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Abstract
Background: Clinical laboratory reference intervals are an important tool to identify abnormal laboratory test results. The 
generating of hematological parameters reference intervals for local population is very crucial to improve quality of health 
care, which otherwise may lead to unnecessary expenditure or denying care for the needy. There are no well-established 
reference intervals for hematological parameters in southwest Ethiopia.
Objective: To generate hematological parameters reference intervals for apparently healthy individuals in southwest 
Ethiopia.
Methods: A community-based cross-sectional study was conducted involving 883 individuals from March to May 
2017. Four milliliter of blood sample was collected and transported to Jimma University Medical Center Laboratory for 
hematological analysis and screening tests. A hematological parameters were measured by Sysmex XS-500i hematology 
analyzer (Sysmex Corporation Kobe, Japan). The data were analyzed by SPSS version 20 statistical software. The 
non-parametric independent Kruskal–Wallis test and Wilcoxon rank-sum test (Mann–Whitney U test) were used to 
compare the parameters between age groups and genders. The 97.5 percentile and 2.5 percentile were the upper and 
lower reference limit for the population.
Results: The reference interval of red blood cell, white blood cell, and platelet count in children were 4.99 × 1012/L (4.26–
5.99 × 1012/L), 7.04 × 109/L (4.00–11.67 × 109/L), and 324.00 × 109/L (188.00–463.50 × 109/L), respectively. The reference 
interval of red blood cell, white blood cell, and platelet count in adults was 5.19 × 1012/L (4.08–6.33 × 1012/L), 6.35 × 109/L 
(3.28–11.22 × 109/L), and 282.00 × 109/L (172.50–415.25 × 109/L), respectively. The reference interval of red blood cell, white 
blood cell, and platelet count in geriatrics were 5.02 × 1012/L (4.21–5.87 × 1012/L), 6.21 × 109/L (3.33–10.03 × 109/L), and 
265.50 × 109/L (165.53–418.80 × 109/L), respectively. Most of the hematological parameters showed significant differences 
across all age groups.
Conclusion: Most of the hematological parameters in this study showed differences from similar studies done in the 
country. This study provided population-specific hematological reference interval for southwest Ethiopians. Reference 
intervals should also be established in the other regions of the country.
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Introduction

The most important aspect of laboratory test interpretation is 
the concept of reference interval (RI), where test values that 
fall inside the range are considered normal and those occurring 
outside the range are considered abnormal.1 A RI is defined by 
threshold values between which the test results of a specified 
percentage (usually 95%) of apparently healthy individuals 
would fall.2 RIs are very useful to provide medical information 
that ensures correct medical decisions. As laboratory results are 
interpreted in comparison with these intervals, the reliability of 
the RI can play major role in result interpretation and as a 
measure of quality of the result itself.3,4

The Clinical and Laboratory Standards Institute (CLSI) 
recommends that RIs should be established for each region 
and specific populations.5 The characteristics of the popula-
tion in which the reference range is determined and the popu-
lation to which it is applied must be compatible.6 Hematological 
tests are done routinely and are useful in the diagnosis of many 
diseases as well as in the investigation of the extent of damage 
to blood.7 Hematologic RIs have been established long ago for 
Caucasian population in Europe and North America. Most 
low- and middle-income countries are adopting these RIs for 
their own consumption without considering the potential dif-
ference between localities and populations.8 RIs for hematol-
ogy parameters are often influenced by individual variables 
such as race, age, and gender; dietary habits, exposure to path-
ogens, ecological factors; condition of assay, variations in 
instrumentation techniques and laboratory personnel.9

Lack of appropriate local hematological parameters RI is 
a challenge in interpreting results for patient management 
and other decision-making. Use of inappropriate RI may 
increase the risk of unnecessary additional investigations, 
failure to detect underlying disease and mismanagement of 
patients.10 The RIs for African countries indicated in the lit-
eratures are different from values quoted in accompanying 
manual or western countries due to many reasons. A study in 
Ghana reported a fallacy in using the previous RI as opposed 
to the locally generated one, pointing that 53% of potential 
study participants would have been declared as having 
abnormal results.11–18 Compared to white communities, 
blacks show significantly lower total white blood cell (WBC) 
count, neutrophil counts, platelet (PLT) counts, hematocrit 
(Hct), mean cell hemoglobin concentration (MCHC), mean 
cell hemoglobin (MCH), and hemoglobin (Hb) and signifi-
cantly higher mononuclear and lymphocyte percentage.9 The 
lower limit of the RI of Hb, Hct, mean cell volume (MCV), 
and PLT counts for the Ugandan children was found to be 
less than the conventional RI of Caucasian children while the 
lower limit of WBC count was higher.19

In Ethiopia, a country with heterogeneous population and 
diverse geographic variability, there is no nationally estab-
lished RI for hematological parameters, although few 
attempts have been made to determine hematological RI in 
some populations.20–22 A recent study done in Gojjam zones 
in Amhara region, Ethiopia, indicated that some of the 

hematological RIs of healthy adults showed variations with 
the reference ranges used and reported so far in Ethiopia, 
Africa, and Western countries.21

Although those studies done in different parts of Ethiopia 
were not comprehensive, they indicated the presence of vari-
ations in the RIs and recommended further studies to be done 
across the country. Moreover, the hematological RIs which 
are currently used in the country are adopted from textbooks 
which are not representative of the populations. Therefore, 
this study aimed to generate hematological parameter RIs in 
apparently healthy individuals living in southwest Ethiopia.

