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Abstract: This is a hospital based cross sectional study to evaluate the validity of septic screen in detecting neonatal
sepsis conducted over Nov 2012 to Nov 2013. 60 newborns admitted with suspected sepsis on the basis of clinical
presentation_were enrolled for the study. All the babies underwent septic screen (TLC, ANC, CRP, I/T Ratio, Platelet
count and micro ESR) and Blood culture. Septic screen was considered positive if any 2 parameters were abnormal.
Using blood culture as gold standard in diagnosing neonatal sepsis, the sensitivity, specificity, PPV and NPV for septic
screen were calculated. The study population consisted of more male (40), preterm (41) and LBW babies (42). Nearly
70% of the cases were outborn and only 30% were inborn babies. 54 (90%) were early-onset, only six (10%) were late-
onset sepsis. Out of 60 cases, 44 (73.3%) were septic screen positive i.e., two or more parameters were abnormal and 16
(26.7%) were negative. A total of 48 (80%) cases were blood culture proven sepsis and 12 (20%) were negative. 37
(61.2%) cases had positive blood culture and septic screen, only five (8.2%) cases were negative for both. Out of 48
culture positive cases, 11(18.2%) were negative on septic screen and seven (10.2%) septic screen positive cases didn’t
grow anything in blood culture. A positive septic screen had sensitivity of 77%, specificity of 41%, PPV of 84% and

NPV of 31% when blood culture is considered as gold standard to detect neonatal sepsis.
Keywords: Neonatal sepsis, Septic screen, micro ESR, CRP, Blood culture.

INTRODUCTION

Sepsis is the commonest cause of neonatal
mortality; responsible for about 30-50% of the total
neonatal deaths in developing countries [1, 2]. It has
been reported that approximately 1% neonates die of
sepsis related causes and it has been estimated that up to
20% of neonates develop sepsis [2]. The mortality due
to sepsis can be prevented with early diagnosis, rational
antimicrobial therapy and aggressive supportive care

[3].

Neonatal sepsis (NNS) is a clinical syndrome
characterized by signs and symptoms of infection in the
first month of life with or without accompanying
bacteremia [3]. National Neonatal Perinatal Database
(NNPD, 2002-03) reported neonatal sepsis in 30 per
1000 live births and reported as the commonest causes
of neonatal mortality that contributes to 19% of all
neonatal deaths [4]. In spite of adequate treatment with
modern antibiotics has been a challenge because of its
high incidence and its bad prognosis [5]. Optimal
diagnosis and treatment strategies are difficult to define.
The signs and symptoms are protean with high

mortality and thus there is a urgent need to know
whether the baby has sepsis in order to initiate
treatment as quickly as possible, but confirmation of
diagnosis by definitive blood culture is not possible
rapidly.

Early diagnosis of NNS has remained a
frustrating experience even in the developed countries.
Due to the subtle and non-specific signs and symptoms,
prompt and correct diagnosis of NNS is difficult. The
blood culture is of gold standard for diagnosis but, it is
costly and delay of at least 48 hours before preliminary
results are received. The yield of blood culture is
between 30%-70%. Therefore, some neonates with
sepsis may go undetected. Additionally, inability to
adequately exclude the diagnosis of neonatal sepsis
early results in prolonged and unnecessary exposure to
antibiotics [6].

Newer inflammatory markers such as
interleukin-6, interleukin-8, and plasma elastase are
highly sensitive and specific to diagnose neonatal sepsis
and septic shock, but they require sophisticated and
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expensive kits [7]. Therefore, impractical for routine
clinical work-up in community health delivery systems,
particularly in developing countries like India. A
simple, quick, inexpensive laboratory test which may
assist the diagnosis of sepsis (or its exclusion) would
ensure early treatment and prevent unnecessary
antibiotic therapy and hence this study was planned.

METHODOLOGY
Study Design: Cross sectional study.

Source of Data: Neonates admitted to our NICU with
clinical suspicion of sepsis during Nov 2012 to Nov
2013.

Sample Size: All the babies satisfying the inclusion
criteria and admitted during the study period were
included in the study. This came up to 60 newborns.

