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B Vvedical Laboratory Technology

" FOREWORD o

Dear Learners,

This book is intended to serve as a ready reference for learners of vocational
higher secondary schools. It offers suggested guidelines for the transaction of the
concepts highlighted in the course content. It is expected that the learners achieve
significant learning outcomes at the end of the course as envisaged in the curriculum

if it is followed propetly.

In the context of the Right- based approach, quality education has to be ensured
for all learners. The learner community of Vocational Higher Secondary Education
in Kerala should be empowered by providing them with the best education that
strengthens their competences to become innovative entrepreneurs who contribute
to the knowledge society. The change of course names, modular approach adopted
for the organisation of course content, work-based pedagogy and the outcome
focused assessment approach paved the way for achieving the vision of Vocational
Higher Secondary Education in Kerala. The revised curriculum helps to equip the
learners with multiple skills matching technological advancements and to produce
skilled workforce for meeting the demands of the emerging industries and service
sectors with national and global orientation. The revised curriculum attempts to
enhance knowledge, skills and attitudes by giving higher priority and space for the
learners to make discussions in small groups, and activities requiring hands-on

experience.

The SCERT appreciates the hard work and sincere co-operation of the contributors
of this book that includes subject experts, industrialists and the teachers of Vocational
Higher Secondary Schools. The development of this reference book has been a
joint venture of the State Council of Educational Research and Training (SCERT)
and the Directorate of Vocational Higher Secondary Education.

The SCERT welcomes constructive criticism and creative suggestions for the

improvement of the book.

With regards,

Dr PA. Fathima

Director
SCERT, Kerala
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ABOUT THE COURSE

Medical Laboratory Technology isfast devel oping a ong with growing population
and technol ogical advancement. It isthemost sought jobtitlesinthegloba Health
Care System.

Medica Laboratory Technology isabroad areacomprising of different disciplines
like Clinical Pathology, Hematol ogy, Biochemistry, Bacteriol ogy, Immunology,
Virology, Mycology, Parasitol ogy, Histopathol ogy, Cytology, and Cytogenetics &
Molecular biology.

Inacountry likeours, wherefast and tremendous technol ogical advancement and
population growth happens, the demand and supply of trained man power isnot on
par. Introduction of acertificate coursein Medica Laboratory Technology at higher
secondary level istheremedy to thismajor skill gapinthe country.

Medical Laboratory Technology playsacrucia rolein the diagnosisof diseases,
prognosi sand treatment. Apart from thelaboratory diagnosi's, gpplication of Medica
laboratory technol ogy extendsto detection of genetic disorders, epidemiol ogy of
infection diseases, detection of metabolic disordersand even to answer unraveled
questionsinforensicmedicine.

The courseisdesigned to provide multi skilled competent personnel inthefield of
medical laboratory technol ogy to meet theincreasing demand. On completion of the
course studentsacquire basic skillsinthe branches of medica laboratory technol ogy
which cater to entry level jobs. The course also providesinroadsfor studentsto
undergo higher educationincluding researchin disciplinesof laboratory medicine.

Thestructureof the courseisdesigned in such away that thefirst module of First
Year Curriculum familiarizes the learners to the basics of Human Anatomy &

Physiology and givesan ideaabout theimportant unitsand featuresof aDiagnostic
Laboratory. Thetopic aso envisagesthe understanding of proper useand handling
of common Laboratory Equipment and Glassware. A proper know - how about
Blood, the commonest sample of any laboratory isgiven as part of theFirst module
so that thelearner will have aclear ideaabout the components, composition and
collection of blood.

The second modul e ded swith thecommon Hematol ogica investigationsdoneina
laboratory. The practica and theoretica exposurewill makethelearners competent
inthefield. The second module a so coversthetopic Blood Banking which has
attained much relevance nowadays dueto the regular need for blood transfusions.

The third module of the curriculum focuses on the effective management of a
Laboratory, variousand ytical methodsand recent advancesin clinical biochemistry

O
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andindlinica pathology. Theunit familiarises sudentswith different instrument used
inClinica biochemistry from the simplest, micropi pette to the most advanced fully
automatic STAT Analyser.

Fourth modul e of the courseintroduces thelearnersto the fascinating world of
microorganismsand familiarisesboth traditiona and recent trendsin microbiology
to provideabasic knowledge and impartsskill in diagnostic microbiology. It also
coversHisto techniquesand cytol ogical techniques, sothelearner getsabasicidea
about thevarious stepsinvolved in the preparation of tissuefor microscopy. This
will helpintheir futurestudiesor career.

The Curriculum also provides introduction to the automated machineries and
techniqueswhich can be experienced during thefield visitsor as part of OJT (On
the Job Training). Thelaboratoriesaswell as PTCsattached to schoolsprovide
ambient atmospherefor attai ning perfection in performancefor the students. The
curriculumof VHSE which givesprimeimportanceto practicd isfurther skill enhanced
with the scheduled 'On the Job Training Programs conducted in laboratories both
onthegovernment aswdl| as private sector. The school curriculumisfurther enriched
withintroduction of ICT enabled teaching-learning methodol ogiesaswel | aslearning
activities likesurvey, camps, expo etc.

Major Skills
»  Phlebotomy skill
» Skill inHaematol ogica techniques
 BloodBanking Skill
 Laboratory Management Skill
 SKill inBiochemicd techniques
» Skill inClinica Pathologica techniques.
» SkillinMicrobiologica techniques
Sub Skills

*  Measurement of BPand Pulse

 Skill inHandling and operation of common laboratory equipments
» Skill insafehandling of variouschemicas

o SkillinFirgaidpractice

o Skillinpipetting

» Skill inreagent preparation

* Tissueprocessingskill in histopathology
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SYLLABUS

LABORATORY MANAGEMENT, CLINICAL PATHOLOGY
& CLINICAL BIOCHEMISTRY

Module 3 Unit 1

Laboratory Management 40 periods
Unit No. Unit Period
311 Labsafety 20

Introduction

Signsand symbolsusedin alaboratory

Handling and storage of chemicalsinalaboratory.
Laboratory Hazards-Physical, Chemicd, Biologicd,
Electricd, Fire, Radiation