Materials and methods

Study setting

A community-based cross-sectional study was conducted in 
southwest Ethiopia from March to May 2017. The sample size 
was determined according to the CLSI recommendation to use 
well-defined exclusion and portioning criteria for the selection 
of the reference individuals. Thus, based on this guideline, the 
minimum sample size required for RI determination would be 
120 healthy individuals for each partitioning.5 However, 
according to previous large-scale studies in other African coun-
tries, about 30%23 did not qualify for RI determination for vari-
ous reasons when tested for the common viral infections and 
inflammation. Based on this finding, we aimed to recruit 1030 
individuals to achieve a minimum sample size of 720, that is, 
30% × 1030 = 309 which is 1030 – 309 = 721. However, we 
could only recruit 998 participants; 12% (N = 115) of these 
were excluded with post-exclusion criteria. Finally, the actual 
sample size used for final analysis was 883. Non-probability 
convenience sampling technique was used to recruit volunteers 
from schools, university students, employees, pensioners, and 
other volunteers residing in three towns (Jimma, Mizan, and 
Bonga) in southwest Ethiopia.

Apparently healthy individuals aged 5 years and above 
who have lived in the study areas for more than 1 year were 
included in the study. We excluded individuals who had a 
positive result from the screening tests (C-reactive protein 
(CRP), hepatitis B surface antigen (HBsAg), anti-hepatitis C 
virus (HCV) antibody). In addition, individuals with known 
acute and chronic diseases; known history of hematologic 
disorders; recent history of blood loss; blood donation in the 
last 6 months; blood transfusion in the previous year; immu-
nization in the last 6 months; major surgical procedures in 
the past 6 months; those taking pharmacologically active 
agents including oral contraceptives; replacement or supple-
mentation therapy such as insulin; smokers; and pregnant 
women were also excluded.

Operational definitions

Apparently healthy: An individual who has no sign and 
symptoms and history for any disease and negative result 
for the screening tests.
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A pensioner: A person who collects a pension, most com-
monly because of retirement from the government job.

RI: The 95 percentile interval between the 97.5 percentile 
and 2.5 percentile which form the upper and lower refer-
ence limit.

Other volunteers: Individuals who wanted to participate 
in the study for the purpose of health checkup.

Data collection and analysis

A structured, pre-tested questionnaire was used to collect 
socio-demographic characteristics. Anthropometric measure-
ments (height and weight) and related physical examination 
data like blood pressure were taken using calibrated equip-
ment’s and standardized techniques on site. Physical examina-
tions and interviews were done by a trained clinical nurse.

Four milliliter of venous blood sample was collected in 
ethylenediaminetetraacetic acid (EDTA) vacutainer tubes 
and transported to Jimma University Medical Center 
(JUMC) laboratory for hematological analysis and screen-
ing tests. Hematological analysis was done by Sysmex 
XS-500i hematology analyzer (Sysmex® Corporation Kobe, 
Japan). CRP was determined by a qualitative method, 
HumaTex CRP testes (Human, Germany). Hepatitis B virus 
was screened by One Step HBsAg test and HCV was 
screened by One Step HCV antibody (Guangzhou Wondfo 
Biotech Co., Ltd, China).

Quality control

To ensure the quality of data, training was given to data 
collectors prior to data collection. We used a standard 
operating procedure (SOP) for pre-analytical, analytical, 
and post-analytical procedures implemented during 
hematological tests measurement. All samples were ana-
lyzed in one laboratory (Jimma University Medical 
Center Laboratory) with the same hematology analyzer 
and the same trained professionals. For Sysmex XS-500i 
hematology analyzer, daily initialization background 
check, three levels (tri level) of commercially available 
whole blood quality control material (high, normal, and 
low) used to check the analytical capability of the 
machine daily on startup. Repeated analysis of randomly 
selected specimens for reproducibility check (delta 
check) was carried out to evaluate instrument perfor-
mance consistently and accurately. Moreover, this labo-
ratory had >95% of the acceptability limit of the external 
assessor.

