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ABSTRACT

Reference values are essential for clinical practice. Laboratory reference values should be established
according to an individual's locality because of the differences in nutritional, environmental, and genetic
factors. There is a lack of data about a reference value of hematological parameters in the neonates in
Sudan. This study aimed to determine the local reference value of most hematological parameters in
neonatal cord blood. The study was a cross-sectional descriptive study, including 500 neonatal cord blood
samples from June 2016 to June 2017. The study was conducted in Elobied delivery hospitals, Kordofan
state- Sudan. Three milliliters of umbilical cord blood were collected into EDTA containers immediately
after the delivery. Blood counts and other hematological parameters were determined using an auto
hematology analyzer (Mindary BC-3000 plus). Healthy 500 full-term newborns (49% males, 51% of
females) were enrolled in this study. 61.8% (309/500) were delivered by spontaneous vaginal delivery
and 38.2% (191/500) by elective caesarian section. The average weight of the newborn was 2.5- 4.0 kg.
The male neonates had significantly higher Red blood cell (RBCs) count and higher RDW-CV% (P.value =
0.01) than females but lower mean cell Hb concentration (MCHC) (P.value= 0.00). While hemoglobin (Hb)
concentration, hematocrit (PCV), mean cell volume (MCV), mean cell hemoglobin (MCH), platelet count,
and WBC count, illustrated no significant statistical differences between both genders. According to
obtained results, the reference value of hematological parameters has also established the way of delivery
may affect the parameters.
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INTRODUCTION environmental, and genetic factors across

different groups, laboratory reference values
fluctuate from place to place; hence defining a
local reference value is critical [3-5].

The reference value is the value obtained by
measuring individual parameters according to

the reference healthy population group [1]. The
clinical studies have great values when the
results in disease compared to results in health
state [2]. Because of variances in nutritional,
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A neonate is defined as a child under 28 days of
age. Neonate is at high risk of death during their
life, accounting for 45% (4 million deaths) [6, 7].
Hematological parameters are essential in
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follow-up neonatal illness and understanding
their differences [8]. Complete blood count
(CBCQ) is referred to several investigations done
together. Understanding CBC strengths and
limitations provide more useful information
about health status. CBC can be a more useful
diagnostic tool combined with the peripheral
blood smear and several other tests [9].
Detecting abnormal CBC elements can influence
neonatal patients' clinical management and
treatment [10]. Hemoglobin (Hb) and
hematocrit (Hct) measurements are routinely
utilized to evaluate and follow up on newborn
anemia. Other hematological markers, including
white blood cell count and platelet count, can
also assess the severity of neonatal sepsis and
the infant's hemostatic state [11].

Race, maternity care, dietary condition, and
prenatal problems such as anemia, growth
retardation, and fetal infections influence
newborn hematological results [12]. The
umbilical cord blood is essential for determining
hematological parameters in newborns at birth;
because blood is not frequently drawn on
healthy, normal neonates to define normal
ranges, the data source for neonates' blood
parameters is generally unavailable [13]. Thus,
establishing reference ranges during this period
is crucial to improving the chances of survival
and laying the foundations for a healthy life as
Newborn hematological parameters differ from
infants and adults [14]. This research aimed to
determine the CBC reference values of neonatal
cord blood in ElObeid, Sudan.

MATERIALS AND METHODS

The study was a descriptive cross-sectional
study that included 500 healthy full-term
newborns (49% males,51% females). The study
was carried out in Elobied delivery hospitals,
Kordofan state (Sudan), from June 2016 to
January 2017.

Immediately after birth, the umbilical cord was
clamped with a Kelly clamp, and 3 ml of blood
was drawn from the umbilical vein and put into
an (EDTA) anticoagulant tube. The samples
were taken to the laboratory as soon as feasible
for analysis. Pre-term neonates and mothers
with chronic diseases such as heart disease,
kidney illness, or diabetes mellitus were
precluded from participation.

Complete blood count was performed using an
auto hematology analyzer (Mindary BC-3000
plus). The following parameters were included:
(Hb) levels, hematocrit (Hct) concentration,
(RBCs) count, (MCV), (MCH), (MCHC), (RDW),
(WBC) count, and platelet count.

