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Introduction

Introduction to Clinical Laboratory Techniques (C38) is a second
semester two-credit unit course available to stteder Bachelor of
Science, (B.Sc.) Community Health in the Nationgke® University of
Nigeria (NOUN).

Clinical laboratory techniques entail the conceptsjciples, procedures
and equipment used in a professional clinical latmy.

This course provides the fundamental knowledge loé tlinical
laboratory practice.

Course Aims

The course aims at providing an understanding efbihsic techniques
employed in clinical laboratory practices.

Course Objectives

Each unit has specific objectives which are statetie beginning of the
unit. It is advised that you read the objectivefoteegoing into the main
content as this will enable self monitoring of yaurderstanding of the
unit. Reading the objective again at the end oheaut will give room
for self assessment of your understanding of thi. ufter going
through the course, you should be able to:

distinguish between the functions of the differeclinical

laboratory divisions (departments)

explain the basic approach to the laboratory in ldi®ratory
diagnosis of discuss

collect clinical specimens of acceptable qualityitaale for
laboratory testing for public health interventionr dor

epidemiological studies

comprehend the general principle and techniqueslagmeg in

clinical laboratory practice

have the basic knowledge required to perform soomencon and
simple laboratory procedures

highlight the essentials of managing a clinicablatory.

Working through this Course

In this course, it is required of you to read eaciit and any other
materials that may be provided by the NOUN. The thesk
“Introduction to Medical Laboratory Technology” IBaker & Silverton
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(Sixth or Seventh Edition), Butterworth: Heinemagwblishing Co.. and
also, the Manual of Basic Techniques for a Healttbdratory (¥
Edition). World Health Organisation, Geneva coutdfbund useful.

The course should take a total of 10-12 weekdjyeaenhd of which shall
be an examination. This course is divided into Bugdy units. There is
Tutor-Marked Assignment at the end of each unit) woe advised to
answer the assignment in your own words (avoid icapgirectly from

the course material). You are also required to sulnem to your

facilitator for grading.

4-5 visits to a clinical laboratory within the coramty is recommended
with the view of getting acquainted with some commaboratory
equipments and some laboratory tests, discussednits 3 and 4
respectively. The reports of the visits must bensitted to the facilitator
for assessment. The report is expected to showrtieedure of activity
learnt during the visits.

The Course Materials
The components of the course are:

The Course Guide

Study Unit
References/Further Reading
Assignments

Presentation Schedule

arwbdPE

Study Units

The study units in this course are as follows:

Unit 1 The Clinical Laboratory and Diagnostic Skilih Health
Practice

Unit 2 Specimen Collection for Medical Laboratorgsiing

Unit 3 Principles and Techniques of Clinical Laliorg Test

Unit 4 Conducting Simple Laboratory Tests

Unit 5 Laboratory Management

Unit 1 focuses on the clinical laboratory and ibsirf major specialty
divisions, clinical and laboratory diagnosis ofegises.

The main focus of unit 2 is the critical issuest thHiect the quality of
specimen presented for laboratory testing. Appateri collected
samples, sample handling or transportation beiagrthin issues.
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Unit 3 will acquaint you with the basic major teafues employed in
the laboratory and also explain the relationshipwben Scientific
Principles and Techniques of the common analyticathods. One or
two visits to a neighbouring clinical laboratoryp s to be more
acquainted with the basic instrument are expecdfed. are expected to
give a brief report/account of the visits to yoacifitator (e.g. activity
learnt, diagram of instrument seen).

Unit 4 focuses on the laboratory procedures of sarnenmonly

performed tests. You are expected to study the eooes with

emphasis on urinalysis, urine microscopy, stoolrasicopy and blood
group determination. Two visits to a neighbouritigical laboratory are

beneficial to facilitate the learning of these mdares. A report of the
visits (showing the activities learnt or participd) is expected to be
submitted to your facilitator for assessment.

Unit 5 deals with the rudiments of management gdicgble to clinical
laboratory.

An average of 2 %2 weeks is assigned for the stiigpch unit.
Assessment
The three aspects of assessment ascribed forainisecare as follows:

1. Report of a minimum of 4 visits to a clinical labtrry
recommended in the course material. (15%)

2. Tutor-Marked Assignments. (20%)

3. Final Examination. (65%)

The report of the visits is expected to cover thowings:

Collection of blood sample by venipuncture

Diagram of any 2 specific equipment seen in theoratory

visited (Discussed in unit 3)

Report of test procedures learnt during visitsog&microscopy,
blood group by tile method, urinalysis, occult llotest etc) as
done in the laboratory visited.

There are 5 Tutor-Marked Assignments to be subdjitidnich will total
up to 20%.

The end of course exam will be of 2 ¥ hours arthg a value of 65%
of the total course work.
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Assessment Marks
Assignment 1-5 20%
Report of visits to the laboratory ( minimal 4 w3i | 15%

End of course exam 65%
Total 100%

Facilitator/Tutors and Tutorials

Information about the hours of tutorials, datesies and location of the
tutorials as well as the name and contact of yaailifator will be
communicated to you as soon as you are allocatedaitutorial group.

All assignments are expected to be mailed to yaailifator. You can
contact your facilitator for any assistance oridtzation.

You should endeavour to read well, ruminate oveatwlou have read,
go through the Self Assessment Exercise and TMAviged in each
study unit. You will definitely appreciate this ase.

Wishing you success in the course.
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MODULE 1

Unit 1 The Clinical Laboratory and Diagnostic Skilin Health
Practice

Unit 2 Specimen Collection for Medical Laboratorgsiing

Unit 3 Principles and Techniques of Clinical Laliorg Test

Unit 4 Conducting Simple Laboratory Tests

Unit 5 Laboratory Management

UNIT 1 THE CLINICAL LABORATORY AND
DIAGNOSTIC SKILLS IN HEALTH PRACTICE

CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1  The Clinical Laboratory
3.2  Universal Precautionary Measure in Clinical dabory
3.3 Medical Diagnosis
3.4 Key Elements of Diagnostic Skills
3.5 Laboratory Diagnosis of Diseases
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

This unit discusses the clinical laboratory and fisir operational
departments (functional divisions). It also disassmajor techniques of
clinical/medical diagnosis of disease and the rofe the clinical

laboratory in diagnosis of diseases.

2.0 OBJECTIVES
By the end of this unit, you should be able to:

distinguish between the divisional functions of thdferent
clinical laboratory departments

explain the key elements of diagnostic skills

explain the basic approach of the laboratory inguesis of
diseases.
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3.0 MAIN CONTENT

3.1 The Clinical Laboratory

Clinical laboratory (also called medical laboradoig a facility that
provides controlled conditions in which tests arenel on clinical
specimens in order to acquire information about Health of an
individual (or patient) for the purpose of diagrsysireatment, and
prevention of disease or medical research.

The clinical laboratory consists of four major dieins (or departments).
These are described below:

Medical Microbiology and Parasitological Laboratory: This
laboratory deals with the study of human pathogdétehogens are
biological agents that cause diseases to theishost

They include microorganisms (bacteria, viruses famgji) and parasites
(e.g. intestinal worms, lice and malaria parasitéshedical importance.

In bigger health centres or research instituteslicaé microbiology and
parasitological laboratory is usually split intdosunit like bacteriology,
parasitology and virology laboratories.

Haematology: This laboratory is involved in the performance of
relevant tests (on blood) in the diagnosis of bladideases, (e.g.
Anaemia, Haemoglobinopathies, Leukaemia etc) anddotransfusion
services e.g. blood group, blood cross matching.

Chemical Pathology Laboratory (Clinical Chemistry a Clinical
Biochemistry Laboratory): This division of laboratory is concerned
with the performance of quantitative and quali@tiests on clinical
specimens to investigate the state of various lobéynistries.

Such clinical specimens include body fluids (e.pole blood, plasma,
serum, urine, sweat, cerebrospinal fluid) and docadly faeces, tissue,
hair e.t.c.

Histopathology Laboratory: This is the laboratory where tissues (or
cells) are processed for microscopic examinatioarder to investigate
or study disease manifestations on the tissue €bis)c structure, for
diagnostic purposes e.g. Cancer diagnosis.

In the laboratory, tissue samples are processenl glass slides from
which effects of diseases on the histological @echire of tissues can
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be microscopically examined and hence diagnostereémces are made
e.g. Cancer diagnosis.

3.2 Universal Precautionary Measure in Clinical Laboratory

Garner (1997) defined Universal Basic Precautiothasprevention of
transmission of blood pathogens through strict eespof rules
concerning care and nursing. Gerberdetgal., (1995) also defined
universal precaution as the routine use of appatgribarrier and
techniques to reduce the likelihood of exposuréltmd, other body
fluid and tissue that may contain blood borne pg¢ms.

Universal basic precautions assume that all clirsp@cimens contain
infectious agents and should therefore be handlesdieh. This approach
eliminates the need to identify infected patients specimen from
Human Immunodeficiency Virus (HIV) or other bloodrhe pathogen
infected patients. The followings are the labonataniversal safety
precautions.

1. Universal precautions should apply to blood andbalily fluid
containing visible blood, semen, vaginal secretiotissues,
cerebrospinal fluid, peritoneal fluid, pericardi@lid, synovial
fluid and amniotic fluid.

2. Laboratory workers should use protective barriggzrapriate for
the laboratory procedure and the type and extenéxposure
expected. All persons processing blood should wgé@ares and
laboratory coats; and these should be removed détaring the
laboratory. Biological safety barriers should beedusvherever
necessary.

