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Abstract
Neonatal sepsis is the most common cause of morbidity and mortality in neonatal period particularly in the
developing countries. Early diagnosis and treatment of sepsis is essential since a delay in treatment can lead to
neonatal death. Different investigative techniques are assessed for usefulness, either singly or in combination, for the
early detection of neonatal sepsis. The results of blood culture may be negative despite presence of bacterial infection.
Therefore, early diagnosis is difficult, despite advanced bacteriological techniques. Inflammatory markers can also be
used for early diagnosis such as C-reactive protein but it does not reliably differentiate between systemic
inflammatory response and sepsis. Therefore, there is a need to identify a biomarker by which an infected neonate can
be identified rapidly before the onset of life threatening symptoms and for the promt institution of anti-microbial
therapy, which improves outcomes. Assessment of Procalcitonin (PCT) in the serum may help in the rapid and
accurate diagnosis of sepsis as it is a reliable and specific biomarker.
Keywords: Neonatal sepsis, SIRS, CRP, PCT
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consuming and often yield false-negative results.
The result is ready only 24-72 hours after
sampling and during this period, it is necessary to
treat the suspicious neonates for sepsis with
antibiotics the basis of clinical features and risk
factors. Thus, leading to unnecessary antibiotic
consumption, a higher incidence of side effects
due to their use, increased resistance to
antibiotics, long hospitalization and increased
health costs4.

Introduction
Neonatal septicaemia is defined as bacterial
infection documented by a positive blood culture
in a first four week of life. The incidence of
neonatal sepsis varies from 11-24.5/1000 live
births in India.1 Neonatal sepsis is classified into
early or late according to the age at onset of
infection during the neonatal period. The most
widely used definition of early onset neonatal
sepsis is sepsis that occurs within the first 72
hours after birth. Onset of sepsis between 72
hours and 28 days of life is defined as late onset
neonatal sepsis.

The readily achievable complete blood count and
the leucocyte differential assays have a relatively
poor specificity for diagnosing sepsis. The
associated band count and a leftward shift of the
myeloid immaturity measurements may improve
the diagnostic yield but their subjective
measurement is problematic. Therefore, there is a
need of using fast diagnostic methods including
laboratory parameters for the early and accurate
diagnosis of neonatal sepsis. Subsequently studies
have suggested that additional markers such as Creactive protein (CRP) and more recently,
Procalcitonin (PCT) can be useful.

Early onset sepsis (EOS): It presents within 72 hrs
of life. The main source of infection is maternal
genital tract. In the west, early onset infections are
mostly caused by group B streptococci and
Escherichia coli, while in our setup most cases are
due to gram negative organisms especially E.coli,
Klebsiella and Enterobacter species. Majority of
the neonates with early onset sepsis manifest as
respiratory distress
due
to
intrauterine
pneumonia.2

PCT is a 116-amino acid protein, a precursor of
calcitonin which is produced by thyroid. In sepsis,
macrophages and monocytic cells of the liver are
involved in the synthesis of PCT.PCT is detected
in the blood of healthy people but may increase to
about 1000 folds or more when there is an active
infection. PCT levels are believed to rise within 2
hours of infection, detectable within 4 hours,
peaking at 6 hours and remaining there for 8 to 24
hours. This favourable kinetics of PCT makes it
ideal to be used as a biomarker.5,6

LOS (Late- onset sepsis): It is acquired by
horizontal transmission of infection at home,
hospital or in the community after day 4 of
postnatal period. It is acquired as nosocomial
infection from the nursery or ward. In most cases,
symptoms appear by the end of first week or
during second week of life. About two third cases
of late onset septicaemia are caused by Gram
negative organisms like Klebsiella pneumoniae,
E. coli, Pseudomonas aeruginosa while the rest
are Gram positive organisms including
Staphylococcus aureus and Coagulase Negative
Staphylococci (CONS).3

The use of PCT in the diagnosis of sepsis may be
advantageous because unlike many other
biomarkers which suffer from elevations in
conditions other than bacterial infection, PCT
offers an improved specificity in bacterial
infections. It is known to be able to distinguish
between patients with confirmed bacterial versus
viral infections and infectious versus noninfectious
inflammatory
conditions.
The
advantage of PCT as compared to CRP is that, it
has an early increase in concentration in bacterial
infection and even its restoration to normal is
more rapid.7

