparities in the 
distribution of chronic kidney disease (CKD) 
stages between genders (p<0.001). Stage 4 CKD 
was more prevalent among males (57.14%), while 
Stage 5 CKD was more prevalent among females 
(36.73%) [Table-I].

the highest increases among the leading causes of 
death2. The prevalence of CKD in South Asia is 
reported to be 13.6% in Thailand3, 10.8% in China4, 
and 15.0% in India5. CKD commonly results in 
progressive end-stage renal disease (ESRD), leading 
to higher rates of hospitalisation and premature 
deaths6. 
Chronic kidney disease (CKD) poses a significant 
burden on public health in Bangladesh, with a 
growing number of individuals affected by this 
condition. A meta-analysis of 225,206 participants 
found that the prevalence of chronic kidney disease 
(CKD) among individuals in Bangladesh was 
22.48%. This rate is significantly higher than the 
global prevalence of CKD. Moreover, the analysis 
revealed that the prevalence of CKD was higher in 
females (25.32%) compared to males (20.31%)7. 
CKD is characterised by a progressive decline in 
kidney function over time, leading to various 
complications, including electrolyte imbalances, fluid 
retention, and cardiovascular diseases8,9. In 
Bangladesh, factors such as inadequate access to 
healthcare services, limited awareness about kidney 
health, and high prevalence of risk factors like 
diabetes and hypertension contribute to the escalating 
burden of CKD10,11. Moreover, the management of 
CKD is complicated by the frequent occurrence of 
infectious complications, such as urinary tract 
infections (UTIs) and bloodstream infections, which 
are often exacerbated by the immunocompromised 
state associated with kidney dysfunction12,13. 
The effective management of CKD often necessitates 
antibiotic therapy to address associated infectious 
complications13,14. However, despite the critical role 
antibiotics play in patient care, there remains a 
notable dearth of comprehensive studies elucidating 
the antibiotic susceptibility patterns specific to CKD 
patients within the Bangladeshi context. 
Understanding the prevailing microbial landscape 
and the nuanced effectiveness of antibiotics is 
paramount for guiding evidence-based treatment 
strategies and curtailing the emergence of 
antimicrobial resistance a pressing concern that poses 
formidable threats to patient outcomes and healthcare 
systems alike. Thus, this study endeavours to furnish 
a meticulous analysis of antibiotic  susceptibility 
patterns among CKD patients in Bangladesh, 
discerning the prevalence of microbial isolates and 
their susceptibilities to commonly prescribed 
antibiotics. By scrutinising clinical isolates obtained 
from CKD patients, this research aspires to furnish 
invaluable insights to inform antimicrobial 
stewardship practices tailored to the distinctive 

healthcare milieu of Bangladesh. Ultimately, the 
study seeks to furnish actionable evidence aimed at 
optimising patient care and combating the ominous 
tide of antimicrobial resistance, thereby fortifying the 
armamentarium for effectively managing infections 
within the purview of CKD in Bangladesh. The study 
aimed to unveil the pattern of microbial isolates and 
their susceptibility profiles to commonly prescribed 
antibiotics, with the overarching goal of informing 
evidence-based antimicrobial stewardship practices 
and enhancing patient care within the context of 
CKD management.

MATERIALS AND METHODS
Study design and site:
This study adopted a cross-sectional study design to 
investigate the antibiotic susceptibility patterns 
among individuals diagnosed with chronic kidney 
disease (CKD) presenting with suspected or 
confirmed infectious complications. The study took 
place at Jalalabad Ragib-Rabeya Medical College 
Hospital in Sylhet, eastern Bangladesh, between June 
2022 and May 31, 2023. This tertiary healthcare 
centre provides both inpatient and outpatient services 
for patients with chronic kidney disease (CKD) in its 
nephrology department. This medical college is a 
prominent healthcare hub with specialised facilities 
and a dedicated healthcare team in the nephrology 
department focused on diagnosing, treating, and 
managing CKD patients. Its geographical location 
enhances accessibility for a diverse patient 
population, allowing for a comprehensive and 
representative study of CKD in the region.

