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Abstract: 

Introduction: Sepsis is the commonest cause of neonatal mortality and is responsible for 30-50% 
of total neonatal deaths each year in developing countries 

Aims &Objective: To identify the common bacterial pathogens, risk factors associated with early 
onset neonatal sepsis (EONS) and their antibiotic susceptibility pattern. 

Methods: Neonates with suspected early onset sepsis were enrolled in the study. Blood culture 
was done and growth, if any was identified and standard antibiotic susceptibility testing was done 
according to CLSI 2017 guidelines. 

Results: Out of 150 neonates, 44 were culture proven cases of neonatal sepsis. Klebsiella spp. was 
isolated from 36.6% cases followed by Staphylococcus aureus 22.7% and Acinetobacter 
spp.(20.4%). The proportion of resistance to first line antibiotics like penicillin, erythromycin, 
clindamycin, gentamicin, amikacin, amoxicillin-clavulanic acid was high. On multivariate 
analysis, premature rupture of membranes (p value=0.0001), maternal fever (p value=0.01) and 
birth asphyxia (p value=0.007) were significantly associated with EONS. 

Conclusion: Characterisation of causative organisms of EONS can aid in instituting prompt and 
appropriate therapy, in order to minimize morbidity and mortality. 
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Introduction: 
Neonatal sepsis is defined as infection with evidence of systemic inflammatory process [1] 
Neonatal sepsis (NS) is a clinical syndrome characterized by systemic signs and symptoms of 
infection in the first month of life [2]. It is one of the major causes of morbidity and mortality in 
the newborn. Surviving infants can have significant neurologic sequelae; as a consequence of 
central nervous system involvement, septic shock or hypoxemia secondary to severe parenchymal 
disease [3]. Neonatal infections are estimated to cause 1.6 million deaths every year globally, and 
40% of all neonatal deaths occur in developing countries [4]. The disease is classified into early-
onset neonatal sepsis (EONS-<7 days of birth) and late-onset neonatal sepsis (LONS >7 days) [5]. 
The source of infection in EONS is primarily from maternal genital tract. Various factors that may 
affect it include low birth weight, prematurity & invasive procedures. The diagnosis of neonatal 
sepsis is a challenge. Early diagnosis of neonatal sepsis is important and requires awareness of 
risk factors and a high index of suspicion. Neonates with clinical signs of sepsis should have a 
complete blood count Differential Count with smear, blood culture, urine culture (not necessary 
for evaluation of early-onset sepsis), and lumbar puncture (LP), if clinically feasible, as soon as 
possible. Neonates with respiratory symptoms require chest x-ray. The gold standard for 
confirming neonatal sepsis is a positive culture from a sterile site, including blood, cerebrospinal 
fluid (CSF) or urine. However, culture results may only become available after 48 - 72 hours [6]. 
The organisms responsible for NS vary across geographical locations [3,7].In most developing 
countries, gram-negative bacteria remain the major source of infection. However, in developed 
countries, gram-positive bacteria are the most common causes of NS [8]. The bacterial agents 
implicated in early-onset sepsis include group B Streptococcus (GBS), Escherichia coli, 
coagulase negative Staphylococcus, Haemophilus influenza and Listeria monocytogenes [9]. The 
overall improvement in the neonatal survival due to newer drugs, better neonatal care and 
advanced life support facilities has led to change in the spectrum of agents causing neonatal 
sepsis. However data on the recent trends of organisms causing neonatal sepsis in developing 
countries are limited [10]. 

Microorganisms implicated in neonatal sepsis have developed increased resistance to commonly 
used antibiotics, thus making treatment extremely difficult. Against this background, it is 
important that the etiology and epidemiology of NS is constantly monitored locally to detect 
changes in the pattern of pathogens and their antibiotic susceptibilities. This study was therefore 
undertaken to determine the common microbial agents associated with neonatal sepsis, their 
antibiotic susceptibility pattern and associated risk factors. 