Data analysis

All the data were coded and checked for completeness, then 
entered to Epidata, and analyzed using SPSS version 20 statis-
tical software for windows. The data were tested for normality 
of its distribution by Kolmogorov–Smirnov; most of the RI 

parameters were not normally distributed. Therefore, the non-
parametric methods for determination of RI were used as rec-
ommended by CLSI.5 Median, central 95 percentile, and 95% 
confidence interval (CI) were calculated. The 97.5 percentile 
and 2.5 percentile were the upper and lower reference limit for 
the population. The significant difference between sex among 
age groups was determined using Wilcoxon rank-sum test 
(Mann–Whitney U test) and significance difference among age 
groups between sex was determined using independent 
Kruskal–Wallis test. P value < 0.05 was considered as statisti-
cally significant.

Ethical considerations

Ethical clearance was obtained from Jimma University, 
Institute of Health Ethical Review Board. Support letter 
from Health Research and Postgraduate director’s office 
was written to the concerned body and the permission was 
obtained from concerned offices. A written informed con-
sent was obtained from the study participants and in case of 
school children from their parents or guardians. The data 
were kept confidential through anonymity. The specimens 
collected from the participants were analyzed only for the 
intended purposes. Those study participants who had the 
abnormal laboratory test result during the screening process 
were referred to the clinician for proper treatment, coun-
seling, and management according to their specific disease 
condition.

Results

Socio demographic characteristics

A total of 883 (334 children, 289 adults, and 260 geriatrics) 
study participants were included in the final statistical analy-
sis for hematological RI estimation. From these, 430 were 
males and 453 were females. The mean age of the study par-
ticipants was 27.61 ± 18.5 years (male = 28.5 ± 18.9 and 
female = 26.7 ± 18), with range of 5–71 years (Table 1).

Table 1.  Socio demographic characteristic of study participants 
in southwest Ethiopian.

Variable Socio demographic 
characteristic

Frequency Percentage 
(%)

Sex Male 430 48.7
Female 453 51.3

Age group Children 334 37.8
Adult 289 32.7
Geriatrics 260 29.5

Educational status Illiterate 3 0.3
Read and write 3 0.3
Primary 418 47.4
Secondary 133 15.1
College/university 326 36.9
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Hematological RI for children

A total of 334 children participated in this study. The 
median and 95% RI of RBC count, Hb concentration, 
WBC count, and PLT count for these age groups were as 
follows: 5.04 × 1012/L (4.06–6.57 × 1012/L), 141 g/L  
(120–196 g/L), 7.05 × 109/L (4.04–11.72 × 109/L), and 
326.5 × 109/L (158.5–469.9 × 109/L), respectively, for 
males and 4.96 × 1012/L (4.32–5.63 × 1012/L), 140 g/L 
(115.7–159.4 g/L), 7.02 × 109/L (3.74–11.42 × 109/L), and 
321 × 109/L (197.7–460.4 × 109/L), respectively, for 
females (Table 2).

Hematological RI for adults

There were 289 adults in our study. In adult age group, males 
had higher value of most of the RBC parameters. The median 
RIs of RBC count, Hb concentration, and Hct in males were 
5.32 × 1012/L (4.26–6.68 × 1012/L), 155 g/L (120.6–187.6 g/L), 

and 45.2% (36.7%–54.5%), respectively. In females, these 
were 5.02 × 1012/L (4.02–6.15 × 1012/L), 146 g/L (123–
178.6 g/L), and 43.1% (36.8%-51.5%), respectively. Similarly, 
the median eosinophil count for males, 0.28 × 109/L (0.05–
1.21 × 109/L), was significantly higher than the corresponding 
value for females, 0.22 × 109/L (0.04–1.12 × 109/L) 
(P = 0.011). The median RI for WBC count did not show sig-
nificant difference between sexes: 6.36 × 109/L (3.31–
11.62 × 109/L) and 6.34 × 109/L (3.24–10.05 × 109/L) for 
males and females, respectively (P = 0.826). On the other 
hand, the median RI of MCV and PLT values in males, 84.3 fl 
(74.8–93.8 fl) and 275 × 109/L (164–403.4 × 109/L), respec-
tively, were lower than the females, 86.15 fl (77.3–98.8 fl) and 
288 × 109/L (202.3–444.5 × 109/L) (Table 3).

Hematological RI for geriatrics

A total of 260 geriatrics took part in the study. In geriatric 
age group, males had higher median and 95% RI for 

Table 2.  Median and 95% RI values of hematological parameters in relation to sex for healthy southwest Ethiopian children.

