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DEFINITION OF KEY TERMS

Reference individual, a person selected for testing on the basis of well-defined criteria.
Reference population, a group consisting of all the reference individuals.

Reference sample group, an adequate number of persons selected to represent the reference
population.

Reference value, the value (test result) obtained by the observation or measurement of a
particular type of quantity on a reference individual.

Reference distribution, the distribution of reference values.

Reference limit, a value derived from the reference distribution and used for descriptive
purposes.

Reference interval, the interval between, and including, two reference limits.

Observed value, (patient laboratory test result), the value of a particular type of quantity,
obtained by observation or measurement of a test subject (i.e., patient), to be compared with

reference values, reference distributions, reference limits, or reference intervals.
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LIST OF ABBREVIATIONS AND ACRONYNOMS

ALB: Albumin

ALP: Alkaline phosphatase

ALT: Alanine Aminotransferase

AST: Aspartate Aminotransferase

Bil-D: Bilirubin Direct

Bil-T: Bilirubin Total

ClI': Chloride ion

CREA: Creatinine

EPTRV: Expert Panel of Theory of Reference Values
GGT: Y--glutamyl Aminotransferase

GLU: Glucose

ICSH: International Council for Standardization in Hematology
IFCC: International Federation of Clinical Chemistry
K*: Potassium ion

Mg?*: Magnesium ion

Na*: Sodium ion

PO4: Phosphate ion

Rpm: Revolutions per minute

T-Prot: Total Protein

WHO: World Health Organization
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ABSTRACT

Reference intervals are used to interpret laboratory reports in research and clinical settings.
However, a small number of publications address reference intervals in Rwanda and they are
limited in scope to some analytes and restricted geographically to some areas.

The aim of this study was to establish the reference values for Clinical chemistry analytes in
selected Rwandan population. The present study was a cross-sectional prospective study that was
carried out in National Center for Blood Transfusion, Rwanda and Kigali University Teaching
Hospital, Laboratory Department, between 15" September and 10" December in 2014. 467
blood donors were enrolled and Clinical Chemistry tests were performed using Cobas Integra
400 Plus Chemistry analyzer. Median (Reference values: 2.5" and 97.5" percentiles) for male
and female were, respectively: Direct Bilirubin 3.9 (2-6.9) and 3.9 (2.6-6.5) umol/L; Total
Bilirubin 10.3 (4.8-21.6) and 10.4 (5.9-17.3) pmol/L; Aspartate Aminotransferase, 27.8 (16.1-
49.2) and 26.7 (16.8-45.1) U/L; Urea, 3.2 (1.3-5.8) and 3.1 (1.4-5.2) mmol/L; Glucose, 5.0 (3.2-
7.7) and 4.6 (3.1-6.7) mmol/L; Total Proteins, 76.8 (68.2-87.7) and 76.9 (66.6-85.7) g/L;
Albumin, 46.4 (39.7-55.5) and 46.7(40-54.5) g/L; Alanine Aminotransferase, 17.1 (7.2-36.2) and
16.0 (7.3-33.9) U/L; Y-glutamyl transferase, 20.3 (8-75.6) and 21.1 (7.1-63.3) U/L; Alkaline
Phosphatase, 74.3 (43.8-145.7) and 73.5 (50.3-135.4) U/L; Creatinine, 84.4 (65.2-107.1) and
81.1 (62.5-98.6) umol/L; Sodium, 139.0 (134.5-145.5) and 141.0 (134.5-146.5) mmol/L;
Potassium, .4.4 (3.7-5) and 4.3 (3.5-5.0) mmol/L; Chloride, 95.7 (89.9-104.2) and 99.3 (90.6-
103.1) mmol/L; Magnesium, 0.9 (0.7-1.0) and 0.9 (0.7-1) mmol/L; Phosphate, 1.1 (0.8-1.5) and
1.2 (0.7-1.6) mmol/L. The results of this study on Clinical Chemistry parameters are similar to
those published in other African countries, with variations due to the diet and geographical
location.

Compared to other reference intervals established, reference values in our study presented
remarkably low levels of urea which may be due to the diet low in proteins generally in

Rwandan population. A large scale study is needed to establish local reference intervals.
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CHAPTER ONE

INTRODUCTION

1.1.  Background information

Health in our society has become a modern myth, a right for all, when health is difficult to
define. According to World Health Organization (W.H.O.) “Health is a complete state of
physical, mental or social well-being, not merely the absence of infirmity or disease.” (Siest et

al., 2013)

However, it is not possible to separate in the health concept, physical health and mental health,
it is clear that the role of the Clinical Chemist is to know and appreciate, by biochemical
equilibrium, the health status of a population but also of the individual. It is well-known that the
biochemical information can, in many cases, tighten the first fruits of a pathophysiological
condition, while the radiological findings, anatomical or clinical signs depend on lesions

already established, and therefore late (Wane, 1985).

In health-related fields, a reference interval or reference interval describes the variations of a
measurement or value in healthy individuals. It is a basis for a physician or other health

professional to interpret a set of results for a particular patient (Saathoff et al., 2008).

The standard definition for a reference interval basically originates in what is most prevalent in
a reference group taken from the population. However, there are also optimal health intervals
that appear to have the optimal health impact on people (Clinical and Laboratory Standard

Institute [CLSI], 2008).



The standard definition of a reference interval for a particular measurement is defined as the
prediction interval between which 95% of values of a reference group fall into, in such a way
that 2.5% of a time a sample value will be less than the lower limit of this interval, and 2.5% of
the time it will be larger than the upper limit of this interval, whatever the distribution of these
values. Reference intervals that are given by this definition are sometimes referred to as

standard ranges (CLSI, 2008).

Regarding the target population, if not otherwise specified, a standard reference intervals
generally denotes the one in healthy individuals, or without any known condition that directly
affects the intervals being established. These are likewise established using reference groups
from the healthy population, and are sometimes termed normal, which may not be appropriate
as not everyone outside the interval is abnormal, and people who have a particular condition

may still fall within this interval (Waithaka et al., 2009).

However, reference intervals may also be established by taking samples from the whole
population, with or without diseases and conditions. Preferably, there should be specific
reference intervals for each sub-group of the population that has any factor that affects the
measurement, such as, specific intervals for each sex, age group, race or any other general

determinant.

Preventive interventions for HIV, tuberculosis and malaria are being increasingly conducted in
Africa and thus increasing the need of straddling the research infrastructure. In order to
accurately assess what is healthy, reference intervals for standard laboratory tests in the target

population are necessary (Karita et al., 2009).



Common practice in Rwanda, both in hospitals and research laboratories is to use manufacturer’s
intervals for a given clinical laboratory assay system. Many of these assay systems are procured
from Europe or the United States and use reference values based on their populations, which may
not be representative of the Rwandan population. Numerous publications describe differences
between clinical reference intervals in African populations compared to industrialized countries
(Dosoo et al., 2012; Eller et al., 2008; J. B. Gahutu, 2013; J. Gahutu & Wane, 2006; Karita et al.,
2009; Kibaya et al., 2008).

However, the use of improper reference intervals may falsely exclude otherwise volunteers who
are eligible to participate in the research making the process of enrolment and execution more
challenging (Eller et al., 2008; Karita et al., 2009). On the other hand, as the biological and
environmental characteristics vary between populations, it is imperative to establish local
reference intervals for clinical laboratories, which makes it possible to judiciously interpret
laboratory results using reference intervals obtained from the local population and in the same
environmental background (Eller et al., 2008).

There is evidence that for some analytes and conditions, biological variability (BV) seen in
healthy individuals mirrors that seen in sick individuals. Thus most BV data is collected in
healthy subjects and then applied to unhealthy individuals. This is still a moot point, especially
in setting of seriously ill individual where entirely different regulatory mechanisms may be
operating (Badrick et al., 2005).

The present study, therefore, aims to fill this gap by studying a set of serum biochemical
parameters, chosen among the most relevant and the most requested by clinicians, namely:
electrolytes among them Sodium (Na*), Potassium (K*), and Chloride (CI"), proteins among them
Albumin (Alb) and Total Proteins (TP), Creatinine (Crea), Phosphate (POs?), Alanine
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Aminotransferase (ALT), Aspartate Aminotransferase (AST), Alkaline Phosphatase (ALP), Y-

glutamyl Transferase (GGT), Total Bilirubin (T-Bil), Direct Bilirubin (D-Bil) and Glucose (Glu).

1.2. Statement of the Problem

Most clinical laboratories in developed countries are advanced in establishing reference intervals
for laboratory parameters from their own local population. These reference intervals have been
widely published in scientific journals (Sluss et al., 2008), medical textbooks (Ichihara et al.,
2008) and internet. However little amount of literature exists on the reference intervals in
Rwanda (Karita et al., 2009; Gahutu & Wane, 2006, Gahutu, 2013), Furthermore, these are
limited to hematologic and biochemical parameters and geographically to some areas in

Rwanda.

Additionally most hospitals and research laboratories use the manufacturer reference interval
which is not recommended. This study therefore aims at establishing the reference intervals for

selected biochemical parameters in adult Rwandan population.

1.3.  Justification of the Study

Clinical chemistry parameters normally show intra- and inter-individual variations. Intra-
individual variations are due to changes over a long time, such as the circadian rhythm. Inter-
individual variations are related to physiological differences linked to sex, age, and body mass
index. Another source of environmental variation, particularly altitude, diet and geochemical. All
those factors are known to influence the clinical laboratory parameters (Dosoo et al., 2012;
Gahutu, 2013; Zeh et al., 2011).

Among populations biological and environmental characteristics vary, this makes it important to

determine local reference intervals so that laboratory results can be interpreted using reference
4



intervals obtained from the local population living in the same environmental conditions (Karita

et al., 2009). It is therefore recommended that clinical laboratories should establish reference

intervals for laboratory parameters from their own local population (CLSI, 2008). Only a few

studies have addressed reference intervals in Rwanda (J. Gahutu & Wane, 2006; Karita et al.,

2009), and are limited in scope .

14.

Reference intervals in Rwanda. Research Questions

. What are the reference intervals for glucose, total protein, albumin, Alanine

aminotransferase, Y-glutamyltransferase, alkaline phosphatase, creatinine, sodium,
potassium, chloride, magnesium, and phosphate in healthy adult Rwandan population?

Is there a gender based significant difference in the established reference intervals for
glucose, total protein, albumin, Alanine aminotransferase, Y-glutamyltransferase,
alkaline phosphatase, creatinine, sodium, potassium, chloride, magnesium, and phosphate
in healthy adult Rwandan population?

Is there an age based significant difference in the established reference intervals for
glucose, total protein, albumin, Alanine aminotransferase, Y-glutamyltransferase,
alkaline phosphatase, creatinine, sodium, potassium, chloride, magnesium, and phosphate

in healthy adult Rwandan population?

. Are the established reference intervals for glucose, total protein, albumin, Alanine

aminotransferase, Y-glutamyltransferase, alkaline phosphatase, creatinine, sodium,
potassium, chloride, magnesium, and phosphate in healthy adult Rwandan population

different from those reported in the literature?



1.5. Objectives

1.5.1. General Objective

To establish the gender and age specific reference intervals for glucose, total protein, albumin,
Alanine aminotransferase, Y-glutamyltransferase, alkaline phosphatase, creatinine, sodium,

potassium, chloride, magnesium, and phosphate in healthy adult Rwandan population.

1.5.2. Specific Objectives

1. To establish reference intervals for glucose, total protein, albumin, Alanine
aminotransferase, Y-glutamyltransferase, alkaline phosphatase, creatinine, sodium,
potassium, chloride, magnesium, and phosphate in healthy adult Rwandan population.

2. To determine whether there are gender specific significant differences in the established
reference intervals for glucose, total protein, albumin, Alanine aminotransferase, Y-
glutamyltransferase, alkaline phosphatase, creatinine, sodium, potassium, chloride,
magnesium, and phosphate in healthy adult Rwandan population.

3. To determine whether there are age specific significant differences in the established
reference intervals for glucose, total protein, albumin, Alanine aminotransferase, Y-
glutamyltransferase, alkaline phosphatase, creatinine, sodium, potassium, chloride,

magnesium, and phosphate in healthy adult Rwandan population.

4. To determine whether the established reference intervals for glucose, total protein, albumin,
Alanine aminotransferase, Y-glutamyltransferase, alkaline phosphatase, creatinine, sodium,
potassium, chloride, magnesium, and phosphate in healthy adult Rwandan population differ

from those reported in the literature.



CHAPTER TWO

LITERATURE REVIEW

2.1. Use of reference interval

Reference intervals are a set of values of a measured quantity of analytes obtained from a group
of individuals or an individual in a defined state of health. They are very useful in the
interpretation of laboratory data. A clinician or a researcher compares the given data from
measured analytes with some reference intervals (Wimberley et al., 1989). According to the
Clinical and Laboratory Standards Institute (CLSI) and International Federation for Clinical
Chemistry (IFCC) reference intervals are constructed from 95% of the healthy population, and

recommend that each Laboratory establishes its reference values (Ichihara et al., 2008).

A measured or observed laboratory test result from a person (usually a patient) is compared with
a reference interval for the purpose of making a medical diagnosis, therapeutic management
decision, or other physiological assessment. The interpretation of clinical laboratory data is,
therefore, a comparative decision-making process. For this decision-making process to occur,
reference values are needed for all tests in the clinical laboratory, and the provision of reliable
reference intervals is an important task for clinical laboratories and diagnostic test
manufacturers. The reference values most commonly used (known as "normal values" and
sometimes “expected values™) have traditionally been poorly defined and certainly not
determined by a uniform process. It is now apparent that it is important to develop reference
intervals using a more systematic process that takes into account the various influences on the

measured laboratory test results (Lehmann et al., 1989).



There are two types of reference intervals namely: the group based and subjects based reference
intervals. In the group based reference intervals, the clinician estimates the probability that the
subject (patient) from whom the given laboratory report was obtained belongs to a group of
healthy subjects from whom the reference intervals were obtained. Therefore, group-based
reference interval is used in the interpretation of laboratory report (CLSI, 2008). If the reference
values are from the same subject when he/she was in a defined state of health, the clinician
compares the present value with the past values to estimate whether the subject is still in the

same state of health (Jan S. et al., 2002).

