
meropenem. Additionally, 80.8% of isolates were 
resistant to trimethoprim-sulfamethoxazole and 
piperacillin-tazobactam. No resistance to tigecycline 
was detected (0.0%). Acinetobacter isolates 
demonstrated high resistance to ceftriaxone, 
ceftazidime, and cefepime (92.31% each). Resistance 
to gentamicin and amikacin was 76.92%, while 
ciprofloxacin resistance was 53.85%. Carbapenem 
resistance was also high (76.92% for both imipenem 
and meropenem). Resistance to 
piperacillin-tazobactam and 
trimethoprim-sulfamethoxazole was 76.9% and 66.7%, 
respectively. Tigecycline was not tested. Escherichia 
coli showed complete resistance to ceftriaxone and 
ceftazidime (100.0%), with lower resistance to 
cefepime (80.0%). Resistance to aminoglycosides and 
ciprofloxacin was 60.0% each. Carbapenem resistance 
was comparatively lower at 40.0%. Resistance to 
trimethoprim-sulfamethoxazole and 
piperacillin-tazobactam was 60.0%, with no resistance 
to tigecycline (0.0%) (Table 3).

Discussion
Neonatal sepsis remains a diagnostic and treatment 
challenge for the neonatal health care providers. The 
spectrum of organisms responsible for neonatal sepsis 
changes over time and also varies from region to 
region. The study of bacteriological profile plays a 
very important role in effective management of 
neonatal sepsis.
In the present study, 102(49.3%) cases were blood 
culture positive and 105 (50.73%) were culture 
negative out of 207 septicemic neonates. Almost a 

Introduction
Neonatal sepsis is defined as systemic infections 
occurring in infants in the first 28 days of life1. It 
remains a critical global health concern, particularly in 
low and middle-income countries. The World Health 
Organization (WHO) estimates that neonatal infections 
are responsible for about 1.6 million deaths worldwide 
each year, with nearly 40.0% of all neonatal deaths 
occurring in developing country2. In Bangladesh, 
neonatal sepsis ranks as the second leading cause of 

newborn deaths and the neonatal mortality rate is 20 
per 1000 live births3,4. In rural areas of Bangladesh, 
sepsis accounts for 12.0% of direct neonatal deaths5, 
whereas in the slums of Dhaka, it is responsible for 
20.0% of such deaths6.  It is estimated that around 
20.0% of newborns develop sepsis and about 1.0% die 
from complications related to it7. 
Neonatal sepsis is mainly attributed to a wide range of 
bacterial, viral and fungal (Candida) pathogens8. The 
pattern of microorganisms responsible for neonatal 
sepsis changes over time and differs across various 
regions,9,10,11. Epidemiological data reveal notable 
variations in the distribution of causative bacterial 
agents and their antimicrobial susceptibility 
patterns10,12. In developed countries, Group B 
Streptococcus (GBS), Escherichia coli and Listeria 
monocytogenes are the leading causes of neonatal 

sepsis, whereas in developing nations, Gram negative 
bacteria and coagulase-negative Staphylococci (CoNS) 
are more commonly responsible for neonatal sepsis9. 
The clinical manifestations of neonatal sepsis are often 
nonspecific, making diagnosis challenging. Therefore, 
rapid identification of the causative pathogens and 
timely initiation of appropriate therapy are essential 
for effective management10. Blood culture remains the 
gold standard for confirming the diagnosis of 
sepsis13,14. Blood culture techniques are classified into 
three main types: conventional/manual blood culture 
systems, lysis centrifugation systems and continuous 
monitoring blood culture systems. In recent years, 
automated and computerized continuous monitoring 
systems have become widely adopted for detecting 
bloodstream infections. The three main commercially 
available systems are: BacT/ALERT 3D blood culture 
system, BACTEC 9000 series, VersaTREK system13.
Microorganisms implicated in sepsis have developed 
resistance to commonly used antibiotics over the past 
few decades, making effective treatment increasingly 
challenging15,16. There is an alarming increase in 
resistance to the commonly used antibiotics. The 
World Health Organization (WHO) has recently 
emphasized the significance of this growing problem 
and urged coordinated global efforts to limit the spread 
of antibiotic resistance17. Neonatal Gram-negative 
sepsis is increasingly reported worldwide, 
accompanied by a worrying surge in 
multidrug-resistant infections18. The rise of 
multidrug-resistant bacteria highlights the critical need 
for well-defined antibiotic policies in neonatal 
intensive care units19.
It is now essential to carry out regular surveillance to 
monitor the evolving patterns of bacterial isolates 
responsible for neonatal sepsis. Hence, understanding 
the causative agents and their antimicrobial 
susceptibility profiles is essential for initiating timely 
and effective patient treatment. In Bangladesh, a 
limited number of studies have documented the 
prevalence of neonatal sepsis across various regions of 
the country20-21. This study was designed to investigate 
the etiology of sepsis in neonates and susceptibility 
patterns of Gram-negative bacteria related to sepsis.

Methodology
Study Settings: This cross-sectional study was 
conducted in the Department of Microbiology, 
Mymensingh Medical College Hospital (MMCH), 
Mymensingh, Bangladesh during the period from 
March 2023 to February 2024.

Study Population: The patients who were suspected 
of neonatal septicemia and admitted in the 
Neonatology Department of MMCH, were included in 
this study. Clinically suspected neonates aged group 
(0-28 days) with one or more clinical features like 
hyperthermia/hypothermia, respiratory distress, apnea, 
tachycardia/bradycardia, lethargy, abdominal 
distension, vomiting, poor feeding or inability to feed, 
hypo or hyperglycemia, irritability, high pitched cry, 
seizure, hypotonia or absent neonatal reflexes, 
umbilical redness or discharge. cyanosis, petechiae, 
purpura, jaundice, bulging fontanelle, poor perfusion 
were included. Neonates who did not have above 
features of sepsis, any critically ill neonates, known 
case of major congenital anomalies and when 
guardians refused to give informed written consent 
were excluded.
Study Procedure: Informed written consent from 
legal guardians were taken. All the relevant 
information detailed maternal obstetrical history, 
neonatal birth history, clinical findings and laboratory 
findings of every subject were systemically recorded 
in a pre-designed case record form. 
Isolation and Identification of Organisms: Venous 
blood was collected aseptically following universal 
safety precaution from peripheral vein (antecubital 
vein). 1- 2 ml of blood according to body weight was 
drawn by using a sterile disposable syringe with 
butterfly needle (JMS 27G). After removing the cap, 
the top of the BacT/ALERT® PF plus bottles 
(bioMérieux, Marcy l'Etoile, France) was disinfected 
by 10% povidone iodine followed by 70% alcohol was 
allowed to dry. Blood specimens were inoculated into 
BacT/ALERT® PF Plus bottles. Then the bottles were 
agitated gently to mix the blood with the media. The 
bottles were labelled with the appropriate patient 
information- sample number, patient name, date and 
the time of collection, registration number and taken to 
the Microbiology laboratory of Mymensingh Medical 
College. The culture bottles were incubated at 37°C in 
the BacT/ALERT 3D automated blood culture system 
(bioMérieux, Marcy l'Etoile, France) for up to 7 days. 
Bottles that showed no growth signal after 7 days of 
incubation were considered culture-negative and were 
discarded. Bottles indicating positive growth were 
removed from the system, gently mixed, and 1 mL of 
broth was aseptically withdrawn using a sterile syringe 
and needle. The broth was sub-cultured into blood agar 
and MacConkey agar plates, which were incubated 
aerobically at 37°C for 18–24 hours. Culture-positive 
isolates were identified based on colony morphology, 

Gram-staining characteristics, pigment production, 
motility, and relevant biochemical tests following 
standard microbiological procedures.
Antibiotic Disks, Culture Media and Control 
Strain: All the bacterial isolates were tested for 
antimicrobial susceptibility according to the CLSI 
guideline 202322. The antimicrobial disks (Himedia, 
Ltd, India) were used according to a standard 
antibiotic panel for isolated organisms. For Gram 
negative organisms, ceftazidime (30ꭒg/disk), cefepime 
(30ꭒg/disk), ceftriaxone (30ꭒg/disk), gentamicin 
(10ꭒg/disk), amikacin (30ꭒg/disk), ciprofloxacin 
(5ꭒg/disk), meropenem (10ꭒg/disk), imipenem 
(10ꭒg/disk), piperacillin-tazobactam (100/10ꭒg/disk), 
trimethoprim- sulfamethoxazole (25/5ꭒg/disk) 
antibiotics were used. Susceptibility of the 
Gram-negative organism to tigecycline was 
determined by 15ꭒg tigecycline disk, and the criteria 
of the United States Food and Drug Administration 
(FDA)23 were used for interpretation. Mueller-Hinton 
agar media was used for antimicrobial susceptibility 
testing. Escherichia coli ATCC 25922 was used as a 
control strain to assess the performance of the method.
Statistical analysis: Microsoft Excel program was used 
for statistical analysis and figure generation.
Ethical approval: The research protocol was 
approved by the Institutional Review Board (IRB) of 
Mymensingh Medical College and Hospital, Memo no 
MMC/ IRB/2023/585.

Results
Among 207 septicemic neonates, 102 (49.27%) were 
found blood culture positive and 105 (50.73%) were 
culture negative (Figure Ⅰ).

Out of total 102 culture positive cases, bacteria were 
isolated from 61 (59.81%) cases and candida spp were 
isolated 41 (40.19%) cases (Table 1).

Out of 61 bacterial isolates, Gram negative bacteria 
were 48 (78.69%) while Gram positive bacteria
were 13 (21.31%) (Figure Ⅱ).

Klebsiella spp was the predominant isolate 26 
(42.62%) followed by Acinetobacter 13 (21.31%), 
Coagulase negative Staphylococci (CoNS) 8 (13.1%) 
(Table 2). Some Escherichia coli, Pseudomonas, 
Staphylococcus aureus and Enterobacter species were 
also isolated. These findings suggest that Klebsiella 
and Acinetobacter spp are mostly responsible for 
neonatal sepsis.

Among the Gram-negative organisms, the commonest 
organism, Klebsiella isolates showed complete 
resistance to ceftriaxone, ceftazidime, and cefepime 
(100.0% each). High resistance was also observed to 
gentamicin (76.9%), amikacin (73.1%), and 
ciprofloxacin (73.1%). Carbapenem resistance was 
notable, with 73.1% resistance to both imipenem and 

similar higher proportion of blood culture-positive 
neonatal sepsis was also reported by Rahman24 
(71.69%) in NICU of DMCH.
The prevalence of neonatal sepsis observed in earlier 
studies conducted in Bangladesh was relatively lower, 
with Hafsa et al20 reporting (7.45%) and Islam QR et 
al10 reporting (31%). Higher isolation rate in this study 
might be due to the use of an automated blood culture 
method. Furthermore, overcrowding in NICU of 
MMCH along with a high patient-to-healthcare 
provider ratio may also contribute to high isolation 
rate. However, the incidence of neonatal sepsis may 
vary from country to country as well as, within the 
same country from one institution to another and even 
year to year in the same institution24.
In this study, bacteria accounted for (59.8%) and 
candida (40.2%). This finding agrees with the study 
conducted by Singh25 who found 65.95% bacteria and 
34.1% Candida. On the other hand, Rahman et al.24 
reported that bacteria were 84.2% and candida 15.79% 
cases, which is dissimilar to this study. This 
discrepancy may be due to the differences in patient 
population, antibiotic exposure, infection control 
practices, and diagnostic purposes. 
The present study documented that Gram-negative 
bacteria (78.69%) are more responsible than 
Gram-positive bacteria (21.3%). Similar findings were 
reported by other investigators10,26,27. But the current 
study disagrees with the findings of other researchers 
who found predominance of Gram-positive bacteria in 
their study1,3,28. The majority of Gram-negative 
organisms isolated in this study and other studies 
reviewed suggest that these infections may be acquired 
from the hospital or community environment, due to 
poor hygienic practices during delivery and postnatal 
care, rather than reflecting vertical transmission to the 
infant from exposure to vaginal tract flora29.
The most predominant bacterial species isolated was 
Klebsiella species, which was present in (42.62%) 
organisms, followed by Acinetobacter (21.31%) and 
CONS (13.1%). In Bangladesh, Islam et al10 reported 
41.9% Klebsiella species as the most common 
pathogen, followed by 19.4% Escherichia coli and in 
India, Mulley et al30 found Klebsiella pneumoniae 
(35.4%) as the predominant pathogen, and in Nepal, 
Pokhrel et al31 reported Klebsiella species (33.3%) 
were predominant isolates. On the other hand, 
Escherichia coli was found as the predominant 
bacteria in neonatal sepsis by others32-33. The high 
prevalence of Klebsiella species in neonatal sepsis is a 
major concern. The organism’s resistance may be 

attributed to several factors, including the presence of 
a protective capsule, multidrug resistance efflux 
pumps, its ability to spread easily, and its strong 
pathogenic nature with an enhanced capacity to 
acquire and transfer resistance plasmids16.
A high proportion of organisms were resistant to 
commonly used antibiotics, which is alarming in our 
study. All the Gram-negative isolates showed 92.31% 
to 100% resistance to third-generation cephalosporins. 
This is almost similar to the study conducted by 
Rahman et al34 who reported 88.89% to 100% 
resistance to third-generation cephalosporins. In 
Nepal, Pokhrel et al.31 reported that Gram-negative 
bacteria had 80.5% resistance to cefotaxime.  The 
reported high resistance rates to one of the first-line 
antibiotics may be due to the misuse and overuse of 
those antibiotics in our country.
This study observed that all the isolated Klebsiella 
species showed 76.92% resistance to gentamicin, 
73.8% resistance to amikacin, imipenem, meropenem, 
and ciprofloxacin respectively. These findings of the 
present study correlate with the findings of the study 
by Rahman et al34 who found 88.89% resistance to 
both amikacin and gentamicin; Siddiqui et al35 also 
reported Klebsiella species showed 70.6% resistance 
to amikacin, 82.4% to ciprofloxacin, 58.8% to both 
meropenem and imipenem. In contrast to this study, 
some other researchers documented moderate to higher 
sensitivity to Klebsiella species3,28,36.
In the current study, Acinetobacter species showed 
76.9% resistance to amikacin, gentamicin, imipenem, 
meropenem and piperacillin-tazobactam, 66.7% to 
SXT, 53.8% to ciprofloxacin. This was supported by 
Rahman et al34 from Bangladesh who reported 100.0% 
resistance to amikacin, gentamicin, 
piperacillin-tazobactam, 75.0% to ciprofloxacin and 
meropenem, 100.0% sensitivity to tigecycline for 
Acinetobacter spp. In India, Siddiqui et al35 also 
reported 100% resistance to amikacin, ciprofloxacin, 
imipenem, meropenem. This finding disagrees with 
Amin et al37 who reported Acinetobacter species had 
100.0% sensitivity to netilmicin, colistin and 
imipenem.
This study documented that 60.0% resistance to 
amikacin, gentamicin, ciprofloxacin, PIT, SXT and 
40% to imipenem and meropenem was observed in 
Escherichia coli. All the isolated E.coli spp were 
sensitive to tigecycline. This result is consistent with 
the results submitted by Monjur et al.38 who reported 
that 78.6% resistance to gentamicin, 64.3% to 

ciprofloxacin in Bangladesh. In contrast to this, Afrin 
et al3 and Chharra et al39 showed good susceptibility 
towards commonly used antibiotics. This indicates the 
emergence of highly resistant strains of Escherichia 
coli in our setting.
Resistance to meropenem among different 
Gram-negative isolates ranged from 40.0% to 76.9%. 
This is almost similar to the study done by Rahman et 
al34 who reported that all of the isolated Gram-negative 
organisms were 50.0% to 83.3% resistant to 
meropenem. Previously, Hafsa et al.20 from 
Bangladesh reported that carbapenem was the effective 
drug (100.0%) for all the isolates. This study clearly 
shows that meropenem, which is used as a last-resort 
drug in the NICU, is developing resistance at an 
alarming rate. However, almost all the Gram-negative 
isolates were sensitive to tigecycline.

Limitation
Due to the limited blood volume obtainable from 
neonates, collection of two separate blood culture sets 
was not feasible.

