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INTRODUCTION

Despite the progress made by India in the past two 
decades in the field of  medicine especially Reproductive 
and Child health, newborns have not gained much 
importance. Highest risk of  dying is in the first 28 days 
of  life. According to the WHO (2017), 46% of  deaths 
among under five children were newborns.1 Causes of  
neonatal deaths include pneumonia (16%), neonatal sepsis  

(12%), perinatal asphyxia (8%), and Prematurity (14%) as 
described by Lancet Million Death Study in 2010.2

Neonatal sepsis is defined in terms of  early onset and 
late onset sepsis. EOS is usually defined as the infection 
occurring in first 3 days of  postnatal life and is commonly 
caused by bacterial pathogens which are transmitted 
vertically from mother to neonate before or during 
delivery. Late-onset sepsis is defined as sepsis occurring 
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usually after 72 h in NICU and up to 7 days of  life in term 
infants and has been variably defined as occurring up to 
the age of  <90 or 120 days. The organisms involved in late 
onset neonatal sepsis (LONS) is usually acquired from the 
environment rather than transmitted vertically from mother 
as seen in cases of  early onset neonatal sepsis (EONS).3

According to National Neonatal-Perinatal Database 
2002–  2003, 2219 out of  145623  (67%) neonates were 
found to be having EONS.4 According to Delhi Neonatal 
Infection Study collaboration, total sepsis was 14.3% out of  
which two third cases were EONS. The organisms grown 
during this period were mostly Gram negative (Acinetobacter 
[22%], Klebsiella [17%], and Escherichia coli [14%]).5 Other 
organisms grown were Staphylococcus aureus, Coagulase 
negative Staphylococcus, and Enterococcus. Studies have been 
done on various risk factors linked to development of  
EONS. Risk factors include prematurity, foul smelling 
liquor, prolonged labor, prolonged rupture of  membranes 
for more than 1 day, more than 3 per vaginal examinations 
and birth asphyxia.6 The most common presentation was 
respiratory distress at birth. Other clinical features include 
lethargy, refusal to feed, cold extremities, peripheral 
cyanosis, or even shock.7 The essence of  managing neonatal 
sepsis is early diagnosis. Even a slight delay in recognizing 
and managing neonatal sepsis can result in neonatal death.8 
Once the diagnosis is established appropriate antibiotics 
would usually be effective at least in uncomplicated cases.9 
Associated complications such as meningitis, urinary 
tract infection as well as metabolic disturbances including 
hypoglycemia needs to be appropriately managed in 
neonatal intensive care unit.10 For diagnosis of  neonatal 
sepsis blood culture is the gold standard. Collection 
of  peripheral venous blood culture (PVBC) is difficult, 
involves expertise and is a painful procedure.11 Also due to 
several risk factors and clinical signs, empirical antibiotics 
are usually started before sending blood culture due to 
which chances of  detection of  organism decreases.12

On the other hand, collection of  umbilical cord blood 
culture (UCBC) is a painless procedure and technically less 
challenging. Moreover, it ensures adequate volume of  blood 
for culture with less contamination and there’s a possibility of  
yielding more positive results.13 Therefore, we felt the need 
for finding the use of  UCBC in the diagnosis of  EONS 
among high risk neonates and compare it with PVBC reports.

Aims and objectives
 1)	 To study use of  umbilical cord blood culture in the 

diagnosis of  early onset neonatal sepsis among high 
risk neonates.

2)	 To compare the results of  umbilical cord blood culture 
with peripheral vein culture.

MATERIALS AND METHODS

This was a hospital-based prospective analytical study 
consisting of  100 neonates who were at risk of  EONS. 
The study was conducted in the department of  pediatrics 
of  a tertiary care medical college situated in a semi-urban 
area. The neonates found to be at risk of  development 
of  EONS were included in this study on the basis of  a 
predefined inclusion and exclusion criteria.

A neonate was considered to be a case of  suspected EONS 
if  two or more of  the following risk factors were present.