3. Hands should be washed immediately when contandnatth
blood or other body fluids, after removing glovesdaafter
completing laboratory activities.

4, Use of needles and syringes should be minimiseely Should be
used in situations in which there is no alternatifesed, needles
should not be recapped or bent or broken by haritér Aise,
needles and other sharp instruments should bedlace ‘sharp-
safe’ puncture-resistant container for disposal.

5. Specimens of blood should be placed in strong-feakf
containers during transport.

6. Mouth pipetting must not be performed in the laboma
Mechanical devices should be used.

7. Contaminated materials used in the laboratory shobé
decontaminated appropriately before reprocessimtyspiosal.
8. Laboratory work surfaces should be cleaned andrdaconated

with appropriate disinfectant after a blood or bdkdyd spill and
at the end of day’s work.
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3.3 Medical Diagnosis

Diagnosis is defined as the determination of theeineaof an illness or
disorder in a patient through physical examinatioedical tests or other
procedures

There are two parts of the above definition of dzgjs,
(@) determination of an iliness or disease through

0] Physical examination
(i)  Medical tests or other procedures.

One cannot identify a thing, without a prior infation or knowledge
about it. This therefore, implies that skills aeeded in making medical
diagnosis.

These skills, call diagnostic skills, are knowledgad experience
required in identifying and understanding cause-@fifelct relationship
between symptoms and signs of disease and thelyindesources.

Signs and symptoms of disease or illness in patiard obtained by the
health care provider (or health professional) tgfointeraction with the
patient in a process called physical examination.

(bi)  Physical examination (also called Clinical Bxaation)

This refers to the process or a form of interacti@tween the health
professional (or health care provider) and thegpddi during which the
following take place:

The health professional obtains medical historynfriie patient
through which symptoms of disease complained by piugent
(experienced or being experienced) are noted. Sympis
defined as subjective evidence of disease percebedthe
patient.

The body of the patient is checked (examined) witliiew of
detecting signs of disease on the patient. Siguened as
objective evidence of disease perceptible to tleamexing health
professional.

Vital signs, which are measures of various phygiglal statistics
that assess the most basic body functions, aren tdke
measured). Vital signs include the following:

=

Body temperature
2. Pulse rate
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3. Respiration rate
4. Blood pressure.

(bii) Medical Tests

A medical test is a form of medical procedure pernied to diagnose or
evaluate disease, disease processes and susdgptdntl also to
determine a course of treatment. Medical testsidel

Medical Imaging
Medical Laboratory Tests
Electrocardiography

The inevitable roles of medical tests in makinggdasis is corroborated
by Tony (2010) who showed that over-reliance onspfal examination
alone can lead to missed diagnosis and poor diseageome. This is
because:

many signs and symptoms may not be specific forgargicular
disease

some diseases may be asymptomatic (present no@ympt
patients often forget or mispresent past symptoms
symptoms are subjective and hence may be psyclealogi

Therefore, medical tests are often needed as ao anddical diagnosis.
Information or data obtained by the attending leptbfessional during
the clinical examination, and the results of thedica& tests are
skillfully interpreted to arrive at the diagnosis.

3.4 Key Elements of Diagnostic Skills

Diagnostic skills have earlier been defined as kmewledge and
experiences required in identifying the cause-dfekte relationship
(between symptoms and signs) and the underlyingcesu

The first step in diagnostic reasoning which iseloben knowledge and
experience is:

Data Acquisition: The attending health care prov@equires or gathers
data during clinical examinations. Such data inelud

0] History
(i)  Signs and symptoms
(i)  Results of medical tests (laboratory or imaginglis).
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Creation of Mental Abstraction: This is a brief suary of the case
presented by the patients, in defining the specdse in abstract terms.

This is also called problem representation. Cregatin concise and
appropriate problem representation depends onliligyao recognise
the information (or data) that points to a parécutiagnosis while
ruling out other possibilities and also on the ijbtio recall conditions,
syndromes, diseases and other relevant inform#tanare connected
to problem representations.

Generation of Hypothesis: Accurate problem represgem triggers
generation of hypothesis. Generation of hypothasgies forming a
hypothetical diagnosis and other data to the plesdisease.

Gathering and Selection of lliness Script: The hlgpsis generated
triggers search for more information on definingtiges of the specific
illness being diagnosed. Such information beingalied from the
memory store or being drawn from the wealth of eigmee of the
health care provider serves as hypothesis testaagling to final
diagnosis

3.5 Laboratory Diagnosis of Diseases

Diseases can generally be grouped into two: comrabie diseases and
non-communicable diseases.

Communicable diseasesThese are diseases caused by pathogenic
microbial agents, transmissible directly or indihedrom one person to
another. (Dorland illustrated medical, they areoatslled infectious
diseases dictionary 2004)

Non-communicable diseasesThese are not transmissible from one
person to the other. They are systemic diseasashwhight be genetic,
lifestyle origin and sometimes unknown.

Laboratory diagnosis of diseases generally entgilslitative and
guantitative analyses of clinical specimens (bollyd$, tissues and
other solids matters from the body).

Laboratory diagnosis of communicable diseases piynanvolves
methods and techniques of identifying the spe@éosative organisms
(pathogens) in the specimens. This is a major respiity of clinical
microbiology laboratory. The technique involves:

microscopic visualisation of the pathogenic ageirs the
specimen (Harrison)
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growing the causative microorganisms on or in a ioradthat
support such growth (culture media)

identification of organisms using their phenotypl@aracteristics
l.e. the visible characteristics of an organisnuitesy from the
interaction between its genetic make-up and the@@mwent. For
example:

(1) Characteristic behaviour of bacteria or its metabplroducts
when exposed to chemical agents.

(2) Cytopathic effect of viral agents in tissue cultgcbaracteristics
deteriorating action of virus products on tissu@rupvhich it is
grown in the laboratory).

(3) Microscopic morphology characteristics of fungiparasite (i.e.
characteristics appearance of fungi and parasitenwiewed
under the microscope)

Recombinant DNA technology
(DNA sequencing and DNA hybridisation): This teajun
depends on the basic fact that the primary stractdirDNA is
known to be unique for every known organism. Moexovhe
gene responsible for pathogenic ability of all kmopathogens
have been identified, sequenced and made availablarious
genetic databases across the globe.

One of the ways by which this technique is appliedlaboratory
diagnosis of pathogens is by sequencing the DNAathogen in the
specimen and compared (or matched) it with thectadereference
sequences in order to identify the pathogen. Anaghehnical approach
to identification of pathogen using Recombinant DXgkhnology is
called DNA hybridisation. In this approach, the DNA the infecting
organism (in the clinical specimen) is allowed ¢onfi a hybrid with a
diagnostic probe, which is a labeled DNA sequermmpiementary to
the DNA of the suspected organism. The hybrid fatmehich is an
indication of the presence of the suspected pathegadentified by
specific colour formation or by fluorescence depemd the type of
substance used to label the diagnostic probe.

Laboratory diagnosis of hon-communicable diseasergglly involves
detection, measurement (or both) and analysis décutar substances
(or metabolites) relevant to one or more biochem{oa metabolic)
reactions in the body system.

Tests that detect or measure such relevant sulestame carried out on
clinical specimens collected from patients.
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Chemical pathology, Haematology and Histopatholegy the major
laboratories concerned with such tests. Methodslemagd by these
laboratories in the diagnosis of non-communicaldeakes involve the
following:

detection of metabolic products in clinical speanmde.g. urine
analysis).

measurement of relevant metabolic products inadinspecimens
e.g. (measurement of glucose in the blood in tlegyrbsis of
diabetic mellitus).

Analysis of relative composition of cellular comgmoits of blood
(full blood count in the diagnosis of blood disegse
Histopathological examination of tissues e.g. (o8COpIC
examination of histology sections in the diagnagisumour and
cancers).

SELF ASSESSMENT EXERCISE

1. Mention 5 examples of infectious diseases.
2. List 5 examples of non- communicable diseases.

4.0 CONCLUSION

In this unit, the four major divisions (or departm& into which clinical
laboratory is divided with their various functiorssdiscussed together
with the diagnostic skills and methods involved time laboratory
diagnosis of communicable and non-communicableadss

5.0 SUMMARY

The clinical laboratory has been defined as thditiaevhich provides
controlled conditions in which tests are perforneadclinical specimens
in order to acquire information about the healthaof individual (or
patient) for the purpose of diagnosis, treatmerdgygntion of diseases
or for various medical researches. The clinicabfalory is functionally
divided into four units or departments.

Identification off the cause(s) and nature of dégeia patient (diagnosis)
Is done by the health care professionals throuigical examination and
medical tests. Knowledge and experience requiredentifying and
understanding the cause-and-effect relationshipvd®t symptoms and
the underlying sources is called Diagnostic skills.

The clinical laboratory diagnosis of communicabisedses employs
techniques and methods that identify the causgi@teogens, while the
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laboratory diagnosis of non-communicable diseaseslves techniques
and methods that:

measure the levels of relevant macromolecules inicel
specimens

detect the presence of various metabolic productlinical
specimens

analyse the relative composition of blood celldamponents
assess the effects of diseases on histologicalitectire of
tissues or cells (histopathology or cytopathology).

