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Abstract

Objective: To find the diagnostic accuracy of hematological scoring system in early diagnosis of neonatal sepsis taking
blood culture as gold standard.

Methods: After IRB approval, this Cross sectional study was done in the Department of Pediatric Medicine, Mayo
Hospital/ KEMU Lahore, for 6 months (Apr-Oct 2018). After informed parental consent, information including age, sex
and anthropometric data were recorded. The laboratory investigations were sent to laboratory of Mayo Hospital. Complete
blood counts including TLC and platelets count were done using Sysmax method. Neonatal sepsis was labeled as positive
or negative on hematological score system and blood cultures.

Results: The mean age of neonates was 14.20 £ 8.09 days. There were 60(60%) male and 40(40%) female babies. Mean
weight and length of these babies were 3.05 + 0.46 kg and 51.49 + 1.41 cm. A total of 41(41%) babies had neonatal sepsis
on hematological score and 38(38%) on blood culture. The Sensitivity, Specificity, Positive Predictive Value, Negative
Predictive Value and Diagnostic Accuracy was 81.58%, 85.48%, 77.50%, 88.33% and 84.00% respectively.

Conclusion: Hematological scoring system has high diagnostic accuracy in diagnosing neonatal sepsis at earliest, taking
blood culture as gold standard.
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Introduction hours of life while in late onset sepsis, symptoms arise

from 4 to 28 days of life. In neonates signs and symptoms
are non specific, causing difficulty in diagnosis. Infec-
tious agents may arise from intra uterine and maternal

Neonatal sepsis is systemic illness caused by bacteria,
viruses or fungi, associated with hemodynamic distur-
bances and clinical features, causing severe morbidity : ; !
and mortality.' Developing countries contribute to 98% 11013, may be hospital or community acquired. Blood

of neonatal deaths globally, sepsis being causative for culture is taken as standard investigation for diagnosis,
up to 30-50% of cases. but results are often held up to 72 hours, false negative

and false positive results are also there. For this reason
empiric antibiotic therapy is often started to prevent
lethal outcome of untreated sepsis. Antibiotics should
be discontinued as soon as the results of culture would
be available and depending upon clinical condition of
newborn because unnecessary use of antibiotics can
cause adverse side effects.” A number of new markers

Sixty five percent of the global neonatal deaths contri-
buted by just 10 countries, Pakistan ranks third amongst
them. Annually 300,000 newborns die in our country,
with neonatal mortality rate of 42 per thousand live
births, contributing to 7% of total neonatal mortality
worldwide.” National data about neonatal sepsis inci-
dence in Pff‘k‘St?‘n S llm‘ted ranging from 1.3t0 3.8 per 1, v heen used in diagnosis of neonatal sepsis such as
thousand live births. acute phase reactants, cell surface antigens, cytokines,
Neonatal sepsis has been subdivided as early onset or  chemokines, bacterial genomes, polymerase chain reac-
late onset according to time of onset. In early onset  tions alone or in combination. Previous studies have
sepsis, clinical symptoms arise in initial seventy two  revealed that Hematological scoring system (HSS) by
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Rodwell et al., is easy, practicable, radily available
and cost effective 09-10 that uses total leukocyte count,
total neutrophil count, platelet count and others."” The
results of these tests are available within 1or 2 hour so
antibiotics can be started judiciously." Hematological
scoring system in septic population has a sensitivity
of 961‘2%, specificity of 90%, PPV ( 86.7%) and NPV
86%.

In past, studies have been conducted to determine the
role hematological markers for neonatal sepsis. However,
dataregarding our population is lacking. So this study
was devised to determine the role of hematological
scoring system as a single rapid, reliable and cost effec-
tive marker for neonatal sepsis and to differentiate infec-
ted ones using simple modified hematological scoring
system assigning 1 score each to abnormal total leuko-
cytes count, polymorphs count, raised immature neutro-
phil count, raised immature to total neutrophil ratio,
immature to mature neutrophil ratio greater than or equal
to 0.3, platelet count equal or less than 150,000/mm”,
and marked degeneration in neutrophils. If mature poly-
morphs are not present on the peripheral smear then to
accommodate for the low I: M ratio, an abnormal total
count is given a score of 2 instead of 1. These results
were helpful to diagnose cases of neonatal sepsis early
and reliably.

