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Abstract

Background: Reference Intervals (RIs) are important tools to differentiate health and disease
individuals. Establishment of RIs specific for a given area is highly recommended, since RI vary
from place to place based on genetics, lifestyle, environmental and nutritional factors. Although
few studies have been conducted in Ethiopia to determine RI for clinical chemistry in the Amhara
region and Gilgel gibe, they are limited to the specific population and there is no such study
conducted in Tigrai. Therefore; this study aimed to determine RIs for selected clinical chemistry
parameters among apparently healthy adult individuals in Mekelle city, Tigrai, Northern Ethiopia.

Objective: To determine community-based reference intervals for selected clinical chemistry
parameters among apparently healthy adult individuals in Mekelle city, Tigrai, Northern Ethiopia
from December 2018 to May 2019.

Method: A cross-sectional study was conducted to establish RI for selected clinical chemistry test
among apparently healthy adult individuals in Mekelle city, Tigrai, Northern Ethiopia from
December 2018 to May 2019. A total of 344 apparently healthy Study participants were selected
based on structured questionnaire, physical examinations, parasitological, and urinalysis. SPSS
version 23 was used to analyze the data. Rl was determined using 2.5" and 97.5" percentiles and
P value < 0.05 was considered as statistically significant.

Result: A RI was established for ten clinical chemistry tests. Among them, three parameters had
no sex difference [total protein (5.9-8.25 g/dl), albumin (4.3-5.5 g/dl) and fasting blood sugar
(73.7-115mg/dl)]; whereas the other seven had a statistically significant between the sexes:
alkaline phosphatase (U/L) [49.3-152 and 58.3-178.6], alanine aminotransferase (U/L) [4.2-23.6
and 5.2-33], aspartate aminotransferase, (U/L) [12.3-34.1 and 15.2-36.74], bilirubin direct (mg/dl)
[0.0114-0.553 and 0.019-0.606], bilirubin total (mg/dl) [0.075-0.84 and 0.15-1.08], Urea (mg/dl)
[8.05-22.85 and 8.7-26.075], and creatinine (mg/dl) [0.46-0.96 and 0.42-1.153] for female and
male respectively.

Conclusion: There was a significant difference for ALP, ALT, AST, BIID, BilT, Urea and
creatinine between sexes. This finding is important to improve the health system by providing
accurate RI.

Keywords: Clinical chemistry tests, Clinical tests, Ethiopia, Reference interval, and Reference

value
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1. Introduction

1.1.Background

Evidence-based laboratory medicine is an important part of modern laboratory medicine practices
(1). 1t is expected that clinical laboratory data influence 70% of clinical decisions; often providing
significant information for healthcare providers in the prevention, diagnosis, treatment, and

management of disease (2).

The concept of reference values was introduced in 1969 by Grasbeck and Saris to describe
fluctuations of blood analyte concentrations in well characterized groups of individuals. It is first
introduced as a philosophy, has gained universal acceptance as one of the most powerful tools in
laboratory medicine to aid in the clinical decision-making process (3).

Health and disease can be differentiated by accurate and reliable reference intervals (RIs) of
clinical laboratory testing (4). A correct interpretation of laboratory test results with appropriate
diagnostic accuracy requires reference values from the appropriate population. Also, the ability to
enroll in clinical studies and the interpretation of results from those studies all hinge on using the

appropriate reference (5).

Reference intervals are typically established by assaying specimens from a sample group of people
who meet carefully defined criteria, which must be spelled out and made available or use by others
(6). Standard methods for determining the reference interval are to define and obtain a healthy
population of at least 120 individuals and use nonparametric estimates of the 95% reference

interval (4).

Clinical biochemistry reference interval defined as the 2.5" and 97.5" percentiles of a healthy
population’s distribution (7) and used both in the clinical and research environment which is
important for accurate interpretation of laboratory data (8). It is hard to underestimate the
importance of clinical laboratory test results. A test result by itself is of little value unless it is

reported with the appropriate information for its interpretation. (9).



Clinical laboratory reference intervals are an important tool for identifying abnormal laboratory
results and providing assistance to clinicians in creating a more comprehensive clinical perspective
for diagnosis and ultimately guiding patient management decisions (8). This means that there is
no universal definition of what should be regarded as normal and that it is important to define RIs

that are suited to the respective population (10).

Laboratory reference intervals for healthy populations have not been established in most African
countries. A common practice in these countries, including Ethiopia, is to use reference intervals
derived from peoples living in Europe or the United States (US). studies have shown the difference
between clinical reference intervals in the African population as compared to those established in
western countries (11-13) several studies have also reported that laboratory parameters vary
geographically by ethnic origin, genetics, gender, altitude and environmental factors (11, 12, 14-
16). Some Studies on reference interval in Kenyan adults, Tanzanian populations, and healthy
adult population of Ethiopian showed a notable difference when related to reference values from

European countries (17-19).

It is important that reference values are established from appropriate and pertinent populations
(20). To establish appropriate RI, the International Federation of Clinical Chemistry (IFCC) and
Clinical and Laboratory Standards Institute (CLSI) recommend that RI should be derived locally
(10).



1.2.Statement of the problem

Establishing reference intervals has always been a challenge due to significant differences that
may exist in disease frequencies, among ethnic groups, genders, and ages. Lifestyle, environment,
and genetics; specimen collection techniques, test performance, and test interpretation may also
contribute to the diference (9).Producing reference intervals for a general population is a major
challenge, as it requires selecting the appropriate reference population and recruiting individuals

who represent relevant demographic groups that meet the inclusion criteria (21-23).

Laboratory reference values for populations from western countries are commonly available in the
scientific literature textbooks and on the World Wide Web. However, there is lack of published
data about laboratory parameters for populations living in tropical sub Saharan Africa (18), and

non locally derived Rls are usually used for diagnosis and research purpose (24).

International guidelines recommend that reference intervals are needed for all tests in the clinical
laboratory. However, the majority of clinical laboratories in the world adopt RIs established by
manufacturers, rather than developing their own (25). International organizations also recommend
that population-specific clinical laboratory RIs should be established because gender, age,
ethnicity, race, diet, geographical location, and other factors could affect the physiological value

of biochemical parameters (26).

There was obsrved difference in the reference intervals of clinical chemistry parameters among
different African countries, Caucasian and ethinic group in one country. This may lead to
misdiagnosis, inappropriate patient management, and unnecessary use of resources (10, 27-29).

Physicians depend on the availability of appropriate and reliable reference intervals to accurately
interpret laboratory test results combined with medical interview and clinical examination.
Although health professionals recognize the importance of reference intervals, many laboratories
still do not have reference ranges that are specific for their typical patent populations. There is
significant gaps in the available reference intervals due to intervals cited in the literature were
obtained using older methodologies and instrumentation and cover a specific range of age groups

or a relatively small number of samples (9).



Although few studies have been conducted in Ethiopia to determine reference Interval for clinical
chemistry in the Amhara region and Gilgel gibe (19, 30, 31), they are limited to the specific
population and there is no such study conducted in Tigrai regional state. Besides, the Studies
conducted in Ethiopia reported a significant difference in laboratory reference ranges compared
with those of other African countries and industrialized [(19, 30). Therefore; This study aimed to
determine reference intervals for clinical chemistry parameters among apparently healthy adult

individuals in Mekelle city, Tigrai, Northern Ethiopia.

1.3.Significance of the study
This study will benefit health professionals and other stakeholders since, it provides local RI for

proper diagnosis, management, treatment and follow up of their customers. It also used to avoide
the risk of either unnecessary investigations or failure to detect disease.

The population of this study area will not waste unnecessary money and time due to misdiagnosis.
Inaddtion to that the chance of affecting by side effect of druges due to miss treatment will be
decreased.

This study can serve as a baseline for further study in the region and also in the country.



2. Literature review

A major need for laboratory medicine and clinical chemistry personnel, in particular, is to provide
the clinicians updated & appropriate information in Reference Values. The introduction of the
concept of Reference Values and Reference population simplifies the task for laboratories (32).
Some of the literature conducted on reference intervals in different countries, including Ethiopia

are indicated below.

A combined reference values for adults determined at the Massachusetts General Hospital (MGH)
for alkaline phosphatase (ALP) [30-120 U/L], alanine aminotransferase (ALT) [0-35 UI/L],
aspartate aminotransferase (AST) [0-35U/L], Bilirubin direct (BilD) [0.1-0.3 mg/dl],bilirubin total
(BilT) [0.3-1 mg/dl], Total protein(TP) [5.5-8 g/dI] ,Albumin(ALB) [3.5-5.5 g/dl], creatinine (Cr)
[0-1.5 mg/dl], Blood urea nitrogen (BUN) [10-20 mg/dl],and Glucose (GLU) [4.2-6.4mmol/I] (33).

A study carried out for Development of reference intervals for serum alkaline phosphatase among
adults in Southern China traced to the new IFCC reference measurement procedure, a Serum ALP
concentration was obtained from the cohort of eligible reference individuals (n=658). The RI for
serum ALP in males age 18-79 years was 48-131 U/L. Females were partitioned into two age
groups based on statistical analysis, 18-49 years and 50-79 years, and the RIs derived were 40—
106 U/L and 57-159 U/L, respectively. The results demonstrated that overall the values obtained
were comparable to reported values except in the case of women in the age range of 50—79 years
where values were generally higher. Thus, serum ALP levels were found to be associated with age
and gender. Besides, the reference limits established in this study were slightly higher for males
than females at age 18-49 years, but slightly lower for males than females at age 50-79 years.
These results may be due primarily to physiological changes associated with female climacteric
when changes in hormone secretion critically affect bone (calcium and phosphate) metabolism
(34).



A study carried out in China for the determination of Reference intervals for serum creatinine
levels in the healthy adult population from the age of 18 to 59, the selected participants were
divided into different groups by every ten years for an age group. Cr values did not show a
statistically significant difference (P > 0.05) among the four groups (18-29, 30— 39, 40-49 and
50-59 years) in both genders in our study. Therefore, these four groups were combined into 1
group (18-59 years). The 2.5" and 97.5" percentiles of the Cr levels for adult (18-59 years) was
59 pmol/Il- 91 pumol/I for male and 40.9 pmol/I- 65.8 pmol/I for female (35).

A study performed in Kenya for adult population, the result of the reference ranges for ALT, AST,
ALP, ALB, TP, Cr, GLU, and BUN, were [ 0-39 U/L and 0-34 U/L], [(6-40) U/L, and (3-37)
U/L], [(13-201) U/L and (5- 227) U/L], [ (29-52) g/L, and (28-50) g/L], [(57-89) g/L and (56-88)
g/L], [ (59-127) umol/L, and (54-122) umol/L]; [(2.8-6.8) mmol/L and (2.6-7) mmol/L], [(1.5-
5.9) mmol/L and (1.2-6.0) mmol/L] for male versus female respectively. Age differences in the
established reference ranges were observed in ALT, ALB, ALP, and Cr in males and ALT, ALB,
and Cr in females. Gender differences were observed in ALT, AST, ALB, and Cr in the 18-28-
year-old; ALT, AST, and ALB in 29-39-year-old, and AST and ALB, in 40-50-year-old (36).

A study performed in the northern rift valley of Kenya, the established reference value for adult
male and female was as follows: BUN (1.8-5.8 mmol/L and 1.9-6.1 mmol/L), and Cr (48-85
pmol/L and 56-99 umol/L), for female and male respectively. The result of BUN shows no
significant sex differences while Cr showed significant sex differences (P<0.05). The observed
variation in renal function test reference values developed in this study compared to reference
range values for the same parameters from other locations suggest variations in analytical methods
in addition to ethnic composition and ecological parameters. The higher reference range value for
Cr compared to those of other locations could be due to genetic factors and environmental factors.
The different lifestyles and genetic composition of the populations could also explain the
differences (37).



