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Abstract

Background: The aim of the study was to find the values of nucle-
ated red blood cells (NRBCs) in normal and asphyxiated babies 
and their correlation with simple clinical parameter and immediate 
outcome of such babies.

Methods: One hundred forty babies were registered for the study, 
with 70 as cases and 70 controls. Cord blood was collected and 
analyzed and the number of NRBCs was determined. It was case-
control prospective study.

Results: The mean NRBC level in cases and control groups was 
17.43 ± 19.86/100 white blood cells (WBCs) and 2.97 ± 4.79/100 
WBCs respectively (P < 0.0001). The 41.43% of babies did not 
develop hypoxic ischemic encephalopathy (HIE). Stage I HIE was 
seen in 14.28% of the babies, while stage II and stage III HIE were 
seen in 31.43% and 12.86% babies respectively. The mean NRBCs 
were 4.48, 11.10, 25.95 and 45.55/100 WBCs in no HIE and stage 
I, II and III HIE respectively. The NRBC counts are significantly 
different according to the stages of HIE (P < 0.0001).

Conclusions: NRBCs can be considered as a marker of perinatal 
asphyxia and significantly correlated with the degree of asphyxia. 
NRBCs can be used to determine the grade of HIE in asphyxiated 
neonates.
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Introduction

Perinatal asphyxia (derived from the Greek word a-sphyxos, 

meaning born without an evident pulse) is one of the most 
important causes of fetal distress [1]. Perinatal asphyxia 
is a serious problem globally, and it is a common cause of 
neonatal mortality and long-term morbidity. Data from Na-
tional Neonatal Perinatal Database [2] suggest that perina-
tal asphyxia contributes to almost 20% of neonatal deaths 
in India. Of the 1.2 million neonatal deaths in India every 
year, 300,000 - 350,000 infants die due to perinatal asphyxia 
mostly within first 3 days of life [3].

A gold standard definition of birth asphyxia does not ex-
ist. It is thus appropriate to use the term perinatal asphyxia 
as asphyxia may occur in utero, during the process of labor, 
at birth or in the postnatal period. World Health Organiza-
tion (WHO) [3] has defined perinatal asphyxia as a “failure 
to initiate and sustain breathing at birth”. National Neonatal 
Perinatal Database [2] defines moderate asphyxia as slow 
gasping breathing or an APGAR score of 4 - 6 at 1 min of 
age, and severe asphyxia was defined as no breathing or an 
APGAR score of 0 - 3 at 1 min of age.

Nucleated red blood cells (NRBCs), or erythroblast, 
are the premature forms of erythrocytes that are commonly 
found in newborn’s blood. Their presence in peripheral blood 
is associated with the hypoxic nature of fetal growth [4]. Any 
condition that reduces the quantity of oxygen transported to 
the tissues can cause an increase in the rate of RBC produc-
tion. Considering the hematopoietic response to hypoxia in 
utero the elevated counts of NRBC, it was investigated as a 
possible marker of asphyxia. Various studies have been con-
ducted to correlate number of NRBCs in cord blood with 
perinatal asphyxia and have shown a good correlation [5, 6]. 
It is a simple test which can be done at rural areas even in pri-
mary health centers, which are the backbone of health care in 
India. So this study aims to find the values of NRBCs in nor-
mal and asphyxiated babies and the correlation of number of 
NRBCs in asphyxiated babies with simple clinical parameter 
and immediate outcome of such babies.

 
Materials and Methods

   
This study is conducted in the labor room and operation the-
ater of Krishna Hospital and Research Centre, Karad, Ma-
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harashtra. This study extended from a period of November 
2011 to November 2012. It includes 140 babies, and among 
them 70 were cases which included neonates who had birth 
asphyxia according to the WHO definition of birth asphyxia. 
The control babies were selected as the next baby delivered 
after the birth of an asphyxiated neonate.

Babies satisfying the following criteria according to the 
definition of birth asphyxia according to WHO, i.e. APGAR 
score < 7 at 5 min of life, normal respiration not established 
at 1 min after birth and requiring resuscitative measures and 
heart rate of < 100 beats/min after 1 min after birth, were 
included in the study. Babies with severe congenital malfor-
mations, chromosomal abnormalities, intrauterine growth 
retarded babies, babies of diabetic and hypertensive moth-
ers, Rh incompatibility and babies with history of maternal 
smoking and chorioamnionitis were excluded from the study.

Babies during the same study period and with an AP-
GAR score ≥ 8 at 5 min and meeting the exclusion criteria 
were included in the control group.

