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ABSTRACT 

Objective: Identification of pathogens associated with early onset neonatal sepsis and their resistance 

pattern so that a guideline for empirical antibiotic regimen can be formulated.  

Methods:  Study was conducted in a teaching hospital in eastern part of Bengal from March 2011 to 

August 2012. Newborn, age less than 72hours, associated with a clinical diagnosis of sepsis were 

enrolled in this study. 1 ml of blood was collected maintaining proper asepsis and inoculated in 5 ml of 

brain heart infusion broth. The broth was incubated aerobically at 37
0
 C and was sub cultured in blood 

agar, chocolate agar and MacConkey’s agar. Isolates were identified by colonial morphology, Gram 

staining and standard biochemical tests. Antimicrobial sensitivity test was performed by Kirby Bauer 

disc diffusion method following CLSI guidelines.  

Result: Among 192 clinically suspected cases of early onset neonatal sepsis, blood culture was positive 

in 73(38.0%) cases of which Klebsiella pneumoniae (45.71%) was the predominant organism followed 

by Staphylococcus aureus (20%), Escherichia coli (11.42%), Enterococcus sp (7.14%), Enterobacter 

sp (5.71%) etc. Most Gram negative organisms were highly resistant to ampicillin (100%), gentamicin 

(81.25%) and cephalosporin group of drugs. Imipenem (0%) and ofloxacin (31.25%) were the two 

most effective drugs against these gram negative bacteria. 50% of Staphylococcus aureus were 

methicillin resistant.  

Conclusion: This study reflected alarmingly increasing in vitro resistance of isolated organisms 

towards commonly used antibiotics specially ampicillin, gentamicin and third generation 

cephalosporins which were given empirically in neonatal sepsis. Therefore this study recommends 

introduction of fluoroquinolone along with amikacin in empirical treatment of early onset neonatal 

sepsis. 

Keywords: early onset neonatal sepsis, multidrug resistance, fluoroquinolone 

 
INTRODUCTION 

Neonatal sepsis is the leading cause of mortality 

& morbidity in the neonates.  The first week of 

life is a particularly high-risk period when 3/4
th
 of 

neonatal deaths occur
1
. In spite of major 

improvement in antimicrobial therapy, neonatal 

life support system and the early notification of 

risk factors, neonatal sepsis still plays a pivotal 

role in mortality and morbidity among newborns 

throughout the world. Symptoms occurring 

within the age of 72 hrs are considered as early 

onset sepsis
2
. Newborns even though they are 

born at full term, have relatively immature 

immune system which is unable to provide a 

robust defense against virulent pathogens. 

Therefore neonates are at high risk of developing 

invasive infections if exposed to pathogenic 

microorganisms.
1 
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Clinical recognition of neonatal sepsis is not 

always straight-forward. It is a life threatening 

emergency and delay in diagnosis and treatment 

with appropriate antibiotic may have devastating 

consequences. These neonates therefore usually 

require aggressive course of parenteral 

antibiotics. An early etiological diagnosis is 

essential for appropriate intervention. But 

microbial etiology of neonatal sepsis is diverse. 

Several studies on neonatal sepsis have 

documented the diversity of bacteria and their 

susceptibility pattern and their temporal 

variability 
3,4,5,6

.  

In this era of evidence based medicine, today's 

management may not be acceptable tomorrow. 

So, the greatest challenge of the day to the 

pediatrician is the emerging threat of neonatal 

sepsis coupled with antimicrobial resistance to 

commonly used drugs. 

For this reason, active surveillance is needed to 

identify the pathogens of neonatal sepsis as well 

as the antibiotic sensitivity pattern for the agents 

of sepsis in a particular area. This is important in 

formulating the empirical antibiotic regimen and 

also to alert clinicians towards emerging 

pathogens that may pose a threat to the 

community. 

So, the study was designed to evaluate the 

common pathogens associated with early onset 

neonatal sepsis and their resistance pattern in a 

newly established teaching institution of rural 

Bengal and build a treatment policy for early 

onset neonatal sepsis (EONS). 

 

MATERIAL AND METHODS 

Study design: This was a hospital based cross 

sectional study.  

Study area: Study was carried out in the Neonatal 

Care Unit, Department of Pediatrics and 

Department of Microbiology of a newly 

established teaching hospital acting as a tertiary 

care centre for eastern part of Bengal.  

