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[Abstract h
Background: Neonatal bloodstream infections (BSIs) are a leading cause of mortality in developing
countries, necessitating effective treatment strategies. Objective: This retrospective study investigated the
prevalence and antibiotic susceptibility patterns of bacterial pathogens causing neonatal BSIs in two tertiary
hospitals in Dhaka, Bangladesh. Methodology: This is a retrospective study took place in Ad-din Women’s
Medical College & Hospital, Dhaka & Rushmono specialized Hospital, Dhaka, Bangladesh in between the
time period of July 2019 to December 2020. A total of 1825 blood samples were obtained from patients who
were admitted at the Neonatal Intensive care unit of Ad-din Women’s Medical College & Hospital, Dhaka &
Rushmono specialized Hospital, Dhaka, Bangladesh from July 2019 to December 2020. All the blood
samples were processed for culture using a BACT/Alert blood culture machine. Further identification &
antimicrobial susceptibility tests were performed using standard microbiological procedure. Results: The
analysis of 1825 blood samples obtained from neonatal intensive care facilities unveiled a bloodstream
infection (BSI) rate of 17.2%. The predominant isolates identified were coagulase-negative Staphylococci
(CoNS) (10%) and Acinetobacter spp. (60%); these organisms are classified as Gram-positive and Gram
negative bacteria, respectively. The preponderance of infections was caused by Gram-positive organisms,
specifically CoNS, which evolved highly sensitive to imepenem, vancomycin, and linezolid but resistance to
ampicillin, cephradine and erythromycin. Methicillin resistance is present in 31.5% of Staphylococcus
aureus and nearly half (47%) of the CoNS. Vancomycin resistance is present in one-tenth of the isolated
Staphylococcus species. Acinetobacter spp. exhibited greater susceptibility to colistin (100%), meropenem
(90.67%), piperacillin-tazobactum (92%), and amikacin (82.67%), but resistance to ampicillin (90%),
cephradin (80%), cefuroxime (90%), and cefixime (61%). Proteus, Enterobacterieceae, including E. coli,
Klebsiella, and Enterobacter, exhibited greater resistance to ampicillin, cephradin, and chloramphenicol
while demonstrating greater sensitivity to meropenem (100%), piperacillin-tazobactum (95-98%), amikacin
(80-82%), and gentamycin (76%-80%). Conclusion: Major causative agents of neonatal blood stream
infection were coagulase-negative Staphylococci (CoNS) and Acinetobacter spp. Multidrug resistance
among these bacteria was observed in the study; which necessitate the implementation of antibiotic
stewardship program to improve neonatal outcome.
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million neonates die during the first five days after
birth. Some developing countries reported that
septicemia affects one in five neonates’. Neonatal
infection can be acquired vertically from birth canal
bacteria or environmentally due to lack proper health
facilities. Neonatal septicemia is a clinical syndrome
bacteremia with symptoms and clinical signs in the
first months of life and delay in its diagnosis and
treatment which causes mortality*.

Neonates are very much susceptible to infection
because of their compromised immune systems.
Neonatal sepsis has significant morbidity and
mortality and is difficult to diagnose on presentation.
For this reason, those with suspected sepsis are
commenced on empiric antibiotic therapy until sepsis
can be ruled out. Overuse of antibiotics results in the
development of antimicrobial-resistant organisms
(ARO). Infection with ARO results in delay in starting
effective antibiotic therapy, fewer possible treatment
options and increased morbidity and mortality, with
prolonged hospital stay and greater costs of
hospitalization®.

Pathogens vary CoNSiderably between different
neonatal units. In many hospitals, gram-positive
organisms cause up to 70.0% of nosocomial infections
in neonates with coagulase negative staphylococci
(CoNS) accounting for more than half of these®”. On
the other hand, in some developing countries,
gram-negative organisms may be far more prevalent as
neonatal pathogens, with a higher incidence of
antimicrobial resistance®. Pathogens also vary over
time, for example, the first outbreak of
multiple-drug-resistant was described in 2004 by A.
baumannii in extremely low birth weight infants in the
USA®. But now a days, Acinetobacter is one of the
most important microorganism responsible for
neonatal blood stream infection in our country”’.

