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Abstract:
Neonatal sepsis, a systemic infection manifesting in the first month of life is a leading cause of
mortality in the newborn .Blood culture is the main stay in the diagnosis of neonatal sepsis. The
present study focuses on the bacterial agents, the antibiogram and the clinical risk factors associated
with neonatal sepsis. One hundred and ten neonates with clinical suspicion of neonatal sepsis were
included in this study. Bacterial pathogens isolated in positive blood cultures were identified and
the antibiotic susceptibility testing was performed. The risk factors were noted from the case records
& statistical analysis was done using the Chi square test. Thirty six (32.72%) cultures were positive
among 110 suspected cases of neonatal sepsis. 22(61.11%) cases presented with early onset sepsis
and 14(38.89%) presented as late onset sepsis. The common bacteria isolated were Klebsiella spp.,
Escherichia coli & Staphylococcus aureus. Antibiotics effective against gram negative bacilli were
cefaperazone/sulbactam and piperacillin/tazobactam. The rate of Methicillin resistant
Staphylococcus aureus isolation was 57%. Gram negative bacilli predominate as agents of neonatal
sepsis & antibiotic resistance among bacteria is on rise. Thus there is a need for continuous
screening and surveillance for antibiotic resistance in NICU.
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Introduction:
Neonatal sepsis is an important cause of
mortality and morbidity in the developing
countries. Incidence in India is 30/1000
live births.1 Risk factors significant for
neonatal sepsis are preterm delivery, low
birth weight, maternal fever, premature
rupture of membrane (PROM) > 16hrs.2
Early onset neonatal sepsis (EOS) presents
within 72 hours of birth and late onset
sepsis presents 4-90 days after birth.
Source of infection in EOS is the
colonized mother’s genitourinary tract.
The bacteria associated with EOS are
Group B Streptococci, E.coli, Coagulase
negative staphylococci, Haemophilus
influenzae and Listeria monocytogenes.
The bacteria implicated in LOS are from
the environment: Coagulase negative
staphylococci, Staphylococcus aureus,
Escherichia
coli,
Klebsiella
spp.,
Pseudomonas
spp.,
Candida
spp.,
Acinetobacter spp. and anaerobes.3
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The clinical presentation and risk factors
are different for EOS and LOS ,though the
bacteria associated with both early and late
onset sepsis is the same in India.4 Early
onset sepsis presents with pneumonia
whereas in late onset sepsis, meningitis
and bacteremia
are the common
presentations.4 The diagnosis of neonatal
sepsis is based on clinical presentation and
the laboratory investigations including Creactive protein, procalcitonin, complete
blood count, differential count, blood
cultures and molecular methods: PCR.
Blood culture remains the gold standard in
diagnosis of neonatal sepsis with the
identification of the pathogens and the
antibiotic susceptibility pattern of the
isolate.5
Timely diagnosis of sepsis in newborn,
especially in those with risk factors is
important in controlling the mortality and
morbidity. The knowledge of bacterial
spectrum and the antibiogram of the
pathogens will help in adapting
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appropriate control measures
and
antibiotic policy in the NICU in our
hospital. The study was undertaken to
study the spectrum of bacteria associated
with neonatal sepsis. The study also
assessed the various risk factors and the
antibiotic susceptibility pattern of the
pathogens.
Objectives
• To identify the common bacterial
pathogens associated with neonatal
sepsis
• To
determine
the
antibiotic
susceptibility pattern of the bacterial
pathogens
• To evaluate the clinical risk factors
associated with early onset sepsis

.
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disc and interpreted according to the CLSI
guidelines.7
Details regarding place of birth, age at
onset of symptoms, symptoms & signs of
presenting illness & other associated
conditions (prematurity <37 weeks, low
birth weight <2500 g, respiratory distress,
and neonatal jaundice) were recorded.8
Any significant events during pregnancy
and labour in mother were noted with the
help of proforma. The clinical features and
the risk factors were documented.
The association between the risk factors
was found using the Chi Square Test. The
collected data were entered and analyzed
using SPSS (statistical package for the
social sciences) version 11.