At birth 2 mL of cord blood was collected in ethylene 

diamine tetra acetate (EDTA) bulbs in both cases and control 
groups. The samples were immediately sent to the laboratory 
for analysis. Other clinical data of the baby and the mother 
were obtained. Samples were processed and analyzed by 
the same blinded pathologist. The blood from EDTA bulbs 
was processed by Lablife 3-part analyzer for obtaining total 
white blood cells (WBCs), platelet count and hemoglobin. 
The smears were stained by Leishnman’s stain, and manual 
differential count was done to count percentage of WBCs 
and NRBCs. The data were analyzed using SSPE and P-val-
ue of < 0.05 was considered statistically significant.

 
Results

  
Out of the 140 babies the male and female distribution was 45 
(64.28%) and 34 (48.58%) and 25 (35.72%) and 36 (51.42%) 
in cases and control respectively. There were 17.14% babies 
in the cases group whose birth weight was less than 2,000 g 
and 82.86% babies with weight more than 2,000 g, whereas 

NRBCs/100 WBCs

                  Cases                     Control

Number Percentage Number Percentage

0 - 10 37 52.86% 66 94.29%

11 - 30 20 28.58% 4 5.71%

31 - 50 9 12.84% 0 0.00%

51 - 70 2 2.86% 0 0.00%

> 71 2 2.86% 0 0.00%

Total 70 100% 70 100%

Table 1. Distribution of Babies According to NRBCs

Table 2. Distribution of Cases According to Stages of HIE

Stage of HIE Number Percentage

No 29 41.43%

Stage I 10 14.28%

Stage II 22 31.43%

Stage III 9 12.86%
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all the babies in the control group had their weight above 
2,000 g. The mean birth weight of the babies in the cases 
group was 2,569.11 ± 511.50 g while in control group was 
2,751.78 ± 349.62 g. The most common mode of delivery 
was normal vaginal route both in control and cases, which 
was 41 (58.57%) and 44 (62.85%) respectively. This was fol-
lowed by cesarean section and then instrumental delivery be-
ing the least common route. Babies of primiparous mothers 
were 39 (55.73%) in cases and 40 (57.14%) in control group, 
and babies of multiparous babies were 31 (44.27%) and 30 
(42.86%) respectively in cases group.

Table 1 shows the distribution of babies according to 
the NRBCs. The number of NRBCs in the control group 
ranged from 0 to 30 where 94.29% of the babies had NRBCs 
between 0 and 10/100 WBCs and only 5.71% babies had 
NRBCs 11 - 30/100 WBCs. In the cases group the NRBCs 
ranged from 0 to 92/100 WBCs, whereas 52.86% had the 

NRBCs between 0 and 10/100 WBCs. 
The mean NRBC level in cases and control groups was 

17.43 ± 19.86/100 WBCs and 2.97 ± 4.79/100 WBCs re-
spectively. This is statistically highly significant (t = 5.919 
and P < 0.0001). Table 2 shows the distribution of cases ac-
cording to the stages of hypoxic ischemic encephalopathy 
(HIE). Table 3 shows the clinical characteristics of studied 
population. Mean APGAR scores at 1 min and 5 min of age 
were compared. It was found that the P-value is < 0.0001, the 
APGAR scores at 1 min and 5 min between the cases group 
are significantly lower as compared to the control group.

Table 4 shows the laboratory characteristics of studied 
population. In the present study the mean hemoglobin is 
16.38 ± 1.90 mg/dL in the cases group and 15.68 ± 1.45 mg/
dL in the control group. The hemoglobin concentration was 
significantly higher in the cases group as compared to the 
babies in the control group (t = 2.43 and P = 0.01).

