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Abstract

Background:� Neonatal� sepsis� is� one� of� the� important� causes�
of� morbidity� and� mortality� in� the� neonatal� period.� Objectives:�
To� analyse� the� hematological� findings� according� to� Rodwells�
hematological� scoring� system�and� correlation�with� blood�culture.�
Materials� and� methods:� A� Total� of� 120� neonates�were� included� in�
the� study.� Blood� samples� from� 120� neonates� were� subjected� to�
blood�culture�and�Hematological�scoring�system�(HSS).�They�were�
divided� in� to� 3� groups� i.e� group� 1� (proven� sepsis� -� 32),� group� 2�
(probable� sepsis� -� 56)� and� group� 3� (Normal� infant� -� 32).�Results:�
Out�of�120�infants,�32�had�positive�blood�culture.�Majority�(66.6%)�
were�preterm.�Male�to�female�ratio�was�1.7:1.�Out�of�32�sepsis�cases,�
27� (84.3%)�had�predominant�score�was�5�>.�Maximum�number�of�
cases�31�(55.31%))�showed�score�with�3-4�in�probable�sepsis�group.�
Association�of�hematological�parameters�and�scores�was�found�to�
be� statistically� significant� (p<0.05).�Majority� of� parameters� found�
to�have�high�sensitivity�while�platelet�count�and�Total�Neutrophils�
count� (TNC)� had� high� specificity.� Combination� of� hematological�
tests�found�to�have�high�sensitivity�and�specificity�when�compared�
to� single� hematological� test.� Conclusion:� Hematological� scoring�
system� is� easy,� cheap� and� cost� effective� screening� tool� for� early�
diagnosis�of�neonatal�sepsis.
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Introduction

Neonatal�sepsis�is�one�of�the�commonest�causes�of�

neonatal�death�contributing�to�16%�of�all�intra�mural�

deaths�[1].�It� is�clinical�syndrome�characterised�by�

signs�and�symptoms�of�infections�with�or�without�

accompanying� bacteraemia� in� the� �rst� month� of�

life� due� to� path� physiologic� effects� of� infection.�

The� incidence�of�neonatal�sepsis� is�approximately�

30/1000�live�births�in�India�[1].�The�infection�can�be�

contracted�from�the�mother�via�ascending�infection�

transpacental� route,�exposure� to� infected�blood�at�

delivery�and� invasion�of�blood�stream�by�bacteria�

in� the� �rst� 4� week� of� life� [2].� Early� detection� of�

neonatal� sepsis� is� vexing� problem� due� its� non�

speci�c�presentation�and�the�unavailability�of�tests.�
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The�new�born� infants� are�more�prone� to�bacterial�
infection� due� to� their� weak� immune� system� and�
premature� babies� are� more� susceptible.� Infection�
are�more�common�in�low�birth�weight�and�preterm�
babies� [3].�Positive�blood�culture�is�gold�standard�
investigation�for�diagnosis�but�it�is�time�consuming�
and�yield� is� low� [4].�Various� studies�have� shown�
that� haematological� parameters� are� simple� quick�
and�cost�effective�diagnostic� tests� for�diagnosis�of�
neonatal�sepsis.�The�present�study�is�undertaken�to�
evaluate�the�utility�of�the�HSS�in�the�early�diagnosis�
of�sepsis.

Materials�and�methods

This� prospective� study� was� carried� out� in� the�
department� of� pathology,� Narayana� Medical�
College�&�Hospital�during�the�period�of�June�2�to�
May� 2017.� A� total� number� of� 120� neonates� were�
included�in�the�study.�Neonates�who�were�clinically�
suspected�to�have�infection�with�in�1st�month�of�life�
based� on� risk� factors� and� clinical� features� were�
taken� as� study� group.� Neonates� reporting� to� the�
department� for� immunization� or� attending� well�
baby�clinics�were�taken�as�controls.�Neonates�were�
divided�into�3�groups�mainly.