6.0 TUTOR-MARKED ASSIGNMENT
1. In a tabular form, write the four major functiordvisions of the

clinical laboratory and their functions.
2a. Define Diagnostic skills

b. Mention two methods each employed by the clinica
laboratory in the diagnosis of communicable disgase
C. List the key elements of diagnostic skills

7.0 REFERENCES/FURTHER READING

Baker, F.J.; Silverton, R.E. & Pallister, C.J. (829"Introduction to
Haematology”, In: Introduction to Medical Laboratory
Technology(7th ed.). Butterworth: Heinemann.

Baker, F.J. & Silverton, R.E. & Pallister, C.J.9¢B). “Introduction to
Histology”, In: Introduction to Medical Laboratory Technolagy
(7th ed.). Butterwort: Heinemann.

Barsky, A.J. (2002). Forgeting, Fabricating and e$ebping: The
Instability of the Medical History Arch Intern Mei62(a): 981-
984.

BusinesssDictionary.Com.

Christine, A. H.. Ellen Dyer, J.O.. Richard, K.OKent, R. O. (2002).
Making a Diagnosis of Herbal-related Toxic Hepatitivest J.
Med.176(1): 39-44.

Deborah, M. Winn. Marsha, E, R. & Elainc, G. (129pidemiological
Issues in the Design and Use of Biological SpecirBamks.
Epidemiologic Reviend 2: 56-59.



CHS301 INTRODUCTIO® CLINICAL LABORATORY TECHNIQUES

Domandis, E.P. Sequencing with Microarray Techngloy Powerful
New Tool for Molecular DiagnosticClinical Chemistry2000,
46: 1523-1525.

Farr, J. M. & Laurence, Shatki (2004). Best Jobstd.iOverall, for
Different Groups of People and Various Criteriaqpdl1-31).n:
Best Jobs for the 21Century (2nd ed.). JISF Works: Clinical
Laboratory Technologists and Technicians, pp. 308-3

Histopathologyhttp://en.wikipedia.org/wiki/histopathology

John, P. Langlois (2002). ‘Making a Diagnosisi: Fundamentals of
Clinical Practice. (2nd ed.). Mark B. Mergel, Warve Lee
Holleman, Scott A. Fields. Pg. 198.

Judith, L. Bowen (2006). Educational StrategiesPtomote Clinical
Diagnostic ReasoningN Engl. J. Med355: 2217-2225.

Kanabrochi, E.L.; Kanabrochi, J.A.; Greco, J.; KaplE.; Oester, F.T.;
Brar, S.S.; Gustafson, P.S.; Nelson, D.M.; Loisele J &
Kanabrochi, T.I. (1977). Instrumental Analysis figlercury in
Thumbnails of Human Subjectdntl. Journal of Nuclear
Medicine and Biology4(2): 128-132.

Nick Summerton (2004). Making a Diagnosis in PriynaCare:
Symptoms and Contex®r. J. Gen. Pract54(505): 570-571

Tony Nicholson (2010). Physical examination: Thenitation of the
“ Stenford 25 British Med. Journal, pi340: 288.

http://mrclinicachemistry.blogspot.com.

10



CHS301 INTRODUCTIO® CLINICAL LABORATORY TECHNIQUES

UNIT 2 SPECIMEN COLLECTION FOR MEDICAL
LABORATORY TESTING

CONTENTS
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6.0 Tutor-Marked Assignment

7.0 References/Further Reading

1.0 INTRODUCTION

Appropriate specimen collection (or quality of sip@en collection) is
very pivotal to the generation of reliable reswuftsclinical laboratory
testing.

The quality of the specimen to be tested dependsusi on:

The patient being in the correct state requiredstmh tests

Use of appropriate specimen containers

Correct handling of the sample

Collection of the appropriate sample for the iniggton needed.

These are the focus of this unit and they form \teey first critical
issues in reliability or clinical usefulness of nead laboratory test
results.

2.0 OBJECTIVES
By the end of this unit, you should be able to:

discuss the essential information required to peepatients for
clinical laboratory testing as necessary

select appropriate specimen containers for variests

state ways of handling and transporting clinicalecsmen
correctly.

11
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3.0 MAIN CONTENT

3.1 Clinical Specimens

The samples (or specimens) collected from patidatslaboratory
analysis is referred to as clinical specimens. &heslude:

Blood

Urine

Faeces

Body Tissues

Other body fluids/secretion e.g. cerebrospinal d8ui sweat,
saliva, sputum, aspirate or ascitic tap and senfiunal

Swab

One of the key factors upon which the clinical ealof laboratory
results depend, is the integrity of the specimellec®d. A clinical
specimen must be approximately collected, handied tansported
such that its constituents are maintained as theyoaind in the patient
at the time of collection.

3.2 Patients Preparation Prior to Specimen Collection

Patient preparation includes all instructions, guitk or tutelage given
to patients, which ensure that the right type afcapen are correctly or
approximately collected, and so form part of qyalssurance of the
results of tests performed on such specimens. Ebesmpl patient
preparations are as follows:

Fasting

Some tests are influenced by recent ford ingestonsamples for such
tests are collected after an overnight fast. Fgstinblood sugar test,
which is used in the diagnosis and managementatfeties mellitus, is
an example of such tests, in which patients argucted to have an
overnight fast ofL0-14hrs, after which the blood sample is collected in
the morning. Measurement of blood lipids, a testduis prediction and
management of heart diseases is another exampglesiofequiring an
overnight fast.

Abstinence from Sexual Intercourse

12
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As part of preparing a male patient for seminabflanalysis, the patient
is instructed to abstain from sex for 3-7 days mptm semen sample
collections.

Drugs and Dietary Restriction

Drugs known to affect some specific tests are alsnded for days prior
to collection of samples for such tests. Exampfdhie are avoidance of
meat, vegetables, vitamin C, and haematinics pioicollection of

faeces for occult blood test, and avoidance ofb@ittc drugs when
samples for bacteriological examinations (test® tr be collected.
Female patient for occult blood test is also ing&d to avoid sample
contamination with menstrual bleeding.

Instructions on Various Types of Urine Specimen Cdction

Patients are instructed, when necessary, on hqwedf type of urine
specimen should be collected. Examples are:

(@)
(b)

(€)

(d)

Mid stream urine specimen: This is the urine of choice for
urinalysis and microscopic analysis.

Mid stream urine specimen:This is the specimen of choice for
bacteriological investigation of urinary tract inf®n. The first
part of the urine flow is allowed to go, sample asllected
midway of the urination and the last part if théarflow is also
allowed to go. This method of collection reduces ffossible
cellular or microbial contamination of the urineritig the sample
collection.

Timed urine collection (e.g. 24 hr urine specimen): This type of
urine collection is needed when quantitative analysf
biochemical substance is to be done on urine smeTirkor
example, measurement of the amount of creatinimeeted by
the kidney, into the urine over a specific periddtime. The
patient is instructed to choose a convenient tsagx a.m. of a
certain day. At the chosen time, the urine presetiie bladder is
voided away. All other subsequent urination goeto i
container, (like 5 litres keg.) unt® a.m the next day. This is
called 24 hr urine specimen.

Random urine specimen:This is a urine specimen collected
without reference to any form of time. It is thene specimen
most commonly sent to the laboratory for urinalyasred urine
microscopy primarily because it is the easiest laiom and is
readily available. It is not the specimen of chofoe either.
However, it is satisfactory and hence, generallgeptable.
There are no specific guidelines for random uripecgnen
collection.

13
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3.3 Specimen Containers

These are containers into which clinical samplescatlected. They are
also referred to as specimen bottles. Sample c@raimust have tight
cover (or lid) and must be leak-proof. The choita @articular type of
specimen bottle is dependent on the test(s) redjarethe sample and
the nature of the sample to be collected.

Bacteriological and parasitological tests generatBquire sterile
universal bottles. Samples for tests that requinelev blood or plasma
are collected into specimen bottles containing Hmicoagulants.
Sample for tests that requires serum is collectedie a plain bottle (i.e.
without anticoagulant). Anticoagulants are chemisabstances that
prevent blood from clotting. Examples of commoni@dgulants in
clinical laboratory are Heparin, Ethylene Diamirnietacetic acid
(EDTA), Fluoride-oxalate mixture and citrate.

Most of the specimens for haematology tests ardeateld inside EDTA
bottle; however, citrate anticoagulated bottles @sed in a few tests
(e.g. Erythrocyte Sedimentation Rate, ESR).

The specimen bottle (container) of choice for gahbtood chemistry
tests (chemical pathology tests) is Lithium HepaBottle. This
specimen bottle contains lithium heparin as thacaagulant. When
centrifuged, plasma needed for general blood chgyiessts is carefully
harvested (removed) with the aid of a Pasteur f@p&ood sample for
general chemistry tests can also be collectedanbottle that does not
contain anticoagulant. Such bottle is called phkaottle. In this container,
the blood is allowed to clot, centrifuge, and teeusn is harvested.

Specimen meant for blood glucose measurement cfigadly collected
inside a fluoride-oxalate bottle.

Tissue specimen for histopathology examinationdlected inside a
specimen container of fixative: A fixative is a afieal substance that
preserves the tissue’s shape, structure and chlepuoaatituents in as
life-like manner as possible. Example of fixative histopathology
laboratory is formal-saline. The tissue sample lacgd inside a
container with sufficient fixative to submerge tissue.

Blood specimen containers can be recognised bycthaur of their
covers.

14
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There is an internationally agreed colour codes Hlmod specimen
containers for laboratory tests. The colour codpiae the type of
anticoagulant in the blood specimen containers.