Table 3. Distribution of Babies According to Clinical Characteristics

Table 4. Distribution of Babies According to Laboratory Characteristics

Clinical characteristics Cases (n = 70) Control (n = 70) t P

Number of babies 70 70 -
-

Birth weight (g) 2,569.11 ± 511.50 2,751.78 ± 349.62 2.467 0.01

Gestational age (weeks) 38.21 ± 2.39 38.93 ± 1.46 2.12 0.03

APGAR at 1 min 3.86 ± 0.95 7.5 ± 0.53 24.95 < 0.0001

APGAR at 5 min 6.31 ± 0.91 9.51 ± 0.50 25.75 < 0.0001

Maternal age 24.44 ± 3.62 24.94 ± 2.75 0.92 0.359

Laboratory characteristics Cases (n = 70) Control (n = 70) t P

Hemoglobin (mg/dL) 16.38 ± 1.90 15.68 ± 1.45 2.43 0.01

TLC 21,257.79 ± 
7,788.9

14,343.78 ± 3,987.3 6.61 < 0.001

Polymorphs 62.67 ± 15.19 65.38 ± 12.77 1.14 0.254

Lymphocytes 35.75 ± 13.47 32.96 ±13.11 1.24 0.217

Eosinophils 0.98 ± 1.79 1.59 ± 2.40 1.67 0.096

Monocytes 0.042 ± 0.27 0.00 - -

Hemotocrit 50.46 ± 6.43 49.34 ± 4.35 1.205 0.230

Platelets 1.902 ± 0.64 1.90 ± 0.79 0.023 0.984

NRBCs/100 WBCs 17.43 ± 19.86 2.97 ± 4.79 5.919 < 0.0001
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The mean total leucocyte count was 21,257.79 ± 7,788.9/
mm3 and 14,343.78 ± 3,987.3/mm3 in the cases and control 
group respectively. Thus the mean total leucocyte count was 
significantly higher in asphyxiated babies as compared to the 
normal babies (P < 0.001).

Tables 5 and 6 show the coefficient correlation linear re-
gression analysis between the NRBCs of cases group babies 
with APGAR score at 1 and 5 min respectively. Significant 
negative correlation was found in cases with APGAR score 
and NRBCs stating that as APGAR scores decreased the 
NRBCs increased.

Table 7 shows the characteristics of the NRBC count 
in cases group according to the stages of HIE. The NRBC 
counts were compared with the groups of HIE staging using 
analysis of variants (ANOVA) test. The NRBC counts are 
significantly different according to the stages of HIE (F = 
21.677 and P < 0.0001).

By applying Tukey multiple correlation test it was found 
that the NRBC count has significant difference with the de-
velopment of HIE in all stages of HIE except between in 
stages of no HIE versus stage I HIE which can be seen in 
Table 8.

Discussion
  
Asphyxia remains one of the main causes of later disability 
in term infants. Despite many studies identifying possible 
predictors of outcome in this population of interest, little is 

known about the long-term neurodevelopmental outcome of 
asphyxiated term neonates. It is now being suggested that 
birth asphyxia should only be diagnosed when the baby goes 
on to develop HIE which has shown to be a much more reli-
able indicator of long-term handicap than any other perinatal 
markers. The hematopoietic response to hypoxia in utero, 
the elevated NRBCs/100 WBC count is being hailed as the 
marker for not only perinatal asphyxia but also the chances 
of the neonate to go on to develop neurological sequelae.

In the present study the most common mode of delivery 
in the cases group was vaginal delivery. This is contradic-
tory to all other studies where the most common mode of 
delivery in asphyxiated neonates is caesarean section. Our 
results only correlate with the results of Boskabadi et al [7] 
who carried out a study on 48 perinatally asphyxiated neo-
nates and the most common mode of delivery was normal 
vaginal route in 34 of these babies. In a study by McCarthy et 
al [8] concluded that stress of uncomplicated labor does not 
change NRBC levels. Thus the variation in different studies 
regarding the mode of delivery may be explained by the fact 
that neonatal encephalopathy may originate early in neonatal 
period in some cases of HIE.

In our study normal vaginal delivery being the common-
est mode of delivery could also be attributed to the fact that 
we are a tertiary care center in rural areas, the patients come 
from far-off rural villages and the time taken for reaching the 
hospital is longer due to unavailability of transport. By the 
time the women reach the hospital the labor has progressed 
and has completed second stage of labor. So they deliver 

Table 5. Correlation Coefficient of APGAR at 1 Minute and NRBCs

Table 6. Correlation Coefficient of APGAR at 5 Minutes and NRBCs

Parameter Minimum Maximum Mean SD r P

APGAR at 1 
min 0 5 3.814 1.054 -0.4396 0.0001

NRBCs 0 92 17.428 19.863

Parameter Minimum Maximum Mean SD r P

APGAR at 5 
min 4 7 6.314 0.909 -0.4544 < 0.0001

NRBCs 0 92 17.428 19.863
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quickly once they reach the hospital.
NRBCs are present in the placental vessels through the 

first half of pregnancy, but are uncommon later in pregnancy 
and are usually absent or present only in small numbers at 
term. Many conditions can be associated with an increase of 
NRBCs in neonates, but Fox [9] found that acute asphyxia 
was the most common of these causes. In the present study 
there is a high significant statistical correlation in the two 
groups. Statistical correlation is found in all other studies 
conducted on similar basis [7, 10-15].

The normal values of NRBCs/100 WBCs have been 
given by different authors by various studies conducted over 
the years. Shivhare et al [16], Sinha et al [17], Phelan et al 
[18] and Hanlon-Lundberg et al [19] have conducted stud-
ies in term babies with NRBCs/100 WBCs values checked 
on cord blood samples and have found values like 4.1, 2.3, 
3.4 and 8.5 respectively. The values of 0 - 10 NRBCs/100 
WBCs are typical, and values above 10 - 20 NRBCs/WBC 
are elevated, although these values are highly dependent on 
the total leucocyte count.

