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This study has been designed and under taken to determine the reference values of some 
haematological parameters for healthy adult males and females in Kaduna state, Nigeria, 
and to compare these values with those obtained for other populations in both western 
and tropical countries. Samples were collected from General Hospital Kafanchan, Yusuf 
Dantsoho Memorial Hospital, Tudun Wada, Kaduna and Hajiya Gambo Sawaba Memorial 
Hospital, Zaria representing the southern, central and northern senatorial districts of the 
state respectively from December, 2013 to December, 2014. The mean values for our male 
participants were: haemoglobin (HB) concentration; 13.34g/dl, red blood cells (RBC) 
count; 4.57 x1012/l,  haematocrit (PCV) ratio; 41.53 %, white blood cells (WBC) count; 5.92 
x109/l, Platelets (PLT); 206.67 x109/l, Lymphocytes (LYM); 41.91%, Neutrophils (NEUT); 
49.59%, mean cell volume (MCV); 92.81 fl, mean cell haemoglobin (MCH); 29.83 pg and 
mean cell haemoglobin concentration (MCHC); 32.06. The mean values in the female 
participants were: haemoglobin (HB) concentration; 12.76g/dl, red blood cells (RBC) 
count; 4.00x1012/l,  haematocrit (PCV) ratio; 38.15%, white blood cells (WBC) count; 6.16 
x109/l, Platelets (PLT); 213.02 x109/l, Lymphocytes (LYM); 39.22%, Neutrophils (NEUT); 
51.12%, mean cell volume (MCV); 99.78fl, mean cell haemoglobin (MCH); 33.72pg and 
mean cell haemoglobin concentration (MCHC); 33.87g/dl. When compared to their 
corresponding western mean values, our participants had lower mean values of HB, RBC, 
PCV and WBC. However, higher mean values of MCV and MCH were recorded for our 
male and female participants respectively compared to the corresponding mean western 
values of 86.00fl and 29.50pg. The mean value of mean cell haemoglobin concentration 
(MCHC) of our female participants was higher than the western value. However, the mean 
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value of MCHC of our male participants was slightly lower than the western value. The 
mean values of PLT, LYM and NEUT of our participants irrespective of gender were within 
the normal ranges of their corresponding western values of 150-400 x109/l, 22-44% and 
40-70%. When compared with other African countries, the mean value of HB for our 
participants was the lowest while the PLT was the highest.  However, these values are 
similar to means reported in Zaria northern part of the state and Kano, a neighboring 
state. Our male participants had significantly higher mean values of PCV (p=0.001) and 
RBC (p<0.001) but insignificantly higher values of HB (P=0.063), LYM (0.077) and NEUT 
(0.552). On the other hand, our female participants had significantly higher mean values 
of WBC (p= 0.001), PLT (p<0.001), MCV (P=0.031), MCH (p=0.001) and MCHC (p<0.001) but 
insignificantly higher values of WBC (P=0.337) and PLT (P=0.597). This study has 
established reference values of these haematological parameters in apparently healthy 
blood donors from different parts of Kaduna state. This will serve as an important tool in 
the interpretation of laboratory results for clinical management of patients as well as for 
research purposes.  
 

Key words: Haematological parameters, Apparently healthy, Blood donors, Senatorial district, 
Kaduna state, Nigeria. 

 
 

INTRODUCTION 
 

The critical need for the development of normal 
haematological values specific for every 
population for interpretation of laboratory test 
results and provision of quality services in the 
health care delivery cannot be over 
emphasized. However, reference values being 
used in most laboratories in African countries 
have been obtained from the literature, reagent 
inserts accompanying the reagent kits or 
instrument manuals (Koram et al., 2007). These 
values have been derived from Caucasian 
populations of industrialized countries (Dosoo et 
al., 2012). Published literature has indicated 
that many of the reference values obtained from 
the developed countries differ significantly from 
those in most African localities (Lugada et al., 
2004; Quinto et al., 2006; Koram et al., 2007; 
Adetifa et al., 2009; Karita et al., 2009). The 
Clinical and Laboratory Standards Institute 
(CLSI) and the International Federation for 
Clinical Chemistry recommend that each 
laboratory establishes its own reference values 
(Solberg, 1987; CLSI, 2008). Studies conducted 
so far in Nigeria have reported significant 
differences in normal laboratory ranges within 
the  country  and  when compared with those of  
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other African countries and industrialized world 
(Aina et al., 2005; Miri-Dashe et al., 2014). 
These variations have been attributed to a 
number of factors including differences in 
geographical locations, climate, dietary habits, 
and environmental factors or ethnic and tribal 
peculiarities (Miri-Dashe et al., 2014). Variables 
such as the technique, timing of collection, 
storage of specimens and posture of subjects, 
though if standardized may be of less effect 
could also contribute to these observable 
variations (Lewis, 2006; Isa et al., 2012). 
Baseline hemoglobin of 12 g/dl and 13 g/dl for 
potential female and male donors respectively 
has been stipulated in some countries to ensure 
donor safety (Marcela et al., 2015). Reference 
ranges of some haematological parameters for 
apparently healthy adults have been previously 
established in Zaria in the northern senatorial 
district of the state (Isa et al., 2012). However, 
adoption of these values for interpretation of 
patients’ results in the whole state could be 
misleading due to afore mentioned reasons. 
This study was therefore designed to determine 
the profile of some haematological parameters 
of apparently healthy blood donors in the three 
senatorial districts of Kaduna state, Nigeria. 
This is with a view to providing valuable 
information for adoption of reference values of 
these haematological parameters in the state. 
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MATERIALS AND METHODS 
 

