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Background: Lack of standard local reference values have been a problem facing hematologi-
cal practice in Nigeria. Our aim was to establish reference hematological values from infancy
to adolescence for future use in Nigeria.

Methods: A total of 1,021 apparently healthy Nigerian children aged 0—17 years were recruited
for this cross-sectional descriptive study from the University of Port Harcourt Teaching Hospital,
Port Harcourt, during preparatory exercises for immunization for Hepatitis B vaccine and from
the Rivers State University of Science and Technology Day Care/Nursery, Primary, and Interna-
tional Demonstration Secondary School, Port Harcourt, during their standard medical examina-
tion prior to starting school. All hematological parameters were carried out using International
Committee on Standardization in Hematology (ICSH) approved manual methods.

Results: We report a reference range study conducted in Port Harcourt infants (aged 1 day
to less than 1 year), children (1 to less than 5 years, 5 to less than 9 years, 9 to 14 years), and
adolescents (14 to 17 years old), establishing reference intervals for hematological parameters.
Several differences were observed when compared to previously established values from
Caucasians, most notably in hemoglobin, packed cell volume, platelets, total white blood cell
count, and neutrophil values.

Conclusion: The values reported in this study can be used as local reference values for Port
Harcourt infants, children, and adolescents.

Keywords: reference values, hematologic indices, infants, children, adolescents, Port
Harcourt, Nigeria

Most reference values of hematologic indices currently used in Africa are derived
from data collected for populations living in industrialized countries.! The few small
studies with African populations that have been reported indicate differences in normal
values compared with those for populations in industrialized countries.?® Ethnic origin,
genetics, gender, and environmental factors, especially altitude and pathogens, have
been reported to affect the reference values of the hematological parameters, suggest-
ing that the development of reference values for the African population is beneficial
for quality health care.”? Genetic factors have been shown to contribute to all blood
cell measures, accounting for between 61%-96% of variance.>”!*!! Several studies
have been carried out on children and adolescents of various ages, and significant
differences have been reported in different populations, seasons, racial and ethnic
groups, and gender subgroups.>*!! In most of these studies, the ethnic and sex differ-
ences are significant, with Caucasians’ values being higher than those of Africans and
AfroCaribbeans.>!? It has therefore been stressed that each population must establish
its own “normal reference values” for use in clinical assessments.’

submit your manuscript
Dove

9988

Pathology and Laboratory Medicine International 2010:2 65-70 65
© 2010 Buseri et al, publisher and licensee Dove Medical Press Ltd. This is an Open Access article
which permits unrestricted noncommercial use, provided the original work is properly cited.


www.dovepress.com
www.dovepress.com
www.dovepress.com

Buseri et al

Dove

Infancy, childhood, and adolescence are characterized
by a dynamic period of growth and development in an
individual. These different periods of life require special
hematological consideration for several reasons; firstly that
the chemical makeup of the circulating red blood cells as
represented by their enzyme activities and fetal hemoglobin
content in the first days and months is not identical with
that in later life nor is the responsiveness of the hemopoietic
system of the newborn and infant the same. Secondly, the
hematopoietic system of the infant and the child, like all
other systems at these age periods, undergoes development
modification and growth, and moreover is peculiarly adapted
to meet the requirements of these phases of life.* Thirdly,
hemopoietic (red) marrow occupies the entire capacity of
the bones at birth through adolescence. In old age there is
increased replacement with fatty marrow.” This may affect
the hematological parameters and result in different reference
ranges for different age groups.!* Thus, knowledge of the
normal blood values during this dynamic period of growth
and development in an individual is a prerequisite for correct
interpretation of a particular disease condition.

Though hematological reference values among appar-
ently healthy adults and children have been established in
many populations of Africans including Nigerians, there
is a dearth of information regarding hematological normal
reference values for infancy, childhood, and adolescence in
Port Harcourt, Rivers State, Nigeria. This study, therefore,
was aimed at establishing normal reference values of hema-
tological parameters among Nigerian infants, children, and
adolescents. Findings from this study will provide reference
values for clinicians, particularly pediatric hematologists,
to serve as a guide in deciding the health status during
clinical assessments.

