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Abstract
Introduction: Neonatal sepsis is a clinical syndrome characterized by multiple symptoms and signs of infection
during the first month of life. The objective of this study is to determine the frequency of commonly isolated
bacteria from patients of neonatal sepsis and their susceptibility patterns in POF hospital at Wah.
Methods: This cross-sectional study was carried out in POF Hospital Neonatal intensive care unit and
Microbiology laboratory from January 2018 to December 2019. The blood samples of patients suspected of
neonatal sepsis were processed as per standard methodology.
Results: Out of ninety blood samples, fifty-one (56.7%) yielded the growth of Gram-negative rods and thirty-nine
(43.3%) yielded Gram-positive cocci. Among Gram-positive bacteria, coagulase-negative staphylococci were the
most common pathogen isolated from 53.8% cases followed by methicillin-resistant Staphylococcus aureus (15.3%).
Among Gram-negative bacteria, Klebsiella pneumoniae (54.90%) was the most frequently identified bacteria
followed by Serratia marcescens (27.45%). The Gram-positive cocci were the most susceptible to linezolid (100%)
followed by vancomycin (87.2%). The Gram-negative rods depict remarkable resistance to ciprofloxacin (92.2%),
gentamicin (100%), and meropenem (54.9%).
Conclusions: The study concluded a predominance of Gram-negative bacteria as a causative agent of neonatal
sepsis in our setup. The bacterial isolates are highly resistant to commonly prescribed oral as well as injectable
antibiotics. Implementation of infection control policies is a dire need to combat the grave situation of increasing
antibiotic resistance.
Keywords: Neonatal sepsis, Antibiotic susceptibility, Bacteriological profile.
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Introduction

Neonatal sepsis (NNS) is an invasive bacterial
infection that occurs in the first month of life and a
major cause of neonatal morbidity and mortality. It is a
clinical syndrome characterized by multiple and
nonspecific signs of infection which include lethargy,
less  vigorous sucking, apnea, bradycardia,
temperature instability, respiratory distress, vomiting,
diarrhea, and abdominal distention. The term also
encompasses bloodstream infections, meningitis, and
pneumonia.! NNS is the third most common cause of
deaths among neonates, accounting for 225,000 deaths
globally every year.!

Neonatal sepsis is divided into two categories based
on the time and peripartum pathogenesis. Sepsis
which occurs in the first 72 hours of life is defined as
early-onset sepsis (EOS) and that occurring beyond 72
hours is defined as late-onset sepsis (LOS). Earlier
onset of infection reflects vertical transmission from
mother to infant, while the third day of life or later is
likely to be acquired through horizontal transmission.?
The bacterial isolates which caused neonatal sepsis
vary from place to place and they keep on changing
with time at the same place. In industrialized
countries, the commonest bacterial pathogens isolated
from septic neonates are Gram-positive cocci followed
by Gram-negative bacilli and fungi®> However, the
studies conducted in developing countries like India
and Pakistan revealed the predominance of Gram-
negative bacilli as causative agents of neonatal
sepsis.#> The contribution of both Gram-positive and
Gram-negative bacteria to cause neonatal sepsis is
equal in a study in Nigeria.® The study which is
carried out at the same hospital as ours revealed the
predominance of Kiebsiella species followed by
Staphylococcus aureus.” Similarly, the susceptibility
pattern also has geographical as well as temporal
variations. In Egypt, the commonest neonatal
pathogen was coagulase-negative Staphylococcus
species. The isolates were sensitive to vancomycin,
ciprofloxacin, and amikacin and resistant to commonly
used first-line antimicrobial drugs.® One of the studies
conducted in India depicted rampant resistance to
cephalosporins and susceptibility of Gram-negative
bacilli against piperacillin-tazobactam  whereas
vancomycin and linezolid were most effective against
Gram-positive isolates.” The data by Tehseen et al
revealed that amikacin and vancomycin were the most
effective antimicrobial drugs against Gram-negative
and Gram-positive bacteria respectively.” The variable
microbiological pattern and their antibiograms render

antibiotic susceptibility profile in one region at a
specific period inapplicable to other regions or in
another period. Keeping in view, the present study
was aimed to document the commonly isolated
bacteria from patients of neonatal sepsis and their
susceptibility patterns in POF hospital at Wah. This
will be an effort to rationalize the empirical treatment
by paediatricians resulting in evidence-based practice
and better results in terms of early recovery, shorter
duration of hospital stay, and cost-effectiveness.
Moreover, this effort will contribute to safeguard the
remaining therapeutic options left to the clinicians and
encourage a focused, concerted effort for better patient
care.

