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Abstract
Back ground: Establishment of Reference Intervals (RI) is one of the expected activities of

medical laboratories which enable interpretation of the laboratory results according to the
existing local setups. Company derived values are being used to interpret results in health
facilities of Addis Ababa by the absence of locally RI.

Objective: To establish RI for common clinical chemistry parameters among apparently
healthy adolescents and children in Addis Ababa, Ethiopia from April to October, 2019
Methods: A community based cross sectional study was conducted on a total of 516
apparently healthy children (5-11 years) and adolescents (12-17 years) randomly selected
from Addis Ababa, Ethiopia from April to October, 2019.After interviewing the health status
of participants, socio demographic, nutritional status and life style data were collected using
structured questionnaire. Blood (5 ml), urine (5ml) and stool (about 5 grams) samples was
taken and examined. Serum levels of selected clinical chemistry parameters were determined
using Cobas C501. Data were entered, cleaned and analyzed by SPSS version 21. After the
exclusion of outliers using turkey method, Kolmogorov-Sminorv test was used to check its
normality. The 95% RI with 90% CI was determined using non-parametric method (2.5"and
97.5™ percentile).The difference between children and Adolescent values was evaluated
using Mann-Whitney test and P-value of <0.05 claimed the presences of stastically
significant difference.

Results: There was stastically significant variation between children and Adolescents in both
sex and age for level of AST, ALP, TP, TBIL, DBIL, Cr, and UA, but ALT and ALB by age
and Urea by sex. The established RI includes: Gluc 61-91 and 57-97 mg/dl, ALT 1.3-13.0
and 1.6-14.0 U/L, AST 12.3-26.7 and 8.0-27.0U/L, ALP 143-375 and 47-452U/L, DBIL
0.01-0.20 and 0.01-0.27mg/dl, TBIL 0.09-0.46 and 0.16-0.71mg/dl, TP6.4-7.8 and 6.4-
8.3g/dl, ALB 4.1-5.1 and 4.1-5.2g/dl, UA1.4-4.9 and 1.5-6.8mg/dl, Cr 0.29-0.58 and 0.04-
0.64mg/dl and Urea 9-30 and 8-31mg/dl for children and Adolescents, respectively for each
test.

Conclusion: The study identified variations with the currently utilized RIs; therefore,
establishment and use of local reference ranges should be encouraged because it enhances
patient care and health research.

Key words: References interval, Clinical chemistry, Biochemistry analytes, Apparently

Healthy, Adolescent, children
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1. Introduction

1.1. Background
Reference interval is one of the most important tools to help result interpretation and making
decision about patient’s condition. Values typically representing the central 95% of healthy
individuals, have been superseded by decision limits(1).The concept of reference values was
designed in the 1970s by a Scandinavian group, then, it was developed and completed by
numerous works of national societies (French and Spanish) as well as at the international
level, particularly within the International Federation of Clinical Chemistry and Laboratory
Medicine (IFCC) and National Committee for Clinical Laboratory Standards (NCCLS) (2).

Establishment of Reference intervals in adolescents and children at different age group also
used to follow the different phases of physiological development from birth to childhood and
adolescence. However, appropriate age- and gender-specific adolescent reference intervals
are often lacking. Gaps may be due to study recruitment being performed in school, and
missing preschool ages, or that collecting samples is difficult from healthy adolescent.

Recent studies and projects have achieved major advancements (3).

According to IFCC, it is necessary for any laboratory to have its own set of reference range.
Reference intervals are established by testing the large number of healthy population and
helping out what appears to be “Normal” for them (2) and also Reference intervals for
common laboratory tests have been derived traditionally from samples of adults living in
industrialized countries. However, these intervals can differ substantially from those in
children and adolescent from developing countries, such as those in Africa. Optimal cost-
effective detection and management of common conditions depends on the availability of

appropriate local age-specific reference ranges (4, 5).

Routine capacity for clinical laboratory testing is also increasing in Africa. Clinical trials and
clinical care in sub-Saharan Africa requireaccurate laboratory reference range for appropriate
assessment of children and adolescent, monitoring disease progression, and reporting of
possible toxicity and adverse events.(6).Proper evaluation of result interpretation is
importance for children and adolescent depending on the test parameter. Such interpretation
is requiring relevant reference interval, ideally established in the local setting. Locally
validated reference ranges are also important for clinical trials participation as the use of
inappropriate clinical laboratory reference ranges may result in an unnecessary exclusion of

patients from participation in important trials or an inability to reliably assess drug-related
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toxicities and adverse events. (7).

For developing countries to establish reference interval for a laboratory, a minimum of 120
samples needed from apparently healthy individuals for analysis, by a non-parametric means
for each partition and this should be done after a specific time period because reference
ranges may change with time and also the methods (4). Statistically, reference intervals are
defined as the limiting values denoting a specified percentage (typically central 95%) of
values from an apparently healthy reference population with 90% confidence. In the central
95% distribution model, the reference limits are determined by calculating the 2.5th and
97.5th percentiles of test results and exclusion of 5% (8) individuals with liver disease
maintain normal function despite extensive liver damage. In such cases, liver disease may
only be recognized by using tests that detect liver injury. Most commonly, this is
accomplished by measurement of plasma activities of enzymes found within liver cells
released in somewhat specific patterns with different forms of injury. Chronic liver injury
often involves fibrosis in the liver. Consequently, detection of markers of the fibrotic process
might be indicators of degree of liver injury (9).

Liver disease usually classified as hepatocellular, cholestatic (obstructive),or mixed. In
hepatocellular diseases (such as viral hepatitis or alcoholic liver disease), features of liver
injury, inflammation, and necrosis predominate. In cholestatic diseases (such as gall stone or
malignant obstruction, primary biliary cirrhosis, some drug-induced liver diseases), features
of inhibition of bile flow predominate. In a mixed pattern, features of both hepatocellular and
cholestatic injury are present (such as in cholestatic forms of viral hepatitis and many drug-
induced liver diseases) (10).ALP may be elevated in conditions involved in bone formation
or increased bone turnover. In children, serum ALP concentrations are considerably higher
than in adults and those concentrations correlate with the rate of bone growth. ALP levels are
mildly elevated relative to adult levels during the first 3 months of life, increase 2- to 3-fold
at puberty, and remain above the adult level for 1 or 2 years (11).

One of the most important tools in confirming a healthy children and adolescent is the
growth chart (8). Sexual characteristic changes across puberty are profound; the earlier
changes during the growth of adolescent, from birth to puberty are also significant (9).The
major functions of the kidney are to excrete metabolic west products as well to maintain
water, PH, electrolyte balance, production of calcitriol and erythropoietin. A decrease in
kidney function is due to reduction in the performances of nephrons (9).the renal markers

serum creatinine, urea, and uric acid all increased with age. The amount of creatinine



produced daily from break down of creatine in muscles correlates with increased muscle
mass. Similarly, urea and uric acid are related to protein degradation and would also be

expected to increase with growth and development for children and adolescents (12).

The significances of RI of clinical chemistry parameters among different countries and even
population groups of the same country attributes the risk of unessential further investigation
or default in the detection of the underlying disease or leads to wrong management of
patients (13). The aim of this study is, therefore, to determine the local reference ranges for
selected clinical chemistry values among a healthy adolescent and children population living
in the Addis Ababa, Ethiopia. Values based on age and gender was determined, and local
results were compared to levels reported in adolescent and children with other published

papers.



1.2.  Statement of the Problem

Nearly 80% of physicians’ medical decisions are based on laboratory report (4). Most
laboratories for example in Pakistan, Kenya, Austrian and Ethiopia rely on the references
provided by the manufacturer of the kit and /or developed by another reference laboratory
(14-17).1dentifying potential interference by a mismatch between clinical and biochemical
data is important in planning the subsequent investigation and treatment of patients. Most
laboratory tests that do not have disease-specific cutoff values have a “normal” reference
interval, defined as the central 95% interpercentile range in a normal distribution for a group
of healthy volunteers, False-positive test results are harmful psychologically and financially
to the patients (13).

Iranian children and adolescents showed ethnic differences in comparison with the CALIPER
study and the other studies in pediatrics in the United States in terms of the number of age
groups (12).From a study conducted in different African countries on common biochemical
tests like alanine aminotransferase (ALT), aspartate aminotransferase (AST), and bilirubin
(direct and total) which are usually used during screening/enrollment and safety monitoring
of clinical and vaccine trial participants showed out of range (OOR) values of up to 32% in
Kintampo(Ghana) which favors the degrees of ruining for enrolment in to clinical trials and
misinterpretations of advert effects using the western RI values. Children are constantly
changing and developing and therefore, single reference values may not be appropriate for
children of all ages (18).In Kenyan studies involving the age of 1-17 range, the limits of the
enzyme like AST and ALT observed to be as high as ten times more as the manufacture’s
values (15).

Therefore, the aim of this study was to determine the local reference ranges for selected
clinical chemistry values among apparently healthy adolescents and children population
living in the Addis Ababa, Ethiopia. Values based on age and genders were determined, and

local results were compared to levels reported in adolescents and children by other studies.


file://chs-vdi-fs/CHS-Students/GSR631710/Desktop/note/Table%20of%20Contents.docx%23_Toc436648631

1.3.Significance of the study
The clinical chemistry reference interval is one of the most important decision-making tools
used to differentiate between healthy and diseased individuals. Therefore, in order to
accurately differentiate what is healthy and normal locally established RIs are necessary for
each laboratory parameters in the population. Many adolescents and children’s physiological
changes that occur during physical development of the body affect the clinical laboratory
parameters. This study is, conducted to determine the biochemical values for population in
community settings. Patients will benefit from appropriate interpretation of their laboratory
findings based on local standards. It helps unnecessary repeats when patient results become
out of range when judged by company derived values. This can be used as reference values
in the future evidence-based practices. Moreover, this study would serve as baseline

information for further studies at national level.


file://chs-vdi-fs/CHS-Students/GSR631710/Desktop/note/Table%20of%20Contents.docx%23_Toc436648632

2. Literature Review

The RIs are descriptive of a specific population and are derived from a reference distribution
(usually 95% interval).Whereas clinical decision limits (CDLs) are thresholds above or
below which a specific medical decision is recommended and are derived from Receiver
Operating Characteristic (ROC) curves and predictive values. CDLs are based on the
diagnostic question and are obtained from specific clinical studies to define the probability of

the presence of a certain disease or a different outcome (19).

