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Abstract

Background: Reference interval values are used as medical decision-making tools that are given
by clinical laboratory to assist health professionals, medical researchers for clinical trials and for

physician to diagnosis, treatment, and follow-up of patients..

Objective: This study aimed to establish reference interval for selected clinical chemistry

parameters among apparently healthy adults living in Addis Ababa, Ethiopia.

Method: community based cross sectional study was conducted from March to October 2019
recruiting a total of 448 participants aged from 18-60 years. Medical history, physical
examination, anthropometric and socio-demographic data were collected using structured
questionnaire. Serum samples were analyzed for selected clinical chemistry parameters using
Cobas 6000. Reference intervals were established by calculating 2.5"-97.5" percentile with
90%CI after excluding outliers using tukey method, Kolmogorov-Sminorv test. The difference
between groups was computed using Mann-Whitney test by using SPSS version 23. P-value of

<0.05 was taken as statistically significant.

Result: In adults the reference interval of males and females were ALT 1.60-16.89U/I against
females 0.47-9.87U/I, AST 8.11-22.50 vs.6.95-18.05 U/I, ALP 44.0-181.65U/I; Albumin 4.40-
5.88U/1 vs.4.03-5.25U/1, T.protein 6.76-9.57¢g/l vs. 6.45-8.21g/l, T.bilirubin 0.26-1.15 vs.0.15-
0.64mg/dl, D. bilirubin 0.08-0.46mg/dl vs. 0.061-0.25mg/dl, Glucose 62.93-99.39mg/dl
vs$.59.14-90.72mg/dl, Urea 13.21-33.51mg/dl vs.7.30-12.00mg/dl, Creatinine 0.56-1.02mg/dI
vs.0.40-0.80mg/dl and Uric acid 3.41-7.40mg/dl, vs.1.88-5.60mg/dl, respectively. Statistically
significant differences were observed between males and females except Albumin and Total

proteins.

Conclusion: the reference interval for selected clinical chemistry parameters of adults was lower
than the values given by manufacturers and Africans studies. Hence, it is more useful using

locally established reference interval than derived from other countries.

Key words: Reference Interval, clinical chemistry,



1. Introduction

1.1 Background

Clinical chemistry and molecular diagnostics are both disciplines of laboratory medicine that
study molecules to assist clinical diagnoses. Clinical chemistry is fundamental to diagnostics
with millions of tests performed daily to guide patient therapy. Parameters in clinical chemistry
indicate how well organ systems are functioning. Enzymes are proteins with catalytic properties,
help to accelerate chemical reactions in the body. They are essential for respiration, food
digestion, muscle and nerve function among thousands of other functions. Most enzymes work in
human body at 37°% [1]. Clinical enzymology is the application of the science of enzymes to the
diagnosis and treatment of disease. Selected Serum enzymes are measured in medical diagnosis
to detect injury to a tissue that makes up the measured enzyme. Clinical applications have
concentrated mostly on enzymes such as transferases, phosphatase, creatinekinase, y-
glutamyltransferase, lactate dehydrogenase, lipase, and amylase. Liver disease is the most
important cause of increased transaminases activity in serum. Enzymes in this category include
Alanine transaminases, Aspartate transaminases and alkaline phosphatase [1-3].

Proteins are large and complex molecules made up of hundreds or thousands of smaller units of
amino acids that play many vital roles in the body. They do most of the work in cells and are
required for catalysis of biochemical reactions, mechanical support and immune protection,
movement, transport of ligand, transmits nerve impulses, and control growth and differentiation.
Low levels can mean damage or indicate disease condition [4].Bilirubin is made when red blood
cells are break down. Usually, the liver cleans out bilirubin from our body. If high level of
bilirubin is found in blood it indicates, a problem called jaundice which may cause liver damage
[1, 2]. All the blood passes through kidneys' filtered to remove wastes, and control the body's
fluid balance and to keep the right levels of electrolytes. Excreted waste products produced from
metabolic activity like uric acid from the nucleic acid metabolism, urea from protein and
creatinine and the level of those waste products help to assess the well-functioning of the kidneys
[5]. The reference interval established for selected clinical chemistry parameters based on local

population is valuable for early diagnosis and monitoring of disease [6].

In the area of reference intervals, as an earlier study was reported by Grasbeck and Fellman who

published a paper entitled ‘Normal Values and Statistics’ [7].



After presentation of* Establishment and Use of Normal Values’ by Grasbeck and Saris, it was
realized that the terminology of ‘normal values’ was not adequate and even partially incorrect, so
the term ‘reference values’ came into use [8]. Clinical laboratories have for many years reported
results Relative to ‘normal’ values However, as pointed out by the philosopher Edmund Murphy
[9]. The word ‘normal ’can be interpreted from many frames of reference. The use of the term
‘normal’ has, however, been discouraged, because it can assume different meanings. According
to Murphy listed seven of them are statistical — Gaussian distribution — most representative of a
class, most commonly present in a class, most suited for survival, that does not harm — in

medicine — conventional, ideal [9].

Reference intervals are used both in clinical and research environment. Medical laboratory
Reference intervals are primarily utilized for clinical purposes [10] and used as an indicator of
good health. On the other hand, reference intervals or limits can be used to screening
physiological or pathological conditions. Therefore, it is important in routine health assessment,
mainly for screening of diseases [10]. The RI is the most widely used medical decision-making
tool[11] and also used for accurate interpretation of laboratory data so as to provide assistance to
the clinicians in creating a more comprehensive clinical perspective for diagnosis and
management of patients [12]. About 80% medical decisions might be depending upon the
laboratory test results to diagnose the patient [13]. The major challenge to generate reference
intervals (RIs) from the general population is selection of the appropriate reference groups.
Recruiting individuals who represent related demographic groups have to meet the inclusion
criteria. In addition, the collection process, analysis of the sample, calculating the reference

values with possible stratification of the data into subgroups are among the challenges [14].

The National Committee for Clinical Laboratory Standards (NCCLS) now called Clinical and
Laboratory Standards Institute (CLSI) has described a design for the determination of RI. The
C28-A3 guideline constituted the most significant step in the development of Rls and is still in
recent use. It is recommended that “each laboratory should have its own reference values” and
estimate the corresponding RIs according to defined procedures [15]. The guideline provides
necessary steps how to select the reference individuals, pre-analytical and analytical
considerations, and analysis of reference values for RI establishment study [15] which is an

important mission for a clinical laboratory.



Reference individuals selected for the determination of reference intervals should closely
resemble the patient population undergoing medical examination and should be of similar age to
be clinically significant [16]. The CLSI recommended a minimum of 120 individuals to allow
90% confidence limits to be non-parametrically calculated for the reference limits. The non-
parametric methods are used to analyze values taken from the sample group to establish the 2.5
and 97.5 percentiles to form the 95% of reference interval. The direct method which is
recommended by CLSI needs healthy individuals as reference. [17] In laboratory, reference
interval is the interval between, and including, two reference limits. It gives the boundaries
between which a typical measurement is expected to fall high or low. When a measurement
occurs that is outside these reference interval boundaries, there is cause for concern. The

reference interval is often presented as percentiles of a reference population [18].

Stratification by age and gender are usually the minimum prerequisite. It is necessary to
subdivide reference ranges into partition groups. Each partition group should contain 120
samples [17, 18]. Clinical chemistry parameters vary considerably in terms of age, lifestyle,
ethnicity, gender, nutrition and other environmental factors [19]. Analytes predictably
demonstrate gender specific differences that are great enough to justify maintaining separate
gender intervals. Examples of this is creatinine for which the difference in muscle mass between
males and females results in both statistically and clinically significant differences [20].Despite
several factors affecting reference intervals, the intervals provided on manufacturers’ inserted
sheets are used in most clinical chemistry laboratories in resource limited settings including
Ethiopia. Studies have also demonstrated differences between urban and rural populations due to
diverse reasons like, feeding habit, way of life, geographical locations, gender, climate and
heredity [21].These suggest that the establishment of selected reference intervals specific for
apparently healthy adults living in Addis Ababa is critical for interpretation of laboratory test

results and prerequisite of quality services in the Health care delivery.



1.2 Statement of the problem

Several factors including age, gender, lifestyle, ethnicity, nutrition and other environmental
factors as well as methods used for testing analytes affect clinical chemistry parameters
considerably [16]. The clinical chemistry reference values which are currently in use in Addis
Ababa are based on kit inserts provided by companies, which refer mainly to the western
population. Adopting non-locally driven reference values used to interpret patient results might
lead to failure to detect the underlying disease. It could also unnecessarily categorize patients
abnormal for a certain analyte as well as affect participants’ selection in clinical trials [17].

In most African studies, a large number of study participants would have been excluded from the
study by using instrument derived Kit values .A study in Uganda 31% of volunteers were exclude
based on western driven references .when they had used locally established reference intervals
the exclude rate was only 17% .This incorrect screening of healthy volunteers would have main
suggestion on study costs, work load and time [21]. In Kenya more than 58% of the participants
were excluded from the trial by applying US generated reference intervals to screening study
participants. Similarly, by applying DAIDS toxicity tables which derived from a Caucasian
population up to 40%the participant were considering to have adverse event [10].

Another study in Mozambique found that a high amount of participants value were outside of Us
driven reference intervals glucose 41.1 % and T.bilirubin also 15.0% from a total of 199 and 253
participants. Additionally, 62.8% of the healthy volunteers’ participants have been excluded
from the study evaluated for a clinical trial based on US criteria [27].