Study population and recruiting strategy:
The study population consisted of patients aged 40 
years and older who had been diagnosed with chronic 
kidney disease (CKD) and were receiving treatment 
at Jalalabad Ragib-Rabeya Medical College Hospital. 
These patients presented with suspected or confirmed 
infectious complications associated with their 
condition. Both males and females were included in 
the study population, with varying CKD stages 
between 3 and 5. These stages were confirmed 
through clinical evaluation, laboratory tests, and the 
estimated glomerular filtration rate (GFR). The 
population was purposefully recruited based on 
positive urinary tract infection (UTI) results among 
individuals suffering from CKD. Patients who were 
required to undergo antibiotic susceptibility testing 
and had complete demographic and clinical data 
available for analysis, including age, gender, 
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The proportion of microorganism infection among 
patients with CKD by gender: 

The study investigated the occurrence of 
microorganism infections in patients with CKD, 
categorised by gender. Among these infections, 
Escherichia coli (E. coli) was the most prevalent, 
accounting for 52.68% of all cases. The proportion of 
E. coli infections was slightly lower in male 
participants (44.90%) compared to female 
participants (55.13%), but it remained the 

predominant pathogen in both genders. Klebsiella 
infections were documented in 29 patients, 
representing 14.15% of all infections, with similar 
proportions among male (14.29%) and female 
(14.10%) participants. Pseudomonas infections were 
reported in 20 patients, amounting to 9.76% of all 
infections, with comparable rates between males and 
females. Coagulase-negative staphylococci (CoNS) 
infections were diagnosed in 12 patients, making up 
5.85% of all infections. Among the participants, a 

higher proportion of male patients (14.29%) 
experienced these infections compared to female 
patients (3.21%) [Table-II].
Citrobacter infections were found in 7 patients, 
representing 3.41% of all infections, and all of these 
cases occurred in female participants. Staphylococcai, 
Enterococci, and Proteus organisms showed relatively 
lower infection rates (2.93%, 4.88%, and 5.37%, 
respectively), with Staphylococcal infections being 
more prevalent among male participants (6.12%) 
compared to female participants (1.92%). The 
findings indicated that Streptococcal infections were 
only present in 2 patients, accounting for 0.98% of all 

infections, and both cases occurred in female patients. 
Therefore, the study concludes that gender may play a 
role in the occurrence of certain microorganism 
infections among patients with CKD. [Table-II].
Antibiotic susceptibility profiles against multiple 
clinical isolates among patients with CKD:
The antibiotic susceptibility profiles in patients with 
chronic kidney disease (CKD) reveal varying levels of 
effectiveness for different antimicrobial agents and 
microbial isolates, as shown in Table-IV. Carbapenems, 
such as Meropenem and Imipenem, demonstrate the 
highest overall sensitivity rates, exceeding 88%. They 
consistently show effectiveness against a broad 

spectrum of microbial isolates, including Streptococci, 
Citrobacter spp, CoNS, E. coli, Enterococci, 
Klebsiella, Proteus, Pseudomonas, and 
Staphylococcus. Both antimicrobial agents remain 
predominant (over 90%) in CoNS organisms. Amikacin 
is a reliable treatment option, with substantial 
sensitivity ranging from 50% to 100% against most 
isolates. Ciprofloxacin and Levofloxacin exhibit 
moderate to high sensitivity, particularly against E. coli 
(approximately 37% and 38%, respectively) and 
Pseudomonas (around 74% and 75%, respectively), 
although there is some variability.
Nitrofurantoin stands out for its sensitivity against 
various isolates, while Amoxiclav demonstrates 
moderate to high effectiveness against Streptococci, E. 
coli, and Klebsiella. Gentamicin shows variable 
sensitivity across isolates, with notable effectiveness 
against Staphylococci and E. coli. However, some 
antibiotics, like Ceftazidime and Cefuroxime, exhibit 
limited efficacy against certain isolates [Table-IV].

