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ABSTRACT

BACKGROUND: Health and disease can only be distinguished by accurate and reliable reference values
of a particular laboratory test. In interpreting laboratory test results, usually the reported values are
compared with established reference values from developed countries. Now it is a fact that there is
considerable variation in hematology reference intervals by several variables. However, such data at a
population level are scanty in the Ethiopian situation. Therefore, this study was conducted to determine
the hematological and immunological values in a community setting.

METHODS: A population-based cross-sectional study was conducted in Gilgel Gibe Field Research
Center (GGFRC) from late September 2008 to end of January 2009. A tsample of 1,965 individuals was
included in the study. Blood sample was collected by vacutainer tube and transported to Jimma
University Specialized Hospital laboratory. Data were entered in to EpiData and analyzed using SPSS
for Windows version 16.0 and STATA 11.

RESULTS: A total of 1965 (955 men and 1010 women) individuals were studied. The mean red blood cell
count for men and women was 4.55 x 10'%/L and 4.34 x 10*%/L (95 percentile range between 2.9 and 5.7 x
10%/L) and 4.34 x10™/L (95 percentile range between 2.8 and 5.2 x 10™/L), respectively. On the other
hand, the red blood cell count of 95% of the men and women lied between 2.9-5.7 X 10™cells/L and 2.8-
5.2 X 10* cells /L, respectively. The mean hemoglobin value for men was 13.6 gm/dl and for women 12.7
gm/dl. The mean corpuscular volume for men and women was 90.2 fl and 90.8 fl, respectively. The mean
platelet value for men was 229.1 x10° cells/L and for women 241.3 x10° cells/L. The mean white blood
cells count for men and women was 6.08 x10° cells/L and 6.12 x10%ells/L, respectively. The mean CD4
value was 809 cell/ul for men and 868 cell /ul for women. Forty two percent of the study participants had
O blood group.

CONCLUSION: the hematologic and immunologic profile of the studied population in Southwest
Ethiopia is different from the reports from other countries and the standards described in western
literature. We recommend conducting similar nationwide study to determine the immunological and
hematological reference values of the Ethiopian population as a whole.

KEYWORDS: Hematoimmunologic parameters, Southwest Ethiopia

INTRODUCTION usually use textbook reference values to compare

the reported values. In addition to lack of evidence
Lack of appropriate local reference values for based practice, such values have substantial
hematoimmunological parameters are challenges variability between subjects by age, sex,
in interpreting results for management of patients geographic, environment and genetic variation (1,
and other decision making. Health professionals 2).
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Moreover, the laboratory method used to establish
the reference values can lead to different results.
Inappropriate reference values may increase the
risk of either  unnecessary  additional
investigations, failure to detect underlying disease
or mismanagement of patients. Normality of
values for a given individual are usually defined in
terms of the range of results typically encountered
from similar subjects who are known to be in good
health.

Textbook reference values have been derived
from a variety of samples (3-6). The reference
values of hematological and immunological values
currently used in Africa and Asia are borrowed
from data collected from populations living in
developed countries (7). Some studies conducted
in Asian and African countries showed lower
values compared to the established Western
references as presented elsewhere (2, 8, 9-13).
Some Asian studies also showed that there were
considerable differences in the reference values by
sex and among population groups (7, 8).

Even though wvery limited studies are
available from developing countries, a multicenter
study in Africa showed lower hematocrit (Hct)
and hemoglobin (Hgb) levels, lower white blood
cell and neutrophil counts (14). Studies from some
parts of Africa showed differences in biomarkers
profile (10, 12).

Lower CD, T-cell numbers have been
reported in Asians and Ethiopians compared to
Caucasians, although absolute CD, T-cell counts
in Africans from the Central African Republic
have been reported to be similar to Europeans
(11). Studies from Uganda and Kenya showed
CD, counts that differed with age and gender (9,
10).

The few studies conducted on African
populations indicated differences in normal values
compared with those from populations in
developed countries (9, 10, 15, 16). These studies
were conducted on certain segment of healthy
workers and might not be representative of the
normal population and thus lack generalizability.

As described above the ethnic origin,
genetics, gender, geography, and environmental
factors, may influence some values of
hematological and immunological profiles
suggesting that the development of reference
values for the Ethiopian population is imperative
to improve quality of health care. Such valuable

data at a local population level are scanty in the
Ethiopian situation.