Laboratory Safety Precautions-Persona Hygiene
FHreExtinguishers

Biomedica Waste M anagement

FirstAid Practicein Laboratory

3.1.2  Laboratory Management 20
Introduction
Codeof Ethicsof alaboratory Professional
Roleof communicationin laboratory
Organization of aLaboratory
Componentsof alL aboratory
Lay out plan of amulti-room |aboratory
Organizationa pattern of aLaboratory
Familiarization of Request formsand report forms.
Ordering and Utilization of supplies
Maintenance of Stock Registers- Consumabl es,
Non-consumables
Accreditation and Certification of Laboratories.
AccreditingAgencies- NABL, 1SO, CAP, CRISIL
- Bar coding and Total Laboratory Automation (TLA)
Familiarization of Common Laboratory Software
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Module 3 Unit 2

Clinical Pathology 100 periods
Unit No. Unit Period
3.21  Introduction 10

Importance, Common specimens,
General guidelinesfor sample collection
322  Urine Analysis 44
- Importance, Types of urine samples
Methods of collection, preservatives
- Physical Examination
- Chemical Examination-Sugar, Protein, Blood, Ketone
bodies, Bile pigments, Bilesalts, Urabilinogen
- Microscopic Examination
- hCGtestinUrine
323 | Sputum Examination S
- Importance, Specimen collection
- Physical examination
- Microscopic examination
324  Sool Analysis 15
- Importance, Specimen collection
- Physical examination
Chemical examination- Occult blood, Reducing
substances
- Microscopic examination- Saline & odine mount
325  Semen Analysis 16
- Importance, Specimen Collection
- Physical Examination, Liquefaction Time,
- Microscopy- Total Sperm Count, Motility, Morphol ogy
- Chemical Examination-Fructose, Acid phosphatase
CSF and other body fluids 10
325 - CSF-Introduction
- Specimen collection
- Physical & Microscopic Examination
- Chemical Examination- protein, glucose,chloride
(Name of method of estimation & clinical significance
only)
- Other body fluids
- Recent advancesin Clinical pathol ogy
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Module 3 Unit 3

Clinical Biochemistry 200 periods
Unit No. Unit Period
3.3.1  Introduction to Biochemistry 12

- Typesof chemicalsand preparation of solutions.
- Typesof specimensin clinical Biochemistry
- Caollection and processing of specimensfor biochemical
analysis
- Types of assays- Endpoint and Kinetic (definition and
exampleonly)
- Cleaning of glasswaresfor biochemical analysis
3.3.2 Instruments used in Biochemistry 8
- Familiarisewith Colorimeter, Spectrophotometer, Flame
photometer, Centrifuge, Electronic balance, Distillation
apparatus, Delonizer
3.3.3  Blood Glucose Estimation 28
- Introductionto Diabetes- features, types, complications,
- Typesof samples- FBS, PPBS,RBS, Anticoagulant used
- Methods of estimation- GOD-POD in detail
- Normal value and Clinical Significance - Hyper and
hypoglycaemia
- Mention Glucometer Technique
- GTT and GCT procedures,
- Mention relevance HbA1C
3.34 | Renal Function Tests 40
- Introduction, Common testsincluded
» Estimation of Blood Urea
M ention common methods
Urea-Berthel ot method in detail,
Normal valueand Clinical significance
Renal, Pre-renal, Post renal conditions of Uraemia
e Estimation of S. Creatinine.
M ention common methods.
Jaffe'smethod in details,
Normal valueand Clinical significance
 Estimation of Uric Acid. Mention common methods.
Uricase method in detail.
Normal valueand Clinical Significance.
- Mention Clearance tests- Urea and Creatinine
- MentionImportance of Micro-albuminand Cystatin-C
3.35 Liver Function Tests 40
* Introduction, Common testsincluded
Bilirubin-Formeation of Bilirubin
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Unit No.

Unit Period

Typesof Bilirubin- conjugated and unconjugated
Estimation of Bilirubin.
Malloy- Evelyn method in detail.
Normal value and Clinical Significance
* Estimation of Total protein- Biuret method in details
o Estimation of Albumin- BCG method in details
Normal value and clinical significanceof total protein
and
Albumin, A-G Ratio.
» Other LFT Parameters- ALP, ALT, AST in brief.

3.3.6

Lipid Profile 25
 Introduction - Relevance, testsincluded in the Profile
» Estimationof S.Cholesterol.

M ention common methods,

CHOD-PAP method in detail,

Normal value and Clinical Significance

Mention Triglycerides, HDL, LDL

3.3.7

3.38

3.3.9

Other parameters of Diagnostic importance 21
» Serum Electrolytes- Serum Sodium and Potassium
Normal valueand Clinical significance
* Clinically important Minerals- Cal cium and Phosphorus
(normal value and significance only)
» Name Diagnostically important Hormones
T3, T4, TSH, FSH, LH, Prolactin, progesterone
» NameClinically important enzymes- Acid Phosphatase,
S. Amylase, GGT,
* Name Cardiac markers- Troponin-I, Troponin-T CPK,
CK-MB, LDH, SGOT
* Name Tumour Markers- CA-125, CEA, AFPCA-19.9,
PSA, Beta hCG
Quality control in Biochemistry 10
- Introduction,
Common termsused in Quality control,
Errors - random and systemic , L.J. Chart,
External QC and Internal QC
Automation and Recent advances 16
Need for Automation,
Advantages of Automation
Types of Auto Analysers-Semi and Fully automated
Electrolyte Analyser (ISE) in brief
Advanced Diagnostic Methods inbrief
- C.L.I.A.C.L.FA, Turbidometry, Nephalometry, HPLC,
Mention Point of care testing (POCT)
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Module 4 Unit 1

Diagnostic Microbiology 290 periods
Unit No. Unit Period
411 Introduction to Microbiology 15

