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Abstract: 
Background and Objectives: Neonatal sepsis is a clinical syndrome consisting of bacteremia with systemic signs 
and symptoms of infection accompanied by evidence of the bacterial growth in blood cultures, urine or 
cerebrospinal fluid, in the first four weeks o/f life. Neonatal sepsis is frequent and important cause of morbidity 
and mortality particularly in the developing countries like India and accounts for early-half of all neonatal death 
in our country. To evaluate the diagnostic efficacy of eosinopenia in neonatal sepsis and to determine the value of 
eosinopenia and nucleated red blood cells in predicting morbidity and mortality in NICU.  
Methodology: A prospective comparative study done in Neonatal intensive care unit of GMCH, Purnea. 254 
neonates admitted to neonatal intensive care unit with a clinical suspicion of sepsis were included in the study. 
All neonates fulfilling the inclusion criteria were included as study subjects after obtaining detailed informed 
consent from the parents.  
Conclusion:  As an inexpensive, easily available test to diagnose sepsis on ICU admission, eosinopenia and 
nucleated red blood cells offer a moderate degree of certainty in diagnosis of neonatal sepsis and can be used as 
an adjuvant test along with the other currently available septic markers.  
Keywords: NRBC, Eosinopenia, Neonatal sepsis, morbidity, mortality, NICU. 
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Introduction 

Neonatal sepsis is a clinical syndrome consisting of 
bacteremia with systemic signs and symptoms of in-
fection accompanied by evidence of the bacterial 
growth in blood cultures [1], urine or cerebrospinal 
fluid, in the first four weeks of life. Neonatal sepsis 
is frequent and important cause of morbidity and 
mortality particularly in the developing countries 
like India and accounts for early-half of all neonatal 
death in our country [2]. According to the Lancet re-
view 2018,[3] the lowest incidence rates were 
found in the USA, with 450 cases of neonatal sepsis 
per 100 000 live-births, and the highest incidence 
was reported in India, with 17 000 clinical sepsis 
cases per 100 000 live-births. Mortality ranged from 
11% in the USA4 to 19% in India.[5] Some popula-
tion-based studies have reported clinical sepsis rates 
ranging from 49 to 170/1000 live births in rural 
India.6 Incidence is not changed much over the past 
decade, and the fatality due to sepsis is between 30% 
and 65%.[7] The risk factors include lack of antena-
tal care, unsupervised or poorly supervised home 
deliveries, unhygienic and unsafe delivery practices 
and cord care, prematurity, low birth weight, lack of 
exclusive breast-feeding, and delays in recognition 

of danger signs in both mother and baby.[8,9]  Gold 
standard for the diagnosis of neonatal sepsis is by 
demonstration of the organisms in blood culture, 
but it takes a long time of 2-8 days for positive 
culture, the cost is relatively expensive and has low 
positive rate [10] and hence various other investiga-
tions are necessary for early diagnosis or to rule out 
sepsis. In addition, it is also important to limit inap-
propriate antibiotic exposure leading to antibiotic 
resistance and lowering the cost of therapy. There-
fore, there is a need for a test that is cheap, accurate, 
easily performed with quick availability of reports 
so that prompt and appropriate treatment is ensured. 
Rapid diagnostic test, which can distinguish infected 
infants from uninfected infants will have a signifi-
cant impact on newborn care. There are no much 
studies done in India regarding the role of eosin-
openia as diagnostic marker of neonatal sepsis. The 
available literature is mainly from the paediatric 
group and adult population. Also, there is relative 
lack of information about the role of nucleated red 
blood cells in neonatal sepsis. Much has been stud-
ied about the role of this component in asphyxia, 
but little data is available with respect to neonatal 
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infection. Hence this study was undertaken to pro-
vide information about the diagnostic value of eo-
sinopenia, nucleated red blood cells and other 
subcomponents of WBC in detection of bacterial in-
fection in neonates and also in predicting the mor-
bidity and mortality in neonatal intensive care unit. 

Objectives 

• To evaluate the diagnostic efficacy of eo-
sinopenia in neonatal sepsis. 

• To determine the value of eosinopenia and 
nucleated red blood cells in predicting mor-
bidity and mortality in NICU. 