Locally driven RIs for diagnosis, treatment, and follow-up of patients based on correct
interpretation of the laboratory results are therefore compulsory. Most of reference intervals for
laboratory tests are based on outdated methods and are replaced by advanced technology and
machineries. The life style and nutritional status of people undergoes a remarkable change as
well [22].

Those changes recognized by the knowledge of reference intervals that have been established at
local setting than using values from western countries or even within the same country using
values generated from areas which differ by climate, socioeconomic status, living style and
genetic makeup. This has been supported by literature from different countries which reported
variations in reference interval for selected clinical chemistry parameters [17, 19].

The study in India highlights that, the importance of region and ethnic specific reference interval

for laboratory reporting system [24].



Most studies have noted variables like the patient population and the method used by the
laboratory affecting RIs. The reference range used by one laboratory may not be appropriate for
others even may not be optimal in some situations [24-29]. A study in Amhara region Gojjam
zone showed that most of clinical chemistry reference intervals were higher than the reference
intervals derived from western countries. The study indicated that even with in the same country

reference intervals vary based on climate, gender, geographic location and monthly income. [31]

In Ethiopia, efforts to establish reference intervals for selected clinical chemistry parameters by
studies from the northern part of the country have confirmed the need for establishing locally
derived RIs [30, 31]. As far as my literature search goes there is no published study for adult
population of Addis Ababa. The current study was, therefore, carried out to establish Clinical
chemistry reference intervals in healthy adults living in Addis Ababa, Ethiopia following CLSI
and IFCC guidelines [18].



1.3 Significance of the study

Appropriately established reference interval is the vital part of modern laboratory practice. The
Reference intervals established in this study will help Clinicians to make medical decisions. It
helps them to screen pathological conditions of patients. to the intervals also assist the Health
care providers and other health professionals to monitor progression of diseases, and follow up
of drug response. The data obtained from this study is used as a baseline data for further study.
For policy makers help to revise guideline related to health like treatment guidelines.
Specifically, the data generated from this study is mainly used to treat patients and assess the
health status of adults living in Addis Ababa.



2. Literature review

Considering the influence of several factors including population and method differences
affecting RIs, several studies have tried to establish locally appropriate RIs. According to a study
conducted to establish Reference Intervals for common clinical chemistry analytes for Adults
living in Hong Kong, by Lo YC.et, al. 2012 the following results were obtained. The respective
gender specific RIs for ALT, ALP, AST, creatinine, T-Bili and Uric acid were 8-57U/I, 47-
168U/1,12-47U/1, 69-110pumol/, .4.5-22.8umol/l and 0.22-0.55mmol/I for males and 7-39U/I, 36-
105U/1, 11-26U/1, 55-83umol/l, 3.7-16.3 pumol/l and 0.16-0.37mmol/l, respectively for females.
The study found that separately established RIs were necessary between males and females.
Particularly, the analyte observed to have both statistically and clinically significant differences

in gender was creatinine [23].

A study by Shrilekha et. al, 2013 aimed to establish RIs of Biochemical and Hematological
parameters from apparently Healthy Indian population. The findings of this multicenter cross
sectional study of biochemical analytes were fasting glucose for females were 76-108mgldl, 2hrs
post glucose71-136mg/dl and for males fasting glucose was 78-110 mg/dl and 2hrs post glucose
was 68-136mg/dl. Urea for females was 11-31mg/dl versus 13-35mg/dl for males, serum
creatinine for females was 0.6-0.9mg/dl and 0.7-1.2mg/dl for males, serum Uric acid for
females was 7-6.5 mg/dl and for males 3.5-8.2mg/dl, total bilirubin for females were 0.3—
1.0mg/dl and for males 0.3—-1.2 mg/dl, total protein for females was 6.7—8g/dl and 6.8-8.5 g /dI
for males. Albumin for females was 3.7-4.9g/dl and 3.9-5.1g/dl for males. AST for females was
12-37U/L and14-42U/1 for males. The study observed that gender based partitioning is required

for most biochemical analytes [24].

A comparative biochemical RIs study by Bakan E. et al. (2016) conducted from adults living in
Northeast Turkey (Erzurum). Participants aged from 19-65 years were recruited and their blood
analyzed for 34 analytes using direct and indirect method. The study observed gender related
significance differences for most analyses of ALP, AST, and ALT. The respective values were
40-127, 9-28 and10-55 U/L for male and 40-116, 9-27 and 6-30 U/L for female. The RIs for
TBIL, DBIL CREA and UA were 3.8-23, 1.2-5.3, 59-107 and 202-489 pmol/ for male and 3.1-
20.7, 1.1-4.6, 45-83 and 148-369 umol/for females, respectively. Glucose, TP and alb were 3.7-
6.1mmol/L, 62-79 and 42-50¢g/L respectively for females.



In addition to this, the upper limits of RIs determined by the direct method in males were higher
than in females for ALT, AST, TBIL, DBIL, CREA, and UA. The lower limits of RIs in males
were higher than females for ALT, CREA, UA, and TBIL according to Regional reference
interval study in Turkey, gender related significance differences were observed [25].

A cross-sectional study in Maputo, by Tembe N. et.al. (2014) including 257 young adults
between 18 and 24 years performed hematological and biochemical analyses. The RIs
determined for Enzyme tests ALT, AST and ALP were 6.5-53.2, 16.8-45.5 and 97.7-266.1U/I for
males and 4.8-38.5, 13.5-37.0 and 91.4-240.6U/I for females, respectively. The respective values
for T.Bil. Creatinine and Urea were 5.8-36, 58.2-109.0 um and1.8-5.8mmol/L for males and 4.0-
22.4, 45-0-86.0 and 1.3-5.1mmol/L for females. RIs for Glucose were 3.1-5.7 and 3.2-
5.3mmol/L for males and females, respectively while for Albumin the respective values were
43.4-55.2 and 40.1-52.0g/L for males and females. The study concluded Region, age and gender

specific reference interval establishment inevitability observed [26].

The Comprehensive Reference Ranges for Hematology and Clinical Chemistry Laboratory
parameters Derived from Normal Nigerian Adults by Miri-Dashe T.et.al (2014) who established
RIs for males and non-pregnant females. Biochemical analyses revealed for Males and females
Creatinine, and Urea values of 76.3-111.1umol/L, 2.2-4.8Mmol/L and 63.0-117.8umol/L, 2.5-
5.8Mmol/L, respectively. Glucose RI was 3.7-7.97.9Mmol/L for male while 4.2-9.6Mmol/L for
females. The RIs for liver function tests like AST, ALT, Bilirubin for male were, 26.0-49.4p
/L,17.3-48.4 p/L and 3.42-17.1 pmol/L for male while 22.0-58.4 p/L,19.0-38.0 p/L and 0.3-10.6
pumol/L, respectively for females. The observation of this study indicated the requirement of

gender specific Rls establishment [27].

Population based reference value study by Zeh C. et al.2011 which was conducted on
Adolescents and Young Adults aged 18-34 years in Rural Population Western Kenya, revealed
Rls of ALT, 12.0-80.6 and 10.7-61.3 U/L, AST 12.5-69.3 and 13.5-48.5 U/L, T-bil 5.3-50.7 and
5.8-36.1umol/L, Creatinine 54.2-137.8 and 52.4-96.8umol/L, Glucose 2.1-9.0 and 2.1-
6.0mmol/L, BUN 1.8-5.3 and 1.4-4.5mmol/L for males and females, respectively. The study
showed that for adolescent and Young adults Age and gender specific separate reference interval
is required [10].



A multicenter cross-sectional Reference Interval study by Abebe M, et al (2018) which analyzed
routine clinical chemistry parameters was conducted among apparently healthy young adults in
Amhara National Regional State, Ethiopia. The study found that, Rls established include: ALT
5.13-42.88 U/L for males and 4.3-37 U/L for females; AST 12.13-46.88 for males and 10-43.8
U/L for females; ALP 77.2-475.8 U/L for males and 89- 381 U/L for females; total bilirubin
0.11-1.18 mg/dl for males and 0.08-0.91 mg/dl for females; creatinine 0.48-1.13 mg/dl for males
and 0.47-1.09 mg/dl for females; urea 12-43 mg/dl for males and 10-38.7 mg/dl for females; and
uric acid 2.7-6.9 mg/dl for males and 2.1-5.9 mg/dl for females. The mean and standard
deviation values for total protein were 5.7+9.7 g/dl for males and 5.6+9.47 for females.
Statistically significant differences were observed in clinical chemistry parameter between males

and females. Except total cholesterol, all values of males were higher than females [28].

Another study conducted by Mekonnen Z et al (2017) to determine Clinical chemistry
parameters reference intervals of healthy adults in Ethiopia showed significant differences
between adult males and females. The RIs for the Analytes ALT 6-44.6, AST 10.5-39.0 and ALP
55.3-237.2U/L were for males while 3.0-30, 6.0-32.1 and 49.0-236.0U/L respectively for
females. And for T. protein it was 53.0-86.7, 53.2-86g/L for males and females, respectively. T-
bill, D .bill. and creatinine RIs were 4.7-37.6, 0 .4-14.3, 17.4-114.0 and 3.6-37.6,0.2-12.2umol/L
for males and females, respectively. The investigators concluded that males had higher mean

value and percentile range than females and hence separate RIs are required [29].



3. Objective

3.1 General objective

This study aimed to establish reference interval for selected clinical chemistry parameters among
apparently healthy adults from April to October, 2019 in Addis Ababa, Ethiopia.

