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ABSTRACT

Introduction: Sepsis in neonates contributes for approximately
15% of the neonatal mortality in India. Even though a positive
blood culture is pertinent for diagnosis, the technique is time
consuming and is positive in only 10-40% cases.

Aim: The purpose of this study was to assess the effectiveness
of haematological criteria studied by Rodwell RL et al., in 1988
in early prediction of neonatal sepsis and to correlate the
score obtained with other ancillary tests like CRP, micro-ESR,
Procalcitonin and culture.

Materials and Methods: In the present study, blood samples
of 450 neonates with clinical suspicion of sepsis were studied
for one and half years. Leishman stained peripheral smear
of these neonates was evaluated and scored on a scale of 7
based on the haematological parameters of Rodwell’ s criteria.

INTRODUCTION

Sepsis Neonatorum is the term used to describe systemic
response to infection in newborn infants in the 1st month
of their lives. The overall incidence of neonatal sepsis varies
between 1-8% cases of all live birth [1].The timely and
accurate diagnosis of sepsis in newborns has proved to be
a challenging task for the treating physicians since many
years however, no dependable single tests are accessible.
An exhaustive search for a variety of haematological and
biological markers has evoked numerous researchers. There
is an expanding spectrum of laboratory tests available for
determination of sepsis.

It is critical to make an early analysis of sepsis, since
provoked establishment of antimicrobial treatment enhances
the result. Blood culture positivity is the yardstick for
declaring septicaemia in newborns and adults. However,
it has its own particular constraints as it demands a well
equipped microbiology laboratory and the result obtained
takes minimum time around 24-72 hours. Statistically out of
the 7-13% of neonates assessed for sepsis, just 3-8% have
culture demonstrated sepsis [2-5]. Institution of antibiotics
before culture often increases the problem of unnecessary
exposure to antibiotics and bacterial resistance. So, the

National Journal of Laboratory Medicine. 2018, Jul, Vol-7(3): PO29-PO33

Original Article

Basic Haematological Scoring
System-Is it the most Accurate
Neonatal Sepsis Predictor?

TUSHAR PRIYANKA, HEMALATA

An impression of unlikely, possible and very likely of sepsis was
assigned to scores of < 2, 3 or 4 and > 5 out of 7 respectively.

Results: Out of the total 450 cases, 120 (27%) cases were
sepsis proven showing high Rodwell’s score and culture
positivity. In these cases the performance of HSS scoring
system was separately evaluated. Of the individual parameters
the absolute neutrophilia count and increased immature
neutrophil count had highest specificity of 91% and 92%
respectively. The other parameters like, Immature: Total ratio,
degenerative changes and thrombocytopenia were statistically
significant with p-value <0.005.

Conclusion: Haematological scoring system is rapid, simple,
inexpensive and reliable test in the early diagnosis of neonatal
sepsis against the gold standard culture in differentiating
infected from non-infected neonates.
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significance of various screening tests, either singly or
in combination is observed.Various studies have shown
the Haematological Scoring System (HSS) by Rodwell et
al., appears feasible, simple, less time consuming and
economical [6-8]. Hence, the present study is undertaken
to evaluate the significance of haematological profile in early
diagnosis of neonatal sepsis.

MATERIALS AND METHODS

This hospital based prospective study was conducted in
Department of Pathology at KIMS Hospital and Research
Centre , Bangalore, India, from October 2014 to May 2016.
Blood samples of neonates with clinical suspicion of sepsis
were sent to central laboratory of institute. Neonates severely
jaundiced due to blood group incompatibilities were excluded
from the study. Under complete aseptic conditions 0.5-1mL
of blood samples sent on routine basis were obtained from
clinically suspected neonates and were used in making
peripheral smears. Parental consent was obtained from the
neonatal wards and NICU before routine blood draw.

Clinical history, perinatal risk factors, physical examination
findings of the neonates, significant maternal history was
taken into account along with the probable diagnosis. Red
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blood cell count, hemoglobin, uncorrected WBC count,
platelet count was measured using Sysmex 1800i automated
analyser. Finally, Leishman stained peripheral smear (PS) of
these neonates were evaluated and scored according to 7
of Rodwell's criteria [6-8] as follows [Table/Fig-1,2] Blood
culture was done for all the suspected cases. The values
of Micro-ESR, CRP and Procalcitonin were included when

available.

Criteria Abnormalities Score
1.Total leukocyte count <5000/pl 1
(TLC) >25000 at birth 1
>30000-12-24 hrs 1
>21000 day 2 onwards 1
2.Total Neutrophil Count | 1800-5400 0
No mature PMN seen 2
Increased / Decreased 1
3.Immature Neutrophil 600 0
count >600 (Increased) 1
4. Immature: Total (I:T) 0.120 0
Neutrophil Ratio > 0.120 (Increased) 1
5. Immature :Mature(l:M) | <0.3 0
Neutrophil Ratio >0.3 (Increased) 1
6. Degenerative changes | Toxic granules / 1
in neutrophils cytoplasmic vacuolations
7. Platelet Count < 150000/ul 1

[Table/Fig-1]: Haematological scoring system (Rodwell RL et al.,)

Score Interpretation

<2 Sepsis is unlikely
3ord

Sepsis is possible

>5 Sepsis or infection is very likely

STATISTICAL ANALYSIS

Sensitivity, specificity, Positive Predictive Values (PPV) and
Negative Predictive Values (NPV) were calculated for each
parameter and p-values were also calculated for different
parameters. p-value <0.005 was considered statistically
significant. Data was compiled and statistically analysed by
using SPSS software version 20.0.

