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  Abstract 
Background: Early onset neonatal sepsis is one of the leading causes of peri-
natal and neonatal mortality more so in low and moderate income Asian coun-
tries. Objective: The objective of the study was to identify various ante-partum, 
intra-partum and neonatal risk factors associated with Early Onset Sepsis (EOS) 
in South Indian newborns. Method: The study comprised of 2,750 consecutive 
singleton live births with 244 “EOS cases” and 2,506 “Controls”. Sources of 
data were Labor room records, NICU register and neonatal charts. Analysis by 
binary logistic regression with statistical significance set at 0.05 using SPSS 
Version 21. Results: The incidence of early onset sepsis in South Indian new-
borns was 8.9%, high risk factors for EOS include young mothers ≤24 years, 
OR 1.53, (95% CI 1.2-2.0), P>|z|=0.002, primigravidae, OR 2.08, (95% CI 
1.6-2.7) P>|z| <0.001, Premature Rupture of Membranes (PROM), OR 12.96, 
(95% CI 9.5-18.4), P>|z| <0.001, Gestational diabetes, OR 2.19, (95% CI 1-1.3), 
P>|z| <0.008, so also birth by emergency Lower Segment Cesarean Section 
(LSCS), OR 1.82, (95% CI 1.3-2.5), P>|z| <0.001. Neonatal risk factors include 
prematurity ≤36 weeks, OR 2.57, (95% CI 1.8-3.6), P>|z| <0.001, Low Birth 
Weight (LBW) ≤2 ,499g, OR 2.76, (95% CI 2.1-3.7), P>|z| <0.001 and male 
gender, OR 1.88, (95% CI 1.1-3.0), P>|z| <0.008 being highly statistically sig-
nificant. Conclusion: The incidence of early onset neonatal sepsis was 8.9%. 
High index of clinical suspicion for early diagnosis should be based on history 
of maternal, obstetric and neonatal high risk factors predisposing to EOS. 
 
Keywords 
Early Onset Sepsis (EOS), High risk antepartum, intra-partum and neonatal fac-
tors 

 
Aim 
 To determine incidence of Early Onset Sepsis in South Indian newborns. 
 To identify various risk antepartum, intrapartum and neonatal risk factors associated with Early Onset Sep-

sis.  
 Comparison of various high risk factors between “EOS cases” and “Controls”. 
 To determine intensity levels of various high risk maternal, obstetric and neonatal factors to EOS by binary 

logistic regression, odds ratio (OR) in a case-control study and statistical significance set at P>.05. 

1. Introduction 
Neonatal infection is one of the leading single largest contributors to around 35% of neonatal mortality [1] and 

global incidence of neonatal sepsis being 2.8-3.9% up till 2018 [2]. The incidence of EOS in India is around 
20.7-28.6 per 1,000 live births constituting 55.4% of overall neonatal sepsis with case fatality rate 19.4% [3, 4] 
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while the incidence in US is around 0.77-1 per 1,000 live births in developed countries with 10-25% of stillbirths 
due to infection [5, 6].  

Mortality is high around 17.6% (95% CI 10.3% to 28.6%) more so in Low and Middle income Asian countries 
with high perinatal and neonatal mortality rates [7]. In fact, several studies suggest that infections may be responsi-
ble from 8% to 80% of all neonatal deaths in Asian countries with 42% of deaths occurring in the first week of life, 
as also majority of these deaths occur at home without coming to medical attention [8].  

Clinical signs and symptoms of EOS are often non-specific and may be present in absence of positive blood cul-
ture, while a “perfect” biomarker high sensitivity, specificity and predictive value as such is not available in pedia-
tric practice, clinicians need to balance between marker characteristics and their sensitivity and specificity, thus 
presence of various antenatal, intra-natal and neonatal risk factors predisposing to early onset neonatal sepsis 
should alert clinicians for possible infection of newborn.  

Studies show certain high risk predisposing factors such as maternal infection, premature rupture of membranes 
(PROM), prematurity, low birth weights etc should warrant screening for neonatal sepsis, as 20.6% neonates with 
predisposing maternal and obstetric risk factors developed sepsis compared to 0.5% newborns who were born to 
healthy mothers being highly statistically significant (P <0.001). In fact, risk factors such as PROM, foul smelling 
liquor, unclean vaginal examination and maternal urinary tract infection was significantly related to EOS (p<0.05) 
[3], as most early onset sepsis starts with etiological pathogens in intra-amniotic infections [9].  

This study was undertaken to identify various maternal or antenatal, intranatal and neonatal risk factors asso-
ciated with early onset neonatal sepsis, aid clinicians to make early diagnosis as it is better to over diagnose infec-
tion in newborns and treat unnecessarily rather than under-diagnose and not treat infection that will have more se-
rious consequences, more so in many low and middle income (LMIC) Asian countries have limited resources and 
diagnostic facilities compounded by high prevailing perinatal and neonatal mortality rates.  

Since an ideal early diagnostic test with 100% sensitivity in that all newborns with infection are always detected 
by the test and 100% specificity i.e. all newborns without infection, tests being negative are lacking, hence clini-
cians have to rely on a high index of clinical suspicion based on history of maternal and obstetric as well as neonat-
al high risk factors associated predisposing to early onset neonatal sepsis for diagnoses and empiric antibiotic ther-
apy as in-utero infections are common [9, 10].  

Therefore strategies to reduce morbidity and mortality of EOS diagnosis within 24 hours of birth includes identi-
fication of high risk maternal, obstetric and neonatal factors, warranting screening tests for sepsis and in combina-
tion with clinical signs, hematologic and serologic markers testing to confirm and monitor progress of course of 
infection or to withhold antimicrobial therapy in uninfected newborns.  

2. Methods 
2.1 Design 

Newborns with early onset sepsis termed as “EOS cases” were compared to “controls” or healthy newborns. The 
assessment of various antepartum risk factors or events occurring before birth in reference to maternal age, gravida, 
premature rupture of membrane (PROM) of the amniotic sac and chorion prior to onset of labor, PIH, gestational 
diabetes as well as intrapartum risk factors associated with mode of delivery and neonatal risk factors such as pre-
maturity, low birth weight and gender were analyzed. 

2.2 Setting 

A total of 2,750 consecutive live births from January 1st 2015 to 31st May 2017 were included in the study at 
Shifa hospital, a multispecialty center in the Metropolitan city of Bangalore, South India. Data were obtained from 
Labor room records, NICU register and neonatal records. Data analysis and statistical significance was done using 
SPSS Version 21. Mean and standard deviation were used for continuous data while frequency and percentage were 
calculated for categorical data. Risk factors were grouped into antepartum, intrapartum and neonatal variables.  

2.3 Statistical analysis 

Association between Early Onset Sepsis and various maternal, obstetric and neonatal risk factors were deter-
mined by multivariate analysis and multiple logistic regressions. All data presented as odds ratio (OR), mean dif-
ference (95% CI), number or percent (%) and the percentage of risk factors associated with early onset neonatal 
sepsis at different intensity levels were estimated by OR with Confidence Interval (CI of 95%) to determine the 
intensity levels between EOS and various risk factors that represents that the odds of that outcome will occur with 
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particular exposure compared to the odds of the outcome occurring in the absence of that exposure in a case-control 
study is used in the present study to measure association between exposure to a specific antenatal, intra-natal and 
neonatal risk factors that predisposes to increased outcome of EOS, or the number of times positive correlation oc-
curs or failure.  

Hence OR greater than 1 indicates that the odd of exposure is a high risk factor for developing EOS, in contrast 
OR < 1 or = 1 indicates lower odds of outcome with exposure i.e. when exposure does not affect odds of outcome. 
Confidence Interval (95% CI) is used to estimate precision of OR, 95% of times or that the estimated interval 95% 
will contain the true value and a small CI indicates higher precision of OR. P>|z| in linear regression indicates that a 
relationship exists between the two categorical variables “EOS cases” and “controls” and P ≤ 0.05 indicates statis-
tical significance, rejecting the null hypothesis that no relationship exists between predisposing factors and early 
onset neonatal sepsis. The threshold of statistical significance set at ≤0.05 using SPSS Version 21. 

2.4 Results 

The incidence of EOS was 8.9% with 244 “ EOS cases ” and 2506 “Controls” among 2,750 consecutive single-
ton live births during January 1st 2015 to 31st May 2017 in a hospital set up. Identification of certain high risk an-
tepartum, intrapartum and neonatal factors predisposing to early onset sepsis such as young, primigravida mothers, 
obstetric complications of PROM, Gestation diabetes and obstetric intervention by emergency LSCS and neonatal 
factors of prematurity and low birth weight of high statistical significance are important. 