Study design 
 

A cross-sectional, facility based study was 
conducted    in    Kaduna    state,  north   central 
Nigeria from December, 2013 to December, 
2014. Blood samples were collected from 
General Hospital Kafanchan, Yusuf Dantsoho 
Memorial Hospital, Tudun Wada, Kaduna and 
Hajiya Gambo Sawaba Memorial Hospital, 
Zaria representing the southern, central and 
northern senatorial districts of the state 
respectively. These hospitals have facilities for 
and provide blood transfusion services in their 
respective senatorial districts.  
 

Study area  
 

Kaduna State is a state in North-western geo-
political zone of Nigeria with a population of 
6,066.562. It is made up of 23 local government 
areas which are further grouped into three (3) 
senatorial districts (north, central and south). It 
is a metropolitan as well as a cosmopolitan 
industrialized state with over 80 commercial and 
manufacturing industries. It is one of the 
education centers in Nigeria with many colleges 
and most recognized university in Nigeria. 
Agriculture is the mainstay of the state with 
about 80% of the people actively engaged in 
farming. It is defined by longitude 10°20' N and 
latitude 9° 03' E. The vegetation characteristic 
is that of the guinea savanna with scattered 
trees and shrubs. There are two distinct 
seasons the wet (rainy) which lasts from April to 
October and dry season that occurs from 
November to March. It experiences a rainfall of 
1530mm in Kafanchan-Kagoro in the southeast 
and 1015mm   in Ikara/Makarfi districts in the 
northeastern part of the state (Encyclopedia 
Britanica, 2012). The map of Kaduna state 
showing the location of the sampling sites is 
shown in Figure 1.  
 
Ethical approval  
 

Approval for the research was obtained from 
the   Ethical   Committee  of  the  Kaduna  State  

 
 
 
 

Ministry of Health. Patients' anonymity was 
maintained and the findings treated with utmost 
confidentiality. 
 

Questionnaire  
 

Prior to the sample collection, a self designed 
questionnaire was used to obtain information on 
some socio-demographic characteristics and 
study related from consented donors.  
 

Samples collection 
 

A total of 360 apparently healthy male and 
female blood donors aged between 18 and 65 
were recruited for the study after obtaining 
informed consent from each of them. 
Apparently healthy blood donors, hospital staff, 
medical students and individuals presenting at 
the blood banks of the various hospitals for 
blood donation were included. Subjects with 
medical conditions such as diabetes, sickle cell 
anaemia and asthma as well as subjects who 
did not consent, had evidence of HIV, HBV and 
HCV infections, menstruating and pregnant 
females were excluded. 

One hundred and twenty blood samples were 
collected from General Hospital Kafanchan, 
Mamman Tsoho Memorial Hospital, Tudun 
Wada, Kaduna and Hajiya Gambo Sawaba 
Memorial Hospital, Zaria representing the 
southern, central and northern senatorial 
districts of the state respectively. Two milliliters 
(2ml) of whole venous blood was obtained (out 
of the 5ml collected from each of the donors by 
the Phlebotomist for routine preliminary 
screening and haematological investigations to 
determine the fitness of the donor) into ethylene 
diamine tetra acetic acid (EDTA) bottles. 
Haematological tests were performed on the 
samples within 48hs according to normal 
hospital protocol. 
 

Determination of haematological parameters  
 

Full blood/differential count was carried out 
using the fully automated Sysmex Haematology 
analyzer manufactured by Sysmex Corporation 
Kobe,    Japan    according     to   the   standard 
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Figure 1. Map of Kaduna state showing the sampling sites. 
 
 
 

operating procedure outlined by the 
manufacturer (Isa et al., 2012).  
 

Statistical analysis  
 

All statistical analyses were carried out using 
Statistical Analysis System (SAS) and 
Statistical Package for the Social Sciences 
(SPSS) version 20. The Pearson Chi-square 
test was used to determine the associations 
between the variables at 95% confidence 
interval while differences in haematological 
parameters was subjected to analysis of 
variance (ANOVA). Values of p≤0.05 were 
considered significant. 

RESULTS 
 

A total of 360 donors comprising of 314(87%) 
male and 46(13%) female donors were enrolled 
in the study. Our participants had lower values 
of Haemoglobin (HB) concentration (13.34 g/dl 
for males and 12.76 g/dl for females), Red 
Blood Cells (RBC) Count (4.57 ×1012 /l for 
males and 4.00 ×1012 /l for females), 
Haematocrit (PCV) ratio (41.53% for males and 
38.15% for females) and White Blood 
Cells(WBC) count values (5.92 ×109 /l for males 
and 6.16 ×109 /l for females) compared to the 
western values of HB (15.50g/dl for males and 
14.00g/dl  for  females),  RBC  (5.5 × 1012 /l   for  
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Table 1. Comparison of the mean values of some haematological parameters of the 
present study with Western values (Dacie and Lewis, 1991; Hoffbrand et al., 2006; 
Lewis, 2006). 
 