Materials and Methods

This cross-sectional study was conducted at the
neonatal intensive care unit and laboratory of Pakistan
Ordinance Factories Hospital from January 2018 to
December 2019. The sample size was calculated by the
WHO sample size calculator taking a confidence level
of 95%, population size” of 117, and a margin of error
of 5%. The sample size (n) was 90. The samples were
calculated by the non-probability consecutive
technique. All neonates of either gender, irrespective
of risk factors, with clinical suspicion of neonatal
sepsis were included in the study. Patients who were
already on antibiotics were excluded. The blood
culture samples were drawn from all neonates who
were clinically suspected of neonatal sepsis, without
any discrimination of gender, body weight,
prematurity, and mode of delivery. According to
institution protocol, 1-3 ml of blood was drawn from a
peripheral vein and inoculated in Brian heart infusion
(BHI) broth for culture. The blood samples were
incubated for 24 hrs at 35 + 2°C under aerobic
conditions. Blind subcultures were done by collecting
the inoculums from BHI broth and inoculating on
blood agar and MacConkey agar after 24 hours, 72
hours, 5 day, and on 7 day. The subcultures were
incubated at 35 + 2°C under aerobic conditions. After
overnight incubation, the agar plates were examined
for growth of bacteria and their colonial morphology.
For Gram-positive cocci identification, catalase test,
coagulase test, growth on bile esculin agar, and salt
tolerance test were employed. The Gram-negative rods
were identified based on Gram staining, catalase test,
oxidase test, and motility.1? Microbact Gram-negative
24E identification kits (Oxoid, Basingstoke, UK) were
used for confirmation of Gram-negative isolates.
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Antimicrobial susceptibility tests were performed on
the Muller-Hinton agar plates with the disk diffusion
method as recommended by the clinical laboratory
standards institute.”® The bacterial suspensions of
isolates equivalent to 0.5 McFarland standard turbidity
were applied on Mueller-Hinton agar (Oxoid,
Basingstoke, UK). Following antimicrobial disks
(Oxoid, Basingstoke, UK) were evenly placed on the
inoculated plates for Gram-negative bacilli:
Ampicillin(10 pg), amoxicillin-clavulanate (20/10 ng),
trimethoprin-sulfamethoxazole (1.25/ 23.75 pug),
ceftriaxone (30 pg), cefotaxime (30 pg) ciprofloxacin (5
ug), gentamicin (10 pg), amikacin (30 pg), piperacillin-
tazobactam (100/ 10 pg), doxycycline (30 png)
imipenem (10 pg) and meropenem (10 pg) and
polymyxin B(300 units)

The disks of penicillin (10 units), cefoxitin (30pug),
amoxicillin/clavulanic acid (20/10 pg), erythromycin
(15 pg), clarithromycin (15 pg), linezolid (30 pg),
ciprofloxacin (5pg), clindamycin (2pg), doxycycline
(30pg) and vancomycin (30pg) were applied for Gram-
positive cocci.

Concurrent quality control testing was performed with
Escherichia coli ATCC 25922 and Staphylococcus aureus
ATCC 25923.

After overnight incubation, the diameter of each zone
of inhibition around the antimicrobial disk was
measured. The susceptibility results were interpreted
as sensitive, intermediate, and resistant according to
recommendations of CLSI.™

The data was entered and analyzed using SPSS
version 21. For qualitative variables (Gram-negative
bacilli, Gram-positive cocci, gender, bacteria isolated,
and their susceptibility pattern) frequencies and
percentages were calculated. Mean * SD was
presented for age. Association of Gram-negative bacilli
and Gram-positive cocci with early and late-onset
neonatal sepsis was determined by the chi-square test.
p-value < 0.05 was considered significant.

Results

A total of ninety positive blood cultures of neonates
with bacterial sepsis were analyzed. The mean age of
the neonates was 6.68 days + 7.17. In a total of ninety,
forty-seven (52.2%) cases of neonatal sepsis were
categorized as early onset and forty-three (47.8%)
cases were categorized as late-onset.