Therefore, this study was conducted to
determine the hematological and immunological
values for general population in community
settings. If validated with other studies, this can be
used as reference values in the future evidence-
based practices. Moreover, this study would serve
as baseline information for further studies at
national level.

SUBJECTS MATERIALS AND METHODS

Population-based cross-sectional survey was
conducted from late September 2008 to end of
January 2009 at Gilgel Gibe Field Research
Center (GGFRC) of Jimma University (JU).
GGFRC is located around Gilgel Gibe
Hydroelectric Dam, 55 kilometers Northeast of
Jimma Town on the way to Addis Ababa.

This study was part of the survey for
determination of magnitude of chronic non-
communicable diseases (CNCDs), risk factors of
CNCDs and biochemical value determination for
the community at GGFRC. Residents in the 10
kebeles of GGFRC with age range from 15 to 64
years of both sexes were included as per the WHO
recommendation for CNCDs survey. It was
planned to collect blood samples for
hematological values measurement from 60%
(3,300) of the total sample for CNCDs survey as
per the recommendation of WHO (17). Individuals
selected from the total sample by simple random
sampling were asked to give blood sample. The
study included all apparently healthy individuals;
however, those who were disabled and acutely ill
during the data collection were excluded. The
sampling procedure is showed schematically in
figure 1.

New formats were developed for recoding of
hematological and immunological values. Two
laboratory technicians and two nurses were
identified and trained on blood sample collection,
completing the recording format, labelling blood
sample, storage and transportation of the sample to
Jimma University Hospital (JUSH) laboratory.
They were provided with manuals that covers the
standard operating procedures of blood sample
collections.

After completion of the interview, all
respondents who were selected for
hematoimmunological tests were given early
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morning appointment. Whole blood sample was
collected in the morning (8:00am to 12:00 noon)
after cleaning the cubital area by 70% alcohol.
Venous blood was drawn from each subject using
vacutainer system and stored in vacutainer tube
containing  ethylenediamine tetraacetic acid
(EDTA). Subsequently the blood was mixed with
anticoagulant. The test tubes then were placed in
ice-box and transported to the JUSH laboratory in
the afternoon.

Six laboratory technicians trained on the
purpose of the study, laboratory procedures and
analysis, format completion and repository storage
did the laboratory work within 12 hours of blood
sample collection at Jimma University Hospital
Laboratory.

Complete blood cell (CBC) count was
performed using an automated hematology
analyzer KX-21, (Sysmex Coporation, Germany).
The analyzer was calibrated each day using
commercial standards recommended by the
manufacturer. The machine automatically dilutes a
whole-blood sample, lyses, counts and gives a
printout result of hematological values. The
analyzed hematological values were Hgb, Hct, red
blood cell (RBC) count, mean corpuscular volume
(MCV), mean corpuscular hemoglobin (MCH),
mean corpuscular hemoglobin  concentration
(MCHC), white blood cell (WBC) count
(including neutrophils, mixed white cells and
lymphocytes) and platelet count. Fluorescence-
activated cell sorter (FACS) system (Becton
Dickinson San Jose California, USA) was used to
enumerate absolute values for CD, CDg and CD;
cells. The ratio of CD, to CDg count was
computed.

ABO blood grouping was carried out using
HEMA-CLONE monoclonal ABO blood grouping
reagents while RH blood group was determined
using Anti-D (RHO) IgM+1gG monoclonal blood
grouping reagents. Blood groupings were done
using slide methods where blood grouping
reagents were placed on a test slide followed by a
drop of blood from EDTA tube. The reagents and
the blood were mixed using clean stick and spread
by moving gently the test slide back and forth and
checked for agglutination within 2 minutes.

Supervisors checked each completed format and
rechecked during data entry. Data entry personnel
coded and entered the data using a double entry
method.

Data were entered using Epidata and
analyzed using SPSS for Windows version 16.0
and STATA 11. Background of study participants
and hematoimmunological summary values with
measures of dispersion were determined when
appropriate.

Ethical clearance was obtained from Jimma
University’s Research and Publication Office.
Signed informed consent was obtained from study
participants before blood sample collection.
Detailed information on methods is described in
article 1 of this special issue.