Adeli et al, established biochemical marker reference values across age groups including
pediatric and adolescent age groups that are representative of the Canadian population in age
category 6-15(children and adolescent). The values were as follows for selected parameters:
Albumin (4.1-5.1g/l) and total bilirubin (0.1-0.9mg/dl). The study demonstrated that there are
no required additional sex and age partitions. ALKP (153-3671U/L) decreased at an earlier
age of 11 years. AST (23-361U/L) declined steadily until 18 years of age. Males had
increased serum creatinine concentrations (0.5-0.9mg/dl) after 12 years of age, respectively,
compared to females (0.5-0.8mg/dl). Males also had higher concentrations of urea and uric
acid (3.7-7.7mg/dl) between 8-59 and13-79 years of age, respectively than female (2.6-
6.2mg/dl).ALT (16-39 IU/L) and glucose (73-91mg/dl) all required 5-15 age partitions, with
lower limits that remained relatively un-changed throughout the age range but increasing

upper limits in adult and geriatric ages(12).

Houman T et al from the University of Toronto demonstrated that serum concentration of
several biomarkers remained relatively constant across the pediatric age range and similar
between sexes. But alkaline phosphatase in males aged10-17 years was (86-5151U/L), higher
than females (52-4321U/L) while creatinine for the age group of 5-19 males was (27-
90umol/l), and females (35-68umol/l). Thus, the finding showed both age and sex difference
(20).

In a study from Korea, most analytes except albumin (4.0-4.9g/dl) required partitioning
either by sex or age. Age-specific partitioned reference intervals for alkaline phosphatase for
male age of 6-14 years were (118-3411U/L) and for female age of 6-12 years the value was
(123-330 IU/L). Creatinine for male age of 6-9 years (0.32-0.64mg/dl), 10-12years (0.39-
0.80mg/dl),13-16years (0.45-0.80mg/dl) and for female age of 6-8 rears (0.32-0.64mg/dl)
and 9-14y years (0.37-0.72mg/dl), and total bilirubin for male age of 2-8 years (0.2-0.8mg/dl)
and 9-16years (0.2-1.0mg/dl) and for female age of 2-9 years (0.2-0.8mg/dl) and 10-14years

(0.2-1.0mg/dl) were established for both males and females after being partitioned by sex.

6
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Additional age-specific partitioning of aspartic amino-transferase (7-311U/L) in females (2-
14y) and total protein (6.3-7.7g/dl)in age of 2-14 years and uric acid in males in age of 2-10
years (2.6-5.9mg/dl) and 11-16years (3.0-7.6mg/dl) was also required. Alanine amino
transferase male age of 2-16 years(8-391U/L) and age of 2-14 years for female(7-31 1U/L),
blood urea nitrogen for male age of 2-16 years(8-19mg/dl) and for female age Of 2-14years
(7-17mg/dl), and glucose for male age of 2-16 years (75-117mg/dl) and for female age of 2-
14 years (74-121mg/dl)were partitioned only by sex(21).

Iranian children and adolescent showed differences between reference intervals reported in
boys and girls. Ages of 7-9 years AST (18-451U/L), age of 10-14 years (6.3-45.0 IU/L) and
in the age of 15-19 years (8.1-42.0 IU/L); there was no difference by gender but the
difference is in age category. Similarly, ALT differ in age; the respective values were age of
7-9 years (7-44 IU/L), age of 10-17years (5.2-36.0 IU/L) and FBS also age of 7-10years (58-
123mg/dl) and age of 11-19 years (55-123mg/dl)(22).

In the Austrian adolescent study cohort by Barbara B et.al, most biochemical markers reveal
similar range to values published in other studies. The respective values were Albumin(37-
56g/l), creatinine(0.6-0.9mg/dl), urea(12.40-30.30 mg/dl), uric acid(3.0-5.9mg/dl), AST(<32
IU/L) and ALT(5-20 IU/L)(16).

In Rawalpindi-Islamabad area the values for children and adolescents of plasma glucose (3.1-
6.0mmol/L)and total protein (55-83g/l) were higher; urea (2.5-6.2mmol/L), creatinine(31-
128umol/l), ALT (14-52 IU/L), ALP (185-706 IU/L) were lower and uric acid (120-
410umol/L) and total bilirubin (4-18umol/L) were comparable with those of Karachi
population. The authors attributed the variations may be due to selection criteria of
population, geographical or analytical factors. The values of plasma glucose, serum urea,
creatinine, uric acid, total bilirubin were lower and total protein ALT and ALP were higher
than American population. Similarly there were mild to significant differences, in various

analyses when compared with different age and sex groups of the Chinese (14).

Comprehensive biochemical reference values that would serve as standards for the
interpretation of laboratory results for children and adolescent in routine healthcare practice
and screening/ follow-up during clinical trials in the Kintampo area of Ghana was
established. Albumin (35-50¢/l) decreased progressively in the children; they later increased
in the adolescents. Creatinine and urea increased progressively with age throughout the

study. Levels of ALT, total protein, and total bilirubin remained almost invariable throughout



the study. Levels of uric acid showed great variation, increasing in the 5-12 year subgroup
and decreasing in adolescents. Adolescent males had significantly higher levels of ALT (10—
61 IU/L versus 7-41 IU/L), AST (18-67 IU/L versus 11-49 1U/L), direct bilirubin (1.2-4.0
mmol/L versus 0.8-3.9 mmol/L), urea (1.0-5.5 mmol/L versus 1.0-3.6 mmol/L), creatinine
(42—-79 mmol/L versus 33—-78 mmol/L), uric acid (79— 334 mmol/L versus 76-285 mmol/L).
However, adolescent females had significantly higher levels of albumin (34.3-48.9 g/L
versus 37.8— 50.5 g/L) than males (18).

In university of Zimbabwe, studies on the biochemical parameters in the age of 12-18
showed significant different between males and females were ALT male (5.8-38.81U/L),
female(5.0-43.5 IU/L), AST male(14.4-45.71U/L), female(12.7-38.81U/L), and ALP
male(73.8-572 IU/L), female(66.1-552 1U/L)(23 ).

In Kenya a study conducted on children aged 1-17years also revealed significant difference
between sex for same parameters those are ALT male(11.18-57.20 1U/L),
female(10.24056.84 1U/L), DB male(0.43-3.54umol/l), female(0.21-4.19umol/l), and TP
male(30.78g/1),female(29.95-54.57g/l).the lower reference range limits of the enzyme
ALT(10.75-57.80 IU/L) vs.(0-50 IU/L) and AST(9.92-54.60 IU/L) vs. (0-50 IU/L) were
observed to be as high as ten times more than the manufacture values. The enzyme ALP
(61.63-114.31 1U/L) vs. (47-406 1U/L) showed a significant higher lower limit and a
significant lower upper limit. Those references interval of ALP was significantly shorter
compared to that of the manufacture’s value (15).

In Ethiopian (Tigray region) a study conducted in the age of 12-17 yrs. lower and upper limit
results were relatively higher than the manufacture’s reference value for glucose (65-
110mg/dl), alkaline phosphatase (66-4561U/L), albumin, Total bilirubin (0.10-0.81mg/dl)
and direct bilirubin (0.03-0.53mg/dl). On the other hand, the upper limit reference value of
this study was lower when compared with the manufacturer’s upper limit values for AST
(14.20-34.901U/L), ALT (5-231U/L), Urea (8.14-24.25mg/dl), creatinine (0.37-0.91mg/dl)
and Total protein (6.09-7.85¢g/dl)(24).Generating more data from different parts of Ethiopia is
needed to establish our own reference interval, which this study has trid to accomplish for
Addis Ababa children and adolescent..



3. Objectives

3.1. General objective
To establish RI for common clinical chemistry parameters for apparently healthy adolescents
and children in Addis Ababa, Ethiopia from April to October, 2019
3.2. Specific objectives
- To determines RI for FBS , liver and liver function tests for apparently healthy
children in Addis Ababa
- To determines sex specific RI for FBS, and renal liver function tests for apparently
healthy adolescents in Addis Ababa

4. Hypothesis
Ho:-There is no statistically difference between reference values for commonly
performed LFT and RFT between children and adolescent of Addis Ababa, Ethiopia
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5. Materials and methods

5.1. Study design

A community based cross-sectional study was conducted to establish reference intervals for
selected clinical chemistry parameters among adolescents and children in Addis Ababa, from
April to October 2019

5.2. Study area

Addis Ababa is a capital city of Ethiopia with an altitude of 2300 m above sea level.
Commonly known as capital city of Africa as a result of many headquarters of different
international and regional organizations such as Africa Union and UN-Economic
Commission for Africa are found in the city. Based on the 2007 Census conducted by the
Central Statistical Agency of Ethiopia (CSA), Addis Ababa had a total population of2,
739,551 of whom 1,305,387 were males and 1,434,164 females. The estimated population of
Addis Ababa in 2018 is 7.178 Million. The city is divided into 10 sub cities and 99 woredas
.From those sub cites: Arada, Kirkos, Akaki and Yeka was selected for this study. Randomly

selected Weredas within these sub cities were then included in the study.

5.3. Study period
The study was conduct from April to October, 2019 G.C

5.4. Population

5.4.1. Source population
The source populations were all apparently healthy adolescents and children in Addis Ababa,

Ethiopia

5.4.2. Study Population
The study population were those adolescent and children who were selected systematically
from the randomly sample sub cites of Addis Ababa and who fulfill the eligibility criteria

were the study population.

5.5. Inclusion and exclusion criteria

5.5.1. Inclusion criteria
The same inclusion criteria described in the C-RIDL protocol [25] were applied with some
modification to cope with the Ethiopian population. The participants was subjectively feeling

well, between the ages of 5 and 17 and ideally they were not taking any medication or
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supplements but if they were under any of medication names, doses and frequency was

recorded.