» Classification of Microbes, pathogen, commensals, type
of Infections, communicable diseases, CarriersHistorical
aspectsin Microbiol ogy
412 Structure and classification of bacteria 15
e Structure- Cell wall, flagella, fimbriae, capsule, spore,
plasmid
e Classification of bacteria based on morphology-
Arrangement,
Motility and oxygen requirement
413 Serilization and disinfection 45
* Importance of sterilization and Disinfection
» Methodsof sterilization
Physical methods- Dry heat, Moist Heat
Chemical methods- alcohols, aldehydes, gases
M echani cal methods- Filtration, Radiation
» Describe principle, parts, and use of
- Hot air Oven, Autoclave
 Disinfectantsand Antisepticsand their application
414 Growth & Cultivation of Bacteria 40
» Bacterial growth and replication
- Mention essential growth requirements- Temperature, PH,
Gaseous requirements
* Culturemedia
Classification of culture mediawith examples
* Preparation and use of common media
Peptonewater, Nutrient Agar, Blood Agar, Chocol ate agar,
Mac Conkey Agar
» Bacteriological wireloop, Straight wire
- Inoculation of Culturemedia- Liquid and Solid
» Mention Streak, Stroke, Stab, Lawn culture
- Mention Anaerobic techniques- Gaspak
415 Basic identification Techniques 50
Introduction
Identification of bacteria
» Different methods
* Detection of motility
- Name different methods
- Hanging drop method in detal
e Staining
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Unit No.

416

Unit

- Principle, requirement, procedure and interpretation of
Simple stain, Grams stain, AFB stain-Diagnostic
significance

Biochemical tests- Coagulase,Catalase, IMViC

Immunology and its diagnostic applications

Introduction

- Typesof Immunity, Antigen ,Antibody

- Structure of antibody

Types of antibody- 1g G, IgM, IgA, IgD, IgE

» Antigen Antibody reactions- Specificity, Sensitivity,
Avidity, Pro-zone ,post-zone, Titre
Clinical applications of Aggl utination, precipitation,
flocculation, ELISA, Immuno-Fluorescence.

Period

4.1.7

Laboratory Diagnosis of Common Bacterial diseases

 Collection, Processing and transportation of common
specimens-Urine, Blood, Sputum, CSF, Stool, Pus, body
fluids, swabs
General considerations- Macroscopy , Microscopy,
Culture

» Mention common culture media and identification
methods used.
Antibiotic Sensitivity Testing (ABST)- Kirby Bauer
Method

» Common Disease and pathogens encountered -Typhoid,
Tuberculosis, Cholera, Dysentery, Syphilis,
L eptospirosis, Tetanus, Meningitis& UTI

» Common Serological Techniquesfor diagnosis of
Bacterial diseases-

* ELISA & itscommercial preparations -
Immunochromatographic technique

» WIDAL,RPR,-Procedure and interpretation

4.1.8

419

Laboratory Diagnosis of Common Viral diseases

* Introductionto viruses

e Common viral diseases and pathogens encountered -
AIDS, Hepatitis, Dengue, Chickun Guinia, Rabies,
Infuenza, Mumps and Measles.

 Diagnostic techniquesfor viral infections

- Mention common Serological testsused,L atex
agolutination, Card tests, ELISA, Tissue culture, PCR
Technique

Laboratory Diagnosis of Common Parasitic diseases

* Introduction to parasites

- Parasite, Commensal, Symbiosis, Host (Intermediate &

&




B Vvedical Laboratory Technology

Unit No. Unit Period

Definitive host), Vector, Zoonosis
Classification-Intestinal & Blood Parasites

Common blood parasites and their lab diagnosis
Blood collection-

- Timeof collection

- Preparation of smear-Thick and thin

- Dehaemogl obini sation of thick smear

Lab Diagnosis of Malaria
Disease,mode of transmission, hosts causative agent,
typ&s of malaria.

- Examination of thick and thin smear-Morphol ogical
identification of different stages of parasite

- Other stains used- JSB

- Other methods- Card method , QBC

Lab Diagnosis of Filariasis-

- Disease, mode of transmission,

host, and nocturnal habit

- Labdiagnosis- wet smear examination, thick smear
examination, Concentration technique.

Lab Diagnosis of Intestinal parasites

- Introduction -Helminthic infectionsand parasites

- Amoebiasis-Entomoeba histolytica- Disease, M ode of
Transmission, Trophozoite & Cyst
L ab diagnosis-M acroscopic examination
Microscopic examination -Stained & Unstained
preparation

e Common Helminths- Tape worm, Round worm, Hook
worm, Whip worm, Pin worm,

- Labdiagnosis-Macroscopic & Microscopic
examination

- Concentration Techniques of Stool sample- Mention
Floatation & Sedimentation methods
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Module 4 Unit 2
Histotechnology & Cytology

50 periods

Unit No.

421

422

4.2.3

Unit

Histotechnology
Introduction

M ethods of examination of Tissuesand cells

- Gross examination

- Microscopic examination

Examination of Unfixed Tissue

Examination of Fixed Tissue

Collection of specimens-  Biopsy - Autopsy
Fixation

10% Formalin

Decalcification

Tissue Processing

Stepsin tissue processing
Dehydration

Clearing

Impregnation

Embedding

Microtomes-Rotary Microtome,-Cryostat

Section cutting

Mention role of adhesives

Staining -H& E Staining

Mounting of Tissue sections

Filing and storage of tissue sections

Diagnostic cytology

Introduction

Types of specimens
Processing

Fixation

Saining

Advantages and applicationsin diagnostic cytol ogy

Period

20

10
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PART B

Laboratory Management, Clinical Pathology &
Clinical Biochemistry

Module 3

Over view

Thethird module comprisesof threevitd areasof |aboratory medicine, "L aboratory
management, Clinica pathology and Clinical Biochemistry". Basicknowledgeon
|aboratory management conceptshd psatechnician to uphold hisprofessiond qudity
and skill. Clinical Pathology laboratory pertainsto analysis of body fluidswhich
enablesto reveal pathophysiological maladiesand it receives more than 60% of
specimens sent for investigationsto adiagnostic laboratory. Clinical pathology
Techniquesareof historical importancein the evolution of medicineand arethe
chegpest methodswith little discomfort and stressfor specimen collection providing
information of immenseva ue. With the supporting and supplementinginformation
andinvedtigations, thedlinicianstill largely depend onclinica pathology toresolve
diagnogticdilemma

Clinical biochemistry isthe significant part of |aboratory diagnosisasit helpsto
understand biochemical mechanism of the body in relation to diseases. Manual
methods and principlesof clinical chemistry havebeen replacedby automated
techniquesand recent methodol ogies. Thescope of investigationshasa most changed
the diagnostic scenario from alevel of genera health assessment to organ function
tests.