RESULTS

This study presented distribution of hematological
and immunological profiles of 1965 (955 men and
1010 women) randomly selected individuals from
a community setting.

The mean RBC count (95% CI) for men and
women was 4.55 X 10%cells/L (4.51-4.59) and
4.34 X 10"cells/L (4.22-4.29), respectively. The
lowest RBC mean value was observed in age
group 55 years and above in both men (4.42 X
10%cells/L) and women (4.21 X 10" cells/L). The
median value of RBC count for different age strata
and sex is similar with the mean but with wider
range. The RBC count of 95% of the men and
women lies between 2.9-5.7 X 10*cells/L and 2.8-
5.2 X 10™cells/L, respectively. The mean Hgb and
Hct value (95% CI) for men were 13.6 gm/dl
(12.6-12.8) and 40.9% (40.6-41.3). The
corresponding values for women were 12.7 gm/dl
(12.6-12.8) and 38.5% (38.2-38.8), respectively
(Table 1).

The mean (95% CI) MCV for men and
women was 90.2 fl (89.7-90.7) and 90.8 fl (90.0-
91.7), respectively with the highest values in those
age group 55 years and above for both sexes. The
mean (95% CI) MCHC for men and women was
33.1 Pg/cell (32.9-33.4) and 32.9 Pg/cell (32.7-
33.2), respectively while the MCH was the same
30.1 gm/dl (29.8-30.4) for both sexes. The median
value for MCV, MCH and MCHC was similar
with mean value with slight differences. However,
the 95" percentile range is wide (Table 2).
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Table 1: Distribution mean value with 95% CI and median with 95 percentile range of RBC, Hgb and Hct, GGFRC, Sept 2008-Jan 2009.

Age group

Sex

RBC (X10%cells/L)

Hemoglobin (gm/dl)

Hematocrit (%)

Mean [95% CI]

Median [95
percentile range]

Mean [95% CI]

Median [95
percentile range]

Mean [95% CI]

Median [95
percentile range]

15-24

Men

(n=152)
Women
(n=155)

4.58 (4.44-4.73)

4.35 (4.23-4.46)

4.8 (2.5-5.7)

4.4 (2.6-5.4)

13.8 (13.3-14.2)

13.0 (12.5-13.5)

143 (6.7-17.5)

13.0 (8.2-15.8)

41.0 (39.8-42.3)

38.5 (37.5-39.5)

43.3 (24.5-50.7)

39.3 (25.3-47.0)

25-34

Men

(n=172)
Women
(n=231)

4.61 (450-4.73)

4.24 (4.16-4.32)

4.8 (3.0-5.7)

4.3 (3.1-5.2)

13.8 (13.4-14.1)

12.7 (12.4-12.9)

14.1 (8.6-17.6)

12.9 (8.1-15.5)

41.2 (40.2-42.1)

38.4 (37.7-39.2)

42.3 (27.7-50.8)

39.3 (26.5-46.4)

35-44

Men

(n=199)
Women
(n=211)

4.59 (4.48-4.69)

4.24 (4.16-4.33)

47(2.85.7)

4.2 (2.7-5.3)

14.1 (13.4-14.8)

12.8 (12.3-12.8)

14.0 (8.4-17.4)

12.8 (8.1-15.4)

41.1 (40.2-42.1)

38.1 (37.3-38.9)

41.9 (27.5-51.8)

38.8 (26.6-45.8)

4554

Men

(n=201)
Women
(n=202)

457 (4.47-4.67)

4.28 (4.19-4.37)

46 (2.45.7)

4.4 (2.8-5.3)

13.7 (13.5-14.0)

12.9 (12.6-13.1)

13.9 (7.7-16.3)

12.9 (8.8-15.7

41.2 (40.4-42.0)

38.9 (38.1-39.7)

41.7 (24.2-49.3)

39.1 (26.5-47.7)

55+

Men

(n=331)
Women
(n=211)

4.42(4.33-4.50)

4.21 (4.12-4.30)

4.4 (3.0-5.4)

4.3 (2.5-5.1)

13.3 (13.0-13.5)

12.7 (12.4-12.9)

13.3 (8.4-16.2)

12.6 (8.5-15.9)

40.3 (39.3-41.3)

38.6 (37.8-39.4)

40.4 (28.3-48.2)

39.3 (23.8-47.1)