A study entitled by population-based reference intervals for common blood Haematological and
biochemical parameters in the Akuapem north district, Ghana, the concentrations of the liver
enzymes, ALT, AST and ALP, and serum Cr were significantly higher in males than females. The
RIof ALT (U/L)[9.5-39.2 and 11.6 —53.1], AST (U/L) [15.5 - 46.5 and 18.7 — 65], ALP (U/L)
[124 — 479 and 98 — 316], and Cr (mmol/L) [ 70 — 121 and 81 — 141] for females and males
respectively. The distribution of Bilirubin, Albumin and Urea did not differ significantly between
males and females. The RI of BilD ( mg/dL) [0-0.6), BilT ( mg/dL) [ 0.1-1.4], ALB (g/LI)[ 4.6 —
6.8], and Urea (mmol/L ) [1.7 — 7.2]. Occult hepatic insults from subclinical viral infections or the
usage of herbal preparations may contribute to the differences seen between the values reported
here and those in standard clinical texts. Diet, physical environment and socio-economic
conditions all affect the physiology of a population, and hence measures of ‘normal’ physiological
functions are expected to differ from population to population (38).

A study conducted in Maputo, Mozambique, on reference value for clinical parameters in young
adults, the chemistry values were comparable to US values, with few exceptions. The upper limits
for ALT, AST, and BIlT, were higher than those from the US. There was a statistically significant
difference between genders in all clinical chemistry analytes. Males had significantly higher levels
of BilT, GLU, AST, ALT, ALB, Urea, Cr, and ALP than females. The Maputo values were lower

compared to western Kenya in the same age group (39).

Table 1: Reference interval (2.5" -97.5" percentiles) for the young adult in Maputo city,
Mozambique, May 2004

Analyte Male Female
Bilirubin total(umol/L) 5.8- 36 4-22.5
Glucose(mmol/L) 3.1-5.7 3.2-5.3
ALT(U/L) 6.5- 53.2 4.8-38.5
AST (U/L) 16.8- 45.5 13.5- 37
ALP (U/L) 97.7- 266.1 91.4- 240.6
Albumin (g/L) 43.4-55.2 40.1- 52.6
Creatinine (umol/L) 58.2- 109 45- 86.6
Urea (mmol/L) 1.8-5.8 1.3-5.1



A study conducted in Middle Belt of Ghana for determination Haematological and Biochemical
Reference Values for Healthy Adults, males had significantly higher ALT of 8-54 against 6-51
U/L (p<0.0001), AST of 17-60 against 13-48 U/L (p<0.0001), ALP of 101-353 against 82—293
U/L (p<0.0001), and Cr of 56119 against 47-110 mmol/L (p<0.0001) compared to the females.
Although the definite cause of higher liver enzymes in their population is unknown, there is the
possibility of this being due to subclinical viral infections or the levels of usage of herbal
preparations. On the use of herbal preparations, it has been estimated that the first line treatment
for 60% of children with fever resulting from malaria in Ghana, Mali, Nigeria, and Zambia is the
use of herbal medicine at home. Screening for Hepatitis viruses was also not performed in this
study (40).

A study entitles with Adult Hematology and Clinical Chemistry Laboratory Reference Ranges in
a Zimbabwean Population, from a total of 769 adults (54% males) aged 18 to 55 years were
included in the analysis. The median age was 28 years and they established clinical chemistry Rl
for 24 analytes. ALB (4.1-5.5¢g/L and 4.5-5.9 g/L), ALP (39- 131 IU/L and 49-149 IU/L), ALT
(5- 35 IU/L and 9-58.8 1U/L), AST (12-40 IU/L and 17-57 1U/L), BilD (0-0.3 mg/dl and 0-0.4
mg/dl), BilT ( 0.2-1.1 mg/dl and 0.3-1.6 mg/dl), Cr ( 0.5-1.1 mg/dl and 0.7-1.3 mg/dl), TP (6.8-
9.4 g/l and 71-93 g/l), Urea (3.9-15.4 mg/dl and 4.8-15.4 mg/dl), and random GLU (63.5-99 mg/dl
and 61-103 mg/dl). Males had higher levels of urea, Cr, TP, ALB, and liver enzyme levels
compared to females (p<0.001). BilD from this study was higher compared to the existing
reference ranges. High creatinine in males compared to females is expected and explained by a
greater skeletal, muscle and bone mass in males. In this study infectious diseases are not screened,

such as malaria and helminths. Glucose testing was not fasting (41).

A study carried out in Rwanda for estimation of reference values for serum protein and electrolytes
using laboratory-based cross-sectional study, the result of mean and RI (2.5" - 97.5") is obtained
as follows: TP(g/dl) [7.3 (6.3-8.4) and 7.3 (6.3-8.5)]; ALB(g/dl) [4.3 (33.1-5.2) and 4.1 (3.2-5)];
globulins(g/dl) [3.1 (2-4.2) and 3.2 (2.1-4.2)] for male and female respectively. The value of total
protein and albumin is comparable to the classical level reference range. This may be due to well-
nourished study participants, and deviations from classical ranges with a higher proportion of
globulins would be expected in rural undernourished populations with a higher prevalence of
infectious diseases. Our RI particularly total protein level is wider than the other published Rls.



This is probably due to a difference in the precision of analytical methods and sample size. With

a greater sample size, the standard deviation (SD) decreases leading to narrower R1 (42).

A study conducted in Uganda a Chemistry reference intervals were established for analytes
including liver function tests, and renal function tests. Those are : ALB (3.7- 5.2 g/dl vs 3.9-
5.4g/dl), ALP (47- 160 U/L vs 42-159 U/L), ALT (5.3- 39.9 U/L vs 7.2-43.3 U/L), AST (11.4-
28.8U/L vs 13.2-35.9 U/L), BilD (0-0.4 mg/dl vs 0.1-0.5 mg/dl), BilT( 0.3-1.9 mg/dl vs 0.4-2.6
mg/dl), Cr ( 0.5-0.9 mg/dl vs 0.6-1.2 mg/dl), TP (6.8-9 g/dl vs 6.5-8.9 g/dl), and BUN (4.4-
14.1mg/dl vs 4.7-15.8 mg/dl) for female versus male respectively. There were statistically
significant (p<0.05) differences between men and women. Most tests were in agreement with
reference intervals published in the US with few exceptions. History of tobacco use, diet, alcohol
consumption, fasting status, exercise history, genetic or environmental factors, occupation and

socio-economic status could not be obtained and utilized in this study (43).

A study performed in 2014 on normal adult Nigerians a comprehensive reference range for
hematology and clinical chemistry laboratory parameters, a reference interval was established as
follows: BUN (mmol/L) [2.2— 4.8 and 2.5 — 5.8], Cr (umol/L) (76.3-111.1 and 63-117.8], GLU
(mmol/L) [3.7-7.9 and 4.2-9.6), AST (U/L) [26.0-49.4 and 22.0-58.4), ALT( U/L) [17.3_48.4
and 19.0-38.0], BilT (umol/L) [3.42-17.1 and 0.3-10.6] respectively for male and female. There
was a significant difference by gender for Cr, and BUN (p<0.05). Liver enzymes in this study
show no significant variation except Bil T which is high in males than females (p = 0.000), although
values for females are slightly higher. The significant differences between males and females, and
across countries in clinical chemistry reference ranges illustrated by this study emphasizes the need

for such comprehensive establishment of reference values for different populations (44).

A study entitled by biochemical profile at Gilgel Gibe field research center, southwest Ethiopia
shows the following result. The 95-percentile range of total serum protein was 4-11.4 mg/dl for
men and 4.6-11.7 mg/dl for women. The 95% percentile range for FBS were 66-133 and 68-129
mg/dl for men and women respectively. The mean ALT and AST level of the study population
were 27.9 U/L and 31.0 U/L for men and 26.6 U/L and 30.2 U/L for women, respectively. In most
age strata, the mean ALT value was higher for men than women. The mean value of ALP was
187.4 U/L for men and 199.5 U/L for women. The highest values of ALP, 227.9 U/L for men and



214.9 U/L for women were observed in the age group of 15-24 years. Distribution of FBS by age
showed an increasing pattern which might be explained by the expected relative reduced insulin
sensitivity with increasing age. The difference between rhis study and the other studies may be
due to the variability between subjects by age, sex, geographic, environment and genetic variation

besides the design and sample effect (31).

A study conducted in Gojjam zone northwest of Ethiopia, after careful screening of a total of 799
apparently healthy adults who were consented for this study, complete data from 446 (224 females)
were included for the analysis and the established reference interval for ALP (U/L), ALT (U/L),
AST (U/L), BilD (mg/dl), BilT (mg/dl), Cr (mg/dl) and TP (g/dl) was 49-236 versus 55.3-237.2;
3— 30 versus 6— 44.6; 6- 32.1 vesus 10.5— 39; 0.012-0.714 vesus 0.0234-0.84; 0.21-2.2 versus
0.275-2.2; 0.245-1.083 versus 0.197-1.29; 5.32-8.6 versus 5.32-8.6 respectively for female and
male. Males had high (P<0.05) mean and 2.5" - 97.5" percentile ranges of ALT, AST, ALP, Cr,
and BilD. The reference intervals of TP and BilT were not significantly different between the two
sex groups. Significant (P<0.05) higher values of the ALT, ALP, and TP were observed in people
living in high land compared to low land residences. The possible reasons for the variation may be
due to lifestyle, nutritional, geographical, and environmental factors. The possible reason for the
result of this study from western is climate, gender, a month of study and geographical location
(19).

A study conducted in Amhara national state, Ethiopia on blood donors, a RIs were established
for ALT(U/L) [5.13-42.88 and 4.3-37]; AST(U/L) [12.13-46.88 and 10-43.8]; ALP(U/L) [77.2—
475.8 and 89— 381]; BilT(mg/dl) [0.11-1.18 and 0.08-0.91]; Cr(mg/dl) [0.48-1.13 and 0.47-1.09];
TP(g/dl) [5.7-9.7 g/dl and 5.6-9.47]; and Urea(mg/dl)[12-43 and 10-38.7] for male and female
respectively. There were statistically significant higher RI in males as compared to females in
clinical chemistry parameters. Except for ALT, there was a variation in the reference interval
between this study and the other study conducted in the region in the Gojjam zone. The variation
may be due to geographical location, demographic, and this study was conducted mainly in young
adults. Besides, it may be due to variations in the analytical method, equipment, and reagents used.
Some analyses of the upper limit of this study (ALP, albumin, and direct bilirubin) are higher than
Uganda, Tanzania, Ghana, and the US. The other factors for the variation for those may be

ethnicity, lifestyle, nutrition, culture, seasonal variation and the prevalence of disease (30).
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3. Objective

3.1.General Objectives

To determine community-based reference intervals for selected clinical chemistry parameters

among apparently healthy adult individuals in Mekelle city, Tigrai, Northern Ethiopia from

December 2018 to May 2019.

Specific Objective

v To determine sex specific reference interval of clinical chemistry tests among apparently
healthy adult individuals

v" To compare the reference interval between females and males

11



4. Materials and Methods

4.1. Study area

This study was carried out at Mekelle City from December 2018 to May 2019. Mekelle is the
Capital City of Tigrai Regional State and is located in the Northern part of Ethiopia, at 783 km
from the Capital City of Ethiopia, Addis Ababa, with an elevation of 2,254 meters above sea level.
Mekelle City is administratively divided into seven sub-cities as follow: Semien, Kedamay
Weyane, Hawelti, Ayder, Hadnet, Adi Haqi, and Quiha. According to the projected Central
Statistical Agency of Ethiopia (CSA), the town of Mekelle City has a total of population of 310,436
people. Our study was conducted in three sub-cities (Ayder, Hawelti, and Semien) and the sample
was collected from the eligible apparently healthy individuals and was transported to Tigrai Health
Research Institute for analysis which is found in Hawelti Sub-city (45).

4.2.Study design and period

A cross-sectional study was employed to determined the parameters of clinical chemistry reference

intervals in Mekelle city, Tigrai,Northern Ethiopia from December 2018 to May 2019.
4.3.Population

4.3.1. Source population

The source populations for this study were all adult individuals who live in Mekelle city, Tigrai,
Norhern Ethiopia.

4.3.2. Study population

The study populations were all adult individuals aged from 18 to 60 years who live in Mekelle
city, Tigrai, Norhern Ethiopia those fulfilling eligibility criteria.