Conclusion
The findings indicate that the predominance of 
Gram-negative organisms, particularly Klebsiella 
species, Acinetobacter, and Escherichia coli which 
exhibited high levels of resistance to commonly used 
antibiotics. The increasing prevalence of 
multidrug-resistant isolates poses a serious challenge 
to effective treatment and underscores the urgent need 
for continuous surveillance, rational antibiotic use and 
strict infection control measures. Strengthening 
antimicrobial stewardship programs and updating 
empirical therapy guidelines based on local resistance 
trends are essential steps to improve neonatal 
outcomes and combat the growing threat of 
antimicrobial resistance in hospital settings. To prevent 
further resistance, it may be recommended to avoid 
irrational use of antibiotics and to update empirical 
treatment regimen in every institution periodically. 
NICU infection control protocol is recommended to 
implement, follow and monitor strictly.
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Etiology of Neonatal Sepsis and Antimicrobial Resistance Pattern of 
Gram-Negative Bacteria in a Tertiary Care Hospital of Bangladesh

Abstract
Background: Neonatal sepsis is one of the most common causes of infection and mortality in neonates 
specially in developing countries. Objective: This study was undertaken to find out the etiology and 
antimicrobial resistance patterns of Gram-negative bacteria isolated from neonates suspected of having 
sepsis. Methodology: This cross-sectional study was conducted at department of Microbiology, 
Mymensingh medical college, Mymensingh over a period from March 2023 to February 2024. Blood 
samples were collected from clinically suspected septicemic neonates. Isolation and identification of 
organisms were done by automated blood culture method and modified Kirby Bauer disc diffusion method 
was used to test for antimicrobial susceptibility, as recommended by the Clinical and Laboratory Standards 
Institute, 2023. Results: Out of 207 cases, 102(49.27%) showed positive blood culture. Among them, Gram 
positive isolates were 13(12.75%), Gram negative isolates were 48(47.06%) and Candida 41(40.19%). Most 
of the bacterial isolates were Gram negative predominantly Klebsiella spp (n=26, 42.62%) cases followed 
by Acinetobacter (n=13, 21.31%). Among cultures with gram positive species, Coagulase negative 
Staphylococci (CoNS) were 8(13.1%). Third generation cephalosporins, gentamicin, meropenem were 
almost resistance to all Gram negative organisms, however, all isolates were sensitive to tigecycline. 
Conclusion: Klebsiella spp was emerged as the predominant etiological agent of neonatal sepsis in the 
present study. A considerable proportion of the isolates exhibited multi-drug resistance.
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meropenem. Additionally, 80.8% of isolates were 
resistant to trimethoprim-sulfamethoxazole and 
piperacillin-tazobactam. No resistance to tigecycline 
was detected (0.0%). Acinetobacter isolates 
demonstrated high resistance to ceftriaxone, 
ceftazidime, and cefepime (92.31% each). Resistance 
to gentamicin and amikacin was 76.92%, while 
ciprofloxacin resistance was 53.85%. Carbapenem 
resistance was also high (76.92% for both imipenem 
and meropenem). Resistance to 
piperacillin-tazobactam and 
trimethoprim-sulfamethoxazole was 76.9% and 66.7%, 
respectively. Tigecycline was not tested. Escherichia 
coli showed complete resistance to ceftriaxone and 
ceftazidime (100.0%), with lower resistance to 
cefepime (80.0%). Resistance to aminoglycosides and 
ciprofloxacin was 60.0% each. Carbapenem resistance 
was comparatively lower at 40.0%. Resistance to 
trimethoprim-sulfamethoxazole and 
piperacillin-tazobactam was 60.0%, with no resistance 
to tigecycline (0.0%) (Table 3).

Discussion
Neonatal sepsis remains a diagnostic and treatment 
challenge for the neonatal health care providers. The 
spectrum of organisms responsible for neonatal sepsis 
changes over time and also varies from region to 
region. The study of bacteriological profile plays a 
very important role in effective management of 
neonatal sepsis.
In the present study, 102(49.3%) cases were blood 
culture positive and 105 (50.73%) were culture 
negative out of 207 septicemic neonates. Almost a 

Introduction
Neonatal sepsis is defined as systemic infections 
occurring in infants in the first 28 days of life1. It 
remains a critical global health concern, particularly in 
low and middle-income countries. The World Health 
Organization (WHO) estimates that neonatal infections 
are responsible for about 1.6 million deaths worldwide 
each year, with nearly 40.0% of all neonatal deaths 
occurring in developing country2. In Bangladesh, 
neonatal sepsis ranks as the second leading cause of 

newborn deaths and the neonatal mortality rate is 20 
per 1000 live births3,4. In rural areas of Bangladesh, 
sepsis accounts for 12.0% of direct neonatal deaths5, 
whereas in the slums of Dhaka, it is responsible for 
20.0% of such deaths6.  It is estimated that around 
20.0% of newborns develop sepsis and about 1.0% die 
from complications related to it7. 
Neonatal sepsis is mainly attributed to a wide range of 
bacterial, viral and fungal (Candida) pathogens8. The 
pattern of microorganisms responsible for neonatal 
sepsis changes over time and differs across various 
regions,9,10,11. Epidemiological data reveal notable 
variations in the distribution of causative bacterial 
agents and their antimicrobial susceptibility 
patterns10,12. In developed countries, Group B 
Streptococcus (GBS), Escherichia coli and Listeria 
monocytogenes are the leading causes of neonatal 

sepsis, whereas in developing nations, Gram negative 
bacteria and coagulase-negative Staphylococci (CoNS) 
are more commonly responsible for neonatal sepsis9. 
The clinical manifestations of neonatal sepsis are often 
nonspecific, making diagnosis challenging. Therefore, 
rapid identification of the causative pathogens and 
timely initiation of appropriate therapy are essential 
for effective management10. Blood culture remains the 
gold standard for confirming the diagnosis of 
sepsis13,14. Blood culture techniques are classified into 
three main types: conventional/manual blood culture 
systems, lysis centrifugation systems and continuous 
monitoring blood culture systems. In recent years, 
automated and computerized continuous monitoring 
systems have become widely adopted for detecting 
bloodstream infections. The three main commercially 
available systems are: BacT/ALERT 3D blood culture 
system, BACTEC 9000 series, VersaTREK system13.
Microorganisms implicated in sepsis have developed 
resistance to commonly used antibiotics over the past 
few decades, making effective treatment increasingly 
challenging15,16. There is an alarming increase in 
resistance to the commonly used antibiotics. The 
World Health Organization (WHO) has recently 
emphasized the significance of this growing problem 
and urged coordinated global efforts to limit the spread 
of antibiotic resistance17. Neonatal Gram-negative 
sepsis is increasingly reported worldwide, 
accompanied by a worrying surge in 
multidrug-resistant infections18. The rise of 
multidrug-resistant bacteria highlights the critical need 
for well-defined antibiotic policies in neonatal 
intensive care units19.
It is now essential to carry out regular surveillance to 
monitor the evolving patterns of bacterial isolates 
responsible for neonatal sepsis. Hence, understanding 
the causative agents and their antimicrobial 
susceptibility profiles is essential for initiating timely 
and effective patient treatment. In Bangladesh, a 
limited number of studies have documented the 
prevalence of neonatal sepsis across various regions of 
the country20-21. This study was designed to investigate 
the etiology of sepsis in neonates and susceptibility 
patterns of Gram-negative bacteria related to sepsis.

Methodology
Study Settings: This cross-sectional study was 
conducted in the Department of Microbiology, 
Mymensingh Medical College Hospital (MMCH), 
Mymensingh, Bangladesh during the period from 
March 2023 to February 2024.

Study Population: The patients who were suspected 
of neonatal septicemia and admitted in the 
Neonatology Department of MMCH, were included in 
this study. Clinically suspected neonates aged group 
(0-28 days) with one or more clinical features like 
hyperthermia/hypothermia, respiratory distress, apnea, 
tachycardia/bradycardia, lethargy, abdominal 
distension, vomiting, poor feeding or inability to feed, 
hypo or hyperglycemia, irritability, high pitched cry, 
seizure, hypotonia or absent neonatal reflexes, 
umbilical redness or discharge. cyanosis, petechiae, 
purpura, jaundice, bulging fontanelle, poor perfusion 
were included. Neonates who did not have above 
features of sepsis, any critically ill neonates, known 
case of major congenital anomalies and when 
guardians refused to give informed written consent 
were excluded.
Study Procedure: Informed written consent from 
legal guardians were taken. All the relevant 
information detailed maternal obstetrical history, 
neonatal birth history, clinical findings and laboratory 
findings of every subject were systemically recorded 
in a pre-designed case record form. 
Isolation and Identification of Organisms: Venous 
blood was collected aseptically following universal 
safety precaution from peripheral vein (antecubital 
vein). 1- 2 ml of blood according to body weight was 
drawn by using a sterile disposable syringe with 
butterfly needle (JMS 27G). After removing the cap, 
the top of the BacT/ALERT® PF plus bottles 
(bioMérieux, Marcy l'Etoile, France) was disinfected 
by 10% povidone iodine followed by 70% alcohol was 
allowed to dry. Blood specimens were inoculated into 
BacT/ALERT® PF Plus bottles. Then the bottles were 
agitated gently to mix the blood with the media. The 
bottles were labelled with the appropriate patient 
information- sample number, patient name, date and 
the time of collection, registration number and taken to 
the Microbiology laboratory of Mymensingh Medical 
College. The culture bottles were incubated at 37°C in 
the BacT/ALERT 3D automated blood culture system 
(bioMérieux, Marcy l'Etoile, France) for up to 7 days. 
Bottles that showed no growth signal after 7 days of 
incubation were considered culture-negative and were 
discarded. Bottles indicating positive growth were 
removed from the system, gently mixed, and 1 mL of 
broth was aseptically withdrawn using a sterile syringe 
and needle. The broth was sub-cultured into blood agar 
and MacConkey agar plates, which were incubated 
aerobically at 37°C for 18–24 hours. Culture-positive 
isolates were identified based on colony morphology, 

Gram-staining characteristics, pigment production, 
motility, and relevant biochemical tests following 
standard microbiological procedures.
Antibiotic Disks, Culture Media and Control 
Strain: All the bacterial isolates were tested for 
antimicrobial susceptibility according to the CLSI 
guideline 202322. The antimicrobial disks (Himedia, 
Ltd, India) were used according to a standard 
antibiotic panel for isolated organisms. For Gram 
negative organisms, ceftazidime (30ꭒg/disk), cefepime 
(30ꭒg/disk), ceftriaxone (30ꭒg/disk), gentamicin 
(10ꭒg/disk), amikacin (30ꭒg/disk), ciprofloxacin 
(5ꭒg/disk), meropenem (10ꭒg/disk), imipenem 
(10ꭒg/disk), piperacillin-tazobactam (100/10ꭒg/disk), 
trimethoprim- sulfamethoxazole (25/5ꭒg/disk) 
antibiotics were used. Susceptibility of the 
Gram-negative organism to tigecycline was 
determined by 15ꭒg tigecycline disk, and the criteria 
of the United States Food and Drug Administration 
(FDA)23 were used for interpretation. Mueller-Hinton 
agar media was used for antimicrobial susceptibility 
testing. Escherichia coli ATCC 25922 was used as a 
control strain to assess the performance of the method.
Statistical analysis: Microsoft Excel program was used 
for statistical analysis and figure generation.
Ethical approval: The research protocol was 
approved by the Institutional Review Board (IRB) of 
Mymensingh Medical College and Hospital, Memo no 
MMC/ IRB/2023/585.

Results
Among 207 septicemic neonates, 102 (49.27%) were 
found blood culture positive and 105 (50.73%) were 
culture negative (Figure Ⅰ).

Out of total 102 culture positive cases, bacteria were 
isolated from 61 (59.81%) cases and candida spp were 
isolated 41 (40.19%) cases (Table 1).

Out of 61 bacterial isolates, Gram negative bacteria 
were 48 (78.69%) while Gram positive bacteria
were 13 (21.31%) (Figure Ⅱ).

Klebsiella spp was the predominant isolate 26 
(42.62%) followed by Acinetobacter 13 (21.31%), 
Coagulase negative Staphylococci (CoNS) 8 (13.1%) 
(Table 2). Some Escherichia coli, Pseudomonas, 
Staphylococcus aureus and Enterobacter species were 
also isolated. These findings suggest that Klebsiella 
and Acinetobacter spp are mostly responsible for 
neonatal sepsis.

Among the Gram-negative organisms, the commonest 
organism, Klebsiella isolates showed complete 
resistance to ceftriaxone, ceftazidime, and cefepime 
(100.0% each). High resistance was also observed to 
gentamicin (76.9%), amikacin (73.1%), and 
ciprofloxacin (73.1%). Carbapenem resistance was 
notable, with 73.1% resistance to both imipenem and 

similar higher proportion of blood culture-positive 
neonatal sepsis was also reported by Rahman24 
(71.69%) in NICU of DMCH.
The prevalence of neonatal sepsis observed in earlier 
studies conducted in Bangladesh was relatively lower, 
with Hafsa et al20 reporting (7.45%) and Islam QR et 
al10 reporting (31%). Higher isolation rate in this study 
might be due to the use of an automated blood culture 
method. Furthermore, overcrowding in NICU of 
MMCH along with a high patient-to-healthcare 
provider ratio may also contribute to high isolation 
rate. However, the incidence of neonatal sepsis may 
vary from country to country as well as, within the 
same country from one institution to another and even 
year to year in the same institution24.
In this study, bacteria accounted for (59.8%) and 
candida (40.2%). This finding agrees with the study 
conducted by Singh25 who found 65.95% bacteria and 
34.1% Candida. On the other hand, Rahman et al.24 
reported that bacteria were 84.2% and candida 15.79% 
cases, which is dissimilar to this study. This 
discrepancy may be due to the differences in patient 
population, antibiotic exposure, infection control 
practices, and diagnostic purposes. 
The present study documented that Gram-negative 
bacteria (78.69%) are more responsible than 
Gram-positive bacteria (21.3%). Similar findings were 
reported by other investigators10,26,27. But the current 
study disagrees with the findings of other researchers 
who found predominance of Gram-positive bacteria in 
their study1,3,28. The majority of Gram-negative 
organisms isolated in this study and other studies 
reviewed suggest that these infections may be acquired 
from the hospital or community environment, due to 
poor hygienic practices during delivery and postnatal 
care, rather than reflecting vertical transmission to the 
infant from exposure to vaginal tract flora29.
The most predominant bacterial species isolated was 
Klebsiella species, which was present in (42.62%) 
organisms, followed by Acinetobacter (21.31%) and 
CONS (13.1%). In Bangladesh, Islam et al10 reported 
41.9% Klebsiella species as the most common 
pathogen, followed by 19.4% Escherichia coli and in 
India, Mulley et al30 found Klebsiella pneumoniae 
(35.4%) as the predominant pathogen, and in Nepal, 
Pokhrel et al31 reported Klebsiella species (33.3%) 
were predominant isolates. On the other hand, 
Escherichia coli was found as the predominant 
bacteria in neonatal sepsis by others32-33. The high 
prevalence of Klebsiella species in neonatal sepsis is a 
major concern. The organism’s resistance may be 

attributed to several factors, including the presence of 
a protective capsule, multidrug resistance efflux 
pumps, its ability to spread easily, and its strong 
pathogenic nature with an enhanced capacity to 
acquire and transfer resistance plasmids16.
A high proportion of organisms were resistant to 
commonly used antibiotics, which is alarming in our 
study. All the Gram-negative isolates showed 92.31% 
to 100% resistance to third-generation cephalosporins. 
This is almost similar to the study conducted by 
Rahman et al34 who reported 88.89% to 100% 
resistance to third-generation cephalosporins. In 
Nepal, Pokhrel et al.31 reported that Gram-negative 
bacteria had 80.5% resistance to cefotaxime.  The 
reported high resistance rates to one of the first-line 
antibiotics may be due to the misuse and overuse of 
those antibiotics in our country.
This study observed that all the isolated Klebsiella 
species showed 76.92% resistance to gentamicin, 
73.8% resistance to amikacin, imipenem, meropenem, 
and ciprofloxacin respectively. These findings of the 
present study correlate with the findings of the study 
by Rahman et al34 who found 88.89% resistance to 
both amikacin and gentamicin; Siddiqui et al35 also 
reported Klebsiella species showed 70.6% resistance 
to amikacin, 82.4% to ciprofloxacin, 58.8% to both 
meropenem and imipenem. In contrast to this study, 
some other researchers documented moderate to higher 
sensitivity to Klebsiella species3,28,36.
In the current study, Acinetobacter species showed 
76.9% resistance to amikacin, gentamicin, imipenem, 
meropenem and piperacillin-tazobactam, 66.7% to 
SXT, 53.8% to ciprofloxacin. This was supported by 
Rahman et al34 from Bangladesh who reported 100.0% 
resistance to amikacin, gentamicin, 
piperacillin-tazobactam, 75.0% to ciprofloxacin and 
meropenem, 100.0% sensitivity to tigecycline for 
Acinetobacter spp. In India, Siddiqui et al35 also 
reported 100% resistance to amikacin, ciprofloxacin, 
imipenem, meropenem. This finding disagrees with 
Amin et al37 who reported Acinetobacter species had 
100.0% sensitivity to netilmicin, colistin and 
imipenem.
This study documented that 60.0% resistance to 
amikacin, gentamicin, ciprofloxacin, PIT, SXT and 
40% to imipenem and meropenem was observed in 
Escherichia coli. All the isolated E.coli spp were 
sensitive to tigecycline. This result is consistent with 
the results submitted by Monjur et al.38 who reported 
that 78.6% resistance to gentamicin, 64.3% to 

ciprofloxacin in Bangladesh. In contrast to this, Afrin 
et al3 and Chharra et al39 showed good susceptibility 
towards commonly used antibiotics. This indicates the 
emergence of highly resistant strains of Escherichia 
coli in our setting.
Resistance to meropenem among different 
Gram-negative isolates ranged from 40.0% to 76.9%. 
This is almost similar to the study done by Rahman et 
al34 who reported that all of the isolated Gram-negative 
organisms were 50.0% to 83.3% resistant to 
meropenem. Previously, Hafsa et al.20 from 
Bangladesh reported that carbapenem was the effective 
drug (100.0%) for all the isolates. This study clearly 
shows that meropenem, which is used as a last-resort 
drug in the NICU, is developing resistance at an 
alarming rate. However, almost all the Gram-negative 
isolates were sensitive to tigecycline.