2.5 Antepartum Risk Factors for Early Onset Neonatal Sepsis 

2.5.1 Mother’s Age 
The mean maternal age among EOS cases was 24.675 years, S.D. 4.9016 compared to controls who were older at 

25.246 years, S.D. 4.4123, however the difference of 0.57 years in the mean maternal ages between EOS cases and 
controls was statistically insignificant P=0.06. The 25th, 50th and 75th percentile for mothers among EOS cases be-
ing 20.5, 24.0 and 28.0 years and for controls 22.0, 25.0 and 28.0 years respectively. 

Majority mothers 57.1% (n=136/237) (missing n=7) with EOS cases were younger ≤24 years of age, OR 1.53 
(CI 95%) 1.2-2.0 times greater odds being highly statistically significant P>|z| =0.002 when compared to 46.8% 
(n=1142/2379) (missing n=127) controls. In fact older mothers 25-29 years comprised 35.5% (n=845/2379) for 
controls contrasted to lower 26.6% (n=63/237) with EOS cases.  

Thus younger mothers were more prone to EOS in their newborns while older mothers above 24 years had pro-
gressively decreasing incidence of EOS, however slightly more EOS cases were noted in those above 35 years in 
comparison to controls. Antepartum risk factor in relation to mother’s age, multiple logistic regressions to EOS 
cases and controls seen in Table 1 and percentage distribution of EOS cases and controls in relation to mother’s age 
groups is seen in Figure 1.  

Table 1. Antepartum Risk Factors Multiple Logistic Regressions for Early Onset Neonatal Sepsis 

Category Controls n (%) Cases n (%) Odds Ratio  (95% Conf. Interval) P>|z| 
Mother’s Age  

≤24 years 1,114(46.8%) 136(57.4%) 1.53  (1.2-2.0) 0.002 
≥25 years 1,265(53.2%) 101(42.6%) (Ref)    

Gravida  
1 774(31.38%) 118(48.8%) 2.08  (1.6-2.7) <0.001 

2-5+ 1,692(68.61%) 124(51.2%) (Ref)    
Premature Rupture of Membranes (PROM)  

Yes 108(4.3%) 92(37.7%) 12.96  (9.5-18.4) <0.001 
No 2,398 (95.7%) 152 (62.3%) (Ref)    

Pregnancy Induced Hypertension (PIH)  
Yes 140(5.6%) 15 (6.1%) 0.51  (0.6-1.8) 0.823 
No 2,366(94.4%) 229(93.9%) (Ref)    

Gestational Diabetes  
Yes 125 (5%) 22 (9%) 2.19  (1.1-3) 0.008 
No 2,381 (95%) 222 (91%) (Ref)    
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Figure 1. Percentage distribution of EOS Cases and Controls in relation to Mother’s Age in years (P>|z|0.002). 

2.5.2 Primigravida 
Nearly half 48.8% (n=118/242), (missing n=2) primigravida mothers, newborns developed EOS, OR 2.08, (CI 

95%) 1.6-2.7 times higher odds, being highly statistically significant P>|z| <0.001, when compared to a lower  
31.3% (n=774/2,471) (missing n=35) controls. While among second gravida mothers EOS cases decreased to  
25.6% (n=62/242) contrasted to controls 30.2% (n=747/2,471). Similarly also third gravida mothers had higher 
controls 22.1% (n=546/2,471) compared to a low 14.9% (n=36/242) EOS cases.  

Thus increasing parity was associated with decrease in incidence of EOS and primigravida mothers had highest 
risk of newborns developing EOS probably due to prolonged labor. Antepartum risk factor in relation to gravida, 
multiple logistic regressions to EOS seen in Table 1 and percentage distribution of EOS cases and controls in rela-
tion to gravida is seen in Figure 2. 

  
Figure 2. Percentage distributions of EOS Cases and Controls according to Gravida (P>|z|<0.001). 

2.5.3 Premature Rupture of Membranes (PROM) 
The incidence of Premature Rupture of Membranes (PROM) or leaking membranes of more than one hour prior 

to onset of labor was 7.27% among total deliveries. PROM occurred in over one-third 37.7% (n=92/244) EOS cas-
es, OR 12.96 (CI 95%) 9.5-18.4 times greater odds being highly statistically significant P>|z| <0.001 when com-
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pared to only 4.3% (n=108/2,506) healthy controls. Almost all 95.7% (n=2,398/2,506) controls had intact mem-
brane prior to onset of labor, contrasted to 62.3% (n=152/244) EOS cases.  

Thus PROM was associated with higher risk for early onset sepsis probably due to ascending infection from va-
ginal colonization causing chorio-aminonitis or may even be acquired by horizontal infection through passage an 
infected vaginal canal. Antepartum risk factor of PROM multiple logistic regressions to EOS seen in Table 1 and 
the percentage distribution of PROM among EOS cases and controls seen in Figure 3. 

  
Figure 3. Percentage distributions of EOS Cases and Controls with PROM (P>|z|<0.001). 

2.5.4 Gestational Diabetes 
The overall incidence of Gestational Diabetes complicating pregnancy was 5.35% (n=147/2,750) among total 

deliveries. In contrast incidence of gestational diabetes among EOS cases was significantly higher at 9% 
(n=22/244), OR 2.19, (CI 95%) 1.1-3 times higher odds being highly statistically significantly P>|z| = 0.008, when 
compared to a lower 4.9% (n=125/2,506) controls.  

Gestational diabetes predisposes to increased susceptibility to infection commonly presenting as asymptomatic 
urinary tract infections resulting in vaginal bacterial colonization with ascending route of infection causing in-utero 
infection resulting in chorioaminonitis. Antepartum risk factor of gestational diabetes, multiple logistic regressions 
to EOS cases and controls seen in Table 1 and the percentage distribution of gestational diabetes among EOS cases 
and controls is seen in Figure 4. 

 
Figure 4. Percentage distributions of Gestational Diabetes in EOS Cases and Controls (P>|z|0.008). 
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2.5.5 Pregnancy Induced Hypertension (PIH) 
The overall incidence of Pregnancy Induced Hypertension (PIH) was 5.63% (n=155/2,750) among total delive-

ries. However incidence was high 6.1% (n=15/244) among cases of EOS, OR 0.51, (CI 95%) 0.6-1.8 was statisti-
cally insignificant P>|z| = 0.832, with incidence of 5.6% (n=140/2,506) PIH for controls.  

Thus obstetric complication of PIH was not significantly associated with increase predilection of EOS. Antepar-
tum risk factors of PIH complicating pregnancy, multiple logistic regressions for EOS cases and controls seen in 
Table 1 and the percentage distribution of PIH among EOS cases and controls is seen in Figure 5. 

 
Figure 5. Percentage distributions of EOS Case and Controls with PIH (P>|z|0.823) (NS). 

2.6 Intra-partum Risk Factors for Early Onset Neonatal Sepsis 

2.6.1 Emergency Lower Segment Cesarean Section (LSCS) 
Mode of delivery by emergency Lower Segment Cesarean Section (LSCS) was significantly associated to early 

onset neonatal sepsis as fetal distress was a common indication probably due to in-utero infection that often 
presents as fulminant sepsis in newborn. Significantly higher 39.3% (n=96/244) of EOS cases were delivered by 
emergency LSCS, OR 1.82, (CI 95%) 1.3-2.5 times higher odds, being highly statistically significant P>|z| <0.001. 
In contrast lower 26.3% (n=659/2,504) controls were born by emergency LSCS.  

However normal vaginal deliveries peaked 53.6% (n=1,342/2,504) (missing n=2) for controls compared to  
44.3% (108/244) EOS cases. It should be noted that LSCS per say does not cause early onset sepsis but indication 
for judicious surgical obstetric intervention being fetal distress due to in-utero infection causing hypoxia or meta-
bolic acidosis. However breach of skin integrity causes neonatal infection acquired by horizontal transmission 
through infected vaginal canal.  

The incidence of elective or planned LSCS was 9.4% (n=23/244) in EOS, OR 0.75 (CI 95%) 0.4-1.2 was statis-
tically insignificant P=0.220, in contrast nearly twice higher 15.2% (n=381/2,504) controls were delivered by elec-
tive LSCS, frequency increased to 34.3% in third gravida mothers to only 10.3% for primigravidaes, most 43.11% 
of whom delivered by emergency LSCS.  

Most 39% older mothers aged 25-29 years had elective LSCS, contrasted to mothers aged 20-24 years and 25-29 
years with similar 34% emergency LSCS. Mode of delivery, multiple logistic regressions to EOS cases and controls 
seen in Table 2 and the percentage distribution of EOS cases and controls by mode of delivery is seen in Figure 6. 