Material and Methods: 
This prospective study was conducted on a total of 159 neonates admitted in the neonatology 
ward of Kalawati Saran Children Hospital, New Delhi over a period between November 2016-
March 2018 in collaboration with Department of Microbiology, Lady Hardinge Medical College, 
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New Delhi. This study was approved by Ethics Committee for Human Research of our institute. 
Written informed consents were obtained from the parents. The inclusion criteria were a case 
having clinical suspected neonatal sepsis with age <7 days. The exclusion criteria were neonates 
who were on antibiotics or had known congenital anomalies (9 neonates were excluded) [30]. 

Neonates were considered to be at risk of developing early onset neonatal sepsis, if any one of the 
following potential maternal risk factors are present- prolonged rupture of membranes (PROM) 
for >24 hours, foul smelling liquor, maternal urinary tract infection within 2 weeks prior to 
delivery or peri-partum fever. Sepsis is clinically suspected, if the neonate had symptoms and 
signs suggestive of sepsis; such as poor feeding, poor activity, respiratory distress, apnea, seizure, 
lethargy, bulging anterior fontanella, fever, hypothermia, jaundice, vomiting, loose stools, 
abdominal distension, cyanosis, bleeding, mottling, tachycardia, weak pulse, grunting, retractions, 
nasal flaring etc. A study specific case proforma was used to collect the demographic and clinical 
data of the cases. A detailed antenatal, natal and postnatal history was taken. The birth weight, sex 
and day of onset of sepsis were noted. 

Blood culture was performed by BacT/Alert automated blood culture system in all the cases. 
Approximately 0.5 ml of blood was inoculated aseptically into BacT/Alert paediatric blood 
culture bottle. Bottle was immediately transported to the microbiology laboratory. BacT/Alert 
bottles were incubated in BacT/Alert 3D microbial detection system (3D, BioMeriux Inc. 
Durham, NC) till it signals positive for growth (maximum incubation period was 7 days). Once 
the bottle was taken out, Gram’s stain & subculture on BHIA agar/ blood agar/ MacConkey agar 
were performed. The microbes isolated were identified by standard microbiological techniques. 
Identification of the organisms was based on cultural characteristics, and various standard 
biochemical tests like catalase, oxidase, urease, coagulase etc [11]. Samples from other sterile 
sites; as CSF, Urine & other body fluids were processed for diagnosing neonatal sepsis, wherever 
necessary. 
Antimicrobial susceptibility was performed on Mueller-Hinton agar for rapidly growing 
organisms according to Clinical Laboratory Standards Institute guidelines (CLSI 2017) for 
interpretation; as resistant (R), intermediate susceptible (IS) and susceptible (S) [12]. All the 
antibiotic disks were obtained from Hi Media, Mumbai, India. Susceptibility to the following 
antibiotics was tested: For Gram negative organisms - Gentamicin (30µg), ciprofloxacin (5µg), 
ceftazidime (10µg), amikacin(30µg), piperacillin-tazobactam (30/6 µg), Colistin (10 µg), 
cefepime (30 µg), amoxicillin-clavulanic acid (30 µg), imipenem (10 µg), meropenem (10 µg). 
For Gram positive organisms: penicillin (10units), cefoxitin(30µg), ciprofloxacin(5µg), 
chloramphenicol (25µg), erythromycin (15 µg), clindamycin (2µg), vancomycin (30 µg), 
teicoplanin (30 µg), high level gentamicin (120 µg), linezolid(30µg) . 

All the statistical data analysis was done with the help of the SPSS software (Statistical Package 
for the Social Sciences, version [16]. For qualitative and quantitative data, Mann Whitney U test, 
T test, Chi square test and Fisher exact test were done to analyse the data. Univariate analysis and 
multivariate analysis was performed on the various parameters P value less than or equal to 0.05 
was considered to be statistically significant.  
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Results: 
During the study period, there were a total of 150 clinically suspected cases of neonatal sepsis. Of 
150 neonates, majority (84.6%) presented with respiratory distress followed by tachycardia 
(42%), fever (31%), hypothermia (22%) and lethargy (15%). 