Limitation
Due to the limited blood volume obtainable from 
neonates, collection of two separate blood culture sets 
was not feasible.

Conclusion
The findings indicate that the predominance of 
Gram-negative organisms, particularly Klebsiella 
species, Acinetobacter, and Escherichia coli which 
exhibited high levels of resistance to commonly used 
antibiotics. The increasing prevalence of 
multidrug-resistant isolates poses a serious challenge 
to effective treatment and underscores the urgent need 
for continuous surveillance, rational antibiotic use and 
strict infection control measures. Strengthening 
antimicrobial stewardship programs and updating 
empirical therapy guidelines based on local resistance 
trends are essential steps to improve neonatal 
outcomes and combat the growing threat of 
antimicrobial resistance in hospital settings. To prevent 
further resistance, it may be recommended to avoid 
irrational use of antibiotics and to update empirical 
treatment regimen in every institution periodically. 
NICU infection control protocol is recommended to 
implement, follow and monitor strictly.
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meropenem. Additionally, 80.8% of isolates were 
resistant to trimethoprim-sulfamethoxazole and 
piperacillin-tazobactam. No resistance to tigecycline 
was detected (0.0%). Acinetobacter isolates 
demonstrated high resistance to ceftriaxone, 
ceftazidime, and cefepime (92.31% each). Resistance 
to gentamicin and amikacin was 76.92%, while 
ciprofloxacin resistance was 53.85%. Carbapenem 
resistance was also high (76.92% for both imipenem 
and meropenem). Resistance to 
piperacillin-tazobactam and 
trimethoprim-sulfamethoxazole was 76.9% and 66.7%, 
respectively. Tigecycline was not tested. Escherichia 
coli showed complete resistance to ceftriaxone and 
ceftazidime (100.0%), with lower resistance to 
cefepime (80.0%). Resistance to aminoglycosides and 
ciprofloxacin was 60.0% each. Carbapenem resistance 
was comparatively lower at 40.0%. Resistance to 
trimethoprim-sulfamethoxazole and 
piperacillin-tazobactam was 60.0%, with no resistance 
to tigecycline (0.0%) (Table 3).

Discussion
Neonatal sepsis remains a diagnostic and treatment 
challenge for the neonatal health care providers. The 
spectrum of organisms responsible for neonatal sepsis 
changes over time and also varies from region to 
region. The study of bacteriological profile plays a 
very important role in effective management of 
neonatal sepsis.
In the present study, 102(49.3%) cases were blood 
culture positive and 105 (50.73%) were culture 
negative out of 207 septicemic neonates. Almost a 

Introduction
Neonatal sepsis is defined as systemic infections 
occurring in infants in the first 28 days of life1. It 
remains a critical global health concern, particularly in 
low and middle-income countries. The World Health 
Organization (WHO) estimates that neonatal infections 
are responsible for about 1.6 million deaths worldwide 
each year, with nearly 40.0% of all neonatal deaths 
occurring in developing country2. In Bangladesh, 
neonatal sepsis ranks as the second leading cause of 

newborn deaths and the neonatal mortality rate is 20 
per 1000 live births3,4. In rural areas of Bangladesh, 
sepsis accounts for 12.0% of direct neonatal deaths5, 
whereas in the slums of Dhaka, it is responsible for 
20.0% of such deaths6.  It is estimated that around 
20.0% of newborns develop sepsis and about 1.0% die 
from complications related to it7. 
Neonatal sepsis is mainly attributed to a wide range of 
bacterial, viral and fungal (Candida) pathogens8. The 
pattern of microorganisms responsible for neonatal 
sepsis changes over time and differs across various 
regions,9,10,11. Epidemiological data reveal notable 
variations in the distribution of causative bacterial 
agents and their antimicrobial susceptibility 
patterns10,12. In developed countries, Group B 
Streptococcus (GBS), Escherichia coli and Listeria 
monocytogenes are the leading causes of neonatal 

sepsis, whereas in developing nations, Gram negative 
bacteria and coagulase-negative Staphylococci (CoNS) 
are more commonly responsible for neonatal sepsis9. 
The clinical manifestations of neonatal sepsis are often 
nonspecific, making diagnosis challenging. Therefore, 
rapid identification of the causative pathogens and 
timely initiation of appropriate therapy are essential 
for effective management10. Blood culture remains the 
gold standard for confirming the diagnosis of 
sepsis13,14. Blood culture techniques are classified into 
three main types: conventional/manual blood culture 
systems, lysis centrifugation systems and continuous 
monitoring blood culture systems. In recent years, 
automated and computerized continuous monitoring 
systems have become widely adopted for detecting 
bloodstream infections. The three main commercially 
available systems are: BacT/ALERT 3D blood culture 
system, BACTEC 9000 series, VersaTREK system13.
Microorganisms implicated in sepsis have developed 
resistance to commonly used antibiotics over the past 
few decades, making effective treatment increasingly 
challenging15,16. There is an alarming increase in 
resistance to the commonly used antibiotics. The 
World Health Organization (WHO) has recently 
emphasized the significance of this growing problem 
and urged coordinated global efforts to limit the spread 
of antibiotic resistance17. Neonatal Gram-negative 
sepsis is increasingly reported worldwide, 
accompanied by a worrying surge in 
multidrug-resistant infections18. The rise of 
multidrug-resistant bacteria highlights the critical need 
for well-defined antibiotic policies in neonatal 
intensive care units19.
It is now essential to carry out regular surveillance to 
monitor the evolving patterns of bacterial isolates 
responsible for neonatal sepsis. Hence, understanding 
the causative agents and their antimicrobial 
susceptibility profiles is essential for initiating timely 
and effective patient treatment. In Bangladesh, a 
limited number of studies have documented the 
prevalence of neonatal sepsis across various regions of 
the country20-21. This study was designed to investigate 
the etiology of sepsis in neonates and susceptibility 
patterns of Gram-negative bacteria related to sepsis.

Methodology
Study Settings: This cross-sectional study was 
conducted in the Department of Microbiology, 
Mymensingh Medical College Hospital (MMCH), 
Mymensingh, Bangladesh during the period from 
March 2023 to February 2024.

Study Population: The patients who were suspected 
of neonatal septicemia and admitted in the 
Neonatology Department of MMCH, were included in 
this study. Clinically suspected neonates aged group 
(0-28 days) with one or more clinical features like 
hyperthermia/hypothermia, respiratory distress, apnea, 
tachycardia/bradycardia, lethargy, abdominal 
distension, vomiting, poor feeding or inability to feed, 
hypo or hyperglycemia, irritability, high pitched cry, 
seizure, hypotonia or absent neonatal reflexes, 
umbilical redness or discharge. cyanosis, petechiae, 
purpura, jaundice, bulging fontanelle, poor perfusion 
were included. Neonates who did not have above 
features of sepsis, any critically ill neonates, known 
case of major congenital anomalies and when 
guardians refused to give informed written consent 
were excluded.
Study Procedure: Informed written consent from 
legal guardians were taken. All the relevant 
information detailed maternal obstetrical history, 
neonatal birth history, clinical findings and laboratory 
findings of every subject were systemically recorded 
in a pre-designed case record form. 
Isolation and Identification of Organisms: Venous 
blood was collected aseptically following universal 
safety precaution from peripheral vein (antecubital 
vein). 1- 2 ml of blood according to body weight was 
drawn by using a sterile disposable syringe with 
butterfly needle (JMS 27G). After removing the cap, 
the top of the BacT/ALERT® PF plus bottles 
(bioMérieux, Marcy l'Etoile, France) was disinfected 
by 10% povidone iodine followed by 70% alcohol was 
allowed to dry. Blood specimens were inoculated into 
BacT/ALERT® PF Plus bottles. Then the bottles were 
agitated gently to mix the blood with the media. The 
bottles were labelled with the appropriate patient 
information- sample number, patient name, date and 
the time of collection, registration number and taken to 
the Microbiology laboratory of Mymensingh Medical 
College. The culture bottles were incubated at 37°C in 
the BacT/ALERT 3D automated blood culture system 
(bioMérieux, Marcy l'Etoile, France) for up to 7 days. 
Bottles that showed no growth signal after 7 days of 
incubation were considered culture-negative and were 
discarded. Bottles indicating positive growth were 
removed from the system, gently mixed, and 1 mL of 
broth was aseptically withdrawn using a sterile syringe 
and needle. The broth was sub-cultured into blood agar 
and MacConkey agar plates, which were incubated 
aerobically at 37°C for 18–24 hours. Culture-positive 
isolates were identified based on colony morphology, 

Gram-staining characteristics, pigment production, 
motility, and relevant biochemical tests following 
standard microbiological procedures.
Antibiotic Disks, Culture Media and Control 
Strain: All the bacterial isolates were tested for 
antimicrobial susceptibility according to the CLSI 
guideline 202322. The antimicrobial disks (Himedia, 
Ltd, India) were used according to a standard 
antibiotic panel for isolated organisms. For Gram 
negative organisms, ceftazidime (30ꭒg/disk), cefepime 
(30ꭒg/disk), ceftriaxone (30ꭒg/disk), gentamicin 
(10ꭒg/disk), amikacin (30ꭒg/disk), ciprofloxacin 
(5ꭒg/disk), meropenem (10ꭒg/disk), imipenem 
(10ꭒg/disk), piperacillin-tazobactam (100/10ꭒg/disk), 
trimethoprim- sulfamethoxazole (25/5ꭒg/disk) 
antibiotics were used. Susceptibility of the 
Gram-negative organism to tigecycline was 
determined by 15ꭒg tigecycline disk, and the criteria 
of the United States Food and Drug Administration 
(FDA)23 were used for interpretation. Mueller-Hinton 
agar media was used for antimicrobial susceptibility 
testing. Escherichia coli ATCC 25922 was used as a 
control strain to assess the performance of the method.
Statistical analysis: Microsoft Excel program was used 
for statistical analysis and figure generation.
Ethical approval: The research protocol was 
approved by the Institutional Review Board (IRB) of 
Mymensingh Medical College and Hospital, Memo no 
MMC/ IRB/2023/585.

Results
Among 207 septicemic neonates, 102 (49.27%) were 
found blood culture positive and 105 (50.73%) were 
culture negative (Figure Ⅰ).

Out of total 102 culture positive cases, bacteria were 
isolated from 61 (59.81%) cases and candida spp were 
isolated 41 (40.19%) cases (Table 1).

Out of 61 bacterial isolates, Gram negative bacteria 
were 48 (78.69%) while Gram positive bacteria
were 13 (21.31%) (Figure Ⅱ).

Klebsiella spp was the predominant isolate 26 
(42.62%) followed by Acinetobacter 13 (21.31%), 
Coagulase negative Staphylococci (CoNS) 8 (13.1%) 
(Table 2). Some Escherichia coli, Pseudomonas, 
Staphylococcus aureus and Enterobacter species were 
also isolated. These findings suggest that Klebsiella 
and Acinetobacter spp are mostly responsible for 
neonatal sepsis.

Among the Gram-negative organisms, the commonest 
organism, Klebsiella isolates showed complete 
resistance to ceftriaxone, ceftazidime, and cefepime 
(100.0% each). High resistance was also observed to 
gentamicin (76.9%), amikacin (73.1%), and 
ciprofloxacin (73.1%). Carbapenem resistance was 
notable, with 73.1% resistance to both imipenem and 

similar higher proportion of blood culture-positive 
neonatal sepsis was also reported by Rahman24 
(71.69%) in NICU of DMCH.
The prevalence of neonatal sepsis observed in earlier 
studies conducted in Bangladesh was relatively lower, 
with Hafsa et al20 reporting (7.45%) and Islam QR et 
al10 reporting (31%). Higher isolation rate in this study 
might be due to the use of an automated blood culture 
method. Furthermore, overcrowding in NICU of 
MMCH along with a high patient-to-healthcare 
provider ratio may also contribute to high isolation 
rate. However, the incidence of neonatal sepsis may 
vary from country to country as well as, within the 
same country from one institution to another and even 
year to year in the same institution24.
In this study, bacteria accounted for (59.8%) and 
candida (40.2%). This finding agrees with the study 
conducted by Singh25 who found 65.95% bacteria and 
34.1% Candida. On the other hand, Rahman et al.24 
reported that bacteria were 84.2% and candida 15.79% 
cases, which is dissimilar to this study. This 
discrepancy may be due to the differences in patient 
population, antibiotic exposure, infection control 
practices, and diagnostic purposes. 
The present study documented that Gram-negative 
bacteria (78.69%) are more responsible than 
Gram-positive bacteria (21.3%). Similar findings were 
reported by other investigators10,26,27. But the current 
study disagrees with the findings of other researchers 
who found predominance of Gram-positive bacteria in 
their study1,3,28. The majority of Gram-negative 
organisms isolated in this study and other studies 
reviewed suggest that these infections may be acquired 
from the hospital or community environment, due to 
poor hygienic practices during delivery and postnatal 
care, rather than reflecting vertical transmission to the 
infant from exposure to vaginal tract flora29.
The most predominant bacterial species isolated was 
Klebsiella species, which was present in (42.62%) 
organisms, followed by Acinetobacter (21.31%) and 
CONS (13.1%). In Bangladesh, Islam et al10 reported 
41.9% Klebsiella species as the most common 
pathogen, followed by 19.4% Escherichia coli and in 
India, Mulley et al30 found Klebsiella pneumoniae 
(35.4%) as the predominant pathogen, and in Nepal, 
Pokhrel et al31 reported Klebsiella species (33.3%) 
were predominant isolates. On the other hand, 
Escherichia coli was found as the predominant 
bacteria in neonatal sepsis by others32-33. The high 
prevalence of Klebsiella species in neonatal sepsis is a 
major concern. The organism’s resistance may be 

attributed to several factors, including the presence of 
a protective capsule, multidrug resistance efflux 
pumps, its ability to spread easily, and its strong 
pathogenic nature with an enhanced capacity to 
acquire and transfer resistance plasmids16.
A high proportion of organisms were resistant to 
commonly used antibiotics, which is alarming in our 
study. All the Gram-negative isolates showed 92.31% 
to 100% resistance to third-generation cephalosporins. 
This is almost similar to the study conducted by 
Rahman et al34 who reported 88.89% to 100% 
resistance to third-generation cephalosporins. In 
Nepal, Pokhrel et al.31 reported that Gram-negative 
bacteria had 80.5% resistance to cefotaxime.  The 
reported high resistance rates to one of the first-line 
antibiotics may be due to the misuse and overuse of 
those antibiotics in our country.
This study observed that all the isolated Klebsiella 
species showed 76.92% resistance to gentamicin, 
73.8% resistance to amikacin, imipenem, meropenem, 
and ciprofloxacin respectively. These findings of the 
present study correlate with the findings of the study 
by Rahman et al34 who found 88.89% resistance to 
both amikacin and gentamicin; Siddiqui et al35 also 
reported Klebsiella species showed 70.6% resistance 
to amikacin, 82.4% to ciprofloxacin, 58.8% to both 
meropenem and imipenem. In contrast to this study, 
some other researchers documented moderate to higher 
sensitivity to Klebsiella species3,28,36.
In the current study, Acinetobacter species showed 
76.9% resistance to amikacin, gentamicin, imipenem, 
meropenem and piperacillin-tazobactam, 66.7% to 
SXT, 53.8% to ciprofloxacin. This was supported by 
Rahman et al34 from Bangladesh who reported 100.0% 
resistance to amikacin, gentamicin, 
piperacillin-tazobactam, 75.0% to ciprofloxacin and 
meropenem, 100.0% sensitivity to tigecycline for 
Acinetobacter spp. In India, Siddiqui et al35 also 
reported 100% resistance to amikacin, ciprofloxacin, 
imipenem, meropenem. This finding disagrees with 
Amin et al37 who reported Acinetobacter species had 
100.0% sensitivity to netilmicin, colistin and 
imipenem.
This study documented that 60.0% resistance to 
amikacin, gentamicin, ciprofloxacin, PIT, SXT and 
40% to imipenem and meropenem was observed in 
Escherichia coli. All the isolated E.coli spp were 
sensitive to tigecycline. This result is consistent with 
the results submitted by Monjur et al.38 who reported 
that 78.6% resistance to gentamicin, 64.3% to 

ciprofloxacin in Bangladesh. In contrast to this, Afrin 
et al3 and Chharra et al39 showed good susceptibility 
towards commonly used antibiotics. This indicates the 
emergence of highly resistant strains of Escherichia 
coli in our setting.
Resistance to meropenem among different 
Gram-negative isolates ranged from 40.0% to 76.9%. 
This is almost similar to the study done by Rahman et 
al34 who reported that all of the isolated Gram-negative 
organisms were 50.0% to 83.3% resistant to 
meropenem. Previously, Hafsa et al.20 from 
Bangladesh reported that carbapenem was the effective 
drug (100.0%) for all the isolates. This study clearly 
shows that meropenem, which is used as a last-resort 
drug in the NICU, is developing resistance at an 
alarming rate. However, almost all the Gram-negative 
isolates were sensitive to tigecycline.