5.5.2. Exclusion criteria

The participants were excluded if any of the following were identified:
= age less than 5 and greater than 17 year old
= if he or she was diabetic
= on oral therapy or insulin,
= History of chronic liver or kidney disease,
= Had results from their blood samples that clearly point to a severe disease,
= Had been a hospital in-patient or been subjectively seriously ill during the previous 4
weeks of participation,
= He or she was known carrier state of HBV, HCV and HIV
if he/she CRP result has> 3 mg/dl

5.6. Study variables

5.6.1. Dependent variables
specific reference intervals for Clinical chemistry parameters ( including AST, ALT,
Alkaline phosphatase, Glucose, albumin, total protein, direct and total bilirubin,

creatinine , urea/BUN and uric acid)

5.6.2. Independent variables

- Sex

- Age

5.7. Measurement and Data collection

5.7.1. Sample size calculation and sampling method

To establish local reference interval, 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, age range) with a power of

90% [CLSI 2008] (27). In the current proposed study, the maximum partition needed were

11
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age (5-11) years; (12-17 years) and sex partition for the older age group, hence a total of

three partitions with minimum sample size of 360 participants. .

According to previous studies in other African countries, in such large scale studies about
30% of apparently healthy population [Steven et al., 2008] (28) 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
total sample size of 360 for the reference interval determination, a total of 516 individuals
were enrolled (i.e, 30 % x 516=155 to be excluded during data analysis; 516-155=361).

Thus, 516 participants were recruited from Addis Ababa. The study participants were
selected using convenient sampling method by considering woreda as a sampling frame for
each sub cites and then households, schools, youth centers, and religion places the final
selection units. All individuals in the household and other places fulfilling the eligibility

criteria and willing to participate were included.

5.7.2. Sampling technique

Probability Proportional to Size (PPS) sampling method was employed, where the size
depends on the number of households and schools of Woredas (former Kebeles) in a
city/town. Accordingly, all the woredas in the town are considered/selected to be the
participants of the study. Since Addis Ababa is very large city, four sub-cities were selected
based on PPS, namely Arada, Kirkos, Akaki and Yeka sub-cities; thus all woredas under the
selected sub cities were included. To recruit 516 participants, community sensitization in the
weredas was conducted by experienced health extension workers prior to commencement of
the study. Once volunteering participants fulfilling the eligibility criteria are identified by the
health extension workers, they were invited to go to nearby health facilities for interview
using structured questionnaire and to facilitate biologiocal sample collection. Letter has been
written to the Health Bureau by the Federal Ministry of Health. The Bureau wrote support
letter to the respective Weredas (Annexed).

*total number of sampled is computed from the total sample size needed (i.e. 516) by the
estimated individuals per each study site

Proportional allocation=Ni=n*Ni

n = total sample size

n; = sample size at that stratum

N = total population

N; = total population at that stratum

12



Ten subs cites in Addis Ababa town

Probability Proportional sampling l
Four sub city n=516
Allocated proportionately O i
Arada n=111 _ l
o Yeka. n=188 Akaki, n=98 kirkos, n=119

Allocated proportionately ‘

v M=49 l M=59
M=36 M=54 F=49 F=60
F=35 F=54

Probability Pfoportional sampling

L 4 /
Total of 516 study subjects

Figure 1.SCchematic presentation of sampling procedure

5.7.3. Measurement and Data collection

The study aim, risks, benefits of study participation and right to withdraw from the study at
any time were explained by the study team to (also for parents/guardians). Data was collected
from children who were in good health according to the questionnaire responses, interview
and physical examination at the time of blood sampling. Blood specimen was collected for
clinical chemistry parameters, and CRP testing and hemo-parasites. . Laboratory results were

given to participants upon their requests according to the local Ministry of Health guidelines.
5.7.4. Demographic and clinical data

Socio -demographic and clinical data were collected using structured questionnaire by
trained data collectors. Physical examination and anthropometric measurements was carried
out by clinicians. The data collection tool has 6 parts; part | is about general information on
address; part Il is personal information; part I1l socio-demographic characteristics; part 1V

clinical information; part V Nutritional habit and life style; and part VI is Anthropometric
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measurement (detail is annexed). There were one supervisor, 4 data collectors per site plus

one overall coordinator centrally

Apparently healthy individual®s children and adolescent 3 16partciptances equal
numbers of for each aged groups 5-11 and 12-17

Questioner after informed consents/asses vital sign, a.rlthrl:pometry= biological sample

10 ml of Blood Stool (for ova/'parasites) Urine examination

EDTA: immunological, Hemoparacites.
Blood group

Plane tube: for chemistry and serologwv

test

30% will be excluded

To select 516 apparently healthv children and adolescent population determination for

clinical chemistry parameter reference interval

rigure 2.Data collection procedure

5.7.5. Sample collection for laboratory analysis

All samples were collected by experienced laboratory technologist using standard
phlebotomy procedures. Blood was collected as follows: 5 ml in a plain tube for chemistries,.
The indicated volume was within allowable blood volume that can be collected from children
5-17 years. To minimize diurnal variation of some analytes, blood samples were collected
before 11:00 am. The blood was drawn after the participant had sat quietly for approximately
30 min to avoid variations due to postural influence and physical stress. The time period was

used for checking the questionnaire.

Whole bloods were used for hemoparasites identification while serum samples for clinical
chemistry profiles. Stool sample was collected for parasitological analysis and urine for
Urinalysis. Leak proof clean containers were used to collect urine and stool samples.

All samples were labeled with unique identification number (Site name plus 001 to 516).All
samples were delivered to the ISO 15189 certified EPHI Central Laboratory on the day of
collection. Processing was completed after specimen verification at the Central Laboratory’s
specimen management section. Serum and left over plasma were collected and stored at -2-
8°C and transported in cold chain using cold boxes to EPHI for batch analysis of the clinical
chemistry parameters. Urine chemical test, kato technique, concentration and direct stool

analysis were performed on site in the respective health facilities where participants are
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invited to come to. Then leftover samples were stored at -80°C in Addis Ababa University,
Department of Medical Laboratory Sciences for future additional analyses, and each time
going through a new ethical clearance process. All results entered into SPSS and hard copies
for cross checking were sent to the PI at Department of Medical Laboratory Sciences, AAU.

5.7.6. Laboratory testing and analysis

Using the blood sample collected in the plain tubes for, biochemical analytes, the following
parameters were assayed: creatinine, urea, uric acid, aspartate amino transferase (AST),
alanine aminotransferase (ALT), alkaline phosphatase (ALP), albumin, total protein, total
bilirubin, direct bilirubin, and glucose. All tests determined using fully automated Chemistry
Analyzer according to manufacturer specifications. Methods for all analysis were traceable to
International Federation of Clinical Chemistry (IFCC) standards.

Table 1-Methods used for analytes of clinical chemistry to determine the reference interval of
apparently healthy Adolescents and children of Addis Ababa city, Ethiopia 2019

Analytes Method

FBS Hexokinase

AST IFCC Modified without pyridoxal phosphate
ALT IFCC Modified without pyridoxal phosphate
ALP p-Nitrophenyl phosphate Diethanolamine
TBIL Diazotized sulfanilic

DBIL Diazotized sulfanilic

Urea Enzymatic —UV Kinetic

Cr Jaffer—Kinetic

U/A Enzymatic colorimetric test.

TP Biuret/end point

ALB Bromocresol green succinate Buffer

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline
phosphatase; Cr: Creatinine; TP:Total protein; ALB: Albumin; BIL. D: Bilirubin Direct;
BIL. T: Bilirubin Total; FBS: Fasting Blood Sugar

5.8. Operational definitions
Apparently healthy: An individual who has no sign and symptoms and history for any

disease and negative result for the screening tests.

RI: The 95 percentile interval between the 97.5™ percentile and 2.5™ percentile which form
the upper and lower reference limit.

Renal function test: - A test in which blood or urine samples are checked for the amounts of
certain substances released by the kidneys. A higher- or lower-than-normal amount of a

substance can be a sign that the kidneys are not working the way they should.
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Liver Function Test: -A group of blood tests used to detect, evaluate, and monitor liver
disease or damage. A liver function test measures enzymes, proteins, and other substances
that are produced or excreted by the liver, such as alanine aminotransferase (ALT), alkaline
phosphatase (ALP), aspartate aminotransferase (AST), bilirubin, and albumin.

Adolescent: young children who are in a markedly pubertal change aged 0f 12-17

Years

5.9. Data Quality Assurance

Each activity including blood sample collection, transportation, storage and analysis was
based on good laboratory practices (GLP) using standard operating procedures (SOPs) to
ensure data quality. The analysis was done in EPHI. The laboratory had been participating in
external quality assessment programs like an onsite evaluation by international digital
proficiency testing by One World Accuracy three times per year. All pre-analytical,

analytical and post —analytical phases of the quality assurance cycle were maintained
Pre analytical

Standard operation procedures (SOPs) were followed for sample collection processing
storage and handling of the sample. Appropriate examination, screening of the subject for
acute and chronic diseases was performed .proper orientation was given clearly for the
candidates before sample collection and to avoid some factors such as strenuous exercise,
eating, drinking and medication. Re assuring the study subjects immediately prior to sample
collection was addressed and strict adherence to SOP was made during sample transportation
and sample preparation to evade from sample integrity and hemolysis

Analytical

The equipment had been calibrated monthly by type-Autocal. In addition, two levels (normal
and pathological) of internal quality control (IQC) samples were run along with the serum
sample. Internal quality control was done for each parameter by using two quality control
levels. the laboratory strived to comply with the principal of good clinical laboratory practice
protocol(GLP) between run precision for the analytes for the analytes was done using 20
measurement made on both the same and separate days using normal control samples. The
control sample results were interpreted using Westgard multi-rule algorithm. The control

sample results have to be within acceptable ranges prior serum sample testing

16


file://chs-vdi-fs/CHS-Students/GSR631710/Desktop/note/Table%20of%20Contents.docx%23_Toc436648656

Post analytical

The results obtained from the laboratory were verified by trained personnel before releasing
it. The result was entered in to computer carefully and proof read to reduce the corresponding

transcriptional error. At the end all leftovers samples were stored at -80°C

5.9. Data analysis and interpretation
All the data was coded and checked for completeness then entered and analyzed using SPSS

version 21 statistical software for windows. The data was tasted for normality of its
distribution by Kolmogorov-Smirnov; most of the RI parameters were not normally
distributed. Therefore, the nonparametric methods for determination of Rl were used as
recommended by CLSI.5 Median, central 95 percentile, and 90% confidence interval (CI)
was calculated. The 97.5" percentile and 2.5 percentile were the upper and lower reference
limit for the population. The tukey outlier range statistic had been used to identify and
determine outliers. The significant difference between sex among age groups was determined
using Wilcoxon rank-sum test (Mann-Whitney U test) and significance difference among
age groups between sex is determined using independent Kruskal-Wallis test. P value < 0.05
was considered as statistically significant.