Haematological 
parameter 

                   This study 
 

Western values 

 Male (n=314) Female (n=46) Male Female 

HB (g/dl) 13.34 ± 0.12 12.76 ± 0.28 15.50 14.00 
PCV (%) 41.53 ± 0.34 38.15 ± 0.94 47 42 
WBC (×10

9
/l) 5.92 ± 0.14 6.16 ± 0.20 7.50 7.50 

RBC (×10
12

/l) 4.57 ± 0.05 4.00 ± 0.14 5.5 4.82 
PLT (×10

9
/l) 206.67 ± 3.81 213.02 ± 11.30 150-400 150-400 

LYM (%) 41.91 ± 0.74 39.22 ± 1.31 22-44 22-44 
NEUT (%) 49.59 ± 1.81 51.12 ± 1.82 40-70 40-70 
MCV (fl) 92.81 ± 1.05 99.78 ± 4.10 86.00 86.00 
MCH (pg) 29.83 ± 0.38 33.72 ± 1.40 29.50 29.50 
MCHC (g/dl) 32.06 ± 0.13 33.87 ± 0.45 32.50 32.50 

 

Key: WBC=White Blood Cell, MCV= Mean Corpuscular Volume, MCH= Mean 
Corpuscular Haemoglobin, MCHC = Mean Corpuscular, Haemoglobin Concentration, 
RBC= Red Blood Cells concentration, HB =Haemoglobin concentration, PCV= 
Packed Cell Volume, PLT=Platelets, NEUT =Neutrophils, LYM= Lymphocytes. 

 
 
 

males and 4.82×1012 /l for females), PCV (47% 
for males and 42% for females) and  WBC 
(7.50×109 /l for both sexes). However, higher 
values of Mean Volume (MCV) were recorded 
for our males (92.83 fl) and females (99.78 fl) 
blood donors compared to the corresponding 
western values of 86.00 fl (for both sexes). 
Also, higher values of the Mean Cell 
Haemoglobin (MCH) were recorded for our 
male (29.83pg) and female blood donors 
compared to the western value of 32.50pg (for 
both sexes). The mean values for Mean Cell 
Haemoglobin Concentration (MCHC) of our 
female (33.87g/dl) blood donors was higher 
than the western value (32.05 pg) for both 
sexes. However, the MCHC value (32.06pg) of 
our male blood donors was slightly lower than 
the western value (32.50 pg) for males and 
females. The mean values of platelets (PLT) 
count, Lymphocytes (LYM) and Neutrophils 
(NEUT) count of 206.67×109 /l, 41.91% and 
49.59% respectively of our male and 
213.02×109 /l, 39.22% and 51.12% respectively 
of our female blood donors were within the 
normal ranges of the western values  of 150-
400×109 /l, 22-44% and 40-70% for both sexes 
respectively (Table 1). The Haematocrit (PCV) 

of 41.53 % and the mean Red Blood Cell (RBC) 
count were significantly higher in the Male than 
female blood donors (p<0.001). However, the 
mean values of MCV of the female blood 
donors were significantly higher than the 
corresponding values of the males with p-
values of 0.031, 0.001 and <0.001 respectively. 
The mean values of HB and LYM were higher in 
the male than female blood donors but this 
difference was not significant (p=0.063 and 
p=0.077 respectively). Also, the mean values of 
WBC, PLT and NEUT were higher in the female 
than male blood donors donors but not 
significantly (p=0.337, p=0.597 and p=0.552) as 
shown in Table 2. There were significant 
differences in the mean values of all the 
haematological parameters considered between 
the three senatorial districts of the state except 
for NEUT. The northern senatorial district had 
higher values of PCV (P<0.001) and RBC 
(P<001) while higher values of PLT (p=0.037) 
and LYM (p=0.004). However, higher values of 
HB (<0.001),   WBC   (<0.001), MCV (<0.001), 
MCH (<0.001) and MCHC (<0.001) were 
recorded in the southern senatorial district. 
Also, a higher value of NEUT was recorded in 
the    southern    senatorial    district     but    the 
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Table 2. Mean ± SEM Values of Some Hematological Parameters of the 
Study Subjects by Gender. 
 

Haematological 
parameter 

Male (n=314) Female (n=46)      P-value 

PCV (%) 13.34 ± 0.12 12.76 ± 0.28      0.063 

WBC (×10
9
/l) 41.53 ± 0.34 38.15 ± 0.94      0.001* 

RBC (×10
12

/l) 5.92 ± 0.14 6.16 ± 0.20      0.337 

PLT (×10
9
/l) 4.57 ± 0.05 4.00 ± 0.14      <0.001* 

LYM (%) 206.67 ± 3.81 213.02 ± 11.30      0.597 

NEUT (%) 41.91 ± 0.74 39.22 ± 1.31      0.077 

MCV(fl) 49.59 ± 1.81 51.12 ± 1.82      0.552 

MCH(pg) 92.81 ± 1.05 99.78 ± 4.10      0.031* 

MCHC(g/dl) 29.83 ± 0.38 33.72 ± 1.40      0.001* 

 32.06 ± 0.13 33.87 ± 0.45      <0.001* 
 

Key: WBC=White Blood Cell, MCV= Mean Corpuscular Volume, MCH= 
Mean Corpuscular Haemoglobin, MCHC = Mean Corpuscular, Haemoglobin 
Concentration, RBC= Red Blood Cells concentration, HB =Haemoglobin 
concentration, PCV= Packed Cell Volume, PLT=Platelets, NEUT 
=Neutrophils, LYM= Lymphocytes.  

