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Abstract: 

Introduction:    Neonatal septicemia is a leading cause of mortality and morbidity during the neonatal period. By definition, 

neonatal sepsis is a clinical syndrome characterized by systemic signs and symptoms of infection and accompanied by 

bacteremia in the first four weeks of life.  Of late, various laboratory studies have been evaluated in India for early diagnosis 

of neonatal infection. But less number of such study are being done in this part of our country i.e. Assam. So, keeping this 

factor in mind the present study was undertaken with the following aims and objectives in view-  

to carry out simple, easy to perform haematological tests for detection of neonatal sepsis. 

Materials and Methods : The study was undertaken in the Department of Pathology, Assam Medical College and 

Hospital,Dibrugarh(Assam) for a period of one year . The study group consisted of 60 neonates of 0-28 days old with clinical 

evidences of sepsis and 60 age matched healthy controls.. 

Results and Observations: In our study among 3750 life birth babies, 60 cases of clinically suspected septicemia were 

observed giving an incidence of 16/1000 live births. Blood cultures were positive in 33 cases giving an incidence of proven 

septicemia to be 8.8/1000 live births. 

Conclusion:  Neonatal sepsis remains one of the most important causes of neonatal morbidity and mortality in our country at 

large and Assam in particular. Despite considerable progress in hygiene, introduction of new antimicrobial agents and 

advancement in all spheres of medical world, clinicians are handicapped to an extent when it comes to combating infections, 

especially in neonates and infants 

 

Introduction:      

Neonatal septicemia is a leading cause of mortality 

and morbidity during the neonatal period. By 

definition, neonatal sepsis is a clinical syndrome 

characterized by systemic signs and symptoms of 

infection and accompanied by bacteremia in the 

first four weeks of life.  Early diagnosis of neonatal 

sepsis is difficult due to its non-specific clinical 

presentation. The reported incidence of neonatal 

sepsis in the developed countries varies from 1 to 

10 per 1000 live birthsˡ.Existing published data 

have suggested that sepsis causes about 10% of all 

maternal and 26% of all neonatal deaths². In the 

developed countries  mortality due to sepsis has 

increased by approximately 13.7% each year over 

the past 2 decades³. But in developing countries, 

like India, it is difficult to access the true incidence 

because data from community setting is not 

available and even in hospitals the diagnosis is 

often not based on studies but on clinical grounds 

alone. Nonetheless, the reported incidence of 

neonatal sepsis according to the data from National 

Neonatal Perinatal Database (NNPD) is 30 per 

1000 live births. The NNPD network comprising of 

18 tertiary care neonatal units across India found 

sepsis to be one of the commonest causes of 

neonatal mortality contributing to 19% of all 

neonatal deaths⁴. According to the National 
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Neonatology forum, neonatal sepsis can be of two 

type ⁵. 

*Proven sepsis: newborn with clinical picture 

suggestive of sepsis and isolation of pathogen from 

blood,CSF(cerebrospinal fluid),urine or other body 

fluids or autopsy evidence of sepsis. 

* Probable sepsis: newborn with clinical picture 

suggestive of sepsis with one or more of the 

following criteria: 

           a) Predisposing factors like maternal fever, 

foul smelling liquor or prolonged rupture of 

membrane>12hrs, gastric polymorph count of more 

than 6/HPF. 

            b) Positive sepsis screen with two of the 

following four parameters  

              ---Total leukocyte count < 5000/cumm 

              ---Band cell to total neutrophil ratio of ≥ 

0.2 

              ---CRP ≥ 0.6 mg/dl 

 ---Micro-ESR ≥ 15 mm AEFH (at the end 

of first hour) 

            c) Radiological evidence of pneumonia. 

During the last few decades advances in neonatal 

intensive care have led to an impressive decrease of 

neonatal mortality and morbidity. But even with all 

these developments, neonatal septicemia often 

presents a diagnostic problem. The “gold standard” 

for the diagnosis of septicemia has been the 

isolation of micro-organisms from blood culture. 

The culture procedure takes at least 48 hours to 

confirm the diagnosis, a delay, which a neonate 

cannot afford for initiation of appropriate therapy. 

