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Abstract: Though reference haematological parameters are defined for neonates, 
ranges vary in preterm. Few data are available regarding the premature population 
during the first month of life. Objective: To observe the variation in haematological 
parameters concerning different gestational ages, birth weights and gender among 
preterm neonates admitted to NICU with common illnesses like respiratory distress 
(RDS), neonatal hyperbilirubinemia (NNH) and sepsis in a tertiary care hospital. A total 
of ninety preterm neonates admitted to the neonatal intensive care unit (NICU) were 
analyzed over two years. Complete blood counts were obtained, grouped and 
analyzed according to the underlying diagnosis of sepsis, NNH and RDS. Clinical data 
were also extracted. The data were analyzed using SPSS software version 25. Mean, 
Chi-square test and ANOVA tests were used for data analysis. P value <0.05 was 
considered significant. Result: Variation was seen concerning gestational age and 
birth weight. Eosinophils were significantly decreased in LBW, while a decrease in 
neutrophils and an increase in lymphocyte count were seen in EPT. Haemoglobin and 
RBC indices also showed significant variation according to birth weight. Conclusions 
research complete blood counts of preterm depend on the degree of prematurity, birth 
weight, and other clinical findings. 
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INTRODUCTION 

According to the WHO, preterm birth is the birth of a live child before the mother 
has reached 37 full weeks of pregnancy. The preterm infants are grouped as per 
gestational age into 1) Extremely preterm (EPT)- <28 weeks (195 days), 2) Very 
preterm (VPT)- <32 weeks (237 days), 3) Moderate preterm (MPT)- Between 32 to 
<34 weeks and 4) Late preterm (LPT)- Between 34 to <37 weeks of gestation (238 to 
258 days) while infant classification by birth weight is classified as: Normal birth weight 
(NBW)- from 2,500 to 4,000 grams and Low birth weight (LBW)- less than 2,500 
grams. LBW infants can be further sub-classified as low birth weight (VLBW)- less 
than 1,500 grams and extremely low birth weight (ELBW)- less than 1,000 grams (Effer 
SB et al., 1969). 

Numerous studies have been done on the typical changes in reference 
paediatric blood parameters during the first few years of life. These physiological 
variations in term newborns have been studied at birth, in the first few hours and days 
after birth, and up to six months. Preterm neonates have less complete physiological 
data but are more likely to need transfusions or anti-infective treatments that are 
adjusted based on blood counts (Roudil P et al., 2017). 
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The variation in parameters among preterm compared to term neonates is not 
extensively studied, and it is unknown how preterm infants' hematologic profiles differ 
in relation to typical prematurity-related complications (Roudil P et al., 2017). Research 
is needed, besides studying various parameters according to gestational age and birth 
weight, also studying changes in haematological parameters in premature neonates 
with sepsis, RDS and NNH, which have not been extensively analyzed in other 
studies. Therefore, this study analysed the spectrum of haemograms of preterm 
neonates admitted to the NICU. To evaluate and stratify them according to preterm 
type and to determine the association between CBC parameters with respect to clinical 
findings in preterm infants like sepsis, neonatal hyperbilirubinemia (NNH) and 
respiratory distress syndrome (RDS). 
 
MATERIALS AND METHODS 

This cross-sectional observational study was conducted for two years, from 1st 
July 2020 to 30th June 2022, at the Department of Pathology in a tertiary care hospital 
attached to a private medical college in western India. A total of ninety preterm 
neonates born between 26 to less than 37 weeks of gestation and admitted to NICU 
were analyzed. Detailed clinical history of the neonates (including birth weight, 
gestational age, and presenting complaints) was extracted. This study was approved 
by the institutional ethics committee. 

The peripheral blood samples were collected in a K2EDTA vacutainer for 
Complete Blood Counts (CBC) on day 0 of the preterm. CBC was performed on a fully 
automated Beckman Coulter DxH800 Haematology analyzer. Peripheral blood 
smears stained with Leishman stain were examined. Reticulocyte count was manually 
done by New Methylene blue staining procedure and expressed as % of reticulocyte 
count after examining under a microscope (Shaffer M et al., 1963). There were no 
anticipated risk factors involved in this study except those occurring due to the natural 
process of disease progression. 