Proper interpretation of quantitative laboratory results is based on the use of reference intervals
established from healthy individuals. Several factors such as gender, age, sample type, analytical
procedure, instruments and geographical location of the healthy individuals are known to
influence the clinical laboratory parameters (Leclercq et al., 1999). It is therefore recommended
that clinical laboratories establish their own reference intervals for laboratory parameters based

on healthy population.

In the developing countries, especially in Africa, the situation is changing since some regions
reported reference intervals in scientific journals. These regions include Tanzania, Kenya,
Central African Republic, Democratic Republic of Congo, Ethiopia and Ghana (Dosoo et al.,

2012; Eller et al., 2008; J. B. Gahutu, 2013; Kibaya et al., 2008).

Two major problems are encountered in establishing reliable reference intervals from a group of
healthy subjects. One is involved in obtaining specimens from a sufficiently large number of
healthy subjects of which CLSI (2008) recommended a minimum of 120 healthy subjects. The

other obstacle is to ascertain that the factors involved in the preparation of the subjects and the
8



analytical procedures, noted during the establishment of reference values are the same factors

present during day to day routine analysis of patient specimen .

The variability of the laboratory results is well known in healthy humans or diseased (NCCLS,
2000). The sources of variation in healthy are numerous and are classified differently. A
commonly accepted practice identifies two main groups of variations: The analytical variation

and biological variation (Wane, 1985).

2.2.  Commonly analyzed biochemical analytes

2.2.1. Total protein

Total protein is found in body fluids, that is, serum, cerebral spinal fluid, and urine. All protein
molecules are pure polypeptide chains containing on average 16% by weight of nitrogen while
the other contain non amino acids, e.qg., lipids, carbohydrates and vitamins. Proteins are useful in
proper functioning of body cells and enzymes (Wendy & Brickell, 2007). Functions of the
protein are transportation of hormones, drugs, vitamins, lipids, and regulation of extra cellular
fluids. Protein loss is mostly via glomerulus, but it is restricted by the size of the pore and the

negative charge of the protein molecules.

2.2.2. Albumin

This is a protein specifically made by the liver and is easily and cheaply analyzed in the
laboratory. It constitutes of 60 % total protein and globulins. Decreased levels of albumin are
found in chronic liver disease (cirrhosis) and also nephritic syndrome where it is lost in urine.

Low albumin results in oedema since the intravascular oncotic pressure is higher than the



pressure in extravascular space. Albumin diffuses through damaged membrane and is filtered by

the kidney because of its molecular size of 65000 kD (Nagai et al., 2016).

Serum albumin is mainly measured to investigate liver diseases protein energy malnutrition,

disorders of water balance, nephritic syndrome, and protein losing gastrointestinal diseases.

2.2.3. Aspartate aminotransferase

A large amount of aspartate aminotransferase is found in liver, kidney, cardiac muscles and
skeletal muscles. Elevated values of aspartate aminotransferase are associated with liver damage
(Bishop et al., 2013). After the liver cell damage, 24-36 hours are needed for a marked elevation
to be noted, and the elevation takes 3-7 days to normalize. Aspartate aminotransferase to alanine
aminotransferase ratio values are useful in differentiating liver damage causes. Increase in
aspartate aminotransferase alone is not specific to liver damage since the enzyme can be released

from other organs (Sohn et al., 2013).

2.2.4. Alanine aminotransferase

Most alanine aminotransferase is found in liver with small amount found in other organs.
Elevated levels are found in liver infected with hepatitis. The alanine aminotransferase levels in
serum and plasma are increased before any presentation (Sull et al., 2009). Some drugs such as
lipid reducing and anti-diabetic drugs elevates the alanine aminotransferase levels thus the need

to monitor them before making any decision in the laboratory (Sorbi et al., 1999).

2.2.5. Bilirubin

Bilirubin is formed from the breakdown of erythrocytes and other haem-containing proteins such

as myoglobin and cytochromes. The haem (iron porphyrin) of the hemoglobin molecule is
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separated from the globin and the haem is converted mainly in the spleen to biliverdin which is
reduced to bilirubin. This bilirubin is referred to as unconjugated (indirect) bilirubin. It is not
soluble in water and cannot be excreted in the urine. It is bound to albumin and transported in the
blood to the liver. In the liver cells; the enzyme glucuronosyltransferase conjugates glucuronic
acid to bilirubin forming bilirubin glucuronides (mainly diglucuronides) which is soluble and

excreted in urine (Kozaki et al., 1998).

This refers to both unconjugated and conjugated bilirubin. Conditions which, through hemolytic
processes, produce bilirubin faster than the liver can metabolize it cause the levels of
unconjugated (indirect) bilirubin to increase in the circulation. Liver immaturity and several
diseases, in which the bilirubin conjugation is impaired cause similar elevations of circulating
unconjugated bilirubin. Bile tract obstruction or damage to hepatocellular structure also causes

increases in levels of both direct and indirect bilirubin in the circulation (Shcherbinina, 2007).

2.2.6. Direct bilirubin

In the liver, bilirubin is conjugated with glucuronic acid for solubilization and subsequent
transport through the bile duct and elimination via the digestive tract. An increase in conjugated
bilirubin is highly specific for disease of the liver or bile ducts. Hepatocellular injury or
cholestasis is suspected when more than 50% of total bilirubin is conjugated bilirubin

(Mohamadnejad et al., 2003).

2.2.7. Alkaline phosphatase

Enzyme is mainly derived from the liver, bones, and in lesser amounts from intestines, placenta,
kidneys and leukocytes. Where the liver has obstructive disease, alkaline phosphatase is the first

enzyme to be elevated, while if the disease is due to damage of liver cells, the aminotransferase
11



will be markedly increased. This makes enzyme analysis useful to distinguish the disease

condition, cholestatic and hepatocellular, respectively (Liu et al., 2016).

Under normal conditions, the alkaline phosphatase is increased due to bone growth, healing of a
bone that was broken or rickets disease. Germ cell tumors and inflammatory bowel (ulcerative

colitis) disease also produce alkaline phosphate that leaks in to the blood stream.

2.2.8. Urea

Urea is the major nitrogen containing metabolic product of protein catabolism, accounting for
more than 75% of non-protein eventually excreted. Urea cycle is used to synthesis urea from
amino nitrogen derived from ammonia carried out by hepatic enzymes. The rate of synthesis
depends on intake of exogenous nitrogen and endogenous protein catabolism. Up to 90% of urea
is excreted by the kidney while the rest is eliminated via gastrointestinal tract. Urea and serum
creatinine determinations aid in the differential diagnosis of the three types of azotemia: pre-
renal, renal and post-renal. Elevations in blood urea nitrogen concentration are seen in
inadequate renal perfusion, shock, diminished blood volume (pre-renal causes), chronic
nephritis, nephlosclerosis, tubular necrosis, glomerular-nephritis (renal causes) and urinary tract
obstruction (post-renal causes). Urea is used to detect any abnormality of the kidneys. Urea
nitrogen in plasma and serum levels is shown to be higher in men than women (Raimann et al.,

2016).

2.2.9. Creatinine

Serum creatinine is an important indicator of renal health because it is an easily-measured by-
product of muscle metabolism. Creatinine itself is an important biomolecule because it is a major

by-product of energy usage in muscle, through biological system involving creatine,
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phosphocreatine (creatine phosphate) and adenosine triphosphate. Creatine is synthesized in the
liver from the methylation of glycocyamine. This then is transported through blood to the other
organs, muscle, and brain where through phosphorylation, becomes the high energy compound
phosphocreatine. Creatinine is filtered out of the blood by the kidneys and there is little or no
tubular reabsorption of creatinine. In case of faulty filtering of the kidney, creatinine blood levels
rise. Creatinine levels in blood and urine may be used to calculate the creatinine clearance, which
reflects the glomerular filtration rate. The glomerular filtration rate is clinically important
because it is a measurement of renal function (Xin et al., 2004). Elevated blood creatinine level
is observed with marked damage to functioning nephrons, this makes it unsuitable for detecting

early-stage kidney disease (Wendy & Brickell, 2007).

2.2.10. Potassium

Potassium serum values are critical to normal physiology of the adrenal, heart, renal functions
and the maintenance of blood and urine pH. Potassium is viewed in relation to the other
electrolytes and can be classified as high or low levels of potassium that are associated with
disorders such as renal dysfunction, metabolic acidosis, and bradycardia (Bakris et al., 2015).
Under functioning of adrenal cortex, diabetes, massive tissue destruction and respiratory
dysfunction and low potassium level are as a result of diarrhea or vomiting, over function of the
adrenal cortex, anemia, use of diuretics, paralysis, hypertension, metabolic alkalosis and

anaerobic state (Krijthe et al., 2013).

2.2.11. Sodium

Blood sodium level represents a balance between the sodium and water in the food and drinks

consumed and the amount in urine. Small amounts of sodium are lost through stool and sweat.
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Sodium is analyzed in case of recent injury, surgery, or serious illness, consumption of large or
small amounts of salt or fluid, treatment with water pills (diuretics) or certain other medications

such as aldosterone and giving of intravenous fluids (Terry, 1994).

Abnormal sodium levels are hypernatremia and hyponatremia. Hypernatremia occurs due to:
Cushing syndrome, diabetes insipidus, hyperaldosteronism, increased fluid loss due to excessive
sweating, diarrhea, use of diuretics, or burns, too much salt or sodium bicarbonate in the diet, use
of certain medicines, including birth control pills, corticosteroids, laxatives, lithium, and non-
steroidal ant-inflammatory drugs such as ibuprofen or naproxen. A lower than normal sodium

occurs in case of Addison's disease, dehydration and vomiting (Bishop et al., 2013).

2.2.12. Chloride

Chloride is a type of electrolyte that is needed by the human body for metabolism and keeping
the body's acid-base balance. Chloride ions also have important physiological roles such as, in
the central nervous system where the inhibitory action of glycine and some of the action of
Gamma-Amino butyric acid relies on the entry of chloride ions into specific neurons (Wendy &
Brickell, 2007). Also, the chloride-bicarbonate exchanger biological transport protein relies on
the chloride ion to increase the blood's capacity of carbon-dioxide, in the form of the bicarbonate

ion as the blood passes through oxygen-consuming capillary beds (Terry, 1994).

2.2.13. Inorganic phosphorous

Phosphorus is a major intracellular anion in mammals, of which 85% is in the skeleton in the
hydroxyapatite phase and the remaining 15% is in soft tissues. Almost all of the phosphorus
found in the extracellular fluid space is in the form of inorganic phosphate. The majority of the

phosphate in the body is in the organic form as a complex with carbohydrates, lipids, and
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proteins. Phosphorus is an essential element in the cellular structure, cytoplasm, and
mitochondrion for enzymatic processes in glycolysis, ammoniagenesis and oxidative
phosphorylation for energy from the formation of adenosine triphosphate from adenosine
diphosphate. It also influences oxygen-carrying capacity of hemoglobin. The normal serum
phosphorus concentration is 1.12-1.45 mmol/L and this fluctuates with age and it is lower in

adults than in children (Wendy & Brickell, 2007).

Disorders of phosphorus are hyperphosphatemia and hypophosphatemia. These are caused by
cellular shifts of phosphate. Phosphate dysfunction is as a result of dietary intake, gastro
intestinal and renal status. Hyperphosphatemia occurs in the presence of renal insufficiency with
a decrease in phosphate excretion. In chronic renal failure, hyperphosphatemia is seen when the

glomeruli filtrate rate has fallen below 25 ml/min.

Hypophosphatemia occurs when the serum concentration drops to less than 2.5 mg/dl.
Phosphorus depletion is characterized by reduction in total body phosphorus stores. However,
hypophosphatemia (mild, moderate, or severe) can occur without phosphate depletion. The
common causes of hypophosphatemia are transcellular shift of phosphorus (from extracellular
volume to either soft tissues or bones) increased phosphate excretion, poor dietary intake and
diarrhea. Deficiency of vitamin D will lead to rickets in childhood and osteomalacia in adults

with poor phosphate absorption (Gozdzialska et al., 2016).

2.2.14. Y-glutamyl transferase

Gamma-glutamyl transferase is found in the cell membranes of many tissues, such the kidneys,

bile duct, pancreas, gallbladder, spleen, heart, brain, and seminal vesicles. Y-glutamyl transferase
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is involved in the transfer of amino acids across the cellular membrane and leukotriene

metabolism.

High levels of serum Y-glutamyl transferase activity are found in diseases of the liver, biliary
system, and pancreas. In this respect, similar to alkaline phosphatase is useful in detecting
disease of the biliary tract. The two markers correlate well, though there is conflicting data about
whether Y-glutamyl transferase has better sensitivity, but generally, alkaline phosphatase is the
first test for biliary disease (Williams et al., 2016). The main value of Y-glutamyl transferase is

verifying that alkaline phosphate elevations are due to biliary disease.

The enzyme Y-glutamyl transferase is also elevated by large quantities of alcohol ingestion.
Isolated elevation or disproportionate elevation compared to other liver enzymes (such as
alkaline phosphatase or alanine amino transferase) may indicate alcohol abuse or alcohol liver
disease. Determination of total serum Y-glutamyl transferase activity alone is not specific to
alcohol intoxication. Where Y-glutamyl transferase alone is found elevated, this indicates excess
alcohol consumption of up to 3 or 4 weeks prior to the test. Drugs such as barbiturates and
phenitoin, congestive heart failure may also result to increase in Y-glutamyl transferase (Wang et

al., 2016).

2.3.  Quality control assessment

Quality control involves all the procedures that are followed from collection of specimen,
analysis, reporting, and dispatch of the results. This is essential to countercheck the quality of
test performed. This in return assists in detection and ratification of different procedures that are

responsible for the errors (Jaafar et al., 2010). External quality control is performed once in a
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while where the control material is from outside the laboratory setting from where the values are
performed and these compared with what is received from the laboratory after using the same
sample material which usually is lyophilized (Kubono, 2004). In this study, internal quality
control was followed to the letter that is proper collection of blood samples, to avoid hemolysis,
transportation from the field to the laboratory in a cooled ice box, separation of the serum,

refrigeration and the standard operating procedure on analysis.