5.9.1 Data quality management
To ensure the data quality, one day training on ethical issue how to approach the respondent

and how to administer the questionnaire was given to data collectors and supervisors. A
sample (5%) of the Amharic version of the questionnaire was pre-tested for clarity,
acceptability, and flow among the non-study subjects. Data collection process was checked
by supervisors in a daily basis. The principal investigator was conducting meeting with data
collectors and supervision ever day after completion of the data to check data inconsistency
and completeness. Systemic observation was carried out to control stool and urine sample

sharing among school children. The principal investigator controlled the overall activities.

5.10. Ethical considerations

Ethical approval was obtained from Department of Medical Laboratory Sciences, Addis
Ababa University prior to data collection. A written permission from Addis Ababa Health
office, sub city health office and wereda has been obtained. Study participants were asked for
their permission using assent form and parents/guardians for their consent. All the study

participants were informed about the purpose and benefits of the study, about the
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confidentiality of their responses and the importance of providing the right information in

increasing the validity of the study.

5.11. Dissemination of the result

Finding of the study will be disseminating to the Department of Medical Laboratory
Sciences, Health office, study sub cites and other concerned sectors. Hard and soft copy will
be made available through the library of AAU for graduate students and the public. Findings
will be communicated to the medical community during annual conferences and through

publications on peer-reviewed journals.
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6. Results

6.1 screening result
From the total of 516 study participants recruited, 45 (8.7%) of participants had CRP result

above the normal range, and so excluded from the analysis. Thus, reference interval for
selected biochemical tests (Table 3.and 4) was determined for the remaining 471 study
participants. Accordingly, for each analyte (FBS, AST, ALT, ALP, TBIL, DBIL, Urea, Cr,
U/A, TP and ALB), RI was calculated using the 2.5™ and 97.5™ percentiles as lower and
upper limits at 90% confidence interval in accordance with the CLSI guidelines

6.2 Socio demographic characteristics of the study

A total of 471study participants (children aged 5-11 years and adolescents aged 12-17 years)
involved on the research; where the proportion of males and females was 234 (47.7%) and
237 (50.3%), respectively. The mean age of adolescent and children were 14.43 and
9.29years, respectively. The median BMI was 15.25 and 18.33 in children and adolescents,
respectively and Std. Deviation of BMI was 131.1 and 2.99 respectively.
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6.3 .Reference interval for commonly liver and renal function clinical chemistry tests

The overall mean values for children and Adolescent for glucose (8.4vs 9mg/dl),
AST(11.3vs 9.9U/L), ALT(3.6 vs 4.6U/L) ,ALP(67vs 96U/L), Total Bilirubin(0.14 vs
0.18mg/dl), Direct bilirubin (0.5 vs 0.06mg/dl), Total Protein(0.53 vs 0.71g/dl),
Albumin(0.30 vs 0.40g/dl), urea(5.3 vs 6.0mg/dl), Creatinine (0.09 vs 0.12mg/dl) and Uric
acid(1.0 vs 1.1mg/dl,).The respective Rls for children and adolescents are summarized in
Table 2.

The study showed respectively statistically significant differences (P<0.05) between children
and Adolescent in majority of commonly performed liver and renal function clinical
chemistry parameters. Among the analytes urea and ALT required partition by age whereas
Glu and ALB needed partition by sex. Children had significantly lower value than
Adolescents in most analytes; they had significantly (P<0.05) lower value of Direct and total
bilirubin, ALT, and UA. Whereas significantly (P<0.05) higher value of ALP was seen than
Adolescents. The calculated mean, median, 95% CI for mean and 2.5™ and 97.5™ percentile
range (RI) of common liver and renal function clinical chemistry test for apparently healthy
children and Adolescents in Addis Ababa city, central Ethiopia is shown in table 2 and the

significance of tests by sex shows for Adolescents in table 3.
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Table 2:-mean, median and 2.5th and 95th percentile RI of common liver and renal function
tests in relation to children and adolescent status of healthy individuals in Addis Ababa,
Ethiopia, 2019(N=471, children=169, and adolescent=302)

Analytet Unit RI children RI adolescent RI Combined

Me | Mean RI Median Mean RI p. valueto | Median | Mean RI

dian | (SD) Range (SD) Range age (SD) Range
Glucose Mg/dl 76 8.4 61-91 78 12 57-97 0.047 78 9 57-97
ALT uU/L 6.7 | 3.60 1.3-13.0 6.7 3.7 1.6-14 0.120 6.7 4.66 1.6-14
AST U/L 19 11.31 12.3-26.7 15 9.0 8-26 0.0001 17 9.9 8-27
ALP U/L 225 | 67 143-375 183 105 47-452 0.0001 208 96 47-452
Direct Mg/dI 0.11 | 0.5 0.01-0.20 | 0.14 7.3 0.04- 0.002 0.13 0.06 0.01-0.27
bilirubin 0.27
Total Mg/dI 0.28 | 0.14 0.12-0.48 | 0.35 0.19 0.16- 0.0001 0.32 0.18 0.12-0.71
bilirubin m 0.71
Albumin g/dl 46 | 0.30 4.1-5.1 4.7 0.99 4.1-5.2 | 0.0001 4.7 0.40 4.1-5.2
Total g/dl 7.14 | 0.53 6.4-7.81 7.2 0.77 6.4-8.3 | 0.0001 7.2 0.71 6.4-8.3
protein
Uric acid Mg/di 34 1.0 1.4-4.9 4.1 18 1.8-6.8 0.0001 3.8 1.1 1.5-6.8
Creatinine Mg/dl 0.42 | 0.09 0.29-0.58 | 0.54 0.35 0.41- 0.0001 0.49 0.12 0.29-0.87

0.87

Urea Mg/dl 18 5.3 9-30 18 6.4 8-31 0.154 18 6.0 8-31

*parameters with stasticaly significant difference based on age

ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; AST: Aspartate
aminotransferase; L: liter; mg: Milligram; RI: Referenceinterval; 1U: International Unit; P.
value<0.05 considered as statistically significant
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6.4 Sex specific Reference interval for common liver and renal function tests among
adolescents

Reference interval for AST, ALP, decreased in female Adolescent. Although DBIL (0.04-
0.27mg/dl versus 0.16-0.57mg/dl; P < 0.01), the upper limit was lower than in male
Adolescent. Adolescent males had significantly higher levels of ALT(2.0-13.4 U/L versus
1.6-14.0 U/L; P < 0.01), AST (11-26 U/L versus 8-20 U/L; P < 0.01), ALP (48-552 U/L
versus 47-392 U/L; (P <0.01), Total bilirubin (0.18-0.71mg/dl versus 0.16-0.57mg/dl; P
<0.01), urea(8-31mg/dl versus 9-30; P < 0.01), creatinine(0.41-0.87 versus 0.36-0.68mg/dl; P
=0.01), uric acid (2.5-6.8 versus 1.8-5.6mg/dl; P < 0.01), than female counterparts, as shown
in table 3.
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Table 3:- Sex specific RIs with 90% CI for lower and upper reference limits of common liver
and renal function tests in adolescent in Addis Ababa, Ethiopia, 2019(N=302)

Analyte Male Female P. value to
Sex
Unit N RI Lower Upper RI Lower Upper
percentile reference reference N percentile reference reference
range limit 90% CI | limit Range limit 90% CI1 | limit 90% CI
90%ClI
AST(SGOT) | IU/L 137 11-26 10-11 23-27 143 8-20 7.1-10.0 19.0-21.4 0.0001
ALT(SGPT) | IU/L 137 2.0-13.4 1.0-3.5 12.2-14.5 143 1.6-14.0 0.2-2.7 10.6-14.0 0.003
ALP IU/L 142 48-452 0.41-82 419-478 148 47-392 0.0-58 291-392 0.0001
D. Bilirubin Mg/dl 134 0.04-0.27 0.03-0.07 0.24-0.28 144 0.04-0.24 0.03-0.05 0.23-0.27 0.002
T. Bilirubin Mg/dl 136 0.18-0.71 0.12-0.21 0.64-0.78 138 0.16-0.57 0.12-0.18 0.52-0.63 0.0001
Urea Mg/dl | 137 8-31 6.5-11.1 30-33 148 9-30 0.0-9.7 26-30 0.0001
Creatinine Mg/dl 137 0.41-0.87 0.36-0.43 0.80-0.87 150 0.36-0.68 0.31-0.37 0.65-0.73 0.0001
Total Protein | g/dl 132 6.4-8.0 6.23-6.62 7.91-8.26 149 6.5-8.3 6.42-6.61 8.23-8.71 0.016
Albumin g/dl 131 4.1-5.2 4.16-4.32 5.15-5.33 146 4.2-5.1 4.21-4.29 5.08-5.20 0.318
Glucose Mg/dl 134 64-97 63-68 93-99 148 57-94 55-60 81-97 0.813
Uric acid Mg/di 140 2.5-6.8 2.1-2.8 6.7-7.2 151 1.8-5.6 1.5-2.1 5.4-5.9 0.0001
*parameters with stasticaly significant difference based on sex
ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; AST: Aspartate

aminotransferase; Cl: confidence interval: L: liter; mg: Milligram; dlI: deciliter; RI: Reference

Interval; IU: International Unit; BIL. D: Direct Bilirubin; BIL. T: Total Bilirubin
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6.5-Comparability of established RI with other studies in Ethiopia, Africa and with kit
insert claiming RIs

In practice, reference values which are used for interpreting test results of adults are also used
for both children and adolescents. In the present study, company provided ALT, AST and
ALP RIs are almost similar to the newly established RIs of this study; however, these values
were found to be different from those established value in literatures.