Inclusion Criteria: Neonates (<30 days) admitted to
our NICU with clinical suspicion of sepsis.

Exclusion Criteria:
* Neonates who received antibiotics before
admission.
* Neonates who died before work up were
complete.
*  Neonates who underwent surgery.

Data Collection:

Institutional Ethical committee clearance was
taken prior to the study and Parental written consent
was taken before enrolling newborn to the study.

All the babies underwent sepsis screen and
blood culture. Blood samples were obtained under strict
aseptic precautions from peripheral venepuncture in all
neonates within 24 h of admission, before initiation of
antibiotic therapy.

Sepsis screen included following tests: Total
Leucocyte Count (TLC), absolute Neutrophil Count
(ANC), Platelet Count (PC), Immature: Total
Neutrophil ratio (I: T ratio), Micro Erythrocyte
Sedimentation Rate (mESR), C-reactive protein (CRP)
tests.

Cell counts were obtained from an EDTA
anticoagulated sample using Coulter cell counter. CRP
was estimated using Latex agglutination slide test.
Micro -ESR was estimated with capillary blood
obtained by heel prick, collected in a standard 75 mm
heparinised micro-hematocrit tube with internal
diameter of 1.1 mm. Air was not allowed to interrupt
the column of blood to avoid false normal result and
one end of the tube was sealed with 2-3 mm of soap.
The capillary tubes were placed on vertical lines drawn
on a wall of each ward using 45 degree set square
(rule). The distance from the highest point of the plasma
column to the meniscus of the packed red cell column

(height of the plasma column) of each tube was
measured with a rule. Mini-ESR was considered to be
elevated if the height of plasma column is more than
15mm.

Sepsis screen was considered positive if any 2
of the following were present [8-12]:

« Total Leucocyte Count (TLC) of <5000/cu mm
or >20000/cumm

«  Absolute Neutrophil Count of < 1800/cumm

e /T ratio of > 0.2,

«  Micro ESR >15mm in 1* hour

«  Platelet Count of < 150000/cumm

*  CRP value of >1 mg/L.

The cut-off value taken for CRP was 1 mg/dl,
as recommended by the manufacturers was considered
as marker of infection.

Blood culture was performed under strict
sterile precautions. A single blood sample (2 ml) was
inoculated into the culture bottle. The BacT alert
microbial detection system was used for blood culture.

Apart from the above tests, babies underwent
other relevant tests like chest X ray, Urine analysis,
urine culture, lumbar puncture and CSF analysis
depending on the clinical presentation. All the babies
with positive blood culture underwent CSF analysis.

After initiating antibiotics, babies were
monitored for the response. Depending on the blood
culture report and clinical response, therapy was
modified. In case of positive blood culture, antibiotics
were narrowed down to target specific organism
depending on the sensitivity pattern. If blood culture
was negative in a septic screen positive baby, decision
on antibiotics was made depending on clinical
condition. If there is a strong clinical suspicion,
antibiotics were continued irrespective of septic screen
or blood culture report.

Statistical analysis

All the study parameters were entered in the
excel sheet and were analysed using epi-info software.
Descriptive parameters were used for the univariate
analysis. Sensitivity, specificity, NPV and PPV of
septic screen was compared with culture outcome (gold
standard) using a contingency table.

RESULTS

A total of 60 neonates admitted to our NICU
on first come first serve basis formed the study group.
All the babies underwent work up; none of the babies
were excluded from the study. The study group
consisted of more no of males (66.6%), preterms
(68.4%), low birth weight (70%) and outborn babies
(68.4%). As high as 90% of cases were early onset
sepsis (table 1).
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Table 1: Demographic and maternal data of the study group

Parameters Values (%)
Sex
Males 40 (66.6)
Females 20 (33.4)
Gestational age
Term 19 (31.6)
Preterm 41 (68.4)
Birth Weight
Low birth weight 42 (70)
Normal birth weight 18 (30)
Age at onset
Earl onset sepsis 54 (90)
Late onset sepsis 6 (10)
Place of delivery
Inborn 19 (31.6)
Outborn 41 (68.4)
Maternal data
PROM > 24 h 15 (25)
Meconium stained liquor 5(8.3)
Foul smelling liquor 5(8.3)
Maternal fever 5(8.3)