• To evaluate the diagnostic efficacy of the 
following parameters in the early diagnosis 
of neonatal sepsis and in predicting morbid-
ity and mortality in neonatal intensive care 
unit 

Material and Methods 

A prospective comparative study, All neonates ad-
mitted to neonatal intensive care unit of Government 
Medical College Hospital Purnea, Bihar. during the 
study period of 2 years. As per the previous admis-
sion statistics minimum sample size was calculated 
to be 100.   We took total of 245 neonates in the pe-
riod of 2 years 

Inclusion Criteria 

All neonates admitted in neonatal intensive care unit 
of GMCH, during the study period with clinical 
signs of sepsis  

Exclusion Criteria  

Outborn neonates who have already been started on 
antibiotics before admission to NICU. Neonates 
with congenital anomalies. Neonates admitted in 
NICU for pure surgical corrections. Neonates on 
steroids for any cause. Hematological disorders (He-
molytic diseases, Rh incompatibility etc. 

All neonates fulfilling the inclusion criteria were in-
cluded as study subjects after obtaining detailed in-
formed consent from the parents. In all cases, blood 
was collected prior to starting antibiotic treatment. 
In case of suspected early onset sepsis, blood was ob-
tained after 6 hours of life through either a central 
venous access or a peripheral venous access under 
strict aseptic precautions as per our neonatal inten-
sive care unit protocol. 1ml of blood was collected 
for blood culture and was processed through BAC-
TEC method. Blood sample of 2cc each was col-
lected in plain vacutainer as well as in EDTA vacu-
tainer. Plain vacutainer for CRP estimation and 
EDTA vacutainer for leucocyte count, preparation 
of peripheral smears for estimation of Immature: 
Total neutrophil (I: T) ratio, immature granulocytes, 
to see the morphology of neutrophils and to see for 
nucleated red blood cells. Nucleated red blood cells 
were counted under microscopy in high power 
field and was reported as number of cells per 100 
white blood cells.  

The eosinophil count, C-reactive protein, peripheral 
smear for immature granulocytes, I:T ratio(imma-
ture neutrophils to total neutrophils), nucleated red 
blood cells and micro ESR was done and the results 
were analysed among all the subgroups. The study 
population was further evaluated and followed up 
till the time of discharge, for the duration of hospital 
stay, need for mechanical ventilation, oxygen re-
quirement, morbidity parameters (Necrotising enter-
ocolitis, respiratory distress syndrome, intraventric-
ular haemorrhage, retinopathy of prematurity, venti-
lator associated pneumonia, hearing abnormalities, 
etc.) and mortality.  

The results were compared and analysed according 
to the sub groups. The test results were analysed as 
per the values. Three or more of the parameters pos-
itive was considered as septic screen positive and 
was included in group 2 i.e., Probable sepsis

 
Septic screen parameters 

Sl. No. Laboratory Parameter Positive for sepsis 
1. Total leucocyte count <5000/mm3, >30,000/mm3 
2. Immature/total neutrophil ratio >0.2 
3. Micro-ESR >15 mm in first hour 
4. C reactive protein (CRP) >6 mg/dl 
5. Absolute neutrophil count As per Manroe and Mouzinho’s chart8 
6. Platelet count < 1.5 * 105 cells/mm3 

 
Results 

Total of 306 cases with clinical suspicion of sepsis. Out of which 24 were outborn neonates, 8 were already started 
on antibiotics before including in the study, 7 newborns had haematological disorders (haemolytic disease of 
newborn, Rh incompatibility etc) and 13 cases didn’t have all the investigation reports and hence were excluded. 
254 newborns met the inclusion criteria and were included in the analysis. 
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Table 1: Mean birth weight in different groups and standard deviation 
 Mean Std. Deviation Minimum Maximum 
Group 1 2.07846 0.839061 0.000 3.600 
Group 2 1.94625 0.682777 0.800 3.900 
Group 3 2.32325 0.650674 1.050 3.700 
Total 2.15504 0.728916 0.000 3.900 

there was statistical difference in the distribution of cases among the three groups based on gestational age, though 
more number of term neonates were seen in group 3. The mean gestational age in group 1 and group 2 
were34.635 weeks and 34.440 weeks respectively. More term neonates were seen in Group 3 with a mean gesta-
tion age of 36.19+/- 4.0372 weeks. The minimum and maximum gestation age. 