To meet this end, various indirect haematological 

parameters are evaluated in terms of efficacy for 

early diagnosis of neonatal septicemia when the 

clinical picture may not have fully evolved. The 

present study was conducted to evaluate a sepsis 

screen consisting of –Total leukocyte count, Ratio 

between band cell count and neutrophil count, 

Micro –ESR and C-reactive protein in their 

efficacy in predicting neonatal sepsis.  Though 

viruses, fungi and bacteria equally share the 

infective role in neonatal infection, but in our study 

the neonatal infection of only bacterial origin was 

taken up. Only those babies born in the Department 

of Obstetrics and Gynae., Assam Medical College 

& Hospital, Dibrugarh was  taken up for the study. 

Aims and Objectives: 

Of late, various laboratory studies have been 

evaluated in India for early diagnosis of neonatal 

infection. But less number of such study are being 

done in this part of our country i.e. Assam. So, 

keeping this factor in mind the present study was 

undertaken with the following aims and objectives 

in view-  

1.  To carry out simple, easy to perform 

haematological tests for detection of neonatal 

sepsis. 

2.  To evaluate the validity of single and combined 

haematological parameters in case of proven 

septicemia. 

3.  To compare the utility of C - reactive protein 

versus haematological indices in neonatal sepsis. 

4.  To find out the relationship between 

haematological parameters and bacteriologically 

proven sepsis.   

Materials and Methods 

Place of study:-   The study was undertaken in the 

Department of Pathology, Assam Medical College 

and Hospital,Dibrugarh(Assam) for a period of one 

year 

The study group consisted of 60 neonates of 0-28 

days old with clinical evidences of sepsis and 60 

age matched healthy controls.. 

 Inclusion criteria: - Only the hospital born babies 

with clinical signs and symptoms of septicemia was 

included in the study. 

Exclusion criteria: - Babies with respiratory 

distress syndrome, extreme prematurity 

(<30weeks), gross congenital anomalies or any 
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previous antibiotic therapy was excluded from the 

study. 

 In all neonates blood samples were obtained from 

peripheral venipuncture and the following 

investigations were done: 

1.  TOTAL LEUKOCYTE COUNTS (TLC):  In 

this study a count of<5000/cu.mm was considered 

as leukopenia. 

2.  DIFFERENTIAL LEUKOCYTE COUNT 

(DLC): 

3.  BAND CELL COUNT AND 

BAND/NEUTROPHIL (B/N) RATIO:  A band cell 

count of more than 20% and B/N ratio of equal to 

or more than 0.2 was considered as abnormal. 

4.  MICRO-ESR (mESR):  This was obtained by 

collecting capillary blood in a standard micro 

haematocrit tube (75mm length, internal diameter 

of 1.1mm and outer diameter of 1.5mm) and 

reading the fall of erythrocyte column after one 

hour. During the neonatal period a value of more 

than 15mm was considered as suggestive of 

infection. 

5.  DETERMINATION OF C-REACTIVE 

PROTEIN:  This was done by latex agglutination 

slide test. The cut off value of 0.6 mg/dl as 

recommended by the manufacturer (Tulip 

diagnostics (p) Ltd, India) was considered as 

evidence of infection. 

6.  BLOOD CULTURE:  This was done in all the 

cases before starting antibiotics. Those having 

positive blood culture were taken as ‘proved’ sepsis 

and the remaining as ‘probable’ sepsis 

 Other relevant investigations like chest x-ray and 

lumbar puncture were done as and when required. 

 Sensitivity, specificity, positive predictive value 

(PPV) and negative predictive value (NPV) of 

TLC, B/N ratio, mESR and CRP were determined 

to define the diagnostic significance of each test 

using cut-off values. 

 Blood culture was used as the gold standard to 

consider a neonate positive for sepsis. The 

student’s paired t-test was done wherever required. 

The tests with optimum sensitivity, specificity and 

predictive accuracy were used to formulate a sepsis 

screen.   

Results and Observations: 

In our study among 3750 life birth babies, 60 cases 

of clinically suspected septicemia were observed 

giving an incidence of 16/1000 live births. Blood 

cultures were positive in 33 cases giving an 

incidence of proven septicemia to be 8.8/1000 live 

births as shown in Table-1. 