There are epidemiological differences in the incidence,
risk factors, pattern, antimicrobial sensitivities of
pathogens, and mortality of neonatal sepsis among
different regions and countries in the world'. Empiric
antibiotic therapies rely on monitoring antimicrobial
sensitivity patterns in culture isolates. To accelerate the
progress of preventing neonatal morbidity and
mortality, specific strategies tailored to specific coun
tries are required for the prevention and treatment of
neonatal sepsis. Antibiotic stewardship, including
appropriate choice and administration of antibiotics,
de-escalation of therapy, and a multidisciplinary team
approach to managing neonatal sepsis, is
recommended to limit inappropriate antibiotic use and
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prevent the development of resistant microorganisms.
Moreover, Identification of risk factors and early
diagnosis and the institution of therapy according to
local epidemiology and antimicrobial resistance
patterns can improve neonatal survival.

In this study, we aimed to identify the most prevalent
bacterial pathogens involved in neonatal BSI in two
tertiary health care hospitals in Dhaka city with NICU
facilities. We also determined antibiotic susceptibility
patterns of the pathogens to see the changing trend of
antimicrobial susceptibility in this region.

Methodology

Study Settings: This is a retrospective study which
was taken place in Ad-din Women’s Medical College
& Hospital, Dhaka & Rushmono specialized Hospital,
Dhaka, Bangladesh in between the time period of July
2019 to December 2020.

Study Population: A total of 1825 blood samples
were obtained from patients who were admitted at the
Neonatal Intensive Care Unit (NICU) with the
symptom of neonatal sepsis in the age group of 0 to 28
days. Outdoor patient’s samples were excluded.

Study Procedure: All the blood samples were
processed for culture using a BACT/Alert blood
culture machine to identify the presence of bacterial
pathogens. Manual method has been utilized as well.
Antimicrobial susceptibility tests were performed on
the isolated pathogens using Kirby-Bauer disk
diffusion method.

Isolation and Identification of Bacterial Isolates:
Collected blood samples were directly inoculated into
pediatric FAN blood culture bottle. Bottles were
incubated in the BACT/Alert machine for up to 5 days.
One drop of blood from growth positive culture bottles
were directly inoculated onto MacConkey (MC) agar
and blood agar (5% sheep blood) plates. Blood agar
plates and MacConkey plates were then incubated at
37°C in aerobic condition. The bacterial isolates were
identified and confirmed by using standard
microbiological and biochemical tests like Gram
staining, growth on selective media, colony
morphology on culture media, lactose fermentation,
indole, and citrate utilization, H,S production,
catalase, coagulase, oxidase, and urease test according
to guidelines of World Health Organization''.
Antimicrobial Susceptibility Testing: According to
Clinical and Laboratory Standards Institute (CLSI)
guidelines of 2019 antimicrobial susceptibility testing
was performed by using disc diffusion (Kirby-Bauer’s)
technique on Mueller Hinton agar (Merck, Germany)'.
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The antibiotic discs of ampicillin (Amp), cephradine
(Ceph), cotrimoxazole (Cot), ciprofloxacin (Cip),
levofloxacin (Lev), nalidixic acid (NA), ceftriaxone
(CTR), chloramphenicol (Clo), amoxyclav (AMC),
cefixime (CXM), cefotaxime (CTX), gentamicin
(Gen), amikacin (AK), azithromycin (Az), ceftazidime
(CAZ), meropenem (Mero), piperacillin-tazobactam
(PIT), colistin (Col) were used for Gram negative
bacteria and ampicillin (Amp), cephradine (Ceph),
cotrimoxazole (Cot), ciprofloxacin (Cip), levofloxacin
(Lev), cefotaxime (CTX), ceftriaxone (CTR),
amoxyclav (AMC), gentamicin (Gen), amikacin (AK),
imepenem (Ime), cefixime (CXM), oxacillin (Ox),
cloxacillin (Clox), erythromycin (Ery), doxycycline
(Do), vancomycin (Van), linezolid (Lz) were used for
Gram positive bacteria. All antibiotic discs are
obtained from Oxoid Ltd, Bashingstore, Hampire, UK.