 

6.1%

5.6%

5.3

5.4

5.5

5.6

5.7

5.8

5.9

6

6.1

6.2

EOS Cases Controls

Pe
rc

en
ta

ge
 D

is
tr

ib
ut

io
n

Pregnancy Induced Hypertension (PIH)



Grace Lalana Christopher 
 

 

DOI: 10.26855/ijcemr.2022.07.003 238 International Journal of Clinical and Experimental Medicine Research 
 

Table 2. Intrapartum risk factors multiple logistic regressions for Mode of Delivery   

Category Controls n (%) EOS cases n (%) Odds Ratio (95% Conf. Interval) P>|z| 

Mode of Delivery      

Normal Delivery 1,342 (53.6%) 108 (44.3%) (Ref)   

Emergency LSCS 659(26.3 %) 96(39.3%) 1.82 (1.3-2.5) <0.001 

Elective LSCS 381 (15.2%) 23 (9.4%) 0.75 (0.4-1.2) 0.220 

Outlet Forceps 87 (3.5%) 12 (4.9%) 1.75 (0.8-3.4) 0.077 

Vacuum Extraction 35 (1.4%) 5 (2.1%) 1.79 (0.5-4.7) 0.226 

 
Figure 6. Percentage distributions of EOS Cases and Controls in relation to Mode of Delivery Normal delivery versus emer-

gency LSCS (P>|z|<0.001). 

2.7 Neonatal risk factors for Early Onset Neonatal Sepsis 

2.7.1 Prematurity 
The overall incidence of prematurity ≤36 weeks gestation was 9.68% (n=233/2,602) among total births in the 

present study. However the incidence of prematurity ≤36 weeks gestation among EOS cases was 21.88% (n=51/233) 
(missing n=11), OR 2.57 (CI 95%) 1.8-3.6, times higher odds being highly statistically significant P>|z| <0.001, 
compared to low 8.48% (n=201/2,369) (missing n=137) controls.  

The mean gestation at birth among EOS cases was shorter at 37.68 weeks, S.D. 4.9016 compared to controls at 
38.39 weeks, S.D. 1.565, the difference of 0.7 weeks being highly statistically significant P<0.001. The 25th, 50th 
and 75th percentile for EOS cases was 36.6 weeks, 38.1 weeks and 39.2 weeks when compared to controls with 
longer duration of gestation at 37.6 weeks, 38.4 weeks and 39.4 weeks respectively. 

Percentage distribution of term newborns ≥37 weeks among EOS cases was lower at 78.11% (n=182/233), con-
trasted to controls at higher 91.26% (n=2,162/2,369). However term births at 38 weeks peaked 27.6% (n=654/2,369) 
among controls compared to 25.3% (n=59/233) for EOS cases. Similarly also controls figured more at 26.2% 
(620/2,369) at 39 weeks gestation compared to 20.2% (n=47/233) EOS cases. So also 22% (n=520/2,369) controls 
at 40 weeks gestation, contrasted to only 16.3% (n=38/233) EOS cases.  

Thus increasing gestation at term was associated with reduced risks for early neonatal sepsis. Neonatal risk factor 
of prematurity, multiple logistic regressions to EOS cases and controls seen in Table 3 and the percentage distribu-
tion of EOS cases and controls by week of gestation is seen in Figure 7. 
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Table 3. Neonatal risk factors multiple logistic regressions for Early Onset Neonatal Sepsis 

Category Controls n (%) EOS cases n (%) Odds Ratio (95% Conf. Interval) P>|z| 

Prematurity 

≤36 weeks 201 (8.48%) 51 (21.88%) 2.57 (2.1-3.7) <0.001 

≥37 weeks 2,162 (91.26%) 182(78.11%) (Ref)   

Birth weight 

≤2499g 448(17.75 %) 90(37.34 %) 2.76 (2.1-3.7) <0.001 

≥2500g 2,076 (82.25%) 151(62.66%) (Ref)   

Sex Distribution 

Male 1,280 (50.59%) 123 (50.83%) 1.88 (1.1-3.0) 0.008 

Female 1,250 (49.41%) 119(49.17%) (Ref)   

 
Figure 7. Percentage distributions of births by Gestation in weeks among EOS Cases and Controls (P>|z|<0.001). 

2.7.2 Low Birth Weight 
The overall incidence of Low Birth Weight (LBW) ≤2,499g was 19.2% (n=523/2,722) among total live births. 

However LBW ≤2,499g for EOS cases was much higher at 37.6% (n=91/242) (missing n=2), OR 2.76, (CI 95%) 
2.1-3.7 times higher odds being highly statistically significant P>|z| <0.001. In contrast incidence of LBW ≤2,499g 
among controls was lower at 17.4% (n=432/2,480) (missing n=26).  

Also the distribution of mean birth weight between EOS cases and controls revealed marked reduction being 
2,674.75g, S.D. 607.9726 among EOS cases, compared to 2,888.34 g, S.D. 494.4190 for controls, the difference of 
213.56g being highly statistically significant P<0.001. The 25th, 50th and 75th percentile among EOS cases being 
2,280g, 2740g and 3,105g compared to a slightly higher 2,600g, 2,920g and 3,200g for controls respectively.  

Percentage distribution of newborns by 500g birth weight category revealed that twice as many 28.1% (n=68/242) 
EOS cases were LBW between 2,000-2,499g compared to 13.95% (n= 346/2,480) controls. In contrast majority 
38.75% (n=961/2,480) controls weighed 2500-2999g compared to only 30.16% (n= 73/242) EOS cases. Similarly 
also higher birth weight category 3,000-3,499g comprised 35.24% (n=874/2,480) controls compared to lower  
28.09% (n=68/242) EOS cases. In addition controls 8.5% (n=213/2,480) weighing above 3,500g, constituted twice 
as much as 4.1% (n=10/242) EOS cases.  

Thus LBW ≤2,499g neonates have increased susceptibility to infection when compared to newborns weighing 
≥2,500g, while increase in birth weight ≥2,500g had higher incidence of controls. Neonatal risk factor of LBW 
multiple logistic regressions to EOS cases and controls seen in Table 3 and the percentage distribution of EOS cases 
and controls in 500g birth weight categories is seen in Figure 8. 
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Figure 8. Percentage distributions of EOS Cases and Controls according to Birth weight categories in 500g (P>|z|<0.001). 

2.7.3 Male Gender 
Sex distribution revealed Male: Female ratio, M:F::1:0.9, with male predominance of 50.16% (n=1,366/2,723) 

compared to 49.83% (n=1,257/2,723) females. Slightly more males 50.8% (n=123/242) (missing n=2) developed 
early onset sepsis, OR 1.88 (CI 95%) 1.1-3.0 times higher odds being highly statistically significant P=0.008, in 
contrast a female predominance was noted among controls 49.9% (n=1,238/2,481) compared to slightly less 49.2% 
(n= 119/242) EOS cases.  

Thus male newborns had increased predilection to EOS when compared to female newborns. Neonatal risk fac-
tor for male and female newborns, multiple logistic regressions for EOS cases and controls seen in Table 3 and the 
percentage distribution of male and female newborns among EOS cases and controls is seen in Figure 9. 

 
Figure 9. Percentage Sex distributions among EOS Cases and Controls (P>|z|0.008). 

3. Discussion 
The Agenda for Sustainable Development for child survival cannot be achieved without substantial reductions in 

infection-specific neonatal mortality, newborn deaths comprising 47% of all under five years deaths globally with 
around one-third dying on day of birth and about three-quarters within the first week of life [11-13]. India has the 
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highest under-5years child mortality rates and 60% of these occur during the neonatal period of which nearly 12% 
of whom are related to neonatal sepsis with high economic burden in Asian countries especially in sub-Saharan 
Africa ranging from 10 to 469 billion USD with serious consequences of neurodevelopmental impairment (NDI) in 
survivors [14-17]. The Early Neonatal Mortality Rate (ENMR) in India has not shown the same reduction as late 
neonatal mortality, infections being a major contributor of newborn deaths, as also in many Low and Middle in-
come countries (LMIC) [14, 16, 17]. In fact, several studies suggest neonatal infections as high as 170/1,000 live 
births diagnosed clinically to 5.5/1,000 live births, confirmed by blood culture, responsible for 8% to 80% of all 
neonatal deaths with about 42% of deaths occurring in the first week of life however as most births are domiciliary, 
majority of these deaths occur at home without coming to medical attention [7, 8]. Hence the importance of early 
diagnosis of EOS and empiric antibiotic therapy within 24 hours of birth, reduces not only mortality but also mor-
bidity with severe lifelong threatening sequelae such as seizures, mental retardation, blindness, hearing loss etc. [9, 
18]. 