RESULTS

A total of 450 suspected neonatal sepsis cases were
included. The age, sex, gestational age, mode of delivery, birth
weight and clinical presentation were noted. The Rodwell‘s
haematological scoring system (HSS) was applied and status
of culture was noted. Based on the Rodwell‘s criteria /score
and culture status the neonates were further grouped into 3
categories. Group | (Unlikely of sepsis) included 268(60%)
neonates in whom both culture and Rodwell’s criteria (score
of <2) were negative; Group Il (Possibly sepsis) included
160(35%) neonates showing positive Rodwell’s criteria (score
3 or 4) with or without culture positivity {here 98(61%) were
culture positive and 62 (38.75%%) were culture negative}

and Group Il (Very likely of sepsis) included 22(5%) showing
high Rodwell’s score (>5) and culture positivity. Finally we
had 120(27%) proven sepsis cases showing high score
and culture positivity. In these performances, HSS scoring
system was separately evaluated. The sensitivity, specificity,
PPV and NPV of individual parameters were calculated.
The p-values of <0.005 was considered to be statistically
significant. The common organisms isolated were listed. The
C reactive protein, Micro-ESR and Procalcitonin levels were
noted wherever available.

DISCUSSION

The rampant prophylactic utilization of anti-infection agents
has come under vigorous scrutiny due to the development of
emergent drug resistance and cost of unnecessary therapy.
Moreover, the age old problems of limitations in the diagnosis
of neonatal sepsis still persists. Inthis regard, abasic study like
HSS having brisk demonstrative tests with more noteworthy
affectability are catching the attention of researchers, and
we require useful screening tool where a balance must be
achieved between sensitivity and specificity[8].

In this study, there were total 292 male babies and 158
females. Out of the 120 proven sepsis cases, 86 were male
babies (71.6%) and 34 were females (28.3%) with M:F ratio
being 2.5: 1. The prevalence of male newborns in septicaemia
may be attributed to the X-linked immunoregulatory quality
factor adding to the host’s susceptibility [9,10]. In the present
study also 93 /120 (77.5%) neonates with proven sepsis
presented within one week of birth with 46.2% presenting
within first 24 hours of birth. There was higher incidence of
sepsis in preterm neonates 88/120(73.3%). 83.3% of culture
proven neonates weighed < 2.5kg and very low birth weight
(< 1.5 kg) was noted in 16.6% cases. Thus, the incidence of
sepsis was high in the low birth weight neonates as evident
in other studies [11,12]. One of the maternal risk factors that
may contribute to sepsis is mode of delivery [13]. However,
in the present study only 33.3% of proven sepsis cases
were delivered by caesarean section and did not show a
strong association in predicting sepsis [14]. The clinical
presentations of neonates with sepsis varied. In the present
study respiratory distress was the commonest presentation
in proven sepsis cases (37.5%) followed by meconium
stained amniotic fluid (15%) and perinatal asphyxia (6%)
[Table/Fig-3]. The performance of individual haematological
parameters in diagnosing neonatal sepsis in the present
study [Table/Fig-4], was TLC had low sensitivity (23.63%),
high specificity (71.27%), and PPV (35.83%) which was
not much comparable to other studies [14-16]. Absolute
neutrophilia showed high specificity (91.04%), PPV (80%),
NPV (73.94%) sensitivity (52.75%) and significant p-value
(<0.001). These findings correlated with studies by Buch
AC et al., [16] and Makkar N et al., [17]. While in some
studies neutropenia was more significant [17-19]. Immature
neutrophil count [Table/Fig-5] had high specificity (92.91%),
PPV (84.17%), sensitivity (55.49%) and NPV (75.45%) with
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significant p-value (<0.001). Increased I:T ratio showed less
sensitivity (35.82%) and PPV (39.17%) with more specificity
(72.76%) and NPV (59.09%). The p-value (0.374) was not
significant. However different studies have shown variable
results in this parameter[19-23] The possible reasons could
be due to variations in the age , blood sampling time , the
severity of the infection. I:M ratio had the least sensitivity

Clinical features

Culture positive (n=120)

1.Sex distribution

86 (71.6%)-males

34(28.3%)-females

M:F-2.5:1

2. Age distribution

93 (77.5%)-<7 days

43 (46.2%)-1st 24 hours of birth

3. Gestational age

88 (73.3%)-preterm neonates (<37
weeks)

4. Birth weight

100 (83.3%) weighed < 2.5 kgs at
birth

5. Commonest presenting
complaint in neonates

45 (37.5%)-respiratory distress

6. Mode of delivery

40 (33.3%)-Caesarean section

[Table/Fig-3]: Clinical profile of culture positive neonates.
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(25.8%) with PPV(26.50%), but had high specificity (74.1%)
and NPV(60.2%). The p-value was less significant (0.221).
This variation could be due to time of blood collection as I:M
ratio reduces after 15t week of infection [23].