A neonate was considered to be a case of  suspected 
EONS if

(a)	 Two or more of  the following risk factors were present. 
i)	 Febrile illness in mother 2 weeks before delivery. 
ii)	 Prematurity (<35 weeks) 
iii)	 Foul smelling liquor 
iv)	 Prolonged rupture of  membranes for more than 

18 h. 
v)	 More than 3 per vaginal examinations or single 

unclean examination. 
vi)	 Prolonged duration of  first and second stage of  

labor for more than 24 h. 
vii)	 Birth asphyxia 

(b)	 Newborns with respiratory distress since birth. 
(c)	 Newborns born to mothers with foul smelling liquor 

Confirmed case of  EONS in our study was defined as 
newborn developing features of  sepsis within 72  h of  
birth along with positive sepsis screening results and/or 
the blood culture which demonstrated  growth of  organism 
consistent with EONS.

A detailed antenatal, natal, and post-natal history was 
recorded in all the cases particularly those factors which may 
contribute toward EONS such as history of  febrile illness 
in mother, prolonged rupture of  membranes, and number 
of  per vaginal examination was specifically asked for.

After delivery of  the baby, cord was clamped and cut and 
baby was handed over to the pediatrician. The baby was 
managed till vitals were stable. Under sterile technique, 
the cord was wiped 3 times with 70% isopropyl alcohol 
and povidone-iodine. Around 1–1.5  ml of  blood was 
withdrawn from the umbilical vein using 2  ml syringe 
and was injected into the aerobic culture bottle and sent 
for further processing to the laboratory. A sepsis screen 
(complete blood count, C-Reactive protein, and I: T ratio) 
and blood culture were performed on umbilical cord 
blood sample. A  peripheral venous blood sample was 
simultaneously collected. The blood culture collected 
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from both umbilical cord and peripheral vein was sent to 
Bacteriology lab. A single group of  cases was studied to 
avoid effect of  confounding factors such as differences in 
gestational age or presence of  different risk factors.

The analysis was done using the results of  this study. One 
sample test and Independent sample test were used for 
comparison. P<0.05 was considered as being statistically 
significant. Sensitivity, specificity, positive predictive value, 
and negative predictive value were calculated. Data analysis 
was done using Statistical Package for the Social Science, 
V26 package.

Inclusion criteria
1)	 The neonates born at CRH with more than or equal 

to 2 risk factors for early onset sepsis.
2)	 Newborns with respiratory distress at birth.

Exclusion criteria
1)	 Neonates without any risk factors or less than 2 risk 

factors at birth were excluded from the study. 
2)	 Extramural newborns. 
3)	 Neonates whose parents did not give consent. 

RESULTS

Out of  the 100 studied cases (suspected to be having 
EONS), there were 52 (52%) males and 48 (48%) females 
with a M: F ratio of  1: 0.92. Out of  these 100 neonates in 
32 (32%) EONS could be confirmed with positive sepsis 
screening results and/or demonstration of  organisms on 
blood culture. Out of  these 32 confirmed cases of  EONS, 
there were 17 males (53.12 %) and 15 females (46.87%). 
The statistical analysis showed that the incidence of  EONS 
was comparable in male and female neonates with no 
statistically significant difference in the incidence of  EONS 
in male and female neonates (P>0.05) (Table 1).

The gestational age distribution of  the newborns with 
suspected EONS showed that out of  100 cases majority 
of  the neonates (64%) were full term (>37 weeks). Out 
of  remaining 36 (36%) neonates 3 (3%) were born before 
28 weeks of  gestation whereas 33 (33%) neonates were 
born after 28 weeks but before 37 weeks of  gestation. The 
mean gestational age was found to be 36.7±3.42 weeks. 
Among the 32 neonates with EONS, 17 were found to be 

premature. The mean gestational age of  newborns with 
EONS was found to be 35.2 weeks.