The two patterns of neonatal sepsis include early onset sepsis (EOS) and late onset sepsis (LOS). EOS occurs 
within 0-3 days i.e. within 72 hours of life, 85% present within 24 hours of birth, median age of onset being 6 hours, 
5% at 24-48 hours and the remaining 10% in the next 48-72 hours of life. Majority EOS present as fulminant mul-
ti-system illness within first 24 hours carries a high mortality of up to 50%, although late onset sepsis is less fulmi-
nant having a lower mortality of only 10 to 20%, however meningitis is a frequent occurrence [9, 18]. Another 
study reported majority 36% neonatal sepsis occurred within first week, 25.9% in second week, 26.6% third and 
11.4% during the fourth week of life, mortality was highest 43% within first 3 days of life [19].  

A total of 369 early neonatal deaths (ENDs) among 21,585 consecutive births during the five-year period 1979 to 
1983 at Christian Medical College & Hospital, Vellore, Neonatal infection ranked as the fourth cause, accounted for 
14.9% (n=55/369) ENDs. Maternal and obstetric risk factors predisposing to infection were present in nearly 
two-thirds septic ENDs, commonest risk factor being PROM 29% (n=16/55), while PIH complicated pregnancy in 
21.8% (n=12/55) and antepartum hemorrhage (APH) 5.6% (n=3/55).  

Predisposing neonatal factors included very low birth weight ≤1,499g among 52% (n=192/369) EOS deaths, 
while 40% (n=148/369) were born to primigravida mothers. There were three second of twins. Majority 80% 
(n=44/55) EOS presented as fulminant septicemia and 24% (n=13/55) with pneumonia, two of whom died within 2 
hours after birth and autopsy showed multiple abscesses in the lung parenchyma. Two other newborns had menin-
gitis and three necrotizing entercolitis. Positive blood cultures were obtained in 30% (17/55) of EOS, ENDs. The 
commonest organism isolated were gram negative organisms in 93.7% such as klebsiella, E. coli, citrobacter, pseu-
domonas and salmonella typhimurium. Remaining 6.3% were gram positive organisms, staphylococcus aureus and 
Group I B streptococci [20].  

Almost all early onset neonatal sepsis starts in-utero with fetal infections either by hematogenous spread ac-
quired transplacentally or due to ascending infections transmitted vertically from vaginal canal before delivery with 
contamination of the amniotic fluid, placenta and cervix causing chorioamnionitis or during delivery often due to 
colonizers of the maternal genitourinary tract, presenting as fulminant multi-system illness in the newborn [9]. 
Bacteria causing perinatal infection usually are normal vaginal flora; however other numerous vaginal strains of 
bacteria frequently involved in ascending transmission of infection include Group B streptococci, E. Coli, other 
Gram-negative bacilli and Listeria Monocytogenes. While organisms responsible for late onset sepsis (LOS) are 
Staphylococcus Aureus, Staphylococcus Epidermis and Pseudomonas in addition to the above organism [9, 18, 21].  

Study from India reported pathogens isolated among 64.1% of EOS cases, commonest being CONS 32.2% fol-
lowed by Klebsiella 19.3%, Staph Aureus 18.1%, E. Coli 15.9%, Actinobacter 12.3% and Enterococcus spp. 1.8%. 
In LOS Gram negative was predominant in 59.5% of cases compared to gram positive 40.5%. However, gram neg-
ative sepsis had higher mortality with isolates being sensitive to Meropenem, Piperacillin-tazobactum, Cefepime, 
Ceftazidime while gram positive isolates were sensitive to Vancomycin and Linezolid [4].  

Studies have reported risk factors such as maternal fever, PROM >24h, foul smelling liquor or frequent >3 un-
clean vaginal examination and/or severe prematurity or birth asphyxia necessitating active resuscitation predispos-
ing to EOS [3, 4, 19]. Still another study reported 41.6% positive blood cultures, commonest pathogen being pseu-
domonas 60% with case fatality rate of 19.4%. Other neonatal comorbid conditions included pneumonia 66%, 
shock 27.7%, metabolic acidosis 19.4% and meningitis in 8.3% [3]. Culture positive rates in 26% neonatal sepsis, 
almost all 100% gram negative bacilli and 90% gram positive Staph. Aureus were resistant to gentamicin, 52.9% 
and 20% respectively to Ciprofloxacin, however 17.6% of gram negative bacilli resistant to Amikacin and 31.2% to 
Cephalosporins with none to 20% Staph Aureus respectively. Increasing multidrug resistant organisms cause neo-
natal sepsis [22].  
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The increased susceptibility of newborn to gram negative infection may be explained by the fact that the antibo-
dies against these microorganisms are primarily IgM type. Unlike humoral immunity there is no passive or trans-
placental transfer of markers of cell mediated immunity (CMI) but a healthy term infant would have satisfactory 
CMI at birth, though most have decreased immunoglobulin content, decreased complement activity and deficient 
chemotactic and phagocytic response of the polymorphonuclear cells. Low birth weight babies whether preterm or 
small for dates are more handicapped and hence more vulnerable to infections. In fact there has been an actual in-
crease in the incidence of infection as sophisticated systems for respiratory and metabolic support now permit tiny 
babies to survive [9, 18].  

However the foetus in utero is well protected from infection by the maternal immune system and by the placenta 
and membranes. The newborn depend on the Humoral immune response being the main defense mechanism of the 
foetus. IgG antibodies are passively transferred to the foetus from the third month of gestation, thus prematurely 
born babies have decreased IgG antibodies the levels directly related to the gestational maturity. Thus adequate IgG 
levels at term offer protection against several gram positive bacteria and viruses during the first six months of life. 
Immunoglobulins of other classes like IgM, IgA, IgD and IgE do not cross the placenta. While feeding initiates co-
lonization in the gut and within 2 to 7 days of birth, the baby is exposed to the environment contaminated with mi-
cro-organism, which starts colonizing in the gut or rectum and other sites  such as umbilicus, nasopharynx and 
skin of the baby gets colonized in that order. Fetal hypoxia and acidosis may lower host defense mechanism or al-
low localization of organism in necrotic tissues. Hypothermia in newborn infants is associated with significant in-
crease in the incidence of sepsis. 

Accurate and early diagnosis of early onset sepsis is challenging to the clinician, hence various obstetric intra-
partum risk factors and antenatal maternal antibiotic use or extremely preterm and very low birth weight newborns 
correlate with increased susceptibility to infections supports high index of clinical suspicion of EOS. Perinatal risk 
factors such as PROM, foul smelling liquor, unclean vaginal examination and maternal urinary tract infection have 
statistical significance to early onset sepsis (p<0.001) [3] warrants screening for sepsis since earliest clinical signs 
of sepsis are often minimal, non-specific or subtle, similar to many non-infectious processes being undistinguisha-
ble between bacterial, viral or fungal infections in absence of positive blood culture.  

In fact, the baby not looking well with decreased physical activity, poor feeding may be the only evidence that 
infection is present. Other signs include hypo or hyperthermia, bradycardia, jaundice without Rh or ABO blood 
group incompatibility, vomiting, diarrhea, abdominal distension, necrotizing enterocolitis, shock, poor capillary 
refill, suggesting decreased peripheral perfusion has been found to be a very reliable sign of sepsis, jitteriness, sei-
zures, and pneumonia with clinical features of tachypnea, apnea, grunting, flaring of ali nasi and intercostal retrac-
tion or cyanosis, superficial infections like conjunctivitis, staphylococcal skin lesions and umbilical sepsis or uri-
nary tract infection. Congenital or in-utero pneumonia is usually transplacental or ascending infection or intranatal 
pneumonia acquired by direct contact with organism during birth through in an infected birth canal or postnatal 
pneumonia acquired after birth. Other infections of the newborn include bacterial infections of the bone and joints. 
Though bacteremia may occur without signs of sepsis, serious bacterial infection is associated with systemic in-
flammatory response (SIR) that presents with wide variety of systemic and metabolic responses as restoring ho-
meostasis is poor in critically ill newborns [9, 18, 23]. 

Neonatal meningitis is the most feared of all bacterial infections and one-fourth of neonates with septicemia have 
accompanying meningitis, the etiology being the same as that for sepsis though meningitis is more common among 
VLBW with late onset sepsis, but it is important that early diagnosis should be made when the neonate is showing 
the ‘softer’ signs like irritability, restlessness pallor, and poor feeding. ‘Classic’ features like bulging AF, neck re-
traction and convulsions are seen in advanced disease and it carries a poor prognosis. Convulsions occur in about 
half the cases. Routine lumbar puncture with cerebrospinal fluid (CSF) analysis in neonates because of maternal 
risk factors without any clinical signs as part of sepsis work up is controversial as positivity rate is low. CSF ex-
amination of > 20 WBC/mm3 is taken as suggestive of meningitis. Upper limit of CSF protein is 150 to 200 mg% 
and normal CSF sugar is 1/2 to 2/3rd the corresponding blood sugar [18, 24].  