The diagnosis of neonatal sepsis by clinical
features is difficult due non specific signs and
symptoms and it is often mimicked by lot of other
disorders affecting the newborn.
Investigations:
Blood culture
Although blood culture remains the gold standard
in the diagnosis of neonatal sepsis but it is time
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PCT has also been studied in critical care patients
both as a diagnostic and prognostic test and for its
ability to aid antibiotic stewardship by safely
shortening antibiotic course length.8

suggestive of inborn errors of metabolism and in
neonates with any congenital anomalies.
Detailed history was obtained from the parents
and a complete physical examination was done.

Therefore, the present study is aimed to evaluate
the role of PCT levels in early and accurate
diagnosis of neonatal sepsis and its correlation
with clinical, biochemical and haematological
profile in these patients.

Sample collection and transportation:
Under complete aseptic conditions, blood samples
were obtained from each neonate prior to
commencement of antibiotics: each sample was
divided into 3 parts:
first part in sterile
vaccutainer tube for CRP and PCT, second part in
EDTA tube, and the third part in blood culture
bottle. Then samples were transported
immediately to Microbiology and Haematology
laboratory. Lumbar puncture and other
investigations were done as when indicated.

Aims and Objectives
1. To evaluate the role of procalcitonin as
diagnostic inflammatory marker in neonatal
sepsis.
2. To study its correlation with clinical,
biochemical and haematological profile in
neonates.

Written informed consent was obtained from
parents for participation of their neonates in the
study.

Materials and Methods
This study was conducted in the Pathology
Department, GMC Amritsar in collaboration with
the departments of Paediatrics and Microbiology
after seeking permission from the Institutional
Ethical Committee Government Medical College,
Amritsar.

All neonates admitted in Guru Nanak Dev
Hospital were investigated as follows:
1. Sepsis screen:
Blood smears were studied after leishmann stain
for morphological features which were looked
under 400x and oil immersion lens.

The present study included blood samples taken
from Neonates more than 4 days old and less than
28 day old with suspected bacterial infection who
were hospitalized in neonatal intensive care units,
nursery and paediatric wards of Guru Nanak Dev
Hospital Amritsar. A prospective study from
January 2017 to June 2018 was done.

Total leucocyte count was done.
WBCs=differential count for 100 cells
Absolute neutrophil count was calculated,
degenerative changes in the neutrophils such as
toxic granulation, and vacuolization were also
noted.

Inclusion criteria:
Any neonate with signs and symptoms suggestive
for sepsis or who developed signs of sepsis while
in the ward in 4-28 days of life.

Calculation of I/T Ratio:
We calculated I/T ratio by dividing the total
immature neutrophil count (including bands,
myelocytes and metamyelocytes) by total
neutrophil count (both immature and mature). I/T
ratio ≥0.2 was considered positive for sepsis.

Exclusion criteria:
The exclusion criteria for this study was
administration of antibiotic therapy prior to
admission, neonates with birth asphyxia,
aspiration syndromes, laboratory findings
29
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Platelet count was done. Thrombocytopenia
(< 100X109 /lt) was considered positive for
sepsis. Other investigations were done as when
required.

Serum Procalcitonin:
Serum PCT was measured quantitatively by
ELISA
technique
(Enzyme-Linked
Immunosorbent Assay) using RD191006200R
Biovendor Human PCT ELISA kit as per
manufacturer instructions. This assay employs an
antibody specific for human PCT coated on a 96well plate. It is a sandwich enzyme immunoassay
for the quantitative measurement of human PCT.

2. Blood culture:
Blood sample was collected under aseptic
precautions and sent to bacteriology lab for
further processing. Sample with positive blood
culture was considered as confirmed sepsis.

Interpretation:
3. Measurements of biomarkers:
The standard curve is constructed by plotting the
mean absorbance (Y) of Standards against the
known concentration(X) of Standards in
logarithmic scale, using the four- parameter
algorithm. Results are reported as concentration
of PCT in samples.

CRP & PCT Assays:
Patients' blood samples in sterile vaccutainer tube
was allowed to clot for 30 minutes then
centrifuged at 3000 RPM for 15 minutes. Serum
was separated and divided into 2 parts, one was
tested immediately for CRP and the other stored
at -20° C till PCT analysis.