4.4.Inclusion and exclusion criteria

4.4.1. Inclusion criteria

Apparently healthy individuals aged from 18 to 60 years, both sexes who lived at least 5 years in

the study area were included in the study.
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4.4.2. Exclusion criteria

» Individuals who have a history of any acute and chronic illnesses like diabetes mellitus,
chronic renal insufficiency, hypertension, ischemic heart disease, anemia, thyroid, liver
diseases, cancer of any type

> Individuals taking pharmacologically active substances: all prescription drugs, and have a
habit of smoking and alcohol consumption

> Individuals who donated blood within the previous 3 months

» Individuals who received blood transfusion within the previous 1 year

» Individuals who had Hemoparasite and intestinal parasite

» Pregnant women
4.5.Study variable
45.1. Dependent variable

» Clinical chemistry parameters (AST, ALT, ALP, FBS, ALB, TP, BilD, BIlT, Cr, and urea)
4.5.2. Independent variable

> Sex
4.6.Sample size determination and sampling technique

4.6.1. Sample size determination

The Clinical Laboratory Standards Institute (CLSI) guideline for the global application which was
developed through the Clinical and Laboratory Standards Institute consensus process was

employed.

CLSI recommends that the best means to establish a reference interval is 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) (46). The dominant form of partitioning applied
in clinical laboratory medicine is by social consensus, usually adult age individuals begin from 18
age to the age of retirement which is about 60 (47). According to previous studies in other African
countries, in such studies about 30% of the apparently healthy population (16) do not qualify for
reference interval determination for various reasons when tested for the common viral infections
and syphilis. Considering a 30% exclusion from data analysis, to reach the CLSI recommended a

total sample size of 240 for the reference interval determination, a total of 344 individuals was
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enrolled (i.e., 30 % x 344=104 to be excluded during data analysis; 344-104=240); thus, giving a

total minimum sample size of 344.

Thus, 344 participants were recruited from Mekelle city. The study participants were selected
using a multistage sampling technique by considering the sub-city as a primary sampling unit and
then households the final selection units. One individual in the household fulfilling the eligibility

criteria and willing to participate was included.

4.6.2. Sampling technique

Three sub cities from the total seven sub cities in Mekelle city (Ayder, Hawelti, and Semen)
through a simple random sampling method and then the total sample (344) was categorized based
on the relative household size in each sub city. The total household numbers of the 3 sub cities
were 68,477 (18266, 33319 and 16892 in Semen, Hawelti and Ayder respectively). The total
sample size was distributed to each sub city by probability proportional to size(PPS) method based
on household. The allocated sample size(household) to Semen, Hawelti, and Ayder were 92, 167
and 85 respectively. In each sub city, there were 5 kebeles, and then we also allocte the sample to
each kebele based on the size of the household. After that, data and specimens were collected from
each kebele based on systematic sampling technique (K™). Individuals in every K" household were
approached at their households through health extension workers. If more than one participants
were present in one household, simple random sampling technique was used to select one
individual. The table below shows the number of individuals that has been recruited from each
kebeles.

Table 2:Total number of houses hold and specimen that was recruited per each Kebele at
Mekelle, 2019

subcity  Kebele Total number  Total number of male female

of household  samples recruited

Semen Mesfin 4615 24 12 12
Dedebit 2870 14 7 7
Yekatit 3216 16 8 8
Industry 2451 12 6 6
Meles 5114 26 13 13
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Total 18266 92 46 46

Hawelti ~ Selam 3397 18 9 9
Hayelom 4614 24 12 12
Adi Shimduhun 8793 44 22 22
Momona 7731 38 19 19
Hidase 8784 44 22 22
Total 33319 168 84 84

Ayder Sertse 3483 16 8 8
Ginbot 20 3487 18 9 9
Marta 3637 20 10 10
Adi ha 5046 24 12 12
Maryam Dihan 1239 6 3 3
Total 16892 84 42 42

Note: Source for number of households is from municipal of Mekelle city, 2018

4.7. Measurement and data collection

The study aims, risks, benefits of study participation and right to withdraw from the study at any
time were explained by the study team. From those consenting participants, demographic
information and a brief medical history were collected with counciling of a physician. Then
physical examination was performed by health professionals. A blood specimen was collected for
clinical chemistry parameters, and malaria. Stool and urine analyses were also done to screen the
participnats. Laboratory results were given to participants upon their requests upon their requests
and individuals with positive findings were linked to health facilities.
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4.7.1. Demographic and clinical data

Socio-demographic and clinical data were collected using a structured questionnaire by trained

data collectors and physical examination and anthropometric measurements were carried out by
health professionals.

Apparently healthy adult individuals from 18-60 years

344 participants from Mekelle city (equal number from each group non-
pregnant female 18-60, and male 18-60 years

|

Translated questionnaire after informed consent

Vital signs, anthropometry

Biological sample

\

Blood (4 ml adults): . . :
stool (for ova and Urine (urinalysis for

chemistry , for female)

/

\E 20.64 % will be ‘]

To select 273 apparently healthy adult individuals for determination of
clinical chemistry reference interval

Figure 1: Data collection procedure
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4.7.2. Sample collection for laboratory analysis

Blood samples of about 4 ml from adults were collected by a serum separator test tube using a
multi-sample needle. To minimize the diurnal variation of some analytes blood samples was
collected from 8: 00 am to 11:00 am. Whole blood was used for glucose determination and
hemoparasites identification while serum samples for clinical chemistry profiles. A stool sample
was collected for parasitological analysis and urine for Urinalysis and determining pregnancy

status. Leak-proof clean containers were used to collect urine and stool samples.

All samples were labeled with a unique identification number and site of blood collection. Direct
and concentration stool analysis was performed on site in the respective health facilities where
participants are invited to health centers. Serum and left-over plasma were collected and stored at

-37°C in the Regional laboratory until tested. All results entered into SPSS version 23.

4.7.3. Laboratory testing and analysis

Clinical Chemistry parameters were determined using a fully automated Biosystem A-25
Chemistry Analyzer by spectrophotmetery. The reference interval of each test was determined by
the methods/techniques of the following (table 3).

Table 3: Methods used for analytes of clinical chemistry to determine the reference interval of
apparently healthy individual of the Mekelle city, Tigrai, Ethiopia 2019

Analyte Method/technique

ALT kinetic (IFCC without pyridoxal phosphate activation)
AST kinetic (IFCC without pyridoxal phosphate activation)
ALP 2-amino 2-methyl 1- propanol (AMP)

Cr Jaffe compensated

Urea Kinetic urease/GLDH (Glutamate dehydrogenase)

TP Biuret

ALB Bromocresol green

BilD and BilT Diazotized Sulfanilic

FBS Glucose oxidase

ALP: alkaline phosphatase, ALT: alanine aminotransferase, AST: aspartate aminotransferase, BilD: Bilirubin direct,

BilT: Bilirubin total, Cr: creatinine, TP: Total protein, ALB: Albumin, and FBS: fasting blood sugar
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All laboratory assays were carried out following standard operating procedures by experienced
Medical laboratory technologists. Stool samples were collected and analyzed using direct, Kato

Katz and concentration methods.

4.8.Data quality assurance

The questionnaire was pre-tested with few individuals, other than study subjects (5%). 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 be 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.

4.8.1. Pre-analytic phase
» The blood was collected from the participants using a standard operating procedure.
The blood sample container was labeled with the participant's unique code to minimize errors.

The quality of the collected samples was checked like hemolysis, clot, correct volume, etc.

The sample was transported using cool box to protect from heat and sunlight to analysis area

YV V V VY

The quality of the centrifuge was checked by tacho method and the serum dispensed after
centrifugation immediately to Nunc tube in order to minimize interference
» The quality of the instrument, reagent expiration, reagent volume, and the room temperature
were checked before analysis.
» The manufacturer procedure and SOP of the laboratory were strictly followed.
» Qualities of the information’s that were collected by the questionnaire from the participants
were filled by the principal investigator.
4.8.2. Analytic phase
» The reliability of the study finding especially the analytical part was guaranteed by
implementing Quality Controls (QC) sample for the clinical chemistry tests through the whole
processes of laboratory works.
» Both normal and pathological quality controls were analyzed before the sample analysis to
ensure the proper function, validity, and reliability of the instrument.

» The manufacturer and laboratory SOP for the analytical phase was followed.
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4.8.3. Post-analytic phase
» The results of the clinical chemistry tests were registered with correct values and units.
» Data was entered using a double entry method to trace data entry errors which has a strong
negative effect on study results and conclusions.

4.9.Data analysis and interpretation

The data was cleaned, entered, processed and analyzed by SPSS Version 23 software. The
distribution of the data was checked by Kolmogorov-Smirnov and Shapiro Wilks test. Data that
was observed to be lower than 1.5 xinter quartile range (IQR) of the first quartile, or higher than
1.5 x IQR of third quartile (Using whisker and blot method) was considered as outliers and the
outliers was manually deleted. The analyzed data was presented by tables and through other

statistical tools.

Mann Whitney U test was used for median comparison between male and female. Reference
interval was estimated using the 2.5 percentile for the lower reference limit and 97.5™" percentile
for the upper reference limit. P-value 0.05 with 95 % confidence interval was considered
statistically significance

4.10. Ethical considerations

Before starting the study, ethical clearance was obtained from the ethical review committee of the
department of Medical Laboratory Science Addis Ababa University. Permission was obtained
from Tigrai Regional Health Bureau and administration of each sub city. Written consent form
was obtained from each study participant before data collection. Confidentiality of information
(results) was kept between the study participant, investigator and authorized body.

4.11. Dissemination of the result

Findings of this study will be presented to the scientific community in the Addis Ababa University,
deparment of Medical laboratory science. The result will be communicated to Tigrai regional
health bureau, and other concerned institutions. Finally it will be submitted appropriate journals

for publication.
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4.12. Operational Definition

Selected clinical chemistry tests: Total protein, aloumin, fasting blood sugar, alkaline phosphatase,
alanine aminotransferase, aspartate aminotransferase, bilirubin direct, bilirubin total, Urea, and
creatinine.

Refference interval: The interval between 2.5 and 97.5" percentiles and including both
percentiles

Addult: Iduviduals who are aged from 18 to 60 years

Renal function test: Tests that are uesd to asses the function of kidney

Liver function test: Tests that are used to asses the function of liver
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5. Work flow

Health extention
workers identify
households

Blood:whole
blood and using
serum separator
test tube (SST)

Thick & Thin
smeatr, , urinalysis,
Stool Ova/Parasite

(Dir & Conc),

Pregnancy for

LENELES

Check
eligibility

Centrifuge
(SST tube)

Sign Consent
for adults

Invite to Regional
Lab or site identified
by focal person

Serum: Nunc tubes

(Label using the
given ID)

Hight, Weight,
and Blood
Pressure

Fill
translated
questionnaire

Provide results for
participants and file
copy holded

Safely
dispose any
leftover

Store -37°C until
analysis

Figure 2: work flow of the study
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6. Result
6.1.Sociodemographic characteristics of the participants

About 344 apparently healthy individuals volunteers aged from 18 to 60 years have enrolled in
this study. Of those 172(50%) were females. Around 71(20.64%) of the total are rejected due to

parasitological infection 37(10.76%),urinary tract infection 5(1.45%), hemolyzed and lipemic

sample 5(1.45%),insufficient sample for test 2(0.58%),pregnancy 2(0.58%) and insufficient

reagent 20(5.8%). Finally, about 273(79.36%) participants were involved in the clinical chemistry

test analysis. Median (IQR) age of the participants were 31 (19-47). Generally, the

sociodemographic characteristics of the participants are expressed in table 4 below.