3.2 Specific objective

» To establish reference intervals for selected clinical chemistry parameters of apparently
healthy adults in Addis Ababa, Ethiopia.
» To investigate the differences between sex specific reference intervals of selected clinical

chemistry parameters.

10



4. Materials and methods

4.1 study area

Addis Ababa is the capital city of Ethiopia, at an altitude of 2355 meters above sea level. The
city founded by Menelik Il in1886 and given the name new flower. It is the largest city in the
country by population. The current metro area population of Addis Ababa in 2020 is 4,794,000,
a 4.4% increase from 2019. The city is the place for the African Union and Addis Ababa has the
central station of the United Nations Economic Commission for Africa and different other global
associations, making it one of the most important cities in the entire continent. The city’s
government is headed by the mayor and the city council. The city has three layers of
Government: City Government at the top, 10 Sub City Administrations in the Middle, and 99
Kebele Administrations at the bottom [33]. This study was carried out in four of the 10 sub-cities

selected based on Probability Proportional to Size (PPS).

-/ Kirkos
"“\.

Akioki-Kalty
Addis Ababa

by Sub-city

Figure: 1 map of Addis Ababa
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4.2 Study design and period

A Community based cross-sectional study was conducted from April to October, 2019 to
established reference interval for selected clinical chemistry parameters among apparently
healthy adults living in Addis Ababa, Ethiopia.

4.3 Population

4.3.1 Source of population

Source of population were apparently healthy adults who live in Addis Ababa

4.3.2 Study population

The study population were people with age of 18 years and above that live in the selected sub
cities of Addis Ababa who fulfill the eligibility criteria.

4.4 Inclusion and Exclusion criteria

4.4.1 Inclusion criteria

» An individual who has no sign and symptoms of any disease

> Negative result for the screening tests

» Adults age between 18-60 years and live in Addis Ababa

> normal body mass index (17.5-25 kg/m?) were candidates of this study
» volunteers who participate in the study

4.4.2 Exclusion criteria

» chronic illnesses like diabetes mellitus, chronic renal failure, hypertension, ischemic heart
disease, liver diseases

adults with intestinal infections, positive for hemoparasites

observable mental illness, smokers, chronic alcohol drunker

BMI less than 17.5kg/m2, hospitalized persons, chronic diseases,

Y V VYV V

Pregnant woman

12



4.5 Study variables
4.5.1 Dependent variables

Selected Clinical chemistry parameters including AST, ALT, Alkaline phosphatase,
Glucose, albumin, total protein, direct and total bilirubin, creatinine, urea/BUN and uric

acid levels are dependent variables.

4.5.2 Independent variables

e Sex

e Age

4.6 Sample size determination and sampling Technique

4.6.1 Sample size determination

According to a research conducted in African countries, in such large scale studies about 30% of
apparently healthy population (Steven et al., 2008) do not qualify for reference interval
determination for various reasons by common infectious diseases [34]. Therefore, to reach the
CLSI sample size recommendation a minimum of 120 samples are needed for reference interval
determination. Participants were partitioning by sex and pregnancy. Considering 30% exclusion
rate and 10% outliers a total of (120*2) 240 individuals enrolled. (i.e, 30 % x120) excluded
during data analysis. Therefore, 30% of 120 individuals added to yield 156 participant thus,
10% of 156 subjects were added to give a total of 172 study subjects to be included in each
partition group. Totally, a minimum of 344 (172x2) participants were needed; the study included

344 participants.

The study participants were selected using systematic random sampling by considering woreda
as a sampling frame for each sub cities and then households the final selection units. All
individuals in the household fulfilling the eligibility criteria and willing to participate were

included.
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4.6.2 Sampling technique

Probability Proportional to Size (PPS) sampling method was employed, where the size depends
on the number of households of Weredas in a sub city. Accordingly, all the woredas in the sub
city 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. Central Statistical Agency (CSA) assisted with study site selection after obtaining a letter
of support from the Federal Ministry of Health. Thus all weredas under the selected sub cities

were included.

To recruit 624 participants, the number of households is determined by dividing the total
household in the selected city (sub-cities for A.A) by the estimated number of individuals per
household which is 4 for urban. Individuals in every household were approached at their
households through health extension workers. Given the average number of individuals in each
household of 4, the next households were used to recruit the remaining age groups that are not
found in the selected household. 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 biological sample collection. Letters
has been written to the respective Health facilities (Annexed).

Table 1. Selected sites with household information

Individuals No of
No. per population
Selected Sites Households household
Akaki 47021 3.8 178679
Kirkos 54398 4.0 217592
Arada 49564 4.1 203212
Yeka 90195 3.8 342741

Note: Source for total population and number of households is from CSA 2007;

Proportional allocation:
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Ni =n/N*N;
Where n=total sample size
ni= number of sample size at each sub city
N=total population of selected sub cities
Nj =total population at that stratum
Samples allocated proportional to population size

Akaki kality=118, Kirkos= 144, Arada=135, Yeka=227

4.7 Measurement and data collection

4.7.1 Data collection

After explanation of the purpose, benefit, minimal risk and the right to withdraw from the study,
Socio demographic, clinical, nutritional habit and behavioral information data were collected
using well-structured questionnaire. Physical examination as well as disease status of the study
participants was obtained during interview and measurements like weight, height and blood
pressure were carried out at the site. Blood samples were collected by experienced phlebotomist.
Approximately 5 ml blood was collected for clinical chemistry parameters. Stool microscopic
examination took place at the site for ova and parasites and further analysis was dome at the
department of Medical Laboratory sciences using the concentration technique. Urine samples
were collected in leak proof clean containers for chemical analysis and for females to check
pregnancy test. Blood, stool and urine samples were collected and taken to the Department of

Medical Laboratory Science Laboratories for further processing.

The SOP for Blood, stool and urine sample collection and processing procedure annexed (see

annex 1).
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4.7.2 Methods for laboratory analysis

The serum samples were collected after the blood was clotted and centrifuged at3000rpm and
serum were stored at -80 °C until analysis.

At a pH value of 4.1, albumin displays a sufficiently cationic character to be able to bind with
bromcresol green (BCG), an anionic dye, to form a blue-green complex. The color intensity of
the blue-green color is directly proportional to the albumin concentration in the sample and is
measured photometrically.

ALP: Colorimetric assay in accordance with a standardized method. In the presence of
magnesium and zinc ions, p-nitrophenyl phosphate is cleaved by phosphatases into phosphate
and p-nitrophenol the p-nitrophenol released is directly proportional to the catalytic ALP
activity. It is determined by measuring the increase in absorbance.

ALT catalyzes the reaction between L-alanine and 2oxoglutarate. The pyruvate formed is
reduced by NADH in a reaction catalyzed by lactate dehydrogenase (LDH) to form L-lactate and
NAD+. The rate of the NADH oxidation is directly proportional to the catalytic ALT activity. It
is determined by measuring the decrease in absorbance.

AST in the sample catalyzes the transfer of an amino group between L-aspartate and 2-
oxoglutarate to form oxaloacetate and L-glutamate. The oxaloacetate then reacts with NADH, in
the presence of malate dehydrogenase (MDH), to form NAD+ the rate of the NADH oxidation is
directly proportional to the catalytic AST activity. It is determined by measuring the decrease in

absorbance.

Conjugated bilirubin and (direct bilirubin) react directly with 3,5 Dichlorophenyl diazonium salt
in acid buffer to form the red-colored azobilirubin. The color intensity of the red azo dye formed
is directly proportional to the direct (conjugated) bilirubin concentration and can be determined
photometrically.

Total bilirubin, in the presence of a suitable solubilizing agent, is coupled with 3,5-
dichlorophenyl diazonium in a strongly acidic medium. The color intensity of the red azo dye

formed is directly proportional to the total bilirubin and can be determined photometrically.
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This kinetic colorimetric assay is based on the Jaffé method. In alkaline solution, creatinine
forms a yellow-orange complex with picrate. The rate of dye formation is proportional to the
creatinine concentration in the specimen. The assay uses ‘rate-blanking” to minimize

interference by bilirubin.

Glucose: Enzymatic reference method with hexokinase4, 5 Hexokinase catalyzes the
phosphorylation of glucose toglucose6-phosphate by ATP. Glucose-6-phosphate dehydrogenase
oxidizes glucose-6-phosphate in the presence of NADP to gluconate-6-phosphate. No other
carbohydrate is oxidized. The rate of NADPH formation during the reaction is directly
proportional to the glucose concentration and is measured photometrically. Total Protein:
Divalent copper reacts in alkaline solution with protein peptide bonds to form the characteristic
purple-colored biuret complex. Sodium potassium tartrate prevents the precipitation of copper
hydroxide and potassium iodide prevents auto reduction of copper. The color intensity is directly

proportional to the protein concentration which can be determined photometrically.

Uric Acid: Enzymatic colorimetric test, Uricase cleaves uric acid to form allantoin and hydrogen
peroxide. In the presence of peroxidase, 4-aminophenazone is oxidized by hydrogen peroxide to
a quinone-diimine dye. The color intensity of the quinone-diimine formed is directly
proportional to the uric acid concentration and is determined by measuring the increase in

absorbance.