Statistical analysis: Microsoft Excel program were
used for statistical analysis and figure generation.

Ethical Clearance: The research protocol was
approved by Institutional Review Board (IRB) of Ad-
din Women’s Medical College & Hospital, code no
AWMC IRB/21 July 2023/027.

Results

A total of 1825 blood culture samples were taken from
patients admitted in neonatal intensive care unit, of
them majority were female (1009 Female, 816 Male)
with male female ratio M: F=1: 1.24 [Figure: 1]
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Figure I: Distribution of the received sample according to
sex group

Frequency of neonatal blood stream infection from the
received samples was illustrated in Table-1. Blood
stream Infection rate was 17.2% (313/1825). Among
the growth positive cases, 39.61% (124/313) were
infected by Gram negative bacilli while while 60.38%
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(189/313) cases were infected by Gram positive cocci
(Table 1).

Table 1: Frequency of neonatal blood stream infection from
samples of suspected cases

Sample received Frequency Percent
Growth Positive 313 17.2
Growth Negative 1512 82.8
Total 1825 100.0
Coagulase negative Staphylococci (CoNS) 165

(52.7%) was the predominant isolates followed by,
Acinetobacter 75 (23.9%), Staphylococcus aureus 31
(6.1%) & Klebsiella spp. (5.4%). Few Enterobacter,
Proteus, Pseudomonas, Enterococci species were also
isolated. No Salmonella Typhi and Salmonella
paratyphi were detected. These findings suggest that
Coagulase negative  Staphylococci  Spp. and
Acinetobacter Spp. are mostly responsible for neonatal
blood stream infection whereas, Salmonella Typhi is
not responsible for blood stream infection in neonates
like childhood and adult patients (Table 2).

Table 2: Distribution of Bacterial Pathogens Causing Neonatal
Bloodstream Infection

Pathogen Frequency Percent
CoNS 165 52.7
Acinetobacter 75 23.9
Staphylococcus aureus 19 6.1
Klebsiella 17 5.4
Enterobacter 18 5.8
E. coli 5 1.6
Proteus 5 1.6
Pseudomonas 4 1.3
S. pneumonie 3 1.0
Enterococci 2 0.6
Salmonella Typhi 0 0.0
Salmonella paratyphi 0 0.0
Total 313 100.0

Distribution of Gram-positive and Gram-negative
bacteria responsible for neonatal BSI are illustrated in
Figure II and Figure III. CoNS and Staphylococcus
aureus are predominant Gram-positive Isolates
Whereas, Acinetobacter, Enterobacter and Klebsiella
are frequently isolated among Gram negative bacteria.
The rates of susceptibility to selected antimicrobial
agents against Gram positive cocci and Gram-negative
bacilli are demonstrated in Table 3 and Table 4,
respectively.

Staphylococci were responsible for majority of
Neonatal blood stream infection cases; among these,
CoNS were most frequently isolated. They showed
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high resistance to ampicillin (92.73%), cephradin
(83.03%), erythromycin (52.12%), and high sensitivity
to imipenem (86.06%), vancomycin (90.30%) and
linezolid (100%) (Table 3). Staphylococcus aureus is
the second commonest Gram-positive organism
responsible for BSI. Almost half (47%) of the CoNS
and one third (31.5%) Staphylococcus aureus are
methicillin resistant. Almost 10% of the isolated
Staphylococcus species are resistant to vancomycin.

m S. Tvphi ® Acinetobacter mE coli
S paratyphas ™ Klebsiella ~ mEnterobacter
Proteus Pseudomonas
4% 3% 0%

Figure II: Distribution of Gram-positive bacteria causing
neonatal BSI

m S Typhi B Acinetobacter mE coli
= S paratyphae MW Klebsiella ~ ®Enterobacter
Proteus Psendomonas
4% 3% 0%

Figure III: Distribution of Gram-Negative bacteria causing
neonatal BSI

Acinetobacter  species is  the  commonest
Gram-negative pathogen in neonatal blood stream
infection. They showed higher sensitivity to colistin
(100%), meropenem (90%), piperacillin-tazobactum
(92%), & amikacin (82%) (Table 4).