 
 
 

difference was not significant (p=0.075). This is 
shown in Table 3. 
 
 
DISCUSSION 
 
When the values of haematological parameters 
observed in the present study were compared 
to values from western populations (Dacie and 
Lewis, 1991; Hoffbrand et al., 2006; Lewis, 
2006), slight differences were observed. Our 
values of HB, PCV, WBC and RBC were lower 
than the western values. Similar differences 
were   observed   in   African   adult   population 
compared with western adult populations 
(Azikiwi et al., 1984; Bradenhorst et al., 1995; 
Bain, 1996; Hoffbrand et al., 2006). When 
compared with other African countries, our 
mean HB was the lowest while our PLT was the 
highest (Ruiz-Arguelles, 1980; Tsegaye et al., 
1999; Menard et al., 2003; Lugada et al., 2004; 
Adetifa et al., 2009; Kibaya et al., 2008; 
Saathoff et al., 2008; Kuaviakoe et al., 2011).  
However, these values are similar to means 
reported in Zaria northern part of the state (Isa 
et al., 2012) and Kano, a neighbouring state 
(Imoru, 2003). The difference in findings of this 
study and those reported elsewhere (Miale, 

1982; Dacie and Lewis, 1991; Wintrobe, 1993; 
Williams, 1995) could be due to many 
possibilities. It could be due to geographical 
variation, dietary factors and bias in selection of 
the study subjects. For example, the groups 
studied by Viteri et al. (1972) were highly 
selected subjects who were hookworm free, 
had adequate serum iron values; transferrin 
saturation fraction, serum folate and serum 
vitamin B12, and thus lower values were 
obtained in both sex groups than others. On the 
other hand, Kelly and Munan (1997) from 
Canada reported lower values in their randomly 
selected population. The reason for the lower 
values in this study might be due to variation of 
the standardization of conditions under which 
measurements were made. Factors such as 
altitude, posture and diurnal variations have 
been reported to make the Haemoglobin 
concentration, Red Blood Cells count, and 
Haematocrit Ratio fluctuate (Ekelund et al., 
1971; Miale, 1982; Rodger et al., 1987). 
However, our values of MCV, MCH and MCHC 
(females) were higher than western values. This 
is similar to the report of Miri-Dashe et al. 
(2014). The reason for this observation is 
unclear and there is need for additional studies 
to validate these interesting findings. 
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Table 3. Mean ± SEM Values of Some Hematological Parameters of the Study Subjects 
by Senatorial Districts. 

 

Parameter /SD Northern Central Southern F-value 

HB (g/dl) 14.06 ± 0.15
 

11.64 ± 0.15
 

14.10 ± 0.20
 

<0.001* 

PCV (%) 42.71 ± 0.42
 

38.16 ± 0.47
 

42.43 ± 0.66
 

<0.001* 

WBC (×10
9
/l) 6.18 ± 0.15

 
5.23 ± 0.14

 
6.44 ± 0.31

 
<0.001* 

RBC (×10
12

/l) 5.00 ± 0.05
 

4.37 ± 0.06
 

4.13 ± 0.09
 

<0.001* 

PLT (×10
9
/l) 213.63 ± 5.94

 
214.46 ± 5.98

 
194.34 ± 6.74

 
0.037* 

LYM (%) 41.15 ± 0.81
 

44.49 ± 1.09
 

39.08 ± 1.44
 

0.004* 

NEUT (%) 45.95 ± 1.13
 

48.75 ± 4.40
 

54.65 ± 1.43
 

0.075 

MCV(fl) 85.94 ± 0.50
 

87.51 ± 0.71
 

107.59 ± 2.62
 

<0.001* 

MCH(pg) 28.37 ± 0.26
 

26.68 ± 0.26
 

35.91 ± 0.88
 

<0.001* 

MCHC(g/dl) 32.91 ± 0.17
 

30.46 ± 0.15
 

33.50 ± 0.25
 

<0.001* 
 

* = Significant difference exists at p ≤ 0.01. Mean values were separated using Duncan’s 

multiple range test. Values with different superscript in the same column are significantly 
different. 
Key: WBC=White Blood Cell, MCV= Mean Corpuscular Volume, MCH= Mean 
Corpuscular Haemoglobin, MCHC = Mean Corpuscular, Haemoglobin Concentration, 
RBC= Red Blood Cells concentration, HB =Haemoglobin concentration, PCV= Packed 
Cell Volume, PLT=Platelets, NEUT =Neutrophils, LYM= Lymphocytes, SD= Senatorial 
District. 