Limitation
Due to the limited blood volume obtainable from 
neonates, collection of two separate blood culture sets 
was not feasible.

Conclusion
The findings indicate that the predominance of 
Gram-negative organisms, particularly Klebsiella 
species, Acinetobacter, and Escherichia coli which 
exhibited high levels of resistance to commonly used 
antibiotics. The increasing prevalence of 
multidrug-resistant isolates poses a serious challenge 
to effective treatment and underscores the urgent need 
for continuous surveillance, rational antibiotic use and 
strict infection control measures. Strengthening 
antimicrobial stewardship programs and updating 
empirical therapy guidelines based on local resistance 
trends are essential steps to improve neonatal 
outcomes and combat the growing threat of 
antimicrobial resistance in hospital settings. To prevent 
further resistance, it may be recommended to avoid 
irrational use of antibiotics and to update empirical 
treatment regimen in every institution periodically. 
NICU infection control protocol is recommended to 
implement, follow and monitor strictly.
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Percent
59.81
40.19

Frequency
61
41

Table 1:Distribution of Pathogenic Isolates by Automated blood 
culture method ( N=102)
Isolated organisms
Bacteria
Candida

Percentage

13.1
8.2

42.62
21.31
8.19
4.92
1.64

100.00

Frequency

8
5

26
13
5
3
1

61

Table 2: Distribution of bacterial isolates from automated blood 
culture method (N=61)
Bacterial pathogens
Gram Positive Bacteria
Coagulase negative staphylococci
Staphylococcus aureus
Gram Negative bacteria
Klebsiella spp
Acinetobacter
Escherichia coli
Pseudomonas
Enterobacter
Total

p value was calculated by Chi-square test

Figure I: The results of blood culture among suspected 
septicemic neonates( N=207)

Figure Ⅱ: Types of bacterial isolates from blood culture (N= 61)



meropenem. Additionally, 80.8% of isolates were 
resistant to trimethoprim-sulfamethoxazole and 
piperacillin-tazobactam. No resistance to tigecycline 
was detected (0.0%). Acinetobacter isolates 
demonstrated high resistance to ceftriaxone, 
ceftazidime, and cefepime (92.31% each). Resistance 
to gentamicin and amikacin was 76.92%, while 
ciprofloxacin resistance was 53.85%. Carbapenem 
resistance was also high (76.92% for both imipenem 
and meropenem). Resistance to 
piperacillin-tazobactam and 
trimethoprim-sulfamethoxazole was 76.9% and 66.7%, 
respectively. Tigecycline was not tested. Escherichia 
coli showed complete resistance to ceftriaxone and 
ceftazidime (100.0%), with lower resistance to 
cefepime (80.0%). Resistance to aminoglycosides and 
ciprofloxacin was 60.0% each. Carbapenem resistance 
was comparatively lower at 40.0%. Resistance to 
trimethoprim-sulfamethoxazole and 
piperacillin-tazobactam was 60.0%, with no resistance 
to tigecycline (0.0%) (Table 3).

Discussion
Neonatal sepsis remains a diagnostic and treatment 
challenge for the neonatal health care providers. The 
spectrum of organisms responsible for neonatal sepsis 
changes over time and also varies from region to 
region. The study of bacteriological profile plays a 
very important role in effective management of 
neonatal sepsis.
In the present study, 102(49.3%) cases were blood 
culture positive and 105 (50.73%) were culture 
negative out of 207 septicemic neonates. Almost a 

Introduction
Neonatal sepsis is defined as systemic infections 
occurring in infants in the first 28 days of life1. It 
remains a critical global health concern, particularly in 
low and middle-income countries. The World Health 
Organization (WHO) estimates that neonatal infections 
are responsible for about 1.6 million deaths worldwide 
each year, with nearly 40.0% of all neonatal deaths 
occurring in developing country2. In Bangladesh, 
neonatal sepsis ranks as the second leading cause of 

newborn deaths and the neonatal mortality rate is 20 
per 1000 live births3,4. In rural areas of Bangladesh, 
sepsis accounts for 12.0% of direct neonatal deaths5, 
whereas in the slums of Dhaka, it is responsible for 
20.0% of such deaths6.  It is estimated that around 
20.0% of newborns develop sepsis and about 1.0% die 
from complications related to it7. 
Neonatal sepsis is mainly attributed to a wide range of 
bacterial, viral and fungal (Candida) pathogens8. The 
pattern of microorganisms responsible for neonatal 
sepsis changes over time and differs across various 
regions,9,10,11. Epidemiological data reveal notable 
variations in the distribution of causative bacterial 
agents and their antimicrobial susceptibility 
patterns10,12. In developed countries, Group B 
Streptococcus (GBS), Escherichia coli and Listeria 
monocytogenes are the leading causes of neonatal 

sepsis, whereas in developing nations, Gram negative 
bacteria and coagulase-negative Staphylococci (CoNS) 
are more commonly responsible for neonatal sepsis9. 
The clinical manifestations of neonatal sepsis are often 
nonspecific, making diagnosis challenging. Therefore, 
rapid identification of the causative pathogens and 
timely initiation of appropriate therapy are essential 
for effective management10. Blood culture remains the 
gold standard for confirming the diagnosis of 
sepsis13,14. Blood culture techniques are classified into 
three main types: conventional/manual blood culture 
systems, lysis centrifugation systems and continuous 
monitoring blood culture systems. In recent years, 
automated and computerized continuous monitoring 
systems have become widely adopted for detecting 
bloodstream infections. The three main commercially 
available systems are: BacT/ALERT 3D blood culture 
system, BACTEC 9000 series, VersaTREK system13.
Microorganisms implicated in sepsis have developed 
resistance to commonly used antibiotics over the past 
few decades, making effective treatment increasingly 
challenging15,16. There is an alarming increase in 
resistance to the commonly used antibiotics. The 
World Health Organization (WHO) has recently 
emphasized the significance of this growing problem 
and urged coordinated global efforts to limit the spread 
of antibiotic resistance17. Neonatal Gram-negative 
sepsis is increasingly reported worldwide, 
accompanied by a worrying surge in 
multidrug-resistant infections18. The rise of 
multidrug-resistant bacteria highlights the critical need 
for well-defined antibiotic policies in neonatal 
intensive care units19.
It is now essential to carry out regular surveillance to 
monitor the evolving patterns of bacterial isolates 
responsible for neonatal sepsis. Hence, understanding 
the causative agents and their antimicrobial 
susceptibility profiles is essential for initiating timely 
and effective patient treatment. In Bangladesh, a 
limited number of studies have documented the 
prevalence of neonatal sepsis across various regions of 
the country20-21. This study was designed to investigate 
the etiology of sepsis in neonates and susceptibility 
patterns of Gram-negative bacteria related to sepsis.

Methodology
Study Settings: This cross-sectional study was 
conducted in the Department of Microbiology, 
Mymensingh Medical College Hospital (MMCH), 
Mymensingh, Bangladesh during the period from 
March 2023 to February 2024.

Study Population: The patients who were suspected 
of neonatal septicemia and admitted in the 
Neonatology Department of MMCH, were included in 
this study. Clinically suspected neonates aged group 
(0-28 days) with one or more clinical features like 
hyperthermia/hypothermia, respiratory distress, apnea, 
tachycardia/bradycardia, lethargy, abdominal 
distension, vomiting, poor feeding or inability to feed, 
hypo or hyperglycemia, irritability, high pitched cry, 
seizure, hypotonia or absent neonatal reflexes, 
umbilical redness or discharge. cyanosis, petechiae, 
purpura, jaundice, bulging fontanelle, poor perfusion 
were included. Neonates who did not have above 
features of sepsis, any critically ill neonates, known 
case of major congenital anomalies and when 
guardians refused to give informed written consent 
were excluded.
Study Procedure: Informed written consent from 
legal guardians were taken. All the relevant 
information detailed maternal obstetrical history, 
neonatal birth history, clinical findings and laboratory 
findings of every subject were systemically recorded 
in a pre-designed case record form. 
Isolation and Identification of Organisms: Venous 
blood was collected aseptically following universal 
safety precaution from peripheral vein (antecubital 
vein). 1- 2 ml of blood according to body weight was 
drawn by using a sterile disposable syringe with 
butterfly needle (JMS 27G). After removing the cap, 
the top of the BacT/ALERT® PF plus bottles 
(bioMérieux, Marcy l'Etoile, France) was disinfected 
by 10% povidone iodine followed by 70% alcohol was 
allowed to dry. Blood specimens were inoculated into 
BacT/ALERT® PF Plus bottles. Then the bottles were 
agitated gently to mix the blood with the media. The 
bottles were labelled with the appropriate patient 
information- sample number, patient name, date and 
the time of collection, registration number and taken to 
the Microbiology laboratory of Mymensingh Medical 
College. The culture bottles were incubated at 37°C in 
the BacT/ALERT 3D automated blood culture system 
(bioMérieux, Marcy l'Etoile, France) for up to 7 days. 
Bottles that showed no growth signal after 7 days of 
incubation were considered culture-negative and were 
discarded. Bottles indicating positive growth were 
removed from the system, gently mixed, and 1 mL of 
broth was aseptically withdrawn using a sterile syringe 
and needle. The broth was sub-cultured into blood agar 
and MacConkey agar plates, which were incubated 
aerobically at 37°C for 18–24 hours. Culture-positive 
isolates were identified based on colony morphology, 

Gram-staining characteristics, pigment production, 
motility, and relevant biochemical tests following 
standard microbiological procedures.
Antibiotic Disks, Culture Media and Control 
Strain: All the bacterial isolates were tested for 
antimicrobial susceptibility according to the CLSI 
guideline 202322. The antimicrobial disks (Himedia, 
Ltd, India) were used according to a standard 
antibiotic panel for isolated organisms. For Gram 
negative organisms, ceftazidime (30ꭒg/disk), cefepime 
(30ꭒg/disk), ceftriaxone (30ꭒg/disk), gentamicin 
(10ꭒg/disk), amikacin (30ꭒg/disk), ciprofloxacin 
(5ꭒg/disk), meropenem (10ꭒg/disk), imipenem 
(10ꭒg/disk), piperacillin-tazobactam (100/10ꭒg/disk), 
trimethoprim- sulfamethoxazole (25/5ꭒg/disk) 
antibiotics were used. Susceptibility of the 
Gram-negative organism to tigecycline was 
determined by 15ꭒg tigecycline disk, and the criteria 
of the United States Food and Drug Administration 
(FDA)23 were used for interpretation. Mueller-Hinton 
agar media was used for antimicrobial susceptibility 
testing. Escherichia coli ATCC 25922 was used as a 
control strain to assess the performance of the method.
Statistical analysis: Microsoft Excel program was used 
for statistical analysis and figure generation.
Ethical approval: The research protocol was 
approved by the Institutional Review Board (IRB) of 
Mymensingh Medical College and Hospital, Memo no 
MMC/ IRB/2023/585.

Results
Among 207 septicemic neonates, 102 (49.27%) were 
found blood culture positive and 105 (50.73%) were 
culture negative (Figure Ⅰ).

Out of total 102 culture positive cases, bacteria were 
isolated from 61 (59.81%) cases and candida spp were 
isolated 41 (40.19%) cases (Table 1).

Out of 61 bacterial isolates, Gram negative bacteria 
were 48 (78.69%) while Gram positive bacteria
were 13 (21.31%) (Figure Ⅱ).

Klebsiella spp was the predominant isolate 26 
(42.62%) followed by Acinetobacter 13 (21.31%), 
Coagulase negative Staphylococci (CoNS) 8 (13.1%) 
(Table 2). Some Escherichia coli, Pseudomonas, 
Staphylococcus aureus and Enterobacter species were 
also isolated. These findings suggest that Klebsiella 
and Acinetobacter spp are mostly responsible for 
neonatal sepsis.

Among the Gram-negative organisms, the commonest 
organism, Klebsiella isolates showed complete 
resistance to ceftriaxone, ceftazidime, and cefepime 
(100.0% each). High resistance was also observed to 
gentamicin (76.9%), amikacin (73.1%), and 
ciprofloxacin (73.1%). Carbapenem resistance was 
notable, with 73.1% resistance to both imipenem and 

similar higher proportion of blood culture-positive 
neonatal sepsis was also reported by Rahman24 
(71.69%) in NICU of DMCH.
The prevalence of neonatal sepsis observed in earlier 
studies conducted in Bangladesh was relatively lower, 
with Hafsa et al20 reporting (7.45%) and Islam QR et 
al10 reporting (31%). Higher isolation rate in this study 
might be due to the use of an automated blood culture 
method. Furthermore, overcrowding in NICU of 
MMCH along with a high patient-to-healthcare 
provider ratio may also contribute to high isolation 
rate. However, the incidence of neonatal sepsis may 
vary from country to country as well as, within the 
same country from one institution to another and even 
year to year in the same institution24.
In this study, bacteria accounted for (59.8%) and 
candida (40.2%). This finding agrees with the study 
conducted by Singh25 who found 65.95% bacteria and 
34.1% Candida. On the other hand, Rahman et al.24 
reported that bacteria were 84.2% and candida 15.79% 
cases, which is dissimilar to this study. This 
discrepancy may be due to the differences in patient 
population, antibiotic exposure, infection control 
practices, and diagnostic purposes. 
The present study documented that Gram-negative 
bacteria (78.69%) are more responsible than 
Gram-positive bacteria (21.3%). Similar findings were 
reported by other investigators10,26,27. But the current 
study disagrees with the findings of other researchers 
who found predominance of Gram-positive bacteria in 
their study1,3,28. The majority of Gram-negative 
organisms isolated in this study and other studies 
reviewed suggest that these infections may be acquired 
from the hospital or community environment, due to 
poor hygienic practices during delivery and postnatal 
care, rather than reflecting vertical transmission to the 
infant from exposure to vaginal tract flora29.
The most predominant bacterial species isolated was 
Klebsiella species, which was present in (42.62%) 
organisms, followed by Acinetobacter (21.31%) and 
CONS (13.1%). In Bangladesh, Islam et al10 reported 
41.9% Klebsiella species as the most common 
pathogen, followed by 19.4% Escherichia coli and in 
India, Mulley et al30 found Klebsiella pneumoniae 
(35.4%) as the predominant pathogen, and in Nepal, 
Pokhrel et al31 reported Klebsiella species (33.3%) 
were predominant isolates. On the other hand, 
Escherichia coli was found as the predominant 
bacteria in neonatal sepsis by others32-33. The high 
prevalence of Klebsiella species in neonatal sepsis is a 
major concern. The organism’s resistance may be 

attributed to several factors, including the presence of 
a protective capsule, multidrug resistance efflux 
pumps, its ability to spread easily, and its strong 
pathogenic nature with an enhanced capacity to 
acquire and transfer resistance plasmids16.
A high proportion of organisms were resistant to 
commonly used antibiotics, which is alarming in our 
study. All the Gram-negative isolates showed 92.31% 
to 100% resistance to third-generation cephalosporins. 
This is almost similar to the study conducted by 
Rahman et al34 who reported 88.89% to 100% 
resistance to third-generation cephalosporins. In 
Nepal, Pokhrel et al.31 reported that Gram-negative 
bacteria had 80.5% resistance to cefotaxime.  The 
reported high resistance rates to one of the first-line 
antibiotics may be due to the misuse and overuse of 
those antibiotics in our country.
This study observed that all the isolated Klebsiella 
species showed 76.92% resistance to gentamicin, 
73.8% resistance to amikacin, imipenem, meropenem, 
and ciprofloxacin respectively. These findings of the 
present study correlate with the findings of the study 
by Rahman et al34 who found 88.89% resistance to 
both amikacin and gentamicin; Siddiqui et al35 also 
reported Klebsiella species showed 70.6% resistance 
to amikacin, 82.4% to ciprofloxacin, 58.8% to both 
meropenem and imipenem. In contrast to this study, 
some other researchers documented moderate to higher 
sensitivity to Klebsiella species3,28,36.
In the current study, Acinetobacter species showed 
76.9% resistance to amikacin, gentamicin, imipenem, 
meropenem and piperacillin-tazobactam, 66.7% to 
SXT, 53.8% to ciprofloxacin. This was supported by 
Rahman et al34 from Bangladesh who reported 100.0% 
resistance to amikacin, gentamicin, 
piperacillin-tazobactam, 75.0% to ciprofloxacin and 
meropenem, 100.0% sensitivity to tigecycline for 
Acinetobacter spp. In India, Siddiqui et al35 also 
reported 100% resistance to amikacin, ciprofloxacin, 
imipenem, meropenem. This finding disagrees with 
Amin et al37 who reported Acinetobacter species had 
100.0% sensitivity to netilmicin, colistin and 
imipenem.
This study documented that 60.0% resistance to 
amikacin, gentamicin, ciprofloxacin, PIT, SXT and 
40% to imipenem and meropenem was observed in 
Escherichia coli. All the isolated E.coli spp were 
sensitive to tigecycline. This result is consistent with 
the results submitted by Monjur et al.38 who reported 
that 78.6% resistance to gentamicin, 64.3% to 

ciprofloxacin in Bangladesh. In contrast to this, Afrin 
et al3 and Chharra et al39 showed good susceptibility 
towards commonly used antibiotics. This indicates the 
emergence of highly resistant strains of Escherichia 
coli in our setting.
Resistance to meropenem among different 
Gram-negative isolates ranged from 40.0% to 76.9%. 
This is almost similar to the study done by Rahman et 
al34 who reported that all of the isolated Gram-negative 
organisms were 50.0% to 83.3% resistant to 
meropenem. Previously, Hafsa et al.20 from 
Bangladesh reported that carbapenem was the effective 
drug (100.0%) for all the isolates. This study clearly 
shows that meropenem, which is used as a last-resort 
drug in the NICU, is developing resistance at an 
alarming rate. However, almost all the Gram-negative 
isolates were sensitive to tigecycline.