Analytical stages cover the principle of the test method, reagents, standard control material and
equipment used. Quality control (internal and external) procedures are used to detect and
minimize errors in the performance of tests. This in turn ensures the results are reliable, precise
and accurate (Cheesbrough, 2009). Control is evaluated by use of quality control chart that (Levy
Jennings control chart) was prepared daily. Control values within £ 2 SD is a good sign and the

results that are produced are reliable and therefore can be reported with confidence.

Developing countries have been found to have problems in issuing accurate results. This has
necessitated the building of reliable quality control systems in order to report excellent results
assured of quality and proper documentation of test carried out on quality control material (Jaafar

etal., 2010).

Reliability and reproducibility of laboratory results have been found to be affected by the
environment, laboratory materials, specimen handling, personnel, test methods, equipment,
reading and reporting. To check on the above, internal and external quality procedures are
employed (Albetkova et al., 2011). External quality control is an objective system of assessing
laboratory ability to produce reliable results. Participation of external quality assessments should

always be regarded as additional to internal quality control (Wendy & Brickell, 2007).
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CHAPTER THREE

METHODOLOGY

3.1.  Study area

Samples used in this study were collected from the following sites in Rwanda: Central Province

(Kigali), Northern Province, Southern Province, Eastern Province, and Western Province.
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Figure 3. 1: Rwanda Google map accessed on 13 September, 2014
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3.2.  Study design

This was a cross sectional prospective study.

3.3.  Study population

Blood donors were recruited in rural area, schools and urban cities in five provinces from

September to December 2014.

3.3.1. Inclusion criteria

1. To be of Rwandese nationality;

2. To be in good physical and mental health;

3. To have no history of disease in the preceding six months;

4. Not been on any medication in the preceding six months;

5. To have been in the region for at least the preceding six months;
6. To be between 17 to 60 years of age;

7. To belong to either male or female gender.

3.3.2. Exclusion criteria

1. To have had any disease in the preceding six months;
2. To be in menses period for females;

3. To be using hormonal contraception;

4. Lactating women;

5. Pregnant women.
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3.4.  Sampling procedure

Four hundred and sixty seven blood donors, 93 in Northern, Southern, Western and Eastern
provinces each, and 95 in Central province, all in rural areas, schools and urban cities were
sampled for this study. Each blood donor who fulfilled all criteria (Appendix 1, 2, 3) as set by
NCBT was given a questionnaire and a consent form for participation in this study (Appendix 5,
6).

Two blood specimens were withdrawn from each donor in a plain and Sodium Fluoride tubes as

set in the Standard Operating procedure (SOP) (Appendix 4).

3.5.  Sample collection

Whole blood was collected from blood donors into two tubes, on the occasion of blood donation,
the donor being in supine position and at complete physical rest (Appendix 4). Phlebotomists

were trained and explained clearly about sample requirements.

3.6. Laboratory procedures

3.6.1. Specimens type

Whole blood was collected into two tubes, in 5 ml plain tube without anticoagulant for serum

chemistry and in Sodium fluoride tube specifically for blood glucose levels determination.

3.6.2. Specimens handling and storage

Specimens after collection were allowed to clot at room temperature and put in a cool box for

transportation. Blood cells were separated from serum and put in code labelled serum vials, and
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analyzed within 10 hours. Those which were not analyzed were kept in a fridge at 4 to 8°C and

analyzed the following day.

3.6.3. Analysis of specimens

Laboratory analysis was performed at Kigali University Teaching Hospital, in Clinical chemistry
service, using Cobas Integra 400 Plus, a chemistry analyzer (Roche Diagnostics Ltd,
Switzerland). Cobas Integra 400 Plus is a chemistry analyzer using four measuring methods,
absorbance photometry for measuring enzymes and substrates, turbidimetry for measuring
specific proteins and drugs of abuse, fluorescence polarimetry for measuring therapeutic drugs
and thyroid tests, lon-Selective Electrode potentiometry for measuring Sodium, Potassium,
Chloride and Lithium. The same analyzer was used to measure blood concentrations for all the
analytes in this study. All tests were done according to the laboratory SOPs, equipment and

reagent manufacturer’s instructions.

3.6.4. Methods used for analytes measurement

a. Direct Bilirubin
Diazo method
Conjugated bilirubin and &-bilirubin (direct bilirubin) react directly with 3, 5-dichlorophenyl
diazonium salt (R1) in acid buffer (SR) to form the red-colored azobilirubin.
Bilirubin + 3, 5-DPD —— azobilirubin
The color intensity of the red azo dye formed is directly proportional to the direct (conjugated)
bilirubin concentration and can be determined photometrically. It is determined by measuring the

absorbance at 552/659 nm (Roche company, 2013).
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Pipetting parameters

Diluent (H20)

R1 120 pL -
SR 24 L -
Sample 7 yL 2 UL

Total volume 153 uL

b. Total Bilirubin
Colorimetric assay
Total bilirubin, in the presence of a suitable solubilizing agent, is coupled with a diazonium ion
(R1) in a strongly acidic medium (SR).
Bilirubin + diazonium ion _®® _ azobilirubin
The color intensity of the red azo-dye formed is directly proportional to the total bilirubin in the
sample and can be determined photometrically. It is determined by measuring the absorbance at
552/659 nm (Roche company, 2014).

Pipetting parameters

Diluent (H20)

R1 110 yL 0
SR 24 uL 0
Sample 2 UL 8 uL

Total volume 144 uL

c. Albumin
Colorimetric assay with endpoint method
At a pH of 4.1, albumin displays a sufficiently cationic character to be able to bind with
bromocresol green (BCG) R1, an anionic dye (SR), to form a blue-green complex.

Albumin + BCG 2241y Alhumin-BCG complex
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The color intensity of the blue-green color is directly proportional to the albumin concentration
in the sample. It is determined by monitoring the increase in absorbance at 583 nm (Roche

company, 2011).

Pipetting parameters

Diluent (H20)
R1 100 pL 0
SR 20 pL 10
Sample 2 UL 20 uL
Total volume | 152uL

d. Total Protein
Colorimetric assay
Divalent copper (R1) reacts in alkaline solution with protein peptide bonds to form the
characteristic purple-colored biuret complex. Sodium potassium tartrate (SR) prevents the
precipitation of copper. Hydroxide and potassium iodide prevents auto-reduction of copper.

Protein + Cu2+ Alkaline pH

Cu-protein complex
The color intensity is directly proportional to the protein concentration. It is determined by
measuring the increase in absorbance at 552 nm (Roche company, 2012).

Pipetting parameters

Diluent (H20)
R1 90 uL 0L
SR 32 uL 0puL
Sample 2 uL 28 uL
Total volume | 152pL
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e. Alanine aminotransferase
Method according to the International Federation of Clinical Chemistry (IFCC), with pyridoxal-
5'-phosphate.
ALT catalyzes the reaction between L-alanine and 2-oxoglutarate (R1). The pyruvate formed is
reduced by NADH in a reaction catalyzed by lactate dehydrogenase (LDH) to form L-lactate and
NAD". Pyridoxal phosphate (SR) serves as a coenzyme in the amino transfer reaction. It ensures
full enzyme activation.
L-alanine + 2-oxoglutarate — AT pyruvate + L-glutamate
Pyruvate + NADH + H* —LBH___ | -Jactate + NAD*
The rate of the NADH oxidation is directly proportional to the catalytic ALT activity. It is
determined by measuring the decrease in absorbance at 340 nm (Roche company, 2014).

Pipetting parameters

Diluent (H20)
R1 59 uL 10 yL
SR 32 uL 9uL
Special diluent(SD) | 18 yL 0L
Sample 11pL 8 uL
Total volume 132uL

f. Aspartate aminotransferase
Method according to the International Federation of Clinical Chemistry (IFCC), but without
pyridoxal-5'-phosphate. AST in the sample catalyzes the transfer of an amino group between
L-aspartate and 2-oxoglutarate (R1) to form oxaloacetate and L-glutamate. The oxaloacetate then

reacts with NADH, in the presence of malate dehydrogenase (MDH), SR, to form NAD".

L-Aspartate + 2-oxoglutarate —AST___ . oxaloacetate + L-glutamate
Oxaloacetate + NADH + H* _MPH_ | | -malate + NAD"
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The rate of the NADH oxidation is directly proportional to the catalytic AST activity. It is

determined by measuring the decrease in absorbance at 340 nm (Roche company, 2009).

Pipetting parameters

Diluent (H20)
R1 40 uL 29 L
SR 17 L 9uL
Sample 11pL 26 pL
Total volume | 132uL

g. Y- glutamyltransferase
Enzymatic colorimetric assay
Y-glutamyltransferase transfers the y-glutamyl group of L-y-glutamyl-3-carboxy-4-nitroanilide
to glycylglycine (R1, SR).
L-y-glutamyl-3-carboxy-4-nitroanilide + glycylglycine —SST | -y-glutamyl-glycylglycine
+ 5-amino-2-nitrobenzoate
The amount of 5-amino-2-nitrobenzoate liberated is proportional to the GGT activity in the

sample. It is determined by measuring the increase in absorbance at 409 nm (Roche company,

2014).

Pipetting parameters

Diluent (H20)
R1 25 pL 35 L
SR 20 pL 20 uL
Sample 3uL 20 pL
Total volume | 123uL




h. 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 (R) to produce L-glutamate. In this reaction two moles of NADH are
oxidized to NAD" for each mole of urea hydrolyzed.
Urea+2 H,O Ue&e o 2 NHs" + COs>
NH.* + 2-oxoglutarate + NADH _StPH || -glutamate + NAD+ + H20
The rate of decrease in the NADH concentration is directly proportional to the urea concentration
in the specimen. It is determined by measuring the absorbance at 340 nm (Roche company,
2012).

Pipetting parameters

Diluent (H20)
R 50 uL 95 uL
Sample 2 UL 98 uL

Total volume | 245pL

i. Creatinine
This Kkinetic colorimetric assay is based on the Jaffé method. In alkaline solution (SR), creatinine
forms a yellow-red complex with picrate (R1). The rate of dye formation is proportional to the
creatinine concentration in the specimen.
Creatinine + picric acid —2kalinepH o vellow-red complex

It is determined by measuring the absorbance at 512-831 nm (Roche company, 2015).
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Pipetting parameters

Diluent (H20)

R1 13 L 71 L
Sample 10 uL 20 uL
SR 17 uL 16 L

Total volume | 147 pL

J. Electrolytes (Na*, K*, CI")
The electrolyte module uses flow-through ion selective electrodes and a reference electrode with
an open liquid junction. Each electrode has a membrane or capillary that is sensitive to a
particular type of ion (Roche company, 2015).

k. Magnesium
In alkaline solution (R2), magnesium forms a purple complex with xylidyl blue (R1), diazonium
salt. The magnesium concentration is measured photometrically via the decrease in the xylidyl
blue absorbance. It is determined by measuring the absorbance at 505-600 nm (Roche company,
2009).

Pipetting parameters

Diluent (H20)
R1 97 uL 0L
R2 97 pL 0puL
Sample 3uL 16 L

I.  Phosphate (Inorganic)
Endpoint method with sample blanking.
Inorganic phosphate forms an ammonium phosphomolybdate complex having the formula
(NHa4)3[PO4 (M003)12] with ammonium molybdate (R1) in the presence of sulfuric acid (SR).

Phosphate + ammonium molybdate _t.sa. , ammonium-phosphomolybdate
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The concentration of phosphomolybdate formed is directly proportional to the inorganic
phosphate concentration. It is determined by measuring the increase in absorbance at 340 nm
(Roche company, 2013).

Pipetting parameters

Diluent (H20)

R1 90 L 0L
SR 38 UL 0L
Sample 2.5puL 27.5 pL

Total volume | 158 pL

3.7. Data management and analysis

Socio-demographic and medical information was obtained from the questionnaires and included
gender, age, demographic location, and results of transmissible disease from blood donors files.
Results from the laboratory tests were entered into a hard cover register and a password
protected Microsoft Excel database. Samples were identified by a unique study number for
confidentiality.

All calculations to determine the reference values were based on Clinical and Laboratory
Standards Institute/International Federation of Clinical Chemistry (CLSI/IFCC, the Former
National Committee of Clinical Laboratory Standards) guidelines document on defining,
establishing and verifying reference intervals in Clinical Laboratory (CLSI, 2008).

2.5 and 97.5" percentiles were calculated non-parametrically, after removing identified outliers
in each subgroup by using Reed-Dixon method of identifying the outliers (Dixon, 2013; Reed et

al., 1971). The extreme values were retained in the distribution if D/R<0.33, where D is the
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absolute difference between the most extreme distribution and the next value and R is the
interval (maximum-minimum), as recommended by CLSI/IFCC guidelines document.

Differences between genders and age groups were evaluated using Wilkoxon-Mann-Whitney test
and when p<0.05, it was considered as a statistically significant difference between groups. All

statistical analyses were carried out using SPSS v.20 (IBM Corporation, 2012).
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Table 3.1: Literature based reference intervals.

ANALYTES

METABOLISM
BIL-D (umol/L)

BIL-T (umol/L)

GLU (mmol/L)

(Fasting)
SERUM PROTEINS

TP (g/L)
ALB (g/L)

ENZYMES
ALP (U/L)

ALT (U/L)
AST (U/L)

GGT (U/L)

KIDNEY FUNCTION
CREA (umol/L)

UREA (mmol/L)

ELECTROLYTES
Na* (mmol/L)

K* (mmol/L)
CI- (mmol/L)
Mg* (mmol/L)
POs% (mmol/L)

N/A: No data available

Gender

Male
Female
Male
Female
Male
Female

Male
Female
Male
Female

Male
Female
Male
Female
Male
Female
Male
Female

Male
Female
Male
Female

Male
Female
Male
Female
Male
Female
Male
Female
Male
Female

Reference intervals from Roche Diagnostic Company 2012

Lower

3.0
3.2

66.0
N/A.
32.0
N/A

40.0
35.0
10.0
10.0

8.0
5.0

44.0
62.0
2.8
N/A

135.0
N/A
3.5
N/A
95.0
N/A
0.7
N/A
0.8
N/A
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Upper
<5.0
<5.0

<24.0

<15.0
5.6
5.7

87.0
N/A
52.0
N/A

129.0
104.0
50.0
35.0
40.0
32.0
61.0
36.0

80.0
106.0
8.1
N/A

145.0
N/A
9.5
N/A

105.0
N/A
1.1
N/A
15
N/A



CHAPTER FOUR

RESULTS

4.1. Overview

The subjects used in the statistical analysis were 467, with 333 males and 134 females
(representing 71.3 % and 28.7%, respectively), between the ages of 19 and 58 years, with a mean
age of 32.6 years for males and 29 years for females.

