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Objectives: To evaluate the utility of the hematological parameters and 

HSS score for early detection of neonatal septicemia and to correlate 

results with blood culture reports and C-reactive protein (CRP) levels. 

Material and Methods: Blood samples of 60 neonates with the clinical 

diagnosis of neonatal septicemia were collected. Peripheral smears of 

these neonates were evaluated and scored as hematological parameters 

of Rodwell‘s criteria (score of < 2 – unlikely septicemia, 3 or 4- 

possible septicemia and > 5 very likely septicemia).A comparison of 

the HSS score, CRP value and blood culture report was done. 

Statistical analysis: Data was entered in a Microsoft Excel spread 

sheet & analyzed using SPSS Software Version 16. 

Result: Out of 60 caseswith the clinical diagnosis of neonatal 

septicemiastudied, HSS score of 15cases (25%) score 4, 28 cases 

(46.6%) scored 5 and 17(28.3%) cases had a score of 6.  Sensitivity of 

the Immature Neutrophil Count andDegenerative changes was 100%. 

In 30 cases (50 % cases) blood culture report was positive. In neonates 

with positive blood culture reports had > 5 HSS score in 86 % of the 

cases and raised CRP in 80 % of the cases. In neonates with negative 

blood culture reports had > 5 HSS score in 63 % of cases and raised 

CRP in 80 % of cases. 

Conclusion: HSS is a rapid, simple and reliable test that helps in early 

diagnosis and treatment of neonatal septicemia. 

 
Copyright, IJAR, 2025,. All rights reserved. 

…………………………………………………………………………………………………….... 

Introduction:- 
Neonatal septicemia refers to an infection involving the bloodstream in newborninfants less than 28 days. It is 

characterized by nonspecific signs and symptoms caused by invasion of pathogens. 

 

According to WHO estimate 2022, Globally 2.3 million children died in the first 20days of life. There are 

approximately 6500 newborn deaths every day, amounting to 47% of all child deaths under the age of 5 years. 
[1]

 

 

Neonatal septicemia is associated with high morbidity and mortality in developing countries. It is the second major 

cause of mortality among neonates, killing more than one million neonates annually
[2]

.The baseline neonatal 

mortality rate (NMR) in India is 23/1,000 live births.
[3]

Early diagnosis and treatment significantly improve the 

outcome of neonatal septicemia. 
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Different modalities of diagnosis of septicemia includemicrobiological culture method, inflammatory biomarkers 

including acute-phase reactantslike C-reactive proteins and Procalcitonin, Interleukins, Cell adhesion moleculesand 

Hematological indices. 

 

Septicemia is considered culture-proven if confirmed by microbial growth on blood cultures or other sterile bodily 

fluids. The diagnosis of confirmed septicemia relies on conventional microbiologic culture techniques, which can be 

time-consuming. In neonates, low or intermittent bacteremia and maternal intrapartum antimicrobial exposure may 

decrease the sensitivity of blood cultures. The delay in pathogen identification and antibiotic susceptibility testing 

increases exposure to broad-spectrum antibiotics, which may lead to bacterial antibiotic resistance and delay in 

targeted antimicrobial therapy.Debate exists over the occurrence of culture-negative septicemia and whether 

antibiotics should be continued in culture-negative cases. The diagnosis of ―culture-negative‖ septicemia or ‗clinical 

septicemia‘ has led to a 10-fold increase in antibiotic use in neonates with evidence of unintended harm including 

increased risk for necrotizing enterocolitis, fungal infections, bronchopulmonary dysplasia, and death.
[4]

 

 

C-reactive protein (CRP) is another marker which is been the most studied biomarker. Serum CRP concentrations 

rise within 10 to 12 hours in response to bacterial infections and peak after 36–48 hours, with concentrations 

correlating with illness severity. Due to the delay in elevation, it is unreliable for early diagnosis of neonatal 

septicemia (low sensitivity). Furthermore, other non-infectious maternal and neonatal conditions may also result in 

elevated CRP levels, thus making it a nonspecific biomarker. 

 

Rodwell et al.
[5]

 1988 developed a hematological scoring system (HSS) based on the White Blood Cell Count 

(WBC), Immature Cell Count, Immature Neutrophils to Mature Neutrophils and Total Count Ratios, Platelet Count 

and Degenerative Changes in Neutrophils liketoxic granulations, vacuolations and Döhle bodies.It is a simple cost-

effective test and can be used as a screening test for early diagnosis of neonatal septicemia. 

 

The present studyevaluatesthe efficacy of the quick and cost-effective Hematological Scoring System (HSS) 

thathelpsin the early diagnosis of neonatal septicemia. 

 

Objective of the study:- 
To evaluate the utility of the hematological parameters and HSS score for early detection of neonatalsepticemia and 

compare these hematological parameters with blood culture and C-reactive protein levels. 

 

Materials and Methods:- 
Thisprospective studywas conducted at GIMS Kalaburagi, from July2023 to October 2023. Blood samples of 60 

clinically suspected neonatal septicemia cases were studied for HSS score, blood culture, and CRP levels. 