Total

Men
(n=955)
Women
(n=1010)

4.55 (4.51-4.59)

4.34 (4.22-4.29)

4.6 (2.9-5.7)

4.3 (2.85.2)

13.6 (13.5-13.8)

12.7 (12.6-12.8)

13.9 (8.4-17.0)

12.9 (8.2-15.7)

40.9 (40.6-41.3)

38.5 (38.2-38.8)

41.8 (27.1-49.9)

39.1 (26.1-46.9)

Both sexes

4.40 (4.37-4.43)

4.44 (2.8 -5.5)

13.1 (13.0-13.2)

13.3(8.3- 16.5)

39.7 ( 39.4-39.9)

40.2 (26.3 - 48.8)

RBC= red blood cell
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Table 2: Distribution mean value with 95% CI and median with 95 percentile range of RBC indices, GGFRC, Sept 2008-Jan 2009.

Age
group

Sex

MCV (fl)

MCH (gm/dl)

MCHC (Pg/cell)

Mean [95% CI]

Median [95
percentile range]

Mean [95% CI]

Median [95
percentile range]

Mean [95% CI]

Median [95
percentile range]

15-24

Men

(n=152)
Women
(n=155)

89.4 (87.7-91.0)

89.4 (88.1-90.7)

89.8 (70.1-102.3)

89.8 (72.4-102.1)

30.2 (29.4-31.0)

30.2 (28.9-31.5)

29.9 (20.9-6.6)

30.0 (20.0-45.8)

33.6 (32.9-34.2)

33.2 (32.4-34.1)

32.9 (28.5-40.4)

32.8 (27.1-39.1)

25-34

Men

(n=172)
Women
(n=231)

89.8 (88.5-91.2)

90.5 (89.2-91.8)

90.9 (68.3-103.6)

91.2 (75.0-100.6)

30.0 (29.4-30.7)

30.1 (29.4-30.6)

30.2 (20.1-34.8)

30.0 (22.5-39.4)

335 (32.9-34.0)

33.0 (32.7-33.4)

32.8 (26.0-39.5)

32.5 (28.1-40.4)

35-44

Men

(n=199)
Women
(n=211)

90.6 (89.4-91.8)

90.0 (88.7-91.3)

91.4 (71.5-105.6)

91.7 (71.2-102.7)

30.6 (29.6-31.6)

30.1 (29.3-30.9)

30.4 (20.8-37.5)

30.0 (20.4-40.6)

33,5 (32.8-34.1)

33.0 (32.5-33.4)

32.8 (27.8-40.1)

32.4 (28.1-39.4)

45-54

Men
(n=201)

Women
(n=202)

90.0 (88.6-91.3)

89.9 (88.4-91.4)

92.0 (65.5-111.9)

91.3 68.6-104.0)

30.3(29.7-31.0

30.4 (29.6-31.2)

30.0 (18.8-35.5)

30.0 (23.6-40.9)

33,5 (32.9-34.0)

33.4 (32.8-34.0)

32.8 (27.5-39.6)

32.4 (29.4-40.1)

o5+

Men

(n=331)
Women
(n=211)

91.1 (90.1-92.0)

94.0 (90.0-98.0)

91.9 (68.5-102.0)

92.5 (77.6-103.6)

30.3 (29.8-30.7)

30.6 (29.8-31.1)

30.5 (20.4--36.6)

30.0 (23.7-40.1)

32.9 (32.5-33.3)

33.0 (32.2-33.7)

32.7 (27.2-39.1)

32.3 (28.5-39.6)

Total

Men
(n=955)
Women
(n=1010)

90.2 (89.7-90.7)

90.8 (90.0-91.7)

91.2 (68.9-102.1)

91.3 (73.0-102.3)

30.1 (29.8-30.4)

30.1 (29.8-30.4)

30.2 (20.5-36.1)

30.0 (21.9-38.9)

33.1 (32.9-33.4)

32.9 (32.7-33.2)

32.8 (27.6-39.6)

32.4 (28.4-39.8)

Both sexes

90.5 (90.0-91.0)

91.2 (71.6 - 102.0)

30.1 (29.9-30.3)

30.0 (20.8 - 39.6)

33.0 (32.9-33.2)

32.6 (28.1 - 39.6)