Materials & Methods:
Study period: 6 months from February
2014.
Study Design: This observational crosssectional study was carried out in tertiary
care hospital.
Study population: The study included 110
cases of clinically suspected septicemia in
neonates.
The study has received clearance from the
Institutional Ethics Committee.
The findings of TLC, DLC, ESR and CRP
were noted.CRP values were measured by
turbidometry. Blood culture was done
using the BacT ALERT microbial
detection system (Biomeriux,
Inc.
Durham, North California, USA).6
Positive samples were subcultured on
blood agar, chocolate agar, and
MacConkey agar and incubated over night
at 370C. Growth of gram negative bacteria,
gram positive bacteria, and yeasts were
identified and the susceptibility pattern
assessed by conventional methods and
Vitek Compact 2 system. ESBL
production in Klebsiella spp. and E. coli
was confirmed using ceftazidime and
Ceftazidime/clavulanic
acid
discs.
Methicillin
resistant
Staphylococcus
aureus was detected by using the cefoxitin

Results:
Of the 110 blood cultures received from
cases of clinically suspected sepsis,
36(32.72%) were positive, 4(3.63%) grew
skin contaminants, 70(63.3%) were
negative. Out of 36 positive blood
cultures, 22(61.11%) cases presented with
early onset sepsis and the remaining
14(38.89%) presented as late onset sepsis.
CRP was elevated in 61% of the cases
with positive blood cultures.(n=36). The
total leucocyte count was high in 58% of
the cases with positive blood cultures.
The pathogens isolated from positive
blood cultures is shown in Table I.
Antibiogram of the gram positive and
gram negative bacterial isolates are shown
in Tables II and III. The risk factors
studied are depicted in Table IV. The
significant risk factors evaluated by Chi
square test were low birth weight,
premature rupture of membranes and
maternal fever.
Candida krusei showed 100% sensitivity
to
amphotericin
B,
voriconazole.
Resistance to fluconazole, flucytosine was
seen in both the isolates of Candida krusei.

Discussion:
23
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Neonatal sepsis is associated with high
morbidity and mortality. Knowledge of
Table I: Spectrum of pathogens
associated with neonatal sepsis
Pathogens
Klebsiella species

Number and
percentage
9(25%)

Escherichia coli

8(22.22%)

Staphylococcus
aureus

7(19.44%)

Acinetobacter spp.

5(13.89%)

Coagulase negative
staphylococcus

3(8.33%)

Candida krusei

2(5.55%)

Enterobacter cloacae

1(2.77%)