 
 
 

When our mean values were compared with 
previously established values in Zaria (Isa et al., 
2012) our values of PCV and PLT were lower in 
Zaria, while higher values of WBC, MCV, MCH 
and MCHC were obtained in our study. When 
our mean values were compared with those 
from Enugu (Nubila et al., 2014), our values 
were slightly lower except for WBC and MCH. 
However, our values of HB, RBC, PCV, WBC, 
PLT, MCV, MCH, and MCHC were higher than 
those reported in Benin. These variations could 
be attributed to differences in geographical 
locations, climate, dietary habits, and 
environmental    factors   or   ethnic   and   tribal 
peculiarities. (Miri-Dashe et al., 2014). Variables 
such as the technique, timing of collection, 
storage of specimens and posture of subjects, 
though if standardized may be of less effect 
could also contribute to these observable 
variations (Lewis, 2006; Isa et al., 2012). Age, 
sex, frequency of donation, endemicity of 
parasitic infections such as malaria and 
helminthic infestations have been reported to 
contribute to the low red cell indices (De 
Maeyer  and  Adiels-Tegman,  1985;  Ali  et  al.,  

2013). 
The red blood cell parameters, RBC, HB and 

HCT were higher in male blood donors. This 
difference was significant for RBC (P<0.001) 
and PCV (P=0.001). This finding is similar to 
reports from other studies conducted in Africa 
and also comparable to documentation from the 
United States of America (Kibaya et al., 2008). 
On the contrary, PLT, MCV, MCH and MCHC 
values were higher in women and the difference 
was significant as compared to men just as 
reported in other studies (Kibaya et al., 2008; 
Mine et al., 2011). The reason for these 
differences may be due to the variations in 
hormone types and concentrations in the 
different sexes and the effect of erythropoietin 
release in response to regular menstruation 
cross-stimulating megakaryopoiesis. However, 
the platelet counts are lower when compared to 
the US derived values   and  other  African  
studies  (Kratz  and Ferraro, 2004; Eller et al., 
2008; Kibaya et al., 2008; Mine et al., 2011; Zeh 
et al., 2011). The reason for these lower values 
is still unclear and may require additional 
studies   but  may  be  due  to  the  diet,  genetic  

http://journals.plos.org/plosone/article?id=10.1371%2Fjournal.pone.0093919#pone.0093919-Kibaya1
http://journals.plos.org/plosone/article?id=10.1371%2Fjournal.pone.0093919#pone.0093919-Kibaya1


 
 
 
 

factors or other environmental or genetic factors 
(Gill et al., 1979; Azikiwi, 1984; Bain, 1996). 
Despite the fact that the health facilities 
selected for the study have similar transfusion 
services practices, there were significant 
differences in the haematological parameters 
considered in all the senatorial districts except 
for NEUT. This may be attributed to population 
composition (ethnic diversity), genetic 
composition (genetic diversity), variation in 
altitude and prevalence of underlying 
(subclinical) infections (Evans et al., 1999 and 
Rajab et al., 2005). The decreasing pattern of 
the RBC from the southern to the northern 
senatorial districts follows the increasing pattern 
of malarial parasitaemia prevalence in the state 
(Garba et al., 2016). This is an indication of the 
potential effect of malarial parasitaemia on 
these haematological parameters.  
 
 

CONCLUSION 
 

This study has established values for 
haematological parameters in apparently 
healthy blood donors from different parts of 
Kaduna state. This will serve as an important 
tool in the interpretation of laboratory results for 
clinical management of patients as well as for 
research purposes. Also, this study should be 
conducted on a larger number of screened 
blood donors and in different transfusion 
centers in the state. 
 
 

LIMITATION 
 

The study was facility based and therefore may 
not be a perfect representation of the values of 
these haematological parameters in the study 
population. It would be better if we could 
conduct this study among huge number of 
subjects, all over the Nigeria. 
 
 
CONSENT 
 

Written informed consent was obtained from the  

Garba et al., 35 
 
 
 

blood donors. 
 
 

ETHICAL APPROVAL 
 

All experiments have been examined and 
approved by the ethical committee of the 
Kaduna State Ministry of Health. 
 
 

ACKNOWLEDGEMENTS 
 

The authors would like to thank the Ethical 
Committee of the Kaduna State Ministry of 
Health, all donors, technicians and co-
researchers whose support was fundamental to 
this study.  
 
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 
 

REFERENCES 
 

Aina O, Dadik J, Charurat M, Amangaman P, 
Gurumdi S,  Mang E, Guyit R, Lar N, Datong 
P, Daniyam C, Kanki P and Abimiku A (2005). 
Reference values of CD4 T lymphocytes in 
human immunodeficiency virus-negative adult 
Nigerians. Clin. Vaccine Immunol., 12(4): 
525–530. Available at: 
http://cvi.asm.org/cgi/content/abstract/12/4/52
5.  

Adetifa IMO, Hill PC, Jeffries DJ, Sillah DJ, 
Ibanga HB, Bah G, Donkor S, Corrah T and 
Adegbola RA (2009). Haematological values 
from a Gambian cohort—possible reference 
range for a West African population. Int. J. 
Lab. Hematol., 31 (6): 615 - 622. 