Out of 60 suspected sepsis cases, 44 (73.3%)
were septic screen positive i.e., two or more parameters
were abnormal and 16 (26.7%) were negative. A total
of 48 (80%) cases were blood culture proven sepsis and
12 (20%) were negative. 37 (61.2%) cases had positive
blood culture and septic screen, whereas only 5(8.2%)
cases were negative for both. Out of 48 culture positive

cases, 11(18.2%) were negative on septic screen and 7
(10.2%) septic screen positive cases didn’t grow
anything in blood culture. A positive septic screen had
sensitivity of 77%, specificity of 41%, PPV of 84% and
NPV of 31% when blood culture is considered as gold
standard to detect neonatal sepsis.

Table 2: Relation between septic screen and blood culture

Blood culture Positive Blood culture Negative Total
Septic screen Positive 37 7 44
Septic screen Negative 11 5 16
Total 48 12 60

p- 0.137, Cl 95%

When considered individually, the sensitivity,
specificity, PPV and NPV value of each of septic
parameters varies widely. CRP individually had better
sensitivity (81.2%), specificity (50%), PPV (86.6%) and
NPV (40%) than a positive septic screen.

12 neonates (20%) were treated as clinical
sepsis, in which 5(8%) neonates had both blood culture
and septic screen negative.

Among 48 culture proven sepsis, 9 (18%) had
meningitis. None of the CSF culture showed any
growth. Blood culture positive rate in Early Onset
Sepsis was 77.8% (42) and 100% in Late Onset Sepsis.

There was one death recorded among study
population, which grew Staphylococcus.

DISCUSSION
Neonatal sepsis is a clinical syndrome. It is
characterized by signs and symptoms of infection with

or without bacteremia in the first month of life [13].
The diagnosis of neonatal infection is difficult to
establish based on the clinical picture alone, yet it is
imperative that treatment is instituted early because of
the high mortality associated with neonatal infection.

Of the infected babies, 66.6% were boys and
70% were low birth weight. This was possibly due to
impaired defense mechanisms and low immunoglobulin
G levels in boys and low birth weight neonates [14-16].
More number of out born babies emphasizes the fact
that a good hygienic care in peri partum period prevents
neonatal sepsis.

Non-infectious  disorders may  produce
haematological changes similar to those seen with
infection, thereby compromising the specificity and
PPV of the hematological screening tests. However, a
combination of hemotological changes and/or a rise is
CRP as septic screen, can be used to improve the
diagnosis. Previously many authors have tried to find
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out the credibility of septic screen with blood culture as
gold standard to detect neonatal sepsis.

As no single individual haematological
parameter is superior in comparison to another in
predicting neonatal sepsis, a combination of these
parameters in the form of septic screen has been
recommended [17-19].

Total Leucocyte Count in response to sepsis,
varies widely. Cut off values for normal range is not
defined and offers little help in diagnosis. A TLC < 10
x 10%L or >20 x 109/L had a sensitivity of 86%, and a
TLC < 5 x 109/L had a sensitivity of 32% as per
Spector et al. [20]. Whereas, Chandna et al. [15] and
Liu et al. [21] reported sensitivities of 17% and 29%
respectively for a TLC < 5 x 10%/L. In the present study
TLC < 10 x 10%/L had a sensitivity of 58%, an NPV of
28%, with a PPV of 87%.

In neonatal sepsis, probably because of
utilization at the infection site and adhesion to
endothelial cells, neutropenia is a more common finding
than neutrophilia [22]. Berger et al. recommended a
value <4 x 109/L (sensitivity 78%, PPV 25%) to detect
early onset sepsis [23]. In the present study, ANC <
1750/mm? had a sensitivity of 77% and a PPV of 80.4%
in detection of sepsis. Neutropenia in newborns can
occur in cases of asphyxia, certain inborn errors of
metabolism and also in Pregnancy induced hypertension
in mother [22]. Therefore, its use as a sole predictor of
sepsis is misleading. The variations between the results
in different studies may be due to different criteria used,
timing of sample, severity of infection, and the age of
presentation and the reduced sensitivity of these tests in
first week of life.