The measured concentration of samples calculated
from the standard curve are multiplied by their
respective dilution factor:-concentration obtained
(from standard curve) x 3(dilution factor) =PCT
concentration

Serum CRP:
Serum CRP level measurements were tested by
the semi-quantitative latex agglutination test.

PCT concentration and interpretation for
diagnosis of sepsis is as follows:9 0.05 - <0.5
ng/ml-no bacterial infection

Calculation: CRP concentration (mg/l) =
Sensitivity X Titre (highest dilution serum
showing agglutination) where,CRP sensitivity=6
mg/l

≥0.5 - < 2 ng/ml- local infection/moderate SIRS
≥2.0 - <10 ng/ml-severe SIRS
≥10ng/ml- severe bacterial sepsis/septic shock.

Value > 6 mg/lt was taken as cut off.

CRP Latex agglutination kit
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Photograph showing various kit components of RD191006200R biovendor human procalcitonin
ELISA

Photograph showing various kit components of RD191006200R biovendor human procalcitonin
ELISA
Procalcitonin Assay

Microtitre plate with yellow product Formedin some wells
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Microtitre plate with yellow product formed in some wells
culture. Thus Leukopenia had 28.5% sensitivity,
97.6% specificity and 66.6% positive predictive
accuracy.

Results
Based on our clinical findings and laboratory
data, 50 neonates were eligible for the study. The
age range of clinical presentation was 4-28 days.
Majority of the cases, i.e. 17 (34%) in our study
belonged to 4-7 days of age range while the least
patients were in the age range of 22-28 days
(16%).Males (68%) outnumbered the females
(32%) in the study. Fever (34%) was the most
common presenting feature followed by refusal to
feed (20%) and respiratory distress (18%).
Bacteria could only be isolated in 9 (18%) cases
while no growth was detected in 41 (82%) cases.
The most common organism isolated was E. coli
followed by Klebsiella pneumoniae.

Out of total 24 cases with Toxic granulation,
positive culture was present in 9 cases while 25
cases showed no growth on culture. Similarly Out
of total 26 cases without Toxic granulation, all
cases showed no growth on culture. Thus toxic
granulation had 100% sensitivity, 63% specificity
and 37.5% positive predictive accuracy.
Out of total 14 cases with I//T≥0.2 ratio, positive
culture was present in 7 (50%) cases while 7
(50%) cases showed no growth on culture.
Similarly, out of total 36 cases with I/T<0.2 ratio,
positive culture was present in 2 (5.5%) cases
while 34 (94.4%) cases showed no growth on
culture. Thus I/T ratio had 77.7% sensitivity, 83%
specificity and 50% positive predictive accuracy.

Out of total 9 cases, 7 cases (77.7%) of sepsis
were caused by gram negative bacteria while 2
cases (22.2%) were caused by gram positive
bacteria.

Out of total 6 cases (12%) with platelet count ≤ 1
lakh/cmm, positive culture was present in 4
(66.6%) cases while 2 (33.3%) cases showed no
growth on culture. Similarly, out of total 44 cases
(88.8%) with > 1 lakh/cmm, positive culture was
present in 5 (11.36%) cases while 39 (88.6%)
cases showed no growth on culture. Thus platelet
count had 44.4% sensitivity, 95% specificity and
66.6% positive predictive accuracy.

Septic screen:
Leucopenia with count <5000/cmm was
considered positive for septicemia. Out of total 3
cases with leukopenia, positive culture was
present in 2 cases while 1 case showed no growth
on culture. Similarly, out of total 47 cases
with>5000/cmm, positive culture was present in 5
cases while 42 cases showed no growth on
32
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Correlation of serum CRP and PCT with culture
was done and sensitivity, specificity and PPV
were calculated (table1, 3).
Table 1 :CRP Profile in study population
CRP
Positive
(>6mg/dl)
Negative
(≤6mg/dl)
Total

Positive culture

Culture
Negative culture

Total

6

11

17

3

30

33

9

41

50

Table 1: Out of total 17 cases (34%) with Positive
CRP, positive culture was present in 6 (35.2%)
cases while 11 (64.7%) cases showed no growth
on culture. Similarly, out of total 33 cases (66%)
with negative CRP, positive culture was

present in 3 (9.09%) cases while 30 (90.9%) cases
showed no growth on culture. In the present
study, CRP had 66.6% sensitivity, 73.1%
specificity and 35.2% positive predictive
accuracy.