Limitation
Due to the limited blood volume obtainable from 
neonates, collection of two separate blood culture sets 
was not feasible.

Conclusion
The findings indicate that the predominance of 
Gram-negative organisms, particularly Klebsiella 
species, Acinetobacter, and Escherichia coli which 
exhibited high levels of resistance to commonly used 
antibiotics. The increasing prevalence of 
multidrug-resistant isolates poses a serious challenge 
to effective treatment and underscores the urgent need 
for continuous surveillance, rational antibiotic use and 
strict infection control measures. Strengthening 
antimicrobial stewardship programs and updating 
empirical therapy guidelines based on local resistance 
trends are essential steps to improve neonatal 
outcomes and combat the growing threat of 
antimicrobial resistance in hospital settings. To prevent 
further resistance, it may be recommended to avoid 
irrational use of antibiotics and to update empirical 
treatment regimen in every institution periodically. 
NICU infection control protocol is recommended to 
implement, follow and monitor strictly.

Acknowledgements
We would like to acknowledge the support of Department of 
Microbiology and active co-operation of Department of Neonatology, 
Mymensingh Medical College and Hospital, Mymensingh.

Conflict of Interest
All authors declared no conflict of interests.

Financial Disclosure 
No funds were received for this study.

Authors’ contributions
Uhtsa Khisa conceived and designed the study, analyzed the data, 
interpreted the results and wrote up the draft manuscript; Nazia Haque, 
Pompy Dey and Sumya Mahbuba contributed to the analysis of the data, 
interpretation of the results and critically reviewing the manuscript; 
Kallins Chakma and Mahfuz Islam were involved in the manuscript 
review and editing; All authors read and approved the final manuscript.

Data Availability 
Any inquiries regarding supporting data availability of this study should 
be directed to the corresponding author and are available from the 
corresponding author on reasonable request.

Ethics Approval and Consent to Participate 
Ethical approval for the study was obtained from the Institutional 
Review Board. All methods were performed in accordance with the 
relevant guidelines and regulations.

Copyright: © Khisa et al. 2026. Published by Bangladesh Journal of 
Medical Microbiology. This is an open access article and is licensed 
under the Creative Commons Attribution Non Commercial 4.0 
International License (CC BY-NC 4.0). This license permits others to 
distribute, remix, adapt and reproduce or changes in any medium or 
format as long as it will give appropriate credit to the original author(s) 
with the proper citation of the original work as well as the source and 
this is used for noncommercial purposes only. To view a copy of this 
license, please See: https://creativecommons.org/licenses/by-nc/4.0/

How to cite this article: Khisa U, Haque N, Dey P, Mahbuba S, Islam 
M, Chakma K. Etiology of Neonatal Sepsis and Antimicrobial 
Resistance Pattern of Gram-Negative Bacteria in a Tertiary Care 
Hospital of Bangladesh. Bangladesh J Med Microbiol, 2026;20(1):18-24

ORCID
Uhtsa Khisa: https://orcid.org/0009-0006-7427-1120 
Nazia Haque: https://orcid.org/0000-0001-9308-7675    
Pompy Dey: https://orcid.org/0009-0002-3145-9626 
Sumya Mahbuba: https://orcid.org/0009-0005-0906-3328   
Mahfuz Islam: https://orcid.org/0009-0003-3045-5567 
Kallins Chakma: https://orcid.org/0009-0006-9444-5597

Article Info
Received: 7 September 2025
Accepted: 24 October 2025
Published: 1 January 2026

References 
1. Aku FY, Akweongo P, Nyarko K, Sackey S, Wurapa F, Afari EA, 
Ameme DK, Kenu E. Bacteriological profile and antibiotic 
susceptibility pattern of common isolates of neonatal sepsis, Ho 
Municipality, Ghana-2016. Maternal health, neonatology and 
perinatology. 2018 Jan 23;4(1):2.
2. Zakariya BP, Bhat V, Harish BN, Arun Babu T, Joseph NM. 
Neonatal sepsis in a tertiary care hospital in South India: 
bacteriological profile and antibiotic sensitivity pattern. The Indian 
Journal of Pediatrics. 2011 Apr;78(4):413-7.
3. Biswas A. Neonatal septicemia: isolation, identification and 
antibiotic sensitivity pattern of bacteria in a tertiary hospital in 

Bangladesh. Faridpur Medical College Journal. 2017 Jan 1.
4. Hasan SH, Chowdhury MJ, Das JC, Nahar K, Ferdous J, Hoq T, 
Ara F, Zahur T. Predictors of Mortality among Neonates at a 
Department of Neonatology of a Tertiary Hospital in Bangladesh. 
Journal of Chittagong Medical College Teachers' Association. 
2024;35(2):28-34.
5. Chowdhury HR, Thompson S, Ali M, Alam N, Yunus M, 
Streatfield PK. Causes of neonatal deaths in a rural subdistrict of 
Bangladesh: implications for intervention. Journal of health, 
population, and nutrition. 2010 Aug;28(4):375.
6. Khatun F, Rasheed S, Moran AC, Alam AM, Shomik MS, Sultana 
M, Choudhury N, Iqbal M, Bhuiya A. Causes of neonatal and 
maternal deaths in Dhaka slums: implications for service delivery. 
BMC Public Health. 2012 Jan 26;12(1):84.
7. Chharra S, Khan S, Shukur A, Hossain MR, Haque S, Faruque S. 
Bacteriological profile of neonatal septicaemia and Antibiotic 
susceptibility pattern of the isolates admitted in SCANU of a tertiary 
levels hospital of North Bengal, Bangladesh. Saudi J Med Pharm 
Sci. 2023;9(4):248-53.
8. Sorsa A. Epidemiology of neonatal sepsis and associated factors 
implicated: observational study at neonatal intensive care unit of 
Arsi University Teaching and Referral Hospital, South East Ethiopia. 
Ethiopian journal of health sciences. 2019;29(3).
9. Ferdous N, Mannan MA, Yasmin S, Al Shahnewaz A, Khan M, 
Anwar P. Outcome of Bacterial Sepsis in Neonate with 
Determination of Pathogens and Their Antimicrobial Susceptibility. 
Bangladesh Critical Care Journal. 2021 Oct 15;9(2):79-86.
10. Islam QR, Shahidullah M, Islam MZ, Mridha MA, Akter S. 
Bacterial profile of neonatal septicemia and antibiotic susceptibility 
pattern of the isolates in tertiary care hospital, Dhaka, Bangladesh. 
Bangladesh Journal of Child Health. 2019 Apr 28;43(1):35-40.
11. Jahan N, Haque ZS, Mannan MA, Akhter M, Yasmin S, Akhter S, 
Talukder AM, Dey SK. Patient characteristics, bacteriological 
profile & outcome of neonatal sepsis: a hospital based study. 
Community Based Medical Journal. 2013 Mar 18;2(1):49-54.
12. Aletayeb SM, Khosravi AD, Dehdashtian M, Kompani F, 
Mortazavi SM, Aramesh MR. Identification of bacterial agents and 
antimicrobial susceptibility of neonatal sepsis: A 54-month study in 
a tertiary hospital. African Journal of Microbiology Research. 2011 
Mar 4;5(5):528-31.
13. Chowdhury RN, Akter N, Ahmed S, Chowdhury AH. 
Comparison of Conventional and Automated Blood Culture 
Methods for The Diagnosis of Neonatal Septicemia. Bangladesh 
Journal of Medical Microbiology. 2021 Jul 31;15(2):12-8.
14. Park IH, Lee SH, Yu ST, Oh YK. Serum procalcitonin as a 
diagnostic marker of neonatal sepsis. Korean journal of pediatrics. 
2014 Oct 31;57(10):451.
15. Ansari S, Nepal HP, Gautam R, Shrestha S, Neopane P, 
Chapagain ML. Neonatal Septicemia in Nepal: Early‐Onset versus 
Late‐Onset. International journal of pediatrics. 
2015;2015(1):379806.
16. Mamtaz SS, Chowdhury AH. Meropenem Sensitivity Pattern of 
Bacterial Isolates Causing Neonatal Sepsis in Special Care Neonatal 
Unit of Chattogram Medical College Hospital. Journal of Chittagong 
Medical College Teachers' Association. 2019 Aug 26;30(1):43-6.
17. Bandyopadhyay T, Kumar A, Saili A, Randhawa VS. 
Distribution, antimicrobial resistance and predictors of mortality in 
neonatal sepsis. Journal of neonatal-perinatal medicine. 2018 Jul 
5;11(2):145-53.
18. Moftian N, Rezaei-Hachesu P, Arab-Zozani M, Samad-Soltani T, 

Esfandiari A, Tabib MS, Mirnia K. Prevalence of gram-negative 
bacteria and their antibiotic resistance in neonatal sepsis in Iran: a 
systematic review and meta-analysis. BMC infectious diseases. 2023 
Aug 15;23(1):534.
19. Chelliah A, Thyagarajan R, Katragadda R, Leela KV, Babu RN. 
Isolation of MRSA, ESBL and AmpC–β-lactamases from neonatal 
sepsis at a tertiary care hospital. Journal of clinical and diagnostic 
research: JCDR. 2014 Jun 20;8(6):DC24.
20. Hafsa A, Fakruddin M, Hakim MA, Sharma JD. Neonatal 
bacteremia in a neonatal intensive care unit: analysis of causative 
organisms and antimicrobial susceptibility. Bangladesh Journal of 
Medical Science. 2011;10(3):187-94.
21. Parvin R, Afroze S, Ferdoucy SA, Rahman K, Bashar AK, 
Sultana R. Risk factors of late-onset Neonatal Sepsis in Special Care 
Neonatal Unit of a Tertiary Care Hospital in Bangladesh. Journal of 
Bangladesh College of Physicians and Surgeons. 2022 Oct 
16;40(4):257-62.
22. Wayne PA. Clinical and laboratory standards institute. 
Performance standards for antimicrobial susceptibility testing, 33rd 
Edition (M100-33).
23. Brink AJ, Bizos D, Boffard KD, Feldman C, Grolman DC, 
Pretorius J, Richards GA, Senekal M, Steyn E, Welkovic N. 
Guideline: appropriate use of tigecycline. SAMJ: South African 
medical journal. 2010 Jun;100(6):388-94.
24. Rahman T, Rahman MA, Alo K, Begum M, Sarwar S, Nila SS. 
Distribution of microorganisms in neonatal sepsis and possible 
outbreak of Enterobacter spp. in neonatal intensive care unit. 
KYAMC Journal. 2020 May 17;11(1):14-20.
25. Singh N, Rain Z, Prakash P, Kumar A, Kumar D. Rapid detection 
and antimicrobial resistance profiling of pathogens causing neonatal 
sepsis using polymerase chain reaction: A prospective study. Journal 
of Clinical Sciences. 2025 Jul 1;22(3):159-66.
26. Kedar D, Parekh D. Bacteriological profile and antibiotic 
susceptibility of neonatal sepsis in a tertiary care hospital. 
International Journal of Paediatrics and Geriatrics. 2020;3(1):165-8.
27. Nahar BS, Afroza S, Roy S, Nahar N, Kundu TN. Neonatal sepsis 
in a tertiary care hospital: evaluation of causative agents and 
antimicrobial susceptibilities. Bangladesh Journal of Child Health. 
2013 Jun 18;37(1):14-7.
28. Shrestha RK, Rai SK, Khanal LK, Manda PK. Bacteriological 

study of neonatal sepsis and antibiotic susceptibility pattern of 
isolates in Kathmandu, Nepal. Nepal Med Coll J. 2013 Mar 
1;15(1):71-3.
29. Zaidi AK, Thaver D, Ali SA, Khan TA. Pathogens associated 
with sepsis in newborns and young infants in developing countries. 
The Pediatric infectious disease journal. 2009 Jan 1;28(1):S10-8.
30. Muley VA, Ghadage DP, Bhore AV. Bacteriological profile of 
neonatal septicemia in a tertiary care hospital from Western India. 
Journal of global infectious diseases. 2015 Apr 1;7(2):75-7.
31. Pokhrel B, Koirala T, Shah G, Joshi S, Baral P. Bacteriological 
profile and antibiotic susceptibility of neonatal sepsis in neonatal 
intensive care unit of a tertiary hospital in Nepal. BMC pediatrics. 
2018;18(1):208.
32. Zou H, Jia X, He X, Su Y, Zhou L, Shen Y, Sheng C, Liao A, Li 
C, Li Q. Emerging threat of multidrug resistant pathogens from 
neonatal sepsis. Frontiers in Cellular and Infection Microbiology. 
2021 Jul 12;11:694093.
33. Shrestha NJ, Subedi KU, Rai GK. Bacteriological profile of 
neonatal sepsis: a hospital-based study. Journal of Nepal Paediatric 
Society. 2011;31(1):1-5.
34. Rahman T, Sultana S, Happy TA, Alo K, Begum M. Alarming 
Pattern of Antimicrobial Resistance in Neonatal Sepsis Observed in 
Neonatal Intensive Care Unit of a Tertiary Care Hospital in 
Bangladesh. KYAMC Journal. 2021 May 8;12(1):3-7.
35. Siddiqui T, Dubey A, Kar M, Patel SS, Sahu C, Ghoshal U. 
Bacteriological profiles and antibiotic susceptibility of neonatal 
sepsis in a university hospital of Northern India. Journal of Family 
Medicine and Primary Care. 2023;12(3):493-8.
36. Khan MA, Khan A, Shah F, Munir A. Neonatal sepsis: a study of 
causative pathogens and their antimicrobial sensitivity pattern at 
tertiary hospital. Gomal Journal of Medical Sciences. 2012;10(2).
37. Amin SE, Hossain MA, Akhtaruzzaman M, Choudhury MF, 
Islam N, Hossain CF, Akter F, Eva EN, Nasrin KN, Islam MN. 
Antimicrobial Sensitivity Pattern in Neonatal Sepsis in Neonatal 
Intensive Care Unit of Mymensingh Medical College Hospital. 
Mymensingh Medical Journal: MMJ. 2020;29(4):784-92.
38. Monjur F, Rizwan F, Asaduzzaman M, Nasrin N, Ghosh NK, Apu 
AS, Haque F. Antibiotic sensitivity pattern of causative organisms of 
neonatal septicemia in an urban hospital of Bangladesh. Indian J 
Med Sci. 2010;64(6):265-71

Etiology of Neonatal Sepsis & Antimicrobial Resistance Pattern of Gram-Negative Bacteria Khisa et al

21Bangladesh J Med Microbiol January 2026, Volume 20, Number 1

p value was calculated by Chi-square test

Escherichia coli 
(n=5)

5(100.0%)
5(100.0%)
4(80.0%)
3(60.0%)
3(60.0%)
3(60.0%)
2(40.0%)
2(40.0%)

3(60.0%)

3(60.0%)
0(0.0%)

Klebsiella spp
(n=26)

26 (100.0%)
26 (100.0%)
26 (100.0%)
19 (73.1%)
20(76.9%)
19(73.1%)
19(73.1%)
19(73.1%)

21(80.8%)

21(80.8%)
0 (0.0%)

Acinetobacter
(n=13)

12(92.31)
12(92.3%)
12(92.3%)
10(76.9%)
10(76.9%)
7(53.8%)
10(76.9%)
10(76.9%)

9(66.7%)

10(76.9%)
-

Table 3: Antibiotic Resistance Profile among Major 
Gram-Negative Isolates (N=44)
Antibiotics

Ceftriaxone
Ceftazidime
Cefepime
Amikacin
Gentamicin
Ciprofloxacin
Imipenem
Meropenem
Trimethoprim-
Sulfamethoxazole
Piperacillin- 
tazobactam
Tigecycline



meropenem. Additionally, 80.8% of isolates were 
resistant to trimethoprim-sulfamethoxazole and 
piperacillin-tazobactam. No resistance to tigecycline 
was detected (0.0%). Acinetobacter isolates 
demonstrated high resistance to ceftriaxone, 
ceftazidime, and cefepime (92.31% each). Resistance 
to gentamicin and amikacin was 76.92%, while 
ciprofloxacin resistance was 53.85%. Carbapenem 
resistance was also high (76.92% for both imipenem 
and meropenem). Resistance to 
piperacillin-tazobactam and 
trimethoprim-sulfamethoxazole was 76.9% and 66.7%, 
respectively. Tigecycline was not tested. Escherichia 
coli showed complete resistance to ceftriaxone and 
ceftazidime (100.0%), with lower resistance to 
cefepime (80.0%). Resistance to aminoglycosides and 
ciprofloxacin was 60.0% each. Carbapenem resistance 
was comparatively lower at 40.0%. Resistance to 
trimethoprim-sulfamethoxazole and 
piperacillin-tazobactam was 60.0%, with no resistance 
to tigecycline (0.0%) (Table 3).