Before analyzing the obtained data, outliers were removed as recommended by Reed and Dixon
in CLSI essential guidelines for establishing reference intervals. The number of outliers removed
is indicated in the brackets for males and females respectively as following: Albumin (0O, 0),
Alkaline Phosphatase (5, 1), Alanine Aminotransferase (1, 0), Aspartate Aminotransferase (1, 0),
Creatinine (0, 0), Y-glutamyl transferase (13, 2), Magnesium (0, 0), Phosphate (6, 1), Total
Proteins (1, 0), Urea (1, 0), Sodium (1, 0), Potassium (0, 0), Chloride (0, 0), Bilirubin Direct (0,
0), Bilirubin Total (0, 0), Glucose (0, 0).

The reference values were constructed using 2.5 and 97.5" percentiles as lower and upper limits
at 95% confidence interval in accordance with CLSI guidelines for determining reference
intervals. The medians for gender and age groups were statistically compared using Mann-

Whitney test. p< 0.05 was considered statistically different.

4.2.  Serum concentration according to sex of the participants

Gender difference for each analyte was determined to assess whether combined or gender-

specific reference intervals should be established.

Tables 4.1, 4.2 and 4.3 show combined or sex specific reference values for each parameter based

on the p-values for the difference between male and female participants. The Tables also indicate
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the number of combined and sex specific participants used for determining the reference values
for each parameter which were all above the minimum sample size (N = 120) suggested by CLSI

(CLSI, 2008).

The serum concentration of Albumin (p=0.637), Alkaline Phosphatase (p=0.553), Alanine
Aminotransferase (p=0.41), Aspartate Aminotransferase (p=0.242), Y-glutamyl Transferase
(p=0.726), Magnesium (p=0.204), Phosphate (p=0.216), Total Protein (p=0.595), Urea
(p=0.435), Potassium (p=0.297), Bilirubin Direct (p=0.852), Bilirubin Total (p=0.396), Glucose

(p=0.078) shown that there is no significant difference between gender, (p-> 0.05.

Results showed a statistically significant difference in gender, whereby males had significantly
higher serum concentration values for creatinine of 65.2-107.1 pumol/L against 62.5-98.6 umol/L
for females (p< 0.001), serum concentration of sodium higher in females with 134.5-146.5
mmol/L against 134.5-145.5 for males (p<0.013) and serum concentration of chloride higher in

females with 90.6-103.1 mmol/L against 89.9-104.2 for males (p<0.028).

4.3.  Serum concentration according to the age group of the participants

The age groups were made in two different groups, participants below 30 years, and participants
above 30 years.

Comparing age groups, subjects aged below 30 years had a significantly lower serum
concentration values of total proteins of 62.9-86.5 g/L against 68.6-87.7 g/L for subjects aged
above 30 years (p<0.002), serum concentration of aloumin of 37.1-55.2 g/L against 40.9-55.5 for
subjects aged above 30 years (p<0.022), serum concentration of alkaline phosphatase of 43.3-
133.1 U/L against 44.6-152.0 U/L for subjects aged above 30 years (p<0.001), serum

concentration of sodium of 134.5-146.0 mmol/L against 134.5-146.5 mmol/L for subjects aged
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above 30 years (p<0.015), serum concentration of bilirubin Direct of 1.8-7.0 g/L against 2.3-6.8
pmol/L for subjects aged above 30 years (p<0.025).

The serum concentration of alanine aminotransferase (p=0.878), aspartate aminotransferase
(p=0.178), creatinine (p=0.397), Y-glutamyltransferase (p=0.123), magnesium (p=0.603),
phosphate (p=0.389), urea (p=0.283), potassium (p=0.154), chloride (p=0.102), bilirubin total
(p=0.145) and glucose (p=0.089) showed that there is no statistically significant effect of the
age, since the p-values are greater than 0.05.

Tables 4.4., 4.5., and 4.6. show combined or age specific reference values for each parameter
based on the p-values for the difference between participants with 30 years and below and
participants with above 30 years. The Tables also indicate the number of combined and age
specific participants used for determining the reference values for each parameter which were all

above the minimum sample size (N = 120) suggested by CLSI (NCCLS, 2000).
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Table 4.1: Renal and liver function tests reference intervals and gender differences

Percentiles are higher and lower limits of reference intervals. They are used to establish reference intervals used in interpretation of
laboratory result. Table 4.1 indicates the established renal and liver function reference intervals for both genders while separate and
combined. The values are given both the median and the percentiles. The number of subjects is indicated under the column labelled N.

Reference interval is given as the interval between 2.5 and 97.5 of the percentile.

Male Female All participants
Analyte (Unit) Percentiles Percentiles Percentiles
Z- P-

N Median 2.5th  97.5th N Median 2.5th 975th| N Median 2.5th 97.5th Value Value
BIL-D (umol/L) 333 3.9 2.0 6.9 134 3.9 2.6 6.5 | 467 4.0 2.1 6.9 -0.186 0.852
BIL-T (umol/L) 333  10.3 4.8 21.6 134 10.4 5.9 17.3 | 467 104 5.0 216 -0.849 0.396
AST (U/L) 332 278 16.1 49.2 134 26.7 16.8 45.1 [466  27.6 16.4 49.2  -1.169 0.242
UREA (mmol/L) 332 3.1 1.3 5.8 134 3.1 1.4 5.2 | 466 3.1 1.3 5.8 -0.781 0.435
GLU (mmol/L) 333 5.0 3.2 7.7 134 4.6 3.1 6.7 467 4.8 3.1 7.7 -1.760 0.078
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Table 4.2: Liver function tests reference intervals in genders

Percentiles are higher and lower limits of reference intervals. They are used to establish reference intervals used in interpretation of

laboratory result. Table 4.2 indicates the established liver function reference intervals for both genders while separate and combined.

The values are given both the median and the percentiles. The number of subjects is indicated under the column labelled N. Reference

interval is given as the interval between 2.5 and 97.5 of the percentile. Significant differences were considered at p < 0.05.

Male Female All participants

Analyte (Unit) Percentiles Percentiles Percentiles
Z- P-
N Median 25th  97.5th N Median 2.5th 97.5th N Median 2.5th  97.5th  Value Value
TP (g/L) 332 76.8 68.2 87.6 134 76.9 66.6 857 |466 76.8 68.0 87.6 -0.532 0.595
ALB (g/L) 333 46.4 39.7 55.5 134 46.7 40.0 545 |467 465 39.8 554  -0.472 0.637
ALT (U/L) 332 171 7.2 36.2 134 16.0 7.3 33.9 | 466 16.9 7.4 36.2 -0.824 041
GGT (U/L) 320 20.3 8.0 75.6 132 21.1 7.1 63.3 [452 204 7.6 752 -0.350 0.726
ALP (U/L) 328 74.3 43.8 145.7 133 73.5 50.3 1354 | 461 74.3 44.2 1457 -0.593 0.553
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Table 4.3: Renal function tests and electrolytes reference intervals and differences in genders

Percentiles are higher and lower limits of reference intervals. They are used to establish reference intervals used in interpretation of
laboratory result. Table 4.3 indicates the established renal function and electrolytes reference intervals for both genders while separate
and combined. The values are given both in the median and the percentiles. The number of subjects is indicated under the column
labelled N. Reference interval is given as the interval between 2.5 and 97.5 of the percentile. The bolded values indicate significant

difference between sexes at p<0.05 (Creatinine, Sodium and Chloride).

Male Female All participants
Analyte (Unit) Percentiles Percentiles Percentiles
Z- P-

N Median 2.5th  97.5th N Median 2.5th 97.5th N Median 25th 97.5th Value Value
CREA (umol/L) 333 84.4 65.2 107.1 134 81.1 625 98.6 | 467 83.3 64.5 106.3 -3.258 0.001
Na* (mmol/L) 332 139.0 1345 1455 134 141.0 1345 1465 (466 1400 1345 1465 -2.472 0.013
K* (mmol/L) 333 4.4 3.7 5.0 134 4.3 3.5 5.0 |467 4.4 3.7 5.1 -1.044 0.297
Cl- (mmol/L) 333 957 89.9 104.2 134 99.3 90.6 103.1 | 467 975 90.3 1041 -2.199 0.028
Mg* (mmol/L) 333 0.9 0.7 1.0 134 0.9 0.7 1.0 | 467 0.9 0.7 1.0 -1.270  0.204
POz% (mmol/L) 327 1.1 0.8 15 133 1.2 0.7 1.6 | 460 1.2 0.8 1.6 -1.237 0.216
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Table 4.4: Liver and renal function tests reference intervals and differences in age groups

Percentiles are higher and lower limits of reference intervals. They are used to establish reference intervals used in interpretation of
laboratory result. Table 4.4 indicates the established liver and renal function tests reference intervals for both age groups while
separate and combined. The values are given both in the median and the percentiles. The number of subjects is indicated under the
column labelled N. Reference interval is given as the interval between 2.5 and 97.5 of the percentile. The bolded values indicate

significant difference between sexes at p<0.05 (Bilirubin Direct).

<=30 31+ All participants
Analyte (Unit) Percentiles Percentiles Percentiles
Z- P-

N Median 2.5th 97.2th N Median 25" 97.2th| N Median 2.5th 97.2th  Value Value
BIL-D (umol/L) 193 3.6 1.8 7.0 274 3.9 2.3 6.8 | 467 4.0 2.1 6.9 -2.244  0.025
BIL-T (umol/L) 193 9.7 4.2 21.4 274 10.7 5.8 23.0 | 467 104 5.0 21.6  -1.458 0.145
UREA (mmol/L) 193 2.9 1.3 5.8 273 3.0 14 4.8 466 3.1 1.3 5.8 -1.075 0.283
AST (U/L) 192 26.7 17.1 45.6 274 28.3 16.1 493 |466 27.6 16.4 49.2  -1.347 0.178
GLU (mmol/L) 193 4.7 3.1 6.7 274 4.8 2.6 8.2 467 4.8 3.1 7.7 -1.701 0.089
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Table 4.5: Liver function tests reference intervals and differences in age groups

Percentiles are higher and lower limits of reference intervals. They are used to establish reference intervals used in interpretation of

laboratory result. Table 4.5 indicates the established liver function reference intervals for both age groups while separate and

combined. The values are given both in the median and the percentiles. The number of subjects is indicated under the column labelled

N. Reference interval is given as the interval between 2.5 and 97.5 of the percentile. The bolded values indicate significance difference

between sexes at p<0.05 (Total Proteins, Albumin, and Alkaline Phosphatase).

<=30 31+ All participants
Analyte (Unit) Percentiles Percentiles Percentiles
Z- P-

N Median 2.5th 97.2th N Median 2.5th 97.2th | N Median 2.5th 97.2th  Value Value
TP (g/L) 192 75.9 62.9 86.5 274 77.4 68.6 87.7 | 466  76.8 68.0 876  -3.035 0.002
ALB (g/L) 193 459 37.1 55.2 274 46.8 40.9 555 | 467 46.5 39.8 554  -2.288 0.022
ALT (U/L) 193 174 6.9 37.4 273 16.8 7.9 342 | 466  16.9 7.4 36.2 -0.153 0.878
GGT (U/L) 189 195 7.6 70.7 263 22.2 6.1 76.1 | 452 204 7.6 752  -1542 0.123
ALP (U/L) 189  68.8 43.3 133.1 272 76.6 446 1520 | 461 743 44.2 1457  -3.250 0.001
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Table 4.6: Renal function tests and electrolytes reference intervals and differences in age groups

Percentiles are higher and lower limit of reference intervals. They are used to establish reference intervals used in interpretation of
laboratory result. Table 4.6 indicates the established renal function tests and electrolytes reference intervals for both age groups while
separate and combined. The intervals are given as both the median and the percentiles. The number of subjects is indicated under the
column labelled N. Reference interval is given as the interval between 2.5 and 97.5 of the percentile. The bolded values indicate

significance difference between sexes. Significant difference is considered at p < 0.05. (Sodium).

<=30 31+ All participants

Analyte (Unit) Percentiles Percentiles Percentiles

N Median 2.5th 97.2th N Median 25th 97.2th| N Median 2.5th 97.2th Value Value

CREA (umol/L) 193  83.7 66.3 104.6 274 82.7 62.7 105.9 | 467 83.3 64.5 106.3 -0.846 0.397
Na*" (mmol/L) 192 139.0 134.5 146.0 274 141.0 1345 1465 |466 140.0 134.5 146.5 -2.425 0.015

K* (mmol/L) 193 4.3 3.6 5.1 274 4.4 3.7 5.1 | 467 4.4 3.7 51 -1.426 0.154
CI- (mmol/L) 193 954 89.2 103.5 274 98.0 90.5 1051 | 467 975 90.3 1041 -1.636 0.102
Mg+ (mmol/L) 193 0.9 0.7 1.0 274 0.9 0.7 1.0 | 467 0.9 0.7 1.0 -0.521 0.603
POs* (mmol/L) 190 1.2 0.7 15 270 1.2 0.8 1.2 | 460 1.2 0.8 1.6 -0.862 0.389
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Table 4.7: Comparison of established reference intervals to those in literature

