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Abstracts: Background and Objectives: Hematology of newborn recently represented as area of study focusing 
in study of umbilical cord blood and its elements in general. Identification of expected normal hematological 
values essentially requires as baseline data to facilitate detection of any congenital or acquired disorders 
present at time of birth. We aim to estimate hematological parameters and hemoglobin electrophoresis of 
umbilical cord blood of Sudanese neonates at birth. Methods:  Study was conducted from July 2011 to June 
2013 in Khartoum state maternity hospitals, five hundred  healthy  full term neonates of 36 - 42 weeks 
gestation, with weight of 2.5 kg and born to normal  uncomplicated pregnant women  were enrolled,  5 ml 
K2EDTA cord blood samples were  collected to estimate CBC and hemoglobin electrophoresis. Results: the 
study revealed; Hb 14.35±1.55gm/dl, haematocrit 0.44.1 L/L ±5.14, MCV, MCH, and MCHC were 105.5 fl ±5.14, 
33.5pg±1.99 and 33.1 gm/dl ±1.19 respectively. Cord blood mean Hb F was 61.9 %± 8.56, Hb A 37.18%±0.25, 
and Hb A2 0.14 %± 0.10, respectively. RBC count 4.43x1012/L ± 0.6, nRBCs count 2.3/100 WBCs ± 1.46, and 
absolute nRBCs count was 267.8x1012/L ± 50, white blood cells count 12.3x109/L ± 4.17 and platelet count 
261 x109/L ± 83.16.  Conclusion: we concluded that hemoglobin red cell indices  mean values of healthy 
Sudanese cord blood at birth with normal reference ranges, but slightly lower than reported  previous  studies 
because of ethnological and life style differences. Fetal Hemoglobin, nRBCs, leukocyte, and platelet counts as 
described in other population and compatible with normal cord blood reference values. [Elgari M NJIRM 2014; 
5(4):22-25] 
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Introduction: Umbilical cord blood is the blood left 
over in the placenta and in the umbilical cord after 
the birth of the baby. The cord blood is composed 
of all the elements found in whole blood It 
contains red blood cells, white blood cells, plasma, 
platelets and is also rich in hematopoietic stem 
cells, which have immense potential to cure 
malignant and genetic disorders. 1 Hematology of 
new-born recently represented as area of study 
that focusing in study of umbilical cord blood and 
its elements in general, monitoring early blood 
disorders possibly occurs within newborn as 
consequence of complicated or due to 
uncomplicated pregnancy or results of congenitally 
anomalies.2 Identification of expected normal 
hematological values essentially requires as 
baseline data to facilitate detection of any 
congenital or acquired disorders present at time of 
birth. 3  Umbilical cord blood count at birth show 
that there is an increased in hemoglobin, 
hematocrit, mean corpuscular volume (MCV), 
leukocyte count, reticulocytes count and  
nucleated red blood cells with presence of 
occasional immature white blood cells or left-