Methods

This cross-sectional study (after approval from IRB)
was carried in the Department of Pediatric Medicine,
King Edward Medical University/ Mayo Hospital
Lahore for 6 months duration. Non probability conse-
cutive sampling method was used and a sample size of
100 was calculated. Neonates of either gender, aged
1-28 days of life admitted with the diagnosis of suspec-
ted sepsis (presence of any sign favoring high index of
suspicion of serious bacterial infection: (fits, respiratory
rate > 60 breaths/min, severe chest in drawings, tempe-
rature>37.7°C or<35.5°C, lethargy or unconsciousness,
inability to feed/suck, bulging fontanel, pus discharge
from the ear, grunt /nasal flaring, redness around umbi-
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licus) were enrolled in study. Neonates who received
prior antibiotic therapy, those with gross congenital
anomalies or born <28weeks of gestation or birth weight
<1000 grams were excluded. After getting informed
parental consent, data was recorded on structured ques-
tionnaire, including age, gender, anthropometric and
systemic details. Under aseptic measures 1 ml blood
from patients of suspected sepsis was anti-coagulated
with EDTA and 1 ml blood was collected in blood culture
bottles and 1 ml blood for CRP before the start of anti-
biotic therapy. The laboratory investigations were sent
to Pediatric Hematology laboratory of Mayo Hospital.
Complete blood counts including total leukocyte count
and platelets count was done using Sysmax method.
Peripheral blood smear was made and stained with
Leishman stain and analyzed using hematological scoring
system of Rodwell et al. for Differential leukocyte
counts (DLC), total neutrophil count SO(TNC), imma-
ture neutrophil count (I), mature neutrophil count (M)
was performed. Immature to total neutrophil (IT) ratio
and immature to mature neutrophil (IM) ratio was calcu-
lated. IT ratio was by calculated dividing the total
immature count to total neutrophil count (including
both mature and immature neutrophil count) and dege-
nerative changes in neutrophils. Neonatal sepsis was
labeled as positive or negative on hematological score
system and blood cultures (as per operational definition).

Data analysis was done using SPSS Version 20.0. Cate-
gorical variables like gender were depicted as frequency
and percentages. Quantitative data like age, length and
weight were presented as mean +S.D. Data was stratified
for age, gender and weight. Two by two contingency
table was used to calculate performances of individual
hematological parameter in diagnosing specificity, sensi-
tivity and diagnostic accuracy of hematological markers
using blood culture as gold standard taking p value <
0.05 as significant.

Results

The mean age of neonates was 14.20 + 8.09 days. A
total of 46(46%) neonates were < 14 days old and 54

Table 1: Comparison of Neonatal sepsis Diagnosis based on hematological score and blood culture with

respect to Age groups (days)

Neonatal Sepsis as

e el Neonatal Sepsis as Chi- et S.GITSI- Speci- PPV NPV Diagnostic
(Days) Score per Blood Culture square tivity  fity Accuracy
Yes Yes No 34.809 <0.001 9524 92.00 90.91 95.83 93.48
<14 20 2
No 1 23
14-28 Yes 11 7 10.989 0.001 64.71 81.08 61.11 83.33 75.93
No 6 30
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(54%) were 14-28 days old. There were 60(60%) male
and 40(40%) female babies with higher male to female
cases. The mean weight and length of these babies was
3.05+0.46 kg and 51.49+1.41 cm respectively. There
were 26(26%) neonates who were low birth weight and
74(74%) neonates had normal birth weight.

A total 0f40(40%) babies had neonatal sepsis on hema-
tological score and 38(38%) neonates had neonatal
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sepsis on blood culture. There were 31 true positive, 53
true negative, 9 false positive on hematological score
and 7 false negative on hematological score but confir-
med on blood culture for neonatal sepsis. The sensitivity,
specificity, positive predictive value, negative predictive
value and diagnostic accuracy turned out to be 81.58%,
85.48%, 77.50%, 88.33% and 84.00% respectively.