The data were analyzed using the SPSS software
program version 25. The mean and S.D. were
obtained, and the difference between means of
variables regarding gender and delivery type
was performed using the Independent t-test.
Analyzed parameters were compared with
previous studies using multi comparison test.
The statistical significance was considered when
the p-value <0.05.

RESULTS AND DISCUSSION

A total of 500 healthy full-term newborns,
245(49%) males and 255(51%) females, were
enrolled in this study. Of them, 309(61.8%)
were delivered by spontaneous vaginal delivery
and 191(38.2%) by elective caesarian section.
The average weight of the newborn was 2.5- 4.0
kg. The mean and standard division of neonatal
cord blood complete hemogram was illustrated
in (Table 1). Independent T-test showed
significant statistical differences between male
and female for RBCs count, MCHC and RDW
(P.value = 0.01, 0.00, and 0.01 respectively)
Table 1. The delivery type showed significantly
higher CBC parameters in vaginal delivery than
cesarean section delivery except for MCHC, as
displayed in Table 2.

Table 1. CBC parameters values in neonatal cord blood among different genders

Parameters Mean+ SD Male Female P.value
RBCs 414 +0 .96 4.14+1.02 413+ 9 0.01*
Hb 14.45 + 3.6 14.46 + 3.8 14.44 + 3.42 0.17
PCV 44.89 +12.42 45.02 +£12.84 44.76 +12.02 0.12
MCV 109.81 +15.58 109.83 + 5.46 109.80 £15.72 0.88
MCH 34.87+58 3489+55 3486 +6.1 0.30
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MCHC 31.79+4.74 31.73+5.22 31.85+4.2 0.00%*
RDW-CV% 17.32 +£3.58 17.36 +3.26 17.29 + 3.86 0.01*
WBC count 11.74+7.74 11.65+7.58 11.83+7.92 0.22
Platelet count 257.15+ 128 250 + 126 263 +128 0.78
*P>0.05 is highly significant, **P>0.001 is highly significant
Table 2. CBC parameters values in neonatal cord blood in vaginal and caesarean section delivery
CBC parameter ~ 5 - 8;? > T Y= ;;\3 oegd BeJ
. £3 0% 8% QT g% &% 3% £3% 3%
Type of delivery = X x =~ o Ox @aT°Xx
Vaginal delivery 1458+ 4540+ 420+ 11014+ 3677+ 3162+ 1750+ 1254 264 +
Mean + SD (n=309) 3.86 14.02 1.08 16.74 5.8 4.46 3.7 8.28 134
Section delivery 1423+ 4406+ 403+ 10951+ 3504+ 3207+ 17.03x 1044+ 246 +
Meant SD (n=191) 3.1 9.02 0.72 135 5.82 5.1 3.28 6 107
P. Value 0.00** 0.00**  0.00** 0.00** 0.00** 0.01* 0.01* 0.00** 0.00**

*P>0.05 is highly significant, **P>0.001 is highly significant

Cord blood is used widely for measuring
hematological parameters in newborns at birth.
CBC significantly impacts different disorders
such as anemia [15], neonatal sepsis, and the
infant's hemostatic status [16]. The CBC of
neonates is affected by various factors, including
ethnicity, health, and nutritional
condition [17]. It is essential to focus on the
local reference value. This study was conducted
in ElObeid, Sudan, to reference
parameters for CBC in neonatal cord blood.

The current investigation found no significant
difference between male and female Hb, PCV,
MCV, MCH, WBCs, and platelets, consistent with
the previously reported study by Al-Marzoki
(2012) [18]. In contrast, it showed significant
differences between males and females in RBCs,
MCHC, and RDW-CV, which disagreed with the
same study [18], which might be due to varying

maternal

define

sample size of the newborns in this study,
varying time between birth and
clamping of the cord and ethnic differences.
According to the type of delivery, the study
revealed that RBCs count, Hb, and the PCV were
higher in neonates delivered vaginally than those

intervals

delivered by cesarean section. These results
agreed with Hematyar et al. [19]. Qaiser et al. [20]
Basnet, et al. agrees MCV, MCH, RDW_CV, and
WBC count values were also higher in vaginal
delivery than cesarean delivery, [21] They
attribute elevated WBC counts to physical stress
and intermittent hypoxia, which are more
frequent and longer with vaginal birth compared
to cesarean section delivery. The study also
discovered a substantial variation in platelet

count between infants delivered vaginally and
those delivered via cesarean surgery. These
findings are similarly consistent with Redko et al.
[22] and Chang et al. [23]. They suggested that
higher platelet counts may be due to higher
thrombopoietin and cortisol levels observed in
vaginally delivered neonates.