Out of 150 clinically suspected neonates, 44 (29.3%) were culture proven cases of neonatal 
sepsis. The males (70.4%) were predominantly affected. Among neonates with EONS, 93.1% 
were low birth weight and 86.3% were preterm. According to mode of delivery, 52.2 % of 
neonates with sepsis were delivered by caesarean section, compared to 47.7 % of neonates that 
were delivered normally. Study of maternal and neonatal risk factors showed significant 
association with premature rupture of membranes, (p value=0.0001), maternal fever (p 
value=0.01) and birth asphyxia (p value=0.007) with neonatal sepsis by using multivariate 
analysis. Bacteriological profile of early onset neonatal sepsis is depicted in Figure 1.  

 
Figure 1: Bacteriological profile of early onset neonatal sepsis (n=44) 

Klebsiella spp. (53.3%) was found to be major agent amongst gram negative isolates followed by 
Acinetobacter spp. (30%), Escherichia coli (13.3%) and Pseudomonas aeruginosa (3.3%). 
Staphylococcus aureus (71.4%) was predominant isolate amongst gram positive isolates followed 
by Enterococcus spp. (28.5%). Amongst gram negative organisms the antimicrobial susceptible 
percentage of Klebsiella spp. (n=16) as depicted in figure 2 showed 100% susceptibility to 
colistin followed by imipenem (62.5%), meropenem (62.5%), and ceftazidime (62.5%). Whereas 
50% of the isolates were susceptible to piperacillin-tazobactam, amikacin and gentamicin. 
However, it was found to be 100% resistant to amoxicillin-clavulanic acid. 

Acinetobacter spp.(n=9) which was second most common isolate showed 100% susceptibility to 
colistin followed by gentamicin(44.4%). However, only 2 isolates (22.2 %) were susceptible to 
piperacillin-tazobactam, amikacin, imipenem, meropenem, and ceftazidime as shown in figure 2. 
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Figure 2: Antimicrobial susceptibility profile of Klebsiella spp. and Acinetobacter spp. 

 
Amongst gram positive organism all the strains of Staphylococcus aureus as shown in figure 3, 
were 100 % susceptible to vancomycin, linezolid and teicoplanin. This was followed by 
susceptibility to chloramphenicol (90%), ciprofloxacin (80%), high level gentamicin (60%). 
There was high resistance to penicillin (100%), erythromycin (70%) and clindamycin (60%). All 
the strains of Enterococcus spp. demonstrated 100% susceptibility to vancomycin, linezolid and 
teicoplanin followed by high level gentamicin (75%), ciprofloxacin (50%), penicillin (50%) and 
clindamycin (50%) as shown in figure 3.  

Figure 3: Antimicrobial susceptibility profile of Staphylococcus aureus and Enterococcus spp. 
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Discussion: 
The culture positivity rate of EONS in the current study was 29.3%. The rate reported in other 
studies varied from 21% by Naher et al. (13), 23% by Kuruvilla et al. [7] and 18.2% by 
Nwadioha et al. [14]. However, other studies have also reported a higher rate of culture positivity 
[9,15,16]. This difference could due to the differences in the blood volume used for culture, blood 
culture techniques applied, administration of antimicrobials to the mother or neonate before the 
collection of sample. Although bacteria are the most common agents implicated in neonatal 
sepsis, it is also reported to be caused by viruses and parasites. Viruses such as adenovirus, 
enterovirus, Coxsackie virus, rubella virus, protozoans like Toxoplasma species and fungi like 
Candida species [31]. Therefore, only a proportion of the blood cultures from cases with clinical 
sepsis were positive for pathogenic organisms.  

The detection of microorganisms in the blood of a neonate with sepsis has a great therapeutic and 
prognostic significance. In view of this, timely detection of blood borne pathogens is one of the 
most important functions of a microbiology laboratory. In the current study, using BacT/ Alert 
system, majority (72%) of clinically significant pathogens were recovered within the first 12 
hours of incubation and all pathogens were recovered within 24 hours. Similar findings were also 
reported in studies of Gopi et al. [17] and Pal et al. [18] which also used the BACTEC system. 

In the present study gram negative organisms (68%) were more common than gram positive 
organisms (32%) as isolated pathogens. This is in accordance with many other studies [7,9, 
14,15,19] Klebsiella spp. was the most common isolate amongst the gram negative organisms. 
This trend is similar to the studies of Viswanathan et al. [19], Tallur et al. (15), Zakariya et al.[9] 
Amongst the gram positive organism Staphylococcus aureus was the commonest isolate. Mustafa 
et al. [20] reported a similar trend. 