MCV = mean corpuscular volume, MCHC = mean corpuscular hemoglobin concentration, MCH = mean corpuscular Hemoglobin. Pg=Picograms

43
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The mean platelet value for the different age strata
ranged from 221- 235 x10°%/L for men and 220-260
x10°/L for women with mean (95% CI) of 229.1
x10° cells/L (223.6-234.7) and 241.3 x10° cells/L
(236.0-246.5), respectively. The median platelet
value for all men and women were 219 x10°
cells/L and 233 x10° cells/L where the values for
95% of the subjects lied between 91-429 x10°
cells/L and 101-437 x10° cells/L, respectively.
The mean (95% CIl) WBC count for men and
women was 6.08 x10° cells/L (5.95-6.21) and 6.12
x10° cells/L (5.97-6.27), respectively. The mean
WBC value for the different age strata for men
ranged from 5.95- 6.51 x10° cells/L and for
women from 5.88- 6.31 x10° cells/L. WBC count
of 95% of all men was between 3.1-10.5 x10°
cells/L and that of women 3.1-10.8 x10° cells/L.
The mean (95% CI) neutrophil, lymphocyte and
mixed white cells proportion for all age was
48.9% (48.1-49.7), 35.7% (35.1-36.4) and 15.8%
(15.2-16.4) and for women 49.1% (48.1-49.8),
35.4% (34.8-36.0) and 16.0% (15.4-16.6),
respectively (Table 3).

The mean (95% CI) value for CD3, CD4 and
CD8 T cells were 1743 (1689-1797) cell/ul, 809
cell/ul (787-832) and 812 (775-848) cell /ul for
men and 1774 (1719-1830) cell /ul, 868 cell /ul
(840-895) and 818 (783-853) cell /ul for women,
respectively. The lowest mean CD4 value for men,
757 (711-803) cell/ul was observed in those age
55 years and above while for women, 810 (749-
872) cell /ul was in those age 45-54 years. Except
for the age stratum 45-54 years, the mean CD4
count is higher for women. The median values of
CD3, CD4 and CDS8 cells count were lower than
the mean. The CD4 count of 95% of the men lied
between 361-1,404 cell/ul and women 400-1,553
cell /ul (Table 4).

ABO and Rhesus (RhD) blood group was
determined for 1965 study subjects. Accordingly;
42%, 31%, 21% and 6% had O, A, B and AB
blood group, respectively. Fifty seven (2.9%)
subjects of them were RhD negative (Fig 1). Two
percent of those with blood group A, 6.5% of AB,
3.3% of B and 3% of O were RhD negative (Fig
2).

Figure 1: ABO blood group distribution,
GGFRC, Sept 2008-Jan 2009.
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Figure 2: Distribution of the Rh negatives by
ABO blood group, GGFRC, Sept 2008-Jan
2009.

DISCUSSION

Hematologic and immunologic reference values
are essential for evidence based practice. Many
studies all over the world showed variability of
reference values. Though few studies tried to show
hematologic and immunologic profiles on
segments of Ethiopian population, to the best of
the authors’ knowledge, the present study is more
comprehensive in terms of the quantity and type of
hematoimmunologic parameters included and the
size of the population studied.

The mean and median RBC, Hgb and Hct
values at all age strata were higher for men than
women. Such difference by sex is in line with the
findings of other previous studies from different
parts of the world (2, 8, 10, 13, 14, 18-21).
However, one previous study from north-western
Ethiopia reported high Hct in women (22). Slight
differences of mean RBC, Hgb and Hct values by
age groups within same sex are observed with no
specific pattern. This study revealed that the mean
values of MCV, MCHC and MCH by sex and age
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Table 3: Distribution mean value with 95% CI and median with 95 percentile range of WBC and platelet count and mean value with 95% CI differential count,
GGFRC, Sept 2008-Jan 2009.