Poor prognosis neonatal meningitis with high mortality in one-third and significant sequelae in 2/5th to 3/5th of 
survivors such as motor and mental disabilities including convulsive disorders, hydrocephalous, hearing loss, mi-
crocephaly and abnormal speech and behavior patterns with CT scan revealing high incidence of residual defects in 
survivors, other poor prognostic factors detected in GBS meningitis include coma or semi-comatose states with 
decreased perfusion. Investigations of WBC count less than 5,000/mm3, absolute neutrophil count less than 
1,000/mm3 and CSF protein more than 300mg% are diagnostic, also poor prognostic factors identified in gram 
negative meningitis are thrombocytopenia, CSF WBC more than 2,000/mm3, CSF protein more than 200 mg%, 
CSF to blood glucose ratio less than 0.5 if prolonged more than 48 hours and positive CSF culture [18, 24]. 
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Screening tests in neonates with history of high risk maternal, obstetric and neonatal factors in combination with 
clinical signs includes multiple hematological studies such as complete blood counts (CBC), total and differential 
leucocyte count, immature to total neutrophil ratio, platelet count and surface swab assessment, gram stain of tra-
cheal aspirate in intubated newborns and respiratory problems require chest x-ray [18, 21]. Other direct methods 
include - gastric aspirate for gram stain and polymorphs >75% suggests infection in buffy coat smear examination. 
However white blood cell counts are of limited value in the diagnosis of early onset sepsis because of the wide 
range of normal counts from 8,000 to 20,000/mm3, often being normal at the time of initial evaluation with proven 
sepsis however reduced cell counts <5,000/mm3 is a better indicator of sepsis than elevated counts >20,000/mm3.   

An absolute neutrophil count (ANC) of <1,000/mm3 in the first 48 hours to 72 hours is more sensitive than total 
leucocyte count. Association between neutropenia, respiratory distress and early onset sepsis caused by GBS is well 
documented. Band form neutrophil count >5% is suggestive of infection and >20% is almost definitive of infection, 
Immature: Total neutrophil (I/T) ratio of >0.2 has a reported sensitivity of 82-90% in diagnosis of septicemia. 
Morphological changes in neutrophils such as toxic granulation i.e. eosinophilic granules in the cytoplasm of neu-
trophils, cytoplasmic vacuolization and Dohle bodies or aggregates of rough endoplasmic reticulum which stain 
light blue with Geimsa stain are also suggestive of infection. Micro-Erythrocyte sedimentation rate (ESR) >10mm 
not a very reliable marker, normal value is up to 6 mm in the first hour during the first 3 days of life [18, 25-27].  

Thus, the inability of any single lab test to provide rapid reliable and early identification of neonates with bac-
terial sepsis has led to the development of screening panels or “sepsis screen” as a means of increasing predictive 
accuracy. Most sensitive combination probably is hematologic indices and acute phase reactant—C reactive protein 
(CRP), abnormality in any two or more tests considered to be positive and in one or none as negative [18, 25]. 
Leucocytes indices and CRP are “late” markers not sensitive enough for early diagnosis of sepsis and CRP at 6-12 
hours of age as routine investigations has either low sensitivity or specificity. However, CRP >10mg/l and complete 
blood count (CBC) examination with abnormal blood film and or immature to total neutrophil ration ≥ 0.2 or gas-
tric aspirate ≥ 5 polymorphs/high power field or pathogen on gram-stained smear and /or culture has sensitivity of 
97% and specificity of 61%, negative predictive value of 98% and likelihood ratio of 49% for EOS [18, 28-31].  

An increasing CPR level, more accurately predicts sepsis than an individual one and a repeated normal CRP 8-24 
hours and later after birth is evidence against bacterial sepsis and antibiotics can be discontinued is a safe and prac-
tical approach in neonates with suspected sepsis distinguishing between bacterial infection and viral or self-limiting 
ones [29, 30], as untreated bacterial infections could cause serious complications but treating viral infection with 
antibiotics may cause development of resistance with risks of adverse reactions and adds unnecessary costs.  

While late-onset sepsis (LOS) after 72 hours of life is associated not only with high mortality but also signifi-
cantly prolonged antibiotic exposure and hospital stay for neonates admitted to intensive care units (ICU), thus, 
serial CRP measurements has been found to be more helpful in clinical application as normal CRP values after 24 
hours indicate that sepsis is unlikely [28-30].  

Procalcitonin (PCT), another acute phase reactant is a precursor protein of the hormone calcitonin is physiologi-
cally elevated during first 3 days of life is a reliable marker of late-onset sepsis in newborn babies has a sensitivity 
and specificity of nearly 100% [32,33]. Thus in attempting to discover the presence of a serious illness such as 
neonatal septicemia which is life threatening, yet treatable, diagnostic tests with maximal sensitivity and negative 
predictive value are desirable [25-31].  

Hence strategies to reduce morbidity and mortality early onset of neonatal sepsis within 72 hours of birth in-
cludes a combination of clinical signs with hematologic and serologic markers. The development and implementa-
tion of an early onset sepsis calculator guides antibiotic management in late preterm and term neonates [34]. Neo-
natal early onset sepsis calculator with multivariate risk estimate combined with newborn’s clinical score within 
first 24 hours ensuring early diagnosis and empiric antibiotic therapy with prior blood culture is perhaps more ap-
propriate for western countries that would result in decrease laboratory testing, without any apparent adverse effects. 
The on-line tool for suspected and confirmed early onset of neonatal sepsis includes Kaiser permante sepsis score 
which calls for more stringent diagnosis of chorio-aminionitis, however risks of delaying treatment have also been 
reported [34, 35].  

The standard and most specific test is the isolation of bacteria from a central body fluid such as blood, urine cul-
ture and lumbar puncture for cerebrospinal fluid (CSF) cell count and cultures, with proper collection and culturing 
of the sample has however low positivity rates with isolation of bacteria from a blood culture ranging from 8% to 
73%, usually requires 36-72 hours, hence does not aid in diagnosis of sepsis within the first 24 hours [36, 37]. Cer-
tain distinguishing criteria for differentiating bacterium from contaminants are based on clinical signs and microbi-
ological factors to determine sepsis. Contaminants requires longer time >48 hours to detect growth in conventional 
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media or when only one bottle is positive of an anaerobic-aerobic set, or if different species are grown in two bot-
tles or the organism is part of the normal skin flora such as coagulase negative staphylococci (CONS) diptheroids, 
non-hemolytic streptococci. Clinically if the baby is well without the use of antibiotics, a positive culture for a 
commensal is more likely to be a contaminant. Repeat blood culture should be obtained when the initial culture is 
ambiguous. However CONS infection is more likely if more than one culture or multiple site cultures are positive 
especially in preterm and LBW babies and in sick neonates should be considered as pathogen and managed with 
appropriate antibiotics [36]. Blood culture negative for pathogens and serial CRP decline to normal is indication to 
discontinue antibiotics if newborn is clinically well [36, 38]. 

Counter immuno-electrophoresis (C.I.E.) allows for rapid detection of bacterial antigen even in killed organism 
from blood after centrifugation and separation of plasma or even gram staining of buffy layer is positive in 57-70% 
EOS cases [38]. Bactec media contains resins effectively neutralizes antibiotics allowing for growth of organisms 
and increases chances of recovery of pathogen, that may not occur with conventional media such as aerobes, anae-
robes, yeast, fungi and mycobacterium. Automated blood culture system is the primary choice that utilizes fluores-
cent technology in detecting growth of organism in blood, increase yield of blood cultures with reduced time for 
organism recovery [39]. 

Molecular genetics such as PCR- MicroArray chip technology identifies rapidly within 30 minutes, bacterial ge-
nomes including appropriate antimicrobial therapy based on sensitivity pattern of bacteria specific 16SrRNA gene 
present in all bacterial genome with antimicrobial resistance markers being highly 100% sensitive and 97.9% spe-
cific, aid in early exclusion of bacterial infection to reduce overuse of antibiotics. Hence PCR combined with DNA 
Microarray technology will not only allow identification of the microorganism but also the antimicrobial sensitivity 
pattern so critical to clinical care [40-42].  