Higher resistance is observed to Ampicillin (90%),
cephradin (80%), cefuroxime (90%) and cefixime
(80%). Among the isolated Acinetobacter species 48%
are multi drug resistant (cephalosporin,

Table 3: Susceptibility pattern of Gram-positive organisms causing neonatal blood stream infection

Antibiotics CoNS (165) S. aureus(19) Enterococci (3) S. pneumoniae (2)
Ampicillin 12 (7.27%) 2 (10.53%) 1 (33.33%) 0 (0.00%)
Amoxyclav 106 (64.24%) 13 (68.42%) 2 (66.67%) 1 (50.00%)
Amikacin 129 (78.18%) 13 (68.42%) 2 (66.67%) 2 (100.00%)
Cephradine 28 (16.97%) 4 (21.05%) 1 (33.33%) 0 (0.00%)
Cotrimoxazole 94 (56.97%) 14 (73.68%) 2 (66.67%) 1 (50.00%)
Ciprofloxacin 79 (47.88%) 12 (63.16%) 2 (66.67%) 1 (50.00%)
Cefepime 97 (58.79%) 14 (73.68%) 2 (66.67%) 1 (50.00%)
Ceftriaxone 98 (59.39%) 12 (63.16%) 2 (66.67%) 1 (50.00%)
Cefotaxime 76 (46.06%) 10 (52.63%) 2 (66.67%) 1 (50.00%)
Cloxacillin 44 (26.67%) 7 (36.84%) 2 (66.67%) 1 (50.00%)
Cefixime 56 (33.94%) 8 (42.11%) 3 (100%) 1 (50.00%)
Doxycycline 101 (61.21%) 11 (57.89%) 3 (100%) 1 (50.00%)
Erythromycin 79 (47.88%) 7 (36.84%) 1 (33.33%) 1 (50.00%)
Gentamicin 109 (66.06%) 15 (78.95%) 3 (100%) 2 (100.00%)
Imepenem 142 (86.06%) 15 (78.95%) 2 (66.67%) 2 (100.00%)
Levofloxacin 85 (51.52%) 10 (52.63%) 2 (66.67%) 1 (50.00%)
Linezolid 165 (100%) 19 (100%) 3 (100%) 2 (100.00%)
Oxacillin 45 (27.27%) 8 (42.11%) 1 (33.33%) 1 (50.00%)
Vancomycin 149 (90.30%) 16 (84.21%) 3 (100%) 2 (100.00%)

*Methicillin resistance means resistance to penicillin, oxacillin, cloxacillin
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Table 4: Susceptibility Pattern of Gram-negative organisms isolated from Blood stream infection