Parameter Sex Unit N Median Min Max 95% P-value

2.5 97.5

WBC M 109/L 152 7.05 3.29 14.10 4.04 11.72 0.933
F 109/L 182 7.02 3.21 12.18 3.74 11.42

RBC M 1012/L 152 5.04 3.48 8.28 4.06 6.57 0.177
F 1012/L 182 4.96 3.49 6.61 4.32 5.63

Hb M g/L 152 141.0 111.0 208.0 120.4 196.0 0.409
F g/L 182 140.0 97.0 182.0 115.7 159.4

Hct M % 152 41.40 33.1 60.6 35.60 55.19 0.820
F % 182 41.50 31.3 52.7 35.97 46.92

MCV M fl 152 82.35 72.1 95.5 75.03 93.01 0.104
F fl 182 83.20 69.4 94.3 74.51 91.08

MCH M pg 152 27.95 24.2 32.0 25.18 31.05 0.675
F pg 182 28.0 21.5 31.7 25.08 30.8

MCHC M g/L 152 340.0 315.0 364.0 321.0 362.0 0.073
F g/L 182 338.0 310.0 368.0 320.7 354.4

PLT M 109/L 152 326.5 122.0 494.0 158.5 469.9 0.834
F 109/L 182 321.0 110.0 483.0 197.7 460.4

RDW-CV M % 152 13.85 12.30 18.80 12.70 16.07 0.021*
F % 182 13.70 9.40 19.30 12.30 15.97

Neutrophil M 109/L 152 3.34 0.90 8.71 1.26 7.39 0.633
F 109/L 182 3.41 0.80 8.31 1.00 6.99

Lymphocyte M 109/L 152 2.62 1.00 4.86 1.50 4.25 0.501
F 109/L 182 2.60 1.15 4.78 1.41 4.47

Monocyte M 109/L 152 0.54 0.17 1.61 0.27 1.05 0.431
F 109/L 182 0.53 .22 1.47 0.27 1.06

Eosinophil M 109/L 152 0.43 0.04 1.81 0.048 1.49 0.370
F 109/L 182 0.36 .02 1.96 0.055 1.31

Basophil M 109/L 152 0.02 0.0 0.07 0.01 0.051 0.220
F 109/L 182 0.02 0.0 0.4 0.01 0.06

RI: reference interval; WBC: white blood cell; RBC: red blood cell; Hb: hemoglobin; Hct: hematocrit; MCV: mean corpuscular volume; MCH: mean cor-
puscular hemoglobin; MCHC: mean corpuscular hemoglobin concentration; PLT: platelet; RDW-CV: red cell distribution width-coefficient of variation; M: 
male; F: female; N: number of participants.
*P < 0.05 by (Mann–Whitney U test) for comparison of medians between genders.
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hematological parameters than females, RBC count 
5.16 × 1012/L (4.25–5.99 × 1012/L) versus 4.92 × 1012/L 
(3.91–5.72 × 1012/L) (P < 0.001), Hb of 151 g/L (126.4–
179 g/L) versus 142 g/L (119.1–177.8 g/L) (P < 0.001), and 
Hct of 44.5% (38.3%–52.4%) versus 42.6 (36.2–51.4) 
(P < 0.001). The other hematological parameters show no 
significant difference between male and female (P > 0.05) 
(Table 4).

Comparison of hematological parameters 
between age groups by sex

Independent Kruskal–Wallis test was used to compare the dis-
tribution of hematological parameters between age groups by 
sex (Table 5). There were statistically significant differences 
between children and adult age groups; adults had higher RBC 
count, Hb concentration, Hct value, and MCV in males and 
Hb, Hct, and MCV in females. Similarly, significant 

difference was observed between children and geriatrics age 
groups in Hb concentration and Hct value in both sexes. Adult 
male had higher median value of RBC and MCV than geriatric 
males. Adult females had higher median RBC count and Hb 
concentration than female geriatrics.

There were statistically higher WBC, lymphocyte, mono-
cyte, and eosinophil count in children than adult and geriat-
rics in both sexes. Except for eosinophils in male study 
participants, none of the values for the WBC subset showed 
any differences between the adults and the geriatrics. There 
were significant differences in PLT counts between all age 
groups in both sexes. PLT counts declined steadily with age 
increment.

Discussion

A community-based cross-sectional study was conducted to 
determine hematological RIs for southwest Ethiopian. Most of 

Table 3.  Median and 95% RI values of hematological parameters in relation to sex for healthy southwest Ethiopian adults.

Parameter Sex Unit N Median Min Max 95% P-value

2.5 97.5

WBC M 109/L 143 6.36 2.66 12.14 3.31 11.62 0.826
F 109/L 146 6.34 2.86 13.22 3.24 10.05

RBC M 1012/L 143 5.32 3.26 8.00 4.26 6.68 0.000*
F 1012/L 146 5.02 3.67 6.75 4.02 6.15

Hb M g/L 143 155.0 111.0 233.0 120.6 187.6 0.001*
F g/L 146 146.0 91.0 190.0 123.0 178.6

Hct M % 143 45.2 34.2 65.40 36.72 54.48 0.001*
F % 146 43.1 30.4 56.10 36.86 51.59

MCV M fl 143 84.3 57.9 111.3 74.8 93.94 0.003*
F fl 146 86.15 70.7 114.2 77.3 98.82

MCH M pg 143 29.0 18.8 38.0 24.86 32.84 0.098
F pg 146 29.4 21.20 39.90 26.3 33.58