Other biomarkers include cytokines which are small proteins produced by almost all cells in response to inflam-
mation or bacterial toxins, releases pro-inflammatory mediators causing activation of immune cells to produce in-
terleukins (IL) such as IL-6, IL10, IL8, IL-1α or -1β, IL-33, Tumor necrosis factor-A (TNF α), or type 1 interferon 
(IFNs) and cell surface antigen –sICAM and CD64. Various cell surface markers in response to circulating cyto-
kines such as Neutrophil DC11b, a subunit of b2 integrin adhesion molecule has 2-4 fold increase with positive 
blood culture sepsis having 86.3-100% sensitivity and 100% specificity for diagnosis of early and late onset neo-
natal sepsis including lymphocyte surface markers CD 25, CD 45RO and CD 64 with 97% sensitivity and 90% 
specificity and negative predictive value (99%) being both early as well as later than 24 hours diagnostic marker. 
CD4 or IL6 and CRP improve sensitivity and negative predictive value to 100% enhances diagnosis of localized 
infection [43-47].  

Preterm newborns show increase in number of lymphocyte CD3, CD19, CD 25, CD 26, CD 71 and CD69 as 
well as neutrophil CD 11b, CD11c, CD13, CD15, CD33 andCD66 antigens in response to infections with increase 
in expression of CD19, CD33 and CD 66b are under evaluation not yet readily diagnostically available. Level of 
IL6 cut off at 30pg/ml has a mean sensitivity of 78% and specificity of 79% for detecting neonatal sepsis [45]. IL-6 
increases 1000 fold in sepsis, correlates with gravity for predicating mortality or organ failure, however its clinical 
use is limited as combination of WBC, CRP levels and clinical monitoring of fever is more effective rather than 
expensive IL-6 determination. The binding to mbIL6R or membrane bound il6 receptor, promotes cluster of diffe-
rentiation of CD4+T- cells via IL-21 production of T-helper2 cells and Th17 cells similar to CRP is used to monitor 
inflammation level [46, 47]. Highly sensitive markers predicative of neonatal sepsis are required such as acute 
phase reactants, cell surface markers, cytokines etc however are usually not routinely available in many diagnostic 
laboratories [25, 45-47].  

Diagnostic test for intra-amniotic infections are often delayed as amniocentesis is required and non-invasive di-
agnostic tests have limited predictive value. The amniotic fluid tumor necrosis factor (TNF α) >41 pg/ml with pre-
term delivery and intact membranes has a sensitivity of 82% and specificity of 79% is a better independent indica-
tor of early onset neonatal sepsis, rather than placental histology or amniotic fluid gram stain for septic shock and 
SIRS; however, its utility is lower than IL6 or IL8 or polymerase chain reaction (PCR) tests [48]. G-CSF and mea-
surements of inflammatory cell surface markers such as CD 64 etc. Neutrophil CD -11b and CD-64 rises 2-4-fold in 
blood culture positive sepsis and umbilical cord IL6 increase precedes CRP in EOS [25, 43, 49]. Maternal CRP 
does not have a high sensitivity in predicting underlying asymptomatic intra amniotic sepsis and as such not rec-
ommended. Recent studies examine global expression of proteins or peptides in tissues and fluids especially amni-
otic fluid by surface-enhanced laser desorption/ionization (SELDI) in intrauterine infection at risk for impending 
preterm delivery with identification of a unique peptide profile within 12 hours of intra-amniotic inoculation of a 
microorganism before onset of labor or other clinical signs or symptoms of infection to proceed with delivery rather 
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than use tocolytic agents [50]. The accurate and early assessment by molecular biology techniques will allow for 
rapid identification of pathogens and microbial resistance [40-42].  

Currently the gold standard for distinguishing between infectious, inflammatory, auto-immune diseases and ma-
lignancy in infants and children is not available in pediatric practice. Blood culture still remains the most specific 
standard test with isolation of bacteria from a central body fluid but usually requires 36-72 hours hence does not aid 
in diagnosis of sepsis within the first 24 hours [36, 37]. However a combination of biomarkers with clinical features 
and other diagnostic tests would help clinicians in the diagnostic process, such as screening test for sepsis, cyto-
kines IL6, IFN-γ, TNF α, cell surface antigen –sICAM and CD64 as well as recently developed biomarkers IL-27 
and IL-8, though are often inconclusive in diagnosis of early onset sepsis  and by virtue of high negative predic-
tive value screening panels would result in a significant increase in use of antimicrobial agents in Intensive Care 
Nursery as many asymptomatic neonates are empirically treated for extended period which drastically increases the 
load on neonatal units and exposes neonates to hospital-acquired infections and medication side effects [43-46]. 
Thus there is a lack of accuracy of biomarkers and physical examination in detecting early onset bacterial infection 
[10]. In many lower socio-economic Asian countries with limited resources and lack of diagnostic facilities for 
rapid identification of early onset sepsis, requires a high index of clinical suspicion for early diagnosis, based on 
history of high risk perinatal factors that is significantly associated with early onset sepsis in newborns with institu-
tion of empiric antibiotic therapy within 24 hours preferably in 6 hours of birth to prevent any adverse neonatal 
outcome. 

Thus maternal, obstetric, neonatal risk factors remain the most practical means for alerting clinicians in creating 
a high index of suspicion in the detection of early onset of serious bacterial infection in newborns is key to avoid 
missing neonates with true sepsis. Significant criteria in present study include young mothers ≤24 years OR 1.53 
(CI 95%) 1.2-2.0, being highly statistically significant P>|z| =0.002, primigravidae OR 2.08 (CI 95%) 1.6-2.7, P>|z| 
<0.001 probably due to prolonged labor in many young primigravidae that usually lasts up to 16-18 hours or so, 
compounded by repeated vaginal examinations to assess progress of labor. 

Prolonged rupture of membranes (PROM), of more than one hour prior to onset of labor in 37.7% of EOS cases 
had OR 12.96 (CI 95%) 9.5-18.4, being highly statistically significant P<0.001, probably due to contamination of 
in-utero environment from infection of birth canal. Other studies have reported incidence of 8%-19% PROM, more 
than 18 hours prior to delivery developed EOS in 14.5%, more so a high 61.5% in preterm newborns compared 
to38.5% term neonates [19]. While other studies reported lower incidence 9.25% EOS among mothers with prenat-
al antibiotics compared to 20.65% in those who did not receive antibiotics. Respiratory distress was the commonest 
presenting clinical signs and CRP showing a high sensitivity of 90.90% [19, 51]. Also newborns of mothers with 
PROM had OR 62.04 (CI95% 0.00-22.79) times higher odds for early onset neonatal sepsis than newborns of 
mothers without risk factor of PROM [51] as pathogens causing intra-amniotic infections due to vertical transmis-
sion of infection from bacteria in vaginal canal are commonly involved in early onset neonatal sepsis [9,52].  

Amniotic fluid has anti-inflammatory, anti-bacterial and antiviral properties that protect the fetus [53]. Ascending 
infection causing intra-amniotic infection and chorioamnionitis is usually from maternal endogenous vaginal flora 
that is preventable resulting in maternal febrile morbidity and mortality due to release of endotoxin and/or exotoxin 
from microorganisms that increases inflammatory cytokines, prostaglandins, metalloproteinase with maternal sep-
ticemia, post-partum endometritis, extremely preterm stillbirths or preterm delivery with higher risk of cerebral 
palsy, IVH, RDS and fulminant sepsis in newborns [54, 55]. Bacteria causing perinatal infection usually are normal 
vaginal flora including numerous vaginal strains of bacteria most frequently involved in ascending transmission are 
Group B streptococci, E. coli, other Gram-negative bacilli and Listeria Monocytogenes. Organism responsible for 
late onset sepsis includes Staphylococcus aureus, staphylococcus epidermis and pseudomonas in addition to the 
above organism. Overt or subclinical intra-amniotic infections are a potentially preventable cause in half of ex-
tremely preterm births periventricular leucomalacia/cerebral palsy [54-56]. 

The incidence of maternal sepsis 1.18 per 1,000 pregnant women is commonly due to E Coli followed by GBS, 
source being genital tract in 61%, urinary tract 25% associated with fetal loss preterm delivery and high perinatal 
mortality rates more common among primigravida. GBS is a major cause of perinatal infection like ammonites, 
bacteremia, endometritis and urinary tract infections in pregnancy [56]. There were three mothers HbsAg positive 
and one case with Group B Streptococcus (GBS) culture positive had meconium stained liquor with maternal fac-
tors such as fever indicating intrauterine infection or chorio-aminonitis, however maternal intrapartum antimicrobi-
al prophylaxis against GBS has reduced current rates, an increase in gram negative infections noted more so in 
VLBW. Antibiotics typically given intravenously ≥4 hours before delivery includes high dose Penicillin or clinda-
mycin, ceftriaxone etc, however resistance to penicillin with emerging resistant strains is increasing, Ciproflox-
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acin/Ceftriaxone and Aminoglycoside are suitable. Prophylaxis against GBS includes current ongoing research on 
vaccine against GBS [57, 58].  