Discussion
Neonatal sepsis remains a diagnostic and treatment 
challenge for the neonatal health care providers. The 
spectrum of organisms responsible for neonatal sepsis 
changes over time and also varies from region to 
region. The study of bacteriological profile plays a 
very important role in effective management of 
neonatal sepsis.
In the present study, 102(49.3%) cases were blood 
culture positive and 105 (50.73%) were culture 
negative out of 207 septicemic neonates. Almost a 

Introduction
Neonatal sepsis is defined as systemic infections 
occurring in infants in the first 28 days of life1. It 
remains a critical global health concern, particularly in 
low and middle-income countries. The World Health 
Organization (WHO) estimates that neonatal infections 
are responsible for about 1.6 million deaths worldwide 
each year, with nearly 40.0% of all neonatal deaths 
occurring in developing country2. In Bangladesh, 
neonatal sepsis ranks as the second leading cause of 

newborn deaths and the neonatal mortality rate is 20 
per 1000 live births3,4. In rural areas of Bangladesh, 
sepsis accounts for 12.0% of direct neonatal deaths5, 
whereas in the slums of Dhaka, it is responsible for 
20.0% of such deaths6.  It is estimated that around 
20.0% of newborns develop sepsis and about 1.0% die 
from complications related to it7. 
Neonatal sepsis is mainly attributed to a wide range of 
bacterial, viral and fungal (Candida) pathogens8. The 
pattern of microorganisms responsible for neonatal 
sepsis changes over time and differs across various 
regions,9,10,11. Epidemiological data reveal notable 
variations in the distribution of causative bacterial 
agents and their antimicrobial susceptibility 
patterns10,12. In developed countries, Group B 
Streptococcus (GBS), Escherichia coli and Listeria 
monocytogenes are the leading causes of neonatal 

sepsis, whereas in developing nations, Gram negative 
bacteria and coagulase-negative Staphylococci (CoNS) 
are more commonly responsible for neonatal sepsis9. 
The clinical manifestations of neonatal sepsis are often 
nonspecific, making diagnosis challenging. Therefore, 
rapid identification of the causative pathogens and 
timely initiation of appropriate therapy are essential 
for effective management10. Blood culture remains the 
gold standard for confirming the diagnosis of 
sepsis13,14. Blood culture techniques are classified into 
three main types: conventional/manual blood culture 
systems, lysis centrifugation systems and continuous 
monitoring blood culture systems. In recent years, 
automated and computerized continuous monitoring 
systems have become widely adopted for detecting 
bloodstream infections. The three main commercially 
available systems are: BacT/ALERT 3D blood culture 
system, BACTEC 9000 series, VersaTREK system13.
Microorganisms implicated in sepsis have developed 
resistance to commonly used antibiotics over the past 
few decades, making effective treatment increasingly 
challenging15,16. There is an alarming increase in 
resistance to the commonly used antibiotics. The 
World Health Organization (WHO) has recently 
emphasized the significance of this growing problem 
and urged coordinated global efforts to limit the spread 
of antibiotic resistance17. Neonatal Gram-negative 
sepsis is increasingly reported worldwide, 
accompanied by a worrying surge in 
multidrug-resistant infections18. The rise of 
multidrug-resistant bacteria highlights the critical need 
for well-defined antibiotic policies in neonatal 
intensive care units19.
It is now essential to carry out regular surveillance to 
monitor the evolving patterns of bacterial isolates 
responsible for neonatal sepsis. Hence, understanding 
the causative agents and their antimicrobial 
susceptibility profiles is essential for initiating timely 
and effective patient treatment. In Bangladesh, a 
limited number of studies have documented the 
prevalence of neonatal sepsis across various regions of 
the country20-21. This study was designed to investigate 
the etiology of sepsis in neonates and susceptibility 
patterns of Gram-negative bacteria related to sepsis.

Methodology
Study Settings: This cross-sectional study was 
conducted in the Department of Microbiology, 
Mymensingh Medical College Hospital (MMCH), 
Mymensingh, Bangladesh during the period from 
March 2023 to February 2024.

Study Population: The patients who were suspected 
of neonatal septicemia and admitted in the 
Neonatology Department of MMCH, were included in 
this study. Clinically suspected neonates aged group 
(0-28 days) with one or more clinical features like 
hyperthermia/hypothermia, respiratory distress, apnea, 
tachycardia/bradycardia, lethargy, abdominal 
distension, vomiting, poor feeding or inability to feed, 
hypo or hyperglycemia, irritability, high pitched cry, 
seizure, hypotonia or absent neonatal reflexes, 
umbilical redness or discharge. cyanosis, petechiae, 
purpura, jaundice, bulging fontanelle, poor perfusion 
were included. Neonates who did not have above 
features of sepsis, any critically ill neonates, known 
case of major congenital anomalies and when 
guardians refused to give informed written consent 
were excluded.
Study Procedure: Informed written consent from 
legal guardians were taken. All the relevant 
information detailed maternal obstetrical history, 
neonatal birth history, clinical findings and laboratory 
findings of every subject were systemically recorded 
in a pre-designed case record form. 
Isolation and Identification of Organisms: Venous 
blood was collected aseptically following universal 
safety precaution from peripheral vein (antecubital 
vein). 1- 2 ml of blood according to body weight was 
drawn by using a sterile disposable syringe with 
butterfly needle (JMS 27G). After removing the cap, 
the top of the BacT/ALERT® PF plus bottles 
(bioMérieux, Marcy l'Etoile, France) was disinfected 
by 10% povidone iodine followed by 70% alcohol was 
allowed to dry. Blood specimens were inoculated into 
BacT/ALERT® PF Plus bottles. Then the bottles were 
agitated gently to mix the blood with the media. The 
bottles were labelled with the appropriate patient 
information- sample number, patient name, date and 
the time of collection, registration number and taken to 
the Microbiology laboratory of Mymensingh Medical 
College. The culture bottles were incubated at 37°C in 
the BacT/ALERT 3D automated blood culture system 
(bioMérieux, Marcy l'Etoile, France) for up to 7 days. 
Bottles that showed no growth signal after 7 days of 
incubation were considered culture-negative and were 
discarded. Bottles indicating positive growth were 
removed from the system, gently mixed, and 1 mL of 
broth was aseptically withdrawn using a sterile syringe 
and needle. The broth was sub-cultured into blood agar 
and MacConkey agar plates, which were incubated 
aerobically at 37°C for 18–24 hours. Culture-positive 
isolates were identified based on colony morphology, 

Gram-staining characteristics, pigment production, 
motility, and relevant biochemical tests following 
standard microbiological procedures.
Antibiotic Disks, Culture Media and Control 
Strain: All the bacterial isolates were tested for 
antimicrobial susceptibility according to the CLSI 
guideline 202322. The antimicrobial disks (Himedia, 
Ltd, India) were used according to a standard 
antibiotic panel for isolated organisms. For Gram 
negative organisms, ceftazidime (30ꭒg/disk), cefepime 
(30ꭒg/disk), ceftriaxone (30ꭒg/disk), gentamicin 
(10ꭒg/disk), amikacin (30ꭒg/disk), ciprofloxacin 
(5ꭒg/disk), meropenem (10ꭒg/disk), imipenem 
(10ꭒg/disk), piperacillin-tazobactam (100/10ꭒg/disk), 
trimethoprim- sulfamethoxazole (25/5ꭒg/disk) 
antibiotics were used. Susceptibility of the 
Gram-negative organism to tigecycline was 
determined by 15ꭒg tigecycline disk, and the criteria 
of the United States Food and Drug Administration 
(FDA)23 were used for interpretation. Mueller-Hinton 
agar media was used for antimicrobial susceptibility 
testing. Escherichia coli ATCC 25922 was used as a 
control strain to assess the performance of the method.
Statistical analysis: Microsoft Excel program was used 
for statistical analysis and figure generation.
Ethical approval: The research protocol was 
approved by the Institutional Review Board (IRB) of 
Mymensingh Medical College and Hospital, Memo no 
MMC/ IRB/2023/585.

Results
Among 207 septicemic neonates, 102 (49.27%) were 
found blood culture positive and 105 (50.73%) were 
culture negative (Figure Ⅰ).

Out of total 102 culture positive cases, bacteria were 
isolated from 61 (59.81%) cases and candida spp were 
isolated 41 (40.19%) cases (Table 1).

Out of 61 bacterial isolates, Gram negative bacteria 
were 48 (78.69%) while Gram positive bacteria
were 13 (21.31%) (Figure Ⅱ).

Klebsiella spp was the predominant isolate 26 
(42.62%) followed by Acinetobacter 13 (21.31%), 
Coagulase negative Staphylococci (CoNS) 8 (13.1%) 
(Table 2). Some Escherichia coli, Pseudomonas, 
Staphylococcus aureus and Enterobacter species were 
also isolated. These findings suggest that Klebsiella 
and Acinetobacter spp are mostly responsible for 
neonatal sepsis.

Among the Gram-negative organisms, the commonest 
organism, Klebsiella isolates showed complete 
resistance to ceftriaxone, ceftazidime, and cefepime 
(100.0% each). High resistance was also observed to 
gentamicin (76.9%), amikacin (73.1%), and 
ciprofloxacin (73.1%). Carbapenem resistance was 
notable, with 73.1% resistance to both imipenem and 

similar higher proportion of blood culture-positive 
neonatal sepsis was also reported by Rahman24 
(71.69%) in NICU of DMCH.
The prevalence of neonatal sepsis observed in earlier 
studies conducted in Bangladesh was relatively lower, 
with Hafsa et al20 reporting (7.45%) and Islam QR et 
al10 reporting (31%). Higher isolation rate in this study 
might be due to the use of an automated blood culture 
method. Furthermore, overcrowding in NICU of 
MMCH along with a high patient-to-healthcare 
provider ratio may also contribute to high isolation 
rate. However, the incidence of neonatal sepsis may 
vary from country to country as well as, within the 
same country from one institution to another and even 
year to year in the same institution24.
In this study, bacteria accounted for (59.8%) and 
candida (40.2%). This finding agrees with the study 
conducted by Singh25 who found 65.95% bacteria and 
34.1% Candida. On the other hand, Rahman et al.24 
reported that bacteria were 84.2% and candida 15.79% 
cases, which is dissimilar to this study. This 
discrepancy may be due to the differences in patient 
population, antibiotic exposure, infection control 
practices, and diagnostic purposes. 
The present study documented that Gram-negative 
bacteria (78.69%) are more responsible than 
Gram-positive bacteria (21.3%). Similar findings were 
reported by other investigators10,26,27. But the current 
study disagrees with the findings of other researchers 
who found predominance of Gram-positive bacteria in 
their study1,3,28. The majority of Gram-negative 
organisms isolated in this study and other studies 
reviewed suggest that these infections may be acquired 
from the hospital or community environment, due to 
poor hygienic practices during delivery and postnatal 
care, rather than reflecting vertical transmission to the 
infant from exposure to vaginal tract flora29.
The most predominant bacterial species isolated was 
Klebsiella species, which was present in (42.62%) 
organisms, followed by Acinetobacter (21.31%) and 
CONS (13.1%). In Bangladesh, Islam et al10 reported 
41.9% Klebsiella species as the most common 
pathogen, followed by 19.4% Escherichia coli and in 
India, Mulley et al30 found Klebsiella pneumoniae 
(35.4%) as the predominant pathogen, and in Nepal, 
Pokhrel et al31 reported Klebsiella species (33.3%) 
were predominant isolates. On the other hand, 
Escherichia coli was found as the predominant 
bacteria in neonatal sepsis by others32-33. The high 
prevalence of Klebsiella species in neonatal sepsis is a 
major concern. The organism’s resistance may be 

attributed to several factors, including the presence of 
a protective capsule, multidrug resistance efflux 
pumps, its ability to spread easily, and its strong 
pathogenic nature with an enhanced capacity to 
acquire and transfer resistance plasmids16.
A high proportion of organisms were resistant to 
commonly used antibiotics, which is alarming in our 
study. All the Gram-negative isolates showed 92.31% 
to 100% resistance to third-generation cephalosporins. 
This is almost similar to the study conducted by 
Rahman et al34 who reported 88.89% to 100% 
resistance to third-generation cephalosporins. In 
Nepal, Pokhrel et al.31 reported that Gram-negative 
bacteria had 80.5% resistance to cefotaxime.  The 
reported high resistance rates to one of the first-line 
antibiotics may be due to the misuse and overuse of 
those antibiotics in our country.
This study observed that all the isolated Klebsiella 
species showed 76.92% resistance to gentamicin, 
73.8% resistance to amikacin, imipenem, meropenem, 
and ciprofloxacin respectively. These findings of the 
present study correlate with the findings of the study 
by Rahman et al34 who found 88.89% resistance to 
both amikacin and gentamicin; Siddiqui et al35 also 
reported Klebsiella species showed 70.6% resistance 
to amikacin, 82.4% to ciprofloxacin, 58.8% to both 
meropenem and imipenem. In contrast to this study, 
some other researchers documented moderate to higher 
sensitivity to Klebsiella species3,28,36.
In the current study, Acinetobacter species showed 
76.9% resistance to amikacin, gentamicin, imipenem, 
meropenem and piperacillin-tazobactam, 66.7% to 
SXT, 53.8% to ciprofloxacin. This was supported by 
Rahman et al34 from Bangladesh who reported 100.0% 
resistance to amikacin, gentamicin, 
piperacillin-tazobactam, 75.0% to ciprofloxacin and 
meropenem, 100.0% sensitivity to tigecycline for 
Acinetobacter spp. In India, Siddiqui et al35 also 
reported 100% resistance to amikacin, ciprofloxacin, 
imipenem, meropenem. This finding disagrees with 
Amin et al37 who reported Acinetobacter species had 
100.0% sensitivity to netilmicin, colistin and 
imipenem.
This study documented that 60.0% resistance to 
amikacin, gentamicin, ciprofloxacin, PIT, SXT and 
40% to imipenem and meropenem was observed in 
Escherichia coli. All the isolated E.coli spp were 
sensitive to tigecycline. This result is consistent with 
the results submitted by Monjur et al.38 who reported 
that 78.6% resistance to gentamicin, 64.3% to 

ciprofloxacin in Bangladesh. In contrast to this, Afrin 
et al3 and Chharra et al39 showed good susceptibility 
towards commonly used antibiotics. This indicates the 
emergence of highly resistant strains of Escherichia 
coli in our setting.
Resistance to meropenem among different 
Gram-negative isolates ranged from 40.0% to 76.9%. 
This is almost similar to the study done by Rahman et 
al34 who reported that all of the isolated Gram-negative 
organisms were 50.0% to 83.3% resistant to 
meropenem. Previously, Hafsa et al.20 from 
Bangladesh reported that carbapenem was the effective 
drug (100.0%) for all the isolates. This study clearly 
shows that meropenem, which is used as a last-resort 
drug in the NICU, is developing resistance at an 
alarming rate. However, almost all the Gram-negative 
isolates were sensitive to tigecycline.

Limitation
Due to the limited blood volume obtainable from 
neonates, collection of two separate blood culture sets 
was not feasible.