Study population: Blood culture samples of  

newborn, age less than 72hours with clinical 

signs of sepsis, including lethargy, refusal of 

feed, respiratory distress, abdominal distension, 

vomiting, hypothermia, hyperthermia etc born 

inside this hospital  as well as referred from 

different centers were enrolled  in this study.  

Exclusion criteria: Babies who had received 

antibiotics before collection of blood samples, 

having surgical problems, chromosomal or 

congenital anomalies were excluded from the 

study. 

Study period:  March 2011 to August 2012.  

Study was carried out after getting permission 

from Institutional Ethics Committee. 

Procedure: 1 ml of blood was collected 

maintaining proper aseptic technique and 

inoculated in 5 ml of brain heart infusion broth 

with 0.025 % sodium polyanethol sulfonate. The 

broth was incubated aerobically at 37
0
 C. A blind 

subculture was done after overnight incubation. If 

no growth was obtained then blind subculture 

was done at 48 hrs, 72 hrs, then on 7
th
 day. Any 

sign of growth in between was followed by 

subculture. Media used for subculture were 5% 

sheep blood agar, chocolate agar and 

MacConkeys agar (Himedia 

Laboratories).Isolates were identified by colonial 

morphology, Gram staining  as well as standard 

biochemical tests. Aerobic spore bearers, 

wherever grown were regarded as contaminants. 

The remaining isolates were included in the 

analysis.  

Antimicrobial sensitivity test was done by Kirby 

Bauer disc diffusion method following guidelines 

provided by Clinical and Laboratory Standards 

Institute (CLSI) 
7
.  

Gram negative organisms were subjected to 

testing for extended spectrum β lactamase 

production (ESBL). All ESBL producers detected 

in routine screening test were confirmed 

phenotypically as per CLSI recommendations. 

Control strain:  Escherichia coli -- ATCC 25922; 

Staphylococcus aureus -- ATCC 25923; 

Pseudomonas aeruginosa -- ATCC 27853; 

Enterococcus faecalis – ATCC 29212 and 
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Klebsiella pneumoniae ATCC 700603 (positive 

control of ESBL) were used for quality control 

tests.  

All the antibiotics, media and control strains were 

purchased from Himedia laboratories, Mumbai 

(India) except cefotaxime/clavulanic acid 

(30µg/10µg) disc which was procured from BD 

diagnostic laboratory. 

Statistical analysis was done using Microsoft 

excel. 

 

RESULTS  

During this one and half year study period 192 

blood samples were obtained from clinically 

suspected cases of early onset neonatal sepsis. 

Blood culture was positive in 73(38.0%) cases, of 

which 3 (1.55%) were non albicans Candida and 

remaining 70(36.45%) were bacteria. All the 

culture positive cases were monomicrobial. 

Infection was found to be more common in male 

newborn with male and female ratio of 1.7:1.    

67.12% of culture positive babies were low birth 

weight. Gram negative bacteria were the most 

common organisms isolated in present study 

accounting 68.57% of total isolated bacteria. 

Klebsiella sp (45.71%) was the most common 

organism causing early onset neonatal sepsis 

followed by Staphylococcus aureus(20%), 

Escherichia coli(11.42%), Enterococcus sp 

(7.14%), Enterobacter sp (5.71%), coagulase 

negative Staphylococcus (CONS) (4.2%), 

Pseudomonas sp (2.85%) and Acinetobacter sp 

(2.85%).   84.28% growth occurred within 48 hrs 

of aerobic incubation. Though the cultures were 

observed for 7 days but no sign of growth was 

seen after 96 hrs (Table No. I). 

In vitro antimicrobial susceptibility testing of 

blood culture isolates of this study revealed that 

Klebsiella sp was universally resistant to 

ampicillin (100%), so were S.aureus, E.coli, 

Enterococcus sp, Enterobacter sp, Acinetobacter 

sp and Pseudomonas sp. Klebsiella sp was 

resistant to almost all cephalosporins ranging 

from 75% towards cefepime to 93.75% towards 

cefixime and ceftazidime. Resistance to amikacin 

was less frequent (40.62%) than resistance to 

gentamicin (84.34%) in these isolates.  

E.coli also exhibited high resistance against 

gentamicin (75%), amoxicillin-clavulanic acid 

(62.5%), chloramphenicol (62.5%), piperacillin -

tazobactam (50%) & cephaolosporins. 

