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Abstract

Background: Hematological reference ranges are important in clinical and diagnostic
management for the assessment of health and disease conditions. Hematological reference
intervals are better to be established based on sex and age differences as these are among the

main factors affecting them.

Objective: The aim of this study was to establish hematological reference intervals among

adolescents aged, 12-17 years in Mekelle, Tigrai, and Northern Ethiopia, 2019.

Study area: conducted in Mekelle city

Study design and period: using a cross sectional study design conducted from December 2018
to May 2019 G.C.

Method: A community-based cross-sectional study was conducted in 249 adolescents aged 12-
17 years from December 2018 to May 2019. About 4ml of blood sample was collected using
vacutainer tube containing di-potassium Ethylenediamine tetra-acetic acid. Hematological
parameters were measured by Sysmex KX-21N hematology analyzer (Sysmex Corporation
Kobe, Japan). The data were entered and analyzed by SPSS version 23 statistical software. The
97.5™ percentile and 2.5" percentile were the upper and lower reference limit for the study
population.

Result: A total of 249 adolescents consisting of 122 (49%) males and 127 (51%) females with
the median age of 15.31 (range 12 to 17) years were recruited. The median, mean and 95%
percentile ranges of hematological values were determined. The 95% RI values were: Red blood
cells (10*/Liter), 4.6-5.9 (Males) and 4.28-5.75 (Females); White blood cells (10%Liter), 2.9-9.6
(Males) and 3.4-10.2 (Females); Hemoglobin (g/dl), 12.6-17.6 (Males) and 12-15.4 (Females);
Platelets(10%Liter), 138-364 (Males) and 150.6-461.8 (Females). Almost all of the hematological
parameters showed significant differences (p<0.05) across the gender.

Conclusion: This study concluded that there were statistically significant higher values of WBC
count, MCV, platelet count, lymphocyte count, and neutrophil percent in females than males.
However the value of RBC count, hemoglobin, hematocrit, MCHC, RDW CV (%), mixed count,
and mixed percentage were statistically significant higher in males than females.

Key words: Adolescents, Apparently healthy, CBC, Ethiopia, Hematological parameters,

Reference interval
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1. Introduction

1.1. Background

Reference intervals are the most common decision support tool used for interpretation of
numerical pathology reports. As laboratory results may be interpreted by comparison with these
intervals, the quality of the reference intervals can play as large a role in result interpretation as
the quality of the result itself [1]. Nearly 70% of physicians’ medical decisions are based on

information provided by laboratory reports [2].

Reference interval (RI) is a standard component of reporting laboratory result and is important to
transform a numerical value into clinically meaningful information. RI is intended to inform the
clinical care provider that laboratory values within the interval indicate a non-diseased condition.
The most common approach is to base RI on the central 95% of laboratory test values observed
for a reference population that is free of diseases influences the laboratory test result. Because

many diseases are asymptomatic [3].

Hematological reference ranges are important in clinical practice for the assessment of health
and disease, underscoring the importance of establishing population-appropriate values. Such
parameters are also important for measuring disease progression, response to therapy, and in the
assessment of adverse reactions to therapy [4]. Due to the prevailing epidemic diseases in sub-
Saharan Africa, the normal immunological and hematological indices for these population
becomes critical in supporting decisions with regard to treatment initiation and disease

management [5].

The RI is defined simply the prediction value which includes the central 95% of reference
values (RVs), or test results from well-defined apparently healthy individuals. Establishment of
well-controlled, reliable RI is an important mission for all clinical laboratories. The clinical
laboratory and standards institute (CLSI) guidelines recommend that laboratories establish their
own reference intervals from the local population or validate them if derived from a different
setting. Reference intervals need to be verified periodically every 5 years, to capture changes in

the community over time [4].



Several factors including age, sex, race, and socio-economic conditions affect RIs. Nutritional
status is related to an inflammatory process, and adolescents with excess weight or body fat

presented higher amounts of circulating white blood cells [6].

Human beings are characterized by a dynamic period of growth and development in their life.
The different periods of life possess a special hematological development. The chemical makeup
of the circulating red blood cells and fetal hemoglobin content in the first days and months is not
identical with in later life. Secondly, the hematopoietic system of the infant and the child
undergoes development modification and growth [7]. Thirdly, hemopoietic (red) marrow
occupies the entire capacity of the bones at birth through adolescence. In old age there is
increased replacement with fatty marrow [8]. This may affect the hematological parameters and
result in different reference ranges for the difference among age groups [9] and sex [10]. Thus,
knowledge of the reference values during the dynamic period of growth and development in an

individual is important for correct interpretation of a disease condition.

Even though, Ethiopia has a heterogeneous population and different geographical areas, there is
no nationally established reference values for hematological parameters except some studies
conducted in Addis Ababa [11], Bahir-dar town [12], Gilgel Gibe [13], Gondar university
Hospital [14]for adult population and Southwest Ethiopia [15] for children. Therefore, this study
is designed to assess the adolescents’ reference intervals among the age of 12-17 years in
Mekelle, Tigrai, and Northern Ethiopia.



1.2. Statement of the problem

Most reference values of hematologic tests currently used in Africa are derived from data
collected for populations living in developed countries [16]. The reference intervals used for
population living in industrialized countries is not similar to the populations living in the sub-
Saharan countries which are endemic to different disease [17]. An adult Africans have been
reported to have lower levels of hemoglobin, red blood cells, platelets, neutrophils counts
compared with populations in the Western countries [18-21]. Similarly, hematology tests of
Eastern and Southern African populations show differences from the European reference values.
The values are against the standard ranges recommended by World Health Organization(WHO)
[18, 22]. Most blood specimens of Africans were found to have lower Hemoglobin (Hgb),
Hematocrit (Hct), Red blood cell count (RBC), mean corpuscular volume (MCV), Neutrophils
and platelet counts [23]. Reference intervals for hematological parameters show significant

differences by age variability [9].

The reference intervals and toxicity grading scales for hematological parameters which are used
for clinical trials in sub-Saharan Africa follows the WHO reference standard guidelines which is
different to our country. However, typical laboratory parameters in different communities may
vary based on race, age, gender, diet, local disease patterns and environmental characteristics
[24].

The reference intervals determined for hematology test parameters from apparently healthy
individuals in southwest Ethiopia shows a difference in hematological RIs from the other Africa
countries and the Caucasian populations. The RBC, Hct, Hgb, PLT, MPV, WBC, lymphocyte
and neutrophil count reference values were also different in gender among adults but not among
children’s below the age of 12 years [15]. Locally, reference interval studies were performed in
Ethiopia more than fifteen years ago and none of them addressed children’s as a separate age
groups except the currently published study done in southwest Ethiopia [15]. Therefore, this
study aimed to assess the hematological reference range among apparently healthy adolescents in

Mekelle, Tigrai, and Northern Ethiopia.



1.3. Significance of the study
As the main purpose of this study is to establish hematological reference intervals among
adolescents, the findings will be an important input for physicians to compare the patient’s

hematological results with the apparently healthy adolescents easily using the local reference
intervals.

Important for researchers to do clinical trials using locally appropriate RIs

Furthermore, it will also be used as a reference for further study in large and detail to prepare a
reference interval in other areas.



2. Literature review

To establish hematological Reference values a study was conducted for African American
children and adolescents among 2,161 participants between the ages of 2 and 18 years. The result
showed that the African Americans hemoglobin was lower than whites. The respective mean
values for males and females of African American 11-15 years old children were WBC 6.3, 6.6;
Hgb 13.2, 12.7; HCT 39.3, 38; MCV 83.2, 83.6. For those in the age group 16-18 years WBC
5.9, 6.9; Hgb 14.4, 12.6; HCT 43.5, 37.4; MCV 86, 85.3 [25].

A blood result of 1200 normal children was collected from electronic data of 95,501 children and
adults in Kuwaiti. The children divided into 8 groups according to age and gender. The range of
the RBC, Hgb, Hct, MCV, MCH, MCHC, RDW, WBC, lymphocyte, PLT, MPV was evaluated
to generate hematological reference range. There was no significance difference among sex
below 13 years which is similar with the Ukraine study. But above the age of 13 years WBC and
PLT counts are higher in Kuwaiti but lower in RBC, Hgb, MCV and MCH than Ukraine but not
significant among sex difference. For the age 13-17 year old Kuwaiti, the study result showed
the following: RBC 4.3-5.1 (Females) and 4.7-5.7 (Males); Hgb 11.9-14 (Females) and13.1-15.9
(Males); MCV 77-90 (Females) and 77-90 (Males); WBC 5.9-12 (Females) and 5.5-12 (Males)
and Platelet 218-345 (Females) and 201-318 (Males) [26].

In the establishment of hematological reference intervals conducted on the healthy children from
1 month to 18 years from the Kilimanjaro Region of Tanzanian shows that median Hgb and Hct
levels are higher than the east African countries but lower than the U.S/European intervals even
for platelets and MCV. Platelet counts are decreased from 384 x10%/L to 271x10%L in males and
to 282x10%L for females. The study also showed a significant difference among gender in the
mean Hgb, Hct, RBC and MCV values in the age of 13-18 years; increment of hematocrit in
males during adolescence were related to evidence of progressive maturation by secondary sex
changes. The study noted that, altitude-induced Erythropoiesis does not appear to explain higher
values in related to the developed countries intervals. Rather the differences may be due to
several factors, including iron-deficiency anemia, chronic blood loss because of parasitic
infestation (especially hookworm), or undiagnosed hemoglobinopathies. Both geohelminth and

schistosome infections are serious public health problems in Tanzania [27].



A study conducted in Port Harcourt Teaching Hospital, Nigeria involved a total of 1,021
apparently healthy children aged 0-17 years. It shows mean and 95" percentile reference
intervals for the total and differential WBC counts have significant differences among the age
groups and decline significantly until 14 years (P < 0.001). The normal differential leukocyte
count did not vary with gender. The mean and 95" percentile reference ranges of the
hematological parameters between 14 and 17 years according to gender also shows significant
changes in the values of Hgb, PCV and Platelets (P < 0.01) but not in the WBC (P > 0.05) [28].