33 (55.0%) out of the sixty suspected cases showed 

positive blood culture, 10(30.3%) of which died. 

The mortality was 14.8% in cases with negative 

blood culture as shown in Table -2 and Fig-

1.Among the organisms isolated from blood culture 

E.coli was the most common organism followed by 

Klebsiella (Table -3, Fig-2).The Band/Neutrophil 

ratio of ≥ 0.2 was observed in 72 .7% of proven 

septicemia and 37.0% of probable septicemia 

cases. The overall positivity of the test was 56.7% 

in clinically suspected septicemia cases (Table-

4).Similarly leucopenia (<5000/cumm) was found 

in 54.5% of proven septicemia and 37% of 

probable septicemia cases. The overall positivity 

for leucopenia was 46.7% in clinically suspected 

septicemia cases (Table-5). The m-ESR was more 

than or equal to 15mm at one hour in 60.6 % of 

proven septicemia cases and 37% in clinically 

suspected septicemia cases. The overall positivity 

of the test was 50% in clinically suspected cases 

(Table-6). 

The latex agglutination test for CRP was positive 

(≥0.6mg/dl) in 84.8% of proven septicemia and 

48.1% of probable septicemia cases.The overall 

positivity in clinically suspected septicemia cases 

was 68.3%(Table-6).When the four most useful 

tests were considered individually, latex –CRP was 
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found to be most sensitive (84.8%) but less specific 

(51.9%) in identifying septicemia. The other tests 

were found to be less sensitive (Table-7, Fig-

3).When two different combination of tests was 

considered, the combination of CRP and 

leucopenia was found to be most sensitive (48.5%) 

and specific (40.7%) in detection of septicemia 

followed by CRP and band/neutrophil ratio with a 

sensitivity of 48.5% and specificity of 33.3% 

(Table-8,Fig-4).The sepsis screen was positive in 

87.9% and 51.9% of proven and probable 

septicemia respectively(Table-9,Fig5). 

 

Table -1     Incidence of neonatal septicemia  

Total live births  3750 

Clinically suspected 

septicemia  

60 

Proven septicemia 33 

Incidence of proven 

septicemia/1000 live 

births  

8.8 

Incidence of clinically 

suspected 

septicemia/1000 live 

births  

16 

 

Table -2    Blood Culture & Mortality in Septicaemia 

Blood  Culture  Positive Negative Total 

No  Of  Patients  33 ( 55.0 % ) 27 (45.0 %) 60 

Died  10 (30.3% ) 4 ( 14.8 % ) 14 (23.3% ) 

 

     Fig-1 Blood Culture & Mortality in Septicaemia 
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Table -3     Individual organisms isolated from blood culture: 

Type  of  organisms  Percentages 

E. Coli  34% 

Klebsiella  27 % 

Staph aureus  24 % 

Pseudomonas  9% 

Proteus  3% 

Beta- hemolytic strepto cocci   3% 

 

Fig-2 

 

 

 

 

 

 

 

 

 

 

Table -4 Bands / Neutrophil count in septicaemia 

Band/ Neutrophil  

Ratio  

Proven sepsis  

(n=33) 

Probable  sepsis 

(n=27) 

Total no (n=60) Control (n=60) 

No % No % No % No % 

≥ 0.2  24 72.7 10 37.0 34 56.7 3 5 

‹ 0.2  9 27.3 17 63.0 26 43.3 57 95 

 

Table -5     Leukocyte count profile in septicaemia 

Leukocyte count 

(per cu mm )  

Proven septicemia 

(n= 33) 

Probable spticemia  

(n= 27) 

Total (n=60) Control (n=60) 

No % No % No % No % 

‹ 5000  18 54.5 10 37 28 46.7 2 3.3 

≥5000  15 45.5 17 63 32 53.3 58 96.6 
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Table -6     Micro –ESR Profile in neonatal septicaemia 

Micro – ESR  

At one hour  

Proven  sepsis 

(n=33) 

Probable sepsis 

(n=27) 

Total (n=60) Control (n=60) 

No(%) No (%) No (%) No (%) 

≥15 mm  20 (60.6%) 10 (37.0) 30 (50 % ) 3 ( 5 % ) 