Table 4: Sociodemographic characteristics of the participants of the Mekelle city, Tigrai, Northern

Ethiopia, from December 2018 to May 2019 (n=273)

Frequency

Sex Male 136
Female 137
Religion Ortodox 260
Muslim 10
Protestant 3
Marital status Single 132
Married 116
Divorced 16
Widowed 9
Illiterate 4
Read and write 1
Level of Primary (1-8) 17
Education Secondary (9-12) 176
College diploma/degree and above 75
Occupation Student 123
House Wife 5
Government employee 63
Private employee 82
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Percent (%)
49.8
50.2
95.2
35
11
48.35
42.5
5.9
3.3
15
0.4
6.2
64.5
27.5
45.1
1.8
23.1
30.1



6.2.Established Reference interval for parameters of clinical chemistry

About 273 apparently healthy adult individuals were involved in the clinical chemistry test analysis
for the establishment of the reference interval for seven liver function tests (alkaline phosphatase,
alaninineaminotransferase, aspartate aminotransferase, albumin, total protein, direct bilirubin, and
total bilirubin), two renal function tests (creatinine and urea) and fasting blood sugar. Outliers were
excluded for each of the tests by whisker and plot method. After excluding the outliers,the
remaining participants for each test was indicated in tables 5 and 6. For each of the ten analytes of
the clinical chemistry tests mean, median, 95 % CI for the mean, 2.5"-97.5" percentile, 90 % ClI
for lower and upper limit was determined (shown in table below 5 and 6). Renal function tests
both Creatinine (p value = 0.0001) and urea (p value= 0.048) were statistically significant between
male and female, but glucose was not statically significant.

Table 5: The established RI of Renal function tests and Glucose for the participants of the Mekelle
city, Tigrai, Northern Ethiopia, from December 2018 to May 2019 (n=273).

Analyte P n Median Mean 95% CI for 2.5%-975" 90% CI 90%Cl for P-
(mg/dl) mean percentile  for LL UL Value
Cr C 268 0.77 0.77  0.75-0.8 0.46-1.133  0.42-0.47 1.1-1.16 0.0001
F 134 0.7 0.705 0.68-0.73  0.46-0.96  0.44-0.47 0.89-1.02
M 134 0865 0.84 0.8-0.87 0.42-1.153 0.4-0.48  1.13-1.17
Uea C 268 1565 1581 15.31-16.3 8.72-24.35 7.1-9.6  23.3-26.2  0.048
F 134 1535 1521 14.6-158 8.05-2285 53-0.1  22.1-23.76
M 134 16.05 1640 15.62-17.2 8.7-26.1 6.9-9.6  24.1-27.73
GLU C 266 90 91.65 90.32-93  73.7-115  70.2-75  112-116.8 0.198
F 135 90 90.7 88.9-925  71.8-115  67.45-76 109-120.4
M 131 92 92.62 90.6-94.6  74-115 70.2-75 112-117

C: combined,Female: Male, n: number of participants, Cl:confidence interval, Cr: Creatinine, and GLU: Glucose,

LL: lower limit, UP:upper limit, and P: participants.

For the liver function tests, there was stastistically significance of the between gender. ALP (P
value=0.0001), ALT (p value=0.001), AST (p value=0.001), BilD (P value=0.005) and BilT (p
value=0.014) were stastistically significance between female and male, but total protien (p
value=0.156), and albumin (p value=0.603) were not stastistically significance between sexes

(showen in table 6).
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Table 6: Established reference interval for Liver function tests among study participants in Mekelle
city, Tigrai, Northern Ethiopia from December 2018 to May 2019 (n=273)

Analyte P n Media Mean 95% CI 25" 975" 90% CI for 90%Cl for P-
n for mean  percentile LL UL Value
ALP(U/L) C 258 0927 99.45 95-103.8  55.4-170.15  47.7-57.7 157.6-179.1 0.0001
F 130 882 90.5  86.34-94.8 49.3-152 28.5-56.4 132.5-153.5
M 128 97.15 1059 100-111.6 58.3-178.6 51.7-65.3 166.7-193.5
ALT(U/L) C 266 1295 142 134-15 4.84-31.06 3.52-5.26 27.9-33 0.001
F 133 113 12,12  11.24-13  4.2-23.6 3.0-5.2 22.6-25.1
M 133 159 16.3  15-17.5 5.175-33 3.12-5.8 29.9-34.7
AST(U/L) C 266 222 22.7  22-23.3 14.04-34.9 12-15 34 - 36.85 0.001
F 135 20.7 21.54 20.7-22.4 12.3-34.1 11-14.3 31.5-35.2
M 131 233 23.84 22.9-248 15.2-36.74 14.3-15.9 34.5-41
BilD(mg/dl) C 269 0.27 0.28 0.26-0.29 0.016-0.58 0.01-0.042 0.55-0.61  0.005
F 136 0243 0.25 0.23-0.28 0.0114-0.553 0.009-0.04 0.52-0.58
M 133 0.298 0.302 0.28-0.33 0.019-0.606  0.012-0.106 @ 0.56 - 0.64
BilT(mg/dl) C 262 0.402 0.443 0.42-0.47 0.094-1 0.06-0.12 0.86- 1.1 0.014
F 134 0375 0.407 0.37-0.44 0.075-0.84 0.04-0.115 0.77-0.94
M 128 0416 048 0.44-0.52 0.148-1.08 0.023-0.19 0.92-1.1
TP(g/dI) C 267 7.06 7.06 7-7.124  59-8.25 5.7-6.2 8.12 -84  0.156
F 133 7.13 7.095 6.9-7.2 5.7-8.4 53-6.2 8.23- 8.6
M 134 7 7.02 6.934-71 6.13-8.14 5.8-6.3 7.9-8.3
Alb(g/dl) C 264 49 4.9 4.87-4.9 4.3-5.5 4.2-4.4 5.42-5.5 0.603
F 131 49 4.9 4.85-5 4.25-5.52 4.2-4.4 5.5-5.9
M 133 4.9 4.9 4.85-4.9 4.4-54 3.8-45 5.3-55

C: combined, F: Female, M: male, n: number of participants, Cl:confidence interval, ALP: alkaline phosphatase,

ALT: alanine aminotransferase, AST: aspartate aminotransferase, BilD: Bilirubin direct, BilT: Bilirubin total, TP:

Total protein, and ALB: Albumin, LL: lower limit, UP: upper limit, and P: participants
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About 27% of female and 36% of male participants were their ALP result were missclassified as
abnormally high result by the biosystem(leafleat) RI, but by the established reference interval in

the present study they were catagorized as helathy individuals.

Around 2.26% versus 0.75%, 2.22% versus 1.53%, 2.21% versus 2.26%, and 2.24% versus 2.34%
of the female and male participants respectively,their ALT,AST,BIilD, and BilT results were
missclassified as helathy individuals by the A 25 biosystem machine RI, but they were abnormally

high as compared to the established reference interval in this study.

About 4.48% of the female and 13.43% and male participants missclassified as abnormaly low
their creatinine result by the A 25 biosystem machine R1 and 3.73% of the female participants,their
creatinine value was considered as abnormally high,but they were helathy individuals by the
prsent study. About 2.24% of the male participant, their Creatinine result was cosidered helathy

individuals by the A 25 biosystem machine R1 but they were abnormally high in the present study.

About 44.78% of the female and 37.1% of the male participants,their urea value was cosidered as
abnormally low result while 2.24% of female and 2.24% of male participants considered as
helathy individuals by the A 25 biosystem machine RI, but in the presnt study they were classified
as helathy individuals and abnormally high respectively.

From the total participants about 22.1% and 0.37% of them, their total protein value were
missclassified as abnormally low and helathy individuals by the A 25 biosystem machine RI, but

they were healthy individuals and abnormally high in the prsent study respectivelly.

Of the total participants 1.5% of them, their aloumin were considered as helathy by the A 25
biosystem machine,but in this study they were considered as low value and 28.41% of the total
participants thier albumin were missclassified as abnormally high result as compared to the prsent

study.

From total participants 2.26% of them, their glucose value was considerd as low by the
manufacturer rather than in the prent study and 19.92% of the total participants were missclassified

as abnormally high result but in this study catagorized as healthy.
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Table 7:The Miss classified study participants by the biosystem machine RI in Mekelle, Tigrai,
Northern Ethiopia from December 2018 to May 2019

Sex Mekelle Manfuturer = Lower limit Upper limit
RI RI frequency Percent(%) Frequency Percent(%)

ALP F 49.3-152 0-105 3 2.3 35 27

M  58.3-178.6 0-115 3 2.34 46 36
ALT F 4.2-23.6 0-41* 3 2.26 3 2.26

M 5.2-33 0-41* 1 0.75 1 0.75
AST F 12.3-34.1 0-40* 3 2.22 3 2.22

M 15.2-36.74 0-40* 3 1.53 2 1.53
BILD F 0.0114-0.553 0-0.2* 3 2.21 3 2.21

M  0.019-0.606 0-0.2* 3 2.26 3 2.26
bil T F 0.075-0.84 0-2* 3 2.24 3 2.24

M  0.148-1.08 0-2* 3 2.34 3 2.34
Cr F 0.46-0.96 0.5-0.9 6 4.48 5 3.73

M  0.42-1.153 0.7-1.2 18 13.43 3 2.24
urea F 8.05-22.85 15-39* 60 44.78 3 2.24

M  8.7-26.1 15-39* 50 37.31 3 2.24
TP C 5.9-8.25 6.6-8.3* 59 22.1 1 0.37
ALB C 4.3-5.5 3.5-5* 4 15 75 28.41
GLU C 73.7-115 70-100* 6 2.26 53 19.92

F: female,M: male,C: combined, RI: reference interval, ALP: alkaline phosphatase, ALT: alanine aminotransferase,
AST: aspartate aminotransferase, BilD: Bilirubin direct, BilT: Bilirubin total, Cr: creatinine, TP: Total protein, ALB:

Albumin, GLU: Glucose, and *: combined refernce interval.

Finally, the study tried to compare the current reference intervals established for Mekelle city

apparently healthy adults with other studies in Ethiopia and elsewhere (showen in table 8).
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Table 8: Comparison of reference interval (2.5"-97.5" percentile) of clinical chemistry parameters of the Mekelle city with other studies

in African and western countries, Tigrai, Northern Ethiopia, 2019(n=273)

Parameters P Mekelle Manufa = Gojjam Amhara Mozambiqg Uganda Ghana Nigeria Kenya MGH
cturer (19) (30) ue (39) (43) (40) (44) (36) (33)

ALP(U/L) C 55.4-170.15 (I\Llli) 52.4-237 87-451.28 91.1-258.9 NA 85-241 NA NA 30-120
F  49.31-152.08 0-105 49-236 89-381 91.4-240.6 47-160  82-293 NA 5-227 NA
M 58.31-178.57 0-115 55.3-237.2 77.2-475.8 97.7-266.1 42-159 101-353 NA 13-201 NA

ALT(U/L) C 4.84-31.06 0-41 6-43 5-39 5-48.2 NA 7-51 NA NA 0-35
F 4.21-23.56 NA 3-30 4.3-37 4.8-38.5 5.3-39.9 | 6-51 19- 38 0-34 NA
M 5.175-33 NA 6-44.6 5.13-429  6.5-53.2 7.2-43.3 8-54 17.3-48.4 0-39 NA

AST(U/L) C 14.04-34.89 0-40 9-38 11-46 13.7-42.8 NA 14-51 NA NA 0-35
F12.32-34.1 NA 6-32.1 10-43.8 13.5-37 11.4-29  13-48 22-58.4 3-37 NA
M 15.19-36.74 NA 10.5-39 12.13-46.9 16.8-45.5 13.2-36 17-60 26-49.4 6-40 NA

BilD(mg/dl) C 0.016-0.5825 0-0.2 0.012-0.8 0.02-0.61 NA NA 0.047-0.234 NA NA 0.1-0.3
F  0.01143-0.553 NA 0.012- 0.714 0.01-0.49 NA 0-0.4 0.041-0.222 NA NA NA
M 0.0191-0.606 NA 0.0234-0.84 0.04-0.68 NA 0.1-0.5 0.053-0.24 NA NA NA

BilT(mg/d) C 0.094-1 0-2 0.26-2.2 0.1-1.1 0.26-1.63 NA 0.17-1.51 NA NA 0.3-1
F 0.075-0.84 NA 0.21-2.2 0.08-0.91 0.234-1.32 0.3-1.9 0.158-1.56  0.0175-0.62 NA NA
M 0.1484-1.083 NA 0.275-2.2 0.11-1.18 0.34-2.11 0.4-2.6 0.22-1.87 0.2-1 NA NA
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Table 8: Comparison of reference interval (2.51-97.5"" percentile) of clinical chemistry parameters of the present study with other studies
in African and western countries, Tigrai, North Ethiopia, 2019(n=273) (continue...).

