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Abstract
Background and Aim: Sepsis is a major cause of mortality and 
morbidity in neonates. Although peripheral venous blood 
culture is the gold standard for the diagnosis of early-onset 
sepsis (EOS), the accuracy of diagnosis is limited by low sensi-
tivity usually due to small volume of blood sample, use of intra-
partum antibiotics, and antibiotics administered to neonates 
before sampling. 

The aim of this study was to evaluate the efficacy of umbilical 
cord blood culture (UCBC) and peripheral venous blood 
culture (PVBC) in diagnosing EOS in high-risk neonates.

Materials and Methods: This study included 60 preterm neo-
nates who were at a high risk of developing EOS. Immediately 
after delivery, umbilical cord and peripheral venous blood 
samples were collected. Blood samples were inoculated on 
culture media and incubated. Subcultures were made from 
the positive vials and microbial detection was done using the 
BacT/ALERT system on MacConkey and blood agar plates. The 
isolated microorganisms were identified and an antibiogram 
was generated using the VITEK 2C system. The sensitivity, speci-
ficity, positive predictive value, and negative predictive value 
of UCBC and PVBC were compared.

Results: Among the 60 high-risk neonates, 41.66% developed 
clinical EOS. Of these, 84% neonates tested positive on UCBC 
and 64% neonates tested positive on PVBC. The sensitivity and 
specificity of UCBC were 84% and 94.2% and that of PVBC were 
64% and 100%, respectively. 
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Conclusions: UCBC is superior to PVBC in diagnosing EOS in 
preterm neonates with perinatal risk factors for sepsis.

Key Words: Early-onset sepsis, intrapartum antibiotics, BacT/
ALERT microbial detection system, VITEK 2C system, gram- 
negative bacteria, sensitivity, specificity

Introduction
A positive peripheral venous blood culture (PVBC) is 
the current gold standard for the diagnosis of neonatal 
early-onset sepsis (EOS). However, PVBC has vari-
able sensitivity in the diagnosis of neonatal EOS due to 
inaccuracies in the volume of sample collected, use of 
intrapartum antibiotics, and administration of antibi-
otics before sample collection.1-3 The alternative sites for 
blood sample collection are the heel, arterial and central 
venous lines, and umbilical vein.4-6 Withdrawing suffi-
cient volume of blood sample from the peripheral vein 
is sometimes difficult. The venipuncture may have to 
be repeated several times. Sometimes an arterial punc-
ture may be necessary, which requires skilled personnel, 
diverting them from other more important tasks.7 Inac-
curacies in sampling may cause a delay in bacterial 
growth on culture media and difficulty in interpreting 
the test results. 

Although blood sample collection from the umbilical 
cord is less frequently used, it is noninvasive, pain-
less, and does not require any special skill. The sample 
volume from the umbilical cord is usually more than 
sufficient. The entire evaluation of EOS can then be 
performed in the delivery or labor room and the results 
can be obtained before the development of signs and 
symptoms of EOS, thus enabling faster initiation of 
treatment.1

Aim
To evaluate the efficacy of UCBC and PVBC in diag-
nosing EOS in high-risk neonates

Materials and Methods
Study design
This was a prospective, analytical study conducted at a 
tertiary care teaching hospital with approval from the 
institutional review board. 
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Inclusion criteria
Neonates born through both normal and cesarean 
deliveries, between May 2014 and June 2015, were 
assessed at the time of birth for the presence of risk 
factors of EOS. Neonates born at < 37 weeks of gesta-
tion and weighing < 2000 g at birth, whose mothers 
had 2 or more perinatal risk factors associated with 
EOS, were enrolled. Maternal risk factors associ-
ated with EOS in neonates include premature rupture 
of membranes, prolonged rupture of membranes for  
> 18 hours, spontaneous preterm onset of labor, clinical 
chorioamnionitis, urinary or any other systemic infec-
tion, frequent per vaginal examination during labor  
(> 3 times), perinatal asphyxia, and rectovaginal group 
B streptococcal carriage. 

Study procedure
A total of 60 neonates who matched the inclusion 
criteria were enrolled. Informed consent was obtained 
from their parents. Baseline characteristics such as 
sex, maturity, weight, risk factors of EOS, and clinical 
features of EOS were recorded. Umbilical cord and 
peripheral venous blood samples were collected from all 
neonates. 