Colour of the Cover

Type of Anticoagulant
(Type of the Bottle)

Tests

1| Purple (or lavenders

)EDIT bottle

Haematology

Swab Universal Universal EDT Aluoride- Lithium Plain

Stick Bottle

Bottle Bottle Oxalate Heparin Bottle

Bottle

Bottle

Fig. 1: Colour Codes for Blood Specimen Containerfor Laboratory

Tests

od

colour cover tests: Full

Blood Count

2 | Green cover Lithium Heparin bottle General blood
chemistry

3 | Red cover (bottle) Plain bottle General blg
chemistry and
serological
tests

4 | Grey colour cover Fluoride-oxalate bottle Blood ayise
test

5 | Blue colour cover Sodium citrate bottle Coagulation
assays

15
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3.4 Collection of Blood Samples

Blood for laboratory test may be obtained from seeimrteries or
capillaries. Blood sample collected from the vearnery and capillary
are referred to as venous, arterial and capilllogdrespectively.

The commonly used blood specimen in clinical latmrais the venous
blood followed by the capillary blood. Arterial lold is used mainly for
blood gas analyses. The step involved in obtairang appropriate,
identified blood specimen from a patient’s veincaled venipuncture
(arterial puncture and skin puncture for arteriab ecapillary blood
respectively). The vein commonly used is the medauhital vein, a
superficial vein of the upper limb, located on fleeearm. Hands are
washed; gloves are worn before carrying out vergpue.

SELF ASSESSMENT EXERCISE

Visit a hospital or private clinical laboratory andbserve how
venipuncture and skin puncture are made.

Sample collected from patient must be properly ldbeand the
accompany request form must also be properly filldee following are
the basic information expected on the sample label the laboratory
request form:

Full name of patient

Age

Sex

Occupation (on form only)

Date and time of sample collection
Clinical details (on form only)
Requested tests.

3.5 Transportation of Clinical Specimens

Specimens to be sent to the laboratory requireiapattention for safe
packing of the material. The packing should be dtmechieve two
purposes:

I Prevention of possible infection of the transpgréerd people in
the environment.

. Maintenance of integrity of the sample (i.e. mamtay the
constituents of the sample as they were until @glg done).
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For hand-carried transportation over a short-d#arthe specimen
should be placed upright in appropriate racks.

For long distance transportation, clinical specimemust be packaged to
avoid leakage and for shock absorption during praris In general, the
basic triple packaging system should be adopted.

Triple Packaging System
The triple packaging system entails the following:

A primary container which has the specimen and utstmbe
leakproof and well covered. It should be kept inigitt position.
A secondary container which is durable and wateofrThis
could be made up of metal, plastic or disposalgelak plastic
bag. A secondary container should have enough ladsbr
material to absorb content of the primary contaimecase of
spoilage or leakage. On the outside of the secgncamtainer,
the details of the specimen should be posted.

A tertiary container which is usually made of wamdcard box.
It should be capable of withstanding the shocks taadma of
transportation. Dry ice is kept in-between the séemy and
primary container, along with some absorbent malteriThe dry
ice keeps the environment of the sample cool fong time.

In the laboratory, samples received are registdrgdthe reception
officer(s), urine specimens are analysed within r& bf reception.
Plasma or serum for biochemical analyses are kegef, if analysis
would be delayed.

Microbiological analyses expectedly are started emlay so as to
prevent the organisms from dying or excessively tipligd or the
cellular components disintegrated. Tissue sampidieated inside an
appropriate fixative can be kept for a long time.

4.0 CONCLUSION

In this unit, you have learnt what clinical spechseare, and also
acquainted with the importance of patient prepamatbefore sample
collection you should be able therefore able tgoare patients when
necessary, for clinical samples collection. Using international colour
code for blood specimen container cover (top) ybaukl be able to
identify the appropriate blood specimen contairiersspecific tests. A
visit to a clinical laboratory (public or privat&ould intimate you the
procedure of collecting blood specimens.
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Moreover, you also learnt how clinical specimens packaged for
transportation.

5.0 SUMMARY

Various types of specimens from patients for chhiaboratory analysis
were discussed in this unit. The quality of thenickl specimen

collected is pivotal in the reliability or clinicalsefulness of laboratory
results.

Collections of clinical specimens that will generatlinically useful
results include the following:

patient preparations which encompasses all instngtguidance
or tutelage given to patient to ensure that thétrgample are
appropriately collected

collection of clinical specimens into correct speen bottle i.e.
identifying the appropriate specimen bottle for feliént

laboratory testing. (e.g. EDTA bottle for generadthatological
test, fluoride-oxalate for blood glucose, lithiuneparin for

general. Chemistry test, formal-saline fixativegri¢ universal
bottle for bacterial

appropriate transportation of clinical specimencacganied with
approximately filled request form

6.0 TUTOR-MARKED ASSIGNMENT

1. Describe how to collect an 8 hrs urine specimen.

2. List the 3 components of triple packaging systemclifical
specimens.

3. In a tabular form, show the colour identificatiof blood
specimen container name and test(s) for which tregamer is
used.

7.0 REFERENCES/FURTHER READING

Abayomi, Adeoye (2007). Occult Blood in Faecdas: Medical
Laboratory Practice

Donald, S. Young & Edward, W. Bermes (1999). SpecirCollection
and Processing: Sources of Biological Variatibm. Clinical
Chemistry(eds.) Burtis & Ashword3rd ed.). W.B SaundeCo.
pp.42-73.
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1.0 INTRODUCTION

Principle is an important underlying law or assumptupon which a
system is based. It is the basic science that gevany scientific
system. Basic scientific law or theorems (in chémjsphysics and
biology) are employed in development of analyticakthods (or
techniques). Good understanding of the scientifetem or law upon
which a particular method or equipment is basedta to the correct
use and effective troubleshooting of the methodfegant. This unit
focuses on some basic principles and techniquesmomty used in
clinical laboratory.

2.0 OBJECTIVES

By the end of this unit, you should be able to:
state the relationship between principles and tecies of
analysis

highlight the applications of basic sciences imickl laboratory
testing.
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3.0 MAIN CONTENT

3.1 Principles of Tests

Tests performed on clinical specimens in the laiooyacan be broadly
grouped into two: Qualitative analysis and Quatitieaanalysis.

A qualitative analysis is a test that detects thes@nce of a specific
substance/matter, or reveal the various constsuentatter of
importance, in a given clinical specimen e.g.

Occult blood test detects the presence of blooblayd product
that cannot be seen physically in faeces or urine.

Stool microscopy detects or reveals the presengeardsite in
faeces.

Histological staining reveals the effect(s) of dise on
histological or cytological architecture.

A quantitative analysis is any test that measuneslével of a specific
substance, or shows the relative composition ottmstituent matter in
a clinical specimen e.g.

Full blood count: A test which among others revehés relative
blood cellular compositions.

Measurement of various biochemical substances oty btuid
e.g. glucose, creatinine, lipids, enzymes etc.

Analytical methods (qualitative and quantitative¢ dased or built on
known scientific facts or theorem.

The basic scientific fact(s) or theorem upon thtoudnich a test method
is based is referred to as the principle of thathi (or test). It is the
chemical events, physics, or biological phenometaging place in the
reacting vessels (e.g. test tubes or slides) whernést is being carried
out.

The technique on the other hand referred to thik akimanipulations
involved (manual or automation) in the applicatiasfsthe scientific
facts (or theorem) to test procedures in the laboya

For example, a commonly used method for estiméatingd glucose is
glucose oxidase method. One of the scientific fagien which this
method is based is that an enzyme is specificsimdtion. So, glucose
oxidase enzyme will act on glucose only and notaog other related
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monosaccharide (aldose monosaccharide). When gucxislase acts
on glucose, gluconic acid and hydrogen peroxidg®fHare produced.
Another specific enzyme, hydrogen peroxidase bredksn the
hydrogen peroxide to water and oxygen. The oxygemngoff is
allowed to react with a colour forming compounctt@omogen the
intensity of the colour formed, which is directlyoportional to the
amount of glucose present in the specimen is medsiihe intensity of
colour formed is therefore extrapolated with thatied from a glucose
solution of known concentration in order to knove ttoncentration of
the glucose in the specimen.

From the foregoing, two basic facts upon which thethod is based are
the following:

Glucose oxidase (an enzyme) specifically oxidizegage, to
give a product from which oxygen evolved.
The oxygen evolved oxidizes a chromogen to giveolaured
compound, the intensity of which is directly propamal to the
amount of glucose present is the specimen.

The above statements, which are the principle aicagde oxidase
method, are also the chemical events happeningeinrdacting vessels
when the test is being performed.

3.2 Laboratory Techniques

Laboratory Techniques refer to all skills and mafagons involved in
the applications of scientific facts (from the matusciences) to test
procedures in the laboratory. The ‘Wikipedia' defin laboratory
techniques as the sum of procedures used on nasgrahces as
chemistry, biology, and physics in order to condaat experiment.
According to ‘wikipedia’, all of such procedureslléov scientific
method, while some of them involves the use of dempaboratory
equipment, others do not require such specifixpepsive supply.
Some important techniques employed in the clini@gabratory analysis
are as follows:

(@) Optical Techniques

(b)  Electrochemical Techniques
(c) Chromatography

(d)  Electrophoresis

Optical Techniques

Analytical techniques that make use of light speuteither of a specific
wavelength or as visible light spectrum can beextively referred to as
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Optical Techniques The major optical techniques used in clinical
laboratory are microscopy and spectrophotometry.
Microscopy

The use of microscope to view objects that arevimble to the naked
eye is referred to as microscopy. A microscope isnagnifying
instrument that magnifies the image of the objects.

