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Abstract____________________________________________________________________________ 

Background: Umbilical cord blood analysis may give a clue to the state of health of both pregnant mothers and their 

neonates. However, there is paucity of literature on some of these indices from our area. 

Objectives:  This present study determined the red blood indices of maternal and umbilical cord blood in Owerri, Nigeria. 

Methods: Pregnant mothers aged 18 - 42 years who booked and received antenatal care until vaginal delivery at the 

antenatal clinics of two tertiary health care centres in Owerri, Nigeria were divided into five age groups I – V. Maternal 

blood samples were obtained  immediately after delivery of the baby. The umbilical blood samples were collected from the 

umbilical cord of the baby at the end of the second stage of labour. The haemoglobin (Hb) concentration and packed cell 

volume (PCV) were determined using standard procedures. The mean corpuscular haemoglobin concentration (MCHC) was 

calculated mathematically. 

Results: The result of the cord blood haemoglobin concentration and  packed cell volume were  significantly higher than the 

maternal values (14.22 ± 1.25  g/dl versus 11.20 ± 0.92g/d and  42.6 9±  3.80% versus  33.67 ±  2.71% respectively; ( P < 

0.0001).However, there was no significant differences between cord blood and maternal  mean corpuscular haemoglobin 

concentration (33.24 ±0.23% versus 33.29 ±  0.45 % ;P = 0.310). Furthermore, a positive linear Pearson’s correlation was 

observed between the mean Hb and PCV of cord blood and maternal blood (r=1.11 and r=1.15 respectively <0.0001).   

Conclusion: This result provides a baseline data for further studies on establishing a reference value for maternal and 

umbilical cord packed cell volume and haemoglobin concentration in our locality. 
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Introduction 

Hopper and Seyler in 1864 first used the term 

haemoglobin (Hb) to describe the red pigments 

found inside the red blood cells (RBC), and a lot 

of studies have been carried out on its 

significance.
1
 It has been well documented that 

certain differences exist between haemoglobin 

types and packed cell volume of the newborn 

babies and adults, and this was attributed to the 

embryonic development and extra uterine life 

adaptation.
2
 Previous studies have reported on the 

variation of haematological indices between 

Negroes (Africans) and Caucasians.
3-7 

The 

suggested reasons for the racial variations included 

genetic factors,
8
 dietary factors,

 9 – 11
 infections, 

parasites and gravidity.
10

 The concentration of 

foetal haemoglobin (Hb-F) in the umbilical cord 

blood for full term infants were shown to vary 

from 77% to 90% due to the persistence of 

erythrocytes in the circulation for a period of four 

mouths notwithstanding the switch-off in the 

 Correspondence: 
Prof Robert Nneli 
Department of Physiology, College of Medicine & 
Health Sciences, Abia State University, P.M.B. 2000, 
Uturu, Nigeria. Email:profronneli_2007@yahoo.com; 
Phone: +23480 3087 7004.  



2                                                                                 Annals of Medical and Health Sciences Research – January 2011 – Vol. 1 N0.1 

polypeptide chain production.
12 

Published 

reports of haemorheological values of umbilical 

cord blood in Nigerian newborns are relatively 

scanty.
13

 The red blood cell count of full term 

newborns was shown to be very high compared 

to adult values,
8 

with Hb levels ranging from
  

11.2 to 26.6g/100ml, with 95% of the values 

between 13.7 to 20.2g/100ml.
14,15

 A previous 

study in Americans reported  a cord blood 

haemoglobin concentration range of 16.6– 

17.9g/100ml.
12

  

 

In Nigeria, various studies from other different 

locations have reported different values for Jos, 

North Central; an umbilical cord Hb 

concentration of 12.3g/100ml was obtained in 

2003,
 16

 while an earlier study in 1990 reported 

a cord Hb concentration of 17.1g/100ml.
6 

In 

Port Harcourt, South South Nigeria, it was 

13.7g/100ml
13, 17

 and in Benin City in the same 

geographical location, it was 15.4g/100ml.
18

 

The mean umbilical cord blood PCV reported 

for Port Harcourt was 41.28 +/- 6.57 % while 

the PCV for neonates in Northern Nigeria was 

42%.
19

  

 

Another study conducted on 600 apparently 

healthy neonates indicated that the PCV was 

highest at 24hours after birth.
20

 It has been 

stressed that each population must establish 

normal reference values for use in clinical 

assessment.
21

 There is paucity of literature on 

these indices in cord and maternal blood for this 

locality. Consequently, the present study was 

designed to determine basic haematological 

indices in the umbilical cord blood of Nigerian 

neonates and in the venous blood of their 

respective mothers in Owerri. Furthermore, it 

also aimed to determine if there are any 

significant differences or correlations in these 

haematological indices between maternal and 

umbilical cord blood.  