Parameters P Mekelle Manufactur  Gojjam Amhara  Mozambig Uganda  Ghana (40)  Nigeria (44) Kenya (36) MGH
er (48) (19) (30) ue (39) (43) (33)
U(mg/dl) © 8.72-24.35  15-39 NA 11-41 7.8-30.6 NA 5.405-34.2 NA NA 21.4-42.8
F8.05-2285 NA NA 10-38.7 7.8-30.6 9.42-30.2 5.405-32.4  15.02- 34.84 7.2-36.03 NA
M 8.7-26.075 NA NA 12-43 10.8-34.8  10.1-33.8 5.405-37.2  13.21-28.83 9.01-35.4 NA
Cr(mg/dl) C 0.46-1.133 NA 0.231-1.22 0.47-1.12 0.533-1.17 NA 0.554-1.335 NA NA 0-1.5
F  0.46-0.96 0.5-0.9 0.245-1.08 0.47-1.09 0.509-0.98 0.5-0.9 0.532-1.244 0.713-1.333 0.611-1.38 NA
M  042-1.153 0.7-1.2 0.197-1.29 0.48-1.13 0.66-1.233 0.6-1.2 0.633-1.346  0.863-1.257 0.67-1.437
TP(g/dl) C 5.9-8.249 6.6-8.3 5.3-8.61 5.7-9.6 NA NA 5.06-8.67 NA NA 5.5-8
F5732-838 NA 5.32-8.6 5.6-9.47 NA 6.8-9 5.52-8.69 NA 5.6-8.8 NA
M 6.13-8.14 NA 5.3-8.67 5.7-9.7 NA 6.5-8.9 4.67-8.64 NA 5.7-8.9 NA
ALB(g/dl) C 4.32-5.49 3.5-5 NA 3.7-6.2 4.07-5.41 NA 3.3-4.99 NA NA NA
F 42545524 NA NA 3.6-6.1 4.01-526 3.7-5.2 3.35-5.04 NA 2.8-5.0 NA
M  4.4-5.396 NA NA 3.7-6.2 4.34-552 3.9-54 3.27-4.98 NA 2.9-5.2 NA
GLU(mg/dl) C  73.7-115 70-100 NA NA 55.86-99.1 NA 65-115.3 NA NA 75-115
F  71.8-115 NA NA NA 57.7-95.5 NA 66.7-119 75.7-173 46.85-126 NA
M 74-115 NA NA NA 55.9-102.7 NA 63.06-113.5 66.7-142.34 50.45-122.5 NA

MGH: Massachusetts General Hospital, F: female,M: male, C: combined, P: participants, NA:not available, ALP: alkaline phosphatase, ALT: alanine aminotransferase, AST: aspartate
aminotransferase, BilD: Bilirubin direct, BilT: Bilirubin, total, TP: Total protein, ALB: Albumin, Cr: creatinine,U: urea and GLU: glucose.
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7. Discussion

Clinical laboratory reference interval has not previously been established in Mekelle city, Tigrai
and in the prsent study a reference interval was established using sample driven from an apparently
healthy adult aged from 18 to 60 years old. The full range of clinical chemistry analytes was not
run for all subjects, primarily due to insufficient access to reagents required to test some
parameters.

The reference interval of ALP, ALT, and AST were significantly higher in males as compared to
females (indicated in table 6). This finding was consistent to study conducted in Akuapem north
district, Ghana (not shown in the table) (38), Gojjam (19), Mozambique (39), and Ghana (40). In
addition to that, the values of ALT and AST were statistically significant higher in males than
females were also in agreement with Kenya (36). The difference in ALP may be due to
physiological changes associated with female climacteric when changes in hormone secretion
critically affect bone metabolism (34). The variation of the reference intervals of the liver enzymes
betwen males and females may be due to the difference of body mass index ( ALT and AST were
directly related with increasing BMI) (49) and biological factors between sexes ( the value of
AST and and ALT increase towards the early post menopause and AST remain high in late
menopause while ALT decrease the menopause)(50). This indicates that those enzymes are sex-
dependent.

The reference interval of bilirubin direct and total bilirubin determined in this study was
statistically significant between sexes. These findings were consistent with those reported in
Ambhara (30) and Ghana (40). In contrast, bilirubin total was not significant between males and
females in the study conducted the Gojjam zone (19). The varation of bilirubin betwen male and
female may be due to hormonal infulence of androgen (51, 52).

The lower limit of male creatinine determined in the present study was slightly lower than
females,but the upper limit was greater than female. There was statistically significant difference
in the distribution of creatinine and urea between females and males. The statistically significant
difference of creatinine between males and females in this study was similar to studies conducted
at Amhara (30) and Mozambique (39). High creatinine in males compared to females is expected

due to greater skeletal, muscle and bone mass in males (41).
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Even if the reference value of total protein and albumin determined in the present study were not
statistically significant, there was a variation between gender (shown in table 6). The study
performed at the Gojjam zone (19), the reference value of total protein was not statistically
significant which was similar to this study.

There was great variation for the established RI of ALP between this study and the study conducted
in other parts of Ethiopia and African countries for both sexes.The upper limit of the ALP for both
sexes was lower than Amhara (30), Mozambique (39)and Ghana (40). On the other hand, the
upper limit of ALP for male was higher than Uganda (43) and MGH (33). The reference interval
for ALP determined in the present study for males and females was higher as compared to the
Manufacturer and China (34). The difference in the reference interval between the present study
and other studies may be due to the difference in nutritional status, geographical area, and
differences in the age distribution of the participants.

The upper limit of male and female ALT in this study was lower as compared to Gojjam(19),
Ambhara (30), Mozambique (39), Kenya (36) and MGH (36). The upper limit of female AST was
higher than Gojjam (19) and Uganda (43), but lower than Amhara (30), Ghana (40), Kenya (36),
Mozambique (39) and MGH (33). The upper limit of male AST was comparable to Uganda (43)
and the upper limit of AST was lower than Amhara (30), Mozambique (39), Ghana (40), Nigeria
(44) and MGH (33) for both sexes. The upper limit of the reference interval for ALT and AST
established in the present study were somewhat lower than the Manufacturer while the lower limits
were higher. The possible reason for the difference may be due to subclinical viral infections or
the usage of local herbal preparations (38). the value of liver enzyems increase in Alpha-1 anti
trypsin deficiency idividuals. The narrow reference range in the case of liver enzymes could be
due to uniformity in the diet pattern of the individuals selected for the study and good analyticlal
performance (53). The other cause for the difference may be due to nutration (indivduals who take
nutrients with high content of copper and iron lead to increase of liver enzymes), age distribution
and sample size varation (the mozambique’s age distribution was from 18 to 24 years and the male

sample size ( 102) did not satisfay the CLSI guideline).
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The upper limit of male bilirubin direct in the present study was higher than Gojjam (19), Amhara
(30), Uganda (43), Ghana (40), and MGH (33). The female RI of bilirubin total was also
comparable to Amhara (30). The upper limit of female bilirubin total was lower as compared to
Gojjam (19), Mozambique (39), Uganda (43), Ghana (40) and higher than Nigeria (44). The upper
limit of male bilirubin total was comparable to Nigeria (44). The lower limit reference range driven
for bilirubin direct and bilirubin total and the upper limit of direct bilirubin in the present study
were somewhat higher than the manufacturer and the upper limit for total bilirubin was lower than
the manufacturer. The comparability of the tests in the present study to the study conducted in
Ambhara (30) may be due to comparability in their lifestyle, nutritional status and the variability
may be due to difference in attitude, analysis of the sample by different machines (Mindry BS-
20 versus biosystem A 25) and using different equipment and reagents (biosystem reagent versus
humastar). Inaddtion to that the variability between countries may be due to the difference in

ethnicity, race, geographical location and Attitude (54, 55)

The lower limit of the female urea from the established reference interval was comparable to
Mozambique (39).0n the other hand, the lower limit of female urea was lower than Amhara (30),
Nigeria (44), Uganda (43), MGH (33) and higher than Ghana (40), and Kenya (36). The upper
limit of female urea was lower than Amhara (30), Mozambique (39), Ghana (40), Nigeria (44),
Kenya (36), Uganda (43) and MGH (33). The lower limit of male urea was lower as compared to
Ambhara (30), Mozambique (39), Nigeria (44), Kenya (36), Uganda (43), MGH (33) and higher
than of Ghana (40). The upper limit of male urea was lower than Amhara (30), Mozambique (39),
Ghana (40), Nigeria (44), Kenya (36), Uganda (43) and MGH (33). The established reference
interval for urea in the present study was lower than the manufacturer. The difference in lifestyles
and genetic composition of the populations may cause for the varation (37). laddtion to that the
difference of urea reference interval may be due to the difference in sampling method and sample
size (in amhara region the sampling method was convinet sampling method and the sample size

was about 1,175), dietary intake, and state of hydration of the participants.
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The lower Imit of female creatinine in this study was almost inline with China (35).The lower
limit female creatinine was higher as compared to Gojjam (19), MGH (33), and lower than Ghana
(40), Nigeria (44), and Kenya (36). The upper limit of females was comparable to Gojjam (19),
Ambhara (30) and Mozambique (39). The upper limit of the female creatinine was lower than Ghana
(40), Nigeria (44), Kenya (36), MGH (33), and higher than Uganda (43) and China (35). Lower
limit of male creatinine was higher than Gojjam (19) and MGH (33) and lower than Amhara (30),
Mozambique (39), Uganda (43), Ghana (40), Nigeria (44), Kenya (36), and China (35). The upper
limit of male creatinine was comparable to Amhara (30) and Uganda (43).The upper limit of male
creatinine was lower as compared to Gojjam (19), Ghana (40), Nigeria (44) Kenya (36), and MGH
(33) higher than China (35). The established lower and upper reference interval for female
creatinine was comparable to the manufacturer,but for the male is lower than the manufacturer.
The observed variation in renal function test reference values determined in this study compared
to reference range values from other locations suggest variations in analytical methods
(compensated in the present study versus non compensated in amhara for creatinine),

environmental factors, lifestyles, and genetic composition of the populations (37).

The lower limit of combined total protein in this study was higher as compared to Gojjam (19),
Ambhara (30), Ghana (40), and MGH (33). The upper limit of the combined total protein was lower
as compared to Gojjam (19), Amhara (30), Ghana (40), and higher than MGH (33). The lower
limit of the total protein was lower than the manufacturer,but the upper limit was comparable. The
differences could come from the variability between participants by age distribution, sex,

geographical location, environment, frequency of disease and genetic variation (31).

From the established Reference interval of albumin in the present study, the combined upper limit
was comparable to Mozambique (39) and the combined lower limit of albumin was higher than
Amhara (30), Mozambique (39), and Ghana (40). The upper limit of combined albumin was lower
as compared to Amhara (30) and higher as compared to Ghana (40). The established reference
interval in the present study for albumin is somewhat higher than the manufacturer. Diet, physical
environment and socio-economic conditions all affect the physiology of a population, and hence
measures of ‘normal’ physiological functions are expected to differ from population to population

(38). The variation may be also due to the difference in geographical location, ethnicity, lifestyle,
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culture, seasonal variation and the prevalence of disease and variations in the analytical method,

equipment, and reagents used (30).