Conclusion
The findings indicate that the predominance of 
Gram-negative organisms, particularly Klebsiella 
species, Acinetobacter, and Escherichia coli which 
exhibited high levels of resistance to commonly used 
antibiotics. The increasing prevalence of 
multidrug-resistant isolates poses a serious challenge 
to effective treatment and underscores the urgent need 
for continuous surveillance, rational antibiotic use and 
strict infection control measures. Strengthening 
antimicrobial stewardship programs and updating 
empirical therapy guidelines based on local resistance 
trends are essential steps to improve neonatal 
outcomes and combat the growing threat of 
antimicrobial resistance in hospital settings. To prevent 
further resistance, it may be recommended to avoid 
irrational use of antibiotics and to update empirical 
treatment regimen in every institution periodically. 
NICU infection control protocol is recommended to 
implement, follow and monitor strictly.
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meropenem. Additionally, 80.8% of isolates were 
resistant to trimethoprim-sulfamethoxazole and 
piperacillin-tazobactam. No resistance to tigecycline 
was detected (0.0%). Acinetobacter isolates 
demonstrated high resistance to ceftriaxone, 
ceftazidime, and cefepime (92.31% each). Resistance 
to gentamicin and amikacin was 76.92%, while 
ciprofloxacin resistance was 53.85%. Carbapenem 
resistance was also high (76.92% for both imipenem 
and meropenem). Resistance to 
piperacillin-tazobactam and 
trimethoprim-sulfamethoxazole was 76.9% and 66.7%, 
respectively. Tigecycline was not tested. Escherichia 
coli showed complete resistance to ceftriaxone and 
ceftazidime (100.0%), with lower resistance to 
cefepime (80.0%). Resistance to aminoglycosides and 
ciprofloxacin was 60.0% each. Carbapenem resistance 
was comparatively lower at 40.0%. Resistance to 
trimethoprim-sulfamethoxazole and 
piperacillin-tazobactam was 60.0%, with no resistance 
to tigecycline (0.0%) (Table 3).

Discussion
Neonatal sepsis remains a diagnostic and treatment 
challenge for the neonatal health care providers. The 
spectrum of organisms responsible for neonatal sepsis 
changes over time and also varies from region to 
region. The study of bacteriological profile plays a 
very important role in effective management of 
neonatal sepsis.
In the present study, 102(49.3%) cases were blood 
culture positive and 105 (50.73%) were culture 
negative out of 207 septicemic neonates. Almost a 

Introduction
Neonatal sepsis is defined as systemic infections 
occurring in infants in the first 28 days of life1. It 
remains a critical global health concern, particularly in 
low and middle-income countries. The World Health 
Organization (WHO) estimates that neonatal infections 
are responsible for about 1.6 million deaths worldwide 
each year, with nearly 40.0% of all neonatal deaths 
occurring in developing country2. In Bangladesh, 
neonatal sepsis ranks as the second leading cause of 

newborn deaths and the neonatal mortality rate is 20 
per 1000 live births3,4. In rural areas of Bangladesh, 
sepsis accounts for 12.0% of direct neonatal deaths5, 
whereas in the slums of Dhaka, it is responsible for 
20.0% of such deaths6.  It is estimated that around 
20.0% of newborns develop sepsis and about 1.0% die 
from complications related to it7. 
Neonatal sepsis is mainly attributed to a wide range of 
bacterial, viral and fungal (Candida) pathogens8. The 
pattern of microorganisms responsible for neonatal 
sepsis changes over time and differs across various 
regions,9,10,11. Epidemiological data reveal notable 
variations in the distribution of causative bacterial 
agents and their antimicrobial susceptibility 
patterns10,12. In developed countries, Group B 
Streptococcus (GBS), Escherichia coli and Listeria 
monocytogenes are the leading causes of neonatal 

sepsis, whereas in developing nations, Gram negative 
bacteria and coagulase-negative Staphylococci (CoNS) 
are more commonly responsible for neonatal sepsis9. 
The clinical manifestations of neonatal sepsis are often 
nonspecific, making diagnosis challenging. Therefore, 
rapid identification of the causative pathogens and 
timely initiation of appropriate therapy are essential 
for effective management10. Blood culture remains the 
gold standard for confirming the diagnosis of 
sepsis13,14. Blood culture techniques are classified into 
three main types: conventional/manual blood culture 
systems, lysis centrifugation systems and continuous 
monitoring blood culture systems. In recent years, 
automated and computerized continuous monitoring 
systems have become widely adopted for detecting 
bloodstream infections. The three main commercially 
available systems are: BacT/ALERT 3D blood culture 
system, BACTEC 9000 series, VersaTREK system13.
Microorganisms implicated in sepsis have developed 
resistance to commonly used antibiotics over the past 
few decades, making effective treatment increasingly 
challenging15,16. There is an alarming increase in 
resistance to the commonly used antibiotics. The 
World Health Organization (WHO) has recently 
emphasized the significance of this growing problem 
and urged coordinated global efforts to limit the spread 
of antibiotic resistance17. Neonatal Gram-negative 
sepsis is increasingly reported worldwide, 
accompanied by a worrying surge in 
multidrug-resistant infections18. The rise of 
multidrug-resistant bacteria highlights the critical need 
for well-defined antibiotic policies in neonatal 
intensive care units19.
It is now essential to carry out regular surveillance to 
monitor the evolving patterns of bacterial isolates 
responsible for neonatal sepsis. Hence, understanding 
the causative agents and their antimicrobial 
susceptibility profiles is essential for initiating timely 
and effective patient treatment. In Bangladesh, a 
limited number of studies have documented the 
prevalence of neonatal sepsis across various regions of 
the country20-21. This study was designed to investigate 
the etiology of sepsis in neonates and susceptibility 
patterns of Gram-negative bacteria related to sepsis.

Methodology
Study Settings: This cross-sectional study was 
conducted in the Department of Microbiology, 
Mymensingh Medical College Hospital (MMCH), 
Mymensingh, Bangladesh during the period from 
March 2023 to February 2024.

Study Population: The patients who were suspected 
of neonatal septicemia and admitted in the 
Neonatology Department of MMCH, were included in 
this study. Clinically suspected neonates aged group 
(0-28 days) with one or more clinical features like 
hyperthermia/hypothermia, respiratory distress, apnea, 
tachycardia/bradycardia, lethargy, abdominal 
distension, vomiting, poor feeding or inability to feed, 
hypo or hyperglycemia, irritability, high pitched cry, 
seizure, hypotonia or absent neonatal reflexes, 
umbilical redness or discharge. cyanosis, petechiae, 
purpura, jaundice, bulging fontanelle, poor perfusion 
were included. Neonates who did not have above 
features of sepsis, any critically ill neonates, known 
case of major congenital anomalies and when 
guardians refused to give informed written consent 
were excluded.
Study Procedure: Informed written consent from 
legal guardians were taken. All the relevant 
information detailed maternal obstetrical history, 
neonatal birth history, clinical findings and laboratory 
findings of every subject were systemically recorded 
in a pre-designed case record form. 
Isolation and Identification of Organisms: Venous 
blood was collected aseptically following universal 
safety precaution from peripheral vein (antecubital 
vein). 1- 2 ml of blood according to body weight was 
drawn by using a sterile disposable syringe with 
butterfly needle (JMS 27G). After removing the cap, 
the top of the BacT/ALERT® PF plus bottles 
(bioMérieux, Marcy l'Etoile, France) was disinfected 
by 10% povidone iodine followed by 70% alcohol was 
allowed to dry. Blood specimens were inoculated into 
BacT/ALERT® PF Plus bottles. Then the bottles were 
agitated gently to mix the blood with the media. The 
bottles were labelled with the appropriate patient 
information- sample number, patient name, date and 
the time of collection, registration number and taken to 
the Microbiology laboratory of Mymensingh Medical 
College. The culture bottles were incubated at 37°C in 
the BacT/ALERT 3D automated blood culture system 
(bioMérieux, Marcy l'Etoile, France) for up to 7 days. 
Bottles that showed no growth signal after 7 days of 
incubation were considered culture-negative and were 
discarded. Bottles indicating positive growth were 
removed from the system, gently mixed, and 1 mL of 
broth was aseptically withdrawn using a sterile syringe 
and needle. The broth was sub-cultured into blood agar 
and MacConkey agar plates, which were incubated 
aerobically at 37°C for 18–24 hours. Culture-positive 
isolates were identified based on colony morphology, 

Gram-staining characteristics, pigment production, 
motility, and relevant biochemical tests following 
standard microbiological procedures.
Antibiotic Disks, Culture Media and Control 
Strain: All the bacterial isolates were tested for 
antimicrobial susceptibility according to the CLSI 
guideline 202322. The antimicrobial disks (Himedia, 
Ltd, India) were used according to a standard 
antibiotic panel for isolated organisms. For Gram 
negative organisms, ceftazidime (30ꭒg/disk), cefepime 
(30ꭒg/disk), ceftriaxone (30ꭒg/disk), gentamicin 
(10ꭒg/disk), amikacin (30ꭒg/disk), ciprofloxacin 
(5ꭒg/disk), meropenem (10ꭒg/disk), imipenem 
(10ꭒg/disk), piperacillin-tazobactam (100/10ꭒg/disk), 
trimethoprim- sulfamethoxazole (25/5ꭒg/disk) 
antibiotics were used. Susceptibility of the 
Gram-negative organism to tigecycline was 
determined by 15ꭒg tigecycline disk, and the criteria 
of the United States Food and Drug Administration 
(FDA)23 were used for interpretation. Mueller-Hinton 
agar media was used for antimicrobial susceptibility 
testing. Escherichia coli ATCC 25922 was used as a 
control strain to assess the performance of the method.
Statistical analysis: Microsoft Excel program was used 
for statistical analysis and figure generation.
Ethical approval: The research protocol was 
approved by the Institutional Review Board (IRB) of 
Mymensingh Medical College and Hospital, Memo no 
MMC/ IRB/2023/585.

Results
Among 207 septicemic neonates, 102 (49.27%) were 
found blood culture positive and 105 (50.73%) were 
culture negative (Figure Ⅰ).

Out of total 102 culture positive cases, bacteria were 
isolated from 61 (59.81%) cases and candida spp were 
isolated 41 (40.19%) cases (Table 1).

Out of 61 bacterial isolates, Gram negative bacteria 
were 48 (78.69%) while Gram positive bacteria
were 13 (21.31%) (Figure Ⅱ).

Klebsiella spp was the predominant isolate 26 
(42.62%) followed by Acinetobacter 13 (21.31%), 
Coagulase negative Staphylococci (CoNS) 8 (13.1%) 
(Table 2). Some Escherichia coli, Pseudomonas, 
Staphylococcus aureus and Enterobacter species were 
also isolated. These findings suggest that Klebsiella 
and Acinetobacter spp are mostly responsible for 
neonatal sepsis.

Among the Gram-negative organisms, the commonest 
organism, Klebsiella isolates showed complete 
resistance to ceftriaxone, ceftazidime, and cefepime 
(100.0% each). High resistance was also observed to 
gentamicin (76.9%), amikacin (73.1%), and 
ciprofloxacin (73.1%). Carbapenem resistance was 
notable, with 73.1% resistance to both imipenem and 

similar higher proportion of blood culture-positive 
neonatal sepsis was also reported by Rahman24 
(71.69%) in NICU of DMCH.
The prevalence of neonatal sepsis observed in earlier 
studies conducted in Bangladesh was relatively lower, 
with Hafsa et al20 reporting (7.45%) and Islam QR et 
al10 reporting (31%). Higher isolation rate in this study 
might be due to the use of an automated blood culture 
method. Furthermore, overcrowding in NICU of 
MMCH along with a high patient-to-healthcare 
provider ratio may also contribute to high isolation 
rate. However, the incidence of neonatal sepsis may 
vary from country to country as well as, within the 
same country from one institution to another and even 
year to year in the same institution24.
In this study, bacteria accounted for (59.8%) and 
candida (40.2%). This finding agrees with the study 
conducted by Singh25 who found 65.95% bacteria and 
34.1% Candida. On the other hand, Rahman et al.24 
reported that bacteria were 84.2% and candida 15.79% 
cases, which is dissimilar to this study. This 
discrepancy may be due to the differences in patient 
population, antibiotic exposure, infection control 
practices, and diagnostic purposes. 
The present study documented that Gram-negative 
bacteria (78.69%) are more responsible than 
Gram-positive bacteria (21.3%). Similar findings were 
reported by other investigators10,26,27. But the current 
study disagrees with the findings of other researchers 
who found predominance of Gram-positive bacteria in 
their study1,3,28. The majority of Gram-negative 
organisms isolated in this study and other studies 
reviewed suggest that these infections may be acquired 
from the hospital or community environment, due to 
poor hygienic practices during delivery and postnatal 
care, rather than reflecting vertical transmission to the 
infant from exposure to vaginal tract flora29.
The most predominant bacterial species isolated was 
Klebsiella species, which was present in (42.62%) 
organisms, followed by Acinetobacter (21.31%) and 
CONS (13.1%). In Bangladesh, Islam et al10 reported 
41.9% Klebsiella species as the most common 
pathogen, followed by 19.4% Escherichia coli and in 
India, Mulley et al30 found Klebsiella pneumoniae 
(35.4%) as the predominant pathogen, and in Nepal, 
Pokhrel et al31 reported Klebsiella species (33.3%) 
were predominant isolates. On the other hand, 
Escherichia coli was found as the predominant 
bacteria in neonatal sepsis by others32-33. The high 
prevalence of Klebsiella species in neonatal sepsis is a 
major concern. The organism’s resistance may be 

attributed to several factors, including the presence of 
a protective capsule, multidrug resistance efflux 
pumps, its ability to spread easily, and its strong 
pathogenic nature with an enhanced capacity to 
acquire and transfer resistance plasmids16.
A high proportion of organisms were resistant to 
commonly used antibiotics, which is alarming in our 
study. All the Gram-negative isolates showed 92.31% 
to 100% resistance to third-generation cephalosporins. 
This is almost similar to the study conducted by 
Rahman et al34 who reported 88.89% to 100% 
resistance to third-generation cephalosporins. In 
Nepal, Pokhrel et al.31 reported that Gram-negative 
bacteria had 80.5% resistance to cefotaxime.  The 
reported high resistance rates to one of the first-line 
antibiotics may be due to the misuse and overuse of 
those antibiotics in our country.
This study observed that all the isolated Klebsiella 
species showed 76.92% resistance to gentamicin, 
73.8% resistance to amikacin, imipenem, meropenem, 
and ciprofloxacin respectively. These findings of the 
present study correlate with the findings of the study 
by Rahman et al34 who found 88.89% resistance to 
both amikacin and gentamicin; Siddiqui et al35 also 
reported Klebsiella species showed 70.6% resistance 
to amikacin, 82.4% to ciprofloxacin, 58.8% to both 
meropenem and imipenem. In contrast to this study, 
some other researchers documented moderate to higher 
sensitivity to Klebsiella species3,28,36.
In the current study, Acinetobacter species showed 
76.9% resistance to amikacin, gentamicin, imipenem, 
meropenem and piperacillin-tazobactam, 66.7% to 
SXT, 53.8% to ciprofloxacin. This was supported by 
Rahman et al34 from Bangladesh who reported 100.0% 
resistance to amikacin, gentamicin, 
piperacillin-tazobactam, 75.0% to ciprofloxacin and 
meropenem, 100.0% sensitivity to tigecycline for 
Acinetobacter spp. In India, Siddiqui et al35 also 
reported 100% resistance to amikacin, ciprofloxacin, 
imipenem, meropenem. This finding disagrees with 
Amin et al37 who reported Acinetobacter species had 
100.0% sensitivity to netilmicin, colistin and 
imipenem.
This study documented that 60.0% resistance to 
amikacin, gentamicin, ciprofloxacin, PIT, SXT and 
40% to imipenem and meropenem was observed in 
Escherichia coli. All the isolated E.coli spp were 
sensitive to tigecycline. This result is consistent with 
the results submitted by Monjur et al.38 who reported 
that 78.6% resistance to gentamicin, 64.3% to 

ciprofloxacin in Bangladesh. In contrast to this, Afrin 
et al3 and Chharra et al39 showed good susceptibility 
towards commonly used antibiotics. This indicates the 
emergence of highly resistant strains of Escherichia 
coli in our setting.
Resistance to meropenem among different 
Gram-negative isolates ranged from 40.0% to 76.9%. 
This is almost similar to the study done by Rahman et 
al34 who reported that all of the isolated Gram-negative 
organisms were 50.0% to 83.3% resistant to 
meropenem. Previously, Hafsa et al.20 from 
Bangladesh reported that carbapenem was the effective 
drug (100.0%) for all the isolates. This study clearly 
shows that meropenem, which is used as a last-resort 
drug in the NICU, is developing resistance at an 
alarming rate. However, almost all the Gram-negative 
isolates were sensitive to tigecycline.

Limitation
Due to the limited blood volume obtainable from 
neonates, collection of two separate blood culture sets 
was not feasible.