Established Northern Central Ugandan adult Case records of
Analytes (Unit) Gender reference province- Province- Central part of blood bank Massachusetts
intervals Rwanda Rwanda Ghana donors Kenya General Hospital | Mbeya, Tanzania
Lower Upper | Lower Upper | lower upper | Lower Upper | Lower Upper | Lower Upper | Lower Upper | Lower Upper
BIL-D (pumol/L) Male 20 6.9 2.0 7.0 0.4 8.8 0.9 4.1 171 8.5 1.3 9.0 17 5.1 0.93 8.43
Female 2.6 6.5 - - - - 0.8 4.0 0.0 6.8 0.8 6.7 - - 0.70 5.83
BIL-T (umol/L) Male 4.8 21.6 3.0 29.0 2.9 37.0 38 32.0 6.8 44.4 5.6 41.9 5.1 17 6.0 42.0
Female 59 17.3 - - - - 2.7 26.6 51 32.5 4.4 26.8 - - 4.5 31.3
TP (g/L) Male 68.2 87.6 65.0 85.0 58.0 88.0 46.7 86.4 65.0 89 - - 55.0 80.0 67.2 85.2
Female 66.6 85.7 - - - - 55.2 86.9 68.0 90 - - - - 65.8 85.5
ALB (g/L) Male 39.7 55.5 34.0 54.0 35.0 52.0 32.7 49.8 39.0 55 29.0 52.0 35.0 55.0 37.06 50.72
Female 40.0 54.5 - - - - 335 50.4 37.0 52 28.0 50.0 - - 35.57 49.27
ALP (U/L) Male 43.8 145.7 27.0 122.0 48.0 164.0 101.0 353.0 42.0 159 13.0 201.0 - - 45.4 170.4
Female 50.3 1354 = = = = 82.0 293.0 47.0 160 5.0 227.0 = = 453 155.0
ALT (U/L) Male 7.2 36.2 12.0 43.0 8.0 61.0 8.0 54.0 7.2 433 0.0 39.0 0.0 35.0 9.1 55.3
Female 7.3 339 - - - - 7.0 51.0 53 39.9 0.0 34.0 - - 6.7 44.9
AST (U/L) Male 16.1 49.2 16.0 47.0 14.0 60.0 17.0 60.0 13.2 35.9 6.0 40.0 0.0 35.0 15.2 534
Female 16.8 451 = = = = 13.0 48.0 11.4 28.8 3.0 37.0 = = 13.5 35.2
GGT (U/L) Male 8.0 75.6 9.0 77.0 - - 9.0 71.0 8.7 70.7 - - - - 9.3 120.8
Female 7.1 63.3 - - - - 6.0 53.0 8.0 41.3 - - - - 7.3 51.8
CREA (umol/L) Male 65.2 107.1 44.0 97.0 47.0 109.0 56.0 119.0 53.1 106.2 59.0 127.0 0.0 133.0 48.0 96.0
Female 62.5 98.6 = = = = 47.0 110.0 44.2 79.6 54.0 122.0 = = 40.0 81.0
UREA (mmol/L) Male 13 5.8 - - - - 0.9 6.2 - - 3.2 12.6 3.6 7.1 - -
Female 14 52 - - - - 0.9 5.4 - - 2.7 12.8 - - - -
Na+ (mmol/L) Male 134.5 1455 137.0 147.0 - - 135.0 151.0 111.0 153.0 141.8 152.1 136.0 145.0 133.6 143.1
Female 1345 146.5 = = = = 135.0 150.0 117.0 151.0 140.3 155.3 = = 133.4 142.3
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K+ (mmol/L)

Cl- (mmol/L)

Mg+ (mmol/L)

Phos (mmol/L)

GLU (mmol/L)

Male
Female
Male
Female
Male
Female
Male
Female
Male

Female

3.7
35
89.9
90.6
0.7
0.7
0.8
0.7
3.2
3.1

5.0
5.0
104.2
103.1
1.0
1.0
15
1.6
7.7
6.7

33

100.0

5.0

112.0

3.6
3.4
101.0
103.0

0.8
0.8

5.2
5.1
115.0
113.0

2.0
1.8

34
3.4
96.0
97.4
0.4
0.4

3.0
3.2

4.8
4.8
104.6
104.5
1.0
1.0

5.6
5.7

3.0
3.1
100.4
101.1

2.8
2.6

5.3
5.1
110.8
113.4

6.8
7.0-

35

98.0

0.8

5.0

106.0

1.2

3.8

97.9
97.8
0.7
0.7
0.7
0.7
2.9
3.3

55

108.3
107
1.0
1.0
15
15
53
5.1
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4.4. Quality control report for the studied analytes

Table 4.7. : Quality control for liver and renal function tests under study

Quality assurance was maintained daily in the analytical process by using predetermined
liver function test values from pathological and normal values as shown in Table 4.7., where
all values were within acceptable limits as indicated by % CV values for assigned QC and

study QC report shown in the Table 4.7 below.

Analyte (unit) QC Type Assigned QC Report Study QC Report
Mean % CV Mean % CV
Direct bilirubin (umol/l) PPU 41.5 0.5 43 0.43
PNU 16.2 0.9 17.1 0.82
Total bilirubin (umol/l) PPU 87.5 1.6 84.6 1.73
PNU 19.5 34 23 1.3
Aspartate aminotransferase PPU 198 15 184 1.9
(UL) PNU 39.2 17 445 15
Urea (mmol/L) PPU 4.08 3.9 3.9 3.6
PNU 31 2.8 34.7 1.9
GLU (mmol/L) PPU 14 1.9 14.7 1.7
PNU 6.55 1.9 7.25 1.8

PPU (Quality control for pathological parameters). PNU (Quality control for normal

parameters, %CV-Coefficient variation.
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Table 4.8. : Quality control for liver function tests under study

Quality assurance was maintained daily in the analytical process by using predetermined
liver function test values from pathological and normal values as shown in Table 4.8., where
all values were within acceptable limits as indicated in by % CV values for assigned QC and

study QC report shown in the Table 4.8 below.

Analyte (unit) QC Type Assigned QC Report Study QC Report
Mean % CV Mean % CV
Total Protein (g/L) PPU 92 15 98.1 1.7
PNU 52.6 1 48.3 0.8
Albumin (g/L) PPU 30.8 3.07 28 3.7
PNU 48.8 4.1 49.1 3.9
Alanine aminotransferase PPU 40 2 38 2.57
(UL) PNU 132 1.3 121 1.1
GGT (U/L) PNU 40.6 2 42.1 1.7
PPU 210 1.3 235 1.1
Alkaline phosphate (U/L) PPU 230 2.8 221 2.6
PNU 81.8 2.8 78.46 3.3

PPU (Quality control for pathological parameters). PNU (Quality control for normal
parameters, %CV-Coefficient variation.
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Table 4.9. : Quality control for renal function tests and electrolytes under study

Quality assurance was maintained daily in the analytical process by using predetermined
renal function tests and electrolytes values from pathological and normal values as shown in
Table 4.9., where all values were within acceptable limits as indicated by % CV values for

assigned QC and study QC report shown in the Table 4.9 below.

Analyte (unit) QC Type Assigned QC Report Study QC Report
Mean % CV Mean % CV
Creatinine (umol/L) PPU 323 13 341 1.7
PNU 65.6 2.8 73.1 2.5
Sodium (mmol/L) PPU - - - -
PNU 135.5 1.7 138.2 2.1
Potassium (mmol/L) PPU - - - -
PNU 4.8 2.8 4.1 1.8
Chloride (mmol/L) PPU - - - -
PNU 89 2.9 94 3.6
Magnesium (mmol/L) PPU 1.73 0.02 1.81 0.15
PNU 0.891 1 0.93 11
Phosphate (mmol/L) PPU - - - -
PNU 12 3.9 1.25 35

PPU (Quality control for pathological parameters). PNU (Quality control for normal

parameters, %CV-Coefficient variation.
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CHAPTER FIVE

DISCUSSION

Reference Intervals are defined as a set of a measured quantity of an analyte obtained from a
group of individuals or an individual in a defined state of health. They are used by the
clinicians in the interpretation of clinical laboratory data. International Federation of Clinical
Chemistry (IFCC) recommends that the reference intervals be constructed from 95% of a
reference population of healthy individuals. This study was aimed at establishing the
reference intervals for the biochemical parameters in adult Rwandan population to serve as
standards for the interpretation of laboratory results during screening and follow-ups in

clinical trials and routine healthcare.

This study provides the established clinical chemistry reference intervals for adults 19-58
years for both males and females in Rwanda derived from healthy individuals. Out of 467
participants recruited, the number of males (333) was quite high compared to that of females
(134); each group exceeded the minimum of 120 participants for nonparametric estimates
required for 95% reference interval determination as recommended by National Committee
for Clinical Laboratory Standard (NCCLS, 2000). Emphasis was laid on external and internal
quality control methods which ensured accuracy and precision in addition to following all the

set standard operating procedure of Kigali University Teaching Hospital (Appendix 4).

The results of this study show that the measured biochemical parameters Albumin, Alkaline
Phosphatase, Sodium, Potassium, Magnesium, and Phosphate concentrations are comparable

with the intervals established by Roche Diagnostics Company, in Germany, 2012.
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Bilirubin Direct, Bilirubin Total, Aspartate Aminotransferase and Creatinine are slightly
higher than the limits established by consensus by the Roche Diagnostics. Alanine
Aminotransferase, Urea and Chloride are below the established limits by consensus by the
manufacturer. However there are variations in findings with other studies which may be due
to differences in the age and gender of the study population, diet and environmental

differences (Table 4.1., 4.2, 4.3).

The results of this study confirmed the results reported in a study conducted in Northern
Province (Gahutu, 2013), and show similar results as the previous study (Gahutu & Wane,

2006) in Rwandan students in Northern Province (Table 4.7).

The significantly higher values of the reference intervals for creatinine and chloride in male
compared to female, and the higher values of the reference values for sodium in female
compared to male indicates sex differences in these clinical chemistry parameters. Sex
differences in creatinine have been known to exist due to differences in muscle mass (Table
4.3). Similar findings have been reported in adult black populations of Kampala, Uganda;
Kenya; Tanzania; Huye, Rwanda; Kintampo, Ghana and adult USA populations (Roche
Company, 2015; Dosoo et al., 2012; Eller et al., 2008; Gahutu & Wane, 2006; Kibaya et al.,

2008; Saathoff et al., 2008; Waithaka, 2009).

Significant differences in gender in the reference interval for total protein and albumin (Table
4.2) could be attributed to the size; however, this difference may not have any clinical
significance (Mussap & Plebani, 2004). The sex difference in the reference interval values

for serum total protein observed in this study are in contrast to that reported for the American
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population (Roche Diagnostics, 2015) where males and females have common reference

intervals but agrees with the findings of a Rwandan study (Gahutu & Wane, 2006).

Serum concentration of Total Bilirubin and Direct Bilirubin, Total proteins and Albumin
show high values in age of 30 years and below comparing to that of above 30 years

individuals (Table 4.5) confirming Gahutu (2013) and Wane (1985).

Sex differences in the total bilirubin and direct bilirubin values could be partly due to
influence of sex hormones. These findings are in agreement with those of similar studies
done in Uganda (Eller et al. 2008) for adults. Notably higher values of liver enzymes (Table
4.6) compared to this study for both males and females have been reported in Kenya (Kibaya
et al., 2008; Waithaka, 2009). Bilirubins, glucose, electrolytes values are comparable with
the reported values in other study (Eller et al., 2008; Karita et al., 2009; Kibaya et al., 2008;
Waithaka et al., 2009), except low values in serum concentration of chloride in this study.
This study shows low levels of urea in females compared to that in males (Table 4.1), and
shows a slight decrease with age (Table 4.5), and is in conformity with a study done in
Congo by Wane (1985). Serum concentration of urea in this study is low compared to the
results published in other studies (Table 4.7). This decline may be due to a diet low in animal

proteins common practice in Rwanda.

Literature-based reference intervals show similar results (Sluss et al., 2008) with differences
in higher serum concentrations of Total Bilirubin, Creatinine, Urea, Chloride and Alkaline

Phosphatase for both males and females (Table 3.1, 4.7).
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Variations have been observed in other studies in the East African region (Karita et al., 2009;
Palacpac et al., 2014; Saathoff et al., 2008) which may be attributed to differences in age

and living environment.
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CHAPTER SIX

CONCLUSIONS AND RECOMMENDATIONS

6.1. Conclusions

The results of this study on Clinical Chemistry parameters are similar to those published in

other African countries, with variations due to the diet and geographical location.

This study has shown that a strict adherence to reference intervals developed from
industrialized countries could qualify many healthy Rwandans as pathological cases, and also

exclude them from participating in clinical trials.

Compared to other reference intervals established, reference values in this study presented
remarkably low levels of urea which may be due to the diet low in proteins generally in

Rwandan population.

This study not only defined the reference intervals of healthy Rwandans attending NCBT in
CHUK, but also enhanced laboratory capacity of Clinical Chemistry service as it was
conducted under the guidelines of Good Clinical and Laboratory Practice, thus preparing the

site to Clinical trials as a center of research.
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6.2. Recommendations

The reference values for most analytes determined in this study vary from the same
population, this indicates that there is need for use of sex and age established reference
values that are applicable to specific populations rather than take a set of reference values
determined for one population and apply it on another population. As such it is recommended

that;

1. Using reference intervals developed in industrialized countries, a quite large number of
our participants would have been misclassified. Thus, Physicians need to take into
consideration the population limitations and variations while attending the patients in our

region.

2. Subjects in this study also represent volunteers that would participate in clinical trials.
We highlight the need of developing local reference values especially in younger age

groups as their participation in clinical trials is solicited.

3. Similar studies should be carried out to establish reference values for other biochemical
parameters not done in this study like hormonal profiles and arterial blood gas
parameters.

4. Future studies should target children less than 18 years and the elderly population more
than 60years who were not covered by the study.

5. Future studies should incorporate for example fasting blood samples for glucose and lipid
profiles since this was not done in the current study design. Fasting is a requirement in
determining fasting blood glucose, this is essential as fasting blood sugar levels are

supposed to be lower than random sugar levels and they are the bases of determining the
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diabetic candidates, while for lipid profiles fasting is essential as this gives the actual
value if the subject unlike when sample is taken at random, thus elevating the lipid profile

values.
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APPENDICES

Appendix 1: Blood donor medical questionnaire

BLOOD DONOR NUMBER DONATION NUMBER

BLOOD DONORMEDICAL QUESTIONNAIRE

Tick where applicable [X]
Please answer the following questions correctly. This was help to protect you and the
patient who receives your blood. Thank you!

Names:

Sex: Male [ ] Female [ ]
Date of Birth: ...........................cceeeeeeee... Place of Birth (District-Sector):
[ T B 0 L1 o]

Place of Residence

District: Cell:

KT (0] Village (Umudugudu):
Telephone: E-mail

Are you married? Yes[_] No[]

Have you donated blood previously Yes[ ] No[ ] | If yes, how many times?.......
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Did you have any discomfort during/after donation? ~ Yes[_] No []
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BLOOD DONOR DECLARATION

I understand that | should not donate blood if:

| consume drugs or use illegal intravenous drugs.

| have HIV AIDS

| have or have had sex with a partner of the same sex (Even using condom)

My sexual partner has HIV/AIDS, hepatitis or any other Sexually Transmitted Infection.