shifted in peripheral blood of healthy infants, with 
variable degree of count in immature sick 
newborns.4  Erythropoietin (EPO) is glycoprotein 
hormone cannot cross the placenta, that fetal own 
erythropoietin produced by fetal kidneys or liver, 
hence its elevation significantly proportion to in 
utero-hypoxia.5 High white blood cell count 
reported at birth up to 30 x 103/µL, the number 
gradually fall to the level of 12 x 103µ/L by the end 
of the first week after birth. 6 In full term healthy 
new-born about 500 nRBC/µL counted at birth, in 
contrast 10x103/µL nRBCs counted in umbilical 
cord blood of premature infant.7 hence elevation 
of erythropoietin level, reticulocyte count, and 
nucleated red blood cells give valuable inspections 
of neonatal healthy status.5 Hb F constitutes the 
predominant hemoglobin of the most fetal life, , 
before 35 weeks gestation constitutes more than 
90% of the fetal blood, and then decreases. 8 After 
birth percentage of Hb F decreases rapidly, small 
number of red cells containing less than 1%HbF 
persists after infancy. Therefore Hb A increases in a 
reciprocal of the decreasing amount of Hb A. 9 The 
umbilical cord blood hematological parameters at 
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birth reflects the healthy status of the newborns. 
Such as Hemoglobin (Hb) and hematocrit (Hct) 
levels have been used as early indicator in the 
diagnosis and follow-up of the neonatal anemia.  In 
contrast white blood cell count and platelet count 
are also helpful in the assessment of neonatal 
sepsis and hemostatic status of neonate. 10 Several 
factors play major role in steady status of cord 
blood cell indices, including ethnic group, maternal 
health, nutritional status and antenatal 
complications such as anemia, growth retardation 
and fetal infection including asphyxia.11 Delayed 
cord clamping results in an increase in hemoglobin 
(Hb) without causing any side effects in term 
newborn babies growing fetus is maternal blood 
dependent.12 Hence fetal morbidity and mortality 
result from impact of complicated pregnancy.   
Furthermore, iron deficiency anemia is the most 
frequent nutritional Anemia is regarded as the 
most important cause of prenatal complications, 
such as premature delivery, intrauterine growth 
retardation and neonatal and prenatal death.1             
Materials and Methods: This is cross sectional, 
descriptive and analytical study conducted from 
July 2007 to June 2010 in Khartoum state 
maternity hospitals, five hundred  healthy  full 
term neonates of 36 42 weeks gestation, weight of 
2.5 kg,  and born to normal  uncomplicated 
pregnant women  were enrolled, 5 ml K2EDTA cord 
blood samples were  collected from umbilical 
veinby experienced midwives using sterile syringe  
to estimate full blood counts using hematological 
analyzer 21 and to determine fetal hemoglobin 
alkaline agarose gel technique using automated 
electrophoresis MAESTRO-Biotech-Fischer 
instrument. Direct Coomb's test was done 
immediately after collection samples show positive 
results were excluded. Data were statistically 
computerized using statistical package for the 
social sciencesV-11. TruoScan   densitometer was 
used to scan fetal hemoglobin and results were 
presented as tables and figures. 
                                                                                                         
Results: Hemoglobin levels of healthy Sudanese 
cord blood at birth 14.35±1.55gm/dl, mean 
hematocrit level was 0.44.1 L/L±5.14, MCV, MCH, 
and MCHC were 105.5 fl ±5.14, 33.5pg±1.99 and 
33.1 gm/dl ±1.19 respectively. Cord blood mean Hb 
F was 61.9 %± 8.56, Hb A 37.18%±0.25, and Hb A2 

0.14 %± 0.10, respectively.  Table1. the mean red 
cell counts of Sudanese cord blood were 
4.43x1012/L ± 0.6, nRBCs count 2.3/100 WBCs ± 
1.46, and absolute nRBCs count were 267.8x1012/L 
± 50, white blood cells count 12.3x109/L ± 4.17 and 
platelet count mean of 261 x109/L ± 83.16 were 
found. Table2. Patterns of hemoglobin 
demonstrated by agrose gel electrophoresis using 
automated electrophoresis system MAESTRO 101 
instrument,  band one of normal adult control of 
hemoglobin A and small portion of hemoglobin A2, 
while bands 2, 3 and 4 show the FA patterns of 
umbilical cord blood. Figure 1.  Control Hb A 
electrophoresis band scanned by Turbscan 
densitometer Shows HbA 94.4%, HbA2 2.7% Fig. 
Cord blood Hb electrophoresis band scanned by 
Turbscan densitometer software shows Hb (F 
71.7%, Hb A 27. 8% and Hb A2 0. 5%)  Fig3. 
 
Table1: Cord Blood Hemoglobins, Hematocrit and 

Red Cell Indices (N=500) 

Parameter Mean ± SD  Reference Value.13 

Hb g/dl 14.35 ± 1.55 13.5-19.5 

HCT L/L 0.44.1 ± 5.14 0.42-0.60 

MCV / fl 105.5 ± 5.14 98-118 

MCH/ pg 33.5 ±1.99 33-41 

MCHC  g/dl 33.1 ±1.19 30-35 

HB F % 61.9± 8.56 60-90 

HB A % 37.18±0.25 10-30 

HB A2 % 0.14± 0.10 < 1.0 

 
Table2: Cord blood RBCs, nRBCs, and absolute 

nRBCs count (n=500) 

 Parameter Mean ± SD Reference 
Value.14 

RBCs x 1012/L 4.34 x 1012/L ±  0.6 4.7-5.25 

nRBCs/100 
WBCs 

2.3± 1.46 <10 

Absolute 
nRBCs109/L 

267.8x109/L ± 50 <500 

WBCs x109/L 12.3x109/L ± 4.17 9.0-30 

Platelet x109/L 256.00x109/L ± 
83.16 

150-400 
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Figure 1:  Hemoglobin electrophoresis pattern of 
control Hb A band 1 and patterns of cord blood FA 

bands (2, 3, and 4). 