Table 2: Mean gestational age in different groups 
 Mean gestation in weeks Std. Deviation Minimum gestational age. Maximum gestational age 
Group 1 34.635 2.6873 28.0 40.0 
Group 2 34.440 3.2937 28.0 42.0 
Group 3 36.197 4.0372 32.0 40.0 

Klebsiella sepsis was the maximum in our neonatal intensive care unit during the study period accounting for 
22.7% followed by Staphylococcus epidermidis and Citrobacter koseri. Only in one case, Streptococcus agalactiae 
was isolated. 59.4% (n=151) cases were early onset sepsis and 40.6% (n=103) cases were late onset sepsis. The 
division of early onset and late onset sepsis based on the timing of presentation. 

Table 3: Mean, SD, minimum and maximum value of NRBC in different groups 
 Groups Mean SD Minimum Maximum 
NUCLEATED Group 1 38.841 41.671 0.000 140.000 
RBCS Group 2 26.455 62.116 0.000 400.000 
 Group 3 5.060 7.270 0.000 34.000 

 
NRBC in each limb was analysed further with a cut-
off value of 40cells/100 WBCs. Group 1 had 21 
cases and group 2 has 7 cases above the cut off 
value. Group 3 didnot have any cases above the cut-
off value. We further analysed the NRBCs with 
different cutoff values. NRBCs showed a sensitiv-
ity of 33.3%, specificity of 95.6%, PPV of 75% and 

a NPV of 78.5% in diagnosing neonatal sepsis, The 
duration of stay in NICU in group 1 was 20.03 days 
as opposed to 5.069 days in group 3 which was sta-
tistically significant. . Table 4 shows the mean dura-
tion of stay in NICU, which was more in group 1 
and 2 as compared to group 3. 

 
Table 4: Duration of stay in NICU among the three groups 

 Mean (in days) Std. Deviation 
Days In NICU Group 1 20.030 12.485 
 Group 2 14.653 9.972 
 Group 3 5.069 3.466 

 
The Comparison of specificity, sensitivity, PPV and 
NPV of different parameters in diagnosing neonatal 
sepsis. Eosinopenia exhibited an excellent sensitiv-
ity of 76.9% which was better than that of the es-
tablished markers, i.e., IT and CRP. NRBC had rel-
atively lower sensitivity (33.3%). But eosinopenia 

had a lower specificity of 25.1% as opposed to all 
other established markers. NRBC had an excellent 
specificity of 95.6% which was even better than that 
of IT. Along with these, MPV exhibited excellent 
sensitivity of 92.4% and a relatively moderate spec-
ificity of 64.4%. 

Table 5: Area Under the Curve of different septic markers in diagnosing neonatal sepsis 
Test Result Variable(s) Area 
MPV 0.770 
IT2 0.743 
IT 0.735 
NRBC 0.624 
CRP 0.593 
Eosinopenia 0.518 

 
The ROC curve of various other markers of sepsis 
used in the  study. Area under the curve for various 
parameters has been shown in table 20. Area under 

the curve was maximum for MPV. We found a sim-
ilar value for IT2 as that of IT. The area under the 
curve for CRP was 0.593 which was comparable 
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with that of eosinopenia. Area under the curve for 
NRBC was better than that of the CRP which is a 
known marker of sepsis. 