In the present study the NRBCs value in the cord blood 
sample of asphyxiated neonates ranged from 0 to 92 NRBCs/
WBC. The 52.86% of neonates had a value ranging from 0 to 

10 NRBCs/WBC which means they were within the normal 
range of NRBCs in cord blood of neonates. All of these ba-
bies developed either no features of HIE or features of stage 
I HIE and were all discharged in good health. Babies with 
higher NRBCs/WBC count at birth developed higher stages 
of HIE.

Out of the 70 asphyxiated neonates studied, 41.43% ba-
bies showed no signs of HIE according to Sarnat and Sar-
nat’s staging for HIE development. Ten neonates (14.28%) 
developed features suggestive of stage I HIE, 31.43% of 
neonates developed stage II HIE and 12.86% neonates de-
veloped stage III HIE respectively. We had maximum num-
ber of neonates who did not develop HIE as compared to 
a study by Shivaprakash et al (2013) [15] where only 8% 
babies and Boskabadi et al (2010) [7] where only 14.28% of 
babies did not develop HIE. Similarly 12.86% of our babies 
developed stage III HIE which is comparable to a study by 
Shivaprakash et al (2013) [15] where 12% babies developed 
stage III HIE. Table 9 shows the comparison of NRBC with 
stages of HIE in various studies. The mean NRBC values in 
different stages of HIE were compared; the data were statis-
tically highly significant (P < 0.0001).

Multiple comparisons between the mean NRBC value of 

Table 7. NRBC Count According to the Stage of HIE

Table 8. Multiple Comparison Between HIE Stages and NRBCs

NRBCs/100 WBCs No HIE Stage I Stage II Stage III

Minimum 0.00 0.00 5.00 14.00

Maximum 25.00 28.00 63.00 92.00

Mean 4.48 11.10 25.95 45.55

SD 6.180 9.036 17.622 25.880

Groups Mean deviation q P

No HIE vs. stage I -6.617 1.772 > 0.05

No HIE vs. stage II -21.472 7.459 < 0.001

No HIE vs. stage III -40.073 10.315 < 0.001

Stage I vs. stage II -14.855 3.825 < 0.05

Stage I vs. stage III -33.456 7.152 < 0.001

Stage II vs. stage III -18.601 4.617 < 0.01
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various stages of HIE showed statistical correlation between 
all stages of HIE except stage I and neonates with no features 
of HIE. Similar correlations between the control and the var-
ious cases groups were also reported by Shivaprakash et al 
[15] and Ferns et al [20]. Phelan et al [18] showed that all ne-
onates with neurological impairment secondary to perinatal 
asphyxia had a significantly higher number of NRBCs/100 
WBCs than control group (P < 0.00001). Mohammed et al 
[13] reported that increase in number of NRBCs is an early 
marker to detect asphyxia and subsequent neurological im-
pairment and stages of HIE.

In the present study we found a significant statistical 
correlation between NRBCs/100 WBC counts at both 1 min 
and 5 min (P < 0.0001). Multiple comparison between HIE 
staging and APGAR scores at 1 and 5 min showed a sig-
nificant correlation between neonates who showed no signs 
of HIE with babies with stage III HIE. The limitations in 
our study were: as the sample size was small we could not 
predict which of the inclusion criteria is a better predictor of 
perinatal asphyxia, and we did not study the pH of the cord 
blood, thereby the relationship between acidosis and NRBC 
counts could not be established. Study did not consider the 
time taken for the NRBCs to clear out from the neonatal ve-
nous blood, thus it could not study the parameters regarding 
the clearance of NRBCs for neonatal blood and its impor-
tance.

Hence from our study we conclude that umbilical cord 
NRBCs/100 WBC counts can be used as a marker for peri-
natal asphyxia.

Conclusion

NRBCs can be considered as a marker of perinatal asphyxia 

and their levels can be significantly correlated with the de-
gree of asphyxia. They can be used to determine the grade 
of HIE in asphyxiated neonates. A simple, cheap, rapid and 
non-invasive test of NRBC count, obtained from otherwise 
discarded sample of cord blood provided valuable informa-
tion about the well being of the newborn and correlates well 
with APGAR score. Babies delivered in primary health care 
centers can be referred for further care to neonatal intensive 
care centers. And by applying new approaches in treatment 
like the neuroprotective techniques such as hypothermia, 
anti-oxidant therapy and other modalities of treatment, the 
CNS morbidity levels can be reduced.
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