Umbilical cord blood collection
The umbilical cord was clamped at the placental end 
and the neonatal end and cut between each pair of 
clamps. The excised umbilical cord was wiped with 
70% isopropyl alcohol and povidone iodine 3 times 
alternately and 3 mL of blood was drawn from the 
placental end using a sterile 22-gauge needle and 
syringe. The top of a BacT/ALERT bottle (bioMérieux 
Inc, NC, USA) was wiped with 70% ethanol, and using 
a sterile needle, blood was injected into it and sent to 
the laboratory for bacterial culture and isolation.
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Peripheral venous blood collection
The site of venipuncture was wiped with 70% isopropyl 
alcohol and povidone iodine 3 times alternately and 
3 mL of blood was drawn from the placental end using 
a 22-guage needle and syringe. Using a sterile needle, 
the collected blood was then injected into a BacT/
ALERT bottle and sent to the laboratory for bacterial 
culture and isolation. 

Isolation and identification of pathogens
All inoculated bottles were loaded into a BacT/ALERT 
microbial detection system (bioMérieux Inc) immedi-
ately after collection. 

Subcultures were made from the positive vials, which 
were detected on the BacT/ALERT system with  
MacConkey and blood agar media. The isolated micro-
organisms were identified and an antibiogram was 
generated using a VITEK 2C system (bioMérieux Inc).

All neonates were assessed for clinical features of EOS 
such as lethargy, refusal of feeds, bulging anterior 
fontanelle, convulsions, fever, hypothermia, tachypnea, 
retractions, grunting, abnormal skin color, pallor, 
increased capillary refilling time, apnea, sclerema,  
bradycardia, and features of disseminated intravascular 
coagulation and shock. Neonates with more than 2 
clinical features of EOS and more than 2 perinatal risk 
factors were suspected to have clinical EOS.4 C-reactive 
protein estimation and complete blood count analysis 
were carried out in all neonates after 12 hours of birth.

All neonates were followed up till the end of their 
hospital stay. UCBC and PVBC reports of all neonates 
were obtained. UCBC’s efficacy as a diagnostic test for 
EOS compared with PVBC was evaluated by using 
MedCalc online statistical calculator (2010; Frank 
Schoonjans, Mariakerke, Belgium) for sensitivity, speci-
ficity, and positive and negative predictive values.

Results
Table 1 shows baseline characteristics of the neonates. 
Of the 60 preterm neonates, 23 tested positive on 
UCBC and 16 tested positive on PVBC. A total of 25 
neonates developed the clinical features suggestive of 
EOS (Table 2). Of these 25 neonates, 21 (84%) tested 

positive on UCBC and 16 (64%) tested positive on 
PVBC. Of the 23 UCBC-positive neonates, 16 were 
PVBC positive (Table 3), with similar microorgan-
isms in both the cultures, while 7 PVBCs showed no 
growth. Table 4 shows the frequency of neonates with 
positive UCBC. 

Table 1. Baseline Characteristics of Neonates 

Characteristics No. of Neonates (N = 60)

Sex (Male:Female) 39:21

Gestational Age, wk (Mean ± SD) 32.8 ± 2.5

Mean Birth Weight, g 1560

Mean of Total Count, cells/mm3 15, 318

CRP Positivity 26 (43.3%)

CRP, C-reactive protein.

Table 2. Frequency of Neonates With Suspected 
Clinical EOS

Status of EOS Clinical EOS, n (%)

Present 25 (41.66)

Absent 35 (58.34)

EOS, early-onset sepsis.

Table 3. Comparison of UCBC and PVBC Results in 
Neonates With Suspected Clinical EOS

Suspected Clinical EOS  (n = 25) UCBC, n (%) PVBC, n (%)

Positive 21 (84) 16 (64)

Negative 4 (16) 9 (36)

EOS, early-onset sepsis; PVBC, peripheral venous blood culture; UCBC, umbilical cord 
blood culture.

Table 4. Frequency of Neonates who Tested Positive 
for EOS on UCBC

UCBC Results n (%)

Negative 37 (61.7)

Positive 23 (38.3)

Total 60 (100.0)

EOS, early-onset sepsis; UCBC, umbilical cord blood culture.

Table 5 presents a comparison of the diagnostic accu-
racy measures of UCBC and PVBC.
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Table 5. Diagnostic Accuracy Measures of UCBC and 
PVBC 

Diagnostic Accuracy Measures UCBC, % PVBC, %

Sensitivity 84 64

Specificity 94.2 100

Positive Predictive Value 91.3 100

Negative Predictive Value 89.1 79.5

Accuracy 90 85

PVBC, peripheral venous blood culture; UCBC, umbilical cord blood culture.

Table 6 presents the details of microorganisms isolated 
from UCBCs and PVBCs.
Table 6. Comparison of Microorganisms Isolated From 
UCBCs and PVBCs

Microorgansims UCBC, n (%) PVBC, n (%) Both

Klebsiella pneumoniae 6 (26.08) 5 (31.25) 5

Escherichia coli 5 (21.7) 3 (18.75) 3

Acinetobacter baumannii 
complex 3 (18.75) 5 (31.25) 5

Staphylococcus aureus 2 (8.6) 2 (12.5) 2

Pseudomonas aeruginosa 3 (13.04) 3 (18.75) 3

Pasteurella pneumotropica 1 (4.3) 0 0

Total 23 (92.47) 16 (112.50) 16

PVBC, peripheral venous blood culture; UCBC, umbilical cord blood culture.