Incidence of GBS vaginal colonization in Nigerian population was 3.8% had significant relationship to low so-
cio-economic status in 57.1% of 185 pregnant women studied at 35-37 weeks gestation between December 2017 
and April 2018. The vaginal and rectal swabs cultured for GBS were sensitive to Clindamycin while one case was 
sensitive to both Clindamycin and Ceftriaxone, none being sensitive to Penicillin [59]. However GBS rates vary up 
to 28% in Amman [60], while in the west about 1 in 4 pregnant women carry GBS bacteria in their body which can 
cause ascending infection, also crossing intact membranes without causing cervicitis resulting in in-utero infection 
usually manifesting as a fulminating pneumonia [61].  

Gestational diabetes OR 2.19 (CI 95%) 1-1.3 times higher odds of EOS, being statistically significant P = 0.008. 
Similarly another study reported gestational diabetes at OR 2.19 (CI 95% .97-4.97) times higher odds when com-
pared to newborns of mothers without the risk factor due to increased susceptibility of upper genital tract infection, 
usually asymptomatic but also an important cause of preterm birth [19].  

Another observation noted in the present study was the quick resort to judicious obstetric surgical intervention by 
emergency LSCS in 44.3% of newborns with EOS, OR 1.82, (CI 95%) 1.3 - 2.5 times higher odds, being highly 
statistically significant P<0.001, compared to normal vaginal delivery, indicating that in most EOS cases with 
in-utero infections presented with signs of fetal distress indicating emergency obstetric surgical intervention, con-
trasted to elective LSCS having insignificant risk of EOS, OR 0.75, (CI 95%) 0.4-1.2, P=0.22. 

Neonatal risk factors include prematurity ≤36 week’s gestation with overall incidence of 9.68% for total births 
and higher incidence 21.88% in EOS cases, OR 2.57 (CI 95%) 2.1-2.57, being highly statistically significant P>|z| 
<0.001. In contrast incidence was only 8.48% in controls, in fact, 12% EOS cases at 36 weeks were more than 
twice that of 5.9% controls. Also, the mean gestation in EOS cases was shorter at 37.68 weeks compared to 38.39 
weeks in controls, the difference of 0.7 weeks being highly statistically significant P<0.001. In contrast, lower term 
78.11% noted in EOS cases compared to 91.26% controls. 

The overall incidence Low Birth Weight (LBW) ≤2,499g was 19.2%. In contrast incidence of LBW among EOS 
cases was twice 37.6% with OR 2.76, (CI 95%) 2.1-3.7, being highly statistically significant P<0.001 compared to 
a low 17.75% for controls. The mean birth weight among EOS cases was 2,674.75g compared to controls at 
2,888.34 g, a difference of 213.56g being highly statistically significant P<0.001. Another study reported 46% sep-
sis cases weighed below 2,000g with high mortality of 60.2% compared to 28.2% weighing above 2001g [19]. Sex 
distribution showed increased susceptibility in males OR 1.88 (CI 95%) 1.21-3.0 times odds compared to female 
newborns being highly statistically significant P=0.008. The increased susceptibility of male newborns to EOS 
compared to female neonates was also reported in other studies [19, 51] 

Infection can be transmitted to the newborn either vertically or horizontally. Vertical transmission or mater-
no-fetal transmission of infection through the ascending pathway, direct contact or transplacental transmission of 
bacterial infection which is rare as it requires maternal bacterium (Congenital infection). In ascending pathway, 
organism in the vaginal and cervical canal ascends into the amniotic cavity, is the most frequent route by which the 
foetus is infected. The usual outcome is colonization with no active disease, even in the presence of chorioamnioni-
tis. However initial colonization of the foetus usually takes place after rupture of membranes and less frequently 
leads to neonatal disease.  

Clinical entities of bacterial infection in the neonate may result from fetal aspiration and swallowing of organ-
isms that have proliferated in the amniotic fluid. Vertically transmitted infections are clinically recognizable within 
approximately 72 hours of birth, often earlier in premature babies. The most common vertically transmitted conge-
nital infections are septicemia and pneumonia. During the second stage of labor the fetus comes into direct contact 
with organisms in the cervix and vagina. Gonococcal conjunctiva is an example of infection acquired during birth 
by direct contact. 

Horizontal or post natal transmission by direct contact occurs after the first three postnatal days. Infection is 
mainly due to bacteria from nursery environment. These infections are considered to be from nursery personnel or 
as complications of invasive procedure. In the recent years Coagulase Negative Staphylococcal (CONS) have 
emerged as the predominant organism involved in nonsocomial infections.  

The risk of horizontal transmission is enhanced by factors such as decreased patient-nurse ratio, over-crowding, 
lack of hand washing, length of nursery stay, invasive procedures like arterial lines or in dwelling catheters. By far 
the most common modality of organism spread is unwashed hands of personnel, admission to the Neonatal Inten-
sive Care Units including invasive procedures performed do have a predilection towards neonatal infection. Signif-
icant other diagnostic considerations include microbiological factors such as inoculum size and virulence of the 
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organism, environmental factors such as admission to the Neonatal Intensive Care Units, invasive procedures pre-
disposing to neonatal infection, metabolic problems such as fetal hypoxia with acidosis and hypothermia alter host 
defense mechanism and allow localization of organism in necrotic tissues significantly increases incidence of sepsis 
[18]. Other preventive measures to reduce vertical transmission of infection includes hygienic measures to prevent 
nosocomial infection and improved care of the mother, while barrier nursing and the strict hand washing before and 
after touching a baby still remains the single most important factor in preventing nosocomial infections as the major 
route of horizontal transmission of bacterial pathogen to the newborn in the nursery is via the hands of personnel.  

Thus, significant maternal obstetric and neonatal factors aids early diagnosis predisposing to neonatal infection, 
however best confirmed by isolation of pathogen with broad spectrum antibiotics based on sensitivity pattern, while 
blood culture negative for pathogens with serial CRP decline to normal is indication to discontinue antibiotics if 
newborn is clinically well. The choice of antibiotics for GBS includes Penicillin/Ampicillin, Ecoli & Gram negative 
bacilli:-Gentamycin/Kanamycin/Amikacin/Tobramycin/Netilmycin, Listeria - Ampicillin + Gentamicin, S. aureus - 
Methicillin / Cloxacillin, Vancomycin. S . Epidermis – Vancomycin. Group D Streptococci including Enterococci - 
Penicilin + Gentamicin. Pseudomanas - Ceftazidine/ Ticarcillin/ all Aminoglycosides except Kanamycin [25, 29, 61, 
62]. 

The third generation Cephalosporins, Cefataxime, Ceftriaxone and Ceftazidine possess attractive features of 
therapy of bacterial sepsis and meningitis in newborn with excellent activity against gram negative bacteria, high 
concentration of drugs in the serum, good CSF penetration and less toxicity as it has no dose related toxicity. Dis-
advantages include - inactivity against Listeria and enterococci, variable activity staph aureus and more rapid 
emergence of drug resistant bacteria than that has been identified with standard regimen of Penicillin and Amino 
glycoside. Because of this problem, it is not advisable to use Cefotaxime alone. It is better to combine it with an 
aminoglycoside. Routine use or over usage of third generation Cephalosporin should be avoided and it should be 
reserved for serious infections such as meningitis [18, 21].  

Antibiotic choice for continuation of therapy should be re-evaluated after 48-72 hours on basis of microbiologi-
cal and clinical data with the aim to use a narrow spectrum antibiotic, to prevent development of resistance to re-
duce toxicity and to reduce costs. Antibiotic should be continued for 10-14 days in infants with culture proven sep-
sis. However if cultures are negative, the pediatrician must decide on the subsequent course of therapy for the infant 
who was treated for probable sepsis and if the baby appears well and there is reason to believe the presenting clini-
cal symptoms are determined to be due to a noninfectious cause, antimicrobial therapy should be stopped promptly 
to minimize development of resistant pathogens and super-infection with other pathogenic organism. In a sympto-
matic baby or baby who improves, antibiotics treatment should be continued as for septicemia. However, there is 
insufficient evidence to recommend use of antibiotics cycling as a strategy to reduce development of antibiotic re-
sistance and antimicrobial treatment should preferably be based on local antibiotic sensitivity pattern [18]. 