31 Laboratory Management

The effective operation of amedical |aboratory and proper delivery of laboratory
resultsto clinician and their patientsareintegral part of awell defined health care
system. An effectivelaboratory management isessentia for providing an accurate,
relidbleand timely laboratory resultswhichformsthebassof dmost dl of themedica
decisonsand diagnosismadein themodern era. Thetask of laboratory management
involvesintegration and co ordination of organizational resourceslike persond,
equipment, money, time and space so that standardized planning organi zation and
operation of alaboratory happens. It essentiates management skillsin ensuring
laboratory safety, handling of laboratory wastes and observing laboratory ethics,

>
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protocols, accreditation and certification criteria. The unit familiarizesthelearner
with the Code of Ethicsof Laboratory professional, safety measuresto betakenin
alaboratory, tipsfor personal hygieneand about the careand handling of chemicals
inalaboratory. It also createsawareness about the different sgnsand symbolsused
inalaboratory, different typesof hazardsand about the segregati on and management
of laboratory waste.

Software based |aboratory management systems have been evolved over years
that support laboratory operations. Most of them utilize web enabled sample
management, dataanalyzing and reporting facilities.Introduction of Bar coding and
Totd Laboratory Automation has caused tremendousimprovement in the patient
identification andtimemanagement mechaniam.

Learning outcomes
Thelearner:

» explainsdifferent |aboratory safety precautionsandfirstaid
» dassfiesdifferent methodsof biomedica waste management
« identifiesCodeof |aboratory ethicsand safelaboratory practice

» explainsorganization of alaboratory, itsorgani zationd patternand therole
of Communicationinalaboratory

* identifiesand preparelay out of aMedical Laboratory

» formatsvariousrequest forms, stock registersand order form

» identifiestheimportance of accreditation, certification of laboratoriesand
identify different accrediting agencies

* identifiestheimportance of barcoding and Total laboratory Automation
and use of Common Laboratory Software

3.1.1 Lab safety

Introduction

Laboratory safety measuresare designed to encourage and promote safeand efficient
working practicesinalab. It protectsall |1aboratory personne and other peoplewith
right of entry fromillnessor injury. All laboratory personne have responsibility to
adhereto and observe safety programmeall thetime.

Occupational injury andillnessare caused mostly by bad practices, inexperience,
ignorance and failureto follow standard practi ces. Safelaboratory Practicemainly
dependson,
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Awarenesson Signs& Symbolsusedin alaboratory
Identification of thepossibilitiesfor common laboratory hazards
Proper management of Bio medicd wastes

First Aid practices

Signs and symbols used in a laboratory

A w D

Tominimizeaccidentsinthelaboratory it hasbeen made mandatory to use signsand
symbolsin the laboratory. These are used to indicate possible hazard during a
procedure. A thorough knowledge on signs and symbols hel ps the laboratory
personnd toddiver hisduty properly. Thesymbol sinclude hazard warning symbals,
safety (mandatory) symbolsand prohibitory symbols. Hazard warning symbolsare
black picturesinyellow or orange background. Saf ety symbols areround white
pictures with blue background, prohibitory symbols are round black picturesin
white background with ared edgeand diagond line.

. I~ .

Wear gloves Wear Mask Drink & Eat No smoking

Handling and storage of chemicals in a laboratory

Proper handling and storage of chemicals and reagentsis necessary to prevent
hazards. Chemicasare stored according to their physical and chemica properties

Types of chemicals

1. FammableChemicals- eg:- Acetone, Ether, Xylene, Alcohol

2. Corrosivechemicals -eg:- Concentrated Acids, Alkalies,phenol etc

3. Oxidisng Chemicas- g:- Potassumdichromate, Chromicacid, Chloritesetc.
4. ExplosveChemicds -eg:- PicricAcid.

&



Reference Book |j]

S.
6.
7.

Radioactivechemicals- eg:- 11,3 H3
Carcinogenic chemica s-eg :- Benzidine, O- toluidine, Selenite, etc
Toxic Chemicals -eg .- Potassium Cyanide

Handling and Storage of chemicals

1.

o U~ w

8.
9.

10.

L abel the chemicalswith hazard symbol, smpleinstructionfor use, strength
and Expiry date (itismandatory for manufacturers).

Flammable chemicalsare stored in fire proof meta containersat ground level
inacool dry placeand aways handlethem away from direct flame.

Corrosive chemicasarestored in amber coloured bottlesat ground level.
Explosivechemicasarenever leftindry state.
Radi oactive chemicasare handled by properly trained personsonly

Carcinogenic chemicals are stored in closed container. Exposure to such
chemica sshould bekept minimum.

Highly toxic chemicalslike Potassium cyanide are kept locked in cupboards
and proper documentationismadein stock register.

Do not open flammable chemica snear flame
Do not add water to acid
Avoid mouth pipetting.

Laboratory Hazards

Laboratory hazardsare mainly Physical, Chemical, Biological, Electrical, Fire,
Radiation hazards.

Physical hazards include Cutting with broken glassware, sharps, Electric
shocks,Falling onwet floor, Burnsand scald. Burnsusually caused by flammable
chemicals, faulty el ectric equipment, Burners, corrosive chemicals, and hot dry
objects. Scaldsare caused by hot liquids. Genera precautionsto prevent physica
hazardin alaboratory are,

o 0 s~ wbdPE

Proper storage and handling of glassware

Adopt Standard €l ectrification methods

Proper storage and handling of chemicds

Proper handling of 1ab equipment,

Prevent spillageof hot fluids

Usequartz chipsto prevent violent boiling of liquids
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7. Usethick waled glass containersand round bottomed flask for heating purpose
8. Usehazard symbols

Chemical hazards are caused by physical contact, ingestion and inhalation of

chemicals, leadsto fromminor burnsto evenlifethreatening. Generd precautionsto

prevent chemica hazardin alaboratory are

1. Awarenessonthephysica and chemical propertiesof laboratory chemicals

2. Proper storageof chemicals

3. Mouth pipetting should be avoided

4. Dangerouschemicals(toxicchemicas) are keptinsmall amount for routine
use

5. Usehazard symbols

Biologica hazardscan be caused by infectious agentslike Human immunodeficiency

virus(HIV), Hepatitis B virus (HBV), Hepatitis C virus (HCV), Mycobacterium

tuberculoss, Herpes smplex virusetc.