 ESBL production was found in 12(37.5%) 

Klebsiella sp and 2(25%) E.coli. All the gram 

negative organisms were sensitive to imipenem. 

Out of 14 S.aureus isolates, 50% were methicillin 

resistant Staphylococcus aureus (MRSA). No 

vancomycin resistant Staphylococcus aureus 

(VRSA) was found in this study. Enterococcus sp 

was resistant to almost all antimicrobials except 

vancomycin & teicoplanin. Resistance pattern of 

Gram positive and Gram negative bacteria are 

given in table II and table III respectively and 

overall resistance pattern of isolates to some 

recommended combination of antibiotics is given 

in table IV. 

 

DISCUSSION  

Studies in different centres of India
 
have revealed 

an incidence of culture positive EONS varying 

from 6.1% to 68.93% 
6, 8, 9, 10

.  In this study it was 

found to be 38.0 %( 73/192).   One of the reasons 

of this great variation may be due to 

consideration of EONS up to 72 hrs or 7days and 

it is possible that some anaerobes might be 

missed in some studies, including the present one. 

 67.12% of culture positive babies were   low 

birth weight which was just similar to a study in 

Gujrat
9 

where 70% of culture positive newborns 

were low birth weight. 
 
Infection was found to be 

more common in male newborn with male and 

female ratio of 1.7: 1.A male dominance was 

observed in almost all studies
5, 8, 10

. 

As per National Neonatal Perinatal Database
11

,
 

the most frequent offender of neonatal sepsis was 

Klebsiella sp(32.5%),followed by Staphylococcus 

aureus (13.6%).This was supported by the 

present study where the most frequent isolate was 

Klebsiella sp (45.71%) followed by S.aureus 
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(20%), Escherichia coli (11.42%), Enterococcus 

sp(7.14%), Enterobacter sp (5.71%), coagulase 

negative Staphylococcus (4.2%) etc. This is in 

accordance with other Indian studies
12, 13, 14

.  But 

some other Indian studies reported Pseudomonas 

sp and S.aureus as most common organism of 

EONS
15, 16

. The dissimilarity of microbiological 

pattern of early onset neonatal sepsis can be 

explained by the regional variation in the 

spectrum of organisms and the variation in the 

use of antibiotics. 
 

These findings have also implications for therapy 

and infection control. Empiric therapy for 

suspected neonatal sepsis must therefore cover 

both Gram negative bacilli and Gram positive 

cocci particularly Klebsiella pneumoniae and 

Staphylococcus aureus.  

In this study, antimicrobial susceptibility testing 

from blood culture isolates revealed that 

Klebsiella and other Gram negative bacilli were 

universally resistant to ampicillin (100%).Similar 

high resistance was also established by others 

also 
13, 17, 18

.
 
Klebsiella was highly resistant to 

Cephalosporin group of drugs ranges from 75% 

to 93.7%.  Resistance to  cefotaxime was 

found(84.34%) almost similar  to  the studies  by  

Kumar et al
17

 (83.5%),R. Viswanathan et al
4
 

(81.3%) and S. Begum et al
18

(94.2%). Klebsiella 

was found to be quite sensitive towards 

ciprofloxacin(R=34.37%) and ofloxacin 

(R=28.12%) in comparison to other groups of 

drugs. Similar trend was seen by some other 

studies in India
13, 17

 and Bangladesh
18

. 

 All S.aureus isolates were resistant to ampicillin, 

whereas resistant to cefoxitin was 50%, Similar 

high occurrence of MRSA was also established 

by different studies in India 
10, 14, 17

. Resistance to 

amikacin was found in 42.85% cases which were 

much higher than the study done by Kairavi. J. 

Desai 
12

(15.23%). Linezolid, clindamycin, 

teicoplanin were the drugs to which S.aureus 

showed least resistance. No VRSA was isolated 

in this study. Similar low resistance to 

vancomycin and linezolid was established by 

different studies
10, 12, 13, 17 

but in a study in Sikkim, 

60% VRSA were observed
14

.  
 

Thirty three percent isolates of CONS were 

resistant to cefoxitin, ciprofloxacin, ofloxacin. No 

resistance was seen against vancomycin, 

teicoplanin, linezolid, Almost similar type of 

result were revealed elsewhere in 

India
10,13,17

.Sensitivity pattern of E.coli was 

almost like Klebsiella sp. Number of isolates of 

Enterococcus, Enterobacter, Pseudomonas were 

too small to predict any sensitivity pattern. 