The study assessed the comparability of the current RI with studies other part of Ethiopia,
Africa, Canada and Australia as shown in table 4. No consistent pattern was seen among the
various studies. All the parameters studied except ALB portray difference in the reference

range values obtained.
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Table 4:-Comparison of clinical chemistry parameters RI of current study against manufacturer
ranges and other similar studies for the age group of 12-17

Analy | Se | Curren | Manufact | Northern South west | Ghana®™ | Tanzania | Zimbabwe | Kenya™ | Austria | Canada
te x |t urer Ethiopia® | Ethiopia® n® @3) nt® 2
Study
FBS |[C |[57-97 |74-109 |65-110 NA 64.8-120.6 | NA NA NA NA NA
mg/dl | M | 64-97 | NA 64.15-108 | 66.80- NA 54-93.6 | 63-111.42 | NA NA NA
125.80
F [5794 [ NA 65.33- 59.70- NA 50.4-91.6 | 57.42- NA NA NA
111.35 117.70 120.24
ALT |[C [1614 |NA 5-23 NA 8-55 NA NA 10.75-56 | 10.0- NA
u/l 35.80
M | 2.0- Upto42 | 4.54-23.69 | 14.40- NA 10-36 5.8-38.8 | NA NA 17-50
13.4 60.70
F |16 Upto33 |5.10-20.0 | 11.0-70.50 | NA 7-33 5.0-345 | NA NA 14-41
14.0
AST [C |826 NA 14.20- NA 14-62 NA NA 9.92- 15.0- NA
u/l 34.90 54.60 44.60
M | 11-26 | Upto40 | 15.70- 12.4-580 | NA 19-42 14.4-45.7 | NA NA 18-36
39.10
F | 820 Upto32 | 13.30- 11.0-72.70 | NA 21-52 12.7-38.8 | NA NA 15-34
28.50
ALP | C | 47452 | 116-468 | 66-456 NA NA NA NA 61.63- NA NA
u/l 114.32
M | 48-452 | NA 79-492 21.20- NA 124-537 | 73.8-572 | NA NA 113-438
656.40
F | 47392 [ NA 63.56-253 | 91.80- NA 68-498 | 66.1-552 | NA NA 64-354
440.60
DBIL [C |0.04 |<030 0.03-0.49 | NA 0.05-0.23 | NA NA 0.02-0.22 | NA NA
mg/dI 0.27
M [ 004 |NA 0.03-0.04 | NA NA NA 0.0-0.25 | NA NA NA
0.27
F o004 |NA 0.02-0.53 | NA NA NA 0.09-0.35 | NA NA NA
0.24
TBIL [ C [0.16- | NA 0.10-0.81 | NA 0.19-1.26 | NA NA 0.73-4.24 | NA NA
mg/dl 0.71
M 018 |14 0.09-0.86 | NA NA 0.11-0.87 | 0.2-1.09 | NA NA 0.1-0.9
0.71
F [o0.16- |09 0.10-0.72 | NA NA 0.17-1.28 | 0.17-0.88 | NA NA 0.1-0.9
0.57
URE |[C |831 6-20 8.14-24.25 | NA NA NA NA NA NA NA
Amg/ | M | 831 NA 9.33-24.99 | 4.60-27.20 | NA NA NA NA NA 8-20
dl F [ 930 NA 7.40-23.00 | 3.90-48.50 | NA NA NA NA NA 8-19
CRE |C [036- |0531.2 |037-091 |NA 0.88-0.89 | NA NA NA 0.58-1.0 | NA
Amg/ 0.87
dl M | 041- | NA 0.39-0.96 | 0.30-1.90 | NA 0.92-6.83 | NA NA NA 0.05-0.-
0.87
F [036- | NA 0.30-0.85 | 0.30-1.30 | NA 0.91-2.69 | NA NA NA 0.5-0.8
0.68
UAm [ C |1.86.8 [ NA NA NA 1.31-541 | NA NA NA 3.22- ?
g/dl 7.94
M [ 2568 3470 |NA NA NA NA NA NA NA
F | 1856|2457 |NA NA NA NA NA NA NA
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TPg/d 6.4-83 | 6.6-8.7 | 6.09-7.85 | NA 46.4-86.5 | NA NA 30.38- NA NA
I 55.18
6.4-8.0 | NA 5.97-7.83 | NA NA 68-84 68.0-90.0 | NA NA NA
6.5-8.3 | NA 6.10-7.90 | NA NA 67-84 43.0-55.0 | NA NA NA
ALBg 4152 | 3.2-45 |4.42-546 | NA 34.4-49.39 | NA NA 28.30- 42.32- | NA
/dl 48.72 57.98
4.1+5. | NA 4.32-549 | NA NA 41-51 71.0-90.6 | NA NA 4.1-5.1
2
4.2-5.1 | NA 4.42-5.46 | NA NA 40-49 43.7-57.0 | NA NA 4.1-5.1
ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; AST: Aspartate

aminotransferase; Cl: confidence interval: L: liter; mg: Milligram; dlI: deciliter; RI: Reference
Interval; 1U: International Unit; BIL. D: Direct Bilirubin; BIL. T: Total Bilirubin M: Male,
F: Female, C: Combined
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6.6: Out range value

5.6.1-O0R (N) and OOR (%) of current Rl as compared to Manufacturer used R1 (adopted
from leaflet)

The proportion of out range values (OOR %) segregated by Children and Adolescent is
displayed based on the company based RIs which is being utilized by EPHI (Ethiopian public
health institution) according. Large values were detected for both children and Adolescent
especially for total bilirubin (100%) and urea (33.1% and 30%, respectively) and in
Adolescent high OOR vales are detected for ALT, ALP, Cr, ALB, UA and AST.

Table 5:-O0R (N) and OOR (%) of current RI study as compared to Manufacturer’s provided

RI (adopted from leaflet)

Children Adolescent

analytes | Unit

Manufacture r | Current study | OOR | OOR Manufactur | Current study | OOR( | OOR

(N) | (%) er N) (%)

Glucose | Mg/dl 74-109 61-91 94 55.6% | 74-109 57-97 20 6.2%
ALT IU/L 0-41 1.3-13.0 03 1.7% | <40 1.6-14 59 19%
AST IU/L 0-40 12-26 05 2.9% | <40 8-26 43 14%
ALP IU/L 129-417 143-375 04 2.3% 116-468 47-452 60 19.8%
TBIL Mg/dI 0.9-14 0.09-0.46 141 100% | 0.9-14 0.16-0.71 261 100%
DBIL | Mg/dl | <0.30 0.02-0.20 14 8.2% | <0.30 0.04-0.27 15 4.9%
UREA | Mg/l 6-20 9-30 56 33.1% | 6-20 8-31 96 30%
CREA | Mg/dI 0.32-0.73 0.29-0.58 06 3.5% 0.53-1.2 0.41-0.87 136 45%
UA Mg/dl 2.4-7.0 1.4-4.9 28 16.5% | 2.4-7.0 1.8-6.8 59 19%
TP g/l 6.6-8.7 6.4-7.8 04 2.3% 6.09-7.85 6.4-8.3 36 11.9%
ALB g/ 3.8-5.4 4.1-5.1 0 0% 3.2-45 4.1-5.2 135 44.7%

OOR: out of range; N: number; % Percentage, ALT: Alanine aminotransferase; ALP:
Alkaline phosphatase; AST: Aspartate aminotransferase; Cl. confidence interval: L: liter;
mg: Milligram; dl: deciliter; RI. Referencelnterval; IU: International Unit; BIL. D: Direct

Bilirubin; BIL. T: Total Bilirubin
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7. Discussion

The established comprehensive biochemical reference values would serve as standards for
the interpretation of laboratory results for adolescent and children in routine healthcare
practice and screening/follow-up during clinical trials in Addis Ababa, Ethiopia, as well as in
populations with similar profiles. One of the difficulties when establishing reference values
for children is how the population should be subdivided (18).Even so nearly 80% of
physicians’ medical decisions laboratory result is based on laboratory report However, there
is paucity of reference interval studies done in Ethiopia for common clinical chemistry
parameters especially for children and Adolescents.

Grouping children into the 5-11 years, and 12-17 years of age groups (male and female) was
performed based on the subgroups used for similar studies in Canada (12) and Northern
Ethiopia (24) and also based on recommendations to establish sex-specific reference values
during the pubertal stage. Determination of the values by using combined sex for children<
12 years of age was based on the general absence of sex differences for the parameters in
these age groups. There is a shortage of comprehensive age- and sex-specific biochemical
reference values for children in Ethiopia (26)

The result obtained in this study revealed that though the out of range proportion vary, most
analytes reference interval varied from the values provided as reference in the insert package
to be used for clinical management in the study area both for children and Adolescents. This
anticipated difference for population in different placement confirmed the recommendation
of the manufacturers and NCCLSI for each laboratory to establish their own reference
interval using their own local population (5).

Besides the presences of analogy among this study, for the respective RIs, and other studies
in  Africa and across the world, there were also few observable clinical chemistry parameter
Rls difference inconsistently in each country .However, relatively higher and wider RI for
ALT and AST was observed in southern Ethiopia (24), Northern Ethiopia (26), Ghana (18),
Zimbabwe (4), Canada (12) and manufacturer than the current study in Adolescent and
children.