Table 2: Comparison of Neonatal Sepsis Diagnosis Based on Hematological Score and Blood Culture with

Respect to Gender

Neonatal Sepsis as Neonatal Sepsis as  Chi- Sensi- Specifi PPV NPV  Diag.
Gender per Hematological per Blood Culture square p-value tivity -city Accuracy
Score e No
Yes 21 5
Male No 4 30 28.864 <0.001 84.00 85.71 80.77 88.24  85.00
Yes 10
14.879 <0.001 7692 85.19 7143 88.46 82.50
Female No 3 23

Table 3: Comparison of Neonatal Sepsis Diagnosis Based on Hematological Score and Blood Culture to

Weight (kg)

Weight Neonatal Sepsi§ as Neonatal Sepsis as  Chi- e S'elfsi- Sp(?ciﬁ PPV NPV Diag.
ke) per Hematological per Blood Culture square tivity  -city Accuracy
(kg Score Yes No

Low Birth Yes 8 3

Weight No 2 13 9.458 0.002 80.00 81.25 72.73 86.67 80.77

Normal Yes 23 6

Birth
. No 5 40 34873 <0.001 82.14 8696 79.31 88.89 85.14

Weight

Discussion 81.58%, 85.48% and 84.00% respectively.

Early diagnosis and effective treatment is the best way
to decrease neonatal sepsis related mortality and mor-
bidity. Blood culture is gold standard diagnostic tool
for neonatal sepsis, but the results are delayed up to
24-48 hours, and sensitivity is also affected by blood
volume, prior antibiotic use and bacterial load."

Hematological scoring system (HSS) of Rodwell, comp-
rising of deranged leukocyte count, total neutrophil
count, increased band cell, high IT ratio, raised immature
to mature neutrophil (IM) ratio, low platelet count, and
degeneration in neutrophils’, is a helpful aid to differen-
tiate the septic from the non-septic infants and results
are also readily available. Its high sensitivity and speci-
ficity would made the certainty of sepsis being present
with higher scores". In our study, 40 babies had neonatal
sepsis on hematological score out of which 31 were true
positive, while 7 were false negative on HSS but confir-
med on blood culture as neonatal sepsis. The sensitivity,
specificity and diagnostic accuracy turned out to be
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Previously Rodwell et al proved HSS as having sensi-
tivity as (96%) and specificity as (90%), values being
higher than our's.” Jacob et al demonstrated that HSS
score of 3 or more has the sensitivity as 87% and speci-
ficity as 85% in establishing diagnosis of sepsis, results
being in agreement with ours". Ina neonatal sepsis
study in Egypt, HSS showed the sensitivity of (95%)
and recognized >90% of neonates with clinical impre-
ssion of sepsis.” The diagnostic accuracy of HSS was
much more (85.1%) as compared to the individual
maximum diagnostic accuracy of parameters, like 74.46%
for the total neutrophil count. '

Blood culture was positive in 38(38%) newborns in our
study, the results being consistent with those of Samanta
etal which demonstrated positive blood culture in 39.6%
cases.” In current study the mean age of neonates was
14.2048.09 days (range 1-28 days). The result of another
study had showed that the mean age of participants was
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13 days 18. There were 60(60%) males in our study who
were clinically suspected sepsis, while out of 31 true
positive cases neonatal sepsis, males constituted 21/31
(67.7%) and females 10/31(32.2%) with higher male
to female ratio similar to the results of other studies
which showed 71% male and 28% female babies”
and 62% male and 38% female babies respectively”
who presented with sign and symptoms of sepsis. The
x-linked immunoregulatory factor might be responsible
for predominance of male gender with septicemia.”*
In contrast to other studies by Swadkar M and Debroy
A showed female predominance among neonates."**

Yadav et al have showed higher positivity of blood
cultures in low birth weight newborns (62.7%) as
compared to those with normal birth weight, results
not being consistent with ours where 10/38(26.4%)
babies with blood culture proven sepsis were with low
birth weight and 28/38(73.6%) were with normal weight.”

All the newborns with clinical impression of sepsis
whose blood culture turned out to be positive, had
hematological scoring system score > 5 showing sensi-
tivity of hematological scoring system for confirmed
sepsis as 100%, while in patients with score less than 2,
sepsis is less likely, with score 3-4, sepsis is probable
and with score more than 5 ,sepsis is very likely."

Conclusion

Itis concluded that diagnostic accuracy of hematological
scoring system is high in establishing neonatal sepsis
diagnosis, taking blood culture as gold standard. Hence,
in future this scoring system can be used to diagnose
the neonatal sepsis that can help for better prognosis of
patients after early diagnosis and timely treatment.

Limitations of the Study

Preterm neonates born at less than 28 weeks gestation
and those with very low birth weight were not entertained
in study because some parameters of HSS can also affec-
ted by disease process other than sepsis also. Comparison
of HSS with other sepsis markers like CRP, Procalcitonin
was not done in study due to cost issues but it is a way
forward for further studies to be carried out in this aspect.
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