 

Neonates with major congenital anomalies, inborn error of metabolism, malignancyand neonates with blood 

transfusion were excluded from the study. 

 

Blood samples of clinically suspected neonatal septicemia cases werecollected in EDTA and Plain Vacutainers. 

EDTA samples were processed in, a 5-partanalyzer (Sysmex XN- 330) for CBC. Good-quality peripheral 

smearswere prepared,stained with Leishman stains; and studied under a microscope.Hematology findings were 

scored as per Hematological Scoring System[Table 1 &2] 

 

Quantitative evaluation of C-reactive protein was done in 60 clinically suspected neonatal septicemia cases. 

 

Blood samples were also sent for culture and sensitivity. 
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Table 1:-Hematological Scoring System. 

Criteria Abnormality Score 

Total WBC count  

 

≤5,000/ µL 

≥25,000/µLat birth, ≥30,000/µLat 12–24hr, ≥21,000/ µLat day 2 

onward. 

1 

1 

Total PMN count  

 

1800–5400/ µL 

Increased or decreased  

No mature PMN seen  

0 

1 

2 

Immature PMN count  

 

<600 / µL 

>600/ µL 

0 

1 

I: T PMN ratio  

 

<0.120/µL 

>0.120 /µL 

0 

1 

I: M PMN ratio  

 

<0.3 / µL 

≥0.3 / µL 

0 

1 

Degenerative changes  

in PMN 

 

Toxic granules /cytoplasmic vacuoles 1 

Platelet count  <150,000/ µL 1 

 

Table 2:- Scoring System Interpretation. 

Score Interpretation 

≤2 Septicemia is unlikely 

3– 4 Septicemia is suspected 

≥5 Septicemia or infection is likely 

 

Statistical analysis:  

Data was entered in a Microsoft Excel spreadsheet &analyzed using SPSS Software Version 16. 

 

Results:- 
A total of 60 cases having clinical features of neonatal septicemia were studied. 36 cases were male and 24 were 

female with a ratio of 1.5:1 (M:F) showing male predominance. Hematological parameters were studied and scored 

as per HSS criteria.  

 

Out of60 cases, 15(25%) cases had an HSS score of 4, 28(46.6%)cases scored 5,and 17(28.3%) cases had a score of 

6. [Table: 3] 

 

Table 3:-HSS Scoring System Interpretation. 

Score Interpretation Total Number of   

        Cases (%)  

≤2 Septicemia is very unlikely 00 

3– 4 Septicemia is suspected 15(25%) 

≥5 Septicemia or infection is more likely 45(75%) 

 

TLC with score 1 (Leukocytosis/Leukopenia) was seen in eight out of sixty cases. Total PMN count with a score of 

1 (<1800 or > 5400/µL) was seen in 48 (80%) cases,in culture-positive group76% of cases showed score of 1. 

 

Immature PMN countswith a score of 1 (< 600 or >600/µL) was seen in 57 (95%) of total cases, and in the culture-

positive group, 96% of the cases showed a score of 1 of immature neutrophils count.  

 

High I:T ratio (≥0.12)was seen in 56 cases (93.3%) of total 60 casesand 93.3% showed high I:T ratio in culture 

positive group. A high I: M ratio (≥0.3) was seen 18 (30%) cases and 26% of the cases showed high I:T ratio in 

culture-positive group. Low platelets count (< 1,50,000/µL) seen in 23(76.6%) of culture-positive group and 

15(50%) cases seen in culture-negative group. 
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Degenerative changes such as toxic granules, cytoplasmic vacuolations andDöhlebodies were noted in all cases of 

culture-positive (100%) and 29 (96%) cases of the culture-negative group. [Figure: 1, 2] 

 

 
Fig.1,2:- Peripheral blood film showing immature neutrophils (band forms) & cytoplasmic vacuolations in 

neutrophil (Leishman stain; X1000) 

 

Table 4:- 

WBC: White blood cell count, PMN: Polymorphonuclear cell count (neutrophils),  

I: T PMN ratio: Immatureneutrophilcount: Total neutrophil count ratio,  

I:M PMN ratio: Immatureneutrophil count: Mature neutrophil count ratio 

 

Among the seven hematological parameters of HSS score studied, degenerative changes in neutrophil, immature 

neutrophil count and I:T ratio showed the highest sensitivity and NPV. Total Immature PMNs, Degenerative 

changes and I:T ratio scoresweresignificant in culture-negative group of clinically suspected septicemiacases. 

 

Compared to other hematological markers, degenerative changes andimmature PMNs count may be the most 

sensitive indicator of neonatal septicemia. 

 

C-reactive protein was seen to significantly increase (> 6mg/L) in 24 cases (80%) in a culture-positive group of 

septicemia and increased in 25 cases (83%) of the culture-negative group.   