MCHC M g/L 143 343.0 303.0 370.0 320.6 365.0 0.084
F g/L 146 339.5 299.0 368.0 320.0 360.0

PLT M 109/L 143 275.0 134.0 637.0 164.0 403.4 0.021*
F 109/L 146 288.0 144.0 508.0 202.3 444.5

RDW-CV M % 143 13.7 12.1 21.0 12.46 17.56 0.032*
F % 146 13.6 12.1 27.3 12.4 15.59

Neutrophil M 109/L 143 3.3 0.69 7.96 1.01 7.22 0.760
F 109/L 146 3.3 0.57 9.29 1.08 6.69

Lymphocyte M 109/L 143 2.14 0.84 4.26 1.1 3.84 0.462
F 109/L 146 2.16 0.86 4.73 1.2 3.98

Monocyte M 109/L 143 0.48 0.19 1.1 0.24 0.88 0.865
F 109/L 146 0.48 0.23 1.12 0.27 0.87

Eosinophil M 109/L 143 0.28 0.03 1.53 0.05 1.21 0.011*
F 109/L 146 0.22 .02 1.38 0.04 1.12

Basophil M 109/L 143 0.02 0.0 0.07 0.01 0.05 0.190
F 109/L 146 0.02 0.0 0.07 0.0 0.05

RI: reference interval; WBC: white blood cell; RBC: red blood cell; Hb: hemoglobin; Hct: hematocrit; MCV: mean corpuscular volume; MCH: mean cor-
puscular hemoglobin; MCHC: mean corpuscular hemoglobin concentration; PLT: platelet; RDW-CV: red cell distribution width-coefficient of variation; M: 
male; F: female; N: number of participants.
*P < 0.05 by (Mann–Whitney U test) for comparison of medians between genders.
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the hematological parameters showed significant differences 
across all age groups. However, significant differences by 
gender were not detected for many of the indices in children.

Adults have higher RBC count, Hb concentration, and 
Hct values than children in males and higher Hb and Hct in 
females. It could be due to the gradual increase of Hb and 
RBC throughout the childhood age to reach almost adult lev-
els by puberty. Thus, with the aging process, modest changes 
in RBC mass may occur in adults.24,25

In the present study, there was no significant difference 
between genders in the children’s age groups with regard to 
RBC count, Hb concentration, and Hct value (P > 0.05) 
which is similar to other previous reports from Tanzania 
and Uganda.26,27 On the other hand, male study participants 
had higher values in RBC count, Hb concentration, and Hct 
value than female study participants in adults. The lower 
values in reproductive age women might be due to men-
strual bleeding. This difference might also be due to the 
fact that a direct stimulatory effect of androgen on 

erythropoietin production in the kidney in adult men, and 
an inhibitory effect of estrogen on the bone marrow in 
women. Apart from a hormonal influence on hemopoiesis, 
iron deficiency is likely to be a factor influencing the dif-
ference in which menstrual blood loss may lead to iron 
depletion in women.25,28

Our finding has revealed higher RBC count, Hb concentra-
tion, and Hct value RI and lower MCV in adults than the find-
ings in Caucasians and other African countries.11,22,29,30 The 
median values in adult males in this study for Hb concentration 
and Hct value were lower as compared with a study done in 
Akaki, Ethiopia,21 and Gojjam, Ethiopia22 which may be due to 
difference in altitude of the study area. The effect of altitude is 
to reduce plasma volume, increase the Hb concentration and 
Hct value, and raise the number of circulating red cells with a 
lower MCV. These differences appear to be the result of both 
increased erythropoiesis which is secondary to the hypoxic 
stimulus and the decrease in plasma volume that occurs at high 
altitudes.25

Table 4.  Median and 95% RI values of hematological parameters in relation to sex for healthy southwest Ethiopian geriatrics.

Parameter Sex Unit N Median Min Max 95% P-value

2.5 97.5

WBC M 109/L 135 6.59 2.70 13.54 3.18 10.18 0.108
F 109/L 125 6.09 2.77 11.12 3.34 9.98

RBC M 1012/L 135 5.16 3.9 6.28 4.25 5.99 0.000*
F 1012/L 125 4.92 3.72 5.82 3.91 5.72

Hb M g/L 135 151.0 124.0 184.0 126.4 179.0 0.000*
F g/L 125 142.0 109.0 184.0 119.1 177.8

Hct M % 135 44.5 37.8 57.7 38.34 52.46 0.000*
F % 125 42.6 33.9 52.9 36.27 51.41

MCV M fl 135 87.8 70.8 98.5 79.34 97.08 0.220
F fl 125 87.0 72.7 103.0 77.13 99.31

MCH M pg 135 29.6 25.6 34.1 26.62 32.56 0.136
F pg 125 29.3 23.0 37.4 25.21 34.1

MCHC M g/L 135 338.0 314.0 363.0 319.0 356.8 0.125
F g/L 125 335.0 310.0 363.0 314.3 358.8