Group� 1� (Proven� sepsis� -32)� with� clinical�
suspicion�of�sepsis�and�positive�blood�culture

Group� 2� (Probable� sepsis� -56)� with� clinical�
suspicion�of�sepsis�and�negative�blood�culture

Group� 3� (control=32� normal� infant)-without�
any�clinical�suspicion�of�sepsis�but�negative�blood�
culture

Inclusion�criteria�

All� clinical� suspected� cases� of� neonatal� sepsis�
included�in�the�study.

Exclusion�criteria

Neonates�of�mother�with�PIH�and�Diabetes.

Neonates� who� received� antibiotics� before�
admission.

Neonates�who�received�blood�transfusion�before�
collection�of�sample.

Congenital�anomalies�and�birth�asphyxia.

Under� complete� aseptic� conditions� 0.5� to� 1ml�
of� blood� sample� was� obtained� by� peripheral�
venipuncture.

The� blood� samples� were� collected� in� non�
siliconized�vacuum�tubes�with�tripotassium�EDTA�

as� an� anticoagulant.� Sepsis� workup� includes�
complete� blood� counts� along� with� HSS� culture�
and� c-reactive� protein.� Automated� haematology�
analyser� (sysmex� XN� 1000)� was� used� to� analyse�
the�sample�and�was�counter�checked�by�peripheral�
smear�examination.�Peripheral�blood�smears�were�
stained�by�Leishman�method.

Smears� were� analysed� according� to� Rod� Well�
etal.� Haematological� scoring� system� (HSS)� [5]�
assesing� the� reference� values� of�Manroe� et� al.� [6]
(Table�1).�The�HSS�had�assigned�a�score�of�one�for�
7� each� parameters,� found� to� be� associated� with�
sepsis.� The� total� score� varies� from� 0� to� 8.� These�
parameters� namely� abnormal� total� leukocyte�
count,� abnormal� total� neutrophil� count,� elevated�
immature� neutrophil� (promyelocyte,� myelocyte,�
metamyelocyte� and� band� form),� Immature�
neutrophil:�Total�neutrophil,�Immature�neutrophil:�
Mature� neutrophil,� degenerative� changes� in�
neutrophils�and�platelet�count.�An�abnormal� total�
neutrophil�count�is�assigned�score�of�2�instead�of�1�
if�no�mature�neutrophils�are�seen�on�the�peripheral�
smear� to�compensate� for� low�I:�M� ratio.�The� total�
score� varies� from� 0� to� 8.� Interpretation� of� sepsis�
score�includes,�sepsis�score�<�2�indicating�that�sepsis�
was� unlikely,� score� 3-4� indicates� probable� sepsis�
and�sepsis�score�≥5�indicates�sepsis�is�very�likely.

Statistical�analysis

Sensitivity,� speci�city� and� P� value� were�
calculated� for� each� parameter� of� hematologic�
scoring�system�and�CRP�(C�-�reactive�protein)�and�
p�value�<0.05�was�considered�as�signi�cant.

The� statistical� analyses� were� performed� using�
SPSS�version�21.0.

Results

Infants� were� considered� to� be� normal� when�
the� blood� culture�was� negative� and� there�was�no�
strong� clinical� evidence� of� infection.� The� sepsis�
diagnosis�was�made�when�there�was�blood�culture�
positive�with�clinical�evidence�of�infection.�Infants�
were�classi�ed�as�probable�sepsis�when� the�blood�
culture�was�negative�but�there�was�a�strong�clinical�
history�of�infection.�Out�of�the�120�infants,�based�on�
laboratory�data,�clinical�features�were�classi�ed�in�
to�3�categories�i.e�sepsis(32�cases),�probable�infection�
(56�cases)�and�normal�(32�cases)�(Table�2).�The�study�
had� 77� (64%)� males� and� 43� (35.8%)� females�with�
male�to�female�ratio�was�1.7:1.�40�(33.3%)�were�term�
and�80�(66.6%)�were�pre�term.�Commonest�manner�
of� delivery� was� lower� segment� caserian� section�
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than�normal�vaginal�deivery�in�proven�sepsis�(75%)�
and� probable� sepsis� group� (73.21%).� Lower� birth�
weight� (87.5%)� and� preterm� 28(87.5%)� and� male�
gender�babies�(65.6%)�were�predominantely�noted�
in�proven�sepsis�than�probable�sepsis�and�normal�
infants� groups.� Commonest� form� of� presentation�

was� poor� neonatal� feeding� (68.18%)� followed� by�
lethargy�(29.5%)�(Table�3).�Commonest�asssociated�
maternal� risk� factor� was� premature� rupture� of�
membrane� in� our� study� (Table� 3).� In� culture�
positive�cases,�Gram�negative�infection�was�found�
in� 24� (75%)�cases�where� as� 25� (8%)� cases� showed�

Table�1:�Hematologic�Scoring�System�[5]

Criterion� Abnormality� Score�

Total�Leukocyte�Count(�TLC)

≤�5000/microliter 1

≥25,000/microlitre�at�birth
≥30,000/microlitre-12-24�hours�after�birth

≥21,000/microlitre-day�2onwards

1

Total�Neutrophil�count(T)
Increase/Decrease

No�mature�PMN�seen
1
2

Immature�Neutrophils�count(I) Increase 1

Immature:�Total�neutrophil�ratio(I:T)� >0.2 1

Immature:�Mature�neutrophil�ratio(I:M) ≥0.3 1

Degenerative�changes�in�neutrophils
toxic�granules/cytoplasmic�vacuoles/Dohle�

bodies
1

Platelet�Count ≤1,50,000/mm3 1

Normal�values�[6]�-�Total�Neutrophil�count�-1800-5400�
Immature�neutrophils�count�-600

Table�2:�Association�of�neonatal�profile�with�neonatal�sepsis

Patients�profile�
Proven

Sepsis(32)�
Probable�
sepsis(56)�

Normal�(32)� Total�(120)�

Gender�

Male� 21�(65.6%)� 38(67.8%)� 18(56.2%)� 77(64.1%)�

Female� 11(34.3%)� 18(32.1%)� 14(43.75%)� 43(35.83%)�

Term�

Preterm� 28(87.5%)� 42(75%)� 10(31.25%)� 80(66.6%)�

Term� 4(12.5%)� 14(25%)� 22(68.7%)� 40(33.3%)�

Weight�

<2.5�kg� 28(87.5)� 34(60.7%)� 2(6.2%)� 64(53.3%)�

>2.5�kg� 4(12.5%)� 22(39.2%)� 30(93.7%)� 56(46.6%)�

Manner�of�delivery�

LSCS� 24(75%)� 41(73.2%)� 4(12.5%)� 69(57.5%)�

NVD� 8(25%)� 15(26.7%)� 28(87.5%)� 51(42.5%)�

Table�3:�Common�clinical�features�in�cases�presenting�with�features�of�sepsis

Clinical�features/�risk�factors� Frequency� Percentage�(%)�

Clinical�features�

Poor�neonatal�feeding� 60 68.18

Lethargy� 18 20.45

Hypothermia� 8 9.09

Respiratory�distress� 2 2.27

Maternal�risk�factors�

Premature�rupture�of�membrane�
(>24hrs)�

55 62.5

Maternal�fever�>38o�C� 20 22.72

Urinary�tract�infection� 10 11.36

Foul�smelling�liquor� 3 3.40
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gram� positive� infection� (Table� 4).� Table� 5� shows�
scores�of�each�group.�Maximum�no�of�proven�sepsis�
group� showed� score�≥�5� (84.3%).�Maximum�no�of�
infants�with�probable� sepsis� group� showed� score�
3-4�(55.35%).�Maximum�number�of�normal� infants�
had� score� 0-2� (65.62%).� On� comparative� analysis�
of� tests� used� in� proven� sepsis� cases� showed� I:� T�
ratio� (100%),� I:� M� ratio� (100%),� Immature� PMN�
count� (90.62%),� total� leucocyte� count� (96.8%)� and�

CRP� (100%)� had�maximum� sensitivity� and�while�
platelet� count� (78.18%),� Total� neutrophil� count�
(83%)�and�I:T�ratio�(85%)�had�maximum�Speci�city�
when�comparison�with�single�haematological�tests�
(Table� 6).� The� association� of� sepsis�was� found� to�
signi�cant� with� haematological� tests� and� CRP�
(<0.001).� The� association�of� increasing� scores�was�
found�to�be�signi�cant�with�cases�(Table�7).