Total

36

the bacterial profile and the antibiotic
susceptibility pattern of the isolates play
an important role in the management of
sepsis. The blood culture positivity rate
from the suspected cases of neonatal sepsis
in this study was 32.3%. Klebsiella spp.,
Staphylococcus aureus, Escherichia coli
were the bacteria isolated from the
suspected cases of neonatal sepsis .The
antibiotics
effective
against
Staphylococcus aureus were vancomycin,
linezolid, clindamycin. The antibiotics
effective against most of the gram negative
bacterial isolates of neonatal sepsis were
cefaperazone sulbactam, tigecycline and
carbapenems. The important clinical risk
factors were low birth weight and
premature rupture of membranes and
maternal fever in this setup.
The blood culture positivity rate in our
study was 32.72%. Culture positivity rates
in the previous studies on neonates with
sepsis reported were as high as 56% by
Sharma et al. to 40% by Tsering et al,
which is similar to our study.9 The
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comparatively lower rates of positivity in
blood culture in our study could be
because of prior antibiotic usage. Early
onset sepsis was more in number (61.11%)
compared to the cases with late onset
sepsis which is consistent with the findings
of Chung et al.10 The bacteria associated
with EOS were Klebsiella spp., E.coli and
the common bacteria associated with late
onset sepsis were Staphylococcus aureus,
CONS. The other studies report Klebsiella
species (25%) and E. coli (15%) as
common agents of EOS and strains of S.
aureus (14%), GBS (12%), Streptococcus
pneumoniae (12%), and non-typhoidal
Salmonella species (13%) as most
frequently associated with LOS.10
C- reactive protein was positive (more
than 6mg/dl) in 32% in previous studies.
In our study CRP was elevated in 61%
cases with positive blood cultures.10
The most common bacteria associated with
neonatal sepsis in our study was Klebsiella
pneumoniae, which is similar to the
previous studies. Many of the previous
published
reports
have
Klebsiella
pneumoniae as the commonest etiological
agent of neonatal sepsis in developing
countries.The isolation of Escherichia coli
was also high in this study. Mondal et al
has reported E.coli as the commonest
pathogen associated with neonatal sepsis.
The overall isolation of gram negative
bacteria was more in our study compared
to gram positive isolates.11Among the
Gram positive bacteria, Staphylococcus
aureus was the commonest followed by
Coagulase
negative
staphylococci,
comparable to other studies. We did not
encounter Group B streptococcus in our
study. Prenatal screening of pregnant
women for vaginal colonization of Group
B Streptococcus and antibiotic prophylaxis
if vaginal cultures were positive could
explain the above finding.
Antibiotic susceptibility pattern of the
isolates varies from region to region. Prior
knowledge of the antibiogram of the
isolates in the region would help the
clinician to choose on the right antibiotic.
24
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In case of Gram negative bacterial isolates,
Table II: Antibiotic Resistance pattern of the Gram positive blood culture isolates of
neonatal sepsis *

P
S.aureus
(n= 7)
%

Coagulase
negative
Staphylococci
(n=3)
%

Cd

E

Lz

Met

G

Cf

Ri

Va

5
71.42%

2

0

28.57%

Te

7

2

4

1

4

5

100%

28.57%

57.14%

14.28%

57.14%

71.42%

0
0%

1

1

1

0

0

0

33.33%

33.33%

33.33%

0%

0%

0%

3

1

0

100%

33.33%

0%

0

0%

*Resistance percentage.
P = Penicillin, Cd = Clindamycin, E = Erythromycin, Lz = Linezolid, Met = Methicillin,
G = Gentamycin, Cf = Ciprofloxacin, Ri = Rifampicin, Va= Vancomycin, Te = Teicoplanin
the
antibiotics
effective
were
cefaperazone/sulbactam,
carbapenems
piperacillin/tazobactam. Penicillin plus an
aminoglycoside is the preferred therapy.
But majority of the gram negative bacteria
were resistant to ampicillin and amoxiclav
in our study and the level of
aminoglycoside resistance of the gram
negative bacteria exceeded 50%. The
proportions of resistance in E. coli were
ampicillin 75%, cotrimoxazole 75% and
62.5% to third generation cephalosporins.
Among Klebsiella species, almost all were
resistant to ampicillin, 44% to cotrimoxazole, and 62% to third generation
cephalosporins.
Resistance
to
aminoglycosides was lower in E.coli than
Klebsiella spp. The rates of ESBL
production in Klebsiella spp. and E .coli

were 61% and 56% respectively, thus the
third generation cephalosporins, penicillins
would prove ineffective in these cases.
ESBL production rates in the previous
studies reported are 58%, a finding
consistent with this study. Carbapenems
are believed to be the last resort for these
ESBL producers. The worrisome fact is
that carbapenem resistance was seen in
39% of gram negative bacterial isolates.
Acinetobacter spp. was resistant to many
of the antibiotics. Multi-drug resistant
Acinetobacter spp. were sensitive to
polymyxin B, colistin, tigecycline. The
previous studies have also reported
cefaperazone/sulbactam
and
piperacillin/tazobactam as the most
effective drugs against the gram negative
bacterial isolates associated with neonatal
sepsis .12,13
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Table III: Antibiotic resistance pattern of the Gram negative bacterial pathogens from
blood culture of neonatal sepsis cases*
Antibiotics