 

Hematological 

parameters 

HSS 

score 

 

Culture 

positive 

group 

Culture 

negative 

group 

Total cases Sensitivity(%) (NPV) 

(%) 

Total Leukocytes Count 0 27 25 52 

 

 

10 

 

48.08 

1 03 05 08 

Total PMN count  

 

 

0 08 06 14  

76.67 

 

16.67 1 22 24 46 

Immature PMN count  

 
0 01 02 03  

96.67 

 

66.67 1 29 28 57 

I:T ratio (≥0.12)  0 02 02 04  

93.33 

 

50 1 28 28 56 

I:M ratio (≥0.3)  0 22 20 42  

27 

 

48 1 08 10 18 

Degenerative changes   

 
0 00 01 01  

100 

 

100 1 30 29 59 

Platelets 

(<1,50,000)  
0 07 15 22  

76.67 

 

68.33 1 23 15 38 

 

CRP (> 6mg/L) 

 

 

 

24 cases 

 

25 cases 

 

49 

 

80 

 

45.45 

Fig:1 Fig:2 
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Among the 60 cases studied, 30 cases showed culture-positivity. Staphylococcus aureus was seen in 20 (60%) cases 

followed by Klebsiella pneumonia in 7 (23%),E. coli in 2 (6%) cases, and 1 case showed Candida infection. 

 

Discussion:- 
Neonatal septicemia is a serious illness with high morbidity as well as mortality. Early diagnosis with prompt 

antibiotic therapy can significantly improve the outcome. So, areliable screening test is very helpful for the 

diagnosis and treatment of neonatal septicemia.  

 

Blood culture which is considered the gold standard has low sensitivity due to pre- and post-analytic factors and is 

also not available within the therapeutic window.
[6]

 Our study showed a culture positivity in 30(50%) out of 60 cases 

of clinically suspected neonatal septicemia. Other studies done by Aparna.Setal.
[7]

and Tushar et al 
[8]

showed culture 

positivity in 9.6% and 27% of the clinically suspected neonatal septicemia respectively. 

 

The present study showed predominance in maleswith M:F ratio of 1.5:1, which was in concordance with studies 

done by Aparna.S et al (3:1). 
[7]

and Rajashree.K.et al (1.3:1).
[9]

Male predominance is attributed to the fact that there 

are X-linked regulatory genes involved in globin synthesis and immune regulation, males have a single X 

chromosome, making them more susceptible toinfections.
[9]

 

 

TheTotal HSS scorein the present study showed a sensitivity of 86.6%, and an NPV of 73.33% which is similar to 

the study done by Rodwell et al. In his study, sensitivity was 96%, and negative predictive value (NPV) was 99%. 

He concluded that the HSS improves diagnostic accuracy and can be used as a screening test for septicemia. This 

study also has been compared with other studies like Rajashree.K. et al. 
[9] 

Derbalaet al.
[10]

and Abbas F et al. 
[11]

 

[Table; 5] 

 

Table 5:- 

Author Sensitivity (%) Specificity(%) PPV(%) NPV(%) 

Rajashree et al 

(2018) 

100% 54.70% 54.70% 100% 

Abbas et al 

(2020) 

81.58% 84.48% 77.50% 88.33% 

Derbala et al  

(2021)  

95% 96.70% 26% 100% 

Present 

study  

86.67% 36.67% 57.78% 73.33% 

 

In the present study, the highest sensitivity was seen in 3 hematological parameters which include, degenerative 

changes in neutrophil (100%), immature neutrophil count (96.67%) and I:T ratio (93.33%). 

 

Degenerative changes like toxic granules, cytoplasmic vacuolation, Döhlebodies showed the highest sensitivity 

(100%) and NPV (100%), which is similar to a study done by Aparna.S et al
[7]

 (Sensitivity- 100%, NPV- 100%). 

Immature PMN count with a cut-off value >600 cells/mm
3
 had good sensitivity (96.67%). A similar result was 

observedin the studies of Makkar et al.
[12] 

(96.87%). I:T ratio >0.120 had a sensitivityof 93.3%, NPV and PPV of 

50%. The studydone by Supreetha MS et al. 
[13]

showed91% sensitivity and 51% NPV. 

 

In the present study, thrombocytopenia had a sensitivity of 76.67%, specificity of 50%, PPV of 60.53%, and NPV of 

68.33%.Platelet in isolation is not a reliable predictor of septicemia, as thrombocytopenia is common in the first 

week of life.This is thought to be due to platelet destruction and sequestration increased, and platelet production 

decreased. 
[14]

 

 

The sensitivity of total leukocyte count was very less (10%), similar to the study done by Narasimha A et al.
[15]

 

Sensitivity of I:M ratio was 27% which is in concordance with the study done Tushar et al. 
[8]

 

 

Conclusions:- 
The hematological scoring system is a simple, quick, cost-effective tool thatis helpful as a screening test for early 

diagnosis of neonatal septicemia as compared to Blood culture and CRP levels in developing countries. Among all 
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seven hematological parameters of HSS score Degenerative changes, Immature PMNs and I:T ratios are more 

significant. This aidsclinicians in support of diagnosis of neonatal septicemia and institutingantibiotic therapy 

precisely. Thus, unnecessary exposure of infants to antibiotic therapy can be avoided.  
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