PLT M 109/L 135 262.0 43.0 423.0 145.4 399.2 0.152
F 109/L 125 273.0 148.0 477.0 182.0 439.5

RDW-CV M % 135 14.0 11.6 16.9 12.6 15.5 0.972
F % 125 14.0 12.6 21.2 12.81 17.93

Neutrophil M 109/L 135 3.27 0.75 9.49 1.13 6.53 0.180
F 109/L 125 3.01 0.89 7.38 1.06 5.62

Lymphocyte M 109/L 135 2.25 0.30 4.18 0.96 3.74 0.631
F 109/L 125 2.28 1.13 5.23 1.22 3.94

Monocyte M 109/L 135 0.48 0.23 0.86 0.24 0.84 0.330
F 109/L 125 0.48 0.17 1.01 0.21 0.87

Eosinophil M 109/L 135 0.23 0.02 1.77 0.04 1.15 0.634
F 109/L 125 0.22 0.01 1.53 0.05 1.03

Basophil M 109/L 135 0.02 0.0 0.08 0.004 0.06 0.224
F 109/L 125 0.02 0.0 .150 0.001 0.078

RI: reference interval; WBC: white blood cell; RBC: red blood cell; Hb: hemoglobin; Hct: hematocrit; MCV: mean corpuscular volume; MCH: mean cor-
puscular hemoglobin; MCHC: mean corpuscular hemoglobin concentration; PLT: platelet; RDW-CV: red cell distribution width-coefficient of variation; M: 
male; F: female; N: number of participants.
* P < 0.05 by (Mann–Whitney U test) for comparison of medians between genders.
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The current study showed no difference between male 
and female with respect to total WBC count (P > 0.05) which 
is comparable with the studies done in Mali, Akaki Ethiopia 
and Gojjam, Ethiopia.21,22,29 In children, it showed lower 
WBC and neutrophil count than the Caucasian RI and higher 
than a report from Tanzania.27,31 In adult age groups, the RI 
of WBC and neutrophil count in adult males were higher and 
females had lower RI than the Mali and Mozambique 
report.29,32 In adult age group, the RI of WBC and neutrophil 
count as compared to the Caucasians population males had 
higher value in the upper limit of the range and lower value 
in the lower limit of the 95% range while females had a 
lower range.30 The cause of WBC and neutrophil count vari-
ability may be partly explicable on the basis of diet and other 
extraneous influences, but there might be also a true biologi-
cal difference.33

In the current study, higher eosinophil and lower basophil 
RIs were observed in children than the Caucasians.31 Adult 
study participants in the present study showed almost similar 
lymphocyte RI with the Caucasian population and Ethiopia 
(Akaki). Monocyte RI of adult participants in the present 
study was slightly higher than Caucasians population, Mali 
and Ethiopia (Akaki) studies. Adult study participants in our 
study also had higher eosinophil count than the Caucasian 
populations.21,29,30,33 These observed differences may be sug-
gestive of different factors such as environmental difference, 
dietary role, ethnic variation, and subclinical illnesses. The 
higher eosinophil count may be attributed to disease-related 
causes, particularly parasitic infection.14,34

In the present study, PLT count decreased with age, 
which is consistent with the Italian and Ugandan reports.26,35 
The mechanisms responsible for the age-related changes 
might be the sharp decrease of PLTs during infancy which 
may be related to the gradual decline of thrombopoietin 
from birth to adulthood. The reduction in elderly people 
may reflect a reduction in hematopoietic stem cell reserve 
during aging or a survival advantage in subjects with lower 
PLT counts.

In this study, adult female had higher PLT count than their 
adult male counter parts, which is similar to other studies 
done in Italy,35 Ghana,36 Gojjam Ethiopia22 and in Bahir Dar 
Ethiopia.20 The observation that women begin to have PLT 
count higher than men only after the age of 14 supports the 
hypothesis that puberty makes the difference. The reduction 
of body iron due to menstuation probably related to their 
higher PLT count since moderate iron deficiency is known to 
stimulate PLTs production.35

The RI of PLT count of this study in children age group 
was almost similar to Caucasians and as compared to a study 
done in Tanzania, the lower limit was higher and the upper 
limit was lower.27,31 Adult study participants in the present 
study have higher PLT count RI than other studies done in 
Ethiopia (Akaki) and the Caucasian population. Moreover, 
adult study participants of our study had higher-lower limit 

and lower-upper limit RI than a study done in Mali.21,29,30,33 
Geriatric study participants had higher PLT count than a 
report from Ethiopia (Gilgel gibe).37 The cause of these dif-
ferences is unknown, although undetected illness, environ-
mental and genetic factors have been proposed.35

The strength of this study is that it is the first community-
based study in southwest Ethiopia and complements previ-
ous findings that regional differences exist for hematological 
RI. Second, time of blood sampling was in the morning, so 
the influence of diurnal variation was minimized. The large 
sample size and the fact that both children and adults were 
included in the study are strengths of the study. Moreover, all 
the laboratory procedures were done based on the SOPs and 
qualified personnel.