Materials and methods

Participants, setting, and design

A total of 1,021 apparently healthy Nigerian children aged
0—17 years were recruited for this study from the University
of Port Harcourt Teaching Hospital, Port Harcourt during
preparatory exercises for immunization for Hepatitis B vac-
cine and from Rivers State University of Science and Tech-
nology Day Care and Nursery, Primary, and International
Demonstration Secondary School, Port Harcourt during their
standard medical examination prior to starting school. All
the children were clinically examined by a trained medical
officer and none of the study participants showed any sign
of systemic illness; hence they were regarded as apparently
healthy. The study was cross-sectional in nature.

Blood sample collection and analyses

Blood samples were collected by venipuncture using either
the antecubital vein or the dorsal vein and dispensed into
dipotassium EDTA anticoagulant bottles. Institutional ethi-
cal approval was received from the Department of Medical
Laboratory Sciences, Rivers State University of Science and
Technology, Port Harcourt. Thereafter, informed consents
were obtained from their parents/guardians and teachers.
Samples were collected between April 2008 and March 2009.
All hematological parameters were carried out by manual
methods as described by Bain et al® on the same day of sample
collection. Hemoglobin was determined by the cyanmethemo-
globin method, packed cell volume by the microhematocrit
method, total white cell count by Turks method, platelet count
by the Brecher and Cronkite method using ammonium oxalate
solution as the diluents, erythrocyte sedimentation rate (ESR)
by the Westergreen method, and thin blood films were made by
the push-wedge technique and stained with Leishman stain for
the differential white cell count using the battlement technique.
Adequate quality control measures were taken on each test
procedure to ensure the reliability of the results.

Statistical analyses

Statistical analysis was performed using the computer
software Statistical Package of Social Sciences (SPSS) for
Windows version 14.0 (SPSS Inc., Chicago, USA) and Epi
Info-version 6.04. Differences in proportions were analyzed
using the Chi-square test or Fisher’s exact test when appro-
priate. Results were considered to be statistically significant
when the two-sided P value was less than 0.05 (P < 0.05).

Results

A total of 1,021 apparently healthy Nigerian children con-
stituted the study population. They were aged between 0.01
and 17.0 years. Males constituted 51.4% (525/1021) while
females constituted 48.6% (496/1021). Details of other results
are as presented below. A total of 67.3% of the children
were less than 5 years old and 32.7% were between 5 and
17 years of age, as shown in Table 1. Tables 2 and 3 show

Table | Frequency distribution of children studied according to
age group

Age group Number (%)
<l year 368 (36.0%)
|1-5 years 320 (31.3%)
5-9 years 170 (16.7%)
9-14 years 114 (11.2%)
>4 years 49 (4.8%)
Total 1021 (100%)
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Table 2 Reference hematologic values before the first year of life in term infants (N = 368)

Parameters

1-7 days (n = 87)

8-14 days (n =98)

I month-<I year
(n=183)

Hb (g/dl) mean + SD (95% Cl)

PCV (%) mean £ SD (95% Cl)

ESR (mm/hr) mean £ SD (95% ClI)
Platelets (x 10?/L) mean £ SD (95% Cl)
WABC (x 10°/L) mean + SD (95% Cl)
WBC Differential count (WBC subsets)*
Neutrophil (x 10?/L) mean £ SD (95% Cl)
Lymphocyte (x 10°/L) mean + SD (95% Cl)
Monocyte (x 10°/L) mean + SD (95% Cl)
Eosinophil (x 10%/L) mean + SD (95% Cl)

16.5+ 1.6 (13.5-18.0)
45 + 8 (40-53)

2+ 1.5 (0-6)
270 + |11 (148-350)
9.7 +4.1 (8-18)

5.0 +2.0 (3.0-9.0)
40+3.0 (2.0-8.0)

0.5 +0.03 (0.1-0.5)
0.4 + 0.02 (0.02-0.80)

14.7 £3.0 (13.0-16.0)