Age Sex
group

15-24 | Men
(n=152)
Women

(n=155)

25-34 | Men
(n=172)
Women

(n=231)

35-44 | Men
(n=199)
Women

(n=211)

45-54 | Men
(n=201)
Women

(n=202)

55+ Men
(n=331)
Women

(n=211)

Total | Men
(n=955)
Women

(n=1010)

Both sexes

Platelet (x10%cells/L) WBC count (x10°cells/L) Neutrophil (%) Mixed (%) Lymphocyte (%)
Mean Median [95 Mean [95% CI] Median [95 Mean Mean Mean [95% CI]
[95% ClI] percentile range] Percentile [95% CI] [95% CI]

223.85(208.36-239.35)  211.0(78.0-425.2) | 6.03 (5.67-6.40) 5.7 gr.]lg-el]l.Z) 46.9 (44.8-49.0) | 16.515.1-18.0) | 36.6 (34.7-38.5)
220.44(207.71-233.17)  219.0 (102.7-437.4) | 6.21 (5.86-6.57) 5.9 (3.1-11.0) 50.4 (48.4-52.4) | 15.1(14.2-16.9) | 34.3 (32.8-35.8)
235.76(218.78-252.75)  216.0 (92.3-428.8) | 6.10 (5.75-6.44) 5.6 (3.2-11.0) 48.5 (46.5-50.4) | 16.2(14.9-17.4) | 35.5(33.7-37.3)
233.17(219.90-246.44)  229.0 (103.8-450.3) | 6.31(6.02-6.60) 6.0 (3.2-10.9) 49.2 (47.5-50.9) | 16.2(15.0-17.3) | 34.8 (33.4-36.2)
221.01(207.78-234.23)  216.0 (81.0-412.0) | 5.95(5.61-6.29) 5.6 (3.1-10.5) 49.2 (47.3-51.0) | 15.0(13.9-16.2) | 35.6 (34.1-37.2)
239.03(225.16-252.91)  230.0 (83.8-435.9) | 6.05 (5.74-6.36) 5.7 (3.1-11.0) 48.3 (46.3-50.2) | 16.7(15.4-18.1) | 34.9 (33.4-36.5)
233.14(220.40-245.88) 227.0 (106.0-406.9) | 6.11 (5.83-6.39) 5.7 (3.1-9.8) 47.9 (45.9-49.9) | 15.8(14.6-17.1) | 36.3 (34.8-37.8)
260.52(247.14-273.90)  250.0 (127.3-458.0) | 5.88 (5.60-6.16) 5.8 (3.1-10.2) 49.1 (47.2-51.0) | 15.5(14.1-16.9) | 35.3 (33.8-36.9)
235.56(222.69-248.44)  224.0 (92.4-483.4) | 6.51(6.17-6.84) 6.2 (2.8-10.9) 51.0 (49.3-52.8) | 15.6(14.4-16.8) | 33.6 (32.3-35.0)
243.93(231.06-256.81)  233.0 (119.5-439.4) | 5.98 (5.67-6.29) 5.7 (3.0-11.2) 47.9 (46.3-49.5) | 16.2(15.1-17.3) | 36.0 (34.6-37.4)
229.14(223.57-234.71)  219.0 (91.0-429.0) | 6.08 (5.95-6.21) 5.7 (3.1-10.5) 48.9 (48.1-49.8) | 15.8(15.2-16.4) | 35.7 (35.1-36.4)
241.27(236.01-246.54)  233.0 (101.3-437.4) | 6.12 (5.97-6.27) 5.8 (3.1-10.8) 49.0 (48.1-49.8) | 16.0(15.4-16.6) | 35.4 (34.8-36.0)
235.44(231.67-239.22) 227.0 (93.0 - 435.0) | 6.09 (6.00-6.19) 5.8 (3.1 - 10.5) 48.9 (48.3-49.5) | 16.0(15.6-16.4) | 35.5 (35.1-36.0)

WBC= white blood cell
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Table 4: Distribution mean value with 95% CI and median with 95 percentile range of CD3, CD4 and CD8, GGFRC, Sept 2008-Jan 20009.

Age group

Sex

CDjs (cells/pul)

CDy (cells/pul)

CDg (cells/pl)

Mean
[95% CI]

Median (95 percentile
range)

Mean
[95% CI]

Median (95
percentile range)

Mean
[95% CI]

Median (95
percentile range)

15-24

Men
(n=91)
Women
(n=78)

1891 (1754-2028)

1789 (1658-1920)

1,782 (969-3,500)

1,741 (777-3,423)

848 (788 907)

904 (817-990)

797 (387-1,485)

805 (363- 2,023)

876 (786-967)

779 (706-853)

736 (273-2,000)

760 (271-1,961)

25-34

Men
n=100)

Women
(n=121)