This study has also some limitations. The participants 
were not screen for all medical conditions which might have 
effect on hematological parameters, such as helminthic 
infections. Participants with parasitic infections or with other 
subclinical conditions may have been included, which may 
have influenced the results. The other limitation is that due to 
logistic reasons, RIs for other hematological parameters such 
as coagulation profiles were not done. In addition, including 
majority of urban dwellers in the study is another limitation 
worth mentioning.

Conclusion

This study estimated hematological parameter RI from 
apparently healthy individuals of age ⩾5 years in Southwest 
Ethiopia. There was difference in hematological parameters 
RI of Southwest Ethiopian from other Africa countries and 
the Caucasian populations. Therefore, this study provided 
hematological parameter RIs which can be used to guide 
patient management and interpretation of laboratory find-
ings, screening participants for enrollment into clinical trials 
and potentially improve the quality of health care in the area. 
RI for hematological parameters should be established in the 
other regions of the country.

Acknowledgements

The authors would like to thank our data collectors for their invalu-
able effort to maintain data quality. Our deep gratitude also goes to 
our study participants who have volunteered and took their time to 
give us all the relevant information for the study. L.G.B., T.D., 
K.E., Y.A., and Z.M. contributed equally to this work.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with respect 
to the research, authorship, and/or publication of this article.

Ethical approval

Ethical approval for this study was obtained from Jimma University 
Institute of Health Ethical Review Committee (IHRPGE/637/017).



Bimerew et al.	 9

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

Informed consent

A written informed consent was obtained from the study partici-
pants (for school children from their parents through the school). 
The collected data were kept confidential. The specimens collected 
from the participants were analyzed only for the intended purposes. 
Those study participants who had the abnormal laboratory test 
result during the screening process, were referred to the clinician 
working in the hospitals for proper treatment, counseling, and man-
agement according to their disease condition.

ORCID iD

Lealem Gedefaw Bimerew  https://orcid.org/0000-0002-6660 
-4435

References

	 1.	 Ridley JW. Essential of clinical laboratory science. 1st 
ed. Clifton Park, NY: Delmar Cengage Learning, 2011,  
p. 457.

	 2.	 Boyd JC. Defining laboratory reference values and decision 
limits: populations, intervals, and interpretations. Asian J 
Androl 2010; 1: 83–90.

	 3.	 Jones G and Barker A. Reference intervals. Clin Biochem Rev 
2008; 29: S93–S17.

	 4.	 Totan M. Clinical aspects the importance of establishing 
laboratory specific reference ranges. AMT 2015; 20(1):94–
96.

	 5.	 Gary LH, Sousan A, James CB, et al. Defining, establishing, 
and verifying reference intervals in the clinical laboratory: 
approved Guideline. 3rd ed. Pittsburgh, PA: Clinical and 
Laboratory Standards Institute, 2010.

	 6.	 Slhessarenko N and Andriolo A. The importance of determin-
ing reference intervals for laboratory medicine. J Bras Patol 
Med Lab 2016; 12(2): 68–69.

	 7.	 Etim NN. Haematological parameters and factors affecting 
their values. Agricultural Science 2014; 2(1): 37–47.

	 8.	 Nilgün T and Hüseyin Bekoz FT. The largest reference range 
study for hematological parameters from Turkey: a case con-
trol study. JCEI 2014; 5(4): 548–552.

	 9.	 Banerjee A, Dey D, Banerjee P, et  al. CLSI-derived hema-
tology reference intervals for healthy males in Eastern India. 
Glob J Med Public Heal 2013; 2(2): 10–13.

	10.	 Lim E, Miyamura J and Chen JJ. Racial/ethnic-specific ref-
erence intervals for common laboratory tests: a comparison 
among Asians, Blacks, Hispanics, and White. Hawaii J Med 
Public Heal 2015; 74(9): 302–310.

	11.	 Dosoo DK, Kayan K, Adu-gyasi D, et al. Haematological and 
biochemical reference values for healthy adults in the Middle 
Belt of Ghana. PLoS ONE 2012; 7(4): 1–9.

	12.	 Koram KA, Addae MM, Ocran JC, et  al. Population based 
reference intervals for common blood Hematological and 
Biochemical parameters in the Akuapem North District. 
Ghana Med J 2007; 41(4): 160–166.

	13.	 Badenhorst CJ, Fourie J, Steyn K, et  al. The hematological 
profile of urban black Africans aged 15–64 years in the Cape 
Peninsula. East Afr Med J 1995; 72: 19–24.

	14.	 Bain BJ. Ethnic and sex differences in the total and differential 
white cell count and platelet count. J Clin Pathol 1996; 49: 
664–666.

	15.	 Coetzee MJ, Badenhorst PN, De Wet JI, et al. Hematological 
condition of the San (Bushmen) relocated from Namibia to 
South Africa. S Afr Med J 1994; 84: 416–420.