Empirical antifungal therapy should not be used as a routine basis in patients with severe sepsis or septic shock 
but it may be justified in selected subsets of septic patients at high risk for invasive candidiasis. Azoles (fluconazole) 
and echinicandin (caspofungin) are efficacious as and less toxic that amphotercin B deoxycholate for treatment of 
patients with candidemia and antimicrobial treatment should preferably be based on local antibiotic sensitivity pat-
tern [18, 21].  

Viruses should also be considered in the differential diagnosis such as enteroviruses, parechoviruses and herpes 
simplex virus (HSV) as well as rubella virus, cytomegalovirus, lymphocytic choriomeningitis virus or human im-
munodeficiency virus including seasonal virus such as influenza, respiratory syncytial virus (RSV), adenovirus, 
rhinovirus, Rota virus or fungal infection such as candidiasis etc should also be considered in differential diagnosis 
have been identified in hospitalized neonates are primarily horizontally transferred and a late onset infection [18]. 

Once a causative pathogen is identified there is no evidence that combination therapy is more effective than mo-
notherapy in patients with severe sepsis or septic shock and local antibiotic sensitivity should guide antibiotic use. 
Newer antibiotics include Netilimycin, a newer amino glycoside effective against E-coli, Klebsiella, Enterobacter 
group resistant to Gentamicin, Ticarcillin, newer Penicillin specific for pseudomonas as well as Piperacillin effec-
tive against E.coli, Klebsiella, Enterobacter. Imipenam is the broadest spectrum ever documented, covers gram pos-
itive gram negative, listeria and anaerobes [18, 21, 63]. 

Adjunctive therapies in neonatal sepsis include—Exchange transfusion—it helps in removal of toxins and other 
bacterial products, improved oxygen delivery, corrects coagulation abnormalities and provides specific antibodies, 
complements and phagocytic cells. Simple plasma or whole blood transfusion is reported to be useful in GBS as it 
gives group specific opsonins against infecting organism. Intravenous Immuno-globulin (IVIG) has been used to 
overcome antibody deficiency in neonates. Transfusion of Fibronectins, high molecular weight glycoprotein has 
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been shown to be involved in homeostasis, vascular integrity, tissue repair, leucocyte migration, adhesion and pha-
gocytosis. Infection is associated with decreased levels of fibronectin. Other supportive measures include control of 
seizures, fluid restriction, and anti-odema measures. Intraventricular gentamicin 0.5 mg to 1 mg daily for 3 to 4 
days is indicated in cases of ventriculitis. If this fails to clear the infection, as repeated ventricular taps are not ad-
visable, it is better to insert an Ommaya reservoir for intraventricular therapy. Antibiotics should be continued for at 
least 2 weeks after the clearance of ventriculitis. Intrathecal treatment has no role in neonatal meningitis [18, 21, 
23].  

Antibiotics should be started within the first hour of recognition of severe sepsis after appropriate cultures have 
been obtained; Monotherapy is as efficacious as combination therapy with a beta lactam and an aminoglycoside as 
empirical therapy for patients with severe sepsis or septic shock [21, 24, 63]. Antibiotic therapy should always be 
reassessed after 48-72 hours on basis of microbiological and clinical data with the aim to use a narrow spectrum 
antibiotic, to prevent development of resistance to reduce toxicity and to reduce costs. The duration of therapy 
should typically be 7-10 days guided by clinical response. However with emerging multidrug resistance bacterium 
to even penicillin, chloramphenicol etc with constantly changing antibiotic sensitivity patterns, local antibiotic sen-
sitivity should guide antibiotic use. 

In a symptomatic baby or a baby who improved with antibiotics treatment should be continued as for septicemia 
unless other diagnosis becomes apparent, if baby’s condition worsens then antibiotics are changed depending on 
sensitivity report if blood culture if positive and continued up to 7 or to14 days, even upto 21 days with CNS infec-
tion and supportive management. However, safety of empiric neonatal antibiotic treatment in first week of unin-
fected preterm due to increased risk of fungal infection, bacterial late onset sepsis, necrotizing enterocolitis and 
death is questioned. 

Thus, a high index of clinical suspicion for diagnosis of early onset neonatal sepsis is required and clinicians 
need to consider history of high risk predisposing maternal, obstetric and neonatal factors and antimicrobial therapy 
should be started within the first hour of recognition of severe sepsis after taking appropriate cultures and in com-
bination with clinical signs and relevant tests confirm neonate to be septic and continued for 7-10 days guided by 
clinical response. Re-evaluation of choice of antibiotics for continuation of therapy is required when cultures results 
are available and antibiotic continued for 10-14 days in infants with culture proven sepsis, but negative cultures in 
infant who was treated for probable sepsis depends on early symptoms and signs and if infection is an unlikely 
cause, treatment can be discontinued after a period of 3 to 5 days. Symptomatic neonate who improved with anti-
biotics treatment should be continued as for septicemia unless other diagnosis becomes apparent. If the presenting 
clinical symptoms are determined to be due to a noninfectious cause, antimicrobial therapy should be stopped 
promptly to minimize development of resistant pathogens and super-infection with other pathogenic organism, an-
tibiotics cycling as a strategy to reduce development of antibiotic resistance is not recommended.  

In many LMIC Asian countries have poor resources with limited diagnostic laboratory facilities, hence the im-
portance of identification of high risks maternal-antenatal intra-natal and neonatal factors predisposing to EOS, aids 
in early diagnoses, since almost all early onset neonatal sepsis starts in-utero with fetal infections acquired either 
transplacentally by hematogenous spread or vertically ascending infections from vaginal canal bacteria usually be-
ing normal vaginal flora that contaminates amniotic fluid, placenta and cervix causing chorioamnionitis or may be 
horizontally acquired during delivery from colonizers of the maternal genitourinary tract and often present as ful-
minant multi-system illness in the newborn.  

The absence of a single reliable early diagnostic tools or ideal early diagnostic test with 100% sensitivity that al-
ways detects disease in all infected patients or 100% specificity with negative tests results in all patients without the 
disease, high sensitivity rather than high specificity becomes the main criteria in reducing antibiotic overuse or to 
withhold antibiotics in uninfected newborns. Sepsis screening panel tests may increase accuracy for early identifi-
cation of neonates with bacterial sepsis. In view of the above, it is recommended that presence of two or more high 
risk obstetric or neonatal factors forms basis for high index of clinical suspicion of sepsis in newborn. For example 
PROM in primigravida mothers are important criteria for early diagnosis of neonatal sepsis and indication for em-
piric antibiotic therapy preferably monotherapy within 6 hours of birth, unless proven otherwise by subsequent 
testing and clinical features to exclude bacterial etiology of sepsis and antibiotics discontinued, as it is better to 
suspect and treat infection even if unnecessarily, rather than to miss diagnosis of sepsis and not treat infections that 
have disastrous consequences of either mortality and morbidity in newborns. 

As predictability of laboratory investigations such as complete blood count (CBC) and C - reactive protein (CRP) 
is low especially at onset of illness or in asymptomatic newborn, though CRP >10mg/l with serial increasing levels 
more accurately predict sepsis than an individual one, while repeated normal CRP 8-24 hours after birth and later is 
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evidence against bacterial sepsis [25, 29-31] and antibiotics can be discontinued in well newborn since many 
asymptomatic neonates are empirically treated for extended period which drastically increases the load on neonatal 
units and exposes neonates to hospital-acquired infections and medication side effects and reduce emergence of 
multidrug resistant pathogens. 

4. Conclusion 
The awareness of the role of infection causing morbidity and mortality in the newborn has increased dramatically 

over the past few decades. Though incidence of early onset neonatal sepsis is low, it is associated with high mortal-
ity accounting for almost four-fifths of all neonatal deaths with nearly one-half occurring within first week of life. 
The lack of ideal biomarkers with high sensitivity, specificity and predictive value for distinguishing between infec-
tious, inflammatory, auto-immune diseases and malignancy in pediatric practice requires a high degree of clinical 
suspicion should be based on presence of two high risk maternal-obstetric and neonatal factors that is key to avoid 
missing neonates with true sepsis.  

Certain high risk anteparum, intrapartum and neonatal risk factors include young, primigravidae mothers, pre-
mature rupture of membranes, gestational diabetes and delivery by emergency LSCS, prematurity, low birth weight 
or male gender of high statistical significance in diagnosing early onset neonatal sepsis being most commonly due 
to in-utero infection and institution of empiric antibiotic therapy started within six hours of birth. The combination 
of clinical observation despite its limitation and diagnostic hematologic tests including serological markers tests 
remain the most practical means to confirm diagnosis and to monitor progress of disease or to withhold antibiotics 
in uninfected newborns thereby decreasing the emergence of multidrug resistant pathogens. 
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