The combined lower limit of Glucose was higher as compared to Mozambique(39) and Ghana and
the upper limit combined glucose was comparable to Ghana(40) and higher than Mozambique(39).
The varation of glucose from one study to other study may be due to varation in analytical
performance (precision and accuracy of the instrument), the type of sample(plasma, serum vesus
whole blood) and the test method used (50). Generally, Differences in the lower and upper
reference limits could be due to differences in the geographical location, methods, and types of
equipment used, sample size, posture, race, regional differences in the dietary intakes of foods rich
in these analytes, and genetics (36). The possible reason for the result of this study differs from
the western might be due to variation climate, gender, the month of study and geographical location
(19)

There was a misclassification of the participants among all of the tests performed by the A 25
biosystem machine as compared to the reference interval determined in this study. The
missclasification of the participants as normal, abormally high or low may be due to difference in
genetic ,cultural, altitude, geographical, nutrational status, sample size and lifestyle.
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8. Strength and Limitation of the Study
8.1.Strength of the Study

v" Wet mount, concentration (formol-ether), Kato Katz and modified acid-fast technique were
performed to exclude participants who were infected with an intestinal parasite.

v"urinalysis was also done as a screening

v We have done the blood film for hemoparasite detection

v The study was the first community based

8.2.Limitation of the Study
v The reference interval was established for ten tests only
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9. Conclusion and Recommendation

9.1.Conclusion
There was a significant difference for ALP, ALT, AST, BilD, BIlT, Urea and creatinine between

sexes. This finding is important to improve the health system by providing accurate local RI.

9.2.Recommendation

This study recommends to laboratories of the Mekelle city to use this established local Rl
Other laboratories also perform transferability study in order to use this established local RI.
This study also recommends for researchers and stakeholders to establish further local and national

wide studies for reference interval of clinical chemistry parameters.
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Annex

Annex I: Participants’ information sheet

A. English version
Title of the project: Determining reference intervals for clinical chemistry parameters among

apparently healthy adult individuals in Mekelle city, Tigrai, Northern Ethiopia from December
2018 to May 2019: a cros sectional study.

Principal investigator: Gebreslassie Gebremariam Berhe (BSc, MSc candidate)

Introduction

Dear study participants you are invited to participate in the study on Determining reference
intervals for clinical chemistry parameters among apparently healthy adult individuals in Mekelle
city, Tigrai, North Ethiopia. This study is approved by the Addis Ababa University Department of
Medical Laboratory Science research ethics committee. You are voluntarily participating in this
study and you have a full right to stop participation if you have something uncomfortable.
Purpose of the study: The main objective of the study is to Determining reference intervals for
clinical chemistry parameters among apparently healthy adult individuals in Mekelle city, Tigrai,
Northern Ethiopia.

Duration: the duration of this study depends on the availability of study subjects and it may take
3-6 months.

The associated risk with the study: during sample collection from your vein, there is minor pain
or discomfort. The sample is collected by the experienced laboratory personnel and the risk is
minimizing as well.

The procedure of the study

If you are agreed to participate in this study, you will give about 3-5 venous blood for clinical
chemistry analysis.

Expected Benefit: Dear participants you will have a benefit from this study because this study
assesses your liver function, kidney function, and lipid profile changes. No payment is requested
for the clinical chemistry tests and you will know your health status early. If your result shows any
abnormalities of clinical chemistry tests, you would be managed and treated early.
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Confidentiality: The confidentiality of your information and laboratory results are respected
strictly. A unique identification number is given to you and your name will not be written in the
form and the result of laboratory tests could only be accessed by the researcher.

Agreement: Dear participant, you have read all the information described above and you will
request to put your signature to indicate your agreement to participate in the study.

Participant name

Date sign

If you have any question, please contact the following address:

Principal Investigator: Gebreslassie Gebremariam Berhe (BSc, MSc candidate)

Mobile Phone: +251967559075

Email: gebreslassiegebre@yahoo.com

Advisor: Dr.Mistire Wolde  Phone number: +251-911699710 Email: mistire08@gmail.com
Dr. Aster Tsegaye  Phone number: +251-911696085 Email: tsegayeaster@yahoo.com

B. Amharic version
NTAFLPTF avlF avfem, (18
PGk ChO: (1142 hAA NavPA hrtaT 190,14 G711 04T @0 PhAzhA holiks °Cave-
S4.L71M0 W rHCA T1ret::
PATLD A9°: TNL0AN T0L7ICL° (1CU
ehEor A9°: A8.0 ANA RLOCAT PUNIPS § MG 4270 hAS: PUhIPS ANG-P4 TIPUCT hed
ao9)(.0: HNN4 076k TAFE 142 hAA NaPPA 1rFoT 17114 MT9T N7L.aPAN 1710 ch-(1 0 O-OF
PhALZIA LTLOTE I°CoPe- 646700 ArhCad 0918410 PG AdPAtE +INHA =2V 79T 1 A&0 AN
eLaCAL ANGPS TIPUCT NEA PPGTS 2A19°00C 1Tt PARPA. TG F a0 P'rT aP A& AWTDA/AT = (LY TS T
@G av-: (190 NACAP € PLTE O+av0lt NaPPE N9TTED-9° AWTS O F 09IRLT av- ao(VFPT O+mNP
-
PGk PT AATT:- (1F914-2 hAA N9vPA 197 19114 M5 2014 04T @At PhazhA holdtd
IOCaPEe 64.L710 ArHFCAN T1PGT::
P75k LH: P75k 9 h 3 Adh 6 OC A.@AL eFAN::
NGk IC AHLLH eoLav) 181 PRI Gav-G (1TLAPNT OPF 990 ALY g ToIC ALITIPPHI® = 11C 7
L9° A.OAL oM QUaPd® ALt ALANTA STAA = PFI° 917 GavGa} AaPANA APL AATF@. AP
AAT2.0PLAG ANLALDT TP § ACIPE NATLONL RUIPI° (7Lt hETCIP:
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PGk PoLeTTAd PPI® 1 A 9OI9° &P OO § ATt PCave- LRCI A= TAIC NA (&P UhIPT LANTFPA =
NCAL I°TTTA. avL8 KG TLATERrE: CACH AF° (Y PM@P AL hemPNIP:: (TenT149° LTLAM avlE
AS (AM-g° £I° AL, PT9.L.L1M- RIPCaVe Dmut NHNANT T8L Do ATLTILM-N hG TLATLPrk e+mNd
R2RTNPT REDINAU-T:

OHY 75T AL LAPTT TPE MLt AL 19775 D-9° avmpg® L AN+

PAPTI@- AP TM0LOAN TNZICLI° NGV ddh: 0967559075 A4 gebreslassiegebre@yahoo.com

ATTSPT 1) &/C TL.aTL OAL NAh: +251-911699710 A.7%A: mistire08@gmail.com

2) &/c htvkc 6,09 0eA: +251-911696085 A.924: tsegayeaster@yahoo.com

C. Tigrigna version
Q2 avpq9e, A9 1MLNAM T0LICLT° CU

Q& T U°: A9.0 AN RZACAE TOTT hh9PF ALTN7 DAE: T8 hh9PT ANG-F6 TI°UCT he.

Get aaGoE Ch:- A0 hAA 1942 A0 Drh9T a0PA AN Hi0g TOTAT® Al HihAD %08t L+
HheL 62 hAzhd hoLivts 9°Cave- 64.4710 A.rHCAN P850

@t HHNN(&) TOI &7t HAF&IT K1 68 A%0 ANA L20CHE TOST ANIPG7 487N hAE T8 hh9PT
ANG-F6 TPPUCT hEA NTINTCO &6 TIPY -8 hE: 109° DL 7017 Al hAA F914-2 A 1t T aoPA A HI4
TOTAI® Al HHAAD A (NLAAN HIPL T8 hA LA LTLATS I°Cave- 64.0700 ArHCAN 9850 Al HNA §&
avav/f avpG it dcheG AT TG 14 IPI°[9.077 AAD P

Get: apGot: PG GAT:- A0 hAA 142 AN rhol aPA ANl WG TOTAI® HthA® A0L-t: 140N
NLLGL hALhA NoLOHS IPCave- 440710 RrHCAA JP8G 077 PP&AT T

Nt 7% HNPLA APT : Gt 7% AP? 0l 3 hal 6 OCHh, hOAL Shhd AR::

$LI° W9l Wk 1% T: HAN0G(S) SOH &% FAFEI hHI® HAO(: GLH, KTt 9O0 & AR hG &Y
A28:hC nRTI/17 IH, 7% Hha? bl 3 Al 5 714, Hha@? £9° NTOOLAIP/AT AS+

it aaSht: Tt HoPdh AdLY:- 19°Cavs- HNAT £9° Al HUANA APY 9°39° GLrt HOGA 0719°
ALITIPIPY:: TIC 17 £I° Al HO-OLA APT HEOAT G I°hoI9° (7LoT huk HAN Af: &T7 SBATPNC LI°
PONAN AP NHAPI® (%A PO AA HIPLMFT ALAL WD PP AAHD-OL G J°hTIg° (90T
ALUNT:

NH, 28Sot HENOP TP AH. P0G HE S8 TINTCA 914 aPavld & I° 9T aom? AlH. P85 dL:
APAFE HEANL G TIHA PHTL PA APHFHEYAL N1t a2SHE NMHChN @bkt 17 +m P, he9ox
vt pGot 0l HEOAL L9° HCh @it N19 BLIM AI°: ATOATL AN §& &9° TdATF AT
ATFIALDP 9°0 AHRI° T N7 TRIPCAPET LOING A
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G2 h9°g ao8hF NFPATC PPMAD HIPANT : AOH. 7% T A TRI° @L G-F7 Thh( Hh' 481 avl 8kt
NTLATC D9° ZehHARI® 19AT:: TH, a2XGHt AAS Hoe SFI°/+7 avrrt HIAR hete aPl8h 2 G0 TL0TC
NPLC AG: FONTL ik FUS RI° Yy a0l8hF NVE: K7% T ORA, AR ITPaPNT::

it 0aGoE AATPERED: - AVE aP8SHE PPOF e NGRIP/ T €FLTTE Htavndt he' Al TIAhA °EL67
HELALP chf HEIPIPAN CAAN/A AL9°/€7:: AIH, aPaG ot HAPIP/® td ChAT AN HDT &7 <
Nkl @A Az

THFOAT, & THI® HOO( AL Embav-::

GL apqaL, N0 MNLNAN 1NL7ICLI° (1CV P20 : 0967559075 A 724\ gebreslassiegebre@yahoo.com

ATGPTF 1) &/C LT 0AL hAh: +251-911699710 A.7%A: mistire08@gmail.com

2) &IC hdvkC 602 P0eA: +251-911696085 A.7%4\: tsegayeaster@yahoo.com
Annex Il © Consent Form

A. English version
Principal investigator: Gebreslassie Gebremariam Berhe (BSc, MSc candidate)

Research title: Determining reference intervals for clinical chemistry parameters among
apparently healthy adult individuals in Mekelle city, Tigrai, Northern Ethiopia from December
2018 to May 2019: a cros sectional study.

| have read, or have had this document read to me in a language that | understand, and | understand
the purposes, procedures and risks of this research project as described within it. | understand that
at any time | may withdraw from this study without giving a reason. | know that no special payment
for being participating in the study. | freely agree to participate in this study, as described. |

understand that | was given a signed copy of this document to keep.

Name of participant Age Address Signature Date
Interviewer’s name Signature
Principal investigator Name Signature

B. Ambharic version

P& PLVE TV 01, PR

PTGk Chh: (19142 hAA NeoPA nhaT 19254 MGTT 20970 hdtaN @0 PhAzhd holivks FCcave.
S4.L7M0 WrhCad T17Gt::

PATI@- 9P T040AN T0LTICLI° NCU

Phdav- AgP: KN AN LG PUNIPS § MG 4870 DS fUNIPS ANG-RS FIPUCT hed
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A% NHY OFF MA@ MHY PGTH AL APPT A0AT PTG GATIPT RAGCTE $Lav U3 3P T (90K
N2l %HG A8.09° NPGE A48T L BLTTrET 191G Q9P “IH, Lar@-t av-(1E7 (994,017 1.

AAHLY OPGE +AFL aPPET N4CTIP AP QUTT QD07 (1 PGE ANk PoL e A PF7 019110 44506
NGl MTNFQIC UM, 007 AN NONT AL PP VNIPSPTG AHPT v-te W8OI 99007 -
ALY a8 PT vete 199,10 (9°LAD. £ 010N aPP'RY N4.6790 A 1NN~

PPAFAD I, . GCTN. i 2 B

PATLD A° ..o, GCTY i PY

QA FONCP har(1gau-!