A ‘left shift’ of neutrophils happens during
sepsis because of immature netrophils released from
marrow which increases the ratio of Immature to Total
neutrophils. Manroe et al. [24] observed that in healthy
neonates, |/T ratio was 0.16 in the first 24 h, which fell
to 0.13 by 60 h and remained so until 28 days of age.
Christensen et al. [26] suggested that neutrophil ratios
were often abnormal during neonatal sepsis. In the
present study, I/T ratio > 0.2 had a sensitivity of 52%,
while Rodwell et al. [26] had a sensitivity of 47% with
same cut off. The reported cut-off value of I/T ratio is
variable in different studies, possibly due to the inter
observer variation in interpretation of peripheral smear
[27, 28]. Rodwell et al. [26] used I/M > 0.30 as a
predictor of infection. Unlike ANC, I/T ratio will not

increase in cases of neonatal asphyxia. Thus, neutrophil
ratios overcome the limitations of neutropenia and give
fewer false negative results compared with band count.

Platelet counts drop in sepsis, possibly because
of disseminated intravascular coagulation and the
damaging effects of endotoxin [29]. In the present
study, the platelet count was not found to have good
sensitivity (41.6%) and Specificity (41.6%).

Gerdes [30] has recommended normal value of
micro-ESR as "day of life +3" corresponding to the 95™
percentile value reported by Adler and Denton [36]. It
would imply that 95" percentile values for micro-ESR
on postnatal days 1, 3, 5 and 7 would be 4mm, 6mm,
8mm and 10 mm, respectively. 10mm has been
considered as highest normal range for newborns more
than 7 days. In our study, we considered micro ESR
more than 15mm in 1* hour as positive. With this cut
off, we had sensitivity of 43%, Specificity of 75%,
Positive predictive value of 87% and Negative
predictive value of 25%. Other studies Walliullah et al.
[31] and Mondal et al. [32] found Sensitivity of micro
ESR to be 63% and 63.2% respectively.

The result of the similar studies varies widely
probably because of the differences in the sample
collection method and inter-observer variations. In the
present study, only peripheral blood samples were used
while Rodwell et al. [26] obtained blood from umbilical
cord, heel stick, peripheral venipuncture and umbilical
artery catheter.

In the present study, CRP was the single best
diagnostic test of the various indicators of sepsis. When
considered with any of the hematological parameter, the
sensitivity, specificity, PPV and NPV reduced. Da Silva
et al. [33] too found the same. Sharma et al. [34]
observed that CRP had 80% sensitivity and 93%
specificity. Chandana et al. [15] observed 83%
sensitivity but only 42% specificity for CRP. This
variation could be because of the different
methodologies used to measure CRP and the cut off
used.

We had a high blood culture positive rate of
80%, probably because of low antenatal antibiotics and
BacTec culture methods used. Probably because of high
blood culture positivity rate, septic screen sensitivity,
specificity and NPV were low compared to other
studies (Table 3).

Table 3: Comparison of sensitivity, sensitivity, PPV and NPV of septic screen in comparison with blood culture

Sl. No. Author Year Sensitivity Specificity PPV NPV
1 Philip et al. [35] 1980 93% 88% 39% -
2 Chandna et al. [15] 1988 88% 23% 51% -
3 Gerdes et al. [30] 2004 100% 83% 27% 100%
4 Present study 2013 77% 41% 84% 31%
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Strengths of the present study:

» High culture positive rate.

»  We used Micro ESR as one of the parameter of
septic screen, which is a simple, easy to
perform, cost effective, and bed side test.

Limitations:

e No documentation of intrapartum antibiotic
administered. However, culture positive rate
was very high in our study.

e Sample size is low compared to other studies.

CONCLUSION

A positive septic screen has sensitivity of 77%,

specificity of 41%, positive predictive value of 84% and
negative predictive value of 31% when blood culture is
considered as gold standard test to diagnose neonatal
sepsis.
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