The data were analyzed using SPSS (Statistical Package for social sciences) 
version 25.0 software. The results were presented in tabular and graphical format. Chi-
square and ANOVA tests were used to find the association between two or more 
attributes for qualitative data variables; for Quantitative data Mean ± SD was 
calculated. An unpaired t-test was used to compare the two independent groups for 
Quantitative data variables. A P-value of < 0.05 was considered significant. This study 
was approved by the institutional ethics committee. (Institutional Ethical Committee 
Ref No.- BVDUMC/IEC/135). 
 
RESULTS AND DISCUSSION 

A total of ninety preterm neonates were included in the present study, with a 
mean gestational age of 32.06 ± 2.29 weeks and an average birth weight of 1527.22 
± 540.09 grams. There were 41 female babies and 49 male babies. The 
haematological parameters included the levels of haemoglobin, total leucocyte count 
(TLC), neutrophils %, lymphocytes %, eosinophils %, monocytes %, platelet count and 
RBC indices, etc. 

Eosinophils were found to be significantly decreased in LBW as compared to 
NBW neonates (Table 1), while a decrease in neutrophils and an increase in 
lymphocyte count was seen in EPT as compared to LPT neonates (Table 4). Septic 
neonates showed variations in morphological abnormalities like leucopenia, toxic 
changes and shift to the left (Figure 1), which was statistically significant for gestational 
age.  
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In contrast to sepsis, neonates with RDS showed a significant decrease in MCV 
and MCH and an increase in eosinophil counts in NBW compared to ELBW infants. 
There was a significant increase in haemoglobin, eosinophils, RBC count and 
hematocrit in LPT as compared to EPT neonates in these neonates.  

The comparison of the distribution of neonates with NNH based on the type of 
birth weight and gender did not differ significantly (P value= 0.067 as per ANOVA test), 
as shown in Table 2. Also, the distribution of neonates with NNH on the basis of type 
of preterm birth (gestational age) and gender did not differ significantly (P value= 0.186 
as per ANOVA test), as shown in Table 3. We found four cases of ABO incompatibility 
showing the presence of spherocytes and polychromasia on PBS (Figure 2). Neonates 
with NNH showed a significant decrease in MCV and MCH in NBW compared to ELBW 
neonates. Also, a significant increase in haemoglobin, RBC count and hematocrit were 
seen, and a significant decrease in eosinophil counts, MCV and polychromatic cells in 
LPT compared to EPT infants in these cases. 

 
Table 1. Comparison of Haematological Parameters According to Birth Weight 

Birth 
weight 

ELBW (n=20) LBW (n=33) NBW (n=12) VLBW (n=25) P 
Value Mean SD Mean SD Mean SD Mean SD 

Hemoglobin 17.07 3.24 17.07 2.77 16.56 2.83 16.79 2.63 0.942 

TLC 
9871.

2 
4548.

6 
13008.

2 
5292. 

31 
12010.

5 
4110.3

9 
10785.

0 
6380.5

0 
0.177 

Neutrophils 64.30 11.29 66.97 7.41 62.67 11.33 65.48 14.63 0.668 
Lymphocytes 25.95 10.20 24.33 8.96 27.17 11.05 26.08 15.73 0.883 
Eosinophils 1.15 1.69 1.33 1.57 2.42 2.91 0.64 0.81 0.032* 
Monocytes 6.90 2.63 6.76 2.46 7.33 3.65 6.76 3.37 0.944 
Platelet 
Count 