DISCUSSION
The study included a total of 205 patients, with females 
with UTI predominant (76.1%), revealing an overall 
mean age of 63.22 years, with males showing a slightly 
lower mean age compared to females, although this 
disparity did not reach statistical significance. The 
genderbased discrepancies were consistent with a 
previously published article that found a higher 
incidence of infection in females19,20.
Interestingly, while the age distribution across various 
age groups did not demonstrate statistically significant 
differences between males and females, there were 
notable trends. The highest proportion of patients fell 
within the 61-70 years age group, followed by the 
51-60 years age group, indicating a predominance of 
older individuals affected by UTI with CKD. These 
findings align with a recently published report 
conducted in Bangladesh, indicating an increased 
prevalence of  UTI in CKD with advancing age21. 
However, it's imperative to note that our study's limited 
sample size might have influenced the statistical power 
to detect significant differences.
Median serum creatinine levels and estimated 
glomerular filtration rates (eGFR) showed similar 
values between genders. However, a significant 
difference in median haemoglobin levels was 
observed, with females exhibiting higher levels, 
reflecting potential differences in anaemia prevalence 
between genders.
The prevalence of diabetes among CKD patients with 
UTI was notably high, with 71.71% diagnosed as 
diabetic. This finding underscores the strong 

association between diabetes and UTI in CKD, 
consistent with previous research highlighting diabetic 
complications related to poor glycaemic control and 
older age as a leading cause of CKD worldwide22. The 
high prevalence of diabetes in our study population 
emphasises the need for robust diabetes management 
strategies to prevent or delay the progression of 
CKD23.
Furthermore, the distribution of CKD stages among 
UTI patients demonstrated a significant burden of 
advanced CKD, with stage 4 and stage 5 CKD 
accounting for 35.1% and 24.4% of cases, respectively. 
This distribution suggests a considerable proportion of 
patients may be at risk of complications such as 
end-stage renal disease (ESRD) and the need for renal 
replacement therapy (RRT)24. These findings 
underscore the importance of early detection and 
intervention strategies aimed at slowing the 
progression of CKD, particularly among high-risk 
individuals such as those with diabetes.
In terms of the proportion of microorganisms causing 
UTI among patients with chronic kidney disease 
(CKD), stratified by gender, Escherichia coli (E. coli) 
emerged as the predominant pathogen, responsible for 
more than half (52.68%) of all infections. While the 
proportion of E. coli infections was slightly lower 
among male participants compared to females, it 
remained the most prevalent organism in both genders, 
highlighting its significance as a causative agent in 
CKD-associated infections. The results aligned with 
previously conducted studies25,26. 
Similarly, Klebsiella infections were notably prevalent, 
representing 14.15% of all infections, with comparable 
rates between males and females27. Notably, 
coagulase-negative Staphylococci (CoNS) infections 
were more prevalent among male patients (14.29%) 
compared to females (3.21%), suggesting potential 
gender-specific differences in susceptibility to certain 
pathogens. These overall proportions and gender-based 
variation are consistent with various previous 
studies28,29. Conversely, Streptococcal and Citrobacter 
infections were less common overall, with Streptococci 
found exclusively and Citrobacter infections 
predominantly affecting females27,30. The relatively 
low prevalence of Staphylococcal, Enterococci, and 
Proteus infections28 underscores the diverse microbial 
landscape associated with CKD, necessitating targeted 
surveillance and management strategies tailored to 
specific pathogens. 
The examination of antibiotic susceptibility profiles 
among patients with chronic kidney disease (CKD) 
delineates a complex landscape of antimicrobial 
efficacy against various clinical isolates. Carbapenems, 

including Meropenem and Imipenem, emerge as 
stalwart therapeutic options, boasting sensitivity rates 
exceeding 88% across multiple microbial strains31. 
Notably, both agents exhibit consistent effectiveness 
against a broad spectrum of pathogens, encompassing 
Streptococci, Citrobacter spp, Coagulase-negative 
staphylococci (CoNS), Escherichia coli (E. coli), 
Enterococci, Klebsiella, Proteus, Pseudomonas, and 
Staphylococci organisms. Particularly commendable 
is their robust efficacy against CoNS, with sensitivity 
rates surpassing 90%. Amikacin also stands out as a 
reliable treatment avenue, showcasing substantial 
sensitivity ranging from 50% to 100% against most 
isolates32,33. In contrast, Ciprofloxacin and 
Levofloxacin demonstrate moderate to high 
sensitivity, notably against E. coli and Pseudomonas 
strains; which was found to be consistent with 
previous research27. Nevertheless, some variability in 
effectiveness is observed across isolates, warranting 
careful consideration during therapeutic selection. 
Nitrofurantoin emerges as a noteworthy candidate, 
exhibiting notable sensitivity against diverse isolates, 
as demonstrated by previous research studies27,34. 
Similarly, Amoxiclav demonstrates moderate to high 
effectiveness against Streptococci, E. coli, and 
Klebsiella strains, aligned with previous studies32,35. 
Gentamicin exhibits variable sensitivity across 
isolates, with pronounced effectiveness against Staph. 
and E. coli36. However, certain antibiotics, such as 
Ceftazidime and Cefuroxime, showcase limited 
efficacy against specific isolates, emphasising the 
importance of tailored antibiotic stewardship 
practices28. 
This comprehensive analysis underscores the 
imperative of judicious antibiotic selection guided by 
local susceptibility patterns to optimise therapeutic 
outcomes and mitigate the emergence of 
antimicrobial resistance.