Combination of cefotaxime and amikacin are 

used as empirical therapy in suspected neonatal 

sepsis due to multidrug resistant gram negative 

bacteria in most of the centers in our country, 

(AIIMS Protocol 2008
19

) including our centre.   

But it is a matter of great concern that 81.25% of 

gram negative organisms and 68.18% of gram 

positive organisms were resistant to cefotaxime 

leading to overall resistance of 77.14%. The 

increasing resistance towards this antibiotic is 

also supported by the study conducted earlier in 

this country
5, 13, 17

. 14(29.16%) Gram negative 

isolates showed evidence of ESBL production 

which is higher than that (ESBL= 14%) of an 

Indian study conducted in Gujrat 
10

 and this 

should not be underestimated. On the other hand, 

fluoroquinolones like ofloxacin and ciprofloxacin 

showed a superior sensitivity pattern against both 

Gram positive as well as Gram negative bacteria 

with overall resistance of 30%(21/70) and 

37.14% (26/70)respectively. 

Moreover, 44.28 %( 31/70) of isolates were 

found resistant to both amikacin and cefotaxime 

in vitro. Whereas only 14.28 % (10/70) 

organisms were resistant to both amikacin and 

ofloxacin and 17.14% (12/70) were resistant to 

both amikacin and ciprofloxacin. So, result of our 

study arises a question towards   the rationality of 

administration of cefotaxime in empirical 

treatment of neonatal sepsis. 

Early onset neonatal sepsis with multidrug 

resistant strains is one of the greatest challenges 

to the pediatricians. Wise and rational choice of 
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empirical antibiotic is of utmost importance as it 

takes at least 48 hrs for generation of a proper 

blood culture sensitivity report. Keeping this in 

mind, the study strongly recommends 

introduction of fluoroquinolone   in empirical 

therapy along with amikacin in treatment of 

EONS in spite of knowing the fact that 

fluoroquinolones cause arthropathy (arthrosis) 

and osteochondrosis in juvenile animals of 

several species. Indications of fluoroquinolone 

use in pediatric patients have been provided by 

the American Academy of Pediatrics, which 

recommends that their use should be limited to 

the situations where infections have been caused 

by multidrug-resistant organisms for which there 

is no effective as well as safe alternative 

antibiotics are available or as second line therapy 

in Gram negative neonatal sepsis where first line 

drugs have failed
20

. Moreover, in a study 

including 116 neonates with sepsis, ciprofloxacin 

were used successfully and no feature suggestive 

of arthropathy or growth impairment was 

reported at one year follow up 
21

. 

Though more data from controlled trials to 

further define the efficacy and safety profile for 

this class of drugs in pediatric patients especially 

neonates are desirable, in existing situation of 

EONS, fluoroquinolones can act as a good 

alternative to which most of the isolates were 

susceptible.   

Moreover, they will also provide some 

economical relief to the patients over most 

sensitive carbepenems available in market and we 

can preserve our last weapon against these 

notorious pathogens responsible for neonatal 

sepsis. However, this result was limited to our 

centre only. 

 

CONCLUSION 

This study reveals current data on the pathogens 

causing sepsis in neonatal care units of this 

institute but the striking feature is the high rate of 

in vitro resistance of the isolated organisms to the 

commonly used antibacterial drugs. This study 

strongly recommend introduction of 

fluoroquinolones in the empiric therapy of EONS 

especially when multidrug resistance gram 

negative bacteria is suspected to be the causative 

agent. The present study also emphasizes the 

importance of periodic surveys of microbial flora 

encountered in particular neonatal settings to 

recognize the trend and help in implementation of 

rational empirical treatment strategy. 
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Table I.  Organism wise distribution of culture positive early onset sepsis 

Organism Number Percentage Growth appeared (Hrs) 

   24 48 72 96 120 

Klebsiella sp 32 45.71 7 18 5 2 - 

S.aureus 14 20 7 5 2 -  

E.coli 8 11.42 3 5 -   

CONS 3 4.2 1 2 -   

Enterobacter sp 4 5.71 2 2 -   

Enterococcus sp 5 7.14 - 3 2   

Pseudomonas sp 2 2.85 1 1 -   

Acinetobacter sp 2 2.85 - 2 -   

Total 70  21 38 9 2  

 
Table II. Resistance pattern of Gram positive organism (N=22) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sr. 

no. 