Optical microscope, often referred to as the ligitroscope is a type of
magnifying instrument which uses visible light amdystem of lenses to
magnify images of objects that cannot be physicalgen in the
specimen (e.g. parasite, bacteria, fungi)

Working Principle of a Microscope

The magnified image of the object is first produdsda lens that is
close to the object (specimen). This lens is cdledobjective lens. The
objective lens collects light from the specimen &okns the primary
image.

A second lens that is near to the eye called tleepegce enlarges the
primary image and converts it into one that carerettie pupil of the
eye. The magnification of the objective lens, nmlikid by the
magnification of the eye piece gives the total niacation of the image
seen in a microscope. The specimen to be viewed@l e light
microscope is made sufficiently thin so that light pass through it.

In many cases, specimens are stained using spedifes and

appropriate staining technique in order to enhaocstrast during
microscopy hence, more details of the object (spen) is revealed.
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Fig. 2: Picture of a Microscope
Spectrophotometry

Many biochemical quantitative analyses done inicdihlaboratory are
based on measurements of radiant energy (lightjtesmitransmitted,
absorbed, scattered or reflected when the substbec® measured
interact with an incident light, under controllednditions. Techniques
of measuring such radiant energy (light) are tersmectrophotometric
techniques.

Specific spectrophotometric techniques (or instrotakgon design)
depend on whether the interaction between the emtigdvavelength of
light and the substance being measured resultdigitbabsorption, (or
transmission) reflection or scattering.

In colorimetric method, (an example of spectrophwtric), light of a

specific wavelength is made to pass through a isolubf which

concentration is to be determined. The amountghftlabsorbed by the
solution is measured (absorbance). A known standahdgtion of the
substance being measured is treated same way @rabsbrbance is
measured, the concentration of the test solutiodeisved by simple
extrapolation.

The specific wavelength of light made to pass tglothe solution is
dependent on the colour of the test solution. Cemghtary colour of
that of the solution is made use of: e.g.

Colour of Solution Complementary Colours ot
1. Blue Yellow (e.g. 450 nm)
2. Bluish-green Red (630 nm)
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3. Purple (or pinkish) Green (e.g. 520 nm)

In colorimetric technique used in clinical laborgtathe wavelengths of
light commonly employed are the visible spectrun80:350 nm),
ultraviolet (<380 nm) and infrared (800-2500 nnmg aometimes used.

The basic principle of colorimetric technique iseB&ambert law.
Beer-Lambert law states that ‘when a specific wavgih of light
(monochromatic light) passes through a colouredtswi, the amount of
light absorbed is directly proportional to the centation of the
solution (intensity of the colour) and the lengthatlp through the
solution’.

The biochemical substance or analyte (e.g. glucciselesterol) to be
measured in a clinical specimen (body fluids) Isvaéd to specifically
react with chemical agent(s) to form a coloureddpat (in solution).
The absorbance of the coloured solution formed easured using
spectrophotometer (an instrument used to measerartiount of light
absorbed or transmitted by substances in soluti@isge absorbance of
a substance in solution is directly proportionaitsoconcentration, the
concentration of the substance of interest is ¢aled from its
absorbance and the absorbance of a standard sotaiobe treated the

same way.

: | AT
Whi \_) l 'j -
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Fig 3: Schematic Diagram of a Spectrophotometer
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Fig. 4: Picture of a Spectrophotometer

3.3 Atomic Emission Spectrophotometric Techniques

This technique is used in the quantitative measanérof sodium and
potassium in body fluids. Calcium can also be mesbuby this
technique.

In this technique, an atom of an element (sodiunpaiassium) in the
sample is heated in a hot flame. The atom absanksgg, therefore
becomes unstable, and emits the absorbed energform of a

wavelength that is characteristic of the elemeng.(esodium emit
primarily a wavelength of 589 nm with a yellow cotavhile potassium
emits primarily, a wavelength of 400 nm and 767 with a violet or

lilac colour light.

The intensity of light emitted (emission) is propanal to the

concentration of the element in the measured sam@aacentration of
the element in the sample is calculated from thessgion and displayed
by the instrument. The instrument used in this eqple is called Flame
Photometer.

The principle employed by this technique is basedtlee following
chemistry: Atoms of many metallic elements, whewegi sufficient
energy such as that supplied by a hot flame, enatgy at wavelengths
that are characteristic of the element. A speafimount or quantum of
thermal energy is absorbed by an orbital electidre electrons, being
unstable in this high energy (excited) state, sdetheir excess energy
as photons of a particular wavelength as they ahdrgmn the excited
state to their previous (ground) state. The coma&ah of the element is
directly proportional to the quantity of the energgnitted. In other
word, concentration of the element is measuredheyetguipment as a
function of the amount of energy emitted.

26



CHS301 INTRODUCTIO® CLINICAL LABORATORY TECHNIQUES

Fig. 5: Picture of an Atomic Emission Flame Photorter

6.1 Atomic Absorption Spectrophotometric Technique

Atomic absorption spectrophotometric technique msplyed in the
measurement of trace elements in body fluids.

The principle by which this quantitative technigadased states that an
atom in the ground state will absorb an amountnefrgy that is equal to
the energy difference between the energy levehefdlectron in the
excited state and the energy level that the electrocupies in the
ground state.

In this technique, the sample solution is firstmapsed and atomized in
a flame thereby transform it to unexcited grouratesivhere it absorbs
light at specific wavelength. A light beam fromaarip whose cathode is
made of the element being measured is passed thrthey flame.

Radiation is thus absorbed. The amount of radiagiosorbed depends
on the concentration of element in the sample. ddreentration of the
element is measured as a function of the amouradition absorbed.
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Po = light Intenaity w/ bisnk
P = light intenalty w/ sample
A = log[Pa/P] = kbC
b = flame path; C = sampile concn
k depanda on absorptivity and flow

Fig. 6: Schematic Diagram of Atomic Absorption
Spectrophotometer

Fig. 7: Picture of Atomic Absorption Spectrophotoneter

Source www.sjsu.edu/faculty/chem55/55aaovw.htm

3.5 Electrophoretic Techniques
Electrophoresis is a method of separation of medubased on

differential rate of movement of charged particMsen subjected to an
electric field at a specific pH.
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Electrophoretic technique is typically used in thaical laboratory for
the separation of proteins. It is primarily a gtaive method of
analysis, but it can be adopted for quantitativaysis.

Principle of Electrophoretic Separation of Proteins

Proteins in serum vary in their iso-electric poingo-electric point of a
protein is the pH at which there is no net chamgped charge) on protein
particles. At a pH alkaline to its iso-electric ppia protein will carry a
net negative charge and therefore migrates to ribeleawhen a current
Is passed, whereas at a pH acidic to its iso-éteptint, it will carry a
net positive charge and migrate to the cathode vaheurrent is applied.
Iso-electric point of serum proteins varies fron7(dlbumen) to 7.3
(gamma globulin).

Hence, at a buffered pH of say 8.6, each proteiatisn will migrate at
different rates when subjected to an electric field

Ssamrmple hosched onto ggest
by peipoettes

= K 5 Elastic casinng

A Electrophoresis Appraraius.

O solution of proteins is applied 1o indentations
mmvacle in a thin gel thhat is hel«d between two clear
plates of plastic. A electric current is appliaed.
and owver time the proteins separate.

Fig. 8: An Electrophoresis Apparatus

Sourcehttp://www.moleculardetective.org/TutorialProteomics/GelE
lectrophoresis02.JPG
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Fig. 9: Picture of an Electrophoretic Apparatus

Electrophoretic technique can be used to deteteantify an abnormal
protein present in plasma as a result of diseasditians. Example is in
a disease called multiple myeloma, an abnormalepratalled Bence -
Jones protein can be detected by electrophoretibadeDetermination
of Haemoglobin genotype of an individual is alson@ousing this
technique. Sample to be tested is applied ontdid sopport medium.
(e.g. cellulose paper, Agarose gel). The mediunmycay the sample is
placed across negative and positive electrodes.

3.6 Chromatographic Techniques

Chromatography is a method of separation of mistusbich utilises

differential affinity of the separating moleculagistance in the mixture,
for mobile and stationary phases, over which thbstnces to be
separated are distributed. A mobile phase may lgasaor a liquid

(solvent) in which the substance (mixture) is soiséd, while a

stationary phase is either a solid or a liquid sufgal (stationed) on a
solid matter, over which the mobile phase cartesmixture.

Substances (in the mixture) that have greater igffifor the mobile

phase are separated first, after the order of #fénities for the mobile
phase constituents of the mixture that have greafmities for the

stationary phase are separated much latter dunegotocess. As the
mobile phase carries the mixture over stationagsphlike an effluent),
the separated constituent are collected as diffefeactions. The

different fractions can be identified and also diieal.
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Chromatographic technique is typically named aftee mobile-
stationary phase e.g. Gas-liquid chromatographyaftar the working
principle e.g. ion-exchange chromatography. Otivexiside:

Thin layer chromatography
Molecular sieve chromatography
High performance liquid chromatography

3.7 Centrifugation

Centrifugation is a process that involves the useeatrifugal force for
the separation of mixtures. In the clinical laborgtsetting, the major
use of centrifugation is as follows:

(1) Separation of plasma, serum and red cells from evimbod,
when a particular fraction of the blood is needadésts.