I understand that | should wait for 6 months to donate blood if:

e | have had sex with a person who is not my spouse even using condoms
e | don’t trust my partner even if | use condoms
e | have not got any HIV/AIDS test before marriage

QUESTIONS TO THE BLOOD DONOR (TICK THE APPROPRIATE ANSWER): X

Today DO YOU HAVE OR HAVE YOU
EVER HAD YES NO
1 | Are you feeling healthy and 1 | Heart Disease?
well?
2 | Are you taking any medication? 2 | Kidney Disease?
3 | Do you have any wound 3 | Cancer?
In the past 48 hours 4 | Epilepsy?
1 | Have you taken Aspirin? 5 | Asthma?
In the past 3 months 6 | Diabetes?
1 | Have you had Malaria? 7 | Tuberculosis?
In the past 6 months have you 8 | Abnormal bleeding tendency?
had
1 | Weight loss? 9 | Hepatitis B?
2 | Repeated diarrhea? 10 | Hepatitis C?
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3 | Swollen glands? 11 | HIV/AIDS

4 | Continuous low — grade fever? 12 | Syphilis?

5 | Tattooing? 13 | Gonorrhea?

6 | Ear piercing? For female blood donors only
7 | Dental Extraction? 1 | Are you pregnant?

8 | Surgery or circumcision? 2 | Do you have a child who is

under 12 months

9 | Blood transfusion? 3 | Have you had abortion in the
last 6 months?

10 | Endoscopy?

I am not donating to receive an HIV test:

| agree to have my blood tested for HIV, Hepatitis B& C, and Syphilis, and haemostatic tests
(APTT, PT, and Coagulation factor and inhibitors levels) and any other test that is required to
ensure my blood is safe to give to another person and for research purpose. | know that
someone may be infected and have a negative test. | understand that | was be notified of my
test results whatever they are.

| have carefully read education materials and answered all the questions truthfully. |
understand that not being honest while answering questions on this form is a serious matter
and a lie could harm another person. | understand the eventual side effects of my donation.

| agree that the National Center for Blood Transfusion may use my blood as needed. | have
had an opportunity to ask questions and all my questions were answered.

Date Blood donor Signature Name and Signature of the
Nurse
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MINI-PHYSICAL EXAMINATION (Filled by Investigator):

Value | Initials Initials

Scale Wt Start time

Pulse Stop time

Hb Quantity to bedrawn

BP Blood donnor
reaction

T° Reaction
management

Comments :

Eligible [ ] Non-eligible[ ]

Reason
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Appendix 2: Whole blood collection standard operating procedure

RWANDA
BIOMEDICAL
CENTER

A Healthy People. A Wealthy Nation

MEDICAL PRODUCTION AND PROCUREMENT | NATIONAL CENTRE FOR BLOOD TRANSFUSION
(MPP/NCBT)

STANDARD OPERATING PROCEDURE (SOP)

WHOLE BLOOD COLLECTION

Authors:
¢ GAHONGAYIRE Félicite, Phlebotomist
e UTAMULIZA Clarisse, Donor Selection Officer
e MUJIJIMA Chantal, Phlebotomist
¢ NAMAHORO Yvette, Donor Selection Officer
e HAKIZIMANA Dieudonné, Phlebotomist

Effective Date: Copy Ne:
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Approvals and Authorization

Approved | Title Names Signature
By

Process
owner/Head of
Department:

Quiality Officer:

Medical Director:

Authorized | Head of NCBT
By Division:

Document history

Version Date Author(s) Main Changes
1.0 18-03-2011 - DUSHIME Gratia N/A
- UMURAZA Laetitia
2.0 09-07-2012 - NAMAHORO Yvette - Format change
- MUJIJIMA Chantal - Addition of steps in the
- GAHONGAYIRE procedure
Félicité
- HAKIZIMANA
Dieudonne

- UTAMULIZA Clarisse
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Purpose

Scope

Related
procedures/
documents

Materials
and reagents
needed

This procedure provides guidance on
how to collect whole blood units from a donor
while providing a safe and comfortable
environment for the donor during the donation

process.

This procedure is applicable to all NCBT centers collecting blood. It is
applicable to the fixed site as well as in mobile session. All Donor selection
Officers and Phlebotomists in NCBT must follow this SOP.

NN E

arwdeE

COL_SOP_15 Use and maintenance of the collection scale/mixer
FRM_DON_SOP_01A V02.0 (DMQ Kinyarwanda)
FRM_DON_SOP_01B_V02.0 (DMQ English)
FRM_DON_SOP_01C_V02.0 (DMQ French)
COL_SOP_06_Disinfection of the Venipuncture site
DON_SOP_05_Management of donor reactions

COL_SOP_09_Post donation care

COL_SOP_08_Packaging Blood Units and Samples for transport

Clips

Plastic hemostat
Scissors

Test tube racks
Containers  for
(safety box)
Waste bin for non-sharp
biohazard wastes
Scale/Mixer

Adjustable automatic donor
scales

sharps
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9.

10.
11.

12.
13.
. Tube stripper
15.
16.
17.
18.
19.

14

Beds for phlebotomy
Adhesive tapes

Labeled blood bags and
tubes

Hand gripper

Hand sealer clips

Pens

Gauzes

Gauzes containers
Tray

Trolley




Refer to the safety plan

Safety

requirements

Sample N/A
preparation

requirements

Reagent N/A
preparation

requirements

Sample N/A
preparation

Donor Step | Action
reception 1 Greet the donor cordially

2 Tell the donor to lie down on the collection bed

3 Ask the donor his/her names

4 Compare the initials on the blood bag and tubes with the donor names. If
the donation number and names are non-concordant, consult the donor
registration officer for correction.

5 Briefly explain to the donor the donation process by emphasizing on the
following:

e The venipuncture action ( not harm)

e The volume to be collected

6 Reconcile the numbers and donor names on the tubes, bags, DMQ

Verification | SteP | Action
of the 1 Verify the expiration date of the bags and the tubes
integrity of 2 Inspect the bag for any defects and discoloration.
collection
bags and 3 Apply pressure to check for leaks
tubes 4 Verify the integrity of the bag and the appearance of the solution.

5 If the bags appearance is abnormal, find a new bag from the donor
registration officer and make sure for the same identification as
previous one.

6 Put the bag and its satellite bags to the scale mixer or Adjustable

automatic donor scale in accordance with the procedure of use of the

scale,
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Selection of
the vein

Step

Action

Perform arm inspection and choose the arm on which the
venipuncture was be performed
Consider the followings:

a) Best position for venipuncture

b) Observation from arm inspection ( Scar, malformation, skin

diseases)
c) Donor preference
d) Availability and accessibility of the vein

2 Apply and fix the tourniquet approximately 5-10 cm above
antecubital area
Ask donor to squeeze hand squeezer.
Palpate donor’s veins
Select the best vein in order of preference:
a) 1% choice: Median cubital
b) 2" choice: Cephalic
¢) 3" choice: Basilic
6 Repeat Step 1-5 above on another arm if the vein is not found on the
first arm.
7 Consult experienced staff if a suitable vein cannot be identified.
Disinfection of | Step | Action
the
venipuncture |1 Disinfect the venipuncture site in accordance with the procedure for
site disinfection of the venipuncture site (COL_SOP_06_ Disinfection of the
Venipuncture site).
Performing Step | Action
phlebotomy
using blood 1 Clamp the tubing of the bag at 10-15 cm next to the needle of the bag by a
bag without plastic hemostat
diversion _
pouch 2 Remove the needle protective cover and check the status of the needle
before use
3 Anchor the vein by holding the arm below the prepared area
4 Point the needle, bevel up, in the direction of the vein.

Note: Perform the venipuncture as soon as possible to prevent
contamination of donor arm and material.
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Firmly pierce the skin at about a 15 — 20 degree angle and advance the
needle horizontally into the vein.

Open hemostat and verify blood is flowing into the tubing.

If not flowing adequately. Refer to section below on Troubleshooting

Stabilize the needle by holding the tubing to the arm of the donor and
secure using an adhesive tape.

Cover the venipuncture site with sterile gauze square and fix it with an
adhesive tape.

Record immediately the start collection time on the Donor Medical
Questionnaire (DMQ)

10

Loosen tourniquet slightly.

11

Ask the donor to open and close hand every 10 to 12 seconds during
collection.

12

If no mixer is being used, gently mix the blood and anticoagulant by
inverting the bag at least three times as it flows into the bag and
periodically (approximately every 1 minute) throughout the collection
process. A complete end-to-end mixing of the bag is required.

13

Monitor donor and blood flow:

For slow running units, assess troubleshooting needs. Refer to
Troubleshooting section.

14

If donor appears to have a reaction, refer to Management of Donor
Reactions SOP.

Note: Keep the donor under observation throughout the donation process.

The donor should never be left unattended during or immediately after
donation

Ending the
phlebotomy
when using
blood bag
without
diversion
pouch

Step

Action

Note: The scale mixer end collection if the drawn quantity is achieved

Clamp tubing near the diversion using a clip and hand sealer clips

Record the end time on the DMQ

Clamp the tubing using a hemostat and cut using scissors

Draw sample for 2 tubes (one EDTA tube and one plain tube) from the
tubing in donor vein. Mix the EDTA tube by gently inverting it at least 3
times.
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5 Release the tourniquet and remove the previously fixed gauze and tape
from the venipuncture site.

6 | Find gauze, hold it on the donor arm above the venipuncture site and
remove the needle.

7 | Ask the donor to raise the arm and hold the gauze firmly with the other
hand

8 | Put the safety protective cover to the needle gently

9 Don’t recover the needle with the removed cover

10 | Discard the remaining tubing into the Biohazard container for sharps

11 | Immediately after discontinuing the phlebotomy, strip the tubing on the
blood unit as completely as possible (at least twice) into the bag, starting at
seal.

12 | Mix the blood in the collected unit by inverting bag several times to mix
thoroughly and perform this step at least 3 times.

13 | Keep the collected units at room temperature for at least 2 hours to allow
blood to cool. Do not put blood units directly into the containers with ice
packs

Performing Step | Action
Phlebotomy
using blood 1 | Close white pinch clamp for 2 tubules of the needle and diversion
bag with
di\?ersion pouch of the bag by a plastic hemostat provided with the bag
h
poulc 2 | Remove needle cover and check the status of the needle before use.

3 | Anchor the vein by holding the arm below the prepared area.

4 | Point the needle, bevel up, in the direction of the vein.

5 Firmly pierce the skin at about a 15-20 degree angle and advance the needle
horizontally into the vein.

6 | Open hemostat of the diversion pouch to let the first 10 mL to flow into the
diversion pouch.

7 | Verify blood is flowing into the tubing-If not flowing adequately, refer to
section below on Troubleshooting.

8 Stabilize the needle by holding the tubing to the arm of the donor and

secure using an adhesive tape.
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Cover the venipuncture site with sterile gauze square and fix it with an
adhesive tape.

10

Record immediately the start collection time

11

Loosen tourniquet slightly.

12

When the Diversion pouch is full, close white pinch clamp and tighten the
loose knot in the tubing between the sample collection pouch and the
intersection with the main tubing.

13

Break snap-open closure completely to allow blood to flow to the primary
collection bag by:

a) Holding the snap-open closure with both hands
b) Bending in two directions. An audible click was be heard in each
direction.

14

Take 2 samples by attaching the vacutainer tube to adapter of the Diversion
pouch and mix sample thoroughly if EDTA tube is used.

15

If not using a scale mixer, gently mix the blood and anticoagulant as it
flows into the bag and periodically (approximately every 1minute)
throughout the collection.

A complete end-to-end mixing of the bag is required.

16

Ask the donor to open and close hand every 10 to 12 seconds during
collection.

17

Monitor donor and blood flow:

For slow running units, assess troubleshooting needs. Refer to
Troubleshooting section.

18

If donor appears to have a reaction, refer to Management of Donor
Reactions SOP.

Note: Keep the donor under observation throughout the donation process.
The donor should never be left unattended during or immediately after
donation

Ending the
phlebotomy
when using
blood bag with
diversion
pouch

Step

Action

End the phlebotomy following the steps 1 to 13 above for ending the
phlebotomy when using blood bag without diversion pouch except step 4
for drawing sample for 2 tubes from the tubing in donor vein.
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Discontinue
Phlebotomy

in Emergency

Step

Action

1 Note: Discontinue a donor collection procedure in an emergency situation,
i.e., donor has a donor reaction during collection.
Clamp tubing near needle hub.

2 Release and remove the tourniquet.

3 | Fold gauze in half and place over phlebotomy site.