Gram Negative Bacilli
Klebsiella spp.
(9)

E.coli
(8)

Acinetobacter
spp.(5)

Enterobacter
spp.(1)

A

9(100)

6 (75)

4(80)

0

Ac

6(66.66)

3 (37.5)

4(80)

1(100)

Ak

2(22.22)

1(12.5)

2(40)

1(100)

Ci

5(55.55)

5(62.5)

4(80)

1(100)

Ce

4(44.44)

4(50)

3(60)

1(100)

Cu

4(44.44)

4(50)

3(60)

1(100)

Cfs

2(22.22)

1(12.5)

1(20)

0

Cf

3(33.33)

6(75)

2(40)

1(100)

Co

4(44.44)

5(62.5)

4(80)

1(100)

G

5(55.55)

3(37.5)

2(40)

0

I

3(33.33)

2(25)

2(40)

1(100)

Mr

2(22.22)

1(12.5)

2(40)

1(100)

Etp

2(22.22)

1(12.5)

NT

0

Pc

5(55.55)

3(37.5)

3(60)

0

Pt

4(44.44)

2(25)

2(40)

0

Tig

0

0

0

0

*Resistance percentage
A= Ampicillin, Ac= Amoxiclav, Ak= Amikacin, Ci= Ceftriaxone, Cu=Cefuroxime,
Cfs= Cefaperazone/sulbactam, Co= Cotrimoxazole, G= Gentamicin, I= Imipenem,
Mr= Meropenem, Etp= Ertapenem, Pc= Piperacillin, Pt= Piperacillin/tazobactam, Tig=
Tigecycline, NT= not tested
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Table IV : Risk factors associated with neonatal sepsis
Blood culture
positive(n=36)

Blood culture
negative(n=74)

Normal
vaginal
delivery

21

50

LSCS

15

24

Preterm

23

32

Term

10

38

Post –term

03

04

Low birth
weight

22

16

Normal

14

58

Present

19

18

Absent

17

52

Present

21

18

Absent

15

52

Present

10

12

Absent

26

58

Risk factors

Mode of
Delivery

Gestational
Age

Birth Weight

Maternal
Fever

PROM

Meconium
Stained
Liquour

p value

p=0.34

p=0.064

p=0.001
SIGNIFICANT

p=0.005
SIGNIFICANT

p=0.001
SIGNIFICANT

p=0.201

p value<0.05 is statistically significant
In case of Staphylococcus aureus,
vancomycin remains as the sensitive drug,
no resistance was found.14Clindamycin
and Linezolid were the other two
antibiotics quite effective against this
organism. The rate of MRSA isolation in
our study was 57.14%, which is higher
than the other studies reported.
The two strains of Candida krusei showed
100% susceptibility to amphotericin B.
Candida krusei is known for its innate
resistance to fluconazole.15
Of the risk factors evaluated for neonatal
sepsis, the factors which were statistically