The distribution of  cases on the basis of  birth weight 
showed that out of  100 neonates majority (51%) had a 
normal birth weight (>2.5 kg) whereas out of  remaining 
49 cases 33 (33%) neonates had a birth weight between 
1.5 and 2.5 kg. 14 (14%) and 2 (2%) neonates were very 
low birth weight (<1.5 kg) and extremely low birth weight 
(<1 kg), respectively. Among the 32 cases with confirmed 
EONS, 20 neonates were below 2.5 kg whereas remaining 
12 neonates were having a normal birth weight (>2.5kg). 
Out of  32 neonates with confirmed EONS 24 (75%) were 
appropriate for gestational age whereas 5  (15.62%) and 
3 (9.37%) neonates were small and large for gestational age, 
respectively. There was no statistical difference between 
newborns with EONS based on classification using both 
birth weight and gestational age as per independent samples 
test (P>0.05).

The analysis of  the cases on the basis of  mode of  delivery 
showed that in cases with suspected EONS majority 
of  the neonates were delivered by spontaneous vaginal 
delivery (48%). Cesarean section was done in 46  (46%) 
cases whereas instrumental vaginal delivery was done in 
6 (6%) cases. In cases of  confirmed EONS 16 neonates 
(50%) were born through spontaneous vaginal delivery 
whereas LSCS and instrumental vaginal delivery was done 
in 13 (40.62) and 3 (9.37%) cases, respectively.

The distribution of  risk factors in the newborns 
included in our study showed that out of  100 studied 
cases 20  (20%) neonates had respiratory distress in 
immediate post-neonatal period where as history of  foul 
smelling liquor was present in 19 (19%) cases. Out of  
100 newborns with suspected EONS, 32% had positive 
sepsis screen and thus were confirmed EONS cases. 
The descriptive statistics of  continuous variables of  
hematological tests is done for screening of  suspected 
EONS in the newborns (Table 2).

Comparison of  umbilical vein and peripheral vein blood 
culture results showed that out of  32 neonates with 
confirmed EONS 9  (9%) had positive UCBC report 
whereas 7 (7%) patients had a positive peripheral blood 
culture report. The difference in positivity of  PVBC and 
UCBC in confirmed EONS cases was comparable with 
no statistically significant difference (P=0.77). Out of  
93 neonates with negative peripheral vein blood culture 
reports 4 (%) were found to have positive UCBC report 
(Table 3).

The umbilical blood culture was found to have sensitivity 
and specificity of  100% and 74.4%, respectively, whereas 

Table 1: Gender distribution of cases
Suspected/
Confirmed 
EONS

Males Females Total

Suspected EONS 52 48 100
Confirmed EONS 17 15 32

EONS: Early onset neonatal sepsis
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peripheral vein blood culture was found to have sensitivity 
and specificity of  77.7% and 72.5%, respectively. The 
positive and negative predictive value of  umbilical cord 
was found to be 28.1% and 100%, respectively, whereas 
in cases of  peripheral vein blood culture positive and 
negative predictive value were found to be 21.8% and 97%, 
respectively (Table 4).

Among cases with EONS respiratory distress was seen in 
20 (20%) cases whereas history of  foul smelling liquor was 
present in 10 (10%) cases. A combination of  more than two 
risk factors was seen in 19 (19%) cases. A combination of  
two or more risk factors was present in the most common 
organism grown in our study was E. coli. There was growth 
of  Coagulase negative staphylococcus in seven of  the 
cultures which were found to be skin contaminants. All of  
the CONS were detected in PVBC. Out of  five samples 
from newborns with EONS which detected organisms 
in both UCBC and PVBC, three of  them had grown E. 
coli, and two of  them grew Klebsiella pneumoniae. None of  

the samples grew different organism in UCBC and PVBC 
(Table 5).

Out of  eight babies who showed positive growth on 
blood culture, all of  them were sensitive to Amikacin, 
Ciprofloxacin, Colistin, Meropenem, and Piperacillin 
Tazobactam. Out of  the three babies who had positive 
blood culture for Klebsiella species, 100% were sensitive 
to Amikacin, Colistin, and Tigecycline. About 50% were 
sensitive to Piperacillin Tazobactam. 45% were sensitive 
to Ciprofloxacin. 100% were resistant to Ampicillin, 
Cefepime, Cefoperazone, and Ciprofloxacin. Only one had 
detected Pseudomonas growth which was sensitive to only 
Colistin (100%). Tigecycline was 50% and Amikacin was 
45% sensitive to Pseudomonas.