(2)  Acquisition of urine sediment for microbiologicalamination

(3) Any laboratory procedure (test) that require sepmmaof a
particular fraction of a suspension.

Many particles or cells in a liquid medium (suspenpat a given time,
will eventually settle at the bottom of a contairduwe to gravity.

However, the length of time required for such sep@an may be long.
When a suspension is rotated at a certain speetyolution per minute,
centrifugal force causes the particulates to mavayafrom the axis of
rotation and therefore settles at the bottom of toatainer as a
precipitate. The remaining solution or liquid idled the supernate or
supernatant. The equipment used for the procesdlex] centrifuge.

There are basically two types of centrifuge useclimcal laboratory:

1. Bench centrifuge
2. Microhaematocrit centrifuge
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Fig. 10: Picture of a Microhaematocrit Centrifuge

Fig. 11: Picture of a Bench Centrifuge

The bench centrifuge is a general purpose cengifughile the
microhaematocrit centrifuge is designed specifycalfor the
determination of packed cell volume (PCV) on a semgf blood
collected inside a capillary tube.

4.0 CONCLUSION

The principle of clinical laboratory test methodsgenerally the basic
science upon which the method is based, while ¢bbniques are the
skills, manipulations or instrumentation involvad the application of
the principle to test procedure. Some major teamesoexploited in the
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clinical laboratory, discussed in this unit are icglt techniques (e.qg.
microscopy) chromatography, electrophoresis anttibegation.

5.0

SUMMARY

Laboratory analysis can be broadly grouped inta two

6.0

o

guantitative analysis which is any test that measthe level of
a specific substance in a sample (e.g. blood g&icos
measurement)

gualitative analysis which is any test that detdéiaéspresence of
specific substance in a given clinical specimen

The principle of a test is the basic science upickvthe test
method is based. Laboratory techniques are thelsskil
manipulations (or instrumentation) involved in #ygplication of
the basic science to test procedures.

Optical techniques make use of light either of aectjx
wavelength or generally as visible light. Thesdude the optical
microscope and spectrophotometry whereby substatwdse
measured in a given clinical specimen is allowethteract with
light under controlled conditions and the light atbed,
scattered, emitted or reflected as a result is oredsso as to
guantified the substance of interest in the sample
Chromatographic techniques are based on diffeteattiaity of
various constituents of a mixture for mobile aratishary phases
in order to separate them. It is both a quantiéasiad qualitative
analytical tools

Electrophoretic technique is basically a qualigtignalytical
technique. Constituents of a sample (mixture) epasated based
on differential mobility of charged particles atparticular pH,
when exposed to an electric field

Centrifugation is a technique of separation of suaspn
whereby with the use of an instrument called cargs,
centrifugal force causes the particles in the susipa to settle
rapidly at the bottom of the test tube or container

TUTOR-MARKED ASSIGNMENT

In your own words, differentiate between principlea test and
laboratory techniques.

Define qualitative and quantitative analysis wikamples.

List 4 laboratory techniques (clinical laboratory).

Write the working principle of two of the techniquliested above.

33



CHS301 INTRODUCTIO® CLINICAL LABORATORY TECHNIQUES

7.0 REFERENCES/FURTHER READING

David, U.; Larry D. Bowers & Carl, A. Burtis (1999)
Chromatography/Mass  SpectrophotometryIn:  Clinical
Chemistry(eds.) Burtis & Aswort (3rd ed.). W.B. Saunders, Co
pp. 164-203.

Green, J.M. (1996). A Practical Guide to Analytibétthod Validation.
Anal. Chem. News & Featurgsp. 305A-309A.

Hargis, L.G.; Howell, J.A. & Sutton R.E. (1996).ttdlviolet and Light
Absorption Spectrophotometrfxnal. Chem.68: 169R — 183R

Merle, A. Evenson (1999). “Spectrophotometric Tegbas”. In:
Clinical Chemistry. (eds). Burtis & Aswort (3rd ed.). W.B
Saunders Co, pp. 75-93.

Monica, Cheesebrough (2005). “Measurement of BlawdPlasma
Glucose”.In: District Laboratory Practice in Tropical Countries
Part 1. Cambridge: Cambridge University Press3gp-348.

Murray, Royce W. (2009 Chemical Analysidicrosoft ® Encarta 2009
(DVD).

Ochei, J. & Kolhartkar, A, (2007). “General Labanat Instruments and
Equipment”. In: Medical Laboratory ScienceTheory and
Practice (6th ed.). Tata: Mc-Graw Hill, pp 16-49.

Raymond, E. Karcher & Kern, L. Nuttall (1999). “Eteophoresis”In:
Clinical Chemistry (eds.). Burtis & Aswort (3rd ed.). W.B.
Saunders Co, pp 150-163.

Trinder. P. (1969). Determination of Glucose in @lousing Glucose

Oxidase with an Alternative Oxygen Acceptingnal. Chem.
Biochem (6th ed.). pp.24-27.

34



CHS301 INTRODUCTIO® CLINICAL LABORATORY TECHNIQUES

UNIT 4 CONDUCTING SIMPLE LABORATORY TESTS
CONTENTS

1.0 Introduction

2.0 Objective

3.0 Main Content
3.1 Blood Group Determination by Tile Method
3.2 Urine Pregnancy Test using Pregnancy TeigisSt
3.3 Detection of Occult Blood using Okokit Metho
3.4 Measurement of Fasting Blood Glucose usilug@se

Oxidase Method

3.5 Urinalysis
3.6 Parasitological Examination of Stool

3.0 Conclusion

5.0 Summary

6.0 Tutor-Marked Assignment

7.0 References/Further Reading

1.0 INTRODUCTION
In performance of clinical laboratory testing, Stard Operating
Procedure (SOP) is followed. This unit presents esadammon and
simple important laboratory procedures.
2.0 OBJECTIVE
By the end of this unit, you should be able to:
state and discuss some clinical laboratory proesdur
3.0 MAIN CONTENT
3.1 Blood Group Determination by Tile Method

The method of determining blood group is based miig@n-antibody
agglutination reaction.

Material Required
Tile (e.g. Wall tile)

Antisera (Anti-serum A, Anti-serum B, Anti-serum Adhd Anti-
serum D which are commercially available)
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Procedure

O O 0O

3.2

Add one drop of Anti-serum A, Anti-serum B, Antiraen AB
and Anti-serum D respectively on a clean tile.

Add one drop of blood to each of them.

Mix gently and rock the tile for 1 minute. (Do natiow the
respective points to mix with another)

Observe for agglutination (clumping) as follows:

If agglutination occur with Anti-serum A, the blogdoup is A

If agglutination occur with Anti-serum B, the blogdoup is B

If agglutination occur with both Anti-serum A andikserum B,
and Anti-serum AB, the blood group is AB

If no agglutination in Antiserum A Anti-serum B, and Anti-
serum AB, it is blood group O

If agglutination occur with Anti-serum D (Rhesukgh the blood
us Rhesus Positive, if no agglutination in AntiiDjs Rhesus
Negative. Hence the following blood groups are fss

Blood group A +ve or A —ve
Blood group B +ve or B —ve
Blood group AB +ve or AB —ve
Blood group O +ve or O —ve

Urine Pregnancy Test using Pregnancy Test Stisp

This test is based on detection of a hormone cdiledan Chorionic
Gonadotrophin (hCG) in urine of suspected pregneman.

Early morning urine is the specimen of choice. Ulgushe sample is
collected after 5 days of missed menses. The sammptellected in a
clean urine specimen container.

Material Required

Pregnancy test strips (commercially available)

Procedure

36

Pour an aliquot of the urine sample into the cowérthe
container.

Dip the test end of the strip into the aliquot aha ensuring that
the urine level is not above the demarcated marterstrip.
Leave for 2 minutes.

Observe for the followings and report appropriately

If two red lines appear: Pregnancy test is positive
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- If only one red line appear: Pregnancy test is iega
- If no line appears at all: Discard the result aepgeat, the test is
invalid.

3.3 Detection of Occult Blood using Okokit Method

Occult blood refers to blood that cannot be physicgeen (“*hidden”).

Detection of Occult Blood in faeces is used in ttiagnosis of

gastrointestinal Carcinoma or Ulcer. Many chemicaéthods are
available, all based on the same principles (Pdema-like activity of
haemoglobin or its products). Reagents for theseamatal methods are
commercially available. However, Okokit method iseay simple one.
Patient preparation is important before samplesctbn.

Materials Required
Okokit Kit: (commercially available) It consist die followings:

a. Okokit table

b. Diluents
C. Test papers
Procedure

Make a 1:40,000 dilution of whole blood in disthter
Prepare a thin smear of the faeces at the centbeaést paper
Prepare a similar smear of the diluted blood

Place one Okokit tablet on each of the smears

Add two to three drops of diluent on to the tablets

Add two more drops after 2 minutes

Read the colour change after five minutes as falow

- Dark blue colour around the tablet: Positive (++)
- Pale blue colour around the tablet: Positive (+)

Note: The positive control carried along is to rolet false negative
result. A negative test is repeated at another maye consecutive
occasions before reported.

3.4 Measurement of Fasting Blood Glucose using Glose
Oxidase Method

This test is used in the diagnosis and managenietibbetes mellitus.
The patient is instructed to have an overnight €édstO-14hrs prior to
sample collection in the morning. The sample isectéd into fluoride-
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oxalate specimen bottle. Glucose oxidase methoohés of the most
common methods of measuring blood glucose.