C. Tigrigna version
GL avpqae, [9°: 104NN T0LTICLI° NCU

QL A A°: AL4.0 ANA R2ACAt TOTT hh9°T 42707 hAE 68 MhIPT ANG-PS TIUCT hGA,
Get Gt ChL:- Al hAA T2 Al nrha] avPA A Hilg TOTAI® Al HThAD 40L&+ h(4t0

HNee: 62 hAZhA hoLivkd 9°Cave- 64.0710 A rHCAN 9°650:

AT AAOH, TI0S HIWP PG ot A F4L TP 7 ATHQ.07T ArPAD: SeH, 7% HEAR 1161 9PCSA hS DAL,
&%t AH, PPAF& A U 20T APT DI° HAAA 19°Co0R8 AR:=AAH, AH, A7% T TAF4-2 018 14.477L
0622 hHIP (P avl LA F T NHAOA NHG-Lobt, RTR HHIARAL TPNGTI° (184518 06D+

Ge tAFeldt PANR FOG -------m-mmmmmmmmmmen &COY =-mmmmmmmmeme- OAF--mmmmmmmmmmem
(16 HANA NGA OF QIO ------mmmmmmmmmmmmmmmmcmee o |
QA HHAON52 2P 7008
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Annex Il1I: Questionnaire

A. English version
Questionnaires to be filled by health professionals

Part I. General information

Code Number
Woreda

Region Zone

/ city /_sub city Kebele

Part 1. Personal information

1. Age (in years)

2.
3.
4.

Place of Birth
For how long (years) did you live in the birth place?

How long do you live in this specific area? (If different from the birth place) year

No.

Questions Responses

Part 111. SOCIO-DEMOGRAPHIC INFORMATION

Educational status

Iliterate

Read and write

Primary (1-8)

Secondary (9-12)

College diploma/degree and above

o B~ W D

Occupation

Student

House wife
Government employee
Private employee

Farmer

o a0k~ N oE

Others(specify)

Marital status

Single

Married

Divorced

Widowed

Not applicable (children)

o r w0 N
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9 Religion 1. Orthodox Christian
2. Muslim
3. Protestant
4. Catholic
5. Others (Specify)
10 Ethnicity If mixed, specify
11 Residence 1. Rural 2. Urban
Part IV: HEALTH STATUS
12 Did you take any type of drug for any illness for the 1.Yes 2.No
last three months?
13 If yes to Q12, what type of drug? (more than one 1. Anti-protozoa
answer possible) 2. Anti-helminthic
3. Anti-allergy
4. Birth control pills
5. Anti-bacterial
6. Anti-TB
7. Other (specify)
History of common diseases
14 History of diabetes 1.Yes 2. No
15 History of Hypertension 1.Yes 2. No
16 History of Blood transfusion for the last 1 year 1.Yes 2. No
17 History of blood donation for the last 3 monthes 1.Yes 2. No
18 History of Hospital Admission for the last 1 year 1.Yes 2. No
19 History of Surgical procedure for the last three 1.Yes 2. No
years?
20 History of chronic gastritis 1.Yes 2. No
21 History of Malaria for the last 6 months 1.Yes 2. No
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22 History of TB for the last two years 1.Yes 2. No

23 History of Cancer 1.Yes 2. No

24 History of Cardiac illness 1.Yes 2. No

25 History of Bleeding disorders 1.Yes 2. No

26 History of allergy 1.Yes 2. No

27 History of Wheezing 1.Yes 2. No

How frequently do you consume/use the following (put a \ mark)
Once/day | More 2-3 Once a | Occasionally Never
(Regular) | than times/wee | week | (holiday, special

once/day | k ceremony)

28 Alcohol

29 Khat

30 Cigarettes

Part VI. Anthropometric measurement

31 Height (in cm)

32 Weight (in kg)

33 MUAC in cm (will be interpreted later)

34 Blood pressure (mm Hg)

7
L X4

NB: If question 12,14-27 aswer is yes, takes Cigarettes and khat, BP out of 90-120/60-90

mmHg, and BMI <18 and >25, the study participant will be excluded.

%+ We thank you for your cooperation!

Inte

rview Date:

Interviewer’s Name

Signature
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B.

Ambharic version (A aemeP)

Om.S AAPLPT 291.9°A P aveP

hed 1. AnPAL avlB
ne had HY
(23 nto/heantal P00
hGA 2. P90 avlE
1. ke
2. 2+
3.  troA& 0T
4.  Or@AL 0FP AT PUA LH TLPA?
5. Av7 £0VF 03 AT UA LK FLPA? (DT@-AL 03P eHAP hUrh) Gait
eTC. | TP | oA
h&A 3. TWNE-L § ANGTTPP avlB
6. | OTIUCT L8 6. LATII4
7. 970 § ov9&:
8. W75 2.5 (1-8)
9. vathg 225 (9-12)
10. bAS £ TA99/9.914 AG H.L NAL
7. Vel 7. 199
8. POt Aoe(Lt
9. PPNVt wetg
10. 294\ TP
11. 0é
12. A4 1A 2906
8. | eoNF v 6. fAI
7. £
8. ?14ék
9. ad/ it e +F@-
10. AgaeAnI~Fa-9° (V957F)
9. | 779t 6. hC-t&hh hcote?
7. a9
8. TCtOAF T
9. hfAh
10. AA hA 2906
10. | N%C LANAP N L1006
11. | o056 (0 F 1.71nC 2. b9y
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h&d 4. ?m.S avl®
12. 04+ At O NGO G041+ Yarde aYIg @390 1. K27 2. Pa9°
G0, av @Yyt MALKA?
13. Ate 2TC 12 AN OOBAU- W1 PHT D7 98t 8. 04-TCTHA
9. 0Z-%ATLrHA
2
a1 10+ OASA? (DAL 1AL aPAN &FAA) 10. 04-KACE.
11. P@A.L: avhAN® hLy7
12. 02-00kse
13. 8-t
14. A hA 2906
LI TATT QUIPPR LT APPPT PP ?
14. | G yaogo? 1. A®7  2.049°
15. | 229° 94+ nG TINT? 1. A®P7  2.949°
16. | 0AL@- 1 gavt L9° +ATHP PO PA? 1. A®P7  2.949°
17. | 0Ad.@- 3 @C L9° AP+ PO P-? 1. A®P7  2.949°
18. | 0AL.@- 1 Gov't PATHA +ot@- PO PA? 1. K27 2.049°
19. | QA4+t 3 qav gt PpL Yh9oG +LCIAP PO-PA? 1. A®P7  2.949°
20. | 289 Pen.2Ac- VaPI® AANPT? 1. K27 2.049°
21. | 04t 6 Mot @A YaogP {OTPPPT LM+ PA? 1. K27 2.049°
22. | OA%TF 2 gav 1 eH(L varg® Pt PD-PA? 1. K27 2.049°
23. | hac yar® 1. AP7 2. 049°
24. | e yaoge 1. K27 2.049°
25. | pao gt Feic/yavge 1. AP7 2. 049°
26. | ANCE, (P0@-1T aoMT) 1. A27  2.009°
27. | e 740 G (150 AC ALC 0710 £9°8) 1. AP7  2.PA9P°
PLNTATT 97 PUA B0AN/2mP I (V U PPART LhadbPmr)
07 A28 | a¢7 hl | QaerEn2 | naerr 1| AAE  AAE | TPl
1 W 0AL | aah 30 | 7 (AgPan.: AA@-pg°
(v-ALIb) ANGA:T AL
HOP Bt
(L.9%)
28. | AAhA
29. | &t
30. | AL2é
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h&d 6. he+: ®aoti Ph22G 029° 14+ Aht
31. | &t 07k THHC
32. | &t v “149°
33. | eh2& ao/AF @ hed 14 o (MUAC) a7t TUHC
34. | eL9° -t (N71A7HHC T1Ch6) (mm Hg)

% NB: ¢ €7C 12 A% 1 13-27 a®A(P7 AP T 1006 A e Tlmbar DPHiLI° <18.~F@- h (90-
120)/(60-90) @+en, hrrs: BMI <18 AS >25 hirh: +aFd0« PGk OO AR EgP::

@ ANFONCL AGTaPA5A7!

PO ML CTLLNT P

PO adMLET PNLLD- (I &CM
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C. Tigrigna version (A -ao/it)
hed. 1. anPAA, vl8h

he haad T14-2, HQ avPp
h&a htay Mg

heA. 2. G2 @AP aol8ht
1. 0Lav (N1%avt)

2 e

3 Ge Tang, 0

4, A FRAS OFA° TRILE LH T0LCI°
5 Al chil, HA@Q.P 03 TRZLL LH 1LC°? (0l FOAS, 0F HdA A7 Ter)  gavt

h&A. 3. 92 TIh(1D7 ANTTLEDY aPlihS

6. Ge TIPUCt: 848
11. Hetavys, 2. 9107 PPocher 3. 4992 Nch. (1-8) 4. hAxe Nch. (9-12)
5. G2 DAE 8T/ 9o1C7T AOAAT

7. 0dch
13. tavye-elt 2. G0 M hav(t 3. G av vt AdchtT 4. G2 <IN, 89S

5 hlaFe 6.0k ATTIAR 2106
8. it 48C

1. hACHRINL/IT 2. ABC W/ 3. Whdetd/T 4. 0G0t THAA HPHR

5. A2 PANPIY (V97 T)
9. 7eM%t

1. act&hi 2. a0a9® 3. TCEAFTE 4. hbah 5 Ak ATHYAR @10k
10. n¥c 1. 2. WP ATTYAR 2708
11. aoNg A& 4-A 1.1nc 2. 097

heA 4. 98 7T aPLAh T

12. Al HhAé QAT OCh. HT 487 av&hit THRT G421 chT19° DALLIC & LM ?
1. Ao 2. K47
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13. 13¢- kb6 12 aPAOI° h® W DR APGL ALY a0t AP DAL ? (Nl AL TAOA. PAN. F°I°AN

ehAd AR)
1. 0L-TCPFHNP  2.04- O 3. 04-AACE, 4. G @A aohAhA. hzS
5 es-anksg 6. 0~k 7. 00k YR 2108

GL HOO( T hTI° 421 HTLPP LLhm- &7

14. 58 GhC cho19°? 1. a® 2. AR4N7

15. G2 £9° L&A T Add FPOA? 1LA® 2. AR4&N7

16. A0l NhAd. 3 @Cch. £I° LOI° Lebhmy 272 1LA® 2. AR4N7

17. A0 "o 1LH 89° +PLAOLI° LLAM- &7 1LA® 2. AR4&N7

18. Al HhAd. 1 %ot PATIA Y609° LM &7 1A® 2. AR4N7

19. Al MhAd. 3 Gav gt 8 av POt YIPG HILCHT° LAAM: &7 LhD 2. h@4(7

20. HOuch G& 6 2e- h™I9° AAPIP 22 1A® 2. hR4N7
21. Al HehAd. 6 APCh §& hI9° G0 AOMIPPIP 104 &7 1A® 2. hR4NT
22. &l HehAd. 2 %ot G@ H(L AhTI9° hHPI® LEAT & ? 1A® 2. hR4NT
23. G2 0IC 9P 1.A® 2. AR4AT

24. G2 AN AhTIg° 1A® 2. hL4NT

25. 6@ 9°L:92, 919° [chI9° AN IPPI° 124 22 1A® 2. hR4&NT

26. ANCE, (78 (@1 m0) AOM.I°PI° 184 &7 1Lh® 2. he4N7

27. G2 917140 T9C AOMIPPI° 104 &2 1Aa® 2. AR4N7

WA OO NTLL M LTPar/20A0~ (V A PART £3°m:)

NNt | Qv%vt Bl | aoey i 2 han | 10927 B | hdhdg (ZAOTF | Fador

A e, A8 M TN | 3 qp, 1 7204, NGAIEAL  JoLAM- | AREATT
hvdie hoe)
28.| Aah
[a
29.| &t
30.| ¢
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heA, 5. 1@+ koot PR 6L LT° S RTY

31.

#avt (077F: THHC)

32.