Antibiotics Acinetobacter (N=75) Enterobacter (N=18) Proteus (N=5) Pseudomonas (N=4) E. coli (N=5)
Ampicillin 8 (10.67%) 2 (11.11%) 1 (20.00%) NU 1(20.00%)
Azithromycin NU NU NU 2 (50.00%) NU
Amoxiclav 13 (17.33%) 12 (66.67%) 3 (60.00%) 3 (75.00%) 3 (60.00%)
Amikacin 62 (82.67%) 16 (88.89%) 4 (80.00%) 4 (100%) 4 (80.00%)
Cephradine 15 (20.00%) 3 (16.67%) 1 (20.00%) 0 (0.00%) 1 (20.00%)
Cotrimoxazole 42 (56.00%) 11 (61.11%) 3 (60.00%) 3 (75.00%) 3 (60.00%)
Ciprofloxacin 37 (49.33%) 10 (55.56%) 3 (60.00%) 2 (50.00%) 3 (60.00%)
Ceftriaxone 37 (49.33%) 12 (66.67%) 3 (60.00%) 2 (50.00%) 3 (60.00%)
Cefotaxime 38 (50.67%) 11 (61.11%) 3 (60.00%) 2 (50.00%) 2 (40.00%)
Cefuroxime 8 (10.67%) 11 (61.11%) 3 (60.00%) NU 2 (40.00%)
Ceftazidime 37(49.33%) 10 (55.56%) 2 (40.00%) 2 (50.00%) 3 (60.00%)
Cefixime 29 (38.67%) 11 (61.11%) 3 (60.00%) 3 (75.00%) 3 (60.00%)
Chloramphenicol 31(41.33%) 5(27.78%) 3 (60.00%) NU 3 (60.00%)
Colistin 73 (97.3%) 18 (100%) 5 (100%) 4 (100%) 5 (100%)
Doxycycline 35 (46.67%) 8 (44.44%) 3(60.00%) NU 3 (60.00%)
Gentamicin 50(66.67%) 13 (72.22%) 3 (60.00%) 3 (75.00%) 4 (80.00%)
Levofloxacin 38 (50.67%) 11 (61.11%) 3 (60.00%) 2 (50.00%) 3 (60.00%)
Meropenem 6 (90.67%) 18 (100%) 5 (100%) 4 (100%) 5 (100%)
Nalidixic acid 34 (45.33%) 10 (55.56%) 2 (40.00%) 2 (50.00%) 2 (40.00%)
Piperacillin 69 (92.00%) 17 (94.44%) 5 (100%) 4 (100%) 5 (100%)
Tazobactam

NU=Not Used

fluoroquinolone and aminoglycoside), 14% are infections among neonates than gram-negative

resistant to meropenem and 2.7% isolates are resistant
to colistin (Polymixin E).

Enterobacterieceae like E. coli, Klebsiella,
Enterobacter, Proteus showed higher sensitivity to
meropenem  (100%), piperacillin- tazobactum
(95-98%), amikacin (80-82%), gentamycin (76-80%)
and high resistance to ampicillin, cephradin,
chloramphenicol (Table 4).

Discussion

The complications related to neonatal blood stream
infections and the rising resistances against
commonly used antimicrobial agents are the
compelling matters of the world now. The overall
blood stream infection rate in this study was found to
be 17.2% and anaerobic culture was not done. Patients
admitted to ICUs have a higher risk of nosocomial
BSIs than those admitted to other units. Neonates are
more vulnerable to infection as they can acquire
infection vertically from dealing.

The most frequently isolated pathogens among
neonates were Coagulase negative Staphylococci
species (52.7%, 165/313) and Acinetobacter species
(24.0%, 75/313) in this study. Several authors
demonstrated that Gram-positive pathogens are more
common causes of hospital acquired blood stream
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pathogens and yeast”*"°. Within the first week of life,
neonates become rapidly colonized by environmental
pathogen'®’. The risk of BSI is substantially
increasing with CoNS & Acinetobacter infection with
the use of central venous catheters (CVC), mechanical
ventilation, and parenteral nutrition, and with exposure
to other invasive skin or mucosa-breaching
procedures'®". Consequently, infants admitted to a
hospital obtain most of their microorganisms from the
hospital environment, their parents, and staff®.
Transmission via the hands of hospital staff can lead to
endemic strains circulating for extended periods®.
Antibiotic resistance in skin-residing strains has been
found to be low at birth but it increases rapidly during
the first week of hospitalization. The spectrum and
antibiotic resistance pattern of microorganisms
isolated from neonates depends on the selective
pressure as a result of perinatal antibiotic exposure®.
CoNS & Acinetobacter spp. blood infection can occur
in the babies without being under intensive care or
antibiotics, mechanical ventilation or having
indwelling catheters®®. However, we have observed an
increase of susceptibility against Cotrimoxazole (50%)
than the studies of previous decades®. Hopefully, if
this trend continues, cheaper first line antibiotics to
treat neonatal blood stream infections might be
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possible in near future.