A study recruiting a total of 302 aged > 12 to < 18years old Zimbabwean adolescents for the
establishment of hematological reference intervals shows a significant difference between males
and females in hematological parameters except platelets, and red cell distribution width. The
study shows that females had significantly higher WBC, MCV, MCHC, platelet, lymphocyte,
and monocyte absolute counts than males. RBC counts, Hct, and Hgb concentration were the
only parameters significantly higher in males than females. The hematological parameter result
with 95% RI shows as WBC (10%/L) 3.31-9.84 (Females), and 3.25- 8.64 (Males); RBC(10%%/L)
4.16 - 5.83 (Females) and 4.47- 6.47 (Males); Hgb (g/dl) 11.1-15.7 (Females) and 12.1- 17.4
(Males); Hct(%) 34.6- 46.7 (Females), and 36.1-49.7 (Males); MCV (fl) 68.7- 96.9 (Females)
and 70.1-93.2 (Males); and platelets (10%/L) 214-476 (Females) and 186-415(Males) [29].

Gender and age specific differences for selected hematological parameters were also
demonstrated by a study which recruited wider age ranged population in Uganda. Among the
3,311 human immunodeficiency virus (HIV)-negative Ugandans aged 1 week to 92 years the
RBC, Hgb, Hct and MCYV all significantly increased with age (P < 0.001) but it is independent of
gender until the age of 13 years, after 13 years the levels were higher in males than in females (P
< 0.001). But White blood cell and their differentials significantly declined with age until the age
of 13 years (P < 0.001), with no differences by gender, while platelet counts declined with age (P

<0.001) and gender difference occurs among adults older than 24 years [18].

A study in Iganga, Uganda in the establishment of hematological reference intervals from 1 to 5
year children showed that there were no statistically significant differences in hematological
values between male and female children (p > 0.05). It is notable that the lower limits of Hgb,
Hct, MCV and platelet counts for the Ugandan children are all lower than conventional

reference values. On the other hand, the white blood cell count (WBC 103/ul) reference values
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(median: 8.9, interval: 5.9 - 14.3) for Iganga children are higher compared to the Caucasian

normal reference value (interval 4.0 - 11.0) [30].

The 95% hematological reference ranges determined from a total of 1,070 young children in
Kifili, Kenya whereas follows: RBC indices Hgb (g/dl) 7.2-7.7, Hct (%) 23.8-38.3, MCHC
(9/dl) 29.4-34.4, MCV/(fl) 52-97, platelet counts (10° cells/ul) 84-773, WBC (10° cells/pl) 5.7-
16.7, Neutrophils (10% cells/pl) 0.7-4.39, Lymphocytes (10° cells/pl) 3.13-10.2. There were no
statistically significant differences by gender for all assessed hematological parameters at the

very young age [24].

Among the 499 clinically healthy males and 454 females’ participants in the establishment of
hematological reference intervals conducted in western Kenya, 22.0% (110) were adolescent
males and 78.0% (389) were young adults. While adolescents and young adults constituted
29.1% (132) and 70.9% (322) of the female participants respectively. There were significant
differences in the hematological indices among males by age; young adults having a higher
median as compared to adolescents in Hgb (15.1 g/dL vs. 14.2 g/dL), Hct (45.4% vs. 42.6%),
RBC (5.4X10%uL vs. 5.2 X10° /uL), and neutrophils (2.6X10° /uL vs. 2.2X10° / pL). As
compared to males, female adolescents and adults have not significant difference. However,
females had significantly higher PLT, lymphocytes and WBC than males in both adolescent and
young adult. There were significant differences in neutrophil counts between male and female
adolescents [31].

Another research which is conducted in western Kenya among the age groups of 13-34 years
also shows a significant difference in the Hgb, Hct, WBC and RBC by gender in 13-17 years
[23].

A study which takes place in southwest Ethiopia from a total of 334 children who participated in
the study revealed the following findings. The median and 95% RI of RBC count, Hgh, WBC
count, and PLT were: 5.04 x 10'%/L (4.06-6.57), 141 g/L(120-196), 7.05 x 10%/L (4.04-11.72),
and 326.5 x 10%/L (158.5-469.9), respectively for males and 4.96 x 10'%/L (4.32-5.63), 140
9/L(115.7-159.4), 7.02 x 10%L (3.74-11.42 ), and 321 x 10%/L (197.7-460.4) respectively for
females [15].



Although published national pediatric hematological Rls is lacking, data generated from
apparently healthy adult Ethiopians also underscore the need for age and sex specific locally
determined RIs. For example, a total of 405 adults consisting of 238 (58.7%) males and 167
(41.3%) females with the median age of 24 (range 18 to 60) years were included in the
assessment of immunological and hematological reference values for apparently healthy HIV-
negative adults in Bahir Dar Town, Ethiopia. The median, mean (£ SD) and 95 percentile
ranges of hematological values were determined. The mean (+SD) values were: RBC (10'4/L),
4.9+0.4 (female) and (5.4£0.5 male); Hgb (g/dl), 14.7+2 (females) and 16.5+1.8 (males); Hct
(%), 44+4 (females) and 49+4.5 (males); platelets (10° /liter), 277 + 20 (both sex); absolute
leukocyte (WBC) counts 6.6+3.6 x10° /L (both sexes); lymphocyte, 2.15+.59 x10° /L (both
sexes); granulocytes (neutrophils) 3.7+1.6 x10%/L (both sexes) [12].

A study which takes place on the assessment of anemia among elementary and high school
students living in Gorgora, Gondar, Ethiopia from 156 males (52.9%) and 139 females (47.1%)
enrolled in the age distribution as follows; 79 (26.8%) 7-10 years, 157 (53.2%) 11-15 years,
and 59 (20.0%) 16 years and above. The study shows the mean hematocrit value rises with age
similarly for males and females up to 15 years, but the mean in women over 15 years being

approximately 4% less than males [32].



3. Objectives
3.1. General objectives
v To establish community based hematological reference intervals among apparently healthy
adolescents aged 12 tol7 years in Mekelle city, Tigrai, Northern Ethiopia from December
2018 —-May 2019.
3.2. Specific objectives
v To establish sex specific reference values among apparently healthy adolescents aged 12
tol7 years.
v To compare the hematological reference intervals by gender difference among

adolescents aged 12 to17 years



4. Materials and Methods
4.1. Study Area
The study was conducted from December 2018- May 2019 in Mekelle City. Mekelle was
formerly the capital of Enderta awraja, but today the capital city of Tigrai regional state. It is
located around 780 kilometers (480 mi) north of the capital city of Addis Ababa, Ethiopia with
an elevation of 2,254 meters (7,395 ft) above sea level with Weyna-Dega climatic conditions.
Administratively, Mekelle is considered a special zone, which is divided into seven sub-cities
namely Hawelti, Adi-Haki, Kedamay-Weyane, Hadnet, Ayder, Semien and Quiha and also
subdivided into 33 Kebelles. Mekelle is the economic, cultural and political hub of northern
Ethiopia [33].
Based on the 2007 Census conducted by the Central Statistical Agency of Ethiopia (CSA),
Mekelle has a total population of 215,914 people (104,925 men and 110,989 women) [34].The
sample was collected from apparently healthy individuals and also analyzed at Tigrai health
research institute and Wukro general hospital. The institute is found in Hawelti sub-City and
Wukro general hospital is 45 km far from Mekelle to the eastern zone. The hospital facility was
utilized due to the availability of functional automated hematology analyzer during the study
period and their willingness [33].
4.2. Study design and period
A cross-sectional study was conducted from December 2018 - May 20109.
4.3. Population

4.3.1. Source population
All adolescents who are living in Mekelle City

4.3.2. Study population
Apparently healthy volunteering adolescents aged 12-17 years who fulfilled the eligibility

criteria and available in the selected sub-cities during the study period

4.4. Inclusion and Exclusion Criteria
4.4.1. Inclusion Criteria

Apparently healthy individuals aged 12-17 years and lived at least for 5 years in the study area
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4.4.2. Exclusion Criteria
v"Individuals with any chronic and acute illnesses
v"Individuals taking antibiotic treatment
v"Individuals who received blood transfusion
v"Individuals who have any intestinal and hemoparasites
v' Individuals who haven’t full filled the questionnaire criteria
4.5. Study Variables
45.1. Dependent Variable
v" Hematological parameters
4.5.2. Independent Variables
v Sex
4.6. Sample size determination and sampling technique

4.6.1. Sample Size determination

The CLSI guideline for the global application which was developed through the clinical and
laboratory standards institute consensus process was employed. CLSI recommended that the best
means to establish a reference interval was to collect samples from a sufficient number of
reference individuals to yield a minimum of 120 samples for analysis, by non-parametric means
for each partition (e.g. sex, age range) [4]. Growth is an extremely complex and non-linear
biological process, driven by hormonal mechanisms, characterized by an intrinsic variability
reflecting environmental, genetic influences and individual adaptive responses. Growth charts
are very helpful as reference tools for pediatricians, in order to monitor individual growth and
provide therapeutic interventions. Most female’s puberty starts around 12 years but males from
14 years [35]. Therefore starting from the age of 12 years males and females must separate for
the establishment of reference intervals (thus, 240 participants are needed for both sexes).
According to previous studies in other African countries, in large scale studies about 30% of
apparently healthy individuals [5] do not qualify for reference interval determination for various
reasons when tested for the common infections. Considering a 30% exclusion from data analysis,
to reach the CLSI recommended sample size of 240 for the reference interval determination, a
total of 344 individuals were enrolled (i.e. assuming 30% of 344 around 104 of the participants

may excluded during data analysis).
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4.6.2. Sampling technique
A total of 3 sub-cities were selected from the total of seven sub-cities (Ayder, Hawelti and
Semen) through random sampling method and then the total sample (344) was categorized based
on the relative house hold size in each sub-city using Probability Proportional to Size (PPS). The
3 sub-cities have a total of 68477 households (18266, 33319 and 16892 in Semen, Hawelti and
Ayder respectively).The total study participants were proportionally distributed to each sub-cities
based on their number of households. Accordingly, from Semen 92, Hawelti 167 and Ayder 85
children were recruited. In each sub-city there are 5 Kebelles, and then the numbers were
distributed to recruit participants from each Kebelles based on the number of house hold. Finally
the study participants were selected using the systematic sampling techniques (k™). If the K"
house hold is not fulfilled the eligible criteria or doesn’t have children they were passed to the
nearby household either to the next or former which fulfilled the criteria. Once volunteering
participants fulfilling the eligibility criteria are identified by the health extension workers, they
were invited to go to nearby health facilities or other selected collection areas for biological

sample collection.
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Table 1: Total number of households to be sampled from each sub cities and Kebelles of
Mekelle, Tigrai, Northern Ethiopia 2019

sub-city Kebelles  Total number Total number Age of Age of
of house hold of sample to be 12-17 12-17
recruited Females Males