Discussion 

In the study done by Hornik et al [11], 166,092 neo-
nates with sepsis were included. The mean GA and 
birth weight of all neonates was 34.6 weeks (5th, 
95th percentile: 27, 40) and 2420 g (860, 3960), re-
spectively. In the study done by Newmann et al 
[12], the mean gestational age of sepsis group was 
38.8 and no sepsis group was 38.7 weeks. The 
mean gestational age in our study was 34.635 
weeks, 34.440 weeks and 36.197 weeks in group 1, 
group 2 and group 3 respectively. This was statis-
tically significant and hence stressed that lower ges-
tational age was associated with higher incidence 
of proven and probable sepsis. The mean birth 
weight was 2.07 kgs, 1.94 kgs and 2.32 kgs in group 
1, group 2 and group 3 respectively which was not 
having any significant difference statistically. In our 
study early onset sepsis was more common than 
late onset sepsis. 59.4% (n=151) cases were early 
onset sepsis and 40.6% (n=103) cases were late on-
set sepsis. These results were similar to the study 
conducted by Prutha Desai et al, Eko Bagus et al 
[13] mentioned that sensitivity of eosinopenia at the 
cut off of 50cells/µL was 28.6% but it can be in-
creased to 52.4% if cutoff is taken as 129cells/µL 
but at the cost of decrease in specificity to 64.3% 
as opposed to 100% with present cutoff. But con-
trary to this study, we got a sensitivity of 76.9% 
and a very poor specificity of 25.1% with a cut off 
value of 50 cells/µL. The variation of result can be 
attributed to lesser sample size and low blood cul-
ture positivity rates in the study done by Eko Bagus. 
Amal Sabry et al [14] investigated the impact of eo-
sinophil percentage on admission to ICU on mortal-
ity of critically ill adult patients admitted to ICU. 
Their results showed no significance in relation to 
total ICU mortality, age, gender or mechanical ven-
tilation. Also, eosinopenia showed significance with 
the APACHE II score. However, their results 
showed significant relation of eosinopenia to the 
length of ICU stay (P<0.001). Hence it was con-
cluded that, with longer duration of ICU stay, pa-
tients tend to be more eosinopenic and mortality risk 
tend to increase significantly with eosinopenic pa-
tients. In contrast, Abidi et al [15] proved that eosin-
openia could be considered a reliable marker of in-
fection with a specificity of 80% and sensitivity of 
80%. In our study, eosinopenia was associated 
with longer duration of ICU stay and had higher 
morbidity in sepsis. Also, eosinopenia was signifi-
cantly present in proven and probable sepsis groups 
as opposed to clinical sepsis group. Though Eosin-
openia was directly proportional to the mortality in 
sepsis neonates, the number was very less to have a 
statistical significance. Eosinopenia showed a sensi-
tivity of 15.9% and specificity of 79.2% in detecting 

mortality in the sepsis patients. Prutha Desai et al 
[16] found the highest sensitivity of CRP in diag-
nosing neonatal sepsis, which was 86.66%. But in 
our study the sensitivity of CRP was only 69%. De-
sai et al also concluded that I:T Ratio also has rea-
sonably good sensitivity (83.33%) and it is more 
specific (95%) than CRP which can more accu-
rately be used for ruling out proven sepsis. Similar 
to their results, we had a very good specificity of 
IT accounting for 87.8%, but a low sensitivity of 
65.2%. Micro ESR has lower sensitivity and speci-
ficity, so can’t be used alone to confirm or rule out 
sepsis. We also calculated another parameter, i.e., 
the IT2 which showed similar results as that of IT 
in its diagnostic value. As its established role in the 
study done by Newmann et al, we also found a sen-
sitivity and specificity of 62.1% and 91.4% respec-
tively. Thus, stressing the point that calculating the 
I/T2 enhances the prediction of early onset sepsis. 

In our study we also analysed another new parameter 
for diagnosing neonatal sepsis i.e., the mean platelet 
volume (MPV). In the study done by Ferhat et al 
[17] A MPV value of 10.35 fL was identified as the 
cut off value in patients probably resulting in sep-
sis with a sensitivity of 97.8% and specificity of 
78.7%. In our study also, we found an excellent 
sensitivity of 92.4% but a moderate specificity of 
64.4% of this parameter in the diagnosis of neona-
tal sepsis. This enhances the role of MPV in diag-
nosis sepsis and also in follow-up of sepsis and the 
response of antimicrobial treatment. 

Conclusion  

Eosinopenia has a better sensitivity than CRP but 
showed poor specificity in diagnosing sepsis. Nucle-
ated red blood cells has better specificity which is 
comparable with that of the IT ratio, an established 
marker in diagnosis of neonatal sepsis. Though these 
results cannot be used as gold standard, it definitely 
can be used as an adjuvant along with the other sep-
tic screen parameters in the diagnosis of neonatal 
sepsis. Both eosinopenia and nucleated red blood 
cells shows good specificity but poor sensitivity in 
detecting the morbidity and mortality in neonates 
admitted with sepsis in NICU. 
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