Table 2: Distribution of cases according to serum PCT levels

Table 3: Correlation of serum PCT levels with culture (n=50)
PCT
Positive
(≥0.5 ng/dl)
Negative
(<0.5 ng/dl)
Total

Positive culture

Culture
Negative culture

Total

8

20

28

1

21

22

9

41

50

Table 3: Out of total 28 cases (56%) showing
positive serum PCT, positive culture was

present in 8 (28.6%) cases while 20 (71.4%) cases
showed no growth on culture.
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Table 4: Comparison of CRP and serum PCT levels
Positive cases
Number
%age
28
56%
17
34%
Significant

Biomarkers
PCT
CRP
CHI Square Test

p-value<0.05

The chi-square statistic is 4.8889. This result is significant (p <0.05).
Table 5: Mean PCT values according to the organism isolated on culture:
Organism
Gram negative
Kleibsiella pneumoniae
bacteria
(n=7)
E. coli
Gram positive bacteria
Staphylococcus aureus
(n=2)
Table 5: Mean PCT value was found to be highest
in E. coli positive samples (21.6ng/ml),

Frequency

Pct value
14.1

3
4

21.6

2

9.33

followed by K. pneumoniae (14.1ng/ml) and then
Staphylococcus aureus (9.33ng/ml).

Table 6: Diagnostic accuracy in combination of any two tests:
Test
Toxic granulation
+ platelet count

Toxic granulation
+I/T ratio

Toxic granulation
+ CRP

Toxic granulation
+PCT

Positive
Negative

Culture
positive
5
4

Culture
negative
16
25

Total

9

41

50

Positive
Negative

6
3

7
34

13
37

Total

9

41

50

Positive
Negative

7
2

10
31

17
33

Total

9

41

50

Positive

8

9

17

Result

34

Total
21
29

Statistics
Sensitivity: 55.5%
Specificity:60.9%
Positive
Predictive
Value:
23.8%
Senstivity:66.6%
Specificity:82.9%
Positive
Predictive
Value
46.1%
Senstivity:77.7%
Specificity:75.06%
Positive
Predictive 41.1%
Value
Senstivity:88.8%
Specificity:78%
Positive
Predictive 47.1%
Value
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Negative
Total
Platelet count + Positive
I/T ratio
Negative
Total
Platelet
CRP

count+ Positive
Negative
Total

1
9
4
5

32
41
6
35

33
50
10
40

9

41

50

4
5
9

9
32
41

13
37
50

Plateletcount+PCT

Positive
Negative
Total

5
4
9

18
23
41

23
27
50

CRP + I/T

Positive
Negative
Total

4
5
9

5
36
41

9
41
50

PCT+i/t

Positive
Negative
Total

5
4
9

4
37
41

9
41
50

CRP+PCT

Positive
Negative
Total

6
3
9

8
33
41

14
36
50

Senstivity:44.4%
Specificity: 85.3%
Positive
Predictive :40%
Value
Senstivity:44.5%
Specificity:78%
Positive
Predictive :30.7%
Value
Senstivity:55.5%
Specificity:56.1%
Positive
Predictive :21.7%
Value
Sensitivity: 44.4%
Specificity:87.8%
Positive
Predictive :44.4%
Value
Senstivity:55.5%
Specificity:90.2%
Positive
Predictive :55.5%
Value
Senstivity:66.6%
Specificity:80.48%
Positive
predictive
:42.8%
Value

Table 6: In our study, the best combination was
toxic granulation with PCT which had sensitivity
of 88.8%, specificity of 78% and PPV of 47.1%.
Combination of PCT and I/T ratio had highest
specificity (90.2%)

makers rise in any kind of non-infective
inflammatory process. Neonatal sepsis with its
high mortality rate still remains a diagnostic and
treatment challenge for the neonatal health care
providers.11

Discussion

An early diagnosis of neonatal sepsis helps the
clinician in instituting antibiotic therapy at the
earliest, thereby reducing the mortality rates in the
neonates. The blood culture not only takes time
but it is also complicated with a low yield. The
readily achievable complete blood count and the
leucocyte differential assays have a relatively
poor specificity for diagnosing sepsis. The
associated band count and a leftward shift of the
myeloid immaturity measurements may improve