183650 55168 219848 80784 222333 79785 188588 80937 0.21 

RBC Count 4.58 0.88 4.86 0.77 4.90 0.93 4.74 0.91 0.65 
Hematocrit 52.85 10.00 52.18 8.64 51.83 8.82 53.25 7.86 0.956 
MCV 115.60 7.62 108.60 6.48 106.38 6.48 111.56 6.51 0.001* 
MCH 37.31 2.35 35.43 2.26 34.45 2.45 35.89 2.33 0.006* 
MCHC 32.29 1.00 32.63 0.74 32.38 1.00 32.17 0.77 0.214 
RDW 18.67 1.98 17.42 1.90 18.57 2.67 18.70 4.00 0.244 
nRBCs 45.25 72.55 18.33 53.73 18.25 38.85 66.40 203.89 0.436 
Reticulocyte 
Count 

5.85 3.62 6.12 4.35 4.42 3.65 5.72 2.87 0.602 

*Eosinophils, MCV and MCH showed statistically significant variation according to 
birth weight (P value <0.05 as per ANOVA test) 
 

Table 2. Comparison of Gender and Type of Birth Weight among  
Neonates with NNH 

Birth weight 
Females Males P 

value N % N % 

ELBW 10 32.3 4 11.1 

0.067 
VLBW 10 32.3 11 30.6 

LBW 9 29.0 12 33.3 

NBW 2 6.5 9 25.0 

Total 31 100.0 36 100.0  
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Table 3. Comparison of Gender and Type of Preterm Birth (Gestational Age)  
among Neonates with NNH 

Gestational 
Age 

Females Males P 
value N % N % 

EPT 3 9.7 2 5.6 

0.186 
VPT 16 51.6 14 38.9 
MPT 8 25.8 7 19.4 
LPT 4 12.9 13 36.1 
Total 31 100.0 36 100.0  

 
Table 4. Comparison of Haematological Parameters According to Gestational Age  

Birth Weight EPT (n==8) VPT (n=36) MPT (n=22) LPT (n=24) P 
Value Mean SD Mean SD Mean SD Mean SD 

Hemoglobin 14.29 2.96 17.71 2.83 17.06 2.45 16.49 2.57 0.013* 
TLC 10428 6064 10158 4778 11596 6161 14007 4742 0.05 
Neutrophils 58.38 17.59 65.50 11.31 67.36 8.94 65.75 9.60 0.271 
Lymphocytes 31.25 20.09 26.64 11.65 22.68 9.67 24.67 9.02 0.293 
Eosinophils 1.75 1.98 0.69 1.09 1.41 2.17 1.75 1.87 0.087 
Monocytes 5.75 2.66 6.89 2.81 7.77 3.21 6.38 2.75 0.261 
Platelet count 171750 75388 186638 69669 208122 79909 234958 76367 0.061 
RBC Count 3.93 0.96 4.87 0.77 4.87 0.86 4.82 0.81 0.033* 
Hematocrit 44.81 9.89 55.34 8.21 52.91 7.76 50.72 8.07 0.008* 
MCV 114.68 7.59 112.81 7.71 110.53 6.28 106.30 5.64 0.002* 
MCH 36.64 2.48 36.45 2.52 35.88 2.35 34.64 2.11 0.029* 
MCHC 31.96 1.28 32.31 0.73 32.46 0.74 32.59 0.97 0.294 
RDW 17.73 1.96 18.91 3.45 18.07 2.11 17.44 2.22 0.219 
nRBCs 65.38 104.43 51.67 170.18 30.59 69.65 13.88 33.36 0.581 
Reticulocyte 
count 

5.75 3.41 6.22 3.30 5.27 3.74 5.38 4.42 0.762 

*Statistically significant variation was seen in Haemoglobin, RBC count, HCT, MCV 
and MCH with gestational age. (P value <0.05 as per ANOVA test) 
 

 
Figure 1. Shows a Peripheral Blood Smear (Leishman stain- 400x magnification) of a 

Patient with ABO Incompatibility Showing Spherocytes Pointing to  
the Evidence of Hemolysis. 

Figure 2. Shows a Peripheral Blood Smear (Leishman stain- 400x magnification) with 
the Shift to Left in WBCs (band cells) and Vacuoles in Neutrophils Pointing  

to the Evidence of Sepsis. 