<15 mm  13 (39.4% ) 17 ( 63.0 ) 30 ( 50% ) 57 (95 % ) 

 

Table -6  CRP  Profile  ( Latex Agglutination Method) 

Latex  CRP  Test  Proven septicemia 

(n=33) 

Probable septicemia 

( n =27 ) 

Control 

(n= 60) 

No % No % No % 

Positive 

 ( ≥o.6 mg/dl)  

28 84.8 13 48.1 2 3.3 

Negative 

( < 0.6 mg/dl )  

5 15.2 14 51.9 58 96.6 

 

Table-7  Sensitivity & Specificity of four most useful individual test 

Test  Sensitivity (%) Specificity (%) 

Latex CRP ( ≥0.6 mg /dl )  84.8 51.9 

Band /Neutrophil  (≥0.2)  72.7 63.0 

Micro ESR ( ≥ 15 mm at one hour )  60.6 63.0 

Leukopenia ( ‹ 5000/cu. mm )  54.5 63.0 

 

Fig-3 Sensitivity & Specificity of four most useful individual tests  
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Table -8    Sensitivity & specificity of two different combinations of tests 

 

Fig -4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table -9           Results of sepsis screen 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Combination  of  test  Sensitivity (%) Specificity (%) 

CRP  + m- ESR  45.5 37.0 

CRP + band /neutrophil  48.5 33.3 

CRP + Leukopenia  48.5 40.7 

Leukopenia + band/ neutrophil  33.3 37.0 

Leukopenia + m-ESR  33.3 33.3 

m-ESR + band/neutrophil  33.3 29.6 
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Fig-5 

 

 

 

 

Discussion:    

  

  

  

  

  

TThhee  ddiiaaggnnoossiiss  ooff  nneeoonnaattaall  sseeppttiiccaaeemmiiaa  iiss  ddiiffffiiccuulltt  

dduuee  ttoo  iittss  nnoonn  ssppeeccii ffiicc  cclliinniiccaall  pprreesseennttaattiioonn  ..TThhee  

mmaajjoorr  pprroobblleemm  iinn  nneeoonnaattaall  sseeppttiiccaaeemmiiaa  iiss  tthhee  

iiddeennttiiffiiccaattiioonn  ooff  tthhee  iinnffeecctteedd  iinnffaanntt..  OOfftteenn  

oovveerrllooookkeedd  iiss  tthhee  eeqquuaallllyy  iimmppoorrttaanntt  ttaasskk  ooff  

iiddeennttiiffyyiinngg  tthhee  nnoonn--iinnffeecctteedd  iinnffaanntt..   IItt  iiss  ddeessiirraabbllee  

ttoo  aaddmmiinniisstteerr  aapppprroopprriiaattee  tthheerraappyy  aass  eeaarrllyy  aass  

ppoossssiibbllee  ttoo  tthhee  aaffffeecctteedd  iinnffaanntt  ffoorr  ffaavvoouurraabbllee  

oouuttccoommee  aanndd  ttoo  aavvooiidd  ssuucchh  tthheerraappyy  iinn  ootthheerrss  ttoo  

pprreevveenntt  eemmeerrggeennccee  ooff  rreessiissttaanntt  ssttrraaiinnss  ooff  

oorrggaanniissmmss..  

  AAtt  pprreesseenntt  tthhee  eeaarrllyy  ddiiaaggnnoossiiss  ooff  nneeoonnaattaall  

sseeppttiiccaaeemmiiaa  iiss  pprriimmaarriillyy  bbaasseedd  oonn  cclliinniiccaall  

eevvaalluuaattiioonn..    MMaannyy  bbaabbiieess  aarree  ttrreeaatteedd  wwiitthh  sseevveerraall  

ddaayyss  ooff  aannttiibbiioottiiccss  bbeeccaauussee  ooff  ppoossssiibbllee  iinnffeeccttiioonn  

wwhhiillee  wwaaiittiinngg  ffoorr  bblloooodd  ccuullttuurree  rreeppoorrtt..  TThhiiss  

rreessuullttss  iinn  aa  ddiisspprrooppoorrttiioonnaattee  hhiigghh  nnuummbbeerr  ooff  