Dedebit 2870 14 7 7

Endistry 2451 12 6 6

Total 92

Hayelom 23

Momona

Total

Ginbot 20

Adi ha

Total

16892 85 43 42

Note: Source for total population and number of households is from municipal of Mekelle city
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4.7. Measurement and Data Collection
From the study participants who give assent based on their family consent, demographic
information and a brief medical history was collected. The physical examination was performed
by physicians. Blood specimen was collected for analyzing hematological parameters, blood
grouping and hemoparasites. Stool specimen was collected for intestinal parasites examination
and urine samples for urinalysis. The Laboratory results were shown to the participants upon
their request through the health extension workers. But when their result shows above or below
the normal value and presence of intestinal parasite in their stool examination, the health
extension workers were linked the participant to nearby health institutes for proper management
and treatment according to the facilities guideline.

4.7.1. Demographic and clinical data
Socio-demographic and clinical data were collected using a structured questionnaire by
translating in to local language Amharic/Tigrigna by experienced professionalisms. Data was
collected by trained data collectors, physical examination and anthropometric measurements
were carried out by physicians.

4.7.2. Sample collection for laboratory analysis
About 4ml of venous blood sample was collected using K;EDTA anticoagulant test tubes using
multisampling needle from 8 am to 11 am. The sample collected in K,EDTA anticoagulant was
gently mixed by inverting the tube about 8 times immediately after drawing. Leak proof clean
containers were used to collect urine and stool samples. All samples were labeled with unique
identification number. The hematological samples were placed in cooled ice-box for transporting
to Wukro general hospital within the allowable time. Left over plasma was collected and stored
at -20° in the Tigrai health research institution (THRI) for further analysis as necessary.

4.7.3. Laboratory testing and analysis
Whole blood sample was used for analyzing hematological tests, blood morphology, blood-
grouping and hemoparasites identification. Complete blood count and differential was analyzed
using Sysmex KX-21N an automated 3-part differential hematology analyzer (Sysmex
Corporation Kobe, Japan).The machine automatically dilutes whole-blood sample of 50ul in the
CBC/differential mode, lyses and enumerates WBC, RBC, Hgb, HCT, platelets and their indices
(PCT, MPV, PDW) absolute and relative lymphocytes, neutrophils and mixed populations, and

the red cells indices.
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PRINCIPLE:

The Sysmex KX-21N is a quantitative automated hematology analyzer for in vitro diagnostic use
for determining 17 hematological parameters. Examination of the numerical and/or morphologic
findings of the complete blood count are useful in diagnosis of such disease states as anemias,
leukemia’s, allergic reactions, viral, bacterial, and parasitic infections. The Sysmex KX-21N
analyzer directly measures the WBC, RBC, Hgb, HCT, and PLT, LYM #, MIXED #and NEUT
#. The remaining parameters are calculated or derived, MCV, MCH, MCHC, MPV, RDW-CV
and RDW-SD, and differential percentages LYM%, MIXED%, NEUT%.

The KX-21N counts and sizes RBC and PLT using electronic resistance detection, HCT is
measured as the ratio of the total RBC volume to whole blood using cumulative pulse height
detection. Hgb is converted to methemoglobin, and read photometrically at 555 nm. WBC are
analyzed by direct current and discriminated into a three-part differential using Particle
Distribution Analysis (PDA). The resulting WBC histogram is discriminated into lymphocyte,
neutrophil and mixed cell populations. The middle-size cell population contains Monocytes,
basophiles and Eosinophils.

DC Detection Method

Blood sample is aspirated, measured to a predetermined volume, diluted at the specified
ratio, and then fed into each transducer. The transducer chamber has a minute hole called the
aperture. On both side of the aperture, there are the electrodes between which flows direct
current. Blood cells suspended in the diluted sample pass through the aperture, causing
direct current resistance to change between the electrodes. As direct current resistance
changes, the blood cell size is detected as electric pulses. Blood cell count is calculated by
counting the pulses, and a histogram of blood cell sizes is plotted by determining the pulse sizes.
Also, analyzing a histogram makes it possible to obtain various analysis data

Non-Cyanide Hemoglobin Analysis Method

To analyze hemoglobin by automated methods, the Cyanmethemoglobin method or
Oxyhemoglobin method have so far been the main stream. Cyanmethemoglobin method was
recommended as the international standard method in 1966 by ICSH (International Committee
for Standardization in hematology). This method, however, is so low in hemoglobin conversion
rate that it cannot be said an appropriate method in the automated process in which multi-sample

processing is the pre-condition. In addition, this method uses the reagent of cyanide compound
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which is a poisonous substance and requires waste processing; thus, it can hardly be called an
environmentally favorable method. At present, this method cannot be said suitable for a fully-
automated instrument which is required to handle a large amount of waste. The Oxyhemoglobin
method, on the other hand, is faster in hemoglobin conversion rate; in fact, blood hemoglobin is
converted instantaneously into Oxyhemoglobin. Also, it does not contain poisonous substance as
Cyanmethemoglobin method, making the method suitable for automation. This method,
however, is unable to convert methemoglobin into Oxyhemoglobin. Consequently, when a great
amount of methemoglobin is contained as in control blood, lower-than-real values result,
although usual human blood poses no problems.

Non-cyanide hemoglobin analysis method utilizes the advantages of both of the above
methods. Non-cyanide hemoglobin analysis method rapidly converts blood hemoglobin as
the Oxyhemoglobin method and contains no poisonous substance, making it suitable for
automated method. Being capable of analyzing methemoglobin, this method can accurately
analyze control blood, etc. which contain methemoglobin.

Reagents

Cell Pack: - is a whole blood diluent for use in the determination of hemoglobin and electric
counting and sizing of blood cells. Its ingredients are: sodium chloride, boric acid, sodium tetra
borate, and K,EDTA.

Stromatolyser WH: - is ready to use lysing reagent to analyze the leucocytes by lysing the RBC
and left the WBC free and easy to count; whole blood sample by resistance measurement and
photometric measurement and its ingredients are: nonionic surfactant, organic quaternary
ammonium salt.

Cell Clean: - is a strong alkaline detergent to remove lysing reagents, cellular residuals and
blood proteins remaining in the hydraulics of Sysmex analyzer.

Reagents preparation: Reagents are commercially prepared.

All laboratory assays were carried out following standard operating procedures by experienced
medical laboratory technologists. ABO and RH typing was performed using the corresponding

antiserum.

Stool samples were collected for parasitological analysis, urine for determining chemical and

microscopic examination and pregnancy tests of young girls.
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4.8. Data quality control

The questionnaire was pre-tested with 5% (18) of individuals who are living in Wukro city

which is 45 km far away from Mekelle, rather than study subjects. This pre-testing of a research

instrument was entailed a critical examination of each question as to its clarity, understanding,

wording, and meaning as understood by potential respondents to remove possible problems with

the question. Besides, adequate training was given to the data collectors before the collection

period. Participants were also being adequately oriented on how to collect specimens. The

quality of laboratory analysis was maintained by following standard operating procedures of the

pre-analytical, analytical, and post-analytical stages, which involves the following steps.

Pre-analytical stage

v
v
v

<

Regular supervision and orientation of participants on specimen collection

Checking specimen containers for leakage, contamination, and label

Proper labeling, processing, preservation, storage, and transporting of specimen to the
working area

Checking reagents for expiry date

Make sure specimens reach laboratory as soon as possible

Cross-checking of the sample with its questionnaire

Analytical stage

v Implementing the Internal Quality Controls (IQC) sample for the complete
blood count and peripheral morphology through the whole processes of
laboratory works

v" Since, the Laboratory is on the process of accreditation they always done the
three (Low, Normal and High) levels of QC tests daily. Without passing the
QC tests they cannot do the patients result.

v Controlling stains by checking normal cells and reagents

Post-analytical stage

v Recording of results on appropriate reporting format
v" Comparing of test results

v" Interpreting test results correctly
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4.9. Data Analysis and interpretation

Data were cleaned, double entered into a computer and statistical analysis was made using
Statistical Package for Social Sciences (SPSS) version 23. Both parametric and non-parametric
analyses were performed. Data that was observed to be lower than first quartile (Q1-1.5 x IQR),
or higher than third quartile (Q3+1.5 x IQR) (Box and Whisker blot method) was considered as
outliers and the outlier was excluded. The Mean, median and 95" percentile reference intervals
was determined by using 2.5™ and 97.5" percentiles of each hematological parameter with
simple descriptive statistics based on sex. Differences on median between males and females
were evaluated using the Mann-Whitney U test to calculate the p values. "P-value < 0.05" was

considered to be statistically significant at 95% confidence intervals.
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4.10. Ethical Consideration

Ethical clearance was obtained from the research and an ethical review committee of Department
of Medical Laboratory Sciences of Addis Ababa University, Ethiopia. Before starting the study,
permission was obtained from Tigrai health bureau and the selected sub-cities. Also, after
explaining the purpose and relevance of the study, written consent was obtained from each
guardian of study participant and assent from the children before data collection. No name was
mentioned during the entire data collection and identification was made based on the unique
identification number given for each questionnaire and corresponding specimen. Confidentiality
of information (results) was kept between the study participant, investigator and authorized body.
All participants who were diagnosed positive for intestinal parasites were linked to nearby health
institutions for standard treatment immediately. Cooperation letter was obtained from Wukro

General Hospital to do the hematological tests.
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4.11. Dissemination of result
Findings of this study will be disseminated to the study were local and zonal health

administrations, Tigray regional health bureau, Medical laboratory science, College of Health
Sciences, Addis Ababa University, and other concerned bodies. More ever the results would be
presented to the scientific community in the AAU, national and international conferences and

manuscript would be prepared and submitted for publication.