0L+ (hde <1¢-9°)

o 997

33.

qL P TIATAL hed, Héf (MUAC)

A7t T

34.

qe L9 &ait (N9LALTC “1Ch4)

NB: ¢ €%6 12 7 a1 13-27 ao\(09° A® A 7H0RT 1006 7 B ET HPPav: Wrth@TI0F GL 890 Ldh 9P
11 90-120/60-90 @24, A7H0nL'r: BMI <18 AG >25 A7rFne'r, tAadd A0 &%  +034 henD-77 ::

% 0A ThN0CT 19°0TI

PO ot WL 0%

PO aochtt HNLL A°

&CM
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Annex IV. Laboratory Blood sample collection procedure and processing

1.

2
3
4.
5

10.
11.
12.

13.
14.
15.

16.

Assemble all the necessary materials for blood collection
Identify and prepare the person for collection
Label tubes with the client’s name/identification number.

Wear the rubber gloves and make the person at a comfortable position

. Tie the tourniquet around the arm of the person just above the bend in the elbow. The tourniquet

should be positioned 7.5cm to 10cm above the puncture site.

Using the tip of the index finger examine the phlebotomy site, feel the vein, and decide exactly
where to place the puncture

Disinfect the phlebotomy site by swabbing the skin in small outward circles with an alcohol
swab.

Insert the needle directly into the vein and withdraw peripheral blood into the SST test tube
Withdraw the needle from the vein and cover the puncture site cotton swab and hold pressure
at the puncture site for 3 minutes.

Properly discard the used materials in a safe container.

wait until the blood collected by SST to be clot and centrifuge at 2500-3500 rpm to 3-5 minute
Separate the serum to white sample container cup, if we are not able to analyze the specimen
immediately store the specimen at the right temperature for the right time for the appropriate
test

Turn on the clinical chemistry analyzer machine

Check the expiry date of all reagents

Check the daily, weekly, monthly, quarterly and yearly controls, standards and calibration
results of the analyzer

Analyze the specimen based on the leaflet procedure for each clinical chemistry parameter test.
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Principle and interpretation of the tests

1. Liver function tests

1.1.Alkaline phosphatase

Principle
Alkaline phosphatase (ALP) catalyzes in alkaline medium the transfer of the phosphate group from
4-nitrophenylphosphate to 2-amino-2-methyl-1-propanol (AMP), liberating 4 nitrophenol. The
catalytic concentration is determined from the rate of 4-nitrophenol formation, measured at 405
nm.
4-Nitrophenylphosphate +AMP _ALP__, AMP-Phosphate + 4-Nitrophenol

Interpretation of result

Serum ALP measurements are of particular interest in the investigation of two groups of
conditions: bone disease and hepatobiliary disease. Physiological bone growth elevates ALP in
serum of growing children and a transient elevation may be found during healing of bone fractures.
The response to the liver to any form of biliary tree obstruction is to synthesize more ALP.
Intrahepatic obstruction of the bile flow by invading cancer or drugs raises serum ALP. Any drug
that is hepatotoxic or induces cholestasis will greatly increase serum ALP.

1.2. Alanine aminotransferase

Principle

Alanine aminotransferase (ALT/GPT) catalyzes the transfer of the amino group from alanine to
oxoglutarate with the formation of glutamate and pyruvate. Latter pyruvate is reduced to lactate
by lactate dehydrogenase (LDH) in the presence of reduced nicotinamide adenine dinucleotide
(NADH). The reaction is monitored kinetically at 340 nm by the rate of decrease in absorbance
resulting from the oxidation of NADH to NAD+, proportional to the activity of ALT present in
the sample.

L-Alanine + 2-Oxoglutarate - ALT—> L-Glutamate + Pyruvate

Pyruvate + NADH + H LDH ---> Lactate + NAD+

Result interpretation

The liver is especially rich in ALT, being the enzyme measurement used primarily as a test for
infectious and toxic hepatitis, although high levels of both ALT and AST may also be found in
cases of liver cell damage and acute pancreatitis, suggesting that the obstruction of the biliary tree

by the edematous pancreas and the presence of associate hepatic disease may contribute to elevated
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AST levels in these patients. Slight or moderate elevations of AST and ALT activities may be
observed after intake of alcohol and after administration of various drugs, such as salicylates,
opiates and ampicillin.

1.3.Aspartate aminotransferase

Principle
Aspartate aminotransferase (AST/GOT) catalyzes the transfer of the amino group from aspartate
to oxoglutarate with the formation of glutamate and oxalacetate. The oxalacetate is reduced to
malate by malate dehydrogenase (MDH) in the presence of reduced nicotinamide adenine
dinucleotide (NADH). The reaction is monitored kinetically at 340 nm by the rate of decrease in
absorbance resulting from the oxidation of NADH to NAD+, proportional to the activity of AST
present in the sample.

L-Aspartate + 2-Oxoglutarate  AST Glutamate + Oxalacetate
Oxalacetate + NADH + H+ MDH Malate + NAD+

1.4.Bilirubin direct and total

Principle

Direct bilirubin in the sample reacts with diazotized sulfanilic acid forming a coloured complex
that can be measured by spectrophotometry. Both direct and indirect bilirubin couple with diazo
in the presence of cetrimide. The difference of two measurements total bilirubin (with accelerator)
and direct bilirubin (without accelerator) enables the calculation of indirect bilirubin. The terms
“direct” and “total” refer to the reaction characteristics of serum bilirubin in the absence or
presence of solubilizing (accelerating) reagents. The “direct and indirect” bilirubin’s are only
approximately equivalent to the conjugated and unconjugated fractions.

Result interpretation
Conjugated or unconjugated) in plasma is an indication of a disturbance in bilirubin metabolism.
This condition is caused either by an overproduction of bilirubin or by an impairment in the
metabolic pathway. The increase in bilirubin production is usually caused by a rapid destruction
of erythrocytes, resulting from blood diseases such as hemolytic anemia. In newborns the increase
in bilirubin may be caused by Rh, ABO, or other blood group incompatibility, by sepsis, hepatic
immaturity, or by a variety of hereditary defects in bilirubin conjugation. Impairment in the
bilirubin metabolism is caused either by an enzyme deficiency or by a physical obstruction in

bilirubin flow such as biliary (bile duct) obstruction. The hyperbilirubinemia leads to kernicterus
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(deposition of unconjugated bilirubin in brain and nerve cells) or jaundice (discoloration of mucus
membranes, sclera and skin caused by the deposition of bilirubin pigment).

1.5.Total protein
Principle
Protein in the sample reacts with copper (II) ion in alkaline medium forming a coloured complex
that can be measured by spectrophotometry.
Result interpretation
The two general causes of alterations of serum total protein are a change in the volume of plasma
water and a change in the concentration of one or more of the serum proteins. Hyperproteinemia
can be caused by dehydration (inadequate water intake, severe vomiting, diarrhea, Addison’s
disease, diabetic acidosis) or as a result of an increase in the concentration of specific proteins
(immunoglobulins in chronic infections, multiple myeloma). Hypoproteinemia may be caused by
hemodilution (salt retention syndromes, massive intravenous infusions), by an impaired synthesis
(severe malnutrition, chronic liver disease, intestinal malabsorptive disease), or by an excessive
protein loss due to a chronic kidney disease or severe burns.

1.6.Albumin

Pricnciple
The method is based on the specific binding of bromocresol green (BCG), an anionic dye, and the
protein at acid pH with the resulting shift in the absorption wavelength of the complex. The
intensity of the color formed is proportional to the concentration of albumin in the sample.
BCG + Albumin PH acidic BCG-albumin complex

Result interpretation

Hyperalbuminemia is of little diagnostic significance except in dehydration. Hypoalbuminemia is
found as a result of several factors: reduced synthesis caused by liver diseases; reduced absorption
of amino acids due to malabsorption syndromes or malnutrition; increased catabolism as a result
of inflammation or tissue damage; altered distribution between intravascular and extravascular
space due to increased capillary permeability, overhydration or ascites; abnormal losses caused by
renal disease (nephrotic syndrome, diabetes mellitus, chronic glomerulonephritis, systemic lupus
erythematosus), gastrointestinal tract disease (ulcerative colitis, Crohn’s disease) or skin damage

(exfoliative dermatitis, extensive burns); congenital absence of albumin or an albuminemia (48).
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2. Renal Function Test

2.1. Creatinine

Principle

Creatinine in the sample reacts with picrate in alkaline medium forming a coloured complex (jaffe
method). Serum and plasma samples contain proteins that react in a nonspecific way; nevertheless,
the results can be corrected subtracting a fixed value. The use of this correction is known as the
Jaffé method compensated. The formation rate of the complex measured through the increase of
absorbance at 500 + 20nm in a prefixed interval of time is proportional to the concentration of
creatinine in the sample.

Creatinine + picric acid alkalinePH,. ~ creatinine picrate complex

Result interpretations

Creatinine is synthesized in the body at a fairly constant rate from creatine, which is produced
during muscle contractions from creatine phosphate. Creatinine in the blood is then removed by
filtration trough the glomeruli of the kidney for excretion in the urine. Since the excretion of
creatinine in healthy individuals is independent of diet and thus relatively constant, the creatinine
Clearance (CC) test is one of the most sensitive tests to diagnose renal function especially the
glomerular filtration rate (GFR) the concentration of creatinine in serum being dependent almost
entirely upon its rate of excretion by the kidney. Elevated levels of creatinine in serum are usually
associated with renal diseases, especially those related to glomerular filtration rate such as
glomerular nephritis (45)

2.2.Urea

Principle

Urea in the sample is hydrolyzed by urease to ammonia and carbon dioxide. The second reaction,
catalyzed by glutamate dehydrogenase (GLD) converts ammonia and a-ketoglutarate to glutamate
and water with the concurrent oxidation of reduced nicotinamide adenine dinucleotide (NADH) to
nicotinamide adenine dinucleotide (NAD). Two moles of NADH are oxidized for each mole of
urea present. The rate of decrease in absorbance at 340 nm is measured and proportional to the

concentration urea in the sample

Urea + H20___Urease . 2 NH3+CO2
2NH4+ 2 a Ketoglutarate +2 NADH  GLDH . y Glutamate + 2 NAD + H20

Result interpretations
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Urea is the nitrogen-containing end product of protein catabolism. States associated with elevated
levels of urea in blood are referred to as hyperuremia or azotemia. Parallel determination of urea
and creatinine is performed to differentiate between pre-renal and post-renal azotemia. Pre-renal
azotemia, caused by e.g. dehydration, increased protein catabolism, cortisol treatment or decreased
renal perfusion, leads to increased urea levels, while creatinine values remain within the reference
range. In post-renal azotemia’s, caused by the obstruction of the urinary tract, both urea and
creatinine levels rise, but creatinine in a smaller extent (48).

3. Glucose

Principle

The OnCall Plus Blood Glucose Test Strips are thin strips with a chemical reagent
system using glucose oxidase. They work with the OnCall plus Blood Glucose meter to measure
the concentration of glucose in whole blood. Blood is applied to the end tip of the test
strip. The blood is then automatically absorbed into the reaction cell. This is where the reaction
takes place. A transient electrical current is formed during the reaction and detected by the meter.
The blood glucose concentration is then calculated based on the electrical current. The result is
shown on the meter display. The meters are calibrated to display plasma equivalent results.
Result interpretation

An abnormal increase in blood glucose level, referred to as hyperglycemia, can be associated with
diabetes mellitus and hyperactivity of thyroid, pituitary or adrenal glands. An abnormal decrease
beyond the fasting level, referred to as hypoglycemia, is observed in cases of insulin overdose,
insulin secreting tumors, myxedema, hypopituitarism, Addison’s disease and conditions
interfering with glucose absorption. Glucose measurement in the blood is a key test to evaluate

and diagnose any carbohydrate-related disorder.

60



Declaration

I, the undersigned, declare that this M.Sc. thesis is my original work, has not been presented for a
degree in this or any other university and that all sources of materials used for the thesis have been

duly acknowledged.
Name of the student: Gebreslassie Gebremariam Berhe

Date Signature

Approval of Advisor:
Mistire wolde (MSc, Ph.D., Associate Professor)

Date: Signature:

Aster Tsegaye, MSc, Ph.D., Associated professor

Date Signature

61