4449 (38-51)

5+2.8 (0-10)
265 + 119 (160-350)
8.9+ 4.3 (7.8-16.0)

4.0+ 2.0 (2.0-7.0)
40+3.0 (2.0-9.0)

0.5 +0.03 (0.1-0.7)
0.4 + 0.02 (0.02-0.80)

12.7 + 0.09 (12.5-14.0)
37424 (33-41)
7428 (1-15)

266 + 123 (280-400)
7.8+ 45 (4.0-10.0)

4.0+ 2.0 (0.9-6.0)
40+20(20-11)

0.5 +0.02 (0.1-0.5)
0.4 £ 0.02 (0.02-0.90)

Basophil (x 10°/L) mean £ SD (95% Cl) -
Band Forms mean + SD (95% Cl)

03402 (0.2-13)

03402 (0.2-0.9) 0.1 £ 0.02 (0.2-0.6)

Notes: *WBC subsets are expressed as absolute values.

the mean and the 95th percentile reference intervals for the
total and differential white blood cell (WBC) counts, with
significant differences among the age groups and a tendancy
to decline significantly with advancing age until 14 years of
age (P < 0.001). The normal differential leukocyte count
did not vary with age as shown in Tables 2 and 3. Table 4
compares the mean and 95th percentile reference ranges of the
hematological parameters between 14 and 17 years according
to gender. Significant changes were observed in the mean
values of Hb, PCV, platelets, and ESR (P < 0.01 respectively)
although none were in the white blood cells (P > 0.05).

Discussion

At birth the total hemoglobin (Hb) level and packed cell
volume (PCV) in this study were shown to be consistently
higher than at any other period of life. This is in agree-
ment with earlier reports among Caucasians and African

children.®*® From birth to about 14 years of age there were
no apparent gender difference in hemoglobin (Hb) level and
packed cell volume (PCV). However, statistically signifi-
cant sex differences were observed from about 14 years in
which the levels were higher in boys than in girls. This is in
agreement with earlier reports among Saudi children®!* and
Ugandan children.' In general, in several studies significant
differences have been found in children at various ages and
in adolescents in different populations, seasons, racial and
ethnic groups, and gender subgroups.>*!%!! Genetic factors
have been found to significantly contribute to all blood cell
measures, accounting between 61%-96% of variance.”!” In
almost all studies, the ethnic and sex differences are sig-
nificant, with Caucasians values being higher than those of
Africans and Afro-Caribbeans.>%!1%121819 It has therefore been
stressed that each population must establish its own “normal
reference values” for use in clinical assessments.®

Table 3 Mean and 95th percentile reference ranges of the hematological parameters according to age group

9-< ldyrs (n=114)

14-17 yrs (n=49)

Age groups

Parameters 1-< 5 yrs (n =320) 5-<9yrs (n=170)
Hb (g/dl) 11.0 £ 1.0 (10.5-14.0) 12.6 £2.1 (11.5-13.5)
PCV (%) 34+3.0 (31-44) 37 +£5.0 (33—44)

WABC (x 10°/L)
PLAT (x 10°/L)
ESR (mm/hr)
WBC (subsets)*

8.9+ 6.0 (6.5-13.2)
261 + 98 (117-365)
3+ 1.3 (2-10)

Neutrophil 5.0£0.9 (1.9-7.5)
Lymphocyte 4.0+ 1.9 (3.1-9.0)
Monocyte 0.2 £ 0.02 (0.1-0.5)
Eosinophil 0.2 £0.02 (0.2-0.4)
Basophil 0.01 £ 0.02 (0.0-0.1)

Immature WBCs 0.3 £0.02 (0.2-0.4)

7.4+3.1 (5.3-11.0)
255 + 88 (120-376)
3+ 1.3 (2-10)

4.1+ 1.4 (1.7-73)
40+ 1.7 (1.2-6.0)
0.1 4 0.02 (0.2-0.5)
0.1 £ 0.02 (0.2-0.5)
0.01 +0.02 (0.0-0.1)
Nil