bbaabbiieess  wwiitthhoouutt  sseeppssiiss  bbeeiinngg  ttrreeaatteedd  wwiitthh  

aannttiibbiioottiiccss..  AA  bbaatttteerryy  ooff  iinnddiirreecctt  mmaarrkkeerrss  ooff  

iinnffeeccttiioonn  wwhheenn  ccoolllleeccttiivveellyy  ssttuuddiieedd  iiss  aann  

eexxttrreemmeellyy  uusseeffuull  aanndd  rreelliiaabbllee  iinnddeexx  ffoorr  eeaarrllyy  

ddiiaaggnnoossiiss  ooff  nneeoonnaattaall  sseeppttiiccaaeemmiiaa⁶⁶˒˒⁷⁷..  TThhee  

pprreeddiiccttiivvee  aabbiilliittyy  ooff  tthheessee  ppaarraammeetteerrss  hhaass  bbeeeenn  

ffoouunndd  ttoo  vvaarryy  wwiiddeellyy  iinn  ddiiffffeerreenntt  

lliitteerraattuurreess⁸⁸˒˒⁹⁹˒˒¹¹⁰⁰˒˒¹¹¹¹ ˒˒¹¹²² ˒˒¹¹³³ ˒˒¹¹⁴⁴..  IInn  tthhee  pprreesseenntt  ssttuuddyy,,  

ffoouurr    mmoosstt  uusseeffuull  tteessttss  ((LLeeuukkooppeenniiaa<<55000000//ccuu..mmmm,,  

bbaanndd//nneeuuttrroopphhiill  rraattiioo≥≥00..22,,  mm--EESSRR≥≥1155mmmm  aatt  ffiirrsstt  

hhoouurr  aanndd  ppoossiittiivvee  llaatteexx  CCRRPP≥≥00..66mmgg//ddll))  wwhhiicchh  

ccaann  bbee  ppeerrffoorrmmeedd  eeaassiillyy  aanndd  rraappiiddllyy  wweerree  sseelleecctteedd  

ttoo  ddeevviissee  aa  sseeppssiiss  ssccrreeeenn..  SSeennssiittiivviittyy  ((ddiiaaggnnoossiinngg  

iinnffeeccttiioonn  wwhheenn  iitt  iiss  pprreesseenntt))  aanndd  ssppeecciiffiicciittyy  ((nnoott  

ddiiaaggnnoossiinngg  iinnffeeccttiioonn  wwhheenn  iitt  iiss  nnoott  pprreesseenntt))  ooff  

tthheessee  tteessttss  ssiinnggllyy  oorr  iinn  ddiiffffeerreenntt  ccoommbbiinnaattiioonnss  

wweerree  ccaallccuullaatteedd  bbaasseedd  oonn  ddeeffiinniittiioonnss  bbyy  FFeeiinnsstteeiinn  

((11997755))  iinn  ddeetteeccttiinngg  sseeppttiiccaaeemmiiaa  ccaasseess..  IItt  wwaass  

ffoouunndd  tthhaatt  wwhheenn  ssiinnggllee  tteesstt  wwaass  ccoonnssiiddeerreedd,,  

ppoossiittiivvee  llaatteexx  CCRRPP  ((≥≥00..66mmgg//ddll))  aalloonnee  ccoouulldd  

pprreeddiicctt  tthhee  ddiiaaggnnoossiiss  ooff  sseeppttiiccaaeemmiiaa  wwiitthh  aa  

sseennssiittiivviittyy  aanndd  ssppeecciiffiicciittyy  ooff  8844..88  ppeerrcceenntt  aanndd  

5511..99  ppeerrcceenntt  rreessppeeccttiivveellyy..  TThhiiss  wwaass  ccoonnssiisstteenntt  

wwiitthh  tthhee  ssttuuddyy  bbyy  VVaarrsshhaa,,  UUsshhaa  eett  aall¹¹⁵⁵..  WWhheenn  ttwwoo  

ppoossiittiivvee  tteessttss  ccoommbbiinnaattiioonnss  wweerree  aannaallyysseedd  ffoorr  

ddeetteeccttiioonn  ooff  sseeppssiiss,,  iitt  wwaass  ffoouunndd  tthhaatt  tthhee  bbeesstt  

ccoommbbiinnaattiioonn  wwaass  tthhaatt  ooff  ppoossiittiivvee  CCRRPP  aanndd  

lleeuukkooppeenniiaa  wwhhiicchh  hhaadd  aa  sseennssiittiivviittyy  aanndd  ssppeecciiffiicciittyy  