Contaminated food and water, Needle pricksand cuts, Laboratory animal bite can

also cause bio hazard. General precautions to prevent Biological hazard in a

laboratory are

1. Consder al specimensinthelaboratory aspotentially dangerous

Usegloves, masks, apron and eye protectorsin thelaboratory

Proper waste disposal or management

Vaccinatelaboratory staff against infectious diseaseslikeHBV

Mouth pipetting should be avoided

Donot et , drink, smokeor apply cosmeticsin thelaboratory

Proper washing of hands after work, Cleaning and disinfection of work bench
on completion of work

N o o s~ WD

Electrica hazardsaremainly caused by faulty operation and improper maintenance
of eectrica equipment. It may result in minor burnsto severeinjuriesthat may lead
todeath. Genera precautionsto prevent electrical hazard in alaboratory are,

1 All Electrical equipment should be properly grounded

2 Overload circuitsshould be avoided, do not use extension cords
3. Electrical equipment should not be handled with wet hands

4 Do not disableany dectrical safety features.
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5. Repair or services should be done by authorized personsonly
6. Do not use Equipment for atask not designed for it
7. Do not |eave equipment switched on when not in use

Fire in the laboratory may occur due to naked flames, electrical overloading,
flammablereagentsand smokinginthelaboratory. Genera precautionsto prevent
Electrica hazardinalaboratory are,

1. Instead of openflamesusehot plates
2. Storeflammable and explosive chemicalsproperly

3. Ingtdl fireextinguisher inthelaboratory. All lab personnel should know the
location of fire extinguisher and how to useit

4. Incaseof fire, escapethroughfireexit route
Fire Extinguishers

A fireextinguisher isafireprotection device used to control
amadl firesinemergency Stuations. Typicdly, afireextinguisher
consistsof ahand-held cylindrica pressurevessel containing
agentswhich can bedischarged to extinguishafire. Different
type of fire extinguishersare now availablefor managing
different classesof fires. Fireextinguishersfor ABC typefires
arecommonly usedinthelaboratories.

Radiation Hazar ds are caused by improper handling of
radioactivechemicds. Variousanaytica procedureslikeRIA
(Radio immunoassay) demand use of radioactive substancesin alaboratory. X ray
unitsand other nuclear medicine proceduresared so causeradiation hazard. Generd
precautionsto prevent radiation hazard in alaboratory are,

1. Radioactivematerid shouldbestoredinlead shielded container properly labeled
withidentity.

2. Onlytrained staff ispermitted to handleradioactive chemicals

3. Usehazard symbols

4. The staff should wear safety spectacles, disposable gloves and personal
dosmeters.

5. Accurate records are maintained for use and disposal of radio active
chemicas.
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Laboratory Safety Precautions-Persona Hygiene

Wear glovesand apron

Useeyeprotector if necessary

Do not Eat, drink, apply cosmeticsinsidelaboratory

Wear shoe/ chappal insidethelaboratory

Avoid Mouth pipetting.

Wash handsproperly before and after performing | aboratory experiment
Disinfect thework bench beforeleaving thelaboratory.

Girlsmust put-up hair insdethelaboratory

© © N o o K~ w0 DNPE

Carry minimum persond articlesinsdelaboratory.
First Aid Practice in Laboratory.

First adisthehelp givenimmediately to aninjured person. For exampleFirst aid
helpsaninjured to avoid excessive bleeding from aninjury until medical attention
has been obtained. A quick and confident approach of first aider cansavelifefrom
many emergency conditions. Commonfirst aid proceduresare given below

Injuriescaused by broken glass: Wash thewound immediately to remove any
glass pieces. Apply mercurochrome or acriflavine ointment to thewound. Cover
with gauze and adhesive tape

Acid/Alkali splasheson theskin: Wash thoroughly; bath the affected skin with
cotton wool soaked in 5% aqueous sodium carbonateif acid and 5% acetic acid or
undiluted vinegar, if dkalii.

Acid/Alkali splashesin theeye: Water spray from awash bottle or rubber bulb
into themedia corner of theeye. Put 4 drops of 2% Aqueous Sodium bicarbonate
intotheeye, if acid, and saturated solution of boricacid, if dkali.

Swallowing acid: Makethe patient drink some 5% soap solution immediately.
Make him gargle with the soap solution. Givehim 3 or 4 glasses of ordinary water.
If thelipsand tongueare burned by the acid, rinsethoroughly with water. Bathewith
2% aqueous sodium bicarbonate.

Swallowing alkalies: Makethe patient drink 5% solution of acetic acid or lemon
juiceor dilutevinegar. Makehim garglewiththesameacid solution. Givehim 3 or 4
glasses of ordinary water. If the lips and tongue are burned by the alkali, rinse

thoroughly with water; bathewith 5% acetic acid.
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Poisoning :-Sendfor aphysician or qualified nurse, specifying thetoxic substance
involved. Placethevictimin openair whilewaiting for thephysician.

Minor burns. Plungethe affected part in cold water or ice-water to soothethe
pain. Apply Mercurochromeor Acriflavine ointment to the burn. Apply dry gauze
dressing loosdly. If the burn becomesinfected or does not hedl, refer the patient to
aphysician. Never tear off theblistersthat form over theburns.

Severeburns: If thevictimisonfire, roll himinablanket or overal to smoothenthe
flames. Informthephyscian. Lay thevictimontheground. Do not removehisclothing.
Cover himif heiscold. Do not apply any treatment tothe burns. Thismust beleft to
thephysician.

Unconsciousnes: If thevictim isbreathing thenlay him facedownwith hishead on
onesideand arm and theleg of that sidein the bent position. This posture makes
breathing eas er and provides better blood circulationto al body parts. If thevictim
isnot breathing start artificid respirationimmediately.

Artificial respiration: The procedureshould bestarted quickly asbraininfarction
occurswithinfew minutes of oxygen deficiency. Stepsof artificia respirationis

Lay victimon back
Clear any obstruction of themouth
Place an object under the shoulder so the head istilted back

Pinch the nostrils and apply mouth to mouth resuscitation 10 timesaminute
until breathing sarts.