13.0 £ 2.1 (12.5-14.5)
38 + 5.0 (35-45)
65+3.1 (44-10.7)
263 + 85 (130-405)
5+2.1 (5-12)

40+27 (1.9-7.0)
30+ 1.0(1.1-32)
0.1 £0.02 (0.1-0.6)
0.1 £0.02 (0.1-1.0)
Nil

Nil

13.0 £2.0 (13.1-16.3)
39 + 6.0 (38-48)
7.4+ 40 (3.0-10.0)
282 + 119 (100-430)
5429 (6-15)

40+27 (24-72)
30+ 1.0(1.1-32)
0.1 4 0.02 (0.2-0.5)
0.1 +0.02 (0.2-0.6)
Nil

Nil

Notes: *WBC subsets are expressed as absolute values.

Abbreviation: yrs, years.
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Table 4 Comparison of mean and 95th percentile reference ranges of the hematological parameters of the children between 14 and

|7 years according to gender (n = 49)

Parameters Male (n =22) Female (n = 27) P values
Hb (g/dl) 13.5+ 1.1 (13.0-16.0) 12.9 + 1.2 (12.0-15.0) P < 0.0l
PCV (%) 41.0 £2.1 (40.0-49.0) 39.0 £ 2.1 (37.0-47.0) P < 0.0l
WBC (x 10°/L) 5.4+2.6 (29-9.0) 5.6+2.3 (3.0-9.9) P> 005
PLAT (x 10%/L) 269 + 98 (98-427) 285+ |11 (100—443) P < 0.0l
ESR (mm/hr) 5+ 1.3 (2-10) 9+ 1.5 (4-15) P < 0.0l
WABC (subsets)*

Neutrophil 4.0x2.6 (1.9-7.0) 40+27 (24-72) P > 0.05
Lymphocyte 30+ 1.0 (1.1-3.2) 40+ 1.7 (1.2-6.0) P> 0.05
Monocyte 0.2 £0.02 (0.2-0.6) 0.2 £0.02 (0.2-0.6) P > 0.05
Eosinophil 0.2 £0.02 (0.04-0.6) 0.2 +0.02 (0.04-0.6) P > 0.05
Basophil Nil Nil

Immature WBCs Nil Nil

A median white blood cell count of 8.3 x 10°/L
was obtained for the study population with a range of
2.9 — 18 x 10°/L. Miller® indicated that at birth, the white
cell count ranges between 9 and 30 x 10%/L, with the leuko-
cytes predominantly made up of neutrophils. In this study,
neutrophilic granulocytes predominate in the first 72 hours
and were greater than that found in older children. Some
neutrophils show a tendency to immaturity (shift to left),
with a maximum of 10% band forms as well as occasional
younger elements (myelocytes and metamyelocytes). This
agrees with results gained by earlier researchers.”*

The reference range obtained for the total white blood
cell count among the children between the ages of 14 and
17 years establish the normal WBC count for Nigerian ado-
lescents. The lower reference limit of 3.0 x 10°/L among
Nigerians (Africans) is comparatively lower than those
established in Europe’ and does not suggest leukopenia.
The cutoff value for the lower limit of normal for Nigerian
adults (3.0 x 10%/L) is caused by a genetically determined
absolute neutropenia and therefore should not be overlooked
in our clinical practice. Such lower limit of normal cut-off
values for WBC has also been reported from other African
countries.>*' The total white blood cell count reference
range of 4.0 — 11.0 x 10°/L often quoted in hematology
request forms in Nigeria refers to Caucasian values without
regard to any particular age group. Leukocyte values of
2.5-11.0x10°L and 2.6 — 11.9 x 10°/L for 6-10 years and
11-15 year olds respectively has been previously reported
by Ukaejiofo.?? El-Hazmi and Warsy?® reported a range in
15 year old children of 3.0 — 11.2 x 10%L in females and
3.8 — 12.1 x 10%L in males, while our range in the 14 to
17 year old children was 3.0 — 9.9 x 10%/L in females and
2.9 -9.0 x 10°L in males.