Name of the 

antibiotics 

(in µg)  

S.aureus CONS Enterococcus Overall 

resistance 

N=14 

R (%) 

N=3 

R (%) 

N=5 

R (%) 

N=22 

R (%) 

1 Ampicillin(10) 14(100) 2(66.66) 5(100) 21(95.45) 

2 Cefoxitin(30) 7(50) 1(33.33) 5(100) 13(59.09) 

3 Cefotaxime(30) 8(57.14) 2(66.66) 5(100) 15(68.18) 

4 Vancomycin(30) 0 0 0 0 

5 Teicoplanin(30) 3(21.4) 0 0 3(13.63) 

6 Linezolid(30) 1(7.14) 0 1(20) 2(9.09) 

7 Clindamycin(2) 4(28.57) 1(33.33) - 5(22.72) 

8 Gentamicin(10) 11(78.57) 2(66.66) 4(80) 17(77.27) 

9 Amikacin(30) 6(42.85) 2(66.66) 4(80) 12(54.54) 

10 Azithromycin(15) 10(71.4) 2(66.66) 5(100) 17(77.27) 

11 Ciprofloxacin(5) 4(28.57) 1(33.33) 3(60) 8(36.36) 

12 Ofloxacin (5) 3(21.4) 1(33.33) 2(40) 6(27.27) 

13 Chloramphenicol(30) 5(35.71) 2(66.66) 2(40) 9(40.9) 
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Table III.  Resistance pattern of Gram negative organisms N=48 

 

 

Table IV Resistant pattern of isolates to combination of antibiotics in vitro 

Name of the antibiotics Gram positive 

organism  

N=22 (R%) 

Gram negative 

organism 

N=48(R%) 

Total isolates 

N=70 (R%) 

Ampicillin + gentamicin 17(77.27) 39(81.25) 56(80) 

Cefotaxime +amikacin 11(50) 20(41.66) 31(44.28) 

Ciprofloxacin + amikacin 4(18.18) 8(16.66) 12(17.14) 

Ofloxacin + amikacin 3(13.63) 7(14.58) 10(14.28) 

 

Sr.

no 

Name of the antibiotics 

(in µg) 

Klebsiella E.coli 
Entero

bacter 

Pseudo

monas 

Acinet

obacter 

Overall 

resistance 

N=32 

(R%) 

N=8 

(R%) 

N=4 

(R%) 

N=2 

(R%) 

N=2 

(R%) 

N=48 

R(%) 

1 Ampicillin(10) 32   (100) 8(100) 4(100) 2(100) 2(100) 48(100) 

2 Amoxy clav (20/10) 17(53.12) 5(62.5) 4(100) 2(100) 2(100) 30(62.5) 

3 Amikacin(30) 13(40.62) 4(50) 2(5 0) 1(50) 1(50) 21(43.75) 

4 Gentamicin(10) 27(84.34) 6(75) 3(75) 2(100) 1(50) 39(81.25) 

5 Ciprofloxacin(5) 11(34.37) 3(37.5) 2(50) 1(50) 1(50) 18(37.5) 

6 Ofloxacin(5) 9   (28.12) 3(37.5) 1(25) 1(50) 1(50) 15(31.25) 

7 Cefixime(5) 30(93.75) 7(87.5) 4(100) 2(100) 2(100) 45(93.75) 

8 Cetriaxone(30) 29 (90.62) 6(75) 3(75) 2(100) 2(100) 42(87.5) 

9 Ceftazidime(30) 30(93.75) 7(87.5) 4(100) 1(50) 2(100) 44(91.66) 

10 Cefotaxime(30) 27(84.34) 5(62.5) 3(75) 2(100) 2(100) 39(81.25) 

11 Cefepime(30) 24 (75) 4 (50) 2(50) 1(50) 2(100) 33(68.75) 

12 Aztreonam(30) 23(71.87) 3(37.5) 2(50) 2(100) 2(100)  32(66.66) 

13 Imipenem(10) 0 0 0 0 0 0(0.00) 

     

14 

PiperacillinTazobactam 

(100/10) 
20(62.5) 4(50) 3(75) 1(50) 2(100) 30(62.5) 

15 Chloramphenicol(30) 23(71.87) 5(62.5) 2(50) 2(100) 2(100) 34(70.83) 