Discussion
EOS is the most common cause of morbidity and 
mortality in neonates and is still a diagnostic challenge 
for clinicians. Early diagnosis helps initiate antibiotic 
therapy at the earliest and reduce mortality rates in 
neonates. The current gold standard for detecting EOS 
and the causative organism is blood culture, with the 
most common source of blood sample being the periph-
eral vein. However, blood sample can also be collected 
from the heel, arterial and central venous lines, and 
umbilical vein (neonatal end). In this study, we used the 

placental end of the umbilical cord, a less commonly 
used site, for blood sample collection.

In this study, we analyzed blood samples of 60 neonates 
at a high risk of developing EOS. The sample size in this 
study is similar to the sample size is studies by Kala-
thia et al8 and Fos et al9, where the sample size ranged 
from 30 to 80. This study is similar to other studies8,9 in 
terms of focusing on perinatal risk factors of neonatal 
EOS. As this study included only preterm neonates, 
the results are especially relevant in clinical practice, as 
obtaining peripheral venous blood sample from preterm 
neonates is particularly difficult and preterm neonates 
are more susceptible to EOS. In this study, we found 
that neonates born at a gestational age between 28 and 
32 weeks and those weighing between ≤ 1000 and 1500 
g at birth were more prone to sepsis. 

The UCBC-positive rate in this study is 38.3% (Table 4),  
which is comparable to the UCBC-positive rates of 
24.44%, 43%, and 20% in similar studies conducted 
by Kalathia et al,8 Fos et al,9 and Herson et al,10 respec-
tively. However, the UCBC-positive rate in this study 
significantly differs from that of other studies conducted 
by Polin et al1 (3%) and Tyler et al11 (9%), which were 
screening studies without particular focus on perinatal 
risk factors. The high culture positivity in this study 
can be attributed to the fact that only preterm neonates 
with more than 2 perinatal risk factors for developing 
EOS were analyzed. Additionally, in this study, blood 
cultures were done using BacT/ALERT and Vitek 2C 
systems, which are highly sensitive and specific tech-
niques for bacterial culture and identification, which 
explains the higher yield in this study.12 

In this study, 69.5% positive UCBCs also tested posi-
tive on PVBC, which is comparable to the results in a 
study by Kalathia et al,8 where 54.4% positive UCBCs 
also tested positive on PVBC. All positive UCBCs did 
not test positive on PVBCs because culture positivity 
depends on the volume of the inoculum (the volume of 
blood sample obtained by peripheral venous puncture 
may have been lesser than that obtained through the 
umbilical cord).

Owing to the limited sensitivity of PVBC in diagnosing 
EOS, it was not considered as the gold standard in this 
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study. This is the first study where diagnostic accuracy 
measures of UCBC and PVBC were compared taking 
suspected clinical EOS as the standard. Of the 25 
neonates with suspected EOS, 21 (84%) neonates were 
UCBC positive, while 16 (64%) neonates were PVBC 
positive and all developed clinical EOS, eventually.

In this study, 5 neonates who tested positive on UCBC 
but negative on PVBC developed clinical EOS, which 
accounts for the higher sensitivity of UCBC compared 
with PVBC. 

Results of bacterial isolation in this study showed that 
gram-negative bacteria were predominant (91.4%) 
with the commonest pathogen being Acinetobacter 
baumannii complex (18.75%) followed by Kleb-
siella pneumoniae (26%), Escherichia coli (21.7%), and  
Pseudomonas aeruginosa (13%). These results are compa-
rable to the data presented in the National Neonatal 
Perinatal Database (2002–2003)13 and several other 
studies.5,11,14-16

Despite the advantages of UCBC, a study by Polin et al1 
reports culture contamination lacking clinical correla-
tion. In Polin et al’s1 study, 2 of the 6 positive UCBCs 
showed culture contamination and hence, the authors’ 
suggest meticulous and fastidious sample collection 
to prevent contamination. High rates of contamina-
tion are reported when blood from the umbilical cord 
is collected on the perineum before placental delivery.1 
In this study, we took appropriate precautions during 
sample collection to prevent contamination and used 
the Vitek 2C system for microbial isolation, which 
contains a culture medium that has high isolation rates. 

Conclusions
UCBC is a more accurate technique compared with 
PVBC for the early detection of EOS in neonates 
with perinatal risk factors, provided the blood sample 
is collected under aseptic conditions. UCBC is partic-
ularly useful in instances where neonates are admin-
istered prophylactic antibiotics before blood sample 
collection for culture studies.
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