Urea: Kinetic test with urease and glutamate dehydrogenase. Urea is hydrolyzed by urease to
form ammonium and carbonate. In the second reaction 2-oxoglutarate reacts with ammonium in
the presence of glutamate dehydrogenase (GLDH) and the coenzyme NADH to produce L-
glutamate. In this reaction two moles of NADH are oxidized to NAD+ for each mole of urea
hydrolyzed. The rate of decrease in the NADH concentration is directly proportional to the urea

concentration in the specimen and is measured photometrically.
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4.8 Data Quality assurance and Quality control

To ensure the precision and accuracy of the test results, all pre-analytical, analytical and post
analytical precautions were taken into consideration. The Cobas 6000 analyzer and the protocols
used are under the regular control of quality officer and the laboratory team coordinator in the

clinical chemistry laboratory at Ethiopian Public Health Institute.

All laboratory staffs received equipment procedure and protocol training by trained personnel
working under the supervision of laboratory capacity building in EPHI and ENAO. The
laboratory results are validated and verified by the laboratory team coordinator before release.
Additionally, to maintain internal quality control, known standards were run and the equipment
calibrated before any analysis. As internal quality control, also two levels of controls,
pathological and normal, were run. Two levels of controls results have to be within acceptable

range before analyzing the sample.

4.8.1 Pre-analytical

Preanalytical factors were also controlled in order to insure that accurate reference ranges are
derived. Blood samples were collected by experienced phlebotomist and labelled with code and
initial name of the study participant. Stool and urine samples were collected and labelled with the
same code and initial similar to the blood sample.

4.7.3 Analytical

Reagents and kits were checked and assessed by known controls. Based on standard operating
procedure, the laboratory personnel analyzed the sample. The quality of the result were check by

the laboratory team coordinator before release.

4.8.3 Post analytical

The result from the laboratory were arranged and well documented according to the code labeled

with the initial name of the study participant.
4.9 Data analysis and interpretation

Data was entered, cleaned and analyzed using SPSS version 23.0 (SPSS Inc.Chicago, USA) to
calculate RIs. The reference intervals were calculated non-parametrically based on CLSI
recommendation. Nonparametric methods encompass the central 95" percentile of reference

values and use the 2.5 and 97.5th percentile as the lower and upper reference limit, respectively.
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Descriptive statistics was used to determine the mean, median and 95% range of each
parameters. Outliers were identified based on Tukeys method by calculating the Interquartile
range. Q1: lower quartile, Q3: upper quartile. The first quartile Q1 is the value > 1/4 of the data,
the second quartile Q2 (the median), and the third Q3 is the value > 3/4 of the data. The
interquartile range, IQR, is Q3 — Q1(the third quartile-the first quartile).

According to Tukey’s rule, the outliers are values more than 1.5 times the interquartile range
from the quartiles, either below Q1 — 1.5IQR, or above Q3 + 1.5IQR. Mann Whitney U test was
used to assess differences by gender and pregnancy status. The mean, median, and 2.5" and

97.5" percentiles with 90% Cls were calculated and reference intervals established.
4.10 Ethical considerations

The study was conducted after ethical approval was obtained from Research and Ethics review
board of the Department of Medical Laboratory Sciences and College of Health Sciences of
Addis Ababa University. Support Letters were secured from Ministry of Health, Addis Ababa
Health Bureau and sub cities. Informed written consent was also obtained from each study
participant before the actual data collection. Individuals who were positive for screening test and
other disease conditions at the site were linked to nearby government health centers for further

diagnosis and treatment accordingly. Any information from participants was kept confidential.
4.11 Dissemination of Result
The finding of this study will be submitted and presented to the Department of Medical

Laboratory Science of Addis Ababa University, and also presented on scientific conferences and

published on peer reviewed scientific journals.

4.12 Operational definition

Reference intervals: - The range between, and including two reference values defined by a
specific percentage (usually 95%) for common clinical chemistry parameters of healthy

individuals.

Healthy adults: - the absence of disease or disabilities based on medical history, physical

diagnosis, clinical sign and symptom plus laboratory investigations.

95th percentile ranges: - ranges between, and including the 2.5th percentile and the 97.5th

percentile.
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Reference individuals; - those individuals represent the reference population from which a

reference sample group is selected.
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5. RESULT

5.1 Demographic characteristics

A total of 446 apparently healthy adults consented for this study. Complete data from 446 (Non-
pregnant females 272 (60.99%), Males 174 (39.01%) were included for analysis. This study
attempted to enroll a minimum of 120 adults into each partitions, as recommended by the

Clinical and Laboratory Standards Institute (CLSI) guidelines for the establishment of reference

intervals. The majority are in the age group less than 40 years old (83.5%). The demographic

characteristics of the study participants are shown below in Table 2.

Table 2: Socio-demographic characteristics of the study participants

In Addis Ababa, Ethiopia, 2020

Variables Frequency Percent

Sex Male 174 39.01
Female 272 60.99

Age 18-27 131 29.37
28-33 123 27.50
34-39 76 17.04
40-45 53 11.88
46-51 39 8.74
52-60 27 6.05
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5.2 Reference Interval for selected clinical chemistry parameters of adults.

Based on the CLSI guideline those who do not fulfill the requirement were excluded from
the final analysis. As a result a total of 209 were excluded; of which 46 were excluded
based on CRP, 11 urinalysis result, 128 BMI, and 24 with various reason including
missing data and outliers. Hence, data from 126 males, 134 non-pregnant females and
153 pregnant women were included in the final analysis of RI determination. Table 3
summarizes the mean (with 95% CI), median and 95% RI for apparently healthy adult
males and non-pregnant females in Addis Ababa. In the current study pregnant and non-

pregnant woman participate in the study and their RI is separately presented.

The study observed statistically significant differences between males and females in
clinical chemistry parameter RIs by using the non-parametric and Mann Whitney U test
(P<0.05). All clinical chemistry parameter values were higher in males than females
except Albumin and Protein (Table3). The overall mean value of males and females were
ALT (7.0 vs.4.54), AST (14.5 vs.12.6), ALP (79.94 vs.59.99), Albumin (4.83 vs.4.62)
Total protein (7.48 vs.7.28), total bilirubin (0.57 vs.0.37), direct bilirubin (0.21 vs.0.15),
glucose (78.20 vs.76.20), Urea (21.6vs.18.3), creatinine (0.81 vs.0.60) and uric acid (5.40
vs.3.78), respectively.

The reference interval of males and females had ALT 1.60-16.89U/I against females
0.47-9.87U/1, AST 8.11-22.50 vs. 6.95-18.05 U/I, ALP 44.0-181.65U/I vs. 32.58-100.43,
albumin 4.40-5.88U/1 vs.4.03-5.25U/l, T.protein 6.76-9.57g/l vs. 6.45-8.21g/l, T
Jilirubin 0.26-1.15 vs.0.15-0.64mg/dl, D. bilirubin 0.08-0.46mg/dl vs. 0.061-0.25mg/dl,
Glucose 62.93-99.39mg/dl vs.59.14-90.72mg/dl, Urea 13.21-33.51mg/dl vs.7.30-
12.00mg/dl, Creatinine 0.56-1.02mg/dl vs.0.40-0.80mg/dl and Uric acid 3.41-7.40mg/dl,
vs.1.88-5.60mg/dl, respectively. As can be seen in Table 3, in the majority of clinical
chemistry parameters statistically significance difference was observed between males
and females. Males had significantly higher values of liver and renal all function

parameters.
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Table 3: Mean, Median and 2.5"-95" percentile Rl of common clinical chemistry
parameters in male and non-pregnant female healthy adults in Addis Ababa Ethiopia,
2020
Male (n=126) Female (n=134)
Analytes | Mean | Median | 2.5-97.5 Mean | Median | 2.51-97.5 P-value
percentile percentile
(RI) (RI)
ALT 7.0 6.60 1.60-16.89 | 4.54 4.20 0.47-9.87 0.001
u/l
AST 1455 | 14.50 8.11-2250 | 12.58 | 12.40 6.95-18.05 0,001
u/l
ALP 79.94 | 65.50 44,00-181.65 | 59.99 | 57.00 32.58-100.43 | 0.001
uil
Albumin | 4.83 4.78 4.40-5.88 4.62 4.62 4.03-5.25 0.001
g/l
Protein T. | 7.48 7.33 6.76-9.57 7.28 7.25 6.45-8.21 0.149
g/l
Bilirubin | 0.57 0.52 0.26-1.15 0.37 0.36 0.15-0.64 0.001
T
mg/dl
Bilirubin | 0.21 0.21 0.08-0.46 0.15 0.143 0.061-0.25 0.001
D.
mg/dl
Glucose 7820 | 78.10 62.93-99.39 | 76.2 76.40 59.14-90.72 | 0.672
mg/dl
Urea 21.58 | 20.80 13.21-3351 | 18.3 17.30 7.30-12.00 0.001
mg/dl
Creatinine | 0.81 0.80 0.56-1.02 0.60 0.60 0.40-0.80 0.00'1
mg/dl

ALT: Alanine Aminotransferase; AST: Aspartate Aminotransferase; ALP: Alkaline
Phosphatase CI: confidence interval; dl: Deciliter; g: Gram; L. liter; mg: Milligram; RI:
Reference interval; U: Unit.
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The Range, 2.5th and 97.5th percentile and the 90% confidence intervals of the lower 2.5th and
upper 97.5th RI limits for apparently healthy adult males and non-pregnant females with
combined values are summarized in Table 4. CLSI recommends providing Rls with their 90%

confidence interval.
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Table 4:The upper and lower reference limits with 90% CI of common clinical chemistry
parameters of apparently healthy male and Non-pregnant female adults in Addis Ababa,
Ethiopia, 2020.(n=413, Male=126, Non-pregnant= 134 )