4.12. Operational Definition

Adolescents: is a period of development that occurs after childhood but before adulthood (12-17
years)

Apparently healthy: An individual who has no sign and symptoms and history for any disease
in the previous and current time.

Hematological parameters: are tests which are done under the hematology analyzer including
total WBC and its differentials (Neutrophils, lymphocytes and mixed valued cells), RBC and its
parameters (Hgb, Hct, MCV, MCH, MCHC, and RDW), platelets and its parameters (MPV,
PDW).

Reference individual: A person selected for testing based on well-defined criteria.
Reference population: A group consisting of all the reference individuals.

Reference interval: It is the 95% interval between 97.5" and 2.5™ percentile which form upper

and lower reference limit.
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5. Work flow

Apparently healthy Individuals from the age of 12 to 17 years who
fullfill the selected criteria were included in the study. 344
participants were included to select 240 individuals using the 30%
exclusion criteria in the age groups of 12-17 years separetly for
Males and Females

e

— . .
Questionnaire after informed

consent/Assent

Vital signs,
Anthropometry
5 1
Blood (4ml I
EDTA for Stoo Urine
hematological F
tests ) I 1 Concentr ]
Fe——— Direct ation Urinalysi |
’ method method s tets
‘ Kato Katz

for all

R for Pregnancy

Modified acid test
fast bacilli females>15 yrs

Figure 1 Work flow of the study
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6. Results

6.1. Socio-Demographic characteristics

In this study a total of 344 adolescents were participated and 249 study participants were eligible

for final analysis. Of the 249 study participants, 127 (51%) were females (Table 2). The mean

age of study participants was 15.31 +1.09 ranged 12-17 years old; figure 1 showed the age

distribution of the study participants. The overall exclusion rate was 27.6%. Out of the total

sample collected 50 (14.5%) of them were excluded due to the presence of intestinal parasites

(ova of S.mansoni (33), ova of H.nana (12) and ova of E.vermicularis (5) and 45(13.1%) and

also excluded due to incomplete information (15), outliers (20) and presence of hemolysis (10).

Table 2: Socio demographic characteristic of study participants in Mekelle city, Tigrai, Ethiopia,

2019 (n=249).

Variables Frequency Percent (%)
Sex

Female 127 51
Male 122 49
Level of education

Primary (1-8) 9 3.6
Secondary (9-12) 240 96.4
Religion

Orthodox Christian 226 90.8
Muslim 23 9.2
Total 249 100
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6.2. Hematological parameters of the study participants

The distributions of the parameters (median RBC p<0.001, Hgb p<0.001, Hct p<0.001, mixed
p<0.001, MCHC p=0.027 were statistically different by gender; females had lower values than
males (p<0.05). Statistically significant higher MCV p=0.019, platelets p<0.001, RDW-CV
p=0.002, Abs Lymphocyte count p=0.004 and Neutrophils (%) p=0.036 were found in females
(p<0.005). Males had higher RBC, Hgb, HCT, MCHC, RDW-CV, Absolute and percentile of
mixed values of WBC differential than females. Median and 95% RIs shows as for males and
females respectively were as follows: RBC (10'%/L) 5.2, 4.6-5.9; Hgb (g/dl) 14.8,12.6-17.1;
HCT (%) 44.8, 40-55; MCHC (g/dl) 32.5, 30-35.8; WBC (10%/L) 5.4, 2.9-10.49; Plt (10°/L)
261, 138-364 for males and RBC (10%%/L) 4.9, 4.28-5.61; Hgb (g/dl) 14,12-15.4; HCT (%)
43.3, 38-47; MCHC (g/dl) 32.2, 30.4-34.2; WBC (10%/L) 5.9, 3.4-10.96; PlIt (10°/L) 288,151-
448 for Females. For detail information see Table 3.
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Table 3: Mean, Median and 95% RI of hematological parameters among study participants in
Mekelle, Tigrai, Northern Ethiopia, 2019 (n=249).

Parameter Sex N Median Mean 95%ClI 95% RI p-value
2.5"centile(90% | 97.5"centile(90%CI)
Cl
WBC(10%L) |M 122 54 585 548-6.2 2.9(2.6-3.3) 9.6(9-9.7) X
F 127 59 6.28 59-6.6 3.4(2.7-3.6) 10.2(9.2-10.7) 0.027
RBC(10%/L) |M 122 52 53 52536 4.59(4.45-4.63) |5.91(5.88-5.98) <0.001*
F 127 49 492 48-498 4.28(4.13-4.42) |5.61(5.4-5.76)
Hgb(g/dl) M 122 148 148 14.6-15 12.6(12.1-13) 17.1(17-18.6) <0.001*
F 127 14 139 13.76-14 12 (11.4-12.4) 15.4(15-16)
HCT (%) M 122 448 454 44.8-46 40 (38-40.8) 55 (51-58) <0.001*
F 127 433 432 428-44 38(36-39) 47(46- 50)
MCV/(fl) M 122 86.7 86.7 86-87.4 76(74-80) 94(93-95) 0.019*
F 127 88 88 87-88.6  80(73-82) 98 (94-99)
MCH(pg) M 122 283 283 28-28.6 23.5(22-25) 31.5(30.9-34.5) 0.085
F 127 286 283 28-285 24.5(21-25.8) 30.8(30- 31.7)
C 249 283 285 28-285 24(23-24.8) 31(30.8-31.8)
MCHC(g/dl) |M 122 325 32,6 32.4-33 30(29.7-30.8) 35.8(34.3-41.3) 0.027*
F 127 322 32 32-32.4  30.4(29-30.9) 34.2(33.8-34.3)
PLT(10%L) |M 122 261 261 251-271 138(133-188) 364(353-391) <0.001*
F 127 288 294 281-307 151(140-181) 448(413-467)
RDW-CV M 122 141 143 14-144 13(12.8-13.2) 16(16-16.6) 0.002*
(%) F 127 137 138 13.7- 12.5(12.4-12.8) | 15.6(15-17.6)
13.9
Neutrophil(l |M 122 24 275 2.48-3 0.9(0.8-0.9) 6.7(5.7-7.7) 0.113
0%/L) F 127 3.0 323 29-355 1.0(0.8-1.2) 6.9(6.3-12.7)
C 249 30 27 2832 0.9(0.8-1) 6.8(6.3-7.2)
Mixed M 122 08 097 0.85-1.1 0.3(0.2-0.4) 3.8(2.-4.2) <0.001*
value(10%L) |F 127 06 0.69 0.6-0.75 0.2(0.1-0.3) 1.6(1.2-2.4)
Lymphocyte( | M 122 2,00 212 2.0-2.22 1.2(0.9-1.3) 3.3(3.1-3.7) 0.004*
10°/L) F 127 23 236 2325 1.1(1-1.3) 3.7(3.5-3.8)
Neutrophil M 122 455 448 42.6-47 23.7(21-24.9) 64.7(62-74.5) 0.036*
(%) F 127 50.6 49 46.8-51. 24.8(22-28.5) 71(66- 89.5)
Mixed value | M 122 145 16.3 15.-175 7.2(5.5-9.4) 36.8(29-43.5) <0.001*
(%) F 127 105 114 105-12 4.8(1-5.1) 22.7(19- 37.7)
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Lymphocyte | M 122 385 389 37-40.8 18.8(15-23) 63.4(59-68)

(%) F 127 375 396 37.841 20.6(8.8-26) 61.2(56.3-65.3)
C 249 39 38  38-40.6 19.8(17-23) 61.5(59-64)

MPV/(fl) M 122 10.6 10.7 10.5-11 8.6(8.4-8.8) 13.3(12.6-14.5)
F 127 107 107 105-11 8.9(8.6-9.1) 12.8(12.4-14)
C 249 106 106 10-10.8 8.8(8.6-8.9) 13.1(12.6-13.6)

0.48

0.567

WBC: white blood cell; RBC: red blood cell; Hgb: hemoglobin; Hct: hematocrit; MCV: mean corpuscular volume;
MCH: mean corpuscular hemoglobin; MCHC: mean corpuscular hemoglobin concentration; PLT: platelet; MPV:

platelet mean volume M: male; F: female; C: Combined N: number of participants. *P < 0.05 by (Mann-Whitney U

test) for comparison of medians between males and females.

Comparing the upper and lower limits of this study established reference intervals to the
company’s reference intervals (Table 4). There were higher proportions of out of range values
observed for RBCs 19(15%), MCHC 31(25.4%), Hgb 30(24%), Hct 33(24%), Mixed value
35(28%), MPV 67(54%) and percentile neutrophils 39(31%) in males. In females, a higher
proportion with out of range values was observed for RBCs 12(9%), Hct 25 (19%), MCHC
49(38%), percentile neutrophils 28(21%) and MPV 28(22%). The combined out of company
given ranges were WBC 56 (22%), Lymphocyte percentile 104 (42%) and absolute neutrophils
69(27%). The greatest proportion of the study participants with values outside the lower
reference limits of reference intervals was observed for absolute neutrophil 68 (27%) while
Lymphocyte percentile104 (42%) had the greatest proportion of participants with values above
the upper reference limits of the old reference intervals. When comparing between this study and
company’s reference intervals methods for the WBC test parameters 51(20%) out of the 249
participants were considered leucopenia by the company’s method while 5(2%) were considered

as having leukocytosis.
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Table 4: comparison of out of range values between new and old reference intervals for

hematological parameters in Mekelle city, Tigrai, Northern Ethiopia.