In Comparison of our study to other similar studies
in other countries, the study showed significantly
lower RBCs value than those from Malawi and
lower Hb

Mashhad (Iran). A significantly

concentration was observed than in Pakistan [20],
Malawian [24], Iran [25], and Western Kenya [26],
while it should have a significantly higher Hb
concentration than the Iraqi study [19]. PCV
showed a lower percentage than Malawian, Iran
and higher than Abidjan. At the same time, the
WBC count showed significantly higher results
than Iraq and lower than Pakistan and Abidjan.
Our result also showed a significantly lower
platelet count than Irag andWestern Kenya . This
difference may be related to ethnic differences,
physiological conditions, environmental factors,
and geographic variation, making it essential to
establish a local reference range to Sudanese
newborn infants' cord blood. These values may be
used in Sudan to interpret the CBC results in

neonates.
CONCLUSION

The study concludes that the delivery routes
were an important factor that influenced the
cord blood CBC values. Also, normal CBC
reference values were established.

61



Muddathir et al.

Entomol. Appl. Sci. Lett., 2021, 8(4): 59-63

ACKNOWLEDGMENTS: The Deanship of
Scientific Research at Prince Sattam bin
Abdulaziz University supported this Publication.
[ want to thank the staff of delivery hospitals in
El-Obied, Kordofan state- Sudan. Our thanks
extend to the staff at the faculty of Medical
Laboratory Sciences, Kordofan University at
Elobied-Sudan.

CONFLICT OF INTEREST: None
FINANCIAL SUPPORT: None

ETHICS STATEMENT: The
authorized by the ministry of health's ethics
commission in Elobied City, Sudan. After a
thorough description of the study's objectives,
parents provided informed consent.

research was

REFERENCES

1. Bakrim S, Motiaa Y, Benajiba M, Ouarour A,
Masrar A. Establishment of the hematology
reference intervals in a healthy population
of adults in the Northwest of Morocco
(Tangier-Tetouan region). Pan Afr Med ].
2018;29(1):169.

2. Florin L, Oyaert M, Vandevenne M, Van den
Bossche ], Driessche MV, Claeys R, et al.
Establishment of
intervals for hematology parameters in
adults, measured in a multicenter study on
the Sysmex XN-series analyzer. Int ] Lab
Hematol. 2020;42(3):e110-e5.

3. Vagabov IU, Kafarov ES, Zenin OK. Variants
of Blood Supply to Kidney Segments
According to 3D Anatomical Analysis.
Entomol Appl Sci Lett. 2021;8(1):60-5.

4. Ibrahim S, Ahmed SA, Ahmed SM, Ahmed
SK. Coronary Heart Diseases: Impact of
increasing awareness through edu-cational
& Fitness Programs. Entomol Appl Sci Lett.
2020;7(4):18-27.

5. Topcu R, Aslan O, Turhan VB, Tutan MB,
Sahin F, Ozkan MB, et al. The predictive
value of platelet/mean platelet volume ratio

common reference

in predicting colon diverticulitis relapse. Eur
Rev Med Pharmacol Sci. 2022;26(2):491-8.
6. World health report 2005: Make every
mother and child count. Geneva: WHO;
2005.
7. Abdulla RK, Mohammed NA, Abdelghani S,
Eltayeb LB, Waggiallah HA. Efficacy of

10.

11.

12.

13.

14.

15.

16.

17.

18.

Plasmodium Falciparum on Hematological
Parameters and Coagulation Profile in
Children under Five Years Old. Entomol
Appl Sci Lett. 2020;7(3):91-7.

Proytcheva MA. Issues in neonatal cellular
analysis. Am ] Clin Pathol. 2009;131(4):560-
73.