Analytes Unit Sex Range 2.5th-97.5" | Lower Upper reference
FF);aIrcentiIe reference Limits90%Cl
Limit90%ClI
Albumin Female 3.90-5.36 4.03-5.25 3.90-4.23 5.12-5.36
mg/d Male 4.37-5.92 4.40-5.88 4.37-4.45 5.25-5.92
T.protein Female 6.33-8.25 6.45-8.21 6.33-6.53 8.10-8.25
mg/dl Male 6.61-9.79 6.76-9.57 6.61-6.83 9.08-9.79
AST(SGOT) Female 6.30-18.60 6.95-18.08 6.30-8.70 17.05-18.60
Wi Male 7.80-24.80 8.11-22.50 7.80-8.90 20.90-24.80
ALT(SGPT) Female 0.10-10.40 0.47-9.87 0.100-1.30 8.90-10.40
ui Male 1.40-17.70 1.60-16.89 1.40-1.80 13.10-17.70
ALP Female 32.58-104.00 | 32.58-100.43 | 32.00-36.00 93.00-104.00
Wi Male 43-.00-222 44.0-181.65 | 43.00-45.00 128-222.00
Bilirubin(Direct) Female 0.03-0.27 0.061-0.25 0.03-0.08 0.23-0.27
mg/dl Male 0.07-0.48 0.08-0.46 0.07-0.10 0.36-0.48
Bilirubin(Total) Female 0.11-0.66 0.15-0.64 0.11-0.18 0.60-0.66
mg/d Male 0.177-1.261 | 0.26-1.15 0.18-0.28 1.05-1.26
Urea Female 7.30-31.70 11.13-29.23 | 7.30-12.00 27.50-31.70
mg/d Male 12.30-34.70 | 13.21-33.51 | 12.30-14.40 30.70-34.70
Creatinine Female 0.38-0.83 0.40-0.80 0.38-0.44 0.77-0.83
mg/d Male 0.46-1.03 0.56-1.02 0.46-0.65 1.00-1.03
Glucose Female 56.70-96.30 | 59.14-90.72 | 56.70-62.40 86.70-96.30
Mg/dl Male 58.30-100-30 | 62.93-99.39 | 58.30-64.20 94.0-100.36
Uric acid mg\d| Female 1.60-6.10 1.88-5.60 1.60-2.20 5.40-6.10
Male 3.20-7.80 3.41-7.40 3.20-3.70 7.10-7.80
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The current Reference Intervals of selected clinical chemistry values of adult males and non-
pregnant females were compared with the currently used Manufacturers value and the studies
conducted in selected studies from other parts of Ethiopia, Tanzania, Nigeria, Botswana, Middle
belt Ghana, USA. Although significant differences were noted between male and female for the
selected clinical chemistry parameters in this study, the company provided sex specific RI for
ALT, AST, ALP and Creatinine only. Though inconsistency seen among the various studies, the
RI limits of the current study lie below the upper limit provided by the company for ALT, AST
and ALP. For these parameters the company provides upper cutoff only which the current study
values are within the accepted limit. Except the study from Northwest Ethiopia and USA which
are relatively closer, the upper RI limits given by all the other studies exceed the cutoff given by

the company (Table 5).
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Table 5: Comparison of clinical chemistry parameter Rls of this study against manufacturer

Ranges and other similar studies.

Sex Current | Manufact | Tanzania Ambhara | Ethiopia | Bots | Middle Nigeri | USA
urer . wana | belt a
Analyte Study 30 R.egion | N.west 32
19 Ghana 31 | 27
28 29
Albumin | Combined | NA 3.5-5.2 3.56-5.04 3.7-6.2 | NA NA 3.30-5.00 | NA 3.5-5.5
g/dl
Female 4.03- NA 3.56-4.93 3.6-6.1 | NA NA 3.35-5.04 | NA NA
5.25
Male 4.40- NA 3.71-5.07 3.7-6.2 NA NA 3.27-4.98 | NA NA
5.88
ALT Combined | NA NA 7.7-48.3 5.0-39.0 | 6.0-43.0 | 7.0- 7-51 NA 0-35
46.0
ui
Female 0.47- Upto33 6.7-44.9 4.3-37.0 | 3.0-30 7.0- 6-51U/L | 19-38 | NA
9.87 33.0
Male 1.60- Upto4l 9.1-55.3 5.13- 6.0-44.6 | 8.0- 8-54 17.3- NA
16.89 42.88 53.0 48.4
AST Combined NA NA 14.3-48.1 11.0- 9.0-38 13.0- | 14-51 NA 0-35
46.0 42.0
u/i
Female 6.95- Upto32 13.5-35.2 10.0- 6.0-32.1 | 12.0- | 13-48 22- NA
18.05 43.8 31.0 58.4
Male 8.11- Upto40 15.2-53.4 12.13- 10.5- 14.0- | 17-60 26.0- NA
22.50 46.88 39.0 48.0 494
ALP Combined NA NA 45.6-158.4 | 87.0- 52.4- NA 85-241 NA 30-120
451.28 | 237.0
u/i
Female 32.58- | 35-104 45.3-15.5 89.0- 49.0- NA 82-293 NA NA
100.43 381.0 236
Male 44.00- 40-129 45.4-170.4 | 77.2- 55.3- NA 101-353 NA NA
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181.65 475.8 237.2
T.protein | Combined NA 6.6-8.7 6.63-8.51 5.7-9.6 | 53.0- NA 5.06-8.6 | NA 5.5-8.0
86.1
g/di
Female 6.45- NA 6.58-8.55 5.6-9.47 | 5.32- NA 5.52-8.69 | NA NA
8.21 8.60
Male 6.76- NA 6.72-8.52 5.7-9.7 | 5.30- NA 4.67-8.67 | NA NA
9.57 8.67
Bilirubin | Combined NA <0.030m | 0.042-0.48 | 0.02- 0.01- 0.1- 0.047- NA 0.1-0.3
] 0.61 0.80 0.4 0.24
(Direct)
Mg/dI Female 0.061- NA 0.04-0.34 0.01- 0.01- 0.0- 0.041- NA NA
0.25 0.49 0.71 0.3 0.23
Male 0.08- NA 0.05-0.49 0.04- 00.00.- | 0.1- 0.053- NA NA
0.48 0.68 0.05 0.5 0.245
Bilirubin | Combined NA Uptol.2 0.30-2.39 0.1-1.1 | 0.26- 0.2- 0.17-1.51 | NA 0.3-1.0
2.20 1.8
(Total)
g/di Female 0.15- NA 0.26-1.83 0.08- 0.21- 0.2- 0.16-1.56 | 0.02- NA
0.64 0.91 2.20 1.3 0.12
Male 0.26- NA 0.35-2.45 0.11- 0.27- 0.3- 0.22-1.88 | 0.20— | NA
1.15 1.18 2.20 2.1 1.0
Ureag/dl | Female 11.13- NA 8.83-27.7 10.0- NA 5.0- 54.41- 15.01- | NA
29.23 38.7 21.0 0.321 34.8
Male 13.21- NA 9.43-30.09 12.0- NA 5.0- 5.41- 13.2- NA
33.51 43.0 22.0 32.29 28.8
Creatinin | Combined NA NA 0.4-7-1.01 0.47- 0.23- 0.5- 0.55-1.33 | NA <15
e g/dl 1.12 1.22 1.1
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Female 0.40- 0.5-0.95 | 0.45-0.91 0.47- 0.02- 0.5- 0.25-1.24 | 0.7- NA
0.80 1.09 1.08 0.8 1.33
Male 0.56- 0.67-1.17 | 0.54-1.08 0.48- 0.11- 0.6- 0.53-1.34 | 0.86- NA
1.02 1.13 1.29 1.1 1.2
Combin NA 74-109 54.1-94.2 NA NA NA 64.87- NA 75-115
115.31
ed
Glucose
g/dl Female NA 59.5-91.2 NA NA NA 66.67- 79.3- NA
119.65 173.1
59.14-
90.72
Male 62.93- NA 51.9-95.5 NA NA NA 63.03- 66.7- NA
99.39 113.53 142.4
Uric acid | Combined NA 3.4-7.0 NA 2.34- NA NA 0.65-6.71 | NA NA
6.60
mg/dl
Female 1.88- NA NA 2.1-5.9 NA NA 1.39-6.40 | NA 1.5-
5.60 6.0
Male 3.41- NA NA 2.7-6.9 NA NA 2.12-7.03 | NA 2.5-8.0
7.40

ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; AST: Aspartate aminotransferase; Cl: confidence
interval; dl: Deciliter; g: Gram; L: liter; mg: Milligram; NA: Not available; USA: United States

of America; U: Unit.
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6. DISCUSSION

To establish reference intervals by using the direct method is challenging, as the method depends
on healthy individuals. Thus, most laboratories depend on western countries reference intervals
[17, 19, 23, 24, 30, and 31]. Therefore, this study aimed to establish reference intervals for
selected clinical chemistry parameters from apparently healthy adult males and females from
Addis Ababa.

The current study revealed that reference intervals of ALT and AST in males were higher than
females. This is in agreement with the report from Tanzania [30], Amhara [28], North west
Ethiopia [29], Botswana [17], and Middle belt Ghana [31]. The current study also observed
higher values of ALP in males which are consistent with findings from Tanzania [30], Amhara
[28], N. W. Ethiopia [29], M .B. Ghana [31], and with manufacturers’ value. The reference
values of Albumin and Total protein are not significantly different in current study and this
finding agrees with studies from Tanzania, M.B.Ghana, Amhara, and a wider study from N.W.
Ethiopia [28-31].