Hence, this parameter cannot be used alone for predicting
neonatal sepsis. Degenerative changes like toxic granules
and cytoplasmic vacuolations[Table/Fig-5,6] had higher
specificity (86.19%) and NPV (70%) , but a lower sensitivity
(45.60%) and PPV(69.17%) with significant <0.001 p-value.
Thrombocytopenia had high specificity (78.73%) and NPV
(63.94%) with significant p-value (<0.001) but showed low
sensitivity (34.62%) and PPV (52.50%) This was similar to
various studies [16,21] [Table/Fig-4].

Among the ancillary tests 120/450 cases (27 %) were culture
positive, Staphylococcus aureus was the predominant
organism (23.3%) followed by gram negative organisms,
similar to some studies [24,25]. The low yield of culture may
be attributed to the administration of antibiotics during the
last trimester, before delivery or intra-partum and at risk
cases[26]. The poor performance of the culture studies
compels the need for other sensitive parameters to identify
neonatal sepsis. The CRP test [Table/Fig-7] was elevated
in 112/120 (93%) sepsis proven cases. It showed high

Authors
Parameters
Sen% Spe% PPV% NPV%
1) TLC Khair KB et al[15](2010) 50 91 43 93
Leukocytosis: )
25,000 at birth Narasimha A et al[21](2011) 10.5 91.66 80 24.4
-> 30,000 at 12-24 hours Basu R et al [18](2014) 54.62 50.64 45.7 59.4
->21,000-Day 2 onwards
Leukopenia-< 5000/cm3 Present study 23.63 71.27 35.83 -
2) ANC Khair BK et al[15](2010) 92 38 43 93
Neutrophilia>5400 Makkar et al[17](2013) 86.3 79.16 79.16 81.25
Neutropenia<1800 Present study 52.75 91.04 80 73.94
Narasimha A et al[21](2011) 78.9 8.3 73.17 111
3) Immature neutrophils Makkar M et al[17](2013) 90.90 93.02 93.02 83.18
Present study 55.49 92.91 84.17 75.45
Narasimha A et al[21](2011) 63.15 75 88.8 39.13
4) I:T ratio Setal BC [22](2012) 28.2 73.3 - -
Present study 35.82 72.76 39.17 59.09
Narasimha [21](2011) 73.68 50 82.3 37.5
5) I:M ratio
Makkar M [17](2013) 50 95.65 95.65 61.4
Present study 25.8 741 26.5 60.2
Mondal[29](2012) 68 80 76 -
6) Degenerative changes Makkar M [17](2013) 72.72 94.11 94.1 73.91
Present study 45.60 86.19 69.17 70
Buch A C [16](2011) 46.15 83.64 76.9 56.7
7) Thrombocytopenia Makkar M [17](2013) 70.45 93.93 93.9 72.34
Present study 34.62 78.73 52.50 63.94
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[Table/Fig-4]: Performance of individual haematological parameters in culture proven cases in comparison with various studies.



vacuolations and cytoplasmic vacuolations, Leishman‘s Stain(x100).
[Table/Fig-6]: mature neutrophils with background of thrombocy-
topenia, Leishman’s stain (x100). (Images from left to right)

specificity (97.01%), PPV (93.33%), NPV (78.79%) and
sensitivity (91.54%) with significant p-value <0.001, thereby
proving to be a good diagnostic predictor. Micro-ESR [Table/
Fig-8]was elevated in 47/64 (73%) sepsis proven cases. It
showed high sensitivity (73.42%) and PPV (89.17%) but
low specificity(32.76%) and NPV (59.09%) with p-value
-0.742. This was comparable to some of the other studies
[24-29]. Thus, Micro-ESR is a good predictor of neonatal
septicaemia. Several studies have reported the usefulness
of the quantative measurement of PCT for early detection
of neonatal sepsis [30,31]. The PCT level is measured using
a quantative immunoassay. In the present study PCT levels
were raised in 64/87 (73.5%) proven sepsis cases. This
showed high sensitivity (100%), PPV (100%) , NPV(80%) and
specificity (90%) with significant (p-value <0.001).

[Table/Fig-7]: CRP showing agglutination. [Table/Fig-S]: showing
Micro—ESR. (Images from left to right)

LIMITATIONS

The limitations in the study were the sampling time and
delay in sending to the central laboratory that caused
alterations in the morphology of WBCs in the peripheral
smear study.

CONCLUSION

There is significant heterogenecity across various studies
done. These distinctions could be ascribed to the age of the
neonates, seriousness of the disease, variation in diagnostic
protocols adopted at different places and the universal
problems of pre-analytical errors in sampling. Subsequently,
no single individual haematological parameter is better in
examination than another in foreseeing neonatal sepsis.
Rather a blend of tests as HSS framework along with the
ancillary tests like Micro-ESR , CRP and Procalcitonin levels
can enhance the reproducibility of the CBC as a screening
tool for sepsis.
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