Camitta MB, Slye R]. Optimizing use of the
complete  blood Pediatr  Pol.
2012;87(1):72-7.

Christensen RD, Henry E, Jopling ],
Wiedmeier SE. The CBC: reference ranges
for neonates. Seminars Perinatol.
2009;33(1):3-11.

Timilsina S, Karki S, Gautam A, Bhusal P,
Paudel G, Sharma D. Correlation between
maternal and umbilical cord blood in
pregnant women of Pokhara Valley: a cross-
sectional study. BMC Pregnancy Childbirth.
2018;18(1):70.

Suleimanova ND, Rahimov RM, Abdullaeva
NM, Alieva SR, Muslimova AE, Suleimanova
ND, et al. Clinical and Laboratory
Characteristics of Mild/Moderate Covid-19
in Pregnant Women, Based on the Duration
of Gestation. Pharmacophore.
2021;12(3):18-22.

Christensen RD, Henry E, Jopling ],
Wiedmeier SE. The CBC: Reference Ranges
for Neonates.
2009;33(1):3-11.
Angelo A, Derbie G, Demtse A, Tsegaye A.
Umbilical cord blood hematological
parameters reference interval for newborns
from Addis Ababa, Ethiopia. BMC Pediatr.
2021;21(1):1-9.

Loy SL, Lim LM, Chan SY, Tan PT, Chee YL,
Quah PL, et al. Iron status and risk factors of
iron deficiency among pregnant women in
Singapore: a cross-sectional study. BMC
Public Health. 2019;19(1):1-10.

Memory GH, Hamedy AB, Alkhlaghi F. Cord
haemoglobin in newborn in correlation with
maternal haemoglobin in Northeastern Iran.
Iran | Med Sci. 2003;28(4):166-8.

Babay ZA, Addar MH, Warsy AS, El-Hazmi
MA. The interrelationship haematological
parameters between Saudi newborns and
parents. Saudi Med J. 2002;23(8):943-6.
Al-Marzoki. Determination of reference
ranges for full blood count Parameters in

count.

Semin Perinatol.

62



Muddathir et al.

Entomol. Appl. Sci. Lett., 2021, 8(4): 59-63

19.

20.

21.

22.

23.

neonatal cord plasma in Hilla, Babil, Iraq. ]
Blood bank. 2012;3:113-8.

Hematyar M, Ekhtiari A. Correlation
between neonatal cord blood haemoglobin
and hematocrit with mode of delivery.
JQUMS. 2008;12(3):21-5.

Qaiser DH, Sandila MP, Kazmi T, Ahmed ST.
Influence of maternal Factors on
hematological parameters of healthy
newborns of Karachi. Pak ] Physiol
2009;5(2):34-7.

Basnet S, Singh SK, Sathian B, Mishra R.
Reference Ranges for Hematological Values
in Umbilical Cord Blood in Pokhara, Nepal. |
Nepal Paediatr Soc. 2016;36(2):160-4.
Redzko S, Przepie$¢ ], Zak ], Urban ],
Wysocka ]. Influence of perinatal Factors on
haematological variables in umbilical cord
blood. ] Perinat Med. 2005;33(1):42-5.
Chang YH, Yang SH, Wang TF, Lin TY, Yang

KL, Chen SH. Complete blood count

24.

25.

26.

reference values of cord blood in Taiwan
and the influence of gender and delivery
route on them. Pediatr Neonatol.
2011;52(3):155-60.

Mukiibi JM, Mtimavalye LA, Broadhead R,
Mzula E, Dzinyemba WE, Merrick R, et al.
Some  hematological parameters in
Malawian neonates. East Afri Med J.
1995;72(1):10-4.

Keramati MR, Mohammadzadeh A, Farhat
AS, Sadeghi R. Determination of
Hematologic Reference Values of Neonates
in Mashhad-Iran. Int ] Hematol Oncol.
2011;21(2):103-4.

Ouma ]O, Mulama DH, Otieno L, Owuoth ],
Ogutu B, Oyieko ], et al. Clinical laboratory
hematology reference values among infants
aged 1month to 17 months in Kombewa
Sub-County, Kisumu: A cross sectional study
of rural population in Western Kenya. PloS
one. 2021;16(3):e0244786.

63