Out of ninety, fifty-one specimens (56.7%) yielded the
growth of Gram-negative rods and thirty-nine (43.3%)
specimens yielded Gram-positive cocci. The gender
distribution for 39 Gram-positive cocci was 25 and 14

for males and females respectively. Out of 51 Gram-
negative isolates, 31 were isolated from male patients
and 20 were isolated from females. This gender
distribution is presented in Figure 1. There was no
significant association of Gram-positive cocci and
Gram-negative rods with early and late neonatal
sepsis. (p=1.00)
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Figure 1: Distribution of Gram-positive cocci and
Gram-negative bacilli isolated from the blood of
neonatal sepsis in both genders (n=90)

The most frequent bacteria isolated from the blood of
neonatal sepsis were Klebsiella pneumoniae followed by
coagulase-negative = staphylococci and  Serratia
marcesens. Among Gram-positive bacteria, coagulase-
negative staphylococci were the most common
pathogen isolated from 53.8% cases followed by
methicillin-resistant ~ Staphylococcus aureus (15.3%).
Among Gram-negative bacteria, Klebsiella pneumoniae
(54.90%) was the most frequently identified bacteria
followed by Serratia marcescens (27.45%) and
Acinetobacter species (9.8%). (Figures 2 and 3)
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Figure 3: Gram-Negative bacilli responsible for
Neonatal sepsis (n=51)

The Gram-positive cocci were markedly resistant
(76.9%) to first-line drugs including penicillin. A
moderate level of sensitivity was exhibited by Gram-
positive isolates to amoxicillin-clavulanate,
ciprofloxacin, clindamycin, macrolides, doxycycline,
and gentamicin. Amikacin and meropenem were
effective in 65.7% and 61.5% of cases of neonatal sepsis
caused by gram-positive pathogens. These organisms
were the most susceptible to linezolid (100%) followed
by vancomycin (87.2%). The exact number and
percentages of the susceptibility of commonly used
antimicrobials against Gram-positive cocci are
represented in Table 1.

Table 1: Cross-tabulation of Gram-positive cocci
against susceptibility pattern of antimicrobial drugs

Sensitive  Resistant Total

n (%) n (%) n (%)
Penicillin 9(23.1) 30 (76.9) 39 (100)
Ciprofloxacin | 17 (43.6) 22 (56.4) 39 (100)
Erythromycin | 16 (45.7) 19 (54.3) 35 (100)
Clarithromycin | 17 (48.6) 18 (51.4) 35 (100)
Doxycycline 19 (48.7) 20 (51.3) 39 (100)
Gentamicin 19 (48.7) 20 (51.3) 39 (100)
Amoxicillin- 20 (51.3) 19 (48.7) 39 (100)
clavulanate
Clindamycin 18 (51.4) 17 (48.6) 35 (100)
Meropenem 24 (61.5) 15 (38.5) 39 (100)
Amikacin 23 (65.7) 12 (34.3) 35 (100)
Vancomycin 34 (87.2) 5 (12.8) 39 (100)
Linezolid 39 (100) 0(0) 39 (100)

The Gram-negative rods were 100% resistant to
ampicillin and gentamicin. The commonly prescribed
third-generation cephalosporins, ciprofloxacin, and
amoxicillin-clavulanate were also markedly ineffective
for Gram-negative isolates. These rods were
moderately sensitive to amikacin, meropenem, and
piperacillin-tazobactam (41.2%, 45.1%, and 41.2%
respectively). Table 2 shows the susceptibility pattern
of the Gram-negative rods against various antibiotics.

Table 2: Different age groups in the study
population
Sensitive Resistant  Total
n (%) n (%) n (%)
Ampicillin 0 (0.0) 51 (100) 51 (100)
Gentamicin 0 (0.0 51 (100) 51 (100)
Cefotaxime 1 (2.0 50 (98.0) 51 (100)
Ceftriaxone 1(2.0) 50 (98.0) 51 (100)
Amoxicillin- | 4 (7.8) 47 (92.2) 51 (100)
clavulanate
Ciprofloxacin | 4 (7.8) 47 (92.2) 51 (100)
Cotrimoxazole | 6 (11.8) 45 (88.2) 51 (100)
Doxycycline 10 (20.0) 40 (80.0) 51 (100)
Amikacin 21 (41.2) 30 (58.8) 51 (100)
Piperacillin- 21 (41.2) 30 (58.9) 51 (100)
tazobactam
Meropenem 23 (45.1) 28 (54.9) 51 (100)
Polymyxin 37 (72.5) 14 (27.5) 51 (100)
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Discussion