 
  1      2     3     4 
 

Figure 2: shows control Hb Anelectrophoresis 
scanned (A 94.4%, A2 2.7%) 

 
 

Figure 3: Shows cord blood Hb electrophoresis 
scanned (F 71.7%, band A 27. 8%, A2 0. 5%) 

 

Discussion: The study revealed that hemoglobin 
mean value of healthy Sudanese cord blood at 
birth was 14.35±1.55gm/dl; the finding is slightly 

lower and not consistent with study reported that 
the mean valueof Indian cord blood hemoglobin 
was 16.2±1.5 g/dl. 16 Also mean concentration of 
cord, blood hemoglobin has been reported in 
various studies in range from 17.7 to 17.9 gm/dl, 
and approximately 95% of estimated values fall 
between 17.7 and 20.1gm/dl. Many studies have 
been reported different normal ranges for Hb 
values of umbilical cord these reports provide an 
overall average Hb concentration of 16.8 g/dl.15The 
role of ethnic differences is controversial, despite 
that, Hb and hematocrit levels in African neonates 
lower than Western figurers. Socioeconomic status 
may play a crucial role in healthy status of mothers 
and their babies. The study explained that, a 
hematocrit mean value was 0.44L/L ±5.15, while 
MCV, MCH, and MCHC mean values were 
105.5fl±5.14, 33.5pg±1.99 and 33.1gm/dl±0.19 
respectively, lower than cord blood red cell indices 
reported by Marwaha et al 1992.16 In Indian, and 
inconsistent with Tewfik H, 200517 was 
demonstrated that the mean MCV of the Egyptian 
neonates was 110/fL.  Cord blood hematocrit levels 
were affect by time of cord blood clamping, delay 
cord blood clamp leading to increases hematocrit 
levels, but lower or higher levels predictive for 
existence of neonatal anemia of < 30.0L/L or 
polycythemia of Hct >0.65L/L, respectively.18 We 
found the mean value of cord blood red cells count 
was 4.34x1012/L ±0.6, calculated mean values of 
nRBCs and absolute nRBCs were 2.3/100WBCs 
±1.46 and 267.8x109/L±200 respectively. Similar 
count Found that the mean value of nRBCs at birth 
in healthy term newborns in range of 500 
nRBCs/mm3 to 1000 nRBCs/mm3. 7 value above 
1000 considered as elevated, elevated nRBCs 
counts beyond day three are predictors of adverse 
outcome.19 The study revealed high TWBC count 
12.3 x 10 9/±l4.17 similar study reported that; high 
total leukocyte count was observed at birth. 20 We 
demonstrated cord blood of FA pattern by 
hemoglobin electrophoresis, with mean values of 
Hb F values 61.9%±8.56, Hb A 37.1%±.25, and Hb 
A2 0.14%±0.10, The findings consistent with study 
reported that Hb F constitute up to 90% in fetus 
between 12 to 32 weeks, gradually decline at birth 
and constitutes about 70% of the total 
hemoglobin, Hb A  at birth of the term neonate  in 
averages of  30 %.( Ashavaid 2005).21      
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Conclusion: The  study concluded that hemoglobin 
red cell indices  mean values of healthy Sudanese 
cord blood at birth with normal reference ranges, 
but slightly lower than reported  previous  studies 
because of ethnological and life style differences. 
Fetal Hemoglobin, nRBCs, leukocyte, and platelet 
counts as described in other population and 
compatible with normal cord blood reference 
values. Umbilical cord full blood count should be 
estimated immediately at birth as routine 
laboratory performances.  Subsequently, the 
proposed hematological ranges could be used as a 
guide for further UCB analyses.  
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