Out of  100  patients suspected to be having EONS 
88 (88%) improved whereas seven neonates expired and 
five neonates were lost to follow-up (shifted to other 
hospitals or discharged against medical advice). Among 
32 neonates with suspected EONS 27 (84.37%) improved, 
4 (12.5%) expired, and 1 (3.12) neonate was lost to follow-
up (Figure 1).

DISCUSSION

In our study, out of  2182 live births, 32 newborns had 
clinical and laboratory features of  EONS. The occurrence 
of  EONS in our study is approximately 1.5%. A prospective 
study done in tertiary care center reported an incidence of  
9.8% of  total live births.14 The occurrence of  EONS in 
our study was lower from the above study as our study 

Table 2: Hematological parameters of the studied cases
Suspected/
Confirmed EONS

Parameters Mean Standard deviation Range

Suspected EONS Hb (g/dL) 17.36 2.2981 11.6–23.2
TLC (per microL) 15262 5813.52 4130–27200
ANC (per microL) 4088.51 3917.49 1141–19120
Platelets (per microL) 207230 159.349 80000–354000

Confirmed EONS Hb (g/dL) 17.34 1.996123 12–20.9
TLC (per microL) 16952.41 6797.479 4137–27200
ANC (per microL) 3566 5043.674 1141–191200
Platelets (per microL) 187975 51113.858 89200–303000

EONS: Early onset neonatal sepsis

Table 3: Comparison of umbilical cord and peripheral venous blood culture
Blood 
Culture

UCBC PVBC
Positive Negative Positive Negative

Frequency % Frequency % Frequency % Frequency %
Positive 9 9 23 23 7 7 25 25
Negative 0 0 68 68 0 0 68 68
Total 9 9 91 100 7 7 93 93

UCBC: Umbilical cord blood culture, PVBC: Peripheral venous blood culture

Table 4: Sensitivity, specificity, positive, and 
negative predictive value of studied cases
UCBC/PVBC Parameters Mean
Umbilical cord blood 
culture in EONS

Sensitivity 100%
Specificity 74.7%
Positive predictive value 28.1%
Negative predictive value 100%

Peripheral Vein Blood 
Culture in EONS

Sensitivity 77.7%
Specificity 72.5%
Positive predictive value 21.8%
Negative predictive value 97%

EONS: Early onset neonatal sepsis
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data are from single tertiary center and only in-borns were 
included in the study. The other authors such as Randis 
et al.,15 reported the incidence of  neonatal sepsis to be a 
bit higher, that is, 6.6%.

In the present study, out of  100 neonates with suspected 
EONS, 52% were males whereas out of  the 32 neonates 
with EONS, 53% are males. There is no statistical difference 
between male and female newborns for the occurrence 
of  EONS. The male to female ratio of  newborns with 
suspected EONS will vary according to the sex ratio of  the 
region in which the study is being done. During the study 
period, it was observed that 50.6% of  the babies born in 
our hospital were males.

In our study, 64 term neonates and 36 preterm neonates 
were screened for sepsis, out of  which 17  (53%) were 
preterm and 15 (47%) were term who developed EONS. 
Our observations are consistent with most of  the studies 
showing a higher occurrence of  EONS in preterm 
despite more term babies being screened for sepsis. These 
findings are explained by the association of  spontaneous 
prematurity with maternal genital infections as well as 
relative immunocompromised state of  preterm neonates 
which makes them vulnerable for developing sepsis on 
exposure to infections. An observational cohort study done 
on early and late onset sepsis in late preterm infants by 
Cohen-Wolkowiez et al., concluded that late preterm infants 
demonstrate specific infection rates, pathogen distribution 
and mortality associated with EONS and LONS.16 59% of  
the neonates screened for EONS were low birth weight and 
62% of  the neonates with EONS were low birth weight. 

A study done by Sobaih and Al-Mandeel on early and LONS 
in very low birth weight infants in a tertiary Center in Saudi 
Arabia involved babies weighing 500–1500 g over a 9 year 
period in which incidence of  EONS was 10.9%.17 Another 
study done by Hornik et al., on Early and Late Onset 
Sepsis in very low birth weight infants from a large group 
of  NICU involved 108000 VLBW infants out of  which 
EONS occurred in 1032 infants.18 The higher occurrence 
of  neonatal sepsis in low birth weight babies may be due 
to poor immunological status of  the newborns.