Figure-1 Figure-2 
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The typical variations in reference paediatric blood parameters during the first 
few years of life have been the subject of numerous studies. Preterm neonates are 
more likely to require transfusions or anti-infective treatments adjusted based on blood 
counts, despite having less complete physiological data (Roudil P et al., 2017; 
Swaanenburg JC et al., 1987; Taylor M R et al., 1997). 

Haematological measurements such as the Haemoglobin (Hb) level, white 
blood cell (WBC) count, and platelet count are frequently used to assess preterm 
neonates. It is said that these quick screening tests have good sensitivity and negative 
predictive values and are widely available (Tigabu Kebede Z et al., 2020). Several 
authors have noted variations in the hematologic parameters of preterm newborns 
according to gestational age and birth weight (Roudil P et al., 2017). 

The goal of the current study was to evaluate the haematological parameters 
in preterm neonates admitted to the NICU while concentrating on complications like 
sepsis, RDS, and NNH. We found an increase in Haemoglobin, RBC count and 
hematocrit among late preterms compared to extremely preterm neonates with NNH 
and RDS, which was statistically significant (p-value <0.05), which was also an 
observation by Rolim et al (Rolim, A. C. B. et al., 2019). As per Roudil et al., all three 
bloodlines increased proportion to gestational age, which also correlated with our 
study (Roudil P et al., 2017). 

According to Jun-Ho Wu et al., there was an initial trend of a decrease in TLC 
count and then again an increase after 31 weeks of gestation, along with an increase 
in haemoglobin levels up to 34 weeks of gestation in Taiwanese preterm infants, which 
correlated with our study as well. There was no statistically significant change in 
platelet counts in the study by Jun-Ho Wu et al., which correlates with our study (Wu 
J. H. et al., 2009). According to Henry, for preterms, leucocytosis is common at birth 
with a wide reference range. There are increased segmented neutrophils, bands and 
metamyelocytes, but there is no sign of illness. Preterms have higher absolute 
neutrophil counts in their neutrophilic leukocytes than older children, who typically 
have higher lymphocyte counts. The neutrophilic leucocyte count increases within the 
first twelve hours after birth, drops between one month and one year, and then 
gradually stabilises at 4.4 10^9/L at around four years of age (Henry E et al., 2015). 
Yang JY et al. discovered a relationship between birth weight, gestational age and the 
degree of eosinophilia. Sepsis and RDS were associated with a higher eosinophil 
percentage, which correlated with our study in the fact that the eosinophil count 
significantly increased with increasing birth weight in septic neonates and with 
increasing gestational age in neonates with RDS (Yang J. Y. et al., 2014; Peng CT et 
al., 1989). Prematurity is a risk factor for neonatal sepsis, which along with anaemia, 
triggers infantile respiratory distress (Tigabu Kebede Z et al., 2020; Christensen R. D. 
et al., 2015). 

Based on gestational age, Salsbury found that premature infants reach their 
normal hematocrit sooner and at a lower level than term. (Salsbury D. C. et al., 2001). 
As per Noguera NI et al., low birth weight newborns had slightly higher hematocrit and 
RBC count values than the full-term group, while preterms had slightly lower Hb 
concentrations and higher MCV values (Noguera N. I. et al.,1999). According to 
Khurana R et al., infants with ABO incompatibility had significantly higher mean 
reticulocyte counts, which also correlated with our study in the fact that increased 
polychromasia was seen in extremely preterm neonates with NNH (Khurana R. et al., 
2019). Limitation of this research is that studies should be done with a larger sample 
size to validate the results. It will also help to establish baseline reference ranges for 
preterm neonates in a geographic population. 
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CONCLUSION 
 The present study concludes that certain blood parameters from complete 
blood count, like Haemoglobin, eosinophils, RBC count, HCT, MCV and MCH, depend 
on both the degree of prematurity, birth weight and other associated clinical conditions. 
Awareness regarding these physiological variations may help to take therapeutic 
decisions in everyday practice. 
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