Parameter

WBC(x10%/
L)

RBC(x10%/
L)
Hgb(g/dl)

HCT (%)
MCV/(fl)

MCH(pg)
MCHC(g/dI)

PLT(x10%L)

Neutrophil(x
10°%L)

Mid
value(x10°%
L)
Lymphocyte
(x10%/L)
Neutrophil
(%)
Mid-size
value (%)
Lymphocyte
(%)
MPV/(fl)

Sex

R LLE-<LES

onZg

Current
value

2.9-9.6
3.4-10.2
3.1-10.6
4.6-5.9
4.3-5.6
12.6-17.1
12-15.4
40-55
38-47
76-94
80-98
24-31

30-36
30.4-34
138-364
151-462
0.9-6.8

0.3-3.8
0.2-1.6

1.2-3.3
1.1-3.7
24-65
24.78-71
7-37
5-23
20-62

8.6-13.3
8.9-12.8
8.8-13.1

Company
value

4.5-13

4.2-5.6
4.1-5.3
12.5-16.1
12 -15
36 - 47
35-45
78 -95
78 -95
26 - 32

32-36
140 - 385

2-7

0.24-1.6
1-3

40 - 80
4-18

20 -40

7.2-10.4
7.5-11.5

Lower Upper range | Total out of
range range
Frequency Frequency Frequency (%)
(%) (%)

51(20) 5(2) 56(22)
2(1) 17(14) 19(15)
3(2) 9(7) 12(9)
2(1) 28(23) 30(24)
0 4(3) 4(3)
5(4) 28(23) 33(27)
3(2) 22(17) 25(19)
1(0.8) 1(0.8) 2(1)
2(1) 0 2(1)
13(5) 2(0.8) 15(6)
31(25) 0 31(25.4)
46(36) 3(2) 49(38)
0 1(0.8) 1(0.8)
2(1.6) 11(8) 13(2.4)
68(27) 1(0.4) 69(27)
0 7(2.8) 7(2.8)
0 0 0(0)

0 3(2.4) 3(2.4)
0 16(12.6) 16(12.6)
37(30) 2(1.6) 39(31)
26(20) 2(1.6) 28(21)
2(1.6) 33(27) 35(28)
2(1.6) 6(4.7) 8(6)

0 104(42) 104(42)
2(1.6) 65(53) 67(54)
2(1.6) 26(20) 28(22)

WBC: white blood cell; RBC: red blood cell; Hgb: hemoglobin; Hct: hematocrit; MCV: mean corpuscular volume;

MCH: mean corpuscular hemoglobin; MCHC: mean corpuscular hemoglobin concentration; PLT: platelet; MPV:

platelet mean volume M: male; F: female; C: Combined N: number of participants.
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Finally, the current study established R1 was compared with others studies. As shown in Table 5,

variations among the difference parameters were noted. For example, the white cell count of

these participants as well as the values from other Africans was lower compared to the

instrument or American/European values. RBC parameters were higher in the lower range than

southwest Ethiopia. Some inconsistencies were also noted in Platelet counts.
Table 5: WBC, Hgb, Hct, MCV, PIt and WBC subsets for apparently healthy Mekelle city

Children Compared to Previously Published Tanzanian, Ugandan, Zimbabwe and Industrialized

Country reference Intervals

Current Instruments | South west | Tanzanian | Uganda United Zimbabwe
Parameter | Sex | Study Values [36] | Ethiopia (95% RI) | (95% RI) | States/Euro | (95% RI)
(95% RI) [15] [27] [18] pe [29]
(95% RI)
M | 29-9.6 4.0-11.7 3.25-8.64
WBC(10% | F 3.4-10.2 3.7-11.4 3.3-9.8
L) C 3.1-9.6 4.5-13 3.2-10.3 4.1-10.7 4.5-13
RBC(10*/ | M | 4.6-5.9 4.2-5.6 4.06-6.57 |- - - 4.47-6.47
L) F 4.3-5.6 4.1-4.5 4.32-5.63 4.8-5.83
Hgb(g/dl) | M 12.6-17.1 |125-16.1 | 12-19.6 10.8-17 11.2-15.9 | 13-16 12.1-17.4
F 12-15.4 12-154 | 11.6-15.9 10-14.9 9.9-14.5 12-16 11.1-15.7
HCT (%) |M | 40-55 36 — 47 35.6-55.2 33-48.1 32.3-455 | 37-49 36.1-49.7
F 38-47 35-45 36-47 30.8-44.7 | 28.1-42.4 | 36-46 34.6-46.7
MCV(l) |M | 76-94 78 -95 75-93 63.2-91 65-89.5 78-98 70.1-93.2
F 80-98 78 — 95 74.5-91 62.2-94.5 | 67.4-89.9 |80-100 68.7-96.9
MCH(pg) |M | 235-315 |26-32 25-31 - - - 22.5-30.9
F 24.5-30.8 | 2632 25-30.8 22.1-32
C 24-31
MCHC(g/ |M | 30.1-35.8 |32-36 32-36 - - - 30.3-36.1
dl) F 30.4-34.2 | 32-36 32-35 29.8-35.8
PLT(10°/L | M | 138-364 140 - 385 | 158.5-470 119-458 110-327 150-400 186-415
) F 151-462 198-460.4 107-482 124-353 150-400 214-476
Neutrophil | M | 0.9-6.7 13-74 1.03-3.9
(10°/L) F 1.02-6.9 1-7 1.13-5.7
C 0.9-6.8 2-7 0.9-4.6 0.9-3.5 1.5-6
Mid M 0.3-3.8 0.2-2.5 0.5-3.6 0.6-1.5 0.415
value(x10° | F | 0.2-1.6 0.24-1.6 - 0.3-1.5
/L)
Lymphocy | M | 1.2-3.3 1-3 - 1.4-3.9
te(10°/L) | F 1.1-3.7 1.4-4.2 1.7-4.7 1.5-4.5 1.4-3.9
Neutrophil | M | 23.7-64.7 | 40-80 - - - - 23.3-58.5
(%) F | 24.78-71 24-61.2
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Mid-size |M | 7.2-36.8 4-18 5.4-67.3

value (%) | F 4.8-22.7 5-73.4

Lymphoc | M | 18.8-63.4 |20-40 27.7-62.6

yte (%0) F 20.6-61.2 28.4-65
C 19.8-61.5

MPV(fl) |M |8.6-13.3 7.2-10.4 8.6-12.3
F 8.9-12.8 7.5-11.5 8.4-11.2
C 8.8-13.1

WBC: white blood cell; RBC: red blood cell; Hgb: hemoglobin; Hct: hematocrit; MCV: mean corpuscular volume;

MCH: mean corpuscular hemoglobin; MCHC: mean corpuscular hemoglobin concentration; PLT: platelet; MPV:

platelet mean volume M: male; F: female; C: Combined N: number of participants.
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7. Discussion

Reference Intervals are essential for decision making in clinical diagnosis, to initiate and monitor
therapeutic actions, or to provide accurate data for epidemiological purposes. Several factors
including age, sex, race, environment, socio-economic conditions, dietary pattern etc. influence
laboratory parameters. Rls also depend on the type of instrument, reagents and methods used.
Hematological parameters tested in this study were WBC and its differential, RBC with indices
and also platelets were analyzed using the automated Sysmex KX 21-N 3 diff hematology
analyzer. Most of the parameters showed a significant difference among gender which is similar
to studies done in Western Kenya [23], Tanzania [27], Southwest Ethiopia [15], African
American [25], Kuwaiti [26] and Port Harcourt Nigeria [28]. The RBC, Hgb and HCT were
significantly higher in males than females (p< 0.001). The reason for the difference b/n male and
female may be due to hormonal variations among sex may affects erythropoietin release in
response to the hormonal production [27] and also progressive maturation increase in muscle
mass resulting in increased RBCs production in males but females having lower level may be

due to menstrual blood loss [29].

In contrast in our study the mean value of RBC and Hgb results were significantly different from
mean values of studies reported in Kuwaiti [26] and African American [25] among children. The
differences may be due to ethnicity [25], altitude variation since Kuwaiti have an average mean

altitude of 108m above sea level and nutritional differences [26].

There is also a significant difference among sex for WBC RI in our study which is higher in
females than males similar with studies done in Kuwaiti [26], African American [25], Zimbabwe
[29], and western Kenya [31].This sex difference in the total WBC counts is almost in all ethnic
groups. This difference may be due to a genuine biological difference [37], and also due to body
composition difference between men and women because women have proportionally more fat
mass than men [10, 38] so, fatty mass is the critical component that influences leukocyte counts
[39]. However, the Kenyan study did not find significant differences between males and females
[23].

When comparing WBC results with similar studies which are done in African American,

Kuwaiti, Zimbabwe [25, 26, 29] results were higher than our study population. This difference
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may be due to the dietary or other life style differences [37], and also we Sub-Saharan countries

are known exposed to chronic viral and bacterial infections [5].

The current finding also showed that the mean, median and 95" percentile reference intervals for
the platelet counts varies significantly between females and males (p<0.05). This study indicated
that the platelet value is higher in females than males similar to other studies done in Kuwaiti
[26], Zimbabwe [29], Port Harcourt Nigeria [28] and Southwest Ethiopia [15]. The sex
difference in the platelets counts is almost in all ethnic groups and it may be due to biological
difference [37]; proteomic variability males have higher cytokine and growth factor levels in
platelet rich plasma when compared with females for inflammatory cytokines such as
interleukin—1 beta and tumor necrosis factor—alpha [40]; and also due to the differences on
serum estrogen level in females play a role in the increased platelet counts, many studies have
revealed that estrogen favorably benefits platelet production [41, 42]. Thrombopoietin release
increases in response to regular menstruation cross-stimulating thrombopoiesis [43, 44], the total
body iron storage is generally lower in women because of menstruation, so iron depletion is a
well-known factor to stimulate platelet production [45, 46]. However, the Kenyan study didn’t
find significant differences between males and females [23].

The platelet counts are also lower in our study population than similar studies done in Southwest
Ethiopia [15], and Zimbabwean adolescents [29]. The cause of platelet count differences among
different study areas is unknown [28].