In our study, the risk factors considered for development 
of  EONS is elaborated in materials and methods. The 
presence of  foul smelling liquor or two or more of  the 
risk factors as mentioned is considered as inclusion criteria 
for the newborns in our study. These risk factors are based 
on studies from India with a high impact, validity and 
reliability. In our study, 70% of  the neonates had more than 
2 risk factors for the development of  EONS and 60% of  
the newborns with EONS had more than 2 risk factors. 
These findings are similar to studies on utility of  cord 
blood cultures in EONS by Meena et al., where the risk 
factor distribution with suspected EONS and EONS were 
common in both groups.19 A study by Rathi in a tertiary 
care neonatal unit of  a reputed medical college, 13% of  
the newborns with EONS had presence of  foul smelling 
liquor similar to our studies. As per most studies on EONS, 
the most common presentation of  EONS is reported as 
development of  respiratory distress since birth.20

32 out of  100 neonates screened for sepsis had sepsis 
screening results positive and 85% newborns with positive 
sepsis screen results had clinical features of  EONS. 
Aundhakar et al., had done a study of  UCBC in the 
diagnosis of  EONS among newborns with high risk factors 
at a tertiary care neonatal intensive care unit in which 24 
out of  75 (32%) had sepsis screen positive.21 Mandot and 
Gandhi had done a similar study which revealed that 23 
babies out of  80 (30.6%) had positive sepsis screening.22

In our study, 9% of  the UCBC from newborns with 
suspected EONS had significant growth of  organism 
consistent with EONS as compared to 7% by PVBC. 
About 5% of  the newborns with suspected EONS had 

Table 5: Organisms isolated in umbilical as well as peripheral vein blood cultures
Organism UCBC PVBC

Frequency Percentage Frequency Percentage
Escherichia coli 6 6 4 4
Klebsiella pneumoniae 3 3 2 2
Pseudomonas 0 0 1 1
Sterile (No Growth) 91 91 93 93
Total 100 100 100 100

UCBC: Umbilical cord blood culture, PVBC: Peripheral venous blood culture
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Figure 1: Outcome of neonates with early onset neonatal sepsis
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both UCBC and PVBC positive. The sensitivity of  UCBC 
in our study was 100% and specificity 74.7%. The sensitivity 
of  PVBC in our study was 77.7% and specificity was 72.5%. 
In our study, the most common organism grown was 
E. coli, followed by K. pneumoniae and Pseudomonas. Seven 
of  the cultures detected CONS which were confirmed as 
skin contaminants both clinically and bacteriologically. All 
of  them were isolated from PVBC. None of  the UCBC 
revealed organisms which were contaminants. In our study, 
there was no growth of  Gram-positive organisms in both 
UCBC and PVBC. The organisms responsible for EONS 
as per various Indian data for EONS are as follows. In a 
study done by Bhat et al., on 2182 neonates, Pseudomonas 
(33.2%) was the most common organism, followed by 
Klebsiella (31.4%), Acinetobacter (14.4%), S. aureus (9.2%), 
E. coli (4.4%), Citrobacter (3.05%), and Enterobacter 
(2.2%).23 Chacko and Sohi did a study on EONS in which 
136 neonates with risk factors for EONS and the most 
common organism isolated was Pseudomonas (60%).24 Tallur 
et al., reported Klebsiella and Pseudomonas to be the most 
common organisms causing EONS.25

Limitations of the study
 The limitation of  this study was small number of  cases. 
Similar studies with large number of  cases and an 
independent comparator group will be required to further 
substantiate the results of  this study. 

CONCLUSION

UCBC is a convenient method for collection of  blood 
sample in immediate post neonatal period. It ensures 
painless collection of  blood samples in adequate volumes 
which sometimes is difficult particularly in preterm 
neonates. One of  the distinct advantages with UCBC is 
very low incidence of  contaminant growth in blood culture 
which is a common occurrence in cases of  peripheral vein 
blood samples.
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