Reference range of albumin and protein: children and adolescent in current study was almost
comparable with study of Tanzania (7), North Ethiopia (26) and Canada (12)

The lower reference limit of bilirubin (direct) of Adolescent and children in this study was
comparable with similar bilirubin RIs study conducted in Kenya (20), and Ghana(18) were as

the total BIL not similar with other study and manufacturer clamed. Lower reference range of
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current study for ALP was slightly lower than Northern Ethiopia (24), Kenya (15), Tanzania
(7), Zimbabwe (23), Canada (12) and Manufacturer but higher than southern Ethiopia (26)

Moreover the lower reference limit of this study for AST, ALT and ALP was slightly higher
than the kit manufacturer’s declared limit whereas the upper limit of ALT and AST were
lower than the values in the leaflets. Although the lower limit of urea in this study was
similar to the manufacturer’s values and that from northern Ethiopia (24) but the upper limit
is higher compared to both. In spite of a matching Upper Reference range of creatinine in
current study was slightly lower than Northern and Southern Ethiopia (24, 26), Tanzania (7),
Australia (16) and Manufacturer. Factors like demographic variation, ethnic and genetic
differences, life style and seasonal differences might be entities which contributed for such
relatively inconsistent value of clinical laboratory (20). In the present study, eleven routine
chemistry test markers were assessed; many of them required either by age or by sex
partitions, but Glucose and Albumin activities did not vary by sex and ALT and Urea by age
across the pediatric.

Similarly, the two hepatic enzyme markers were studied: ALP, AST, and all of them varied
by age and sex. ALT activities decreased in children, where sex differences were observed
with higher upper and lower reference limits in males.AST activities persistently decreased
in children; ALP activities demonstrated both increases and decreases with age. Although
ALP activities were increased in children, its activities increased prior to and the lower limit
decreased during adolescence. Similar to the other hepatic enzymes, ALP and AST activities
were generally higher in males than females. Overall, hepatic enzymes required relatively
complex age and sex partitioning. Four non enzymatic hepatic markers were also tested:
Total protein, aloumin, direct bilirubin, and total bilirubin and three renal markers were also
included in the present study: urea, creatinine, and uric acid. Uric acid concentrations
increased and deviated by sex during adolescence. On the other hand, urea concentrations
were stable in children, and in adolescence, and also are showing sex differences. Creatinine
concentrations required sex and age partitions. Overall, renal marker concentrations changed

in children and adolescence and showed sex differences.

Enzyme activity levels initially increased slightly in children, with the highest levels during
the main growth period. After cessation of growth following puberty, a total of 2 age
partitions were required for ALP, between5 and 17 years of age, reflecting the period of most

profound bone changes. Sex differences were also observed for all partitions between 11 and
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17 years, which is suggestive of unique sex-specific bone changes that occur throughout most
of life (11).

Albumin and total protein rising concentrations range in both age groups and total protein
observed Sex differences in Adolescent. The lower limits of the liver function markers ALT
slightly increased with age. These trends are consistent with previous CALIPER reports for
the pediatric population (20). the lower limit of AST in children higher than adolescent, AST
is expressed in other tissues such as the heart, red blood cells, and kidney and this differential
expression pattern may explain why AST activities are higher in children as this trend may
parallel the growth and development of organ systems other than the liver at an early age.
Sex differences appeared around adolescence for all liver markers and persisted over the
subsequent age partitions. Females generally showed lower values than males, in agreement
with previous reports for AST (26, 24) but not for ALT.

Total bilirubin increased with age, with the highest concentrations occurring during the
transition period from child to adolescent. As expected, concentrations of the renal markers
serum creatinine, urea, and uric acid all increased with age. The amount of creatinine
produced daily from breakdown of creatine in muscles correlates with increased muscle mass
(12). Similarly, urea and uric acid are related to protein degradation and would also be
expected to increase with growth and development. This was particularly evident in children
and adolescence, in which 2 age partitions were required for creatinine, 3 for urea, and 4 for
uric acid consistent with previous CALIPER trends (20).

In summary, the nationally representative data, extensive sampling procedure, and rigorous
statistical analysis for the current study have resulted in reference values that are
representative of the Addis Ababa population from adolescent and children. Although
decision limits may be more useful than reference values for selected analytes in
interpretation of test results in a clinical setting, the trends observed here have important
implications when using these biochemical markers for disease monitoring and will be useful
in a broad public health research context, as well as to help initiate future studies on

harmonization of reference intervals
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8. Strengths and limitations

Strengths

As the study was community based on children and adolescents, who were thoroughly
checked by clinician diagnosing a wide range of condition together with the laboratory result.
Moreover, samples were analyzed in a laboratory that has been participating in external
quality assessment program like on site evaluation and External Quality Assessment (EQA),
proficiency testing (PT) schemes by Randox international Quality Assessment scheme
(RIQAS) and also 1SO 15189 certified Laboratory

Limitation
The study was limited to determination of RI for Glucose, ALT, AST, ALP, TBIL, DBIL,

TP, ALB, UREA, CREA and UA only and young children less than 5 years old were not
included.
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9. Conclusion and recommendation

9.1. Conclusion

In the current study majority of the common liver and renal function test reference interval of
healthy children and adolescent no uniform pattern among different studies: need one’s own
RI and there was significant difference in the majority of common liver and renal function
parameters between children and adolescent. Reference intervals established from samples of
adult (manufacturer clamed) are not necessarily applicable for passing medical decision for
children and adolescent. Since the awareness of such variation are important in the
interpretation of RFT and LFT is results, therefore establishment and use of local reference
ranges should be encouraged because it enhances patient care and health research. Overall,
adolescent and children reference intervals reported in the present study will allow for more
accurate laboratory assessment of pediatric patients tested using biochemical assays on

commonly used in clinics and hospitals around the world.

9.2. Recommendations

This reference interval can be used for children and adolescents in Addis Ababa using the
same instrument platform. Significant differences in reference intervals are taken into
consideration; thus, it is recommended that these reference values be verified by each
laboratory using local pediatric blood samples, based on CLSI guidelines, before clinical

implementation.
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Annex |: Laboratory Procedures
General clinical chemistry tests procedure
» Collect whole blood of 5ml from for arm and transfer gently to the pale test tube from
the syringe
» after clotting the whole blood centrifuge from 1500-3000 rpm to 2-3 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

A\

Check the expire 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
tests

Urine Microscopy procedure

Mix the urine specimen
Transfer about 10 ml of urine into a labeled centrifuge tube.
Centrifuge the specimen at a medium speed (from 1500 — 2000 rpm) for 3-5 minutes

Discard the supernatant by quick inversion of the tube

o & w0 DD P

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

fingers

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

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

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

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

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

laboratory request form of the patient.

36



Urine Reagent strip procedure

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

the excess urine drain off on a paper towel, or tap the edge of the strip.

Read the color change

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

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

Be careful not to wet the reagent strip excessively. So that the acid buffer from the

protein area runs into the pH area, causing an orange discoloration.

Procedure for Formal Ether Sedimentation Technique
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1.
2.

Wear gloves when handling stool specimens.

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

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

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

sediment for fresh specimens and 0.5 ml for formalin zed feces.

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

again and repeat washing until supernatant is clear.

After the last wash, decant the supernatant and add 10 ml of 10% formalin to the

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

Centrifuge at 450 g RCF (about 1500 rpm) for 10 minutes. Four layers should result as

follows

1. atop layer of ethyl acetate;

[\

. plug of debris;

w

layer of formalin; and

4. sediment

Free the plug of debris from the side of the tube by ringing with an applicator stick.
Carefully decant the top three layers.



With a pipette, mix the remaining sediment with the small amount or remaining fluid and
transfer one drop each to a drop of saline and iodine on a glass slide. Cover with a coverslip

and examine microscopically for the presence of parasitic forms
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Annex Il Information Sheet (English version)

Addis Ababa University, Collage of health science,

Department of medical laboratory science
E-mail: SMLT @ethionet.et
Tel. +251 112-75-51-70

Participant Information sheet

Principal Investigator: Letebirhan G/Egzeabher(BSc.)

Advisors: Dr. Aster Tsegaye (MSc, PhD)

Dr. Mistre Wolde(MSc, PhD)

Sponsor:-Ministry of science and Technology (MoST) and Addis Ababa University
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Study Title: Establishment of Reference Intervals for Clinical chemistry parameters
among Adolescent and children in Addis Ababa population, Ethiopia.
Introduction:

Hello!

My name is ----------- and | am a second year MSc student of Clinical Laboratory Science
in clinical chemistry specialty at Addis Ababa University, College of Health Science,
and Department of Medical Laboratory Science. | am conducting a study to establish
clinical chemistry parameters Reference Intervals for Addis Ababa population aged
5tol7years of age.
.Purpose of the research:
The health laboratory plays an indispensable role in the health care system. It supports
diagnosis (to rule in or rule out a diagnosis), monitoring of response to treatment,
epidemiological surveillance, prevention as well as Research (to understand the patho
physiology of a particular disease process). Especially there is lack of local reference
interval for indigenous population. Therefore, the purpose of this proposed study is to
establish clinical chemistry parameters Reference Intervals for Addis Ababa population
aged 5tol7years of age.
You have been chosen for this study. Therefore, | invite you to take part in this study and
contribute to the establishment of indigenous reference a value which is needed for
providing quality laboratory service. Thus, result from this study is anticipated to

improve the health status of the adult population at large in Addis Ababa.