Biomedical Waste Management in Laboratory

A w D P

Biomedicel wasteisgenerated SEGREGATION OF SOLID BIO-MEDICAL WASTE
duringthediagnosis, testing,  |nowanrecren INFECTED WASTE

treatment, research or w"i’“ 0 T T 1
production of bio materials. BTN AVATOWICAL WASTE SHARPS
Management of biological e oszx;f:» w  raven Ok
wastes consists of the N\ G\ /AP
collection, segregation and /

proper treetment of individud i \/ <*
typeof waste. Thewastesare ]
colour coded accordingtothe YELLOW BLUE ,: X
nature of waste and their v | Wl i

method of disposal and

&
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segregated at source itself. It ismandatory for each laboratory to adopt proper
waste management systems of their own or to be associated with some agencies
which do thework inacorporate manner.

3.1.2 Laboratory Management
Codeof Ethicsof alaboratory Professional

Thelaboratory personnel should beawareof the code of ethicswhichistheminimum
standard about his professiona skill. It includesthedo'sand dont'sin thelaboratory.
Itisaset of principlesof right conduct.

1. Treat patientsand colleagueswith respect, care and thoughtfulness

Perform dutiesin an accurate, precise, timely and responsible manner
Safeguard patient information as confidentid, withinthelimitsof thelaw
Prudent use of laboratory resources

Advocatetheddivery of quality |aboratory servicesin acost effective manner
Work withinthe boundariesof lawsand regulations

N o g~ 0 DN

Strivetoimproveprofessond skillsand knowledge

Roleof communicationin laboratory

A laboratory must maintain ahedlthy rel ationship between patients, physicians, nursing
staff, s esrepresentatives, administrative staff etc. A trained laboratory technologist
must know thefollowing aspects of communication

1. Speaktopatient clearly with pleasing manners so that hisconfidencetowards
thetechnicianincreases

2. Communicate correct knowledgeto hospital staff onlaboratory tests, results
and significance of tests.

3. Communicationwith physiciansoninterpretation of lab requestsand labora-
tory results

4. Good interpersona relationship to be observed with co workers.
Organization of a Laboratory

Only awell-designed |aboratory can providereliable and timely resultsfor the
diagnosisof diseases.

Thelaboratory should beproperly planned, sothat it will befunctiona and convenient.
Thelaboratory should have adequate space, ventilation, light, power supply, water

supply, work benches, Reagents, Equipment and Laboratory personnel.
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An accessi ble space adequatefor setting adesired |aboratory isidentified. Good
ventilated laboratory has reduced risk of infection. Laboratory should have
uninterrupted power supply, good lighting system. Good supply of running water
and water drainagefacility isessential in alaboratory. Work benches should be
made at suitable heightswith enough leg space. Surface polished Cement benches
or wooden benches can be used. Wooden benches are acid proofed. Basic
laboratory equipment, glassware and reagents should be made purchased from
reputed suppliers. Well trained quaified Saff istheback bone of |aboratory and the
quality of theresult depends onthe quality of workmanship. A laboratory should
have staff pattern including administrator, |aboratory technol ogists, techniciansand
laboratory assistantsfor itsproper functioning.

Componentsof aL aboratory: The componentsof aclinical laboratory include
various departmentslike hematol ogy, blood bank, microbiology, biochemistry,
serology and clinica pathology. It a soincludesreception area, room for specimen
collection, refreshment room and toil ets

I

Lay out plan of a multi- room
laboratory: Theworking areafor Clnical Pathotogy
different departments as well as
sample reception should be T

conveniently arranged making the i Haematoogy | (103"
necessary reagents and apparatus

easily accessible ' e

Staff
Refreshment| Toilet
Room

Clinical Biochemistry

Request formsand report forms. R
A request formisaformfor lab test
signed by the doctor .The request
form may carry the patients name,
age, IPIOPno., provisional diagnosis, nature of specimen, and nameof test required
onthat specimen. A report formistheforminwhich thelaboratory i ssuestheresults
of thetestsasked for. Varioustypes of report formsfor various departmentsare
used routinely. Preprinted and computerised report formsare currently used.

Patienl wailing area

] —
Lay oet Plan of an medical Laboratory -

Maintenance of Stock Registers- Consumables, Non-consumables .Every
laboratory should maintain stock register and each purchase of commoditiesto the
|aboratory should beindudedinit. Itismandatory to maintain separatestock registers
for consumabl es and non-consumabl es. Reagents chemicalsand glasswares are
included in consumables. Instruments and machineriesused inlaboratory and items
whichwill not be exhausted on usage areincluded in non-consumabl es.
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Orderingand Utilization of supplies. A medicd |aboratory needsan uninterrupted
supply of chemica sand reagentsfor the smooth functioning. Henceprompt ordering
and purchasing isimportant. For this purpose every laboratory personnel should
know thedetails of theitem to be purchased and details of varioussuppliersin that
areaand meritsand demerits of each brand, shelf life period etc.

Accreditation and Certification of L aboratories.

Accreditation is used to grade the laboratories having an appropriate quality
management system and can properly perform certain test methodsand calibration
parameters according to their scopes of accreditation. Examplefor accreditation
agenciesareNABL, 1SO, CAP, CRISIL etc.

Bar coding

A mgor advanceintheautomation of specimenidentificationinthedinica laboratory
istheincorporation of bar coding technology into analytical systems. A bar coded
label (often generated by thelaboratory information system and bearing the sample
access on number) i splaced onto the specimen container and is subsequently "read”
by one or more bar codereaders placed at key positionsinthe anaytica sequence.
Theidentifiedinformationisthen transferred to and processed by the sysem software,

Totd Laboratory automationinvolvestheintegration and automation of theindividua
steps of theana ytical process. Some manufacturers have devel oped stand-alone
automation system which sort, centrifuge, decap, aliquot, and label tubes. More
advanced automation systems provide options such as conveyors to transport
specimens, direct samplinginterfacesto higher volumeanayzers, refrigerated storage
andretrievd systems. Now totd [ab automated system utilizes advanced technol ogies
such asroboticstoo.