significant are low birth weight, maternal
fever
and
premature
rupture
of
membranes. Similar studies carried out on
neonatal sepsis have reported pre-term and
low birth weight babies, gravida less than
or equal to two, maternal fever and PROM
for more than 16 hours as significant risk
factors for developing neonatal sepsis.16
Prompt antibiotic therapy has a great
influence on the outcome of neonatal
sepsis. Thus, the knowledge of the
antibiogram and the groups at risk for
sepsis will help the clinician to choose the
right antibiotic therapy.
27
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Conclusions:
The spectrum of bacteria associated with
neonatal sepsis is constantly changing. The
rates of Antibiotic resistance among the
bacterial pathogens is high . Hence there is
a need to constantly monitor the same in
NICU’s.
The most common pathogens associated
with neonatal sepsis were Klebsiella
pneumoniae, E.coli and Staphylococcus
aureus. The significant perinatal risk
factors for sepsis were low birth weight,
maternal fever and PROM. Antibiotic
resistance is on rise especially among the
gram negative bacterial pathogens.
References:
1. Report of the National Neonatal
Perinatal Database (National Neonatology
Forum) 200-03. New Delhi: National
Neonatology Forum NNPD Network;
2005.
2. Rao PS, Baliga M, Shivananda PG.
Bacteriology of neonatal septicemia in a
rural referral hospital in south India. J
Trop Pediatr 1993; 39:230-33.
3. Zaidi AK, Thaver D, Ali SA, Khan TA.
Pathogens associated with sepsis in
newborns and young infants in developing
countries. Pediatr Infect Dis J 2009;
28:S10–8.
4. Kuruvilla KA, Pillai S, Jesudason M,
Jana AK. Bacterial Profile of sepsis in a
Neonatal Unit in South India. Indian
Pediatrics 1998; 35:851-58.
5. Sankar MJ, Agarwal R, Deorari AK,
Paul VK. Sepsis in the newborn. Indian J
Paediatr 2008; 75:261-66.
6. Garcia-Prats JA, Cooper TR, Schneider
VF, Stager CE, Hansen TN. Rapid
detection of microorganisms in the blood
cultures of newborn infants by utilizing an
automated
blood
culture
system.
Paediatrics 2000; 105:523–27.
7. Clinical and Laboratory Standards
Institute. 2012. Performance standards for
antimicrobial disc susceptibility tests:
approved standard, 11th ed., M02-A11.

.

www.jimd.in

Clinical and Laboratory Standards
Institute, Wayne, PA.
8. Soman M, Green B, Daling J. Risk
factors for early neonatal sepsis. Am J
Epidemiol 1985; 121:712-19.
9. Sharma M, Yadav A, Yadav S, Goel N,
Chaudhury U. Microbial profile of
septicemia in children. Indian J Pract Doct
2008; 5:16–8.
10. Chugh K, Aggarwal BB, Kaul VK,
Arya SC. Bacteriological profile of
neonatal septicemia. Indian J Pediatr 1988;
25: 961- 65.
11. Varsha, Rusia U, Sikka M, Faridi
MMA, Madan N. Validity of the
haematologic
parameters
in
the
identification of early and late onset
neonatal infections. Indian J Pathol
Microbiol 2003; 46:565-68.
12. Kaistha N, Mehta M, Singla N, Garg
R, Chander J. Neonatal septicemia isolates
and resistance patterns in a tertiary care
hospital of North India. J Infect Dev Ctries
2009; 4(1):55-7.
13.
Thaver D, Ali SA, Zaidi AK.
Antimicrobial resistance among neonatal
pathogens in developing countries. Paed
Infect Dis J 2009; 28(1 Suppl):S19-21.
14. Sankar MJ, Agarwal R, Deorari AK,
Paul VK. Sepsis in the newborn. Indian J
Pediatr 2008; 75:261–66.
15. Narain S. Neonatal systemic
candidiasis in a tertiary care centre. Indian
J Med Microbiol 2003; 21:56-8.
16. Shah GS, Budhathoki S, Das BK,
Mandal RN, Risk factors in early neonatal
sepsis. Kathmandu University Medical
Journal 2006; 4(2):187-91.
Acknowledgements: The authors are
grateful to Manipal University for the
facilities provided. The project has
received ICMR STS 2014 grant.

28
Journal of International Medicine and Dentistry 2015; 2(1): 22-29

Agarwal A et al: Neonatal sepsis

.

Conflicts of interest- Nil
Source of funding –ICMR STS2014

www.jimd.in
Date of submission: 19-03-2015
Date of acceptance: 09-04-2015

Authors details:

1- Undergraduate student (IIIrd M.B.B.S.), Kasturba Medical College, (Manipal
University), Mangalore- 575001
2- Corresponding author: Associate Professor, Department of Microbiology,
Kasturba Medical College, (Manipal University), Mangalore- 575001
E mail: sevitha@rediffmail.com

29
Journal of International Medicine and Dentistry 2015; 2(1): 22-29