The absolute number of neutrophils predominates in the
first few days after birth without gender differences and then
falls during the succeeding days. Immature forms, includ-
ing band forms as well as occasional younger elements
(myelocytes and metamyelocytes) were seen in the first
few days of life. It is reported that the level after the first
72 hours is very stable for an individual infant.® As the
neutrophil number decreases, the lymphocyte becomes the
predominant cell type in childhood up to the fifth year of
life, without sex difference.’ In this study we did not find
any gender differences both for the total white blood cell
count and the leukocyte subsets, probably due to absence
of significant hormonal influences in these age range. The
general absence of gender differences for WBC counts is
in agreement with results of previous reports.!!**?* The
children aged between 14 and 17 showed significant sex
differences with the girls having higher values than the
boys for neutrophil and lymphocyte counts. These differ-
ences could be due to activities of sex hormones which
are effective in this age group. This is in agreement with
the findings of Hsieh et al.”> Monocyte numbers range
from 0.1 to 0.6 X 10%/L and do not vary during infancy and
childhood. An absolute eosinophil count of 0.8 x 10%L
was maintained in the infants less than one year which then
declines to 0.5 x 10%L in the children less than 9 years with
a slight increase among the children between 9 and less than
14 years and again decrease to 0.5 x 10°/L in the 14 and
17 years age group. Limited evidence was gained in this
study to support the concept that Africans have lower or
higher monocyte and eosinophil counts than Caucasians.
Any higher eosinophil count observed in Africans may be
due to an inciting cause, particularly parasitic infection,
rather than an ethnic difference.
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The ESR was lower in the children less than 1 year of
age compared to those who were older and this tends to
increase with age. Lewis® also noted that in newborns, the
ESR is usually low. In this study a gender difference was
noticed in the children aged 14 years and above, with the girls
having higher values than the boys. This is contrary to the
findings of Lewis,” who reported that the ESR is the same in
childhood and adolescence with no sex difference. The 95th
percentile reference ranges of the ESR of the children within
14 and 17 years of age were 2.0—10.0 mm/hr for males and
4.0-15.0 mm/hr for females. This is not in agreement with
the normal range of 3—5 mm/hr for males and 4—7 mm/hr for
females reported by Inwood et al.*

The 95th percentile reference ranges for the platelet counts
varies at the different age periods, showing a progressive
increase from the children less than 1 year of age to those aged
17 years. In each age group, the lower limit of normal was
observed to be consistently lower than the reference values
reported among the Caucasians.’ Moreover, the mean platelet
counts for both the girls and boys between the ages of 14 and
17 years 285 £ 111 (range, 100 — 443 x 10°/L) and 269 + 98
(range, 98 —427 x 10°/L), respectively, indicated lower values
for the lower limits while the upper limits are similar to those
reported by Lewis among Caucasians.’ The differences are
sufficient to be of practical importance in interpreting counts
around the lower end of the reference range. For example, the
Caucasian value of 150 x 10°/L cannot be applied to inter-
pret thrombocytopenia in this our Nigerian environment. In
this study we also observed sex differences in platelet count
among the children between 14 and 17 years with the girls
having higher values than the boys. This is in agreement with
the report of Taylor et al.!! Bao et al'? reported that compared
with the females, males between 12 and 17 years have a mean
14 x 10°/L lower platelet count. The low platelet count and the
gender difference in platelet counts in this study population
are similar to those observed in other studies within African
populations.**!'¢ The cause of the lower platelet counts among
populations of African origin is unknown. Environmental and
genetic factors may play a role.>>!® Morphological examina-
tion of the platelets of the infants shows greater variation in
size and shape than those of older children. This observa-
tion is in agreement with the findings of Lewis.’ The ranges
reported in this study can be used as normal reference ranges
for children in this environment.

Conclusion
From results gained in this study, it can be concluded that
hematological values differ by age, sex, and race. These

differences should be considered when defining normal and
‘abnormal’ hematological values. Notably, our Hb, PCV,
platelet, WBC, and neutrophil values were lower than those
reported for Caucasians.
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