Staphylococci spp., the major pathogen of neonatal
BSI in this study, was ascertained with high resistance
to ampicillin, cephradine, erythromycin. CoNS
showed sensitivity to amikacin (78.0%), imepenem
(86.0%), vancomycin (90.0%) and linezolid (100.0%).
Almost half (47.0%) of the CoNS and one third
(31.5%) Staphylococcus aureus are methicillin
resistant. Almost 10.0% of the isolated Staphylococcus
species are resistant to vancomycin. Similar findings
were observed in some studies done in other
developing countries'>?,

We have found increase resistance of CoNS species
towards Cephalosporin ranging from 46-67%.
Previous studies have shown that the antimicrobial
resistance patterns reflect the antibiotic use in that
hospital unit and it is probable that the predominant
use of Beta-lactams and aminoglycosides in our NICU
have exerted a selective pressure on the commensal
CoNS population®. Both vancomycin and linezolid are
good treatment of choice against CoNS and S. aureus
which are usually resistant to commonly used
antibiotics. But emergence of vancomycine resistant
staphylococcus (10.0%) is very much alarming news
for clinicians.

Acinetobacter spp. is the second commonest pathogens
in neonatal blood stream infection. We have observed
higher sensitivity to colistin (98.0%), meropenem
(97.0%), piperacillin- tazobactum (80.0%), and
amikacin (77.8%).

In previous decades Acinetobacter remained as the
most common isolate of Neonatal BSI in Bangladesh,
but Coagulase-negative staphylococci (CoNS) are
found to be the most commonly isolated pathogens in
the neonatal intensive care unit (NICU) in some other
countries”. They are the major pathogen involved in
Late Onset Neonatal Sepsis (LONS), particularly in
infants born at a lower gestational age.
Enterobacterieceae showed higher sensitivity to
meropenem (80-100%), piperacillin- tazobactum
(100.0%), amikacin (80.0% to 100.0%), and
gentamycin (76.0%). So, carbapenems may be
CoNSidered as a good choice of treatment for BSI
caused by them (E. coli, Enterobacter, Klebsiella,
Proteus) as it is showed the highest level of resistance
against [B-lactams, especially penicillins and third
generation cephalosporins.

Instead of being a Salmonella endemic country, no
Salmonella Typhi and Salmonella paratyphi was
detected in the present study. This finding may suggest
that Salmonella Typhi is not responsible for blood
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stream infection in neonates like childhood and adult
patients. Further studies may require to establish the
statement. Newborn babies are less likely to suffer
from Salmonella because of least chance of horizontal
and vertical transmission of the bacteria to neonate™.
Limitation of the Study: Due to resource
CoNStraints, we could not distinguish indoor and
outdoor patient samples. So, we couldn't distinguish
nosocomial from community-acquired BSI. We were
also unable to obtain patient data on clinical symptoms
or other risk factors for newborn BSI other than age
and sex. Also, we were not able to perform any
molecular tests on received samples due to lack of
required resources and adequate fund.

Conclusion

Major bacterial pathogens involved with neonatal
bloodstream infections (BSI) occurring in Dhaka city
among different age groups of patients and their
antibiotic susceptibility patterns are demonstrated in
our study. In a nutshell our study reveals that CoNS
are predominant pathogen for neonates. High
resistance to ampicillin, cephradine, erythromycin, and
high sensitivity to imipenem, vancomycin and
linezolid have found among CoNS strains. Methicillin
resistant and Vancomycin resistant strains of
Staphylococcus and multidrug resistant Acinetobacter
species are increasing than the previous decade.
Clinicians and policy maker should pay special
attention regarding this. We hope that, our findings
will help healthcare professionals to provide better
care for their patients & also help the researchers and
policy makers to make appropriate antibiotic policy to
face future challenges of infectious diseases.
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