The significantly higher reference interval of Direct and Total Bilirubin in this study in males
compared to females is consistent with reports from Tanzania [30], Amhara Region [28],
Botswana [17], and Nigeria [27]. In this study, like in studies from Tanzania [30], Amhara [28]
and Botswana [17], M.B. Ghana [31], the reference intervals of urea were higher in males than
females. The finding for creatinine agrees with studies in Botswana [17], M.B. Ghana [31], and
the reference intervals given by the manufacturers, which is higher in males. The level of glucose
is also higher in males than females this in consistent with the report from Tanzania [30] while
the finding for uric acid is in agreement with the report from Amhara [28], M.B.Ghana [31], and
US [32]. The findings of differences between males and females in the current as well as other
studies from the northern part of Ethiopia, other African countries and the US underscore the

need for sex specific RIs.

On the other hand, the overall reference intervals of selected clinical chemistry values in this
study are lower than the reported values from other African countries and the US [17, 28-32]. In

addition, the reference values of ALT and AST are lower in the current study as compared to the
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intervals provided by the manufacturers. In this study the reference intervals of Albumin and

Total Protein is not remarkably different from report from other African countries and US.

The Direct bilirubin reference intervals in current study is lower from Tanzania [17], Amhara
Region [30] (24), as well as N.W.Ethiopia [31], but relatively higher than M.B.Ghana [29] and
US [37] as well as the reference limit given by the manufactures. Whereas, the reference
intervals of total bilirubin is lower in this study as compared to the values given by the
manufacturers as well as reports from Tanzania, M.B.Ghana and N.W. Ethiopia [28, 29, 31] but
consistent with the finding in Amhara Region [30].

In this study the reference value of urea is lower than those from Amhara Region [30], and
higher than a report from Tanzania [28] and Botswana [17]. The reference value of creatinine in
current study is in agreement with report from African and US. In current study the reference
value of glucose is lower from M.B.Ghana [29], US [37] and manufacturers’ limits. The
reference interval of uric acid in current study is in line with the findings from Amhara Region
[30], M.B.Ghana [29] and the values given by the manufacturer. But the lower limit is higher
than M.B.Ghana [29]. In general, there is no consistent pattern in the differences between the RIs
in the different countries as well as the values given by the manufacturers. This inconsistency is
also noted between the Ethiopian studies and hence requiring each laboratory to establish its own
RIs. Several factors including population differences, methodological and selection criteria of the
study population could result in the variation between the various studies. For example the study
in the Amhara region recruits blood donors while the present study is community based.

In summary, the reference intervals established by the current study indicate the inevitability of

separate reference intervals for pregnant woman
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7. STRENGTH AND LIMITATION OF THE STUDUY
7.1 Strength of the study

In the current study we used the direct approach which is the first choice for the determination of
reference interval. That follows the Clinical and Laboratory Standards Institute/International

Federation of Clinical Chemistry and Laboratory Medicine (CLSI/IFCC) recommendation.

Without considering the difficulties to obtaining sufficient numbers of reference individuals
from a representative population, separate clinical chemistry reference interval are established
for males and Non-pregnant woman who live in Addis Ababa. The samples were analyzed in the
National Reference Laboratory which is accredited for common clinical chemistry parameters

measured in the current study.

7.2 Limitation of the study

The first limitation in current study includes only four sub cities from the total of 10 in Addis
Ababa. Secondly, Adult pregnant females also not included. However, it shades some light as the
values given by the manufacturers and other studies for selected clinical chemistry parameters
are not disaggregated and hence comparison was possible.
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8. CONCLUSION AND RECOMMONDATION

8.1 Conclusion

The current study established Reference intervals for selected clinical chemistry parameters for
adults in Addis Ababa. The overall reference intervals of the current study are lower than other
studies in Africa, Ethiopia and western countries. The significant differences between males and
females in clinical chemistry reference intervals showed by this study and emphasize the need

for such inclusive establishment of reference intervals for different populations.

8.2 Recommendations

The established RIs of clinical chemistry parameters are potentially useful in the diagnosis,
management and monitoring of disease progression in the study setting. There are significant
RIs variations between the current and other Ethiopian studies for most of the common clinical
chemistry parameters. Thus, it is recommended to use the established RIs for the populations of
Addis Ababa. It is also recommended to establish RI for other populations as well as to

determine specific RI for pregnant women.
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Annexes

Annex 1: Lab. sops

Section A: SOP for Blood sample collection

Venipuncture is the collection of blood from a vein which is usually done for laboratory testing.
The blood is normally drawn from a vein on the top of the hand or from the inside of the elbow.
Venipuncture requires good skills in order to perform the procedure not only correctly, but also
painlessly. There are some slight risks associated with venipuncture which may include
excessive bleeding, feeling light-headed, fainting, nerve damage, hematoma (accumulation of
blood under the skin), and infection. The area where the blood is to be drawn from is first
cleaned with a germ-killing solution.

Materials

The equipment used during the venipuncture test can vary, but the following are most commonly

used for routine venipuncture:

1. Collection tubes

2. Needles
3. Tourniquet
4. Wipes/Swabs
5. Gauze
6. Bandages
7. Gloves
8. Disposal unit
Procedure
1. The medical technician or phlebotomist will wrap a flexible band on the upper part of the arm
to apply some pressure to that area making the vein enlarge with blood.
2. A needle is then gently inserted into the vein.

3. Blood is collected into an attached vial or tube that is airtight and the flexible band is then

removed from the arm.
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4. If multiple blood samples are to be taken, the phlebotomist must be careful to follow the
proper order of draw.

5. Finally, when the necessary blood is collected, the needle will be removed and properly
disposed of in a Sharps container and the puncture site will be covered to stop the bleeding.

Section B. stool specimen

Examination of fresh specimens permits the observation of motile trophozoites, but this must be
carried out without delay. Liquid (diarrheic) specimens (which are more likely to contain
trophozoites) should be examined within 30 minutes of passage (not within 30 minutes of arrival
in the laboratory!), and soft specimens (which may contain both trophozoites and cysts) should
be examined within one hour of passage. If delays cannot be avoided, the specimen should be
preserved within 10% formalin to avoid disintegration of the trophozoites. Formed specimens
(less likely to contain trophozoites) can be kept for up to one day, with overnight refrigeration if
needed, prior to examination. All specimen containers must be labeled with both the patient’s
first and last names as well as a second identifier such as the patient’s medical record number or

date of birth. Containers without two identifiers will be rejected.

Materials Required

[10) Clean container with spatula or wooden applicator sticks
2. Object glass

10 0Cover-slip

[100Pen/ permanent marker for labeling

[10JNormal saline solution (0.85%; 8.5g/1)

[0 0Lugol's iodine (1% solution)

(10 CPipettes

[1CJMicroscopic slide

[JJLight microscope

Procedure
1. Place a drop of saline on the centre of the left half of the slide and a drop of Lugol's solution

on the center of the right half of the slide on a microscopic slide, which has been labeled with
patient ID
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2. With a wooden applicator stick or plastic spatulla, pick up a small portion of the stool
specimen (size of match head)

3. Mix with a drop of saline to form suspension
4. Similarly, pick up a small portion of the stool specimen and mix with Lugol's solution to form
suspension.

5. Cover the drop with a cover slip by holding the cover slip at an angle,

6. Touch the edge of the drop and gently lower the cover slip onto the slide to reduce the
possibility of air bubbles in the smear
7. Put the slide under a light microscope with 10x objective.

8. Examine the entire cover slip area by moving the slide systematically backwards and
forwards, or up and down.
9. Switch to 40x objective lenses when suspected parasites are seen

10. Results should be recorded directly in the Lab Register.

11. Record if the result is POSITIVE or NEGATIVE.

12. If POSITIVE, record all detected species and its trophozoites/cysts number (for intestinal
protozoa) or eggs for helminth.

13. Dispose remaining stool samples and slides with fecal thick smears without contaminating
the local environment.

If number of organisms in stool specimen is low, examination of a direct wet mount may not
detect parasites. Thus, whenever possible, the stool should be concentrated.worm eggs, larvea,
and protozoan cysts may be recovered by concentration but protozoan trophozoites will not be
seen as they are usually destroyed during the concentration procedures. This makes direct wet
mount examination necessary as the initial phase of microscopic examination. Worm eggs,
larvae, and protozoan cysts may be recovered. But the method destroys trophozoite stages. The
purpose of concentrating feces is to increase possibility to finding ova, cyst, or larvae in samples
that not be able to seen by direct microscopy.

Materials

Applicator stick

Glass centrifugal tubes
Beaker
Wire sieve or gauze
Vortex

Centrifuge.

ok wnE
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Reagent:
Reagent I: 10% formalin solution in distilled water.
Reagent I1: diethyl ether or ethyl acetate.

Caution;Ether is a highly flammable compound and will ignite and explode quickly if there is a
flame or spark nearby.

Procedures

1. Emulsify 1 gm. of feces in 7 ml of 10% formalin in a centrifuge tube.
2. Strain the suspension through a brass wire sieve, and collect in beaker.
3. Pour the filtrate into a 15 ml boiling tube and add 3 ml of ether

4. Mix well 15 sec on vortex or 1 min by hand.

5. Transfer the ether- formalin suspension back into the washed centrifuge tube, and centrifuge at
3,000 rpm for 1 min.

6. Invert the tube quickly to discard the supernatant,On righting the tube, a few drops only
should remain with the sediment

7. Mix the sediment well and transfer one drops onto a glass slide and cover it with coverslip.

8. Scan the whole coverslip using 10x objective, turning into 40x for confirmation of
identification of parasites.

Formalin- Ether or Formalin- Ethyl acetate method is the recommended concentration
procedures.Most types of worm eggs (round worms, tapeworms, schistosomes, and other fluke

eggs), larvae, and protozoan cysts may be recovered by this method.