LIMITATIONS
The limitations of the study include its retrospective 
design, reliance on data from a single healthcare 
centre, small sample size, focus on urinary 
specimens, absence of molecular characterisation of 
isolates, and inability to explore temporal trends.

CONCLUSION
The study conducted in Bangladesh emphasises that 
patients with chronic kidney disease exhibit diverse 
antibiotic susceptibility patterns. The research 
revealed that carbapenems, specifically Meropenem 
and Imipenem display greater efficacy, while other 

antibiotics exhibit varying degrees of effectiveness. It 
is imperative to choose antibiotics tailored for each 
patient to effectively manage infections within this 
population. However, further studies with multicenter 
and molecular characterisation of isolates are required 
to provide valuable insights for the development of 
more targeted treatment strategies.
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INTRODUCTION
Chronic kidney disease (CKD) represents a 
significant health challenge worldwide, with 
escalating prevalence rates observed, particularly in 
low and middle-income nations such as Bangladesh. 

In 2017, an estimated 1.2 million people died from 
CKD worldwide, with a 41.5% increase in the all-age 
mortality rate between 1990 and 2017. Despite this 
increase, there was no significant change in the 
age-standardised mortality rate during the same 
period. The global prevalence of all-stage CKD was 
recorded at 697.5 million cases, corresponding to a 
prevalence of 9.1%1. According to the Global Burden 
of Disease study, there were approximately 1.4 
million deaths worldwide due to CKD in 2019. This 
represents a 20% increase from 2010 and is one of 

comorbidities, CKD stage, and antibiotic usage 
history, were considered eligible for inclusion in the 
study. Patients diagnosed with acute kidney injury 
(AKI) or other renal conditions that did not meet the 
criteria for CKD, those with clinical specimens 
deemed inadequate for microbiological analysis, and 
patients with severe immunocompromised conditions 
or undergoing immunosuppressive therapy were 
excluded from the study. The estimated glomerular 
filtration rate (eGFR) (ml/min per 1.73 m2) was 
calculated according to the Chronic Kidney Disease 
Epidemiology Collaboration (CKD-EPI) updated 
formula15, and CKD stages were categorised 
following guidelines by the American Kidney 
Association16.

Bacterial identification using urine samples: 
Aseptic techniques were used to prevent 
contamination and ensure accurate results. The urine 
sample was collected in a sterile container and 
transported to the laboratory. Upon receipt, the 
sample was mixed for homogeneity, and a small 
amount was inoculated onto culture media. The plates 
were then incubated at 37° Celsius for 18-24 hours to 
promote bacterial growth. After incubation, the plates 
were examined for colony morphology, colour, size, 
and any features indicating bacterial growth. Further 
biochemical testing was conducted to characterise 
and confirm the isolates. Common tests, including 
catalase, oxidase, indole, urease, and carbohydrate 
fermentation tests, were performed to provide 
information about the metabolic properties of the 
bacteria. The identified bacterial species, along with 
antibiotic susceptibility testing results, were included 
in the final report. Stringent quality control measures 
were maintained to ensure the reliability and validity 
of the results, facilitating the accurate diagnosis and 
treatment of bacterial urinary tract infections. 
Bacteriuria was defined as the growth of any 
microorganism at a concentration of ≥105 CFU/ml or 
≥103 CFU/ml in patients with symptoms. 
Asymptomatic bacteriuria (ASBU) was defined as the 
presence of at least 105 colony-forming units 
(CFU/ml) of bacterial species in a midstream urine 
sample that was collected cleanly and did not show 
any symptoms of a urinary tract infection (UTI)17. 
The isolated organisms were identified using the 
standard biochemical method, which involves 
assessing the appearance of the colonies, staining 
reactions, and biochemical properties.