Ali M, Moghadam M, Mehrabani N, 
Mahmoud D, Ahmad S, Mohammad 
H, Javanbakht A, Akbar S and Mahnaz Z. 
(2013).  Relationship between blood donors' 
iron status and their age, body mass index 
and donation frequency. Sao Paulo Med. J., 
131:6 Available from: 

http://journals.plos.org/plosone/article?id=10.1371%2Fjournal.pone.0093919#pone.0093919-Gill1
http://journals.plos.org/plosone/article?id=10.1371%2Fjournal.pone.0093919#pone.0093919-Azikiwe1
http://journals.plos.org/plosone/article?id=10.1371%2Fjournal.pone.0093919#pone.0093919-Bain1
http://cvi.asm.org/search?author1=Edwina+Mang&sortspec=date&submit=Submit
http://cvi.asm.org/search?author1=Ruth+Guyit&sortspec=date&submit=Submit
http://cvi.asm.org/search?author1=Ndam+Lar&sortspec=date&submit=Submit
http://cvi.asm.org/search?author1=Pam+Datong&sortspec=date&submit=Submit
http://cvi.asm.org/search?author1=Comfort+Daniyam&sortspec=date&submit=Submit
http://cvi.asm.org/search?author1=Phyllis+Kanki&sortspec=date&submit=Submit
http://cvi.asm.org/search?author1=Alash%27le+Abimiku&sortspec=date&submit=Submit
http://cvi.asm.org/cgi/content/abstract/12/4/525
http://cvi.asm.org/cgi/content/abstract/12/4/525


36 Int. J. Adv. Med. Sci. Biotechnol. 
 
 
 
 http://dx.doi.org/10.1590/1516-
3180.2013.1316554 

Azikiwi AN (1984). Platelet count values in 
healthy Nigeria medical students in jobs. East 
Afr. Med. J., 61:482 - 485. 

Bain BJ. (1996). Ethnic and sex differences in 
the total and differential white cell count and 
platelet count. J. Clin. Pathol., 49:664 - 666. 

Bradenhorst CJ, Fourie J, Steyn K, Jooste PL, 
Lombard CJ, Bourne L and Slazus W (1995). 
The Haematological Profile of Urban Black 
Africans Aged 15-64 years in the Cape 
Peninsula. East Afr. Med. J., 5(72):19-24. 

CLSI     (2008).     Defining,    establishing    and 
verifying reference intervals in the clinical 
laboratory: approved guideline. Wayne, PA: 
Clinical and Laboratory Standard Institute. 

Dacie JV and Lewis SM (1991). Practical 
haematology 7th ed. London; Churchill 
Livingstone; 

Dosoo DK, Kinsley K, Dennis A, Evans K, 
Josephine O, Kinsley O, Emmanuel M, 
Stephen A, Philip B, Kwaku PA, Kwadwo AK 
and Seth O (2012). Haematological and 
Biochemical Reference Values for Healthy 
Adults in the Middle Belt of Ghana. PLoS 
ONE 7(4):e36308. 

De Maeyer E and Adiels-Tegman M (1985). 
The prevalence of anaemia in the world. 
World Health Stat Q. 38:302 – 316. 

Ekelund LG, Ekelund B and Kaijser L (1971). 
Time course for the change in haematological 
concentration with change in posture. Acta 
Med. Scand., 190:335 - 336 

Eller LA, Eller MA, Ouma B, Kataaha P,  
Kyabaggu D, Tumusiime R, Wandege J, 
Sanya R, Sateren WB, Wabwire-Mangen F, 
Kibuuka H, Robb ML, Michael NL, de Souza 
MS  (2008). Reference Intervals in Healthy 
Adult Ugandan Blood Donors and Their 
Impact on Conducting International Vaccine 
Trials PLoS ONE 3(12): e3919. 
doi:10.1371/journal.pone.0003919 

Encyclopedia Britannica: Kaduna State, Nigeria, 
Avaible at www.britannica.com/place/Kaduna 
state-Nigeria. Accessed 12 December, 2015. 

Evans DM,  Frazer  IH  and  Martin  NG (1999).  

 
 
 
 
Genetic and environmental causes of 
variation in basal levels of blood cells. Twin 
Res., 2:250-257. 

Garba DD, Ameh JB, Whong CMZ and Aminu-
Mukhtar M (2016).  Prevalence of malaria 
parasites among blood donors in Kaduna, 
Nigeria. Int. J. Res. Med. Sci., 4(6): 2112-
2119. doi:10.18203/2320-6012.ijrms20161770 

Gill GV, England A and Marshal C (1979). Low 
platelet counts in Zambians. Tran. R. Soc. 
Trop. Med. Hyg., 73(1): 111–112. 

Hoffbrand AV, Pettit JE and Moss PAH (2006). 
Appendix 2: Normal Values. Essential 
Haematology       5th    Ed;    Italy.     Blackwell 
Publishing. p.365. 

Imoru M (2003). Haematological Values in 
Apparently Healthy Adults in Kano State, 
Nigeria. J. Med. Lab. Sci., 12:70 - 73. 

Isa AH, Hassan A, Garba Y and Ijei IP (2012). 
Reference Ranges of Some Haematological 
Parameters in Healthy Northern Nigerian 
Adults in Jos. J. Med., 6(3):16 – 18. 

Karita E, Ketter N, Price MA, Kayitenkore K, 
Kaleebu P, Nanvubya A, Anzala O, Jaoko W, 
Mutua G, Ruzagira E, Mulenga J, Sanders EJ, 
Mwangome M, Allen S, Bwanika A, 
Bahemuka U, Awuondo K, Omosa G, Farah 
B, Amornkul P, Birungi J, Yates S, Stoll-
Johnson L, Gilmour J, Stevens G, Shutes E, 
Manigart O, Hughes P, Dally L, Scott J, 
Stevens W, Fast P and Kamali A (2009). 
CLSI-Derived hematology and biochemistry 
reference intervals for healthy adults in 
Eastern and Southern Africa. PLoS One. 
2009;4(2):e4401. doi: 
10.1371/journal.pone.0004401. 