L aboratory information management system (LIMS), often referred to asalaboratory
information system (LIS) or [aboratory management system (LM S), isasoftware
based laboratory and information management system with featuresthat support
wholeprocessof amodern laboratory including operation management, datalrecords
management, quality control, and information sharing among stakehol dersincluding
technicians, Physicians& patientsetc.
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DETAILING OF PRACTICALS

Demonstration of signsand symbolsused in laboratory

Common laboratory signsand symbolscollected aredistributed for identification
and isrecordedinthepractical log

Prepar ation of different typesof laboratory request forms

Samplerequest form collected are distributed, prepareamodel of itandrecordin
practica log

Preparation of different types of laboratory Report for ms- Haematology,
Biochemistry, Clinincal pathology, Serology, Mixed forms

Different modelsof report formscollected are distributed, prepareamodd of each
andrecordinpractical log

Preparealay out plan of amulti room laboratory
A lay out planisprepared (Chart /model) and iskept as portfolio
Preparation of modelsof stock registers- consumables, Non-consumable

A mode stock register isprepared. Purchaseentry and issue of any twoitemsare
made and isrecorded inthepractical log

Stock Register- Non consumable

Name of item : Page No:
Bill
Date of Present Initial of Lab in
Sl.no. no.& Rate | Amount Balance Remarks
purchase Firm Quantity stock charge
1
2
3
Stock Register- consumable
Name of item : Page No:
Bill . .
Sl.no. Date of no.& | Quantity | Rate | Amount Present Issued | Balance | Remarks Initial of Lab in
purchase | g stock charge

1
2
3

Preparation of model of Order form

Prepareamodel format of order form. It should include name of product , name of
manufacturer/ supplier, volume/ pack size, quantity required, specificationif any
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Demonstration of colour coding for biomedical waste segregation
Chart showing colour coding for biomedica waste segregation aredistributed for
identification andisrecorded inthe practical log

ASSESSMENT ACTIVITIES
*  Assignment on Safe Laboratory Practicein Medical |aboratory
*  Seminar on Common Hazardsin aLaboratory
e Chart Preparationon First Aid Practice
e ChatPreparation ondifferent color label sfor segregation of biomedicd waste
*  Mode Preparation of Lay out of anideal laboratory
*  Collectionof different typesof report forms
e Preparationdifferent report forms,& Stock registers
e Preparation of modd of aStock register

Theory Evaluation Questions

1 Diseaseslike AIDS, Hepatitis B etc can betransmitted through 3
laboratory specimensif they arenot properly handled. Enumerate
any three steps adopted to prevent transmission of such diseases
to laboratory personnel

2 Prepare a model Haematology report form for your PTC 4
Laboratory
(Hints: Lab ID, Patient ID, Test Details)

3 Given aretwo important symbol sused in alaboratory 4

Warning Symbol Prohibitory Symbol
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a) Differentiate between warningand prohibitory symbols

b) Explainthemeaning of thetwo given symbols

| am achemical who isout from thelabs now adays. Technician
saysit dueto thefact that | am acarcinogen. Whoam |

Matchthefollowing

NABL Burning of Labwaste
HBYV infection Artificid respiration
CPR LabAccreditation
Incineration Biologica Hazard

Oneof your friend hesitate to wear |aboratory apron.Advicethe
friend showing 2 important reasonsto use lab apron

Your labishaving wastedigoos ngbinsof different colours. Inwhich
binyouwill put a used syringeand needle.
(Red, Green, Black Blue

Prepare and label the lay out for a model laboratory having
minimumfivesactions

Various persona safety precautions are taken by laboratory
personnd during work. Substantiatethe statement with examples.

10

Thedifferent chemicasused inlaboratoriesare hazardousif they
are not properly stored or handled with care. Substantiate the
statement by giving some proper storing and handling instructions.
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Unit 3.2
CLINICAL PATHOLOGY

A changethat takes place in the human body during the process of diseaseisdways
reflected in thechemical composition of body fluids. Clinical examination of these
fluidsreved sthepresence of bnormd congtituents, dtered cdlularity, microorganisms
and other physical evidences. Theseevidencesfrom aclinica pathology |ab provide
endless support to aphysician inreaching an early and accurate diagnosis. Apart
from the common importance likethat of any other |aboratory investigation, its
importance is paramount in the sensethat it includes most of common clinical

investigationsthat areroutinely doneinaclinica laboratory. Hence an adequate and
appropriate understanding of the accurate procedure of theseinvestigationsisvery
essential for atechnician. Lack of sufficient automation, decreased sensitivity in
microscopy and less specific chemical reactionsin theabsence of enzymechemistry
aresomeof theinherent limitationsof clinical pathology anaysis. Eventhoughthe
advancesin fibro-optictechnique enablesapinpoint observation of lower respiratory
tract and gastrointesting tract, thebasic analysis of sputum and stool samplesstill

remainsin mainstay and so the case of other samples. Easy availability of samples,
rapid results, and reasonabl e precision justifiestheneed of aclinica pathology [abin
ahospital andin the curriculumtoo. Reporting of positive abnorma finding of the
clinical pathology resultsareimportant equal ly to knowl edge about the absence of
abnormalitiesfor correct diagnosisof adisease.

Theanalytical testsdiscussed herearemostly manuad typeswhich utilizeprinciples
of basic chemicd reaction and primarily focuseson physical examination of fluids,
mi croscopy, and S mplechemical screening.

Learning outcomes
Thelearner:

e identifiesdifferent specimensand describesthe generd guiddinesfor sample
collectionindinica pathology

e discussestheimportanceof urineanayss
* identifiesdifferent typeof urine samplesand method of collection
e peformsphysicd, chemica and microscopica examination of urine
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» peformsurinepregnancy test
* identifiesthe importance sputumanaysis
* identifiestheimportanceof stool examination
» discussestheimportance of semen anaysisand describesthe method of
semenandyss
* identifiestheimportance and describesthe analysisof C.S.F and other
body fluids.
» mentionstherecent advancesinclinical pathology
Introduction
Clinical pathology isthe diagnosis of disease based on thelaboratory analysis of
body fluids.

Blood, urine, stool, sputum, cerebrospind fluid, semen, etc are pecimenscommonly
submitted for analysisin aclinical pathology laboratory. Physical, Chemical,
Serological and Microscopical examination of specimensare carried out inthe
laboratory

General guidelines for sample collection

Collect specimensin proper container ie wide mouthed, spill free, disposable
containers

L abel the specimen such as name of patient, type of specimen, ID no., Dateand
Timeof collectionetc.