Antibiotic susceptibility testing procedure:
Antibiotic susceptibility testing was conducted 

meticulously using standardised protocols to evaluate 
the effectiveness of different antibiotics against 
microbial isolates obtained from individuals 
diagnosed with chronic kidney disease (CKD). 
Initially, pure cultures of microbial isolates were 
obtained by subculturing on appropriate agar plates. 
The Kirby-Bauer disk diffusion method, following 
the guidelines set by the Clinical and Laboratory 
Standards Institute (CLSI)18, was then used for 
susceptibility testing. This involved preparing 
standardised inoculum suspensions of microbial 
isolates, which were then evenly spread on 
Mueller-Hinton agar plates. Antibiotic disks, each 
containing specific concentrations of antibiotics 
relevant to CKD associated infections, were 
strategically placed on the agar surface. After an 
incubation period under optimal conditions, the 
diameter of the zone of inhibition surrounding each 
antibiotic disk was carefully measured using a 
calibrated ruler. The interpretation of zone sizes 
followed the established breakpoints outlined in the 
CLSI guidelines, allowing for the classification of 
isolates as susceptible, intermediate, or resistant to 
each antibiotic tested. Throughout the testing process, 
rigorous quality control measures were implemented 
to ensure the precision and reliability of susceptibility 
testing results. These measures included the inclusion 
of standard reference strains and routine performance 
assessments.

Statistical analysis:
Descriptive analyses are presented using different 
methods for continuous and categorical variables. For 
normally distributed continuous variables, the 
mean±standard deviation (SD) is reported. Skewed 
data is described using the median and 25% and 75% 
quartiles. Categorical variables are expressed as 
proportions (%). Before conducting the analyses, the 
normality of continuous variables was checked using 
histograms and box plots. To compare groups for 
normally distributed continuous variables, the student 
t-test was used. For skewed continuous variables, the 
non-parametric Kruskal-Wallis test was performed. 
Categorical variables were analysed using Fisher's 
exact test or the χ² test, depending on the 
circumstances. The data were analysed using the 
statistical software STATA 17.

RESULTS
Demographic and clinical characteristics of 
patients with CKD by gender:
The study conducted a comprehensive analysis of 
demographic and clinical characteristics among the 

study participants with chronic kidney diseases, 
categorising them by gender. A total of 205 individuals 
were included in the study, with 49 (23.9%) being male 
and 156 (76.1%) being female (Table-I).
The overall mean age of the participants was 
63.22±9.07 years. Males had a slightly lower mean age 
of 62.47 years compared to females, who had a mean 
age of 63.46 years. However, this difference was not 
statistically significant (p=0.06). Similarly, there were 
no statistically significant differences observed between 
males and females across various age groups (41-50, 
51-60, 61-70, 71-80, and >80) (p=0.198) (Table-I).
Median serum creatinine levels and estimated 
glomerular filtration rates (eGFR) showed similar 
values between males and females (S. creatinine: 2.2 

mg/dl vs. 2.3 mg/dl, p=0.3303; eGFR: 32 
ml/min/1.73m2vs. 25.5 ml/min/1.73m2, p=0.111). 
However, a significant difference in median 
haemoglobin levels was observed, with females 
having higher levels (10.4 g/dl vs. 11 g/dl, 
p=0.019). Furthermore, the proportion of diabetes 
was notably higher among females compared to 
males, and this difference was statistically 
significant (59.18% vs. 75.64%, p=0.026). 
Notably, there were significant disparities in the 
distribution of chronic kidney disease (CKD) 
stages between genders (p<0.001). Stage 4 CKD 
was more prevalent among males (57.14%), while 
Stage 5 CKD was more prevalent among females 
(36.73%) [Table-I].