Sepsis includes a cascade of inflammatory
process whose diagnosis is complicated due to the
nonspecific signs and symptoms. Neonatal
sepsis, sepsis neonatorum and neonatal septicemia
are terms that have been used to describe the
systemic response to infection in newborn
infants.10It is a challenging task to establish an
ideal diagnostic marker of sepsis as most of these
35
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the diagnostic yield but their subjective
measurement is problematic. Therefore, new and
efficacious laboratory tests are needed in the
diagnosis of neonatal sepsis.10

episodes, found that serum PCT levels were
markedly higher for Gram-negatives than Grampositives.12
Sepsis screen:

Clinical manifestations of sepsis in the study
population:

Sepsis Screen is an extremely reliable index of
early neonatal septicaemia, with less expenditure
and serves as a good guide for initiating antibiotic
therapy. As seen in most of the studies,
conflicting results have been obtained in different
studies on diagnostic accuracy of individual
markers of sepsis screen. TLC, ANC, I/T ratio,
morphological or degenerative changes in
neutrophils such as vacuolisation, toxic
granulation, and platelet count have been studied.
In this study, sepsis screen was studied in culture
positive and culture negative cases. Bacterial
culture positivity gave definitive diagnosis of
septicemia.

In the present study, most commonly observed
clinical manifestations were fever (34%) followed
by refusal to feed (20%) and respiratory distress
(18%).This was in accordance with study
conducted by Das et al. and Shashikala et al.,
which also reported refusal of feed (61%),
respiratory distress (40%), convulsions (29%) and
abdominal distension (23%) as common signs and
symptoms.
Blood Culture:
Definitive diagnosis of neonatal sepsis is based on
blood or CSF culture, both of which take at least
24 to 48 hrs. In the present study, among 50 cases
of neonatal sepsis positive culture could only be
isolated in 9 (18%) cases while negative culture
was detected in 41 (82%) cases. Gram negative
bacilli constituted the predominant isolate
(77.7%) followed by the gram positive cocci
(22.2%). Among gram negative organisms, most
common was E.coli (44.4%) followed by
K.pneumoniae (33.3%) and among gram positive
organisms Staphylococcus aureus (22.2%) was
the only bacteria to be isolated. Naher BS et al
reported that blood culture was found positive
only in 3 cases (6%) and negative in 47 cases
(94%). It has been observed that usually Gram
negative organisms are more common in late
onset neonatal sepsis.

In our study, leukopenia had 28.5% sensitivity,
97.6% specificity and 66.6% positive predictive
accuracy. Vandana G et al reported sensitivity
40.9%, specificity 79% & positive predictive
accuracy 48% for the same.13
Our results showed that both sensitivity and
positive predictive value of an abnormal WBC
count is poor while other studies had shown only
positive predictive value being poor. This can be
explained on the basis that many non-infections
conditions can be associated with an abnormal
neonatal WBC count. Thus, the initial WBC with
differential cell count may not be helpful in the
decision to initiate antibiotic therapy for an
asymptomatic new born infant with identified risk
factor for sepsis. Nevertheless, it is common
practice to perform these tests as a part of the
immediate post natal assessment of the “at risk”
infant.14 Sucilathangam G. et al., also reported
that the total WBC count was normal in 12 out of
13 cultures with proven sepsis. 15 Recently,
Xanthou studied these changes more precisely in
healthy and diseased neonates and established its
usefulness as a supportive test for the diagnosis of
neonatal sepsis.16

The mean PCT levels in our study were found to
be highest in E. coli positive samples (21.6ng/ml),
followed by K. pneumoniae (14.1ng/ml) and
Staphylococcus aureus (9.33ng/ml). Thus, mean
PCT values were higher in gram negative
organisms as compared to gram positive
organisms. The ability of PCT to discriminate
infections by Gram positive or Gram –negative
organisms have recently described in various
studies. In accordance with our results, Charles et
al in a retrospective study on 97 bacteremia
36
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In the present study, toxic granulation had 100%
sensitivity, 63% specificity and 37.5% positive
predictive accuracy. Thus, it proves to be a
sensitive marker in neonatal sepsis. Vandana S et
al showed that toxic granulation had 68%
sensitivity, 54% specificity and 31.25% positive
predictive accuracy. Namedo et al observed toxic
granulation had 80% sensitivity, 70% specificity
and 69% positive predictive accuracy.14,17

and CRP, the difference
significant (p < .05).