Section C. SOP for Urine analysis

Analysis of urine specimens is useful in monitoring the effectiveness of treatment of
chronic problems, and in screening for asymptomatic conditions. Proper collection and
transport of specimens is critical to the quality of results produced by the laboratory.
The validity of all diagnostic information produced in the lab is contingent on the quality
of the specimen received. Consequences of poorly collected and /or poorly transported
specimens include failure to isolate the causative organism, and recovery of

contaminants or normal flora, which could lead to improper treatment of the patient.
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Randomly collected specimens are suitable for urinalysis in the clinical chemistry laboratory and
for microscopic analysis. However, they are not regarded as specimens of choice because of the
potential for dilution of the specimen when collection occurs soon after the patient has consumed
fluids. In this situation, analyte values may be artificially low. All specimen containers must be
labeled with both the patient’s first and last names as well as a second identifier such as the
patient’s medical record number or date of birth. Containers without two identifiers will be

rejected.

Materials

1. Urine specimen container should be clean, leak proof, particle-free, and
preferably made of a clear, disposable material that is inert about urinary
constituents.

2. The container and closure should be free of interfering

substances (e.g. detergents or trace elements).

3. Urine specimens for routine urinalysis (UA) are collected in clear,

dry, chemically-clean containers with tight-fitting lids.

4. The specimen containers should accept a label that will adhere

during refrigeration or freezing.

5. Dipstick

Procedure

1. Wash hands with soap and water.
2. Wipe the genital area with tissue paper
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Annex Il. Information sheet

Project Title: Establishment of Selected Clinical chemistry parameters Reference Intervals
among apparently healthy adults in Addis Ababa ,Ethiopia .

Project PI: Melkitu Kassaw (BSC, Medical Laboratory Sciences)
Organization: Addis Ababa University

Sponsor: Addis Ababa University and Ministry of Innovation and Technology (MiNT),
Ethiopia

Introduction:

Hello! My name is and | am working with researchers from Addis Ababa

University. We are conducting a study to Establish Immuno-Hematological and Clinical
Chemistry Reference Intervals For adult Ethiopians in Addis Ababa.

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 pathophysiology 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 Immuno-Hematological and
Clinical Chemistry Reference Intervals for adults in Addis Ababa.

You have been chosen for this study. Therefore, we invite you to take part in this study and
contribute to the establishment of indigenous reference values which are needed for providing
quality laboratory service. Thus, result from this study is anticipated to improve the health status

of adults at large in Ethiopia.

Procedures:

After agreeing that you can take part, one or more of our research staff 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 also collect 10 ml venous blood (about 1 table spoon) from you by sterile-
disposable vacutainer tube and needle (7ml in plane tube and 3 ml in tube containing EDTA).
We will conduct laboratory examination to determine different hematological, serological,
parasitological and clinical chemistry parameters.

Confidentiality:
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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.
Urine, stool and blood collected will not be used for other purposes. The leftover samples will be
stored at the Department of Medical Laboratory Sciences of AAU in a secure place for additional
tests as needed. Finally, all the biological wastes, after analysis will be safely disposed in an
environmentally friendly manner.

Risks and Discomfort:

There will be minimal discomfort in giving urine and stool samples. 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
laboratory professionals.

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 stool, urine and 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 and hematological abnormalities. Establishing the reference interval
and developing the in-house quality control materials will be used in the future to improve the
general health status of Ethiopians.

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.
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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.

Melkitu Kassaw 0911 093746
Dr Aster Tsegaye 0911696085
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Annex III. Consent form for adults (>18 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 consent that
| would participate in this study.

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/mmiyy)

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)

N, (dd/mm/yy)

Phone number

Print name of researcher, date and signature of researcher

A, (dd/mmlyy)
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Annex 1V: 18 4av+enH.LOALAP FAPEPTaPLE.

PTCENECOHN:“ALILATFD-hIPO AT NHLNA LAY FATRL LD 210 MSTIND-LI°D-ATLTLTT-PhA ZhdA NS
FLIPCAL-PTFaOMI6E.LINATHFCAARS NAN GRS DATPTLTaPaPCavs 1Pl 1ICaP AT : NNCh 70 AT,
APGT

eTCENEPGTIvLTE:

TRV A X PUNIPTANCASTIVNCE R LACA TP T S BTAANCRSPT AT NE L PLLIPATNATA NN TR A4 P
VhIPGANLFLTIINGE

O7INC (DO RE10):04.L4-AN NG ENT AR TLLAECAT M TLLOEC

avo(.0: MSLATAT! 0

10-::2UNIPGANGFLAL T FIPUCTNTL L TIOG-RLOCA TP T S ETAANL L P TNLLPLRIPNTHATAINTAG?
AR PUNIPGANLALTTVNCICALAL-U-1D-: : (AN LD-NTOTPLTaPaDCavs 0P L TICAG MG TN D-LIPD-AT
PILTTRRIIRACE CPNAL LA TLAFSIPCaP - P TP M 1L L INATHCANA L TL AT O-R IO G PNA LA
AR ED-0INTPNGTNAT IR TFALPNANT PG TACN L & Y10 :

PIPCICTIEAATT:

PUNIPTANLASNMG D-AIACTO-ATNGHT TG LOBD F\: :I°CAPLTNTIL 1T FYaP-TTIATP R g AT IPATIaP A

MFFOTTFANTILLA N F P INCRTATITTT N FATPhANAATOAANT P TIPTRICICATIL LR

POPLLLIA: :NTALIPNATTIRMGTINDPANLA LD M TIIPGRL L L4.LINA. P HFCANAS N AICD-OTLTL.a0l AR
Pltarav(av s RAIP: : AP 19PPHY TG HAATINATICO-ATNANLAS DN TR0 L TaPaPCav s PAG MG
D408 GPNA ZNANTLAT SO M TIDELL L LELINA THCANAL T AT ORI TSN LOAL AP TA L

AANTLG G TR D010 2 (D :

ACALIPAHV TG AP Caad : :AAH VLY PG THA LA T4 CAATT INAN AL D-ATTLI0LAP T LaPav(av g Ok
CeMGTIND-PLLTI NG TP LA TLATE O M TIP8LL L L4.LTINR. THCANATPN L ANTPOP T LC T
NHAN: :U-AERIPT T EADPANCAS AN T ATPAMTANLA LG T @2 :AAHL VS LU TS T O P AT X S D-OTPAP
EAPTMTINTTAANLLAA: :

PPGEANEL:

07PGEAPAFERHATIIO PTG EANN AOAT 15
L PLTLONLTLELMERP FN: -0\ RaP TN TIE AT LIV TN L OGN T 7T AL 1T° L CNIPIOAM DA
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FPRILFAMTRING PAT: 0HRTI49° 13 TLANAC (W2PBCATIT00TL1PT)
N76-VAN-ELICNAPPAGIPCLATPAANT (9 TLAAFCNNELLA 4

TLANTFCRIPH IS LLIPTLLLCAITLIIC A S AR INANTERA): R ETIPN L AR T AN EATPhA LA,
TLOTEIPCaP L PTFTRTNLAN T :

a9 ATCANTMNP:

OHYTSFeTLANNNGPLE NP NN".ATCLMOPA: :aPLENHULATCICrEPoNTLP LD DR AONFT OTTTANCA
LATIC: :PHUTTTOMAA T TIPRFANTICT IO TG EHA T AP TATPGTI TG D-IPav\ LA LINOTV: T LAT LRk TN aP
MOPPHYTGTANATFaPLEPTINFSALNEANTSALN T O-OPLAPTPNNI 0L P LG AT LTI T IANTIA
OPO-MATINN L L ParM e : (NP TRACONTATPIPM 4 LATATGHAFaP LTI PN FOTLPSGSNTLOATCR
AGLTLNMNELIPGTA: 04T LD FAVRIPTANP LA FANGLTLFAD- (A F 404 S LA F 10+ : AN DT 7
9219°2:CG LIPA AR NN AL D-AI: : 071+ G PFNALNANNRLACATEUNIPTANSHIPUC TN G ALY
GO HPIPMDAteRTISIPCIPE-PTRILANLALIFO-PPIONL DA : NP6 L AT+ CAVF OOl 401,04
Gao-GP RN, 70772 NhAPANNT TP EL DTG : :

PCEPILLANTATFOPM.G TG AATPav ot

7901908 CNaPAMTPoL.LCATPM T ANTPIF A T CLTAN: : PTIPLIP NP AN HLHIPM 15 a8 TS PO
ANTPADEHRN G COTFAN: : LUTA T (M FATPMTIAIC L PAD-PAN L PL0ATP NP MPICAATPIDTFETATPP IR TN
AT

LVt

PLI*Ca-GNT), DAL (I 1LHNTB-UPLICaPPE NP MPI°PT P L D-7NF170%
AADANTIOETAICLNAD-NATLLNGTDGA: : (1 H6eR TSI TPIPALNPANEANTINP IO TLTIL 1P 'R0 L4090, 190
CIOTTAG LIV AP TRANGAL LU T HaPaD 4 PaP A L. D18 2 2

PPIIPPIOT:

NHYTPGTNIPAFEANTF AT Y PAL T LIPG O T HIPCaPL-NT1 L1 M, Y1 U-2,F91DP 2 FAA : : (A ICO-OTOAN

LSOO TPT),A0LAPT (o TaPav(av s PR GRM.G TIN DB (e 8. TP AL LA TLAOT S O o108 .4 044,010

FCAARLTLRTFO-ATPO T NH.LOAAL AP RO TALPNANATLT A A% L D-07a0(\ AR A X L DT IR M S U357
AANLLAN::

NPGEATPAFGIITLL:

NaeY9° e CrAPFAG LIPIPCIP LM G TICA P 1O M FN T IN AP LD D LTINS R IP AN AT AN P DN F
MN19015 2 : LU TA TR LY TG TATPAFEIPPIAT &Y 1 NG LALATIO: : AN T AT ELTTAGIPAITA Y -
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PhaeA a1}

(LY TS FAIOTU-C A TN LATRCOA T : 1975 O PO TN TG RIPO- NV R TLTLF AT LVIPNL T
ANTNCTAL (ATPANLMTATINTNCT) TO7TPAL ITARTTAL LT

PPEUNNTT1LDIC:
goy9Ioe 0,k PENALG L 19 L C A PTFAG P LIPS aP-CRAMT 1N D-aPMPP L F AL : :

Melkitu Kassa 0911 093746
Dr Aster Tsegaye 0911696085

Annex V: 18 4ao+ASHLLNALAP FAPEL TN 1P
ng.