Table�4:�Bacteriological�Profile�in�the�Blood�Culture�Positive�(Proven�Sepsis)�Cases�� � (N=32)

Bacteria�detected�in�blood�culture� Number�of�cases� Percentage�(%)�

Gram�negative�organism�

Klebsiella�pneumoniae� 12� 37.50�

Pseudomonas�aeruginosa� 3 9.37�

E.�coli� 8 25.00�

Enterobacter� 1 3.12�

Total� 24� 75�

Gram�positive�organism�

Staphylococcus�aureus� 3� 9.37�

Coagulase�negative�Staphylococci� 5� 15.62�

Total 8 25�

Table�5:�Score�of�each�of�the�groups

Groups Score�(0-2) Score�(3-4) Score�≥5

Sepsis� - 5(15.62%) 27(84.3%)

Probable�sepsis 10(17.85%) 31(55.35%) 15(26.78%)

Normal�infants 21(65.62%) 11(34.37%) -

Table�6:�Comparative�Analysis�of�Tests�Used�in�Proven�Sepsis�Population�� � � (N=32)

Test Sensitivity�(%) Specificity�(%) P�value

I:�T�ratio 100% 75.45% 0.000

Total�PMN�Count 71.88% 83% 0.000

I:�M�ratio 100% 16% 0.000

Immature�PMN�Count 90.62% 60% 0.000

Total�leucocyte�Count 96.8% 53.4% 0.000

Degenerative�changes�in�PMN 81.25% 38.63% 0.000

Platelet�Count 81.25% 78.18% 0.000

CRP 100% 55.68% 0.000

Table�7:�Analysis�of�Hematological�Scores�Obtained�in�Each�Study�Group

Score�
Probable�sepsis�

(n=56)�
Proven�Sepsis�

(n=32)�
Normal�
(n=32)�

P�value�

≥2 48(85.71%) 32(100%) 14(43.75%) 0.0001

≥3 46(82.14%) 32(100%) 11�(34.37%) 0.0001

≥4 39(69.64%) 31(96.87%) 2(6.25%) 0.0001

≥5 15(26.78%) 27(84.37%) 0 0.0001
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Discussion

The�morbidity� and� mortality� caused� by� sepsis�
which� makes� HSS� an� important� tool� in� its� early�
diagnosis.� Poor� developed� innate� immunity� and�
poor� barrier� to� infection�were� inherent� factors� for�
neonatal�sepsis.�Pre� terms�are�more�susceptible�to�
infection�than�the� term�due�to�their�poor� immune�
system,� low� levels� of� immunoglobulin’s� and� low�
weight.� In�developing�countries� like� India,� risk�of�
neonatal�sepsis�is�increased�because�of�less�number�
of� institutional� deliveries,� poor� level� of� hygiene�
and� postnatal� follow-up.� Poor� developed� innate�
immunity�and�poor�barrier�to�infection�were�inherent�
factors� for�neonatal� sepsis.� The�major�problem� in�
neonatal� infection� is�not�only� identi�cation�of� the�
infected�infant�but�also�identifying�the�non-infected�
infant.�Early�as�well�as�correct�diagnosis�is�a�dif�cult�
task�but�can�be�made,�to�an�extent,�based�on�clinical�
suspicion�and�laboratory�tests.

Out�of�120�cases,�maximum�number�of�cases�was�
of�male�gender�(66.5%),�Pre� term�(87.5%)�and�low�
birth� weight� babies� (87.5%)� were� noted� in� sepsis�
proven� group� than� probable� sepsis� and� normal�
infant� groups� in� our� study.� These� �ndings� were�
correlated� with� study� carried� out� by� Manisha�
et�al.�[7].�Pre�term�is�more�susceptible�to�infection�
than�the�term�due�to�their�poor�immune�system,�low�
levels�of�immunoglobulin’s�and�low�weight.�In�our�
study�also�gram�negative�organisms�(75.0%)�were�
commoner� than� gram� positive� organisms� (25%)�
as� the� causative� agents.� Among� gram� negative�
infections,� klebsiella� (3.75%)� was� most� common�
etiological�agent.�Our��nding�was�similar�to�study�
carried�out�by�Amritha�Duhan�et�al�[8].