Conclusion
The findings indicate that the predominance of 
Gram-negative organisms, particularly Klebsiella 
species, Acinetobacter, and Escherichia coli which 
exhibited high levels of resistance to commonly used 
antibiotics. The increasing prevalence of 
multidrug-resistant isolates poses a serious challenge 
to effective treatment and underscores the urgent need 
for continuous surveillance, rational antibiotic use and 
strict infection control measures. Strengthening 
antimicrobial stewardship programs and updating 
empirical therapy guidelines based on local resistance 
trends are essential steps to improve neonatal 
outcomes and combat the growing threat of 
antimicrobial resistance in hospital settings. To prevent 
further resistance, it may be recommended to avoid 
irrational use of antibiotics and to update empirical 
treatment regimen in every institution periodically. 
NICU infection control protocol is recommended to 
implement, follow and monitor strictly.
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meropenem. Additionally, 80.8% of isolates were 
resistant to trimethoprim-sulfamethoxazole and 
piperacillin-tazobactam. No resistance to tigecycline 
was detected (0.0%). Acinetobacter isolates 
demonstrated high resistance to ceftriaxone, 
ceftazidime, and cefepime (92.31% each). Resistance 
to gentamicin and amikacin was 76.92%, while 
ciprofloxacin resistance was 53.85%. Carbapenem 
resistance was also high (76.92% for both imipenem 
and meropenem). Resistance to 
piperacillin-tazobactam and 
trimethoprim-sulfamethoxazole was 76.9% and 66.7%, 
respectively. Tigecycline was not tested. Escherichia 
coli showed complete resistance to ceftriaxone and 
ceftazidime (100.0%), with lower resistance to 
cefepime (80.0%). Resistance to aminoglycosides and 
ciprofloxacin was 60.0% each. Carbapenem resistance 
was comparatively lower at 40.0%. Resistance to 
trimethoprim-sulfamethoxazole and 
piperacillin-tazobactam was 60.0%, with no resistance 
to tigecycline (0.0%) (Table 3).

Discussion
Neonatal sepsis remains a diagnostic and treatment 
challenge for the neonatal health care providers. The 
spectrum of organisms responsible for neonatal sepsis 
changes over time and also varies from region to 
region. The study of bacteriological profile plays a 
very important role in effective management of 
neonatal sepsis.
In the present study, 102(49.3%) cases were blood 
culture positive and 105 (50.73%) were culture 
negative out of 207 septicemic neonates. Almost a 

Introduction
Neonatal sepsis is defined as systemic infections 
occurring in infants in the first 28 days of life1. It 
remains a critical global health concern, particularly in 
low and middle-income countries. The World Health 
Organization (WHO) estimates that neonatal infections 
are responsible for about 1.6 million deaths worldwide 
each year, with nearly 40.0% of all neonatal deaths 
occurring in developing country2. In Bangladesh, 
neonatal sepsis ranks as the second leading cause of 

newborn deaths and the neonatal mortality rate is 20 
per 1000 live births3,4. In rural areas of Bangladesh, 
sepsis accounts for 12.0% of direct neonatal deaths5, 
whereas in the slums of Dhaka, it is responsible for 
20.0% of such deaths6.  It is estimated that around 
20.0% of newborns develop sepsis and about 1.0% die 
from complications related to it7. 
Neonatal sepsis is mainly attributed to a wide range of 
bacterial, viral and fungal (Candida) pathogens8. The 
pattern of microorganisms responsible for neonatal 
sepsis changes over time and differs across various 
regions,9,10,11. Epidemiological data reveal notable 
variations in the distribution of causative bacterial 
agents and their antimicrobial susceptibility 
patterns10,12. In developed countries, Group B 
Streptococcus (GBS), Escherichia coli and Listeria 
monocytogenes are the leading causes of neonatal 

sepsis, whereas in developing nations, Gram negative 
bacteria and coagulase-negative Staphylococci (CoNS) 
are more commonly responsible for neonatal sepsis9. 
The clinical manifestations of neonatal sepsis are often 
nonspecific, making diagnosis challenging. Therefore, 
rapid identification of the causative pathogens and 
timely initiation of appropriate therapy are essential 
for effective management10. Blood culture remains the 
gold standard for confirming the diagnosis of 
sepsis13,14. Blood culture techniques are classified into 
three main types: conventional/manual blood culture 
systems, lysis centrifugation systems and continuous 
monitoring blood culture systems. In recent years, 
automated and computerized continuous monitoring 
systems have become widely adopted for detecting 
bloodstream infections. The three main commercially 
available systems are: BacT/ALERT 3D blood culture 
system, BACTEC 9000 series, VersaTREK system13.
Microorganisms implicated in sepsis have developed 
resistance to commonly used antibiotics over the past 
few decades, making effective treatment increasingly 
challenging15,16. There is an alarming increase in 
resistance to the commonly used antibiotics. The 
World Health Organization (WHO) has recently 
emphasized the significance of this growing problem 
and urged coordinated global efforts to limit the spread 
of antibiotic resistance17. Neonatal Gram-negative 
sepsis is increasingly reported worldwide, 
accompanied by a worrying surge in 
multidrug-resistant infections18. The rise of 
multidrug-resistant bacteria highlights the critical need 
for well-defined antibiotic policies in neonatal 
intensive care units19.
It is now essential to carry out regular surveillance to 
monitor the evolving patterns of bacterial isolates 
responsible for neonatal sepsis. Hence, understanding 
the causative agents and their antimicrobial 
susceptibility profiles is essential for initiating timely 
and effective patient treatment. In Bangladesh, a 
limited number of studies have documented the 
prevalence of neonatal sepsis across various regions of 
the country20-21. This study was designed to investigate 
the etiology of sepsis in neonates and susceptibility 
patterns of Gram-negative bacteria related to sepsis.

Methodology
Study Settings: This cross-sectional study was 
conducted in the Department of Microbiology, 
Mymensingh Medical College Hospital (MMCH), 
Mymensingh, Bangladesh during the period from 
March 2023 to February 2024.

Study Population: The patients who were suspected 
of neonatal septicemia and admitted in the 
Neonatology Department of MMCH, were included in 
this study. Clinically suspected neonates aged group 
(0-28 days) with one or more clinical features like 
hyperthermia/hypothermia, respiratory distress, apnea, 
tachycardia/bradycardia, lethargy, abdominal 
distension, vomiting, poor feeding or inability to feed, 
hypo or hyperglycemia, irritability, high pitched cry, 
seizure, hypotonia or absent neonatal reflexes, 
umbilical redness or discharge. cyanosis, petechiae, 
purpura, jaundice, bulging fontanelle, poor perfusion 
were included. Neonates who did not have above 
features of sepsis, any critically ill neonates, known 
case of major congenital anomalies and when 
guardians refused to give informed written consent 
were excluded.
Study Procedure: Informed written consent from 
legal guardians were taken. All the relevant 
information detailed maternal obstetrical history, 
neonatal birth history, clinical findings and laboratory 
findings of every subject were systemically recorded 
in a pre-designed case record form. 
Isolation and Identification of Organisms: Venous 
blood was collected aseptically following universal 
safety precaution from peripheral vein (antecubital 
vein). 1- 2 ml of blood according to body weight was 
drawn by using a sterile disposable syringe with 
butterfly needle (JMS 27G). After removing the cap, 
the top of the BacT/ALERT® PF plus bottles 
(bioMérieux, Marcy l'Etoile, France) was disinfected 
by 10% povidone iodine followed by 70% alcohol was 
allowed to dry. Blood specimens were inoculated into 
BacT/ALERT® PF Plus bottles. Then the bottles were 
agitated gently to mix the blood with the media. The 
bottles were labelled with the appropriate patient 
information- sample number, patient name, date and 
the time of collection, registration number and taken to 
the Microbiology laboratory of Mymensingh Medical 
College. The culture bottles were incubated at 37°C in 
the BacT/ALERT 3D automated blood culture system 
(bioMérieux, Marcy l'Etoile, France) for up to 7 days. 
Bottles that showed no growth signal after 7 days of 
incubation were considered culture-negative and were 
discarded. Bottles indicating positive growth were 
removed from the system, gently mixed, and 1 mL of 
broth was aseptically withdrawn using a sterile syringe 
and needle. The broth was sub-cultured into blood agar 
and MacConkey agar plates, which were incubated 
aerobically at 37°C for 18–24 hours. Culture-positive 
isolates were identified based on colony morphology, 

Gram-staining characteristics, pigment production, 
motility, and relevant biochemical tests following 
standard microbiological procedures.
Antibiotic Disks, Culture Media and Control 
Strain: All the bacterial isolates were tested for 
antimicrobial susceptibility according to the CLSI 
guideline 202322. The antimicrobial disks (Himedia, 
Ltd, India) were used according to a standard 
antibiotic panel for isolated organisms. For Gram 
negative organisms, ceftazidime (30ꭒg/disk), cefepime 
(30ꭒg/disk), ceftriaxone (30ꭒg/disk), gentamicin 
(10ꭒg/disk), amikacin (30ꭒg/disk), ciprofloxacin 
(5ꭒg/disk), meropenem (10ꭒg/disk), imipenem 
(10ꭒg/disk), piperacillin-tazobactam (100/10ꭒg/disk), 
trimethoprim- sulfamethoxazole (25/5ꭒg/disk) 
antibiotics were used. Susceptibility of the 
Gram-negative organism to tigecycline was 
determined by 15ꭒg tigecycline disk, and the criteria 
of the United States Food and Drug Administration 
(FDA)23 were used for interpretation. Mueller-Hinton 
agar media was used for antimicrobial susceptibility 
testing. Escherichia coli ATCC 25922 was used as a 
control strain to assess the performance of the method.
Statistical analysis: Microsoft Excel program was used 
for statistical analysis and figure generation.
Ethical approval: The research protocol was 
approved by the Institutional Review Board (IRB) of 
Mymensingh Medical College and Hospital, Memo no 
MMC/ IRB/2023/585.

Results
Among 207 septicemic neonates, 102 (49.27%) were 
found blood culture positive and 105 (50.73%) were 
culture negative (Figure Ⅰ).

Out of total 102 culture positive cases, bacteria were 
isolated from 61 (59.81%) cases and candida spp were 
isolated 41 (40.19%) cases (Table 1).

Out of 61 bacterial isolates, Gram negative bacteria 
were 48 (78.69%) while Gram positive bacteria
were 13 (21.31%) (Figure Ⅱ).

Klebsiella spp was the predominant isolate 26 
(42.62%) followed by Acinetobacter 13 (21.31%), 
Coagulase negative Staphylococci (CoNS) 8 (13.1%) 
(Table 2). Some Escherichia coli, Pseudomonas, 
Staphylococcus aureus and Enterobacter species were 
also isolated. These findings suggest that Klebsiella 
and Acinetobacter spp are mostly responsible for 
neonatal sepsis.

Among the Gram-negative organisms, the commonest 
organism, Klebsiella isolates showed complete 
resistance to ceftriaxone, ceftazidime, and cefepime 
(100.0% each). High resistance was also observed to 
gentamicin (76.9%), amikacin (73.1%), and 
ciprofloxacin (73.1%). Carbapenem resistance was 
notable, with 73.1% resistance to both imipenem and 

similar higher proportion of blood culture-positive 
neonatal sepsis was also reported by Rahman24 
(71.69%) in NICU of DMCH.
The prevalence of neonatal sepsis observed in earlier 
studies conducted in Bangladesh was relatively lower, 
with Hafsa et al20 reporting (7.45%) and Islam QR et 
al10 reporting (31%). Higher isolation rate in this study 
might be due to the use of an automated blood culture 
method. Furthermore, overcrowding in NICU of 
MMCH along with a high patient-to-healthcare 
provider ratio may also contribute to high isolation 
rate. However, the incidence of neonatal sepsis may 
vary from country to country as well as, within the 
same country from one institution to another and even 
year to year in the same institution24.
In this study, bacteria accounted for (59.8%) and 
candida (40.2%). This finding agrees with the study 
conducted by Singh25 who found 65.95% bacteria and 
34.1% Candida. On the other hand, Rahman et al.24 
reported that bacteria were 84.2% and candida 15.79% 
cases, which is dissimilar to this study. This 
discrepancy may be due to the differences in patient 
population, antibiotic exposure, infection control 
practices, and diagnostic purposes. 
The present study documented that Gram-negative 
bacteria (78.69%) are more responsible than 
Gram-positive bacteria (21.3%). Similar findings were 
reported by other investigators10,26,27. But the current 
study disagrees with the findings of other researchers 
who found predominance of Gram-positive bacteria in 
their study1,3,28. The majority of Gram-negative 
organisms isolated in this study and other studies 
reviewed suggest that these infections may be acquired 
from the hospital or community environment, due to 
poor hygienic practices during delivery and postnatal 
care, rather than reflecting vertical transmission to the 
infant from exposure to vaginal tract flora29.
The most predominant bacterial species isolated was 
Klebsiella species, which was present in (42.62%) 
organisms, followed by Acinetobacter (21.31%) and 
CONS (13.1%). In Bangladesh, Islam et al10 reported 
41.9% Klebsiella species as the most common 
pathogen, followed by 19.4% Escherichia coli and in 
India, Mulley et al30 found Klebsiella pneumoniae 
(35.4%) as the predominant pathogen, and in Nepal, 
Pokhrel et al31 reported Klebsiella species (33.3%) 
were predominant isolates. On the other hand, 
Escherichia coli was found as the predominant 
bacteria in neonatal sepsis by others32-33. The high 
prevalence of Klebsiella species in neonatal sepsis is a 
major concern. The organism’s resistance may be 

attributed to several factors, including the presence of 
a protective capsule, multidrug resistance efflux 
pumps, its ability to spread easily, and its strong 
pathogenic nature with an enhanced capacity to 
acquire and transfer resistance plasmids16.
A high proportion of organisms were resistant to 
commonly used antibiotics, which is alarming in our 
study. All the Gram-negative isolates showed 92.31% 
to 100% resistance to third-generation cephalosporins. 
This is almost similar to the study conducted by 
Rahman et al34 who reported 88.89% to 100% 
resistance to third-generation cephalosporins. In 
Nepal, Pokhrel et al.31 reported that Gram-negative 
bacteria had 80.5% resistance to cefotaxime.  The 
reported high resistance rates to one of the first-line 
antibiotics may be due to the misuse and overuse of 
those antibiotics in our country.
This study observed that all the isolated Klebsiella 
species showed 76.92% resistance to gentamicin, 
73.8% resistance to amikacin, imipenem, meropenem, 
and ciprofloxacin respectively. These findings of the 
present study correlate with the findings of the study 
by Rahman et al34 who found 88.89% resistance to 
both amikacin and gentamicin; Siddiqui et al35 also 
reported Klebsiella species showed 70.6% resistance 
to amikacin, 82.4% to ciprofloxacin, 58.8% to both 
meropenem and imipenem. In contrast to this study, 
some other researchers documented moderate to higher 
sensitivity to Klebsiella species3,28,36.
In the current study, Acinetobacter species showed 
76.9% resistance to amikacin, gentamicin, imipenem, 
meropenem and piperacillin-tazobactam, 66.7% to 
SXT, 53.8% to ciprofloxacin. This was supported by 
Rahman et al34 from Bangladesh who reported 100.0% 
resistance to amikacin, gentamicin, 
piperacillin-tazobactam, 75.0% to ciprofloxacin and 
meropenem, 100.0% sensitivity to tigecycline for 
Acinetobacter spp. In India, Siddiqui et al35 also 
reported 100% resistance to amikacin, ciprofloxacin, 
imipenem, meropenem. This finding disagrees with 
Amin et al37 who reported Acinetobacter species had 
100.0% sensitivity to netilmicin, colistin and 
imipenem.
This study documented that 60.0% resistance to 
amikacin, gentamicin, ciprofloxacin, PIT, SXT and 
40% to imipenem and meropenem was observed in 
Escherichia coli. All the isolated E.coli spp were 
sensitive to tigecycline. This result is consistent with 
the results submitted by Monjur et al.38 who reported 
that 78.6% resistance to gentamicin, 64.3% to 

ciprofloxacin in Bangladesh. In contrast to this, Afrin 
et al3 and Chharra et al39 showed good susceptibility 
towards commonly used antibiotics. This indicates the 
emergence of highly resistant strains of Escherichia 
coli in our setting.
Resistance to meropenem among different 
Gram-negative isolates ranged from 40.0% to 76.9%. 
This is almost similar to the study done by Rahman et 
al34 who reported that all of the isolated Gram-negative 
organisms were 50.0% to 83.3% resistant to 
meropenem. Previously, Hafsa et al.20 from 
Bangladesh reported that carbapenem was the effective 
drug (100.0%) for all the isolates. This study clearly 
shows that meropenem, which is used as a last-resort 
drug in the NICU, is developing resistance at an 
alarming rate. However, almost all the Gram-negative 
isolates were sensitive to tigecycline.

Limitation
Due to the limited blood volume obtainable from 
neonates, collection of two separate blood culture sets 
was not feasible.

Conclusion
The findings indicate that the predominance of 
Gram-negative organisms, particularly Klebsiella 
species, Acinetobacter, and Escherichia coli which 
exhibited high levels of resistance to commonly used 
antibiotics. The increasing prevalence of 
multidrug-resistant isolates poses a serious challenge 
to effective treatment and underscores the urgent need 
for continuous surveillance, rational antibiotic use and 
strict infection control measures. Strengthening 
antimicrobial stewardship programs and updating 
empirical therapy guidelines based on local resistance 
trends are essential steps to improve neonatal 
outcomes and combat the growing threat of 
antimicrobial resistance in hospital settings. To prevent 
further resistance, it may be recommended to avoid 
irrational use of antibiotics and to update empirical 
treatment regimen in every institution periodically. 
NICU infection control protocol is recommended to 
implement, follow and monitor strictly.
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