AL D79P LB A I LAY

[@R.IPFINATA: : T PEATPMPPILATATFIMERNTLELNIANTFIPANAT A : ALY TS FATPATENE. P LT T
OTI9°FA\v-::

921908 Csar-GAaAMm T
P rrsar-Gaaam |
Lot ]

ASOHY TG A AP T N7 O-PPASGTNTGENPO-MFaoNFR TR F v .

PTAFAATIPTAGLCTT (OLIPAAL) hHNFTL 94«

/ | (#oc/amteyst)

LTI
PHIIIANNTERTTIAD-NIP:PIGLCTT (NHFALVAD-NHA D0l PG NHa0 LTI ANATT T IR ALAD-(LUPTY)

I (dd/mmlyy)

adhherc
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P+av LTS D-OIP P 7GECT

I (dd/mmiyy)

Annex V1. Questionnaire
Questionnaires to be filled by health professionals
Part 1. General information

Code Number Region Zone

Woreda / city /_sub city Kebele

Part I1. 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 I11. SOCIO-DEMOGRAPHIC INFORMATION

49




6. . 1. Iliterate
Educational status 5> Read and write
3. Primary (1-8)
4. Secondary (9-12)
5. College diploma/degree and above
7. . 1. Student
Occupation 2. House wife
3. Government employee
4. Private employee
5. Farmer
6. Others (specify)
8. . 1. Single
Marital status > Married
3. Divorced
4. Widowed
5. Not applicable (children)
9. . 1. Orthodox Christian
Religion 5 Muslim
3. Protestant
4. Catholic
5. Others (Specify)
10. Ethnicity If mixed, specify_
11. Residence 1. Rural 2. Urban
24. Gestation ((weeks)
25. Parity
26. Iron supplementation: 1. Yes 2. No
21. Folate supplementation 1. Yes 2. No
28. Iron and folate combined supplementation 1. Yes 2. No
29. Did you take any type of drug for any illness for the 1. Yes 2.No
last three month?
30. n 1. Anti-protozoa
If yes to Q29, what type of drug? (more than one 5> Anti-helminthic
answer possible) 3. Anti-allergy
4. Birth control pills
5. Anti-bacterial
6. Anti-TB
7. Other (specify)
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History of common diseases

3L History of diabetes 1. Yes 2. No
32. History of Hypertension 1. Yes  2.No
33 History of Blood transfusion for the last 1 year 1. Yes 2. No
34. Any history of blood transfusion 1. Yes 2. No
3. History of Hospital Admission for the last 1 year 1 Yes 2.No
36. History of Surgical procedure for the last three | L+ €S  2.No
years?
37 History of chronic gastritis 1. Yes 2. No
38. History of Malaria for the last 6 month 1. Yes 2. No
39. History of TB for the last two years 1. Yes 2.No
40. History of Cancer 1. Yes 2. No
4L History of Cardiac illness 1. Yes 2.No
42 History of Bleeding disorders 1. Yes 2. No
43. History of allergy 1. Yes  2.No
44 History of Wheezing 1. Yes 2. No
Height (in cm)
45. | \weight (in kg)
e MUAC in cm (will be interpreted later)
47.

Blood pressure (mm Hg)

*,

% We thank you for your cooperation!

Interview Date:

Interviewer’s Name

Signature
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Annex XIV: Questionnaire Amharic version (#A amg ¢)
AmG QAP LL T P9LPA 0 aomeP

aDaD&_?:

NP0 LUIT PA ®meP Ao At AAMT LHG FAONC ALGEET h1ATAU-:: PHU
PA PmeP AAT “0A0LTS @QAT PPt garCav 4P 1Tl 11C AT fm GO A@ 29
@At POLTE PLO1RA RS fhALhA helats PCo P T aomT 44l KT CAA
ALTLATO APAT Govt G hHE (AL AVF ATRZLDLT A OLT“ a0 2B A AN
Yo PHY PSF YAT Pfoomet PSR PG tav 914 (ARG G ANN RLGCAE PuhPq
ANCRS FPUVCT h&d +008 TCELAC PR+ &IC AdvEC 69% APr PATEXP vhoS
ANGFS TTUNC LATRLLPA: CPGET O, PALIO P4, 840 AR7T0T HhTAE LrLatC
1@ AAPI PACAL P77 FhhAT A0 00%E @amt PHYUT 76T aht L@OAGA::
Add hAat oLt +£9t TAT® RLOACALPL TI SETA ANGRLP T AT NLeP
PL° A7h A1+t TGET A®LIE HATIFFOT7 100PA:: AAPIP LUTT PA ®meP
Y¢S VALt OFPA® @1 AT A OFUEFS AmS PAv

hao (1976 Ap- 111
hed 1. AmPA L a5
h ¢ had H7
(A ntnean+n ¢ 00N
hed 2. P94 ool B
1. hea
2. 2
3. etm-AL N
4 OMto-AL N3P APT PUA LH TLPA?
5. Av-7 £a0F 0F APT PUVA LE TLPA? (WP@o-A L 03P ¢+AP hrh) g av

I b AT
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h&A 3. TWNEPS AhGIeP avlB

12. | OFPPUCT L48 6. PiTTI4
7. TINNG av9q
8. W8T 225 (1-8)
9. vts &% (9-12)
10. hAE 4. TA91/9.94 AG NH.L NAL
13. | #¢ 7. 1916
8. PNt hae(Lt
9. PNt wetd
. P\ +PM4s
106
. AA hA 2906
14. | e2NF v . A
(3
8. Ptétk
9. ad/mnt LT o-
10. AaAnFF@-9° (VI5T)
15. | Y719t 6. ACR&ha hCOte?
7. av-aA g
8. TCEAFTT
9. hfih
10. AA hA 2906
16. | %daN LAAP Pk 206
17. | @968 O F . 1mC 2. ht9?
45. | hoitr Ort LHP 107 (ag>rt)
46. | AOTTS LK 10+ 001(T?
47. | tenT16 Nt TPLTIC 2. AP 2. °09°
48. | eI €0t TTLTIC 2. A®7T  2.049°
49. | teno9é PNt TTPLTIC § €0t 2. W®7  2.009°
50. | A4t Ot @ ATTTT D90 G011 YargP a9 G m-39° 2. WP7% 2. 209
9011 av @'t MALAA?
51. | Até TC 29 avANP OAZAU- Pt e 07 98T 8. 04-TCTHA
9. 02-%2AT 0
a @Yyt 10+ OASAF? (hA7L (AL aPAN LFAN) 10. 00-KACE:
11. PoAL: avhAng 27
12. a2-0h-t48
13. a-t(.
14. AA DA 2106
oLt AT PUOPPR GRRT AP SO-PA?
52. | eanc yavge? 2. A®7  2.049°




53. | 229° it he& TInT? 1. AP  2.049°
54. | aaé.o- 1 gavi L9° O PRP PO-PA? 1. AP7  2.049°
55. | G @9 L1, £I° TATHP LD-PA? 1. AP7  2.049°
56. | 0AL.@- 1 oot PATHA A0+ PO-PAe? 1. AP 2.049°
57. | QA4 3 qavdt 02 VNIOG +LCIAP LO-PA? 1. AP7  2.049°
58. | 282 Penac- varg® AANPT? 1. A®7  2.049°
59. | A4t 6 @t PN Yarg® R OTPPT CO-PN? 1. AP7  2.009°
60. | 0A%-T 2 Gav gt eE1, Yarg° CCPF LDPA? 1. AP7  2.909°
61. | 720G yarg® 1. A?7% 2. 2A9°
62. | P41 yarg® 1. AP 2. A9
63. | Pareat Feic/yavge 1. AP7  2.049°
64. | AACE, (Pa@-1T avdMF) 1. AP  2.949°
65. | Partrd0 FIC (A F190 AC ALC P71 £:9°8) 1. AP7  2.PAP°
Gavt 7t TG

64. | h(&t e 9190

65. | £h7& /AT @ had Hefa- (MUAC) a7t T%HC

66. | £29° Ut (NTLAT%C “LChd) (mm Hg)

% OATNNCP AGaPN190 7!

PO adnLP ¢+L0T P
PO ooMPET PNLLD- (9P &CcT7
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