Kelly A and Munan L (1997). Haematological 
profile of natural populations: Red Cell 
parameters. Brit. J. Haematol., 35: 153 - 60. 

Kibaya RS, Bautista CT, Sawe FK, Shaffer DN, 
Sateren WB, Scott PT, Michael NL, Robb ML, 
Birx DL and De Souza MS. (2008). Reference 
ranges for the clinical laboratory derived from 
a rural population in Kericho, Kenya. PLoS 
ONE, 3 (10): 3327. 

Koram KA , Addae MM, Ocran JC, Adu-
Amankwah S, Rogers WO and Nkrumah FK.  

http://dx.doi.org/10.1590/1516-3180.2013.1316554
http://dx.doi.org/10.1590/1516-3180.2013.1316554
http://www.ncbi.nlm.nih.gov/pubmed/?term=Badenhorst%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=7781549
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fourie%20J%5BAuthor%5D&cauthor=true&cauthor_uid=7781549
http://www.ncbi.nlm.nih.gov/pubmed/?term=Steyn%20K%5BAuthor%5D&cauthor=true&cauthor_uid=7781549
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jooste%20PL%5BAuthor%5D&cauthor=true&cauthor_uid=7781549
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lombard%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=7781549
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bourne%20L%5BAuthor%5D&cauthor=true&cauthor_uid=7781549
http://www.ncbi.nlm.nih.gov/pubmed/?term=Slazus%20W%5BAuthor%5D&cauthor=true&cauthor_uid=7781549
http://www.britannica.com/place/Kaduna
http://dx.doi.org/10.18203/2320-6012.ijrms20161770
http://www.ncbi.nlm.nih.gov/pubmed/?term=Koram%20K%5BAuthor%5D&cauthor=true&cauthor_uid=18464901
http://www.ncbi.nlm.nih.gov/pubmed/?term=Addae%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18464901
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ocran%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18464901
http://www.ncbi.nlm.nih.gov/pubmed/?term=Adu-Amankwah%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18464901
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rogers%20W%5BAuthor%5D&cauthor=true&cauthor_uid=18464901
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nkrumah%20F%5BAuthor%5D&cauthor=true&cauthor_uid=18464901


 
 
 
 
(2007). Population Based Reference Intervals 
For Common Blood Haematological And 
Biochemical Parameters in The Akuapem 
North District. Ghana Med. J., 2007 Dec; 
41(4): 160–166. doi: 10.4314/gmj.v41i4.55284 

Kratz A, Ferraro M, Sluss PM and 
Lewandrowski KB (2004) Case records of the 
MassachusettsGeneral Hospital, Weekly 
clinicopathological exercises. Laboratory 
reference values. N Engl. J. Med., 351:1548 – 
1563. Available at: https://qatar- weill.cornell. 
edu/elibrary/coursesupport/bod/NEJMLabRef
erenceValues.pdf. 

Kuaviakoe IM, Akuete YS, Helene J, Ahoef V 
and Michele I (2011). Hematological 
Reference Values for Healthy Adults in Togo. 
ISRN Hematology, vol. 2011, Article ID 
736062, 5 pages, 2011. 
doi:10.5402/2011/736062 

Lewis SM (2006). Collection and handling of 
Blood. In: S.M. Lewis, B.J. Bain, I. Bates 
(Eds), Dacie and Lewis' Practical Hematology. 
London. Churchill Livingstone, 9th Edition. 

Lugada ES, Mermin J, Kaharuza UFF, Were W, 
Langeland N, Asjo B and Malamba DSR 
(2004). Population-Based Hematologic and 
Immunologic Reference Values for a Healthy 
Ugandan    Population.    Clin.    Diagn.  Lab. 
Immunol., 11(1): 29 - 34. 

Marcela C, Clare PF and Taylor JA (2005). 
Clinical blood transfusion in postgraduate 
haematology, 5th ed; Chichester Blackwell 
Pub; p. 250. 

Menard D, Mandeng MJ, Tothy MB, Kelembho 
EK, Gresenguet G and Talarmin A (2003). 
Immunohematological reference ranges for 
adults from the Central African Republic. Clin. 
Vaccine Immunol., 10 (3): 443 - 445 

Miale JB (1982). Laboratory Medicine; 
haematology. 6th ed. C.V. St Louis Mosby 
Company, Pp 416 - 440. 

Mine M, Moyo S, Stevens P, Michael K, 
Novitsky V, Makhaola K, Asmelash A, 
Molefhabangwe S, Woldegabriel E, 
Mothowaeng G, Maruta T, Kamhukamwe C, 
Mangwendeza P, Holmes-Pretorius M, Mtoni 
I,  Motswaledi  M,   Musonda   R,  Ndwapi   N,  

Garba et al., 37 

 
 
 
Makhema J, Marlink R, Seipone K, Gaolathe T 

and Essex M (2011). Immunohaematological 
reference values for HIV-negative healthy 
adults in Botswana. Afr. J. Lab. Med., 1(1):5–
11, Available At: 
Http://Www.Ajlmonline.Org/Index.Php/Ajlm/Art
icle/View/5. Date Accessed: 05 Sep. 2016.  