Though limited studies are available on children and adolescents, the neutrophil range in the
current study which is lower than the currently in use company derived ranges, is consistent with
the findings from Zimbabwean adolescents [29]. In addition, the upper limit of the newly
established lymphocyte RI is higher than the company derived value but again consistent with
values generated from Zimbabwean adolescents [29], as well as finding from adult [11].
Comparing to the reference interval generated in southwest Ethiopia on a total of 334 children,
the WBC count of both lower and upper limit was higher than the current study especially in
males. On the other hand, both the lower and upper limit of RBC count was slightly higher in the
current study whereas slightly higher upper limit for Hgb was recorded in male children of the
Southeast Ethiopian study. Similarly higher lower & upper limit for PLT count in males and

higher lower limit only in Females was recorded as compared to the current study [15].
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Taken together, when comparing the newly developed RI with the old method almost all tests
have a variation. The newly developed RI for WBC results is lower than the old method may be,
as we know Africans are more exposed to chronic infections [5]. But the RBC and RBC indices
are higher than the currently in use method, the reason for the increment may be the current
study was undertaken in the Weyna-dega climatic conditions with an altitude of 2,254 meters
above sea level.

Finally the study checked how much misclassification could have happened as a result of
utilizing company derived RIs, which is widely being practiced in our country as in most
resource limited settings. The reported result showed such misclassification is noted in most of
the hematological parameters by the RI established by manufacturer of the instrument Sysmex
KX-21N as compared to the RI established by this study. This may be due to nutritional
difference, climate, parasitic and viral infections, ethnic background differences between the
current study population and the population used for the company derived values, mostly

Caucasians. So, it is better to use this established RI for the local populations.
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8. Strength and limitation of the study

8.1. Strength of the study
The sample was collected at morning to minimize the diurnal variation. Wet mount,
concentration (formol-ether), Kato Katz and modified acid-fast technique were performed to
exclude participants who are infected with intestinal parasites. Besides this, blood films were
done and well-prepared questionnaire to check individual’s current or previous apparently
healthy status.
Since this study is community based study it is more representative than the other studies

8.2. Limitations of the study

v The findings in this study was limited to be used in the 3 Diff analyzer until validated
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9. Conclusion and Recommendation

9.1. Conclusion

This study concluded that there were statistically significant higher values of WBC count, MCV,
platelet count, lymphocyte count, and neutrophil percent in females than males. However the
value of RBC count, hemoglobin, hematocrit, MCHC, RDW CV (%), mixed count, and mixed
percentage were statistically significant higher in males than females. Hematological reference
values established in this study was different from text book reference. Our data confirms that it
IS important and mandatory to prepare local reference intervals separately for males and females.
9.2. Recommendations
v It is better every regions and also every health facility to set their own reference
intervals because they may have difference in geographical, altitudinal and climatic
condition difference
v It is better clinicians to use locally established reference intervals than the reference

interval from text books and other company values.
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Annexes

Aannex I: Informed assent / English version

(The questionnaire is translated into the study participant's local language)

This informed assent form is for children apparently healthy individuals, who are invited to
participate in this study on the reference interval of hematological parameters.

Information Sheet

Introduction: | am Hagos Haileslasie W/haweriat (BSc) studying medical hematology and
Immunohematology at Addis Ababa University College of health science department of medical
laboratory sciences. | am researching the reference interval. 1 am going to give you the
information and invite you to be part of this research. There may be words that you do not
understand. Please ask me to stop as we go through the information and | will take time to
explain.

Title of the project: Establishment of community based hematological reference intervals
among the apparently healthy adolescent’s aged 12-17 years in Mekelle city, Tigrai, North
Ethiopia; A cross sectional study design from December 2018- May 2019

Introduction: You are kindly invited to participate on the establishment of hematological
reference intervals among the apparently healthy individuals in Mekelle City, Tigrai, and
Northern Ethiopia.

Purpose of the study: The purpose of the study is to establish community based hematological
reference intervals which is important to the local population to screen for physiological or
pathological conditions in routine health assessment

Duration: the duration of this study depend on the availability of study subjects and it can take
about 3-5 months. However, specimen from you is collected only once.

Procedures to be carried on: you are invited to participate in the study after giving your
consent by giving blood samples to assess your hematological profiles.

Risks and Discomfort: There will be minor discomfort or feel pain during collection of samples.
During collection of samples from your hand appropriate precaution will be taken and all
samples will be collected by trained health professionals. Appropriate medical care will be
provided to you if needed.

Expected Benefit: the result of the study will be have direct benefit to you since you will be

communicate with your results but there is no any financial benefit to you.
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Confidentiality: Your name will not be written in the questioner and | assure that all the
information you give and the laboratory results will be kept strictly confidential and could only
be accessed by the researcher.

Termination of the study: The participation is based on your voluntary. You can resign
participating in the study at any time. This decision will not affect in any way your current or
future medical care in any health facility.

Agreement

After communicated in detail with guardians/parents about the study procedures and other
related issues, the participant will be kindly requested to put your signature of the agreement.
Your signature indicates that the participant is voluntary to participate in the study.

If you have any question or problems please contact the following address:

Principal Investigator: Mr. Hagos H/slassie (Bsc)

Mobile Phone: +251914404630

Email: hagoshaileslasie78@gmail.com

Advisors:

Dr. Aster Tsegaye (Msc, PhD)

Mobile Phone: +251911696085

Email: tsegayeaster@yahoo.com

Department of Medical Laboratory Science Research and Ethics Committee office

Telephone: +251 11275 5170 37

Certificate of assent

| am voluntary as | have communicated with my guardian/parent about the previous information,
or as | have read it. | have had the opportunity to ask questions about it and any questions that |
have asked have been answered to my satisfaction. My child is assented voluntarily to participate
in your research.

Signature of Participant

Date Day/month/year

Statement by the researcher

I confirm that the participant was allowed to ask questions about the study, and all the questions
asked by the participant have been answered correctly and to the best of my ability. I confirm

38



that the parents/guardians haven’t been coerced into giving assent, and the assent has been given
freely and voluntarily.

Name of guardian/parent taking the assent

Signature of guardian /parent taking the assent

Date

Day/month/year
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Annex I1: Questionnaire (English version)
Questionnaires to be filled by health professionals

Part I. General information

Code Number Region Zone
Sub city Kebele

Part 1. Personal information

1.  Age (in years)
2. Sex
3. Place of Birth
4. For how long (years) did you live in the birth place?
5. How long do you live in this specific area? (If different from the birth place) __ years
No. Questions Responses
Part 111. SOCIO-DEMOGRAPHIC INFORMATION
6. Educational status 1. llliterate
2. Read and write
3. Primary (1-8)
4. Secondary (9-12)
5. College diploma/degree and above
7. Occupation 1. Student
2. House wife
3. Government employee
4. Private employee
5. Farmer
6. Others (specify)
History of common diseases
8. History of diabetes 1. Yes 2. No
9. History of Hypertension 1. Yes 2. No
10. History of Blood transfusion for the last 1 year 1. Yes 2. No
11. History of Hospital Admission for the last 1 year 1. Yes 2. No
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12. History of Surgical procedure for the last three 1. Yes 2. No
years?
13. History of chronic gastritis 1. Yes 2. No
14. History of Malaria for the last 6 months 1. Yes 2. No
15. History of TB for the last two years 1. Yes 2. No
16. History of Cancer 1. Yes 2. No
17. History of Cardiac illness 1. Yes 2. No
18. History of Bleeding disorders 1. Yes 2. No
19. History of allergy 1. Yes 2. No
20. History of Wheezing 1. Yes 2. No

Part IVV. Anthropometric measurement

21. Height (in cm)

22. Weight (in kg)

23. MUAC

in cm (will be interpreted later)

24, Blood pressure (mm Hg)

NB: If a participant answers yes for one of the questionnaire from No. 8 to No. 20 and the

blood pressure is out of 90-120 systolic and 60-90 diastolic except with some preconditions

they cannot include in the analysis.
¢+ We thank you for your cooperation!

Interview Date:

Interviewer’s Name

Signature

41




Annex I11: Questionnaire Amharic version ($aAaPmeP12—17 900+ AU UIGT aPLE)

eTCERkR CON: “ALTIATF®- N 12-17 907 AP PaPbA 1PLPT PMGo1 (@< £I° M-AT P7TT J°CavL-PT
aM7 44.L7M0 A THCAN hG (1ANGFE DT OPlet aPavCavs P 1l T1C aPalt 1M+

PGk TOPLT14: i 72ANAN DARYDCET

ao9](1.9:

MS SOATAT 093 At YeANAG ANAAU- :: PASA ANO LOSNE P&VL 9°4F 1914 (LY Pavav/pg
B-chd,? NLTMROE, JPCaPe-PF ooy 64710 RrHCAN ALTVRTFD- D 12-17 Gavt AP © avb) 1PLPT
WALV 1D

PIPCI°C TSR KATT:

PUNTPS ANCFS NNMSD AT O-OT NGTT TG @ROFA:: JPCaveT ATILI1TE Vav-aTy Aao Y 1AF
AT aPAMIFO7 WA AT18:4E NAFPTT NGB T AT (T AgPhAhd AS AANTLTPT o7
PCIC AT AATPOP PLCIA:: (AL NA1TT PMG ] AD« PANCFE DMyt TIaP8LLL 44470
ATHCAN AT OWIC OO 090090  PPet avapCavs@ eAP::  AAUPIP® PHY TST %A%7 (AIC @-AT
0ANCFS DT 9000 PPt aPavCavgf KRG mST1 Q@+ PLTIRNE, @Myt TIDRLLL 44l
ArFCAN av et 1<

RTFPIRTPEP (HY TF ATTATE/4 AT OALTA/OAZTY &.98TFD7 1M0PA::: NAHLY (HY TGF
Noedtq  (A1TT NANGAS OQT P00+ PPet apapCavs® hS PmGeT A@- PhAZhA ANPE @yt
Tav8LLL 44.L7TN KFCAN ATPOGt ANFPOP WL FLCA/L FINHINAN:: U-EI® Tévt LAD PANCFS
AT AgPOm T ANdAL GF@-::

ePoE AL

PG+ Aoeatq Dt/ 0Pk ANA/ANAT 10 &P PTLONE TPE LMRERYA/AA:: h@+: davi:
Ph2& AG 029° <14t At LOASA:: T7HS ARIPPLC NPPIM@ hd AILTAMTHT AImPePAT:::
O TenT189° 4 TLA. AAC (970 PECA 77700 PTLPT) N0V Ak IC NAPT AG 0°C4, 2 TEOANE, A
L9008, J°Cave-PT7 hTNLSAT::