4 Remove the adhesive tape from tubing and hold the tubing near the needle
steady.

5 Remove needle from donor’s arm

6 | Immediately apply pressure to site and react according the situation

7 | Apply a bandage to the puncture site arm and give post donation
instructions

8 Refer to the appendix “COL_SOP_07_Whole Blood
Collection_A04 V02.0(Phlebotomy Exceptions)

9 | Notify the team leader or designee.
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Inspection of
the
Venipuncture

SITUATION

ACTION

site and If bleeding has stopped Place the tape to the used gauze if no bleeding
Application of occurred.
Bandage - :
If bleeding occurred, Change the gauze before applying the tape
If bleeding continues, 1. Elevate arm again for approximately 1
minute,
2. Apply pressure to phlebotomy site,
3. Apply new gauze and tape once bleeding
stops.
If bleeding persists after arm 1. Apply ice pack,
is wrapped and verbal donor 2. Allow donor to hold ice on the
consent for treatment is phlebotomy site,
obtained, 3. Remove ice after approximately 2
minutes and check donor's arm to verify
bleeding has stopped,
4. Continue ice pack until bleeding stops,
Note: Ice should never be “wrapped” onto
donor’s arm,
If a hematoma develops, Refer to the procedure for management of donor
reactions
Step | Action
Post _ _
Phlebotomy 1 Keep the donor on donor bed for at least 5 minutes after donation
Instructions _
2 Instruct the donor to keep the bandage on for 2 hours once bleeding stops.
3 Instruct the donor to refrain from strenuous activities such as mountain
climbing, running marathons and flying an airplane for at least 72 hours
following the donation
4 Advise the donor that smoking or alcohol intake within 6 hours after
donating may cause dizziness
5 Advise the donor that If He/ She get dizzy, to sit down and put the head
between his/her knees or lie down with his/her legs elevated
6 Instruct the donor to eat well at the next meal
7 Instruct the donor to drink extra fluids, twice the normal intake
8 Advise the donor that normal activities may be resumed when He/She is

finished with the refreshments
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9 Advise the donor that If He/ She develops fever, chills or diarrhea within 24
hours, after donating please to call the NCBT "Hotline" number at 1011

10 Thank the donor and direct the donor in the refreshment area(Refer to Post
donation care procedure)

Limitations 1. Blood collection must only be done using sterile, single use pyrogen free
(or Notes), if blood collection bags and using a closed system. If the collection bag
applicable sterility is questionable do not use it.
2. For phlebotomy exceptions Refer to the Phlebotomy Exceptions Appendix.
3. Routinely gloves are not used during phlebotomy, if you have got any skin
scratches make sure to wear gloves while performing phlebotomy and
change them between donors.
4. Use hand sanitizer in accordance with procedure.
AABB Technical manual, 17" Edition
References AABB standards for Blood Banks and Transfusion Services, 27" edition
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Appendix 3: Consent form

CONSENT FORM FOR PARTICIPATION IN RESEARCH STUDY

JOMO KENYATTA UNIVERSITY OF AGRICULTURE AND TECHNOLOGY

ESTABLISHMENT OF ADULT REFERENCE VALUES FOR SOME BLOOD
ANALYTES COMMONLY REQUESTED

Information Sheet

Purpose of the Study. As part of the requirements for Masters of Medical Laboratory
Sciences in Clinical Chemistry at JKUAT, | have to carry out a research study. The study is
concerned with Establishment of reference values for some blood analytes commonly

requested.

What will the study involve? The study will involve your participation will involve
following the instructions given and blood will be withdrawn (about 5 ml), after blood

donation.

Why have you been asked to take part? You have been asked because you are specifically

suitable to provide data for my study.

Do you have to take part? No. Participation is voluntary. And after signing a consent form,
you are still having the option of withdrawing before the study commences (even if you have
agreed to participate) or discontinuing after data collection has started. It is also allowed for
afterthoughts to withdraw within two weeks of participation and ask to have their data

destroyed. Will your participation in the study be kept confidential? Yes. | will ensure
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that no clues to your identity appear in the thesis. Any extracts from what you say that are

quoted in the thesis will be entirely anonymous.

What will happen to the information which you give? The data will be kept confidential
for the duration of the study. On completion of the thesis, they will be retained for a further

six months and then destroyed.

What will happen to the results? The results will be presented in the thesis. They will be
seen by my supervisors, a second marker and the external examiner. The thesis may be read

by future students on the course. The study may be published in a research journal.

What are the possible disadvantages of taking part? | don’t envisage any negative
consequences for you in taking part. It is possible that after blood withdraws you may feel

some discomfort on the site of puncture which is temporally (some minutes).

What if there is a problem | will discuss with you how you found the experience and how
you are feeling. If you subsequently feel distressed, you should contact, me, Mr. Robert

RUTAYISIRE, Phone#:+250788881791, email:robertrutayisire@gmail.com.

Who has reviewed this study? KHI Ethics Committee, CHUK Ethics Committee Approval

must be given before studies like this can take place.

Any further queries? If you need any further information, you can contact me, Mr. Robert

RUTAYISIRE, Phone#:+250788881791, email:robertrutayisire@gmail.com.

If you agree to take part in the study, please sign the consent form overleaf.
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CONSENT FORM

L agree to participate in Mr. Robert RUTAYISIRE’s

research study.

The purpose and nature of the study has been explained to me in writing.

| am participating voluntarily.

| understand that I can withdraw from the study, without repercussions, at any time, whether

before it starts or while | am participating.

| understand that I can withdraw permission to use the data within two weeks of the

interview, in which case the material will be deleted.

| understand that anonymity will be ensured in the write-up by disguising my identity.

| understand that disguised extracts from my interview may be quoted in the thesis and any

subsequent publications if I give permission below:

Please tick one box.

| agree to quotation/publication of extracts from my interview O
| do not agree to quotation/publication of extracts from my interview O
Signature.......ccoiiiiii Date..........oeevne.

76



Appendix 4: Ethical Approval by National Health Research committee
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Appendix 5: Protocol approval by CHUK Ethics committee

CENTRE HOSPITALIER UNIVERSITAIRE
UNIVERSITY TEACHING HOSPITAL

Funbly Heohh Toee

hoining & Resepech
Ethics Committes ! Comité d*éthigue
July 3, 204 Ref.: EC/CHURIS04
Beview Approval Netice
Dear Robart Rutayisire,

Yawr rezegrch profect. “Exwblivhment of adult reference vefues for some bockeniical analples in
a Rwardan popualation o Kigall University Teachimg Hospital™

Eauring the meeting of the Ethies Commitees of Kigall University Teaching Hospiial (KUTH) that
wars beld on 210724 o0 evaluale your prooeol of the sbeve mentioned research project, we are

pleased 1w inforn yow thar the Ethics Comminee/CHUE ks approved your prodoood.
v mre repoiresd do pressmd the resuhs of your swdy 1o KUTH Edhics Commines before publication.

F5: Please note that the present approval is valid for 12 monds.

DR. STEPHEN RLILTSA

HEAD: DEPARTHMENT OF ELiMICAL

J- f AESEAACH

" CHUK

er, 5ok phew Ruliza T
President, Ethies Committes,

Kigali University Teaching Hospital

Yours sincerely,

S mivernte ipwohing Fonsire! of Kipail Frfes Commiiins oD aoooniing I sandunt sisnaliag grecalinss [N wiich st
g oow e cuwn! ey noad de compiumer et GO and Pabier pridednes ane reguiviorss™

BP. 655 Kigal- RWANDA TeL Fax : 004250) 5766 XBE-mail © Lok nepiakach st izaliog
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Appendix 6: Permission to carry out the study by NCBT

Rinaxiv
BCMEINCAL
CENTER

A Hoal Bre Pecole. AWl i Maten
RWANDA BIOMERICAL CENTER/ NATIONAL CENTRE FOR FLOOD TRANSFISION (ROC/BIS,/NCBT)

Kigali. m...c:.fi.ls;»ﬁ!.ga..m
N".. {6 /RBC/BIOS/NCBT/2014

\Alr RUTAYISIRE Robert

Dear Robert,

Re: Your research project: "Establishment of adult reference value for some
biochemical analytes in a Rwanda pepulation at REC/BIOSNCBT Division™

Reference is made to your letter dated on 26082014 requesting for a permission to camry out
your rescarch study which will be submitied in purtial fulfilment of the requirements for the
award of Master deproe of Medical Laboratory Scicnces in the College of Health
Sciences/ MU

1 hereby inform you that your request has been granted,
Your are required to present the result of your siudy to REC/BIOS/NCBT before publicalion

HEAD OF NATIDNAL BLCOD
TRANBELSION DENTER

Ag Division Manager RBC/BIOS/NCBT

Nedaral Cantre for 8020 Trocfusior RECNCST A O Sax 4729, Teicphone: 252 570 408, Website. wo i o185 gov i
Fmab. ffodoan goxsw
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Appendix 7: Published paper

190 East AmacaN MEDICAL JournaL Apal 2015

Faot Aftcan Medical Journal Vil 52 No. § Aprdl 2015
ESTABLISHMENT OF ADULT REFERENCE VALUES FOR SOME BIOCHEMICAL ANALYTES IN A RWANDAN
POPULATION
R Rulsysarw, BSc, BLS, B dric Laboratory Department, School of Hualth Scencoes, Collvge of Medicenw & Health
SuquUmwniyulR--dn.SK“MWM&&&&P&D(MMLWMMM*I
y Services, K swwrnily K-vyt.l“-uwm,ﬁﬂmdﬂmkw, of L ¥
Km;FnyndHugﬂ-l.medgMKAnb.h&(‘ dogy ) Medical Lalbs Depertzwnl, jomo
Kenyatta Foundal scalture & Toch gxnm’ﬂ,iU\nnlngu.w mmmw&m
Tlmmd&_— J Laborat Sduxlldl'hdthnmc- Gﬂvdhldmk“h
St-nn-;Umv-ndyufR-ndo,Rwa-k.SKnI-umB.MSt.' dum Natunal Centre for Blood
Trasefusion, Rwanda, V. Mulsbadilo Dip, MLS, National Centrw for Blood Traméuson, R-tndo and B. Ndayambay,

Dip, MLS, BRA, Laboralory Dupartmnt, Kigali University Teaching Hospital, Rwande.

ESTABLISHMENT OF ADULT REFERENCE VALUES FOR SOME BIOCHEMICAL
ANALYTES IN A RWANDAN POPULATION

R. RUTAYISIRE, 5. K. WAITHAKA, |. WANE, M. KARATO, 5. UWAMUNGU, 5. KATARE,
V. MUKABADILO and B. NDAYAMBAJE

ABSTRACT

Objectives: To establish the reference values forsome routinely performed biochemical
analytes in CHUK.

Desigre Cross-sectional descriptive study.

Settings: National Center for Blood Transfusion, Rwanda and Kigali University
Teaching Hospital, Laboratory Department. This study was conducted during the
period between 15th September 2014 and 23% February in 2015,

Subjects: Blood donoes donating blood at Natiomal Center far Blood Donation, and
recruited by mobile teams across the country.

Results: Median (Reference values25th and 975th percentiles) for male and
female respectively: Bilirabin Direct3.52.69) and 352665 pmol/L; Bilirubin
Total 20344 5-21.6) and 10.4(3.9-17 3) pmol/L; Aspartate Aninotransferase, 27.8(16.1-49.2)
and 26.7(16.545.1) U/ Urea 3.2(1.3.55) and 3.1L4-5.2mmol/L; Glucose, 5.0(3.2.7.7)
and 4 603.1-6.7) mmol/L; Total Proteins, 76.5(68.2-87.7) and 76.9(66.6-85.7)2/L; Albumin,
46.439.7-555) and 46740549 g/L; Alanine Aminotransferase, 17.17.2.36.2) and
160073339 UL; Gamma Gletamyliransferase, 20345.75.6) and 21.2(7.1-633) U/L;
Alkaline Phosphatase, 74.3(43.8-145.7) and 73.5(50.3-1354) U/L; Creatinine, $4.4(65.2-
107.1) and $1.1462598.6 pmol/L; Sodium, 139013451455 and JALNI3451465)
mmol/L; Potassium, 4.40G.7.5) and 4.3(355.0) mmol/L; Chloride, 95.7(59.9-104.2) and
99.3190.6- 1031 mmol/L; Magnesian, 0.90.710) and 0.9(0.71) mmol/L; Phosphate,
LIAS-15) and 1.200.7-1.6 mmol/L,

Conclusion: The results of curstady on Clinical Chemibstry parametess are similarto those
published in other African countries, with variations due o the diet and geographical
location. m:mmmu.muummumummm
from industrialised countries could qualify many healthy Rwandans as
cases, and also exclude them from paticipating in clinical trals. Compared to other
reference ranges established, reference valuwes in our study presented remarkably low
levels of wrea which say be dee to the diet low in proteins generally in Rwandan
population.

INTRODUCTION physcian or other health professional to mterpret
a set of results for a particular patient (Saatholf
i, 2008). The use of improper reference ranges may

fhealth velated felds, areferencerangeorrefenence  fyjoe or exclude otherwise volunteers whoareeligible
. s afs to parbapate tn the rescarch makang the process of
or value in healthy individuals. It 5 a basis for a P S = haflenging(K. P
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1=

all M09; Eller of oL, 2008}, O the other hand, as the
biclogical and environmental characteristics vary
betwieen ore, it is to establish
e populati Imiperative
makes it possible to judscously mberpret laboratory
results usng reference intervals obtained from the
local and in the same emriroranental
EI]:rdle-].'Ihpmnurmd;.
therefore, aims to Al this gap by studymng a set of
serum bicchemacal md'mmm‘gﬂu
mast relevant and the most commaonly nequested
by our dinicans.

MATERIALS AND METHODS

The stes dispatched m five provinces of
Fwanda have been used to collect samples: Central
P'rﬂnnuﬂf:g;.il,}\, Marthern Prosmnce, Southern
Provance, Exstern Prosance. and Westerm Province.

This was a oross sectional study.

Blood donoes were: iniruzalarea, schoaks
and urban cities in five provinces duning the stady
period.

Three bundred and four bood donoes, 33
n Miortham, Southem, Westerm and Eastern
each, ard %8 m Cenbral all m: rural aneas,
schools and urhan ches were fior this shady.

Each blood donor who fulfilled all oteria as set by
MCET was given a questionnare and a consent form
fior particdpation in this shady.

i blood was collected mibo two tubes, in
% mi plain tobe without an for serum
chemistry and in Sodium fluoride tube
ffor blood ghocose levels determanabion.

s after collection were allowed to clot
at room temperature and put m a cool box for

After at Toom bemperatire,
the: cells were separated from the senam by
fior Smoamustes, and semum

in code labeled serom vials, and analysed
within 10hours. Thosewhichwere not aralysed were

tq:tmlﬁdpnm‘ﬂmﬂllﬂfnihﬁlmurg

Thﬂlm}hqlﬂ.mrgﬂdulrlqm
-I.mHLl..ud:rn:rnﬂrf {Roche Duagnostics
Mm;muﬁwmmm

to the laboratory SO0Ps, pment and reagent
mIm‘:mmmEm

Sratistivel aeslysis and medical
obtained from
e Wi g q'lld:l:nmm

um]unftnrmbhd:.nu&mn'bhudduu:
files_ Results from the lahoratory tests were entened

into a hard cover register and a password prodected

Mimrosoft Excel databaze. 5 were identified
by a umigue study number for confidenbality.
SPSS verson 20 (TEM

Labaoratory Standards InstitutefInternational
Pederation of Clirscal Chenmistry(CLESLTROCK, The
Pormer Mational Comanasttes of Chinscal Laboratory
Standards) p.ndlhn.ﬂ document on d-lb.nl.ng_.
and verifying reference inbervals in
Clirical tory(Edward A.et al., 2000).