Procedures:
After agreeing that you can take part, the Health Extension workers will ask you some
questions which will take up to 15 minutes. Your weight, height and vital signs will be
measured. You will be asked to provide urine and fresh stool on a particular container
we provide. We will collect 5ml venous blood from you by sterile-disposable vacutainer
tube and needle. We will conduct laboratory examination to determine different clinical
chemistry parameters and serological tests. You will be asked to provide urine (for
chemical tests)
Confidentiality:
The information obtained during the study will remain confidential. Disclosure of any of
the data to third parties other than those allowed in the Informed Consent form will not
be permitted. The results of the research study may be published, but participants’ names
or identities will not be revealed. To maintain confidentiality, the investigator will keep
records in locked cabinets in a locked room at the office and the results of the tests will
be coded to prevent identification of the volunteers. Access to data entered into
computerized files will be permitted only for authorized personnel directly involved with
the study and will be password protected. Individual-specific information may be
provided to responsible local medical personnel only with your permission. Blood and
Urine collected will not be used for other purposes. The leftover samples will be stored
at the Addis Ababa University Department of Laboratory for additional tests as needed.
Finally, all the biological wastes, after analysis will be safely disposed in an
environmentally friendly manner.
Risks and Discomfort:
However, there might be some minimal risk and discomfort when we take venous blood.
Nevertheless, we will try to minimize the discomfort as much as possible, as the blood
samples will be taken by experienced clinical nurse working as Health Extension
Worker.
Safety:
The venous blood sample will be collected using sterile vacutainer tube/syringe and
needle by experienced health professional after disinfecting the site of picture by 70%
ethanol. Moreover, leftover blood sample (that is not stored) will be discarded following
the guideline of bio-safety.



Benefits:

By participating in the study, you will directly benefit by being investigated for any
pathogenic organisms and other clinical chemistry abnormalities. Establishing the
reference interval will be used in the future to improve the general health status of Addis
Ababa population.

Incentives:

Any positive finding in your stool/urine/blood will be taken care of by referring you to
the nearby health institution; you will get all the laboratory investigation results for free.
However, we will not pay you for taking part in this study as well as your treatment
costs. But, we will thank you for your participation.

Right to refuse or withdraw:

We assure you that our best care will be taken if you agree to take part in the study. You
should also know that you are free to withdraw from the study at any time and that you

will not be discriminated in any form of service like health.

Whom to contact:

If you have any questions, you may ask the person whom you are giving your urine, stool
and blood

Letebrhan G/Egzeabher-----------------=--=-ommeue-- 0912446576
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Code No.

Annex I11. Consent form for parents/guardians

| have read the information above, or it has been read to me. | have been given the
opportunity to ask questions and my questions have been answered to my satisfaction. |
voluntarily consent that my child participates in this study (provided he/she gives assent for
children 12-17 years).

To give his/her stool[_]

To give his/her urine[_]

To collect her/his blood [ ] and
be a participant in this study and understand that I have the right to withdraw my child from
the study at any time[_].

Print name of participant, date and signature or thumb impression of participant

/ / (dd/mm/yy)

If illiterate;
Print name of independent literate witness, date and signature of witness (if possible, this
person should be selected by the participant and should have no connection to the research

team)

A, (dd/mm/yy)

Print name of researcher, date and signature of researcher

I (dd/mm/yy)
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Code No.

Annex V. Assent form for children aged 12-17 years

| have read the information above, or it has been read to me. | have been given the
opportunity to ask questions and my questions have been answered to my satisfaction. |
voluntarily assent that | would participate in this study provided my parents/guardians give

their consent.

To give my stool [ ]
To give my urine []
To collect my blood [_] and
be a participant in this study and understand that | have the right to withdraw from the study

at any time [_].

Print name of participant, date and signature or thumb impression of participant

/ / (dd/mm/yy)

If illiterate;
Print name of independent literate witness, date and signature of witness (if possible, this

person should be selected by the participant and should have no connection to the research

team)

/ / (dd/mmlyy)
Phone number (parents/guardians)
Print name of researcher, date and signature of researcher

/ / (dd/mml/yy)
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Annex V. Questionnaire

Questionnaires to be filled by health professionals

Part I. General information

Code

Number Region Zone

Woreda [city /_sub city Kebele

Part 1. Personal information

1.  Age (in years)
2. Sex
3. Place of Birth
4. For how long (years) did you live in the birth place?
5. How long do you live in this specific area? (If different from the birth place)
years
No. Questions \ Responses
Part 111. SOCIO-DEMOGRAPHIC INFORMATION
6. Educational status 1. Iliterate
2. Read and write
3. Primary (1-8)
4. Secondary (9-12)
5. College diploma/degree and above
7. Occupation 1. Student
2. House wife
3. Government employee
4. Private employee
5. Farmer
6. Others (specify)
8. Marital status 1. Single
2. Married
3. Divorced
4. Widowed
5. Not applicable (children)
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
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Questions 12-17 are additional questions to Students

12. Father’s Age
13. Mother’s Age
14, Father’s Educational Level 1. lliterate
2. Read and write
3. Primary (1-8)
4. Secondary (9-12)
5. College diploma/degree and above
15. Mother’s Educational Level
16. | Father’s Occupation
17. | Mother’s Occupation
18. | Monthly income (in birr collected from salary, Birr
rent, and other income)
19. Family Size (Number of People)
20. | Source of water 1. Pipe
2. Spring water
3. Well water
4. River
5. Other sources (specify)
21. | Type of house 1. Mud 2. Cement
3. Wood 4. Bricks
5. others/specify
22. | Presence of or contact with Pet animals (e.g. Cat, 1. Yes 2. No
Dog)
23. | Presence of domestic animals 1. Yes 2. No
Part IV. Clinical information
24. | Did you take any type of drug for any illness for the 1. Yes 2. No
last three month?
25. If yes to Q24, what type of drug? (more than one 1. Anti-protozoa
answer possible) 2. Anti-helminthic
P 3. Anti-allergy
4. Birth control pills
5. Anti-bacterial
6. Anti-TB
7. Other (specify)
History of common diseases
26. History of diabetes 1. Yes 2. No
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27. History of Hypertension 1. Yes 2. No
28. History of Blood transfusion for the last 1 year 1. Yes 2. No
29. Any history of blood transfusion 1. Yes 2. No
30. History of Hospital Admission for the last 1 year 1. Yes 2. No
31. History of Surgical procedure for the last three 1. Yes 2. No
years?
32. History of chronic gastritis 1. Yes 2. No
33. History of Malaria for the last 6 month 1. Yes 2. No
34. History of TB for the last two years 1. Yes 2. No
35. History of Cancer 1. Yes 2. No
36. History of Cardiac illness 1. Yes 2. No
37. History of Bleeding disorders 1. Yes 2. No
38. History of allergy 1. Yes 2. No
39. History of Wheezing 1. Yes 2. No
Part V. Anthropometric measurement
43 Height (in cm)
44 Weight (in kg)
45 MUAC in cm (will be interpreted later)
46 Blood pressure (mm Hg)

¢+ We thank you for your cooperation!

Interview Date:

Interviewer’s Name Signature
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Annex VI: Information sheet (Amharic Version)

PTCEARCON: “ALTHFONANGANT YA NFF AP PAEN ANN
MG BAMLIELTN ATHCAA TN LFe”

PTCEN® PT +A%TY: A+NCUT T/ACTHANYC (N.AN. ()

N7INC (OEPIP ALY M): P LLLA ARTING BAPAE AT M T N +C
a>)N.Q:

A O S A e ——

APTTNABRNANNRLNACALP URTTANSGFLALTNFIUCFe UA+E 8992+
TUCFTAL N F AN NP A ETR FONAINFANNNANEANFTYTBRA PR P
ARBNANNNMT TN @ZLLTNARTHCAAATDMNEDT A PN Y SNy M
PILCIT ™k hA™M
PURTTANLTFLNMT BR T ATATON PN &+E TH LD : @ I AV-TATY. I
7MY OEPAMRY L $FIA A MPFOTNTTAATEL DT PNAFPTTNC st
AT FI NAFATNARNAATAANAFPTIN 9L ILATRL VAN TPOPLLC
JA: : NFALINATETIEMT N DR ANCTL OMFTDELL P LELTNATTC
AANALT 9P HUMT FGA TR A B8R ANNMT TN @ AAYL hA NI+ Om-aams
RLPLALINATHCAAALTR FONAINTANNNANGANTSABEA U 000
7o

ACAPINHU T T+ MPA: : NAHLUNHU DT TFATEN+T4Te MT TN @P A A,
LNANRIN L OMFTHFRLL PLLLTNATHCNAATNETFANTPEPATLLRC
FHINHPA: : NAHUP HU DT TOMATELP DN PP AEFTMTTATANAALL
BA: :

P kAL

NG AT +EN+HA TR MG R NA/ANAT

LedP DA EMPRLMEEPFA: : NNLFT ®ABFI P AT LATP L9™LTANTE
OALA: : ATFNIVAMDA PATETAMIATMELAT: : NTUANELY CNA
PORTALLATPEAT
GMAAFTCNNLER NP NN TFL T ACKE: I IU-PTFTATNLEAT: ¢
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N C NA TN $:

NHY DT P N NANTYEN AN TN DCLMN PA: : TV ENHUP NIIY +$6 N
TEPLMMANN+TE DT THAACRLAMIR :  HUMDT FOMEAFTITRTAAYT 7
CAYP MG h+AFLPTFAIT I T OITA PR LT AO IR : TN MLPY 7 AMMN &
PHUMT FANATYEPTFIN+EALNEANTRALNNE TORADPNPIMAT P L P
PE+AFLPTIY T1AAT OPOMETIND LELPTMA: : NN IPLR +C OH M
A+ MG AT A DG R+ %Y NFP T 8.5 NN DCRAGP TN RLUPTA: -
PHAFLOMEFAUNTTNATLA+TAAGP THADN +A F DL PENFT M 2 0+
NAN@LITATTFAAAAT AIATALDAGR : P IR 4+5aF PFNABAANNE
LNCAEANGFLNGALUGT N Pt TIMDA +6EY I TU-PTFATLANLAL FFO-
MPIALLMAA: : NTHR ATREACTNFOP +4-4 4P TR 4T IF PFANNNT N
ENAATANN DT $LLMT 8 A:

™+ ¢ P AN TFAFOP MS FIICFT h A aumbE:

PPN ENT LH MM § ¥ 8%F P +MAY AATOSF: APCLTFAA: ¢ 2UY
ATENTFAMNT AT PAMP MT NATEP PF NN Ioh A ISR+ F A dRpy
ATTREAT: : PRRATE (BTN PFR) NARME P TR C N a9ny § A A O00BF 4+
AFC BFAA: :