Majority� of� sepsis� cases� were� with� score� ≥5�
and� probable� sepsis� cases� were� with� score� 3-4.�
Maximum� number� of� normal� infants� cases� were�
with�score�0-2.�These��ndings�were�correlated�with�
study�carried�out�by�Manisha�et�al.�[7].�Narasimha�
et�al.�[15]�found�that�100%�infants�with�proven�sepsis�
had� score� ≥5.�Most� common� clinical� presentation�
was�poor� neonatal� feeding� (68.18%).� This� �nding�
was�correlated�with�study�carried�out�by�Verma�P�
et� al.� [9].�Most� common�maternal� risk� factor�was�
premature�rupture�membrane�(62.5%).�This��nding�
was�correlated�with�Vasantha�et�al.�[10].

On� evaluating� the� parameters� of� HSS,� the�
association� of� sepsis� was� found� to� be� signi�cant�
(p� <0.05)� with� all� haematological� parameters� in�
our� study� whereas� Amrutha� duhan� study� [8]�
shows� haematological� parameters� like� I:� T� ratio,�
I:� M� ratio,� immature� PMN� count,� total� WBC�
count� and� thrombocytopenia� had� statistically�

signi�cant.� I:� T� ratio,� Immature� PMN� count� and�
I:� M� ratio� had� high� sensitivity� while� I:� T� ratio,�
platelet�count�and�total�neutrophil�count�had�high�
speci�city� in� our� study.� All� these� �ndings� were�
correlate�with�study�carried�out�by�Asitava�Debray�
et�al.� [11].�Elevated� I:�T�ratio�was�found� to�be� the�
most�reliable�indicator�of�sepsis�in�our�study,�also�
other�studies�like�those�done�by�Amrutha�et�al.�[8],�
Asitava� Debray� et� al.� [11].� I:� T� ratio� test� can� be�
helpful� initial� screen� when� used� in� combination�
with�risk�factors�and�other�tests.�The�association�of�
increasing�scores�was�found�to�be�signi�cant�with�
sepsis� cases.� A� score�of�more� than� 3�was� present�
in�all� 32� proven� cases� and�45� (86.5%)� in�probable�
cases.�These��ndings�were�correlated�with�Amritha�
Duhan� et� al.� [8].� Combination� haematological�
parameters�had�maximum�sensitivity�(93.75%)�and�
speci�city� (74.54%)� in� our� study.� These� �ndings�
were�correlated�with�other�studies�like�Jadhav�[12],�
Vinay�[13]�and�Lakey�et�al.�[14].

Haematological� scoring� system� can� improve�
the� diagnostic� accuracy� of� complete� blood� count,�
but� it� is� important� to� simplify� and� standardize�
the� interpretation�of� this�global� test� [15].�Recently�
attention� has� been� directed� to� the� leukocyte�
cell� surface� antigen� as� the� diagnostic� marker� of�
sepsis� [15].�Different�methods� for� rapid� detection�
of� microorganisms� like� DNA� probes,� automated�
blood� culture� system� and� �urometric� detection�
system�are�available,�but�still�HSS�can�be�used�as�
screening�test�for�diagnosis�sepsis�[16].�It�has�high�
sensitivity� and� speci�city� with� the� certainty� of�
sepsis�being�present�at�higher�scores.

Conclusion

HSS� is� a� simple,� quick� cost� effective� screening�
test� for�early�diagnosis�of�neonatal�sepsis�and�can�
be�performed�easily� in�all�hospitals�with�basic�lab�
setup.�Combination�of�haematological�parameters�
act�as�rapid�adjunct�to�diagnose�neonatal�sepsis�than�
single� haematological� parameter.� Early� diagnosis�
of� sepsis� can� avoid� unnecessary� exposure� of�
infants� to� antibiotics� and� there� by�preventing� the�
development�of�resistance�to�these�drugs.
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