was

statistically

In the present study, I/T ratio had 77.7%
sensitivity, 83% specificity and 50% positive
predictive accuracy. In accordance to our results,
Basu S et al and Narasimha A et al reported that
I/T PMN ratio and degenerative changes were the
most reliable tests for diagnosing sepsis. An
abnormal I/M PMN ratio was highly sensitive in
identifying sepsis.10,18During the bacterial
infections increased number of neutrophils are
released from bone marrow into the blood stream
providing neutrophils to migrate at the infected
site. This appears to be essential for the host,
resistant to bacterial infection. As more
neutrophils are released, more and more immature
cell reaches the circulation, a process called as
“shift to left”. This finding have been found
valuable in the early diagnosis of bacterial
infection.19

Carol et al in their study showed that PCT is more
sensitive than the CRP in the diagnosis of
septicaemia,
meningitis,
urinary
tract
infections.20Chiesa et al reported that the
sensitivity of diagnosing sepsis in neonates by
PCT during the first 48 hours of life as 85.7%; the
sensitivity of detecting late onset sepsis was
100%.21

Further in the present study, platelet count had
44.4% sensitivity, 95% specificity and 66.6%
positive predictive accuracy. Thus, our result
showed that it can be as reliable specific marker
for neonatal sepsis.

As recent investigations have largely focused on
advanced markers but many of these potential
markers of sepsis besides being expensive and
complex to perform, are still not routinely
available to the laboratory especially in
developing countries.

In the present study, sensitivity and positive
predictive value of serum PCT for detection of
neonatal sepsis was higher than that of CRP.
These findings support the usefulness of PCT
over CRP in establishing an early diagnosis of
neonatal sepsis.

Diagnostic accuracy of combination of markers
of sepsis screen and biomarkers:
An ideal early diagnostic test for infection would
have 100% sensitivity and specificity. Such an
ideal test, however, is rather unlikely to be
discovered, since most tests are measured on a
continuous scale with an overlap between infected
and non- infected infant.

In the present study, out of 50 neonates, 44%
were PCT negative (serum PCT <0.5ng/ml) while
Serum PCT levels was positive in 53% cases. Out
of PCT positive cases (PCT ≥5 ng/ml), majority
of the cases (28%) had PCT levels ≥ 10 ng/ml
which indicates several bacterial sepsis/ septic
shock; while least number of cases (4%) had PCT
levels in range of ≥2- <10 ng/ml indicative of
severe SIRS.

Furthermore, the greatest predictability usually
not results from a single assay but with the
combination of assays. So the focus of the
researches was shifted to use markers of sepsis
screen in combination for better diagnosis of
neonatal sepsis. 22
Accuracy in making early diagnosis of neonatal
septicaemia by any test depends on sensitivity i.e.,
diagnosing infection when it is not present and
positive predictive accuracy i.e., probability that a
patient with a positive test result has, even when
the disease in question.

We observed that CRP had 66.6% sensitivity,
73.1% specificity and 35.2% positive predictive
accuracy while serum PCT had 88.8% sensitivity,
51.2% specificity and 28.5% positive predictive
accuracy. On comparison between serum PCT
37
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In our study, the best combination was PCT with
toxic granulation with a sensitivity of 88.8%,
specificity of 78% and PPV of 47.1%.
Combination of PCT with I/T ratio had highest
specificity (90.2%). It was observed that when
two on more tests were combined specificity and
positive predictive accuracy were increased. Our
observations are consistent with other studies
which also observed that positive predictive
accuracy and specificity of two test combination
was higher than individual tests, at the cost of
sensitivity. They also found that when two or
more tests were combined the specificity was
increased than the individual test.22,23
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We hereby, suggest the use of combination of the
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Conclusion
Late-onset sepsis is one of the leading causes of
morbidity and mortality in neonates. Its diagnosis
is extremely challenging due to non specific
clinical signs and symptoms which frequently
mimic non infectious etiologies. Blood culture
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