 

Subjects and Methods 

 

Subjects      

A total of two hundred (200) apparently healthy 

pregnant women at term, aged 18–42 years resident 

within Owerri municipality who were booked, 

received antenatal care at the ante natal clinics of 

the Federal Medical Centre, Owerri and General 

Hospital Owerri, Nigeria until vaginal delivery and 

who delivered within the eighteen (18) months 

period of this study were randomly selected by 

using a lucky dip of yes or no.  Subjects who 

showed any sign of anaemia from the routine 

laboratory tests including positive malaria 

parasitaemia, or had premature delivery, history of 

haemorheological, cardiovascular, endocrine, 

metabolic or neurological diseases were excluded 

from this study.   

All our subjects were screened for HIV at the first 

booking for antenatal clinic and repeated at mid- 

third trimester respectively
22 

and only those who 

tested negative on the two occasions were 

included. They all belonged to the same 

socioeconomic class. Ethical clearance was 

obtained from the ethical committees of the two 

hospitals and „informed‟ verbal consent was 

obtained from the subjects before blood sample 

collection. The subjects were divided into five age 

group ranges designated I – V to determine effects 

of age and parity on the red cell indices.  

 

 

 

Sample Collection 

Blood samples were collected from the umbilical 

cord of the babies at the end of the second stage of 

labour (immediately after delivery) by clamping 

and cutting the babies‟ end of the cord. The blood 
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samples were also collected from the antecubital 

fossa of the mothers by venepuncture inside the 

labour room immediately after delivery of the 

babies. These collections were done under high 

aseptic conditions. Blood samples were 

collected into sample bottles containing EDTA 

anticoagulant adequate for 2mls of blood. The 

samples were analysed within two hours of 

collection. 

 

Laboratory Investigations 

 

Haemoglobin Estimation 

The cyanmethaemoglobin method as described 

by Dacie and Lewis (1993) 
23

 was employed 

using the Dabkin‟s solution and the absorbance 

of the supernatant colour was measured at 

540nm in a spectrophotometer (Spectron 20+, 

Bush and Lomb, England). The Hb 

concentration was estimated from a standard 

normogram. 

 

Determination of Packed Cell volume 

The packed cell volume was measured using the 

microhaematocrit capillary tube-centrifuge- 

reader method.
23

 Samples were collected into 

capillary tubes by capillary action, sealed off at 

one end with plasticine, placed inside the 

microhaematocrit centrifuge for spinning for five 

minutes at 1500 revolutions per minute. The spun 

sample was read off to determine the packed cell 

volume in percentages. 

 

Estimation of Mean Corpuscular Haemoglobin 

Concentration (MCHC) 

The MCHC was determined from the values of 

haemoglobin concentrations and the packed cell 

volumes using standard formula. 
23

 

 

Statistical and Data Analysis 

The results are presented as mean ± SD and SEM. 

The data was statistically analysed by using the 

software, EPI – INFO version 6. The means were 

compared using the One-way Analysis of Variance 

(ANOVA) and the student t-test where appropriate. 

A  Pearson‟s correlation was obtained between the 

mean Hb and PCV of cord blood and maternal 

blood.  The probability value (P -value) of less than 

0.05 was considered statistically significant 

 

 

 

 

Table 1: Age distribution, Ranges and Frequency of the Mothers   

Age Range (years) I 

18 – 22 

Ii 

23 – 27 

Iii 

28 – 32 

Iv 

33 – 37 

V 

38 – 42 

Frequency 11 78 68 28 15 

Mean Age 21.14 25.62 29.74 34.47 39.89 

Standard Deviation 1.07 1.13 1.12 1.12 1.69 

 

 

Results 

A total of 200 maternal and umbilical cord blood samples were analysed. Table 1 shows the age 

distribution range, range frequency and mean age values of the women. The ages of the mothers 

ranged from 18 – 42 years with a mean value of 30.18 ± 1.39 years. The age range with the highest 

frequency was 23 – 27 years.   
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 Table 2: Certain Red Cell Indices of Maternal and Umbilical Cord Blood 

Indices Maternal Blood 

(n=200) 

(Mean± SD) (SEM) 

Cord Blood 

       (n=200) 

(Mean± SD) (SEM)  

T –test 

 

Haemoglobin (g/dl) 

 

11.20 ± 0.92 (0.08) 

 

14.22± 1.25 (0.110 

 

P <0.0001 

Packed Cell Volume (%) 33.67± 2.71 (0.25) 42.69± 3.80 (0.34) P < 0.0001 

MCHC (g/dl) 33.29± 0.45 (0.04) 33.24± 0.23 (0.02) P = 0.310 
 

 

Table 3: Certain Red Cell Indices of Maternal Blood According to Age Distribution 

Age Range (years) I 

18 – 22 

II 

23 – 27 

III 

28 – 32 

IV 

33 - 37 

V 

38 – 42 

ANOVA 

Haemoglobin (g/dl) 11.30± 0.80 11.25± 

0.95 

11.22± 

0.91 

10.80± 

0.78 

10.73± 

0.72 

P = 0.24 

Packed Cell Volume 

(%) 

33.86± 2.48 33.90± 

2.83 

33.76± 

2.86 

32.47± 

2.12 

32.33± 

2.92 

P = 0.28 

Frequency 11 78 68 28 15  

 

 

Table 4: Certain Red Cell Indices of Umbilical Cord Blood According to Sex 

Indices Male Neonates                     

(n = 93) 

mean± SD (SEM) 