While the oxalate prevents the blood from clottifigoride prevents
glycolysis, so that the glucose level of the specins maintained after
sample collection.

Most clinical laboratories use commercially preplgiicose reagent.

Procedure

Centrifuge the blood at low speed (2000-3000gbfarinutes
Select three clean test tubes and label as tasijatd and blank
respectively

Pipette 20 microlitre of the plasma and 20 micreliof glucose
standard solution into tubes labeled test and aranespectively
Add 3 mls of working glucose reagent into the thess tubes
Incubate in water bath at %7 for 10 minutes

Select wavelength of 520 nm on the spectrophotamete

Use the blank to set the spectrophotometer to zero

Read the absorbance of both the test and standardhe

spectrophotometer.
Calculation:

Plasma Glucose Level =

Absorbance of test X conc. of dd
Absorbance of plasma mmol/|

3.5 Urinalysis(Urine Analysis)

Urinalysis is an array of essentially qualitativealysis performed on
urine for screening and diagnostic purposes. Aegandrine specimen is
acceptable; however, first morning urine is thecgpen of choice. A
complete wurinalysis includes visual (physical), meEal and
microscopic examinations of a urine sample. Uren@agle for urinalysis
must be done within 2hrs of sample collection.

Visual Examinations

This is physical examination of the urine where tye following
physical properties of the urine is observed ancdnded:

Colour: A normal urine is amber or yellow colour, or caless.
Unusual or abnormal urine colour can be the resiuli disease
process, medications or from certain foods.
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Clarity: This refers to how clear the urine is. Normallyina is
expected to be clear. Turbid or cloudy urine maptam pus
cells, epithelia cells, bacteria, prostatic flulsgerm etc.

Urine colour and clarity can be a sign of presesiceome substances in
urine. However, confirmation of suspected substanoe urine is
obtained during the chemical and microscopic exations.

Chemical Examinations

Clinical laboratories use commercially prepared s8ps to perform
chemical examination on urine. These are plastipssthat hold small
square shape test pads. Each pad is for diffeestf the reagent of
which is impregnated in it.

When a strip is briefly and completely dipped iatairine sample, each
test pad absorbs the urine and a chemical reactianges the colour
pad within seconds to minutes. The colour changesdch reaction pad
is compared with a colour chart provided with testtstrips (usually on
the container of the strips). Automated instrunemet also available for
the colour comparison.

The most frequently performed chemical tests omeurare the
following: Glucose, Protein, pH, Blood, Ketones, eSiic gravity,
Leucocytes, Nitrite, Bilirubin and Urobilinogen.

Procedure for Urinalysis using Reagent Test Strips

Dip the reagent pad areas of the strip completdtythe urine.
Remove immediately

Tap the strip against the edge of the urine coatajto remove
excess urine on pads)

Compare the resulted colour on each pad with theucahart
provided at the appropriate time stipulated forheadest pad
(found on the colour chart provided).

Microscopic Examination

Microscopic examination of urine is performed omarsediment. That
is, urine that has been centrifuged to concentreesubstances in it at
the bottom of the tube. In practice, urine micrgscos not usually
performed as part of routine urinalysis, but usuedquested separately.
When urine is microscopically examined, the follogiisubstances are
usually sought for: white blood cells, red bloodiszeepithelia cells,
bacteria, yeast, egg of schistosoma haematobiwrhptnonas, casts and
crystals
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Procedure for Urine Microscopy

Mix the urine (in the specimen container) gently

Pour about 2-4mls into a centrifuge tube.

Centrifuge the sample at low speed (25009) for Butheis
Decant the supernatant and mix the sediment didtiem
Using a Pasteur pipette, add a drop of the sedioreatslide
Apply a cover slip

Observe first under 10X objective, then

Examine the observed objects using 40X objective
Report (record) your findings.

3.6 Parasitological Examination of Stool
Sample Collection

Faeces sample for parasitological tests are cetlertto a clean, wide
mouth container with tight cover to avoid leakaGentamination with
urine should be avoided.

Macroscopic Examination

Faeces are usually examined and the following pt@seof the sample
are recorded.

Colour (Normal stool is brown in colour)

Consistency (e.g. formed stool, semi-formed, watery
The presence of blood must be reported

Presence of worm or worm segments must also betegpo

Microscopic Examination

Wet preparation of the faeces samples are prepemiad normal saline
and iodine as follows:

Place a drop of normal saline on one end of a slide

Place a drop of iodine solution on the other end

Using a wire loop or a piece of applicator stickixma small
amount of the faeces specimen (about 2mg or matkhisead
size) with the saline and a similar amount withitigine solution
Examine the saline preparation under the microscgey 10X
objective and 40X objective for parasites (larveiiates, ova,
cysts, or trophozoites of parasites

Examine the iodine preparation the same way tostagsithe
identification of ova, cysts, larvae or trophozsitef parasites.
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See the below atlas for identification of parasies, larvae or
cyst as they would appear under the microscope.

Scale
©m
40 X Objective 7 60

-

14

IODINE @

Plate 5.2 Relative sizes of trophozoites and cysts of intestinal protozoa, common nematode eggs and larva of Strongyloides as
seen in microscope field using the 40X objective (with 10X eyepieces).

1. Lbelli oocyst, 2. A lumbricoides egg, 3. Leucocytes, 4. E.histolytica/E.dispar cyst, 5. E.histolytica trophozoile (motile),
6. Red cells, 7. S.stercoralis larva (motile), 8. E.coli cyst (mature), 9. G.lamblia cyst, 10. C.mesnili cyst, 11. Hookworm
egg, 12. G.lamblia trophozoite (motile).

Todine preparation: 13. E.coli cyst, 14. Lbuetschlii cyst, 15. E.histolytica/E.dispar cyst, 16. E.nana cyst, 17. Ttrichiura egg,
18. Blastocystis hominis, 19. G.lamblia cyst.

Note: Trophozoites, cysts and oocysts found in faeces are described in subunit 5.4.

Fig. 12: Relative Size of Trophozoites and Cystsf dntestinal
Protozoa
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Fig. 13: Relative Size of Helminth Eggs
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4.0 CONCLUSION

Some simple medical laboratory tests were discusaed their

procedures were laid out. It is worthy of note tbae procedure, more
often than not, differs significantly from the otheHence, it is

imperative that a clinical laboratory is visited ander to have prior
physical contact, especially of

5.0 SUMMARY

Clinical laboratory testing procedures discussethis unit include the
following:

blood group determination which is done by appuatety mixing
Anti-sera (A, B, AB, Anti-serum D) with a drop ofldod
respectively and observe for agglutination. Theultexy blood
group is determined by specific anti serum with ahhiit
agglutinate and whether it also agglutinate withiAerum D or
not

urine Pregnancy test by strip method involves digpihe test
area of the strip into a sample of early morninqeurof the
person being observed. Presence of pregnancyeastddtby the
appearance of two red coloured line (positive) appearance of
a single red line denotes absence (negative) gharecy
urinalysis which is an important diagnostic testrefal, live
dysfunctions which is carry out by briefly dippinige urinary
strip completely into the urine and allow the tpatls to contact
with the sample and removing the excess urine ohbyataping
the strip against the edge of the container

- the resulted colour that depict the presence tberwise of
various diagnostic chemical substances in urinmasched with
the colour chart supplied with the strips for ajprate reporting
and interpretation.

faecal Occult blood test, which is employ in thagtiosis of
gastrointestinal Carcinoma or ulcer, can be donegu®kokit
method by placing the tablet on a smear of thel st@ale on the
special mat supplied with the reagent kit, and tda drops of
diluent and another two drops after 2 minutes. bl colour
change observed after 5 minutes depicts the pregpositive) of
occult blood and no colour change denote the ales@gregative.

stool microscopy, in this form of test, saline aiodline wet
preparations are made. The iodine preparationsstama or cyst
of parasites providing contrast which aid the idemttion of the
parasite ova
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fasting Blood Sugar by Glucose Oxidase method: rElaetion in
this enzymatic method yields a colour derivativeduct and the
concentration of glucose is measured as a funaidhe colour
intensity when compared with a standard solutiomilarly
treated.

6.0 TUTOR-MARKED ASSIGNMENT

1.  Briefly describe the principle of glucose oxidasetinod.
2.  State three othetinical laboratory testing procedures.

7.0 REFERENCES/ FURTHER READING
Monica, Cheessbrough (2005District Laboratory Practice on

Tropical Countries.Part 1, Cambridge: Cambridge University
Press.

Ochei, J, & Kolhartkar, A. (2007Medical Laboratory Science, Theory
and Practice (6th ed.). Tata Mc-Graw Hill.

Trinder, P. (1969). Determination of Glucose in @lousing Glucose

Oxidase with an Alternative Oxygen Acceptingnn. Clin.
Biochemistry6:24-27.
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1.0 INTRODUCTION

The role of the clinical laboratory as an importaomponent of the
health care delivery system cannot be overemphahsiZzonstant
political, social, economic and technological chesx@re impacting on
health care delivery. It is therefore paramountt thae laboratory
managers obtain the fundamental management prascipb that the
clinical laboratories will be able to deliver inetlconstant changing
environment. This unit will focus on the fundamémabasic elements
of management as it applies to the clinical lalmosat

2.0 OBJECTIVES
By the end of this unit, you should be able to:
highlight the basic element of management and eelhém to the

laboratory
explain what planning and implementation entails tihe clinical

laboratorysettings.
3.0 MAIN CONTENT
3.1 Fundamental of Management
The basic elements of management of any businessrganisation

applicable to laboratory management are listedvizelo
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3.2

Management functions

Human resources management

Planning and execution of goals

The control and improvement of the laboratory psses
Management of finances and supplies

Management of equipment

Management Functions

In the management of clinical laboratory, the badienctions are as
follows:

3.3

Planning: This is the ongoing process of developing the
laboratory’s mission and objectives and determirhbow these
mission and objectives will be accomplished.