T.07C hhoemNP:

(LY P 27LA0AN o028 Qoo NTLATC SmPA:: aol% (HY PAPPPrE P NTdPLD- M6, AOATE
077 TANE ALATI?:: PHU TG @t AJHI° SFAN 11C 17 075k HAFLPT AT 1G9 avp @
ALINOP:: TIATLPIET APmOP PHY TGT ANAT v EPFT (HEAL hed OFAd Lzt o(T
LaPPNN: 0LPLE AAFAPTT TIVET ANTNDOP O-mATI® Ahg e (NIPTRHC @A
AtParme 20T APGE +avs TP T ANF 014956 NTLATC RAT P7ln0E SIPSA:: ¢+aJ4 Ot
AUhIPS QAP AFANE P9LTFAD- (FAFEO- 48 NF 10 eHANAND- TPF: GLI19°8CG L9° At
AT ALD-AIC:: N0PRLAT° HACROVFD- O4e-dg PT84« Gar-GP T KNALT (19720hA e NP 7PE
LMm184::
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Tk 220N AT D 8m.S TICTS AdavaviFt:

A7Fe 9219°C NaPamt ?1.8C0 a°mis hAgvavit AFC STAA:: P L9° N7.+40F LH oomis
%G PHOAT ANPa R ASC STAN:: U7 ATE (FFFA apmY AJPL: PAD« RANLRS OATPE 1aPmby®
ANaPavFEY AGvPI0 ATTPNEAT:

LU

Peg° Qoo NT.MALNTF 1LH N6V PLI° avPE leompd® Po1P8@-7 NF N70% AADA 07965 AL
AD« QAP LhSOGA:: (HeRTI49° TPI° AL NPA (13A ATINPIPT PTIRIPE 091,84« 0ALII°CE TFT AS
LI° TP T ANGAS LU apav@ (oot LM ::

TPI] PPIOF

(LY T9T (eAte AT A%, TUPOLTE &IPG TrF 9°Cave- (91247 SmTrE U-sd T10P LFAN::
NAIC OAT OANLFSE OO 990001  PTéAd aPapCavs® KG PG A®« P4oMPNeE, M-t 1908048
44070 RrHCAN ATTA0N 244840 ::

0TSk ATeAte oL

hagiPec: A7t hG L9° 9°Cavs- mS 1 LA @-mvt NHTh NAPLNO OL 177 mS 4%
TANAY/FANLLATE PANGPS @ mAET (19 FTAV/FTLPAN::  LU-T A7E. (LY 7T APATE® U
ALYt hef ALATIP:: AATATEV/V 17 ATIPAIGAT::

PAATE a1t

OHY TG htateh/d eFAIOT vt AThN0 ATRCIAT:: NTITO9° A% PGk @AVt AITLFANS
LU (PP FTTO LD AIANTNT AL (ATPAA MG ATAIACT) IO79° AT ARTT ARLLAIP::

7% hA ATT1LC:

990 G TPE NA P4LI9°CE W AT ¢ £9° Gav-G LAMTIO<7/RAMAD-7 A< PMPP LFAA::
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M5 NAPLPT 271.9°A S0 oL P

aoao/,Q:

NP1 LUTT PO PMPP AGPavAT AAMT LHS TONC ALSEET A1AIAU-:: PHU PA aPm@P AAT]
“NANGFS DAT PTLt aPaPCavs P I TL TIC AS PG AD+ £9° M-AT PTULTF RO RACE, IPCav-PTF oo’y
64.L70 W HCAN h&TURFD- N 12-17 9avt AU 0o 1PSPTF  Aaoict avl8 AaeaNAA 102 PHY TG
707 oot OPGk ol ol i YeANAG (A0 AN RLOCAT PUNIPG ANC-RS HIPUCT hEA PLUL
9°LP TG AP PaPavlP sU4SF@- ANGOT 10+ QAP PACOAL P77 FhhAT avAd 0%k aPhmt

PHU7? TST At LOATA::
AP AU~
hed 1. AmPAL avlB
ne haa HY
nta9/heahtad P00
hGd 2. P94\ avl8
1. AL
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Annex IV: 2A-91hA
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Annex V. Consent form for parents/guardians
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Annex VI. Assent form for Adolescents
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Annex VI1I: Questionnaire Tigrigna version ($a aoavit)
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Annex-VIII. Standard Operating Procedure (SOP)
SOP for Blood Collection
Equipment
v 21 gauge syringe
Blood collection tubes (K,EDTA test tube)

Tourniquet

70% alcohol

v
v
v Box of nitrile/vinyl gloves
v
v Cotton

Laboratory blood sample collection procedure and processing
1. Assemble all the necessary materials for blood collection
2. ldentify and prepare the person for collection
3. Label tubes with the specific identification number
4. Wear the rubber gloves and make the person at comfortable position
5. Tie the tourniquet around the arm of the person just above the bend in the elbow. The
tourniquet should be positioned 7.5 cm to 10 cm above the puncture site.
6. using the tip of the index finger examine the phlebotomy site, feel the vein, and decide exactly
where to place the puncture
7. Disinfect the phlebotomy site by swabbing the skin in small outward circles with alcohol
swab.
8. Insert the needle directly into the vein and withdraw peripheral blood of approximately 4ml in
K,EDTA test tube
9. Withdraw the needle from the vein and cover the puncture site cotton swab and hold pressure
at the puncture site for 3 minutes.
10. Properly discard the used materials in a safe sharp container.
11. Gently mix the blood with the anticoagulant
Urine Reagent strip procedure

v" Dip the test — strip in the urine specimen. Remove the test-strip immediately and let the

excess urine drain off on a paper towel, or tap the edge of the strip
v Read the color change

v Report the result according to the color chart provided by manufacturer
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v

v

Always read the test strip in good white light and ignore color developing on the test area
after the period specified as the reading time of the test

Be careful not to wet the reagent strip excessively. So that the acid buffer from the
protein area runs into the pH area, causing an orange discoloration.

Urine Microscopy procedure

1.

Mix the urine specimen

2. Transfer about 10 ml of urine into a labeled centrifuge tube

3. Centrifuge the specimen at a medium speed (from 1500 — 2000 rpm) for 3-5 minutes
4,
5

Discard the supernatant by quick inversion of the tube

Re suspend the sediment that is at the bottom of the tube, by tapping the tube by your
fingers

Take the sediment by Pasteur pipette from the tube and transfer a drop into the clean and
dry slide

Apply cover slide on the urine sediment that is on the slide.

Put on the microscope and look under 10x objective of the microscope

Then after looking through the low power objective, change the objective in to 40x

objective

10. Then report what you get under low power and high power objective on the laboratory

request form of the patient

Procedure for Formal Ether concentration Technique

1. Wear gloves when handling stool specimens

2.

In a suitable container, thoroughly mix a portion of stool specimen about the size of a

walnut into 10mL of saline solution. Mix thoroughly
Filter the emulsion through fine mesh gauze into a conical centrifuge tube

Centrifuge the suspension at relative centrifugal force (RCF) of 600 g (about 2000 rpm)
for no less than 10 minutes. The suspension should yield about 0.75mL of sediment for

fresh specimens and 0.5 mL for formalized feces

Decant the supernatant and wash the sediment with 10 mL of saline solution. Centrifuge

again and repeat washing until supernatant is clear
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6. After the last wash, decant the supernatant and add 10 mL of 10% formalin to the

sediment. Mix and let stand for 5 minutes to effect fixation
7. Add 1to 2 mL of ethyl acetate, Stopper the tube and shake vigorously

SOP for Sysmex KX-21N hematology analyzer

PRINCIPLE:

The Sysmex KX-21N is a quantitative automated hematology analyzer for in vitro diagnostic use
for determining 17 hematological parameters. Examination of the numerical and/or morphologic
findings of the complete blood count are useful in diagnosis of such disease states as anemias,
leukemia’s, allergic reactions, viral, bacterial, and parasitic infections. The Sysmex KX-21N
analyzer directly measures the WBC, RBC, Hgb, HCT, and PLT, LYM #, MIXED #and NEUT
#. The remaining parameters are calculated or derived, MCV, MCH, MCHC, MPV, RDW-CV
and RDW-SD, and differential percentages LY M%, MIXED%, NEUT%.

The KX-21N counts and sizes RBC and PLT using electronic resistance detection, HCT is
measured as the ratio of the total RBC volume to whole blood using cumulative pulse height
detection. Hgb is converted to methemoglobin, and read photometrically at 555 nm. WBC are
analyzed by direct current and discriminated into a three-part differential using Particle
Distribution Analysis (PDA). The resulting WBC histogram is discriminated into lymphocyte,
neutrophil and mixed cell populations. The middle-size cell population contains Monocytes,
basophiles and Eosinophils.

DC Detection Method

Blood sample is aspirated, measured to a predetermined volume, diluted at the specified
ratio, and then fed into each transducer. The transducer chamber has a minute hole called the
aperture. On both side of the aperture, there are the electrodes between which flows direct
current. Blood cells suspended in the diluted sample pass through the aperture, causing
direct current resistance to change between the electrodes. As direct current resistance
changes, the blood cell size is detected as electric pulses. Blood cell count is calculated by
counting the pulses, and a histogram of blood cell sizes is plotted by determining the pulse sizes.