Miri-Dashe T, Osawe S, Tokdung M, Daniel N, 
Choji RP, Mamman I, Deme K, Damulak D 
and Abimiku A.  (2014). Comprehensive 
Reference Ranges for Hematology and 
Clinical Chemistry Laboratory Parameters 
Derived from Normal Nigerian Adults, PLoS 
ONE 9(5): e93919. 
doi:10.1371/journal.pone.0093919 

Nubila T, Ukaejiofo EO, Nubila NI, Shu EN, 
Okwuosa CN, Okofu MB, Obiora BC and 
Shuneba IL (2014). Hematological profile of 
apparently healthy blood donors at a tertiary 
hospital in Enugu, south east Nigeria: A pilot 
study. Nig.  J. Exp. Clin. Biosci., 2:33 - 36. 
Available 
from: http://www.njecbonline.org/text.asp?201
4/2/1/33/135726 

Quinto L, Aponte JJ, Sacarial J, Espasa M and 
Aide P (2006). Haematological and 
biochemical indices in young African children 
in search of reference intervals. Trop. Med.  
Int. Health, 11:1741 - 1748.  

Rajab JA, Muchina WP, Orinda DA and Scott 
CS (2005). Blood donor haematology 
parameters in two regions of Kenya. East Afr. 
Med. J., 82:123 – 127. 

Rodger RSC, Flecther K, Fail BJ, Rohman H, 
Sviland L and Hamilton PJ. (1987). Factors 
influencing haematological measurements in 
healthy adults. J. Chron. Dis., 40:943 - 947. 

Ruiz-Arguelles GJ, Sanchez-Medal L and Loria 
A (1980). Red cell indices in normal adults 
residing at altitudes from sea level to 2670 
meters. Am. J. Hematol., 8(3): 265 - 271. 

Saathoff E, Schneider P, Kleinfeldt V, Geis S, 
Haule D, Maboko L, Samky E, De Souza M, 
Robb M and Hoelscher M (2008). Laboratory 
reference values for healthy adults from 
southern Tanzania. Trop. Med. Int. Health, 
13:612 – 625. 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2350114/
https://qatar-/
http://www.ajlmonline.org/index.php/ajlm/article/view/5
http://www.ajlmonline.org/index.php/ajlm/article/view/5
http://www.njecbonline.org/text.asp?2014/2/1/33/135726
http://www.njecbonline.org/text.asp?2014/2/1/33/135726


38 Int. J. Adv. Med. Sci. Biotechnol. 

 
 
 
Solberg HE (1987). International Federation of 

Clinical Chemistry(IFCC), Scientific 
Committee, Clinical Section, Expert Panel on 
Theory of Reference Values and International 
Committee for Standardization in 
Haematology(ICSH), Standing Committee on 
Reference Values. Approved  
Recommendation (1986) on the theory of 
reference values. Part 1. The concept of 
reference values. J. Clin. Chem. Clin. 
Biochem., 25:337-342. 

Tsegaye A, Messele T, Tilahun T, Hallu E, 
Sahlu T, Doorly R, Fontanet AL and Rinke-de-
Wit, TF (1999). Immunohematological   
reference   ranges   for   adult Ethiopians. 
Clin. Diagn. Lab. Immunol., 6(3):410 — 414. 

Viteri FE, Tuna VD and Guzman MA (1972). 
Normal haematological values in Central 
American population. Brit. J. Haematol., 23: 
189-204. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Williams WJ, Beutler E, Lichtman MA, Coller BS 

and Kipps TJ (1995). Williams Haematology, 
5th Ed. New York; McGraw-Hill Inc. 

Wintrobe MM (1981). Clinical Haematology, 
Philadelphia, 8th Edition. Lea and Febiger. 
205: 1885-1889. 

Zeh C, Amornkul PN, Inzaule S, Ondoa P, 
Oyaro B, Mwaengo H V,  Gichangi A, 
Williamson J, Thomas T,  DeCock K M, Hart 
C, Nkengasong J and Laserson K. (2011) 
Population-based biochemistry, immunologic 
and hematological reference values for 
adolescents and young adults in a rural 
population in Western Kenya. PLoS One 6(6): 
e21040 Available at: 
http://www.pubmedcentral.nih.gov/articlerend
er.fcgi?artid=3119664&tool=pmcentrez&rende
rtype=abstract. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Mwaengo%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=21713038
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vandenhoudt%20H%5BAuthor%5D&cauthor=true&cauthor_uid=21713038
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gichangi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21713038
https://www.ncbi.nlm.nih.gov/pubmed/?term=Williamson%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21713038
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thomas%20T%5BAuthor%5D&cauthor=true&cauthor_uid=21713038
https://www.ncbi.nlm.nih.gov/pubmed/?term=DeCock%20KM%5BAuthor%5D&cauthor=true&cauthor_uid=21713038
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hart%20C%5BAuthor%5D&cauthor=true&cauthor_uid=21713038
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nkengasong%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21713038
https://www.ncbi.nlm.nih.gov/pubmed/?term=Laserson%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21713038
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3119664&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3119664&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3119664&tool=pmcentrez&rendertype=abstract