2 58 g 97 5 ‘wiere caloalated mion-
parametrically, after wdentified outhiers
m each subgroup by wsing Reed-Dixon method of
sdienti the outliers{Ciwon, 2013 Reed, Henry, &
Mason, 1971).The extrems wahoes were retaned in
the distributson i f D/ B =033, where D is the absolute
difference between the most extremne dsstmbution
and the next value and R is the rangefmaximum-
minimum}, as recommended by CLEIJIFOC

best
.nd-i-mp-m it was considered as a statistically
sigraficant difference between . All stabistical

analyses were carred out usmg w2 (TEM
Chcpmmmiﬂ'li;l.

Fihical comsideration: Thas study was cthically
by Fwanda Biomedical Cenber division

FReview Committess of Mational Center for Blood
Trarsfusion and Kigal Universty Teaching Hospital

before excurson.
RESLULTS

The used m the statistical analysss werne 467,
with 333 males and 134 females TA%
mmmmmmmm
amean age of 32 & years.

Befare ll'hllrﬂn' obtained data, owtliers
were removed. An outlier was any value distant
from the other values or outside the range of
#3360 An outlier may be a result of variability in
messurement or an erroe. Al cuthers
were removed as recommended by Reed of al and
Dmxon m CLS] essential for
reference infervals. The ramber of outhiers rem
&5 indicated in the brackets for males and females
lupmmdynhl.hmmmﬂ]_ﬁm
Ptn:plutu.-[!-.]:..ﬂnm.ﬁmmtrumhuﬂ,ﬂl

Armirotrarsferase (1, 0), Creatsnine 80, 3
Gamma Glutamy] Tramsferase (13, X, Magnesium
10, 0}, Phosphate (6, 1), Total Proteirs (1, 03, Urea {1,
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), Sodnem (1, ), Potassiom {0, &, Chlomde (0, i),
Balirubin Darect (0, &), Balingbin Total (0, 8), Ghicose
(3, o
The reference values were constracted nsing
2 %th and 97 Sth as lower and wpper
Timits at 99%, comfidenoe imterval 1 accoedanee with
reference miervals. The mediars for males and
femnales and age were statistically
umng Marm-Wihimey test. Po 0,05 was
different Serurn conceniration defference
of the analyte was determined to assess whether age

Froup fic pefierence ranges or refierence ranges
hhmmhupm&h
extablashed. astatistically significant
Mﬂmmiﬂ'ﬂ.ﬁ,ﬂﬂﬂ!ﬂnﬂ.ﬂhﬂ

serum concerdrabon values of Creatirone
of 85:2-107.1 pmeal /L agmnst 62 5984 wmol /L for
females p= QL ), seram concentration values of
Sodium kagher in females with 134.5-146. 5 mmal /L

qmﬂﬂl!-:ldjh'miu p = (L0 3) and semum
concentration values of Chlonde iri femnales
with 9081031 el /L 809,104 2 for males
lp-&ﬂﬂlm are bess than 0.05(Table
123 aFE groups, subjerts aged of 30
years and below have 2 sgnificantly lower seram
concentration walues of Total Probeirs of 20845
/Lagamst é8.6-87.F g/ L for subjects abrwe 30
:un: -D.Ifﬂ!:..m'ng::l mﬁm of
kAl g/L against 405555 for subjects aged of
above 3} years p= L), serum concentrabion of
Aﬂnlm]"hnﬂ;lut.lﬂnd’l!j-ﬂl‘l 'I.ITL.lp.uH-I.Eu
1520 UJL for subjects aged of abowe 30 years (p
OUS0 ), senurmy comceritratiomn of Sodiom of 134 51480
nm'u:ULg.:ﬂ'lil!-iﬁ!nm‘li.f
af dbove ) pears q:--ﬂ.l:l'l!-a..mtm corcenbration of
MMHEIM.D‘ILWMMJL
for subjects aged of abowe 30 years {p = L5 Table
4 .5.8)

Tabls 1
Fference oalues of divion] dhemistry anahgtes under study and differeeoes in genders

Male

Analybis (Lnil) Parosm il
N Madies 15k FS5h W

Femalu
Parcamliless
Melodion ¥ 5h 975k W

All paricipanis
Firrimbls
Mdadien ISR 975k

Ramal and Liver funclion lesis
Bil-D o - I T T
{umad /L)
Bil-T
{umad L)
AST
e

LUFEA
{rmurmaed L}

63 M 3%

3 W3 48 ns I

n: TreE Al pi2)

B[z Al 13 134

GLU
{mumed L}

W[y =0 k"]
Livur Froncticm lumbs
T ;| TS
&L}
ALR
L}

ALT
ULy

GoT
L&

B

1

A3 464

E

134

m: w1l T2 pi2)

320 N3 8D 13z

z -F -
5 &5 143 40 1 539 m E—E
58 173 143 104 5O s 0B8R 0L3SE
168 451 43 s B4 492 -LI6R M2
14 52 438 3l 13 5.8 07l 0435
il 637 143 48 al 7 -1760  0u07A
&85 AT 43 TEE SAD BFS 0512 05SS
400 545 437 465 B 554 Q4F7 DA
T3 333 43 18% T4 k2 0EM
71 B3 M9 M4 TE 752 40350 073
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ALF 33 ™3 438 MET 133 FAS HLI 1354 431 A3 M2 0 MsET 05 053
L)

CREA 333 M4 652 1P 1M Bl &5 s 47 03 a5 E3 A% LM
fmmal L]

W+ 33 1380 IS5 MES 1M 410 M5 485 2 a0 I35 eSS 1472 3
immud FL)

Er 333 44 ar 5.0 ¥ 43 A5 50 44 a7 51 L0 03T
immud FL)

L= 333 97 B9 1M1 1M %3 WS 131 @ w5 S03 bl 115 e
immud L)

Mg+ 333 o9 or 1L IH¥ 0% aF 1o 2l o9 o7 L LED s
{mmud L)

i @ 1 [EE] 15 3 12 oaF  1a a0 1z oe L& LEF 036
immud FL)

Tabble 1. indscates renal and liver function bests and clectralytes for both genders while separate and comibined.
15 given as the range between

The values are given

2% and 97.5 of the

a5 baoith the median and the

Eeference
2. The numiber of subgects is indscated under the column labelled M. The balded

values indicate sgraficance difference between sexes. The sex difference is signaficant at p < (L0 Creatirane,

Sodrumn and Chiloride]).
Table 2
Reference malues of clivical chewaisiry mmalples wnder study and differences inage growps
w30 s ATl participants
Analybies (Lail} Feroemidhe Paroemizhes Prarcwm il
M Madian 258 3k N Medan 25h %T3th N Medianl5th Thh Z- P-

Valoe  ¥Yalus
Famal and liver fanclion leels
BIL-D» i 38 1g 70 T4 1 13 6.8 7 40 I L] =24 UES
fmmal L]
HIL-T 3 87 42 Il4 T4 10F 58 B0 &7 4 50 21s  -l4sE 045
emal L)
UREA 3 19 13 &8 I3 Ao 14 4.8 &6 2l 13 58 -LIFS 033
immad L]
AST (UfL) 92 T 1T 458 74 B3 K] 4893 &6 TE 164 &2 -lMT QTR
GLu 3 o4F 3 &7 T4 48 18 B2 47 48 1 7 =Ll unes
immud L)
Liver funciaon ik
TF {g/L) 192 7R® A9 BES5S XM T4 BB BT &6 TAE S0 @S A0S QR
ALE (gL} 193 459 371 551 T4 6B 409 555 467 455 3RE 554 -1IEE QUID
ALT (U/L) 9 174 B9 T4 I3} LB T9 HI &6 KT T4 ¥I: 0053 OAE
QCTUfL) | 195 T& 7O B3 IX: Al o &7 M4 Th e S L R )
ALF (UL} B9 BEE 433 1331 37 PASs #1520 481 T3 4432 1467 3250 O
Ramal st lasts and sloctn:lyles
CREA 93 BAT &3 IS 3P4 BLT EXY MBS 7 H3 &5 163 -0Sds 0T
fmmal L]
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Mawfmmal /L) 192 1J]0 1HS 1460 I LD 1M5 455 455 1400 1345 A5 2435 S
Er{mmaolfL)] 193 43 34 51 ¥4 44 A7 51 457 4.4 ar 51 LA L1548
Cl{mmdfL) 193 954 892 1005 IM 380 5 51 47 %5 %03 L] -1&86 Lo
Mg I3 oy OF o0 ™ 0§ aQF 10 457 09 0or L {571 603
{mumaed L}

FOAZ- s 12 o7 15 ¥ 12 OB 12 451 12 LA L& ABAT L3RS
{mumad 'L}

Table 2. indicstes renal and liver function tests and

electrolytes for both age groups whale and
mmhnd."ﬂuvuhnug:'tmmnhn&

and the es. Reference is ulhl-
range between 2% and 475 of the The
mumber of subverts i mdicabed the enhamn

labelled H. The bolded values indscate sgrificance

difference between mpmgmp

difference is signaficant at
T&dm.iﬂmm
Sodrurn).

DISCLSSICN

Hﬂmr.lg;u-mnﬂ:llqhdlmnmﬁu
mw of climical laboratory data. They
aTe = & set of 3 mesnured of an
analyte chtamed from a group of mdividuals or an
irdividual in a defined state of health. Intermational
Faderation of Chmical Chemastry (TROCprecomamiends
it thee reference b constructed Erom 95% of
a reference populabion of healthy mdividuals. Thes
stody was mimed at the referenceranges:
fiar the bicchemical in adult Fwandan
o o serve a5 standards for-the
resudts durng soeening and <L
md.n'nm.lh'ullm'hﬂml'ﬂlhmt
This study provides the establiched clnical
reference ranges for adults 1958 years
for both males and females in Bwanda derived
from healthy individuals. Out of 457
recrated, the nmumber of males (333 was

mﬂnﬂghﬂﬁﬂfﬂnﬂﬂﬂﬂuﬂhm
of 120 s For
estimiates SR reference
nonparametric “I'IiFI:I.EId ol
Commmathes forCimical Laboratory Standand (ROCLS,
20000 was laid on external and internal
quality control methods which ereured and

precsion in addibon to following all the set standand
E:umtmg; procedure of Kigal Universty Teaching

The results of this shady shown that measared
biochemical parameters Albumin, Alkaline
th:u:pl'l.ltu:, gacl:um. Fotassium, Hug:ruﬂum.
Fh SETUM ConcEniTaliors are com
with the established by consersus by Roche
qurmmm;

Bilirubin Darect, Bilirubin Total, Aspartate
Aminotransierase and Creatinine are slightly bagher
the Roche

Thlrml:nflhi-lmﬂ'fum&nudﬂlnmlh

n a study conducted in Marthern Province

b, 2013, ard showmn the strmdlar results s the

mmm&mm:mm
students m Morthern Provinee.

The sigraficantly higher values of the reference
vahaes for Creatinine and Chioride in male compared
o Fenale. anad the reference vahues
fior Sodiumn m I:M:l'l.l]l:l.rﬂ:ﬂtum
dafferences mithese chm
ﬁﬁuﬂmm&uﬂmnrhunhm nu.ﬂ:
due to differences in muscle mass. Similar fndings
have been i adult black af
Kn'q:d;ﬂpﬂ:liuﬂnliﬂm Tanzania;
Huye, Bwanda; Ghana ard adult white
USa oms (Eller et al. 2008; Cahuio & Ware:
B0 et al. 2008; Roche Duagnostics, 2015
Santhoff of s 2008 Dosoo ef al. A2

“lﬂ!ﬂﬂﬂ!ﬂﬂﬂmiﬁlhﬁﬂiﬁ'[ﬂﬂmh
referenoe range for total and albuman could
beattnbuted to the size; however, thas differencemay
nit have ary clirecal significance. The sex differenice
in the refierence 1'u]u|:§urﬂ:r'|.l:|1'h:h]
Mmhmmmmm&dw
fior the Amencan [Rodhe Diagnostics,
2015y where males and females have common
:ﬂu‘mmprulnﬂh:t wiith the
of a Rwandan stody (. Gahutha & Wane, 2008).

Serumn corcentrabon of Bilinabin Total and
Balirabin Chrect, Total pmu.ru-md Alburman show

vahaes m nfxly_:.'l:lblbwmuq:llug

mﬁum&ymmhmmdmm
with Cahubo 2013 amd Wane 1585,
Sex differences in the total balimoban and direct
bilsrubin vahees could be partly due o influence: of
s hormaones. These findings are in agreement with
those of similar studies done in Uganda (Eller et al.
2008 for adulis.

[rifferences in values of liver ercymes hagher
compared bo our study for both males and females
}unhlmn'pm'tﬂl in KenyadKibaya o o, HME).
Ehruh:ﬁ,ﬂ}mdnﬂrﬂgu\immwd]
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with the reported values in our study, except low
vahues in serumi concentration of Chlomide in ouar

This shudy shows low levels of urea m females
m&utmmlnuﬂd'm:uhihtdmml
mage, this astudy donem Congoby Wane
1985, Serum concentration of umea in this study s low
compared to the results published in other stodies.
Thismay duetoa dietlow in ansmal protems common
m Bwanda
Crversens siomi larresul bs haree beenreported with
dhfferences i conceriratiors of Buknubr
Total, Creatirone, Urea, Chlonde and Alkaline
Phosphatase for both males and females(Shuss et al,
it

VYariatioris have been oheerved m othier stodies
mithie (Karita et al |, 3009; Pala etal, A4
Slﬂm 8y whoch nufrmz:iﬂum
m age and living environment.

In conclusion, the results of our stody on Chnical
Chemistry are simalarto those
in other African countries, with vanabons due bo the
diet and locatiom

This study has shown that a strict adherence
o reference from mdustrialized
couniries could many healthy Fwandans
npuﬂl:inrmluﬂ:, and also exchede them from

in dmical trials.

partapatng
reference values in our study remarkably
lowr levels of urea whach may be due to the diet low
in proteins generally in Rwandan oL

Our stady not anly defined the reference ranges:
of healthy Rwandans attending NCET in CHUE,
but also enhanced laboratory of Chnical
Chemmistry service as it was under the
pusdelines of Good Clinscal and Laboratory Practice,
ths prepaning the site to Clirscal trials as 2 ceniter of
meseanch.
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Table 3

Uomparizan of estehlished reference ranpes to these in liforaliere
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