Result  of sepsis  screen  Proven  sepsis 

(n=33) 

Probable 

sepsis (n=27) 

No % No % 

Positive  29 87.9 14 51.9 

Negative  4 12.1 13 48.1 
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ooff  4488..55  ppeerrcceenntt  aanndd  4400..77  ppeerrcceenntt  rreessppeeccttiivveellyy  

ffoolllloowweedd  bbyy  bbaanndd//nneeuuttrroopphhiill  rraattiioo  aanndd  ppoossiittiivvee  

CCRRPP..AA  ssttuuddyy  bbyy  PPhhiilliipp  AAGGSS,,  HHeewwiitttt  JJRR  eett  aall  

ffoouunndd  lleeuukkooppeenniiaa  aanndd  iinnccrreeaasseedd  bbaanndd//nneeuuttrroopphhiill  

rraattiioo  ttoo  bbee  ccoorrrreellaatteedd  wwiitthh  aann  iinnccrreeaasseedd  rriisskk  ooff  

bbaacctteerriiaall  iinnffeeccttiioonn  iinn  nneeoonnaatteess⁹⁹..  HHeennccee,,  tthhee  sseeppssiiss  

ssccrreeeenn  wwhhiicchh  eevvoollvveedd  dduurriinngg  tthhiiss  ssttuuddyy  

ccoommpprriisseedd  ooff  ppoossiittiivvee  llaatteexx--CCRRPP  aanndd  lleeuukkooppeenniiaa..  

BByy  tthhee  aapppplliiccaattiioonn  ooff  sseeppssiiss  ssccrreeeenn  tthhiiss  ssttuuddyy  

ccoouulldd  ddiiaaggnnoossee  4433  oouutt  ooff  6600  ccaasseess  ooff  cclliinniiccaallllyy  

ssuussppiicciioouuss  sseeppttiicceemmiiaa,,  3333  ooff  wwhhiicchh  wweerree  pprroovveedd  

bbyy  bblloooodd  ccuullttuurree..  SSeeppssiiss  ssccrreeeenn  wwaass  nneeggaattiivvee  iinn  

1177  ccaasseess  aanndd  1133  ooff  tthheessee  wweerree  pprroovveedd  bbyy  bblloooodd  

ccuullttuurree..  TThhee  sseeppssiiss  ssccrreeeenn  wwaass  ppoossiittiivvee  iinn  8877..99  

ppeerrcceenntt  ccaasseess  ooff  pprroovveenn  sseeppssiiss  aanndd  ccoouulldd  ggiivvee  

rreessuulltt  wwiitthhiinn  aann  hhoouurr  mmaakkiinngg  iitt  vveerryy  uusseeffuull  ffoorr  

ddiiaaggnnoossiiss  ooff  nneeoonnaattaall  sseeppssiiss..    

Conclusion  

Neonatal sepsis remains one of the most 

important causes of neonatal morbidity and 

mortality in our country at large and Assam in 

particular. Despite considerable progress in 

hygiene, introduction of new antimicrobial agents 

and advancement in all spheres of medical world, 

clinicians are handicapped to an extent when it 

comes to combating infections, especially in 

neonates and infants.                                                         

It can be concluded from this study that a sepsis 

screen is a valuable adjunct for detection of sepsis 

in neonates. Moreover the sepsis screen 

suggested in this study was based on 

haematological parameters which can be easily 

performed in the side laboratory of a peripheral 

health centre. 

Prevention of sepsis has to be given its due 

importance. Prevention of factors which 

predisposes to neonatal septicemia like 

prematurity and low birth weight infants, aseptic 

techniques in delivery rooms and wards are 

crucial. Rationale antibiotic policy and proper 

protocols in utilization of anti-microbials will 

reduce the development of resistance which is 

emerging as a global threat. 
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