1679 (1577-1780)

1816 (1698-1934)

1,624 (724-2,976)

1,729 (781- 3,396)

780 (735-826)

921 (871-970)

783 (307-1,306)

896 (475-1,564)

754 (687-820)

805 (732-879)

696 (242-1,510)

713 (259-2,000)

35-44

Men
(n=111)

Women
n=115)

1751 (1625-1877)

1753 (1627-1890)

1,705 (573-3,500)

1,633 (781-3,500)

810 (761-858)

845 (791-899)

800 (302-1,418)

821 (380-1,649)

818 (735-901)

814 (731-897)

706 (237-2,000)

697 (231-2,000)

4554

Men
(n=95)
Women
(n=101)

1841 (1699-1983)

1714 (1583-1845)

1,712 (817-3,500)

1,629 (644-3,445)

841 (781-899)

810 (749-872)

853 (372-1,509)

775 (320-1,566)

894(790-998)

819 (735-903)

741 (280-2,000)

728 (256-2,000)

55+

Men

(n=124)
Women
(n=110)

1575 (1471-1680)

1762 (1626-1898)

1,542 (765-3,032)

1,723 (754- 3,446)

757 (711-803)

843 (773-913)

741 (387-1,367)

774 (394-1,551)

734 (665-803)

860 (770-949)

653 (228-1,784

790 (230-2,000)

Total

Men

(n=521)
Women
(n=525)

1743 (1689-1797)

1774 (1719-1830)

1,643 (760-3,465)

1,685 (762-3,420)

809 (787-832)

868 (840-895)

792 (361-1,404)

823 (400-1,553)

812 (775-848)

818 (783-853)

706 (258-2,000)

728 (250-2,000)

Both sexes

1754 (1715-1791)

1662 (763-3421)

836 (819-854)

800 (380-1468)

813 (788-838)

716 (255-2000)
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strata had no big difference which is in agreement
with the American study (21), however, the
Kenyan (10), Malaysian (8) and Turkish (18)
studies showed higher values in men than women.
The mean RBC, hemoglobin and Hct values in the
present study are higher than the findings from
Kenya (10). However, the values of the current
study (done at an average altitude of 1700 m) are
lower than the findings of Tsegaye et al in
Ethiopia which was done at an altitude of about
2200 meters above sea level (15) and the standards
described in another literature (21). The lower
values in the current study as compared to the
previous Ethiopian study (15) could be explained
by the fact that the altitude of current study setting
is low by 500 meter. Despite the fact that malaria
is prevalent around Gilgel Gibe (23, 24), the lower
hemoglobin level in our study population might
not be attributable to malaria as the MCV is high
which could in turn be affected by other factors
like parasitic infestations and micronutrient
deficiencies. The mean value for MCV of this
study is similar with the Australian finding (19)
but higher compared to other reports (8, 18, 20).
The MCH and MCHC mean values of this study
are similar to the American and Turkish findings
(18, 20), however, higher than the Malaysian
report (8).

Slight differences of the mean WBC,
differential and platelet count by age and sex are
observed in this study without specific trend. Such
minor differences by sex are seen on previous
reports from different parts of the world (8, 13, 14,
19). However, the mean WBC and platelet count
in men was lower than mean value of women (2,
10, 18). The WBC count in our study is
comparable with findings of another study done in
Ethiopia (25) but lower than the standard
described in the textbook (4). However, the WBC
count in the present study is higher than the
findings of other studies in other parts of Africa
(9, 10, 26). The proportion of neutrophil is similar
with report on Eastern and Southern African
population (14) but, is low compared to the
Malaysian report (8).

Lower CD, T-cell numbers have been
reported in Ethiopians and Botswana (15, 25, 26)
compared to Caucasians, although absolute CD,
T-cell counts in Africans from the Central African
Republic have been reported to be similar to
Europeans (11). A study from Uganda showed