Organising: This involves making optimum use of the resources
required to enable the successful carrying outlarigo The focus

Is on division, coordination and control of taskslghe flow of
information within the laboratory. It is in thisriation that the
manager distributes authority to jobholders.

Staffing: This function of the laboratory manager involves
employment of qualified personnel in all positioms the
laboratory. Staffing also includes training, hirjreyaluating and
compensating.

Directing: This function has to do with determining what reed
to be done in a situation and getting people toitddhis is
achieved by influencing people’s (workers) behawithrough
motivation, communication, group dynamic, leadgrskand
discipline.

Controlling: Controlling as one of the basic functions of
management deals with checking progress againshspla
modifying when necessary, based on feedback. thdsprocess
of establishing performance standards based orlath&ratory
objectives, measuring and reporting actual perfocea
comparing the two and taking corrective or prewenfction as
needed.

Human Resources Management

Generally in management, people are regarded asntst valuable
assets of any organisation. So, goal fulfillingeoted organisation
provides an environment that challenges employess$ome increasing
responsibilities consistent with their training,pexience and personal
aspiration.
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In practice, this includes:

(@) Building a position culture
(b)  Providing employees with essential management.tools

A. Building Positive Culture

A positive culture is an environment that nurtuzapable, dedicated and
informed employees. Essentials of building a pesitiulture include:

Developing a clear mission and
vision statements: The worker must be carried along with the
mission and vision (or goals) of the organisatitabdratory).
This will enable them to effectively contribute posefully. It
also unifies the leaders and directs their dailyisiens.

Providing leadership by example
and attitude: This includes punctuality, decorum, work habits,
ethics on the part of the leader or manager. Laagerby
example has a great influence on the employees.

Recognizing the contributions of employees:Positive
recognition of the employees accomplishment, cbuates to a
work culture in which there is mutual respect ipedive of
individual job assignments, titles or credentialechniques of
recognition in human resource management includes:

- Personally greeting an employee especially in tresgnce of
peers

- Sending personal notes

- Telling peers of an individual's accomplishments

- Starting an employee of the month award

- Having an employee recognized at an appropriatdingee

Implementing a team approach to
problem solving: Problem must never be ignored, but must also
not be too overemphasized, as this will create gatinee non-
productive environment. Problem resolution showddhndled in
a manner that preserves personal dignity for alcemned.

Provision an environment of open
communication: This can be effected by holding monthly
operational meetings
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B. Management Tools

The common management tools are:

Meeting
Memoranda
Letters
Reports

Meetings are invaluable management tools for theviing:

- Decision making for the laboratory
- In-house training of personnel

- Communication of vital information
- Clarification of issues

- Motivation of the staff

Letters, memoranda and reports are important mamagfe tools for
information dissemination and also for follow-upevihneeded.

3.4 Planning and Execution of Goal

A plan is any procedure used to achieve an objector a set of
intended action through which a goal is expectedbéo achieved.
Planning is both the organisational process oftergand maintaining
intended action through which a goal would be acdde

Planning in the clinical laboratory is anchored the laboratory’'s
mission, vision and objectives. That is, the missand objective of the
laboratory must first be clearly stated in writinganning can should
also be made based on them.

The mission defines the fundamental purpose of agamisation
(laboratory). It can be a short or long term missio

Vision defines the desire or intended future stateéhe organisation
(laboratory). It could answer the question: “Whdoewe want to go”? It
concentrates on the future and provides clear id&cmaking criteria.

Planning process involve some key member of stafthe laboratory
setting, planning and implementation entail théofwings:

The business plan:This deals with the laboratory’s mission,
vision, objectives and their goals.
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The marketing plan: This describes the customers, type or
nature of tests and services to be rendered.
The operation plan: It describes the facilities and equipment,
and the staffing of the laboratory
The financial plan: It describes needs for capital, financial
resources and budget.
Strategies for implementation.

3.5 Control and Improvement of the Laboratory Proces

This is monitoring and evaluation of the entiredediory process. This
is achieved through Quality Assurance programme Q@uality Control
program.

Quality Assurance refers to a broad spectrum olt s plan, policies,
procedures or activities within and outside theotakory that together
ensured a quality service delivery from the labmmagt while Quality
Control is the quantitative technique aspect ofliguassurance that is
primarily concerns with the control of errors iretherformance of tests
and verification of test results.

Quality assurance programme put in place by ther&bry include
guidelines or procedure that would prevent intrdiduncof errors at the
three phases of laboratory testing. These phases ar

Pre-Analytical Phase: This includes guidelines and information
about specimen collection and transportation.

Analytical Phase: The laboratory must spell out the standard
procedure for carrying out all testing (followingtasdard
operating procedure). Performance of tests musadsggned to
gualified personnel.

Post-Analytical Phase: The laboratory must put in place
guidelines or procedure that will prevent trandooipal error in
reporting of results, ensure timely dispatch ofuhlssto the
patient’s record, and appropriate interpretatiothefresults.

3.6 Financial Management

Financial management of clinical laboratory regsira detailed
accounting system that collects, identifies andifgofinancial data.
Such accounting system provides three keys infoomat

I Information necessary for ongoing control of opersl
expenses.

. Information needed in making strategic decisions

iii. Summary information.
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Areas of financial management that must be consttar the financial
management of clinical laboratory are:

50

Budgeting

Test Cost Accounting
Capital Expenditure
Expense Report
Make-versus-Buy Decision

Budgeting: A laboratory budget is a financial plan that
predicts laboratory expenditures by section andgmaly for the
upcoming fiscal year. The laboratory manager iseetgd to
develop a realistic and manageable budget whiclribates to
the financial goals of the laboratory (independebbratory) or
financial goals of the entire organisation, (if ttaboratory is
under a larger organisation) and then, presentoit the
management.

Test Cost Accounting: It is imperative for the
laboratories to know their tests cost because ofrketa
competitive and growing intolerance for excessiwalth care
costs. Such data of cost per test allows managersndke
decisions of profitable pricing or decision on aguction of new
tests or instruments.

Capital Expenditures: This involves making profitable
investment decision for capital expenditures. Sutgtision
usually includes consideration for procuring newalgtical
system. In practice, a laboratory will choose eitteeprocure a
batch or random access system. Labour and supglg often
differ widely between these systems.

Expense Report:For effective management of laboratory
finance, expenses must be closely tracked so KpEnse report
would be generated and compared with budgeted erpen
Significant variances can then be regularly addwssand
communicated to the management.

Make-versus-Buy Decisions:This means determination
of whether it is advantageous to make a partidtgan in-house,
or to buy it from a supplier. Examples of make-usrbuy
decisions that a laboratory might face include:

Should a specific test currently being sent to &remce
laboratory be developed in-house?
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- Should low volume tests performed in-house be semnother
laboratory?

- Should cleaning services be developed in-houseoatracted
out?

- Should test reagents be prepared in-house or meadha
from a vendor? Etc.

The manager is responsible for evaluating alteraatiand making
decisions that bring the greatest benefit to theratory.

3.7 Management of Equipment and Supplies

To effectively manage laboratory equipment, equipim@&anagement
policy is mandatory. Such policy includes the faliog:

- Specifications and standard of equipment requiradtine stated

- Preferred place of purchase must be identified.

- Maintenance schedule must be put in place and deodr
maintenance must be kept.

- Procedure for reporting faults and getting the ispguickly
must be put in place

4.0 CONCLUSION

Management of the clinical laboratory is a reldiiveew field of

medicine. It is a rapidly evolving and developingld in keeping with

social, political and technological challenges. Talkoratory manager
must acquire fundamental understanding which masajpropriately
applied in the management of the laboratory.

5.0 SUMMARY

The focus of this unit is the basic or fundamengddments of
management. These are:

management functions (planning, organising, stgffidirecting
and controlling)

human Resources Management, which entails providing
environment which challenges employees to assume
responsibilities consistent with their training, pexence and
personal aspiration. Such an environment can b@att through
building positive culture and by providing employesith
essential management tools

planning and Implementation that will achieve tlesiced goals
must be based on the laboratory’s mission, visiwh @bjectives.
Such planning includes business plans, marketingnspl
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6.0

W N

7.0

operational plans, financial plans and strategiesr f
implementation
control and improvement of the laboratory proc@dss
monitoring and evaluation is achieved by puttinglace quality
assurance programme and quality control in ther&boy
financial management which requires the laboratorjrave an
accounting system and to include in consideratahsr areas of
financial management. budget, test cost accountrapital
expenditure, expense report and make-versus-bugiclec
management of equipment and supplies requires the
laboratory to have a management policy for theuigment and
supplies.

TUTOR-MARKED ASSIGNMENT

List the fundamental elements of managementicgipé to
laboratory management.

Briefly discuss the management function.

Planning is the road map to achieving a desgedl; briefly
discuss this in relation to clinical laboratory ragement.
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