Female Neonates     

(n = 107) 

mean± SD (SEM) 

T-test 

Haemoglobin (g/dl) 14.40± 1.12 (0.25) 14.04± 1.34 (0.17) P = 0.11 

Packed Cell Volume (%) 43.42± 3.26 (0.45) 42.33± 4.04 (0.50) P = 0.12 

 

 

 

 

 

Table 2 shows certain red cell indices of the maternal and cord blood. This indicates a significant 

difference between the haemoglobin concentration and packed cell volume (P < 0.0001) while the 

MCHC (P = 0.31) was not significant. Table 3 shows the age distribution of the delivered mothers 

and their PCV, and haemoglobin concentration. The mean Hb concentration was 11.20g/dl ± 0.92 and 

mean PCV was 33.67% ± 2.71. No significant difference was observed between the age ranges and 

the indices (P = 0.24 and 0.28 respectively). Table 4 shows the red cell indices among the sexes of 

the neonates. No significant difference was observed (P = 0.11 and 0.12 respectively). A positive 

linear Pearson‟s correlation was obtained between the mean Hb concentration of cord blood and 

maternal blood (r = 1.11) on one hand and between PCV of cord blood and maternal blood (r = 1.15). 

P <0.0001. 
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Discussion 

Previous studies by various workers on 

haematological data of maternal and umbilical 

cord blood have been reported for several 

locations in Nigeria.
5, 13, 16, 17, 18, 19

 This present 

study carried out in Owerri obtained a higher 

value for cord blood Hb (14.22g/dl) when 

compared with others (11.2g/dl),
12

 (12.3g/dl),
16

 

(13.29g/dl) 
17

 and (10.8 – 12.6g/dl).
11

 However, 

certain workers recorded higher values for Hb 

than was obtained herein (15.46g/dl),
18

 (15.2 – 

19.0g/dl) 
6
 and (16.6 – 17.9g/dl). 

15
 The mean 

PCV(33.67%) of umbilical cord blood was 

higher than in one previous study,
12

 but lower 

than other reports for Northern Nigeria (42%),
19

 

Jos (45%),
6
 Benin (45%)

18
 and Ibadan (60%).

24
  

 

Though, some of these previous reports were 

not specific for cord blood but included 

neonates irrespective of age. The suggested 

reasons for the differences observed in the 

previous studies in various locations were 

environmental and dietary factors. 
8, 9, 25

 Others 

include time of clamping of the umbilical cord 

before blood samples were collected
7, 26, 27

 and 

the different methods of delivery employed.
7, 28

  

This present study utilised the vaginal delivery 

of full term pregnancy and clamping of the cord 

at the end of second stage of labour. This is 

known to have no adverse effect on the studied 

indices
26, 27, 29

 hence the decreased PCV and Hb 

attributed to caesarean delivery
25

 and late 

clamping
29

 could not have been the case in this 

study. Furthermore, nutrition
30

 could not have 

influenced our study as the mothers were 

maintained on routine prophylactic iron and 

folic acid. This study showed that both the Hb 

and PCV of the cord blood were significantly 

higher than the maternal blood samples hence 

corroborates an earlier study
8
.  

 

A positive linear correlation was obtained for the 

Hb and PCV of cord and maternal blood which 

agreed with previous reports in other 

environments.
5, 6, 13, 30

 This explains a dependence 

of foetal Hb level on certain maternal factors such 

as ferritin 
5
 and hepcidin levels.

31
 Understandably, 

the relatively lower values of Hb and PCV 

observed in the maternal blood than in cord blood  

may be due to plasma volume expansion leading to 

haemodilution in pregnancy.
32, 33

 Indeed, key 

physiological changes in pregnancy, which 

modifies the chemical constitution of blood, 

amplifies transfer of some haematopoietic 

micronutrients, and increased utilisation of some of 

these micronutrients as defence mechanisms 

against pregnancy induced oxidative stress may 

lead to maternal depletion and low haematological 

values.  

 

 In this study, maternal age had no significant 

effect on the blood indices and this agrees with a 

similar observation in Karachi, Pakistan.
25

 Also, no 

sex difference was observed among the cord blood 

and thus collaborate an earlier American survey.
7, 

26
  

 

The results of this present study substantiate the 

existence of variations in the red cell indices of 

umbilical cord blood reported for different 

locations in Nigeria. This provides a baseline data 

for further studies on establishing a reference value 

for umbilical cord PCV and Hb concentration in 

pregnant women in our locality. This is of clinical 

importance considering the new concept of 

umbilical cord blood banking; which serves as a 

reservoir for harvesting stems cells needed for stem 

cell transplant. However, the study is limited by the 

fact that the deliveries occurred at different times 

of the day, mainly in the night and one could not 

always be present to collect the samples except 

when the researchers are around. Also, some 
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mothers would not consent to the collection 

of their blood samples from the cord of their 

new born babies because of their beliefs. Further 

studies to include a complete full blood count 

and to determine the effect of maternal anaemia 

on these umbilical cord parameters are 

advocated. 
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