CD, counts that differed with age and gender (9).
The mean values of this study for CD3, CD4 and
CD8 T cell has no remarkable differences by age
strata, however, the mean CD4 value is higher for
women. The mean values of CD3, CD4 and CD8
T cells in the present study are higher compared to
other studies in Kenya (10), Uganda (21), Ethiopia
(25) and Tanzania (27). However, the reference
range of CD4 and CD8 lymphocyte in this study
are far below the finding of Klose et al in Burkina
Faso (28) and the western standards (21). The
lower reference range of CD4 and CD8
lymphocyte counts in our setting as compared to
the international standards suggests researchers
and policy makers to use locally available
reference value to monitor disease progress such
as HIV/AIDS and to assess the health status of the
population during vaccine and drug trial. In this
study, we observed that females have a higher
CD4, CD8 Ilymphocyte counts and CD4/CD8
ratio. Similar findings have been reported in
different settings (9, 10, 25). We observed an
important change is the progressive decline of the
mean values of CD4 and CD8 lymphocyte counts
as the age increases. These findings are in line
with observations from similar investigations
carried out in other parts of the world (29-31).
Comparison of hematoimmunological values of
the current study findings with other studies from
different parts of the world is presented in table 5.

The ABO blood group distribution varies in
different geographical and ethnic groups.
Nevertheless, in almost all, O positive blood group
is the predominant followed by A blood group
while AB is the rarest which is in line with the
finding of this study. In Caucasians in the United
States, the distribution is type O, 47%; type A,
41%; type B, 9%; and type AB, 3%. Among
African Americans, the distribution is type O,
46%; type A, 27%; type B, 20%; and type AB;
7%. Among Western Europeans, 42% have group
A, 9% group B, 3% group AB and the remaining
46% group O (32-37). RhD distribution also varies
worldwide. RhD negative blood group is
documented as 5.5% in south India, 5% in
Nairobi, 4.8% in Nigeria, 7.3% in Lahore, 7.7% in
Rawalpindi. About 95% of African — Americans
are Rh-positive whereas indigenous Africans are
virtually 100% Rh-positive (32-37). In this study
2.9% of the subjects were rhesus D negative.
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In conclusion, this study has established baseline
values for haematological and immunological
parameters in “apparently healthy” Ethiopians.
The hematologic and immunologic parameters of
the studied population in Southwest Ethiopia are
different from the reports from other countries and
the standards described in western literature.

Monitoring of the health status of the population
in the study areas should be based on the local
hematologic and immunologic values. We
recommend conducting similar nationwide study
to determine  the hematological and
immunological reference values of the Ethiopian
population as a whole.

Table 5: Immune-hematological values comparative table for showing the currents study findings, textbook
references and some other countries, Sept 2008-Jan 2009.

Country
Profile Current study Text book Uganda (9)f Malaysia Turkey (20)
References®
Men
RBC (10%/L) 4.51-4.59 45-5.9 5.1 (4.1-6.0) 5.12 (5.04-5.21) 5.12 + 0.4
Hct % 40.6-41.3 41-53 41(34-49) 43.62 (43.05-44.19) 45.0 3.9
MCV (fl) 89.7-90.7 78-100 87.32 ( 86.38-88.25) 88.2 +4.0
Platelet(10°/L) | 223.57-234.71 150-350 184 (82-290) 254.90 (246.73-263.08) 235 + 52
WBC (10°L) 5.95-6.21 45-11 6.4 (3.8-10.7) 6.74 (6.46-7.01) 78+2
Neutrophil % 48.1-49.8 40-70 - 56.02 ( 54.73-57.31)
Lymphocyte% 35.1-36.4 22-44 - 33.09 (31.72-34.46)
CD4 (cells/ul) 787-832 -
Women
RBC(10%/L) [.22-4.29x10"%/L  4.0-5.2x10%/L 4.4 (3.6-5.3) 4.34 (4.25-4.42) 4.64+0.4
Hct % 38.2-38.8% 36-46 36 (29-44) 37.08 (36.51-37.65) 40.0+38
MCV 90.0-90.7fl 78-102fl 85.99 ( 85.19-86.78) 86.7 4.6
Platelet(10%/L) | 236.01-246.54 150-350 203 (103-311) 275.24 (261.64-288.85) 253 56
WBC (10%L) | 5.97-6.27x10°%L  4.5-11x10%/L 6.4 (3.8-10.7) 6.73 ( 6.36-7.09) 7.46+2
Neutrophil % 48.1-49.8 40-70 - 56.88 (55.34-58.41)
Lymphocyte % 34.8-36 22-44 - 33.28 (31.75-34.82)
CD4 (cells/ml) 480-895 -
+ mean and 90% reference interval
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