Males (70%) were more affected than females (30%) in our study. This is consistent with the 
studies of Naher et al. [13], Mustafa et al.(20), Abdel et al. [21]. The reason for male 
preponderance is not exactly known, but this could be because of sex-dependent factors [20]. The 
synthesis of gamma globulins is probably regulated by X-linked immunoregulatory genes and 
males have one X chromosome, are more prone to neonatal sepsis than females. However, 
Chacko et al.  reported an equal proportion of the males and females in his study of neonatal 
sepsis.[3] Premature rupture of membranes (PROM) (p value=0.0001) and maternal fever (p 
value=0.0006) were significant maternal risk factors associated with EONS. PROM is likely to 
facilitate ascending infection and hence neonatal sepsis. Similarly, maternal fever probably 
suggests chorioamnionitis in absence of any other source of infection. Similar trend was also 
reported by Bhutta et al.[22] who reported a significant association with maternal fever and 
maternal UTI in early onset of neonatal sepsis and Das et al.[23] reported maternal fever and 
meconium stained amniotic fluid to be significantly associated with EONS. Martius et al. [24] 
and Oddie et al. [25] reported premature rupture of membranes to be a significant maternal risk 
factor in premature neonates with sepsis.  

Amongst the neonatal risk factors, birth asphyxia was significantly associated with neonatal 
sepsis (p value=0.01) which is in accordance with the studies by Chacko B et al. [(3], Mathur et 
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al. [26]. Birth asphyxia represents respiratory complications requiring mechanical ventilation, 
which conditions them for greater susceptibility for sepsis. In our study no statistical significant 
relation of low birth weight with neonatal sepsis was observed. However, Khinchi et al. [27] 
reported birth weight to be inversely related with neonatal sepsis. Low birth weight neonates are 
mostly premature and are predisposed to sepsis due to multiple reasons like reduced 
immunocompetance at various levels of defense, more subjected to invasive interventions etc. 

The current trends of the antimicrobial susceptibility pattern of the etiological agents are helpful 
in making right choice for empirical therapy. The antimicrobial susceptibility of gram positive 
isolates of our study showed 100% susceptibility to teicoplanin, linezolid and vancomycin, which 
is in accordance with the study of Mustafa et al. [20] who reported 100% susceptibility to 
linezolid and 95% susceptibility to vancomycin. All the Staphylococcus aureus isolates in our 
study were Methicillin-resistant Staphylococcus aureus, however 100% susceptible to 
vancomycin and linezolid. Kuruvilla et al. [7] and Roy et al. [28] also reported 100% 
susceptibility to vancomycin. There was high degree of resistance to penicillin (100%), 
erythromycin (70%) and clindamycin (60%) in our study which is in accordance with the studies 
of Kuruvilla et al.[7] and Dipmala Das et al.[23]. 

Amongst gram negative isolates, all isolates were susceptibile to colistin, followed by meropenem 
(63%) and imipenem (63%). Similar findings were reported by Mustafa et al. [20] and Roy et al 
[28]. 

The case fatality rate in the present study for early onset neonatal sepsis (proven cases) was 18%. 
This is comparable to 16.7% reported by Kuruvilla et al. [7] and 19.4 % in Chacko B et al. [3] in 
their studies. However other studies have reported higher rates [15,29]. This may be attributed to 
increased clinical severity of the cases included in their study.  

Conclusion: 
Knowledge of the likely causative organisms and their antibiotic susceptibility patterns would 
contribute towards a more rational and appropriate use of antibiotics. The on time information 
obtained from automated blood culture system would assist the clinician in making important 
patient management decisions and duration of hospitalization and also help to curb the 
unnecessary use of antibiotics in non-infected babies which would ultimately reduce multidrug 
resistance in bacterial pathogens. In the present study, gram negative bacteria especially 
Klebsiella spp. and Acinetobacter spp. were found to be the commonest agent of neonatal sepsis. 
An alarming degree of antibiotic resistance was observed for commonly used antibiotics.  
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