Also, analyzing a histogram makes it possible to obtain various analysis data
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Non-Cyanide Hemoglobin Analysis Method

To analyze hemoglobin by automated methods, the Cyanmethemoglobin method or
Oxyhemoglobin method have so far been the main stream. Cyanmethemoglobin method was
recommended as the international standard method in 1966 by ICSH (International Committee
for Standardization in hematology). This method, however, is so low in hemoglobin conversion
rate that it cannot be said an appropriate method in the automated process in which multi-sample
processing is the pre-condition. In addition, this method uses the reagent of cyanide compound
which is a poisonous substance and requires waste processing; thus, it can hardly be called an
environmentally favorable method. At present, this method cannot be said suitable for a fully-
automated instrument which is required to handle a large amount of waste. The Oxyhemoglobin
method, on the other hand, is faster in hemoglobin conversion rate; in fact, blood hemoglobin is
converted instantaneously into Oxyhemoglobin. Also, it does not contain poisonous substance as
Cyanmethemoglobin method, making the method suitable for automation. This method,
however, is unable to convert methemoglobin into Oxyhemoglobin. Consequently, when a great
amount of methemoglobin is contained as in control blood, lower-than-real values result,
although usual human blood poses no problems.

Non-cyanide hemoglobin analysis method utilizes the advantages of both of the above
methods. Non-cyanide hemoglobin analysis method rapidly converts blood hemoglobin as
the Oxyhemoglobin method and contains no poisonous substance, making it suitable for
automated method. Being capable of analyzing methemoglobin, this method can accurately
analyze control blood, etc. which contain methemoglobin.

Reagents

Cell Pack: - is a whole blood diluent for use in the determination of hemoglobin and electric
counting and sizing of blood cells. Its ingredients are: sodium chloride, boric acid, sodium tetra
borate, and K,EDTA.

Stromatolyser WH: - is ready to use lysing reagent to analyze the leucocytes by lysing the RBC
and left the WBC free and easy to count; whole blood sample by resistance measurement and
photometric measurement and its ingredients are: nonionic surfactant, organic quaternary
ammonium salt.

Cell Clean: - is a strong alkaline detergent to remove lysing reagents, cellular residuals and

blood proteins remaining in the hydraulics of Sysmex analyzer.
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Reagents preparation: Reagents are commercially prepared.
Reagents stability and storage: All reagents are stable at room temperature up to their expiry
date.
Supplies

e Disposable glove

e BD Vacutainer tube (K;EDTA anticoagulant tube)

e Drygauze

e Cotton Swab

e Vacutainer

e Needle with holder

e 70% Ethanol alcohol

Tourniquet
Equipment’s:
e Sysmex KX-21N
e Electrical blood mixer
e Electrical power stabilizer (500 or 1000 w)
Sample
e Whole blood specimen collected in K,EDTA anticoagulant tube.
Amount required
% of the collection test tube (4ml)
Transport and Storage: 2-8 °c
Aspiration
e Whole blood mode- Approximately 50ul
e Pre-diluted mode-Approximately 20pl
Dilution
In pre-dilution mode a sample is diluted in to 1:26 before analysis.
Instrument dilution

In whole blood mode

e The dilution for Hgb and WBC 1:500
e The dilution for RBC 1:25000
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In pre-dilution mode

The dilution for Hgb and WBC is 1:1000
The dilution for RBC is 1:25000

CBC Analysis using Sysmex KX-21N
WBC/HGB Analysis procedure
In WBC and Hgb analysis, the volume of WBC and hemoglobin in the blood are measured.

The flow of WBC/Hgb analysis is described below:
Whole Blood Mode

1.
2.

Blood is aspirated from the sample probe into the sample rotor valve.

6 ul of blood measured by the sample rotor valve is transferred to the WBC transducer
chamber along with 1.994 mL of diluents. At the same time, 1.0 mL of WBC/Hgb lyse is
added to prepare 1:500 dilution sample. When the solution is made to react in this status
for approximately 10 seconds, RBC is hemolyzed and platelets shrink, with WBC
membrane held as they are. At the same time, hemoglobin is converted into red colored
methemoglobin.

Of the diluted/hemolyzed sample in the WBC transducer chamber, approximately 1 mL
is transferred to the Hgb flow cell.

500 pl of sample in the WBC transducer is aspirated through the aperture. The pulses
of the blood cells when passing through the aperture are counted by the DC detection
method.

In the HGB flow cell, 555 nm wavelength beam irradiated from the light emitting
diode (LED) is applied to the sample in the HGB flow cell. Concentration of this
sample is measured as absorbance. This absorbance is compared with that of the
diluents alone that was measured before addition of the sample, thereby calculating

HGB (hemoglobin value).

Pre-diluted Mode

1.

Blood sample that was diluted beforehand to 1:26 dilution using CELLPACK. This
sample is aspirated from the sample probe into the sample rotor valve.

78 pl of diluted blood measured by the sample rotor valve is transferred to the WBC
transducer chamber along with 1.922 mL of diluents. At this time, 1.0 mL of WBC/HGB
lyse is added to prepare 1:1000 dilution sample. When the solution is made to react in
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this status for approximately 10 seconds, RBC is hemolyzed and platelets shrink, with
WBC membrane held as they are. At the same time, hemoglobin is converted into red
colored methemoglobin.

3. Of the diluted/nemolyzed sample in the WBC transducer chamber, approximately 1 mL
is transferred to the Hgb flow cell.

4. 500 pl of sample in the WBC transducer chamber is aspirated through the aperture.
The pulses of the blood cells when passing through the aperture are counted by the DC
detection method.

5. In the Hgb flow cell, 555 nm wavelength beam irradiated from the light emitting
diode (LED) is applied to the sample in the HGB flow cell. Concentration of this
sample is measured as absorbance. This absorbance is compared with that of the
diluents alone that was measured before addition of the sample, thereby calculating
HGB (hemoglobin value).

RBC/PLT analysis procedure
In RBC/PLT analysis, RBC and platelet count in the blood are measured. The flow of
RBC/PLT analysis is described below:
Whole Blood Mode
1. Blood is aspirated from the sample probe into the sample rotor valve.
2. 4.0 pl of blood measured by the sample rotor valve is diluted into 1:500 with 1.996
mL of diluents and brought to the mixing chamber as diluted sample. (1st step dilution)
3. Out of the 1:500 dilution samples, 40 uL is measured by the sample rotor valve, diluted
into 1:25000 with 1.960 mL of diluents, and then transferred to the RBC/PLT transducer
chamber. (2nd step dilution)
4. 250 pl of the sample in the RBC/PLT transducer chamber is aspirated through the
aperture. At this time, RBC and PLT are counted by the DC detection method.
At the same time, HCT (hematocrit value) is calculated by RBC pulse height detection
method.
Pre-diluted Mode
1. Blood sample that was diluted beforehand to 1:26 dilution using CELLPACK. This

sample is aspirated from the sample probe into the sample rotor valve.
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2.

2.08 pl of diluted blood measured by the sample rotor valve is transferred in 1.99792
mL of diluents to the RBC/PLT transducer chamber, and is made into 1:25000 dilution
samples.

Of the sample in the RBC/PLT transducer chamber, 250 pL is aspirated through the
aperture. At this time, RBC and PLT are calculated by the DC detection method. At
the same time, HCT (hematocrit value) is calculated by RBC pulse height detection

method.

Calculation of RBC Constant

RBC constant (mean RBC volume, mean RBC hemoglobin, mean RBC hemoglobin
concentration) is calculated from RBC, HGB, and HCT.

1.

Mean RBC Volume (MCV)
Calculation is made from RBC and HCT by the formula below:
MCV (fL) = HCT (%) x10
RBC (x10%/ul)

Mean RBC Hemoglobin (MCH)
Calculation is made from RBC and HGB by the formula below:
MCH (pg) =HGB (g/dL) x10

RBC (x10%/ul)
Mean RBC Hemoglobin Concentration (MCHC)
Calculation is made from HCT and HGB by the formula below:
MCHC (g/dL) = HGB (g/dL) x100

HCT (%)

General analytical procedure

1. Mix the sample sufficiently

2. Remove the plug while taking care not to allow blood scatter

3. Set the tube to the sample probe and in that condition, press the start switch

4. The buzzer sounds two times - "beep, beep” - and when the LCD screen displays "Analyzing,

“remove the tube. After that, the unit executes automatic analysis and displays the result on the

LCD screen. Then the unit turns to the Ready status, becoming ready for analysis of the next

samples.
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5. When the LCD screen displays "Ready,” prepare the next samples and repeat the above
procedures. To analyze the sample in Pre diluted Mode, first switch the analyzer to Pre diluted

mode and follow the procedure as Whole Blood analysis.

Pediatric Reference Range

Parameter Reference range
Red Blood Cell Count Men 4.2 5.6 x 10"l
Female 4.1-5.3x 10"/
Haemoglobin
Men 12.5-16.1 g/di
Female 12 — 15 g/dI
Haematocrit
Men 3647 %
Female 35-45%
Mean Cell Volume
Male 78 — 95 fl
Female 78 — 95 fl
Mean Cell Haemoglobin
Male 26 — 32 pg
Female 26 — 32 pg
Mean Cell Haemoglobin Concentration
Male 32 - 36 g/dI
Female 32 — 36 g/dl
Red Cell Distribution Width
Male 11.8-156 %
Female 11.8-15.6%
White Blood Cell Count (WBC)
Male 4.5-13 x 10%/1
Female 4.5-13 x 10%/1
Differential White Cell Count
Neutrophils 40— 80 % (2 - 7 x 10%/1)
Lymphocytes 20 — 40 % (1 — 3 x 10%/1)
Monocytes 2-10 % (0.2 — 1.0 x 10%/1)
Eosinophils 1-6% (0.02 - 0.5 x 10%/1)
Basophils <1-2% (0.02 - 0.1 10/
Platelet Count 140 — 385 x 107/
MPV
Female 7.2-10.4 fl
Male 7.5-11.51l
PDW 9-14 fl
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Quality Control

The reliability of this instrument and reagents is monitored by quality control. By use of control
blood or control materials the stability of the measured value is monitored over a certain period
of time, and problems can be detected early or prevented.

Control material

The control materials, EIGHTCHECK-3WP-N (Normal), EIGHTCHECK-3WP-L (Low level)
and EIGHTCHECK-3WPH (High level) are used. These are equivalent to Low, Normal and
High level.
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