Neonatal sepsis is a life-threatening condition
associated with poor maternal health, illiteracy, lack of
medical facilities, non-compliance to antenatal visits,
and non-professional handling of deliveries. The
knowledge of causative pathogens and their
antimicrobial susceptibility is of utmost importance to
reduce neonatal morbidity and mortality. The current
study assessed that Gram-negative rods are
responsible for the majority of cases (56.66%) of
neonatal sepsis in our setup followed by Gram-
positive cocci (43.34%). This is also noticed that there is
a mild increase in the incidence of early onset of
neonatal sepsis as compared to late-onset neonatal
sepsis in our setup. This finding is congruent with the
study conducted by Adatara et al'>? where they found
the majority of their patients having the early onset of
neonatal sepsis. The study conducted by Dalal in India
also showed a similar trend.’® Early-onset neonatal
sepsis is by the vertical transmission of pathogens
from the female urogenital tract to the newborn either
in utero or during delivery. Other risk factors include
chorioamnionitis, prematurity, and prolonged rupture
of membranes. Late-onset neonatal sepsis is caused by
the postnatal acquisition of the pathogens which thrive
in the hospital or home, after contact from healthcare
workers or caregivers. A possible explanation for the
lower incidence of LONS could be improved practices
and better understandings of cleanliness and the use of
aseptic techniques by hospital staff.1 The incidence of
NNS, irrespective of the age of presentation, was seen
more in male patients as compared to females. The
literature review supports the increased propensity of
male patients to sepsis which is attributed to gender-
specific genes related to the immune system.!> Our
study revealed the predominance of Gram-negative
bacilli as the causative agent of neonatal sepsis which
is comparable to a vast number of studies conducted
in Asia including Pakistan.#57 Among Gram-negative
rods, Klebsiella pneumoniae was the most frequent
bacteria followed by Serratia marcescens and
Acinetobacter species. This pattern is different when
compared to the previous study at the same place.”
Serratia and Acinetobacter spp had emerged as new
pathogens in our neonatal ICU. Moreover, a reduction
in the susceptibility of Gram-negative rods against
amikacin and amoxicillin-clavulanate has been
recorded from 769%, 24.8%, 41.2%, and 7.8%
respectively. The susceptibility against gentamicin and
ampicillin has been reduced to zero percent each from
39.35% and 6.8% respectively. Only 2% of the isolates

are sensitive to the commonly used third-generation
cephalosporins. This trend of increased resistance is an
alarming situation that emerged as a result of poor
infection control measures as well as injudicious use of
antibiotics. Similar susceptibility patterns have been
reported in other studies from Pakistan.® The current
situation of antimicrobial resistance in most of the
clinical setups is in contrast to data published in an
English surveillance programme for antimicrobial
utilization and resistance (ESPAUR) report, 2018.17 The
difference emphasizes the need for antimicrobial
stewardship programmes and surveillance of
antimicrobial resistance in our health care facilities.
Meropenem is the most commonly used carbapenem
in the paediatric age group for life-threatening
infections. The Gram-negative isolates resistant to
meropenem were 54.9% and the Gram-positive
isolates resistant to meropenem were 38.5%. These
findings are congruent to data of Li et al.’8

In our study, Gram-positive isolates were sensitive to
linezolid (100%) followed by vancomycin (87.2%).
Comparison with the previous study at the same place
revealed a decrease in the susceptibility of Gram-
positive  cocci against amikacin, amoxicillin-
clavulanate, and vancomycin from 74.5%, 60.8%, and
952% to 65.7%, 51.3%, and 87.2% respectively.
Interestingly, mild increases in the sensitivity of less
commonly used antibiotics like erythromycin,
penicillin, and doxycycline are noted in the index
study. This depicts the fact of bacteria rolling back to
sensitivity against the less commonly used traditional
drugs. Analysis of our study also showed the inclusion
of Enterococcus and Streptococcus species in the list of
bacterial pathogens of our NICU in addition to
Staphylococci. The situation is similar to various other
studies.#?1® The Gram-positive cocci are remarkably
resistant to ciprofloxacin(56.45%) and
clindamycin(51.4%). The misuse or overuse of
antibiotics like ciprofloxacin due to its extended
antimicrobial spectrum promotes bacterial resistance
and limits their efficacy. In our set up linezolid and
polymyxin are the most effective drugs for Gram-
positive and Gram-negative bacterial isolates of NICU,
respectively. Despite their maximum sensitivity, these
should not be used indiscriminately and be kept as
reserve drugs. The development of resistance to these
drugs may leave us with no option in life-threatening
infections by multidrug-resistant organisms.
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Conclusion

The study concluded that Gram-negative bacteria are
the predominant causative agent of neonatal sepsis in
our setup. The most frequent bacteria were Klebsiella
pneumoniae followed by coagulase-negative
staphylococci and Serratia marcesens. The bacterial
isolates are highly resistant to penicillins,
cephalosporins, and quinolones. Implementation of
infection control policies and antibiotic de-escalation
approach is recommended to combat the grave
situation of increasing antibiotic resistance.
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