LUTT F:

P RIG aF NagdA LN L H NY6-U P LIPaERE N MAMG IoP TP S MF N - N 70%
ARANANTB ST AT NAMP MT NATP PTF ENT T A: : N+ Fomdb g
AR NPANBA ATNSANE TR PR P R4 LI ATF (BWFNUPR) T4 PF
PANGTZL LU F a0y P NAN+A £MT 8 A

P a9 N quif::

NHU DT TNaW+&P 297 I ay.Nage:/ 90 mA 7 FUs SIS LFAA: = © Mg Y
N@P NI+, OMFTDELL PLLLTNATHCNAAZTHRFONATNFANNNAN
CNNFYGARAPRP A BAANNMT TN L I ¢EP MG U FATRAALL BA:
NG & AN +6 o 0

N L9 ay.mg TP AT dMebN+7 AN A PLNEMLT) T MT +RIRANAT P AN
CROOMEEINT 9 P16 A : BUTATENHU DT TAMN &IV ATRY L T &
PREAMIR : NATAFEPITATANIITAY: ¢
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£ A0 +& ao)t:
NHUY DT FN+A+4P FAT OTUEAATANNNATLCIAY: : NTH OIN Y TN MG

RMMNYFA TR FAT LUIN TR T FTAT ATNRTAL (ATNAPL MT AT A1AT)
T ITR LT TART ThALLLAII
P hA AT JD1C:
g IR Ly F MPR NA PRIPTAR P AMFTT NP $ LFAA NN +AD
REGH TP & EFAA:

A+NCUT 7/AIHANYC

9N 24 : +251 912446576

A TRL4\ : Ltsghbr@yahoo.com
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Annex VI1. Consent form for parents/guardians (A @A &%/ 81 PF
PhI9Yy + $6)

NALP+7 AT AV EATNNAAL /LI NATA: :
MPRAMMP O LA+ADFEIMEEN TP L NN N+TANATA: -
ABATLA+E/ATEFA+&E+N THFA U

A9PAT FEDFGT AAN ANG ANT G058k N+ AP AL N+NIFYIEF NHU M9 T
ATETATEATANTELPLTT £ 7 AshA U -

P %8y goe( G A A aq vk

P A7+ 0 A 0 Mt ]

P9\ aop 8 ]

ATNHUMT F+A LA TP

NN EOIN S TA LT NMT EA TN ONFINTATEAT IR S FA U]

PtNFENIE ¢I4T40TNDLIH ALY hHYNFFLY 4
/ /

(7 /DC /% ORIy £ F)

PA+THNUY;

P+ AA+E AT A OH I

$7G &N +FALYADON+A FLONTY, DG N +TUTY A NAFDETT TP AA DN,
)

A, (dd/mm/yy)

NAhemC

P+0v.Y NI ¢754CT

N, (dd/mm/yy)
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ne.

Annex VII1. Consent form for children (h 12—17 @ AU+ U9 5+ ¢ h 999 +
$0)

NALP+HTIAOMY A E ATNNAAL/DLIC+HT NATA: : MPE ATIMP $ O L4
+FADET MEE NOPLN NN +TRNATA: : MAEF ANN P8 22N NHU
MG AN +& + 7 TPRFA U

P 9Ly goeC §a® Admy vk ]
PR F ¢ ag Aan mt[ ]

9N a8t [ AT NHU ™TF+ +AF ATUTT N EFMIAST hng +
A Tyt At A T8 AR g+ S FA U .

PFrAFENTE $IAETLLTNDLIE 5L NHYNFFLY &

(7 /DC /% ORIy £ F)

PA+T% DU

Pta% TAA+E AOF A@ NIE 76 LCTN+FFA LU AD N+AFD
MOY, ™S N+Ha%am, A NAF 9857 F P AADNLUY)

', (dd/mm/yy)

NANEMC (P MAEDLIHNSET)

P+Iv.Y NI ¢754CT

A, (dd/mm/yy)
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Annex IX: Questionnaire Amharic version (A Ane$)
NMg NA9GeP PFP0 ahxA $A AIML P

aory, @ :

NPLaPLYT T PAMMEPATMATAANMILHT T NNCALTSETAT A AL -

PHUPATMEPAATINANLPL O D DALY, Pyl Y 7 CAG P MG TN

@2 9o AP T FP A AL NA RN L IL Y PTFIOMILLLTNRTHC A AR ETH
FOh N TITERTANNANCANTFATPF ATR AP OP T AN LF 0¥ S A dN NN N

@ PHUMTFY AT P OMEP AT EPT+IVTY NABAANNRLACALP UN
TTANGRLFTUCHTARATNNLTCLNCP PrHRICANECOIRALRS AFEE
PURTTANGFLTUNC LN T8 LLPA: ¢

P AT HTOEE ALY OF LLLANLTINTENTAETL NECT @ 2 NALT IR ACH
PETTFANATNANAGEM MTP HUITDTFANRFTLONTA: : ANLA TN TP 0O,
Pr+eataA+9R L ACALPTI CETAANCFLPTFT ATNYLLPP LINTHATD

ANt YA TR &€ HIBY FFOFTTA0PA: : NAULY TRUTT LA TMESY ¢
AT ATYALY FNHTA @A SATEIWNTUFT A M PA U ¢

AN 99 AU
NEA LAMPALOY S
he nNaA HY
m/ 8 n+a9n &A h -+ $N A

NEA 2P 99A0Y S

1. A&

2z

P @ 2N J

NTOALNFPATHE UA TH FLPA?

AUT PANTNFATT PUA LH $LPA?2(NTFOAL NFP P +AP
hPr)_ %att

v o~ wn
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€. 3 | g R

N&A 3. WNLPTANCTP PV B

6 PTIUCTLLE PA+TH

o g 09 &
ATLERLE (1-8)
UA+5 28 (9-12)

0. AL TATEILATNHLPNAL

+ay,

P NtTA LT

P O o\ F Wit G
10.? 74 +PmS
11.7Né

12. AMANALI9A G

© O ANEBE©OoN®

8 P oNFUL F 6. PATM

7. P Mr
P téork
N4/ +0 qok N Fo-

A RTAN FFOIP(UY T F)

o

9 4 LRt ACTFARANDACNLET
af A 9°

TCEN 7T

n$AN

AANALIAE

B2 ©ooNOE ©®

o

10 NLZ AN ENAPNUPF LA 6

11 s Nt 2. 1TmMC  2.n+99

mP ¢ 7-12 A+ PF+eY mP ¢ PF

12 PANTA LM

13 PATTA LM

14 PANTP TIUCTRLE P A+

am N g a9 &
ATR5ELE (1-8)
UA+& 225 (9-12)

0. NAEETATEILATNHLPNAL

B©Oo~N®

15 PATHe +IUCTLLE (N+/k 14 LIV M)

16 P ANTPL +Y

P NtA N

P o o) FwitE
PadtPme
1TN6

A NALTAG

ok wdE

17 P A TA% (N+/k 16 9% M)




18 @Y PN (NNCHLIPHT e NC
AT AT NPT)
19 P N+ANNH +
20 P MY 9 6pv 6. .70
7. 0 9™ 6
8. Prea e
9. PmYH
10. AANA L9A &
21 PNFTALY F 2. 6o 2. N9 +
AT 4 mMA/ANA
5. AANA LA G
22 PNFTOAMPATEATANTPC DLIT AN, 2. AA 2.PA9®
(AT ALTDET @A)
23 PNFATNATFAPC 2. AA 2.0 A9P
neA 4 PMgaYS
24 N&FNNTDOEATT T OIS LY FU gy & M- 2. hPY 2.2 A9D
190 LY FaRY Y FOALEA?
25 AtleMC2AMANPONEALN LY P +5 09 Y 8. 8/4-TCYHA
9. 8Z-YA+N
27 +aey 1+ ™dA &+? 10.8-AACE,
(MATENALTANLFAQ) 11.f @ALANAN P NYL Y
12.8Z-Nh+4 P
13.8¢-tN.
14. AANA LA 6
e I +ATP U a2 $FA TPF P MPA ?
26 P NhCyay® 2. APYT  2.PA9T
27 P LI™LFN &I F? 1. hPYT  2.PA9®
28 NAL @1 %aote gotl me PP MPA? 1. hPT  2.PAQ
29 ay & MY, H L TN DR PP MPA ? 1. hPT  2.PA9®
30 NAL @1 Sa:PATFA+5 + 0P dbA? 1. hP7  2.PA9D
31 NAéTF 3 1. RPT  2.PAQT
QaFP LUNTT+HLLT APL MPA?
32 P &P P (bd &UTYHh A NPF? 1. hPT  2.PA9D
33 Né%F 6 METP MN Y TIH J MIPF P M A ? 1. hPT  2.PAQT
34 NAGT 294030 MU TGP CPT P MPA? 1. hPT  2.PAQT
35 h7yACyage 1. hPT  2.PAQT
36 P ANy age 1. hPYT  2.PA9®
37 P aoe-agtFeC [y age 1. AhP7 2.0 A9P
38 ARACE (P A @ Ta%mT) 1. A®P7  2.PA9




39 | Pt NFAC (Wt &#MFALCACP TRETV) | 1. hPT  2.PAFP
N&A 5 NNLTT ¢aoT PhF L5 L9™4LTANT

59 | ¢dot (Y T C

60 |hNe+ N.Ae] &9

61 | P h7eay AT mh&d s P ™-(MUAC) AT TG

62 | P LI™&T (N TRNTHC L e ) (mm Hg)

S NAFTNNCPATANITAT!
PATMEPP +L2TNFPT:
PATMELT PhY LOO TR &CTM




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.

M.Sc. candidate: Letebrhan G/Egzeabher (B.Sc.)
Signature:

Date of submission:

This thesis has been submitted with our approval as advisors.

Advisor: MistireWolde(MSc, PhD)
Signature:

Date:

Place: Addis Ababa, Ethiopia.
Advisor: Aster Tsegaye (MSc,PhD)
Signature:

Date:

Place: Addis Ababa, Ethiopia.

56