the highest increases among the leading causes of 
death2. The prevalence of CKD in South Asia is 
reported to be 13.6% in Thailand3, 10.8% in China4, 
and 15.0% in India5. CKD commonly results in 
progressive end-stage renal disease (ESRD), leading 
to higher rates of hospitalisation and premature 
deaths6. 
Chronic kidney disease (CKD) poses a significant 
burden on public health in Bangladesh, with a 
growing number of individuals affected by this 
condition. A meta-analysis of 225,206 participants 
found that the prevalence of chronic kidney disease 
(CKD) among individuals in Bangladesh was 
22.48%. This rate is significantly higher than the 
global prevalence of CKD. Moreover, the analysis 
revealed that the prevalence of CKD was higher in 
females (25.32%) compared to males (20.31%)7. 
CKD is characterised by a progressive decline in 
kidney function over time, leading to various 
complications, including electrolyte imbalances, fluid 
retention, and cardiovascular diseases8,9. In 
Bangladesh, factors such as inadequate access to 
healthcare services, limited awareness about kidney 
health, and high prevalence of risk factors like 
diabetes and hypertension contribute to the escalating 
burden of CKD10,11. Moreover, the management of 
CKD is complicated by the frequent occurrence of 
infectious complications, such as urinary tract 
infections (UTIs) and bloodstream infections, which 
are often exacerbated by the immunocompromised 
state associated with kidney dysfunction12,13. 
The effective management of CKD often necessitates 
antibiotic therapy to address associated infectious 
complications13,14. However, despite the critical role 
antibiotics play in patient care, there remains a 
notable dearth of comprehensive studies elucidating 
the antibiotic susceptibility patterns specific to CKD 
patients within the Bangladeshi context. 
Understanding the prevailing microbial landscape 
and the nuanced effectiveness of antibiotics is 
paramount for guiding evidence-based treatment 
strategies and curtailing the emergence of 
antimicrobial resistance a pressing concern that poses 
formidable threats to patient outcomes and healthcare 
systems alike. Thus, this study endeavours to furnish 
a meticulous analysis of antibiotic  susceptibility 
patterns among CKD patients in Bangladesh, 
discerning the prevalence of microbial isolates and 
their susceptibilities to commonly prescribed 
antibiotics. By scrutinising clinical isolates obtained 
from CKD patients, this research aspires to furnish 
invaluable insights to inform antimicrobial 
stewardship practices tailored to the distinctive 

healthcare milieu of Bangladesh. Ultimately, the 
study seeks to furnish actionable evidence aimed at 
optimising patient care and combating the ominous 
tide of antimicrobial resistance, thereby fortifying the 
armamentarium for effectively managing infections 
within the purview of CKD in Bangladesh. The study 
aimed to unveil the pattern of microbial isolates and 
their susceptibility profiles to commonly prescribed 
antibiotics, with the overarching goal of informing 
evidence-based antimicrobial stewardship practices 
and enhancing patient care within the context of 
CKD management.

MATERIALS AND METHODS
Study design and site:
This study adopted a cross-sectional study design to 
investigate the antibiotic susceptibility patterns 
among individuals diagnosed with chronic kidney 
disease (CKD) presenting with suspected or 
confirmed infectious complications. The study took 
place at Jalalabad Ragib-Rabeya Medical College 
Hospital in Sylhet, eastern Bangladesh, between June 
2022 and May 31, 2023. This tertiary healthcare 
centre provides both inpatient and outpatient services 
for patients with chronic kidney disease (CKD) in its 
nephrology department. This medical college is a 
prominent healthcare hub with specialised facilities 
and a dedicated healthcare team in the nephrology 
department focused on diagnosing, treating, and 
managing CKD patients. Its geographical location 
enhances accessibility for a diverse patient 
population, allowing for a comprehensive and 
representative study of CKD in the region.

Study population and recruiting strategy:
The study population consisted of patients aged 40 
years and older who had been diagnosed with chronic 
kidney disease (CKD) and were receiving treatment 
at Jalalabad Ragib-Rabeya Medical College Hospital. 
These patients presented with suspected or confirmed 
infectious complications associated with their 
condition. Both males and females were included in 
the study population, with varying CKD stages 
between 3 and 5. These stages were confirmed 
through clinical evaluation, laboratory tests, and the 
estimated glomerular filtration rate (GFR). The 
population was purposefully recruited based on 
positive urinary tract infection (UTI) results among 
individuals suffering from CKD. Patients who were 
required to undergo antibiotic susceptibility testing 
and had complete demographic and clinical data 
available for analysis, including age, gender, 
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