	16.	 Ezeilo GC. Non-genetic neutropenia in Africans. Lancet 1972; 
11(2): 1003–1004.

	17.	 Lugada ES, Mermin J, Kaharuza F, et  al. Population-based 
hematologic and immunologic reference values for a healthy 
Ugandan Population. Clin Diagn Lab Immunol 2004; 11(1): 
29–34.

	18.	 Karita E, Ketter N, Price MA, et al. CLSI-derived hematol-
ogy and biochemistry reference intervals for healthy adults in 
Eastern and Southern Africa. PLoS ONE 2009; 4(2): e4401.

	19.	 Kironde F, Sekikubo M, Naiwumbwe H, et al. Hematology 
and blood serum chemistry reference intervals for children 
in Iganga district of Uganda. Health 2013; 5(8): 1261–1267.

	20.	 Abera B, Alem A, Cherenet A, et  al. Immunological and 
hematological reference values for apparently healthy HIV-
negative adults in Bahir Dar Town. Ethiop J Heal Dev 2010; 
26(3): 152–159.

	21.	 Tsegaye A, Messele T, Tilahun T, et al. Immunohematological 
reference ranges for adult Ethiopians. Clin Diagn Lab Immunol 
1999; 6(3): 410–414.

	22.	 Mulu W, Abera B, Mekonnen Z, et  al. Hematological and 
CD4+ T cells reference ranges in healthy adult populations in 
Gojjam zones in Amhara region, Ethiopia. PLoS ONE 2017; 
12(7): e0181268.

	23.	 Stevens W, Kamali A, Karita E, et al. Baseline morbidity in 
2,990 adult African volunteers recruited to characterize labo-
ratory reference intervals for future HIV vaccine clinical trials. 
PLoS ONE 2008; 3(4): e2043.

	24.	 Hoffman R, Benzn E, Silberstein L, et  al. Hematology, 
basic principles and practice. 5th ed. London: Churchill 
Livingstone, 2013.

	25.	 Bain BJ, Bates I, Laffan MA, et  al. Dacie and Lewis prac-
tical haematology. 11th ed. Philadelphia, PA: Churchill 
Livingstone/Elsevier, 2011, p. 668.

	26.	 Lugada ES, Mermin J, Kaharuza F, et al. Population-based hema-
tologic and immunologic reference values for a healthy Ugandan 
population. Clin Diagn Lab Immunol 2004; 11(1): 29–34.

	27.	 Buchanan AM, Muro FJ, Gratz J, et al. Establishment of hae-
matological and immunological reference values for healthy 
Tanzanian children in Kilimanjaro Region. Trop Med Int Heal 
2012; 15(9): 1011–1021.

	28.	 Murphy WG. The sex difference in haemoglobin levels in 
adults—mechanisms, causes, and consequences. Blood Rev 
2014; 28: 41–47.

	29.	 Kone B, Maiga M, Baya B, et al. Establishing reference ranges 
of hematological parameters from Malian healthy adults. J 
Blood Lymph 2017; 7(1): 1–5.

	30.	 Pekelharing JM, Hauss O, de Jonge R, et al. Hematology refer-
ence intervals for established and novel parameters in healthy 
adults. Sysmex J Int 2010; 20(1): 1–11.

https://orcid.org/0000-0002-6660
-4435
https://orcid.org/0000-0002-6660
-4435


10	 SAGE Open Medicine

	31.	 Arceci RJ, Hann IM, Smith OP, et al. Pediatric hematol-
ogy. 3rd ed. London: Blackwell Publishing, 2006, pp. 548–
549.

	32.	 Viegas E, Macovela E, Tembe N, et al. Reference values for 
clinical laboratory parameters in young adults in Maputo, 
Mozambique. PLoS ONE 2014; 9(5): e97391.

	33.	 Bain BJ. Blood cells: a practical guide. 5th ed. London: John 
Wiley & Sons, 2015, pp. 211–227.

	34.	 Greer JP, Arber DA, Glader B, et  al. Wintrobe’s clinical 
hematology. 13th ed. Philadelphia, PA: Lippincott Williams 
& Wilkins/Wolters Kluwer, 2009, p. 2278.

	35.	 Biino G, Santimone I, Minelli C, et al. Age and sex-related 
variations in platelet count in Italy: a proposal of reference 
ranges based on 40987 subjects data. PLoS ONE 2013; 8(1): 
e54289.

	36.	 Nkrumah K. Population based reference intervals for common 
blood haematological and biochemical parameters in the Akuapem 
north district. Ghana Med J Popul 2007; 41(4): 160–166.

	37.	 Haileamlak A, Muluneh AT, Alemseged F, et  al. 
Hematoimmunological profile at gilgel gibe field research 
center, southwest Ethiopia. Ethiop J Heal Sci 2012; 22:  
39–50.