Follow proper protocol for transportation of specimens
K eep the sampl esready for performing analysis.
3.2.2 Urine Analysis

Urineisthemost common specimen examinedin clinica pathol ogy |aboratory. Urine
is formed by the kidneys. The body removes water and many harmful waste
substances from the body through urine. Thisisanormal physiological process of
the body.

Urineandyd sprovidesmainly diagnostic and prognostic information on conditions
likekidney diseases, liver diseases, metabolic disorders, urinary tract infectionsand
parasiticinfestations. Inaddition pregnancy, endocrine disordersand drug overdose
areasoinvestigated with aspecimen of urine. Simplicity in obtaining the specimen
and lesser cost of test makesurineanaysisan popular tool inlaboratory investigations.
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Types of urine specimen
e Random specimen
e 24 hour specimen.
» Ealymorning specimen
Methods of collection

Random specimenisasampl e collected without any priority tothetimeor diet and
iscollected by the patient in awidemouth dry container, after cleaning the external
genitaliawith mild sogp and water. Urine specimenfrom catheter canbeobtainedin
necessary conditions. Urinecollection bagsareusedin caseof infantsand ingeriatrics.
A dean, early morning, fasting specimenisgenerally themost concentrated specimen
andispreferred for qualitative, quantitative and microscopic examinationfor the
detection of abnormal congtituents.

24 hour urinespecimen collectionisdoneby collecting urineinaspecia container,
2.5to5litre capacity with added preservative. Preferably morning 8 am to next
day 8 am over aperiod of 24 hr. It hel psto diagnose kidney problems. It isoften
collected to do testslike clearancetestsand to measure protein, hormones, minerds,
and other chemical compounds. The preservatives are added to prevent changesin
the urine (pH, odour, bacterial growth etc) that may happen on standing longer
periods. Preservatives commonly used aretoluene, formaldehyde, chloroform,
boric acid, hydrochloric acid etc.

Physical examination of urine

All routineurineandys sshould beginwithaphysca examination of theurinesample.
Thisexamination includes assessment of appearance (colour and transparency),
specific gravity, volume, reaction and odour. For best results of the physical
examination of urinethe specimen should beeva uated immediately after collection.

Colour

Normally theurineisstraw coloured (dueto urochrome). Colour dependson the
concentration of urine and varieswith the presence of constituents. Normal colour
of urine changesin different disease conditionsor in personstaking medications.

Deep Yellow : Mild to severedehydration, Jaundice, B complex therapy
Red to brown : Haematuria, haemogl obinuria, myoglobinuria, porphyria
Brownto black : Alkaptonuria, methaemogl obinuria.

Milky : dueto the presence of lymph (Chyluria)

<
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Thecolour of urineisusualy described after visua inspectionwith common colour
terms.

Transparency

Freshly voided urineisclear and transparent. It may becometurbidif exposed for
long time dueto the ureabeing acted upon by bacteriaor the presence of proteins,
puscells, blood, bacteria, urates, phosphates.

Specific gravity
It impliesthe capacity of kidney to concentrate urine. Normal specific gravity of
urineis1.010-1.025

Vaduesmorethan 1.025indicate severedehydration, DM (digbetesmellitus), Adrend
insufficiency. Vaueslessthan 1.010indicatesincreased water output asin Digbetes
insipidus. A low fixed specific gravity usually foundischronic renal failure. Itis
measured by urinometer or refractometer.

Volume

Normal urinary output rangesbetween 1000 - 1500 ml / day. It dependsupon fluid
intake, soluteload, loss of fluid by skin or otherwise, climatic condition etc

A urineout put morethan 3litre/day is called Polyuriaand isseen in- Diabetes
Mélitus, DiabetesIngpidus, Recovery from acuterend fallure(ARF), Diuretictherapy
etc.

A urineoutput Lessthan 500 ml/day isOliguriaandisseeninAcuterenal failure,
Vomiting, Fever, Burns.

Anuriaisthe suppression of urineoutput (generally lessthan 50 ml per 12 hoursis
considered asanuria)

Urinevolumescan be measured usually with avolumetric cylinder
Reaction (pH)

Norma fresh urineisacidic approximately 6. Depending on the person'sacid-base
status, the pH of urine may rangefrom4.5t0 8.

A Urine pH 8.5 or more may be found after heavy meals, Urinary tract
obstruction,Chronicrend failure

A pH 4.5 or less may be seen after heavy exercise, MetabolicAcidosis, Chronic
Respiratory, Acidosis, Uncontrolled diabetes

Extremely acidic or dkdine urine usudly indicatesapoorly collected specimen.

&
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Litmus Paper, Reagent strip testing(pH paper), are commonly employed for
measurement of pH,

Odour

Fresnly voided urineisdightly aromatic. Urine becomes more ammoniaca dueto
bacteria activity. A fruity odour isfeltin case of severe diabetes dueto presence of
ketone bodies. A putrid or foul smell isfeltin Urinary tract infections.

Chemical Examination of Urine

Chemical examination of urineisdoneto detect presence or absence of certain
constituentswhich reflects disease state of body. The parametersinclude Protein,
Sugar, Ketonebodies, Blood, Bilepigments, Bilesaltsand Urobilinogen. Conventiond
test methods are commonly employed.Reagent test strips (dip sticks) are
commercidly availableand recently used.

1. Proteins

Normadly very smal amount of protein (100 mg/day) isexcreted andisnot detectable
by routinequditativetest methods. Proteinuriaistheterm used for increased protein
excretioninurine. Commonly found proteininurineisalbumin soit isoften termed
asabuminuria. Proteinuriaisseeninkidney diseases such asNephrotic Syndrome,
Multiplemyeloma, chemica poisonsetc.

M ethods of detection

The methods are based on the principle of precipitation of protein by chemical
agentsor coagul ation by heat

* Heat and Acetic acid method

» Sulphosdicylicacid method

*  Reagent test strips (dip sticks) like albustix
2. Sugar

Glucoseisthepredominant sugar andisnormally absent inurine. Therend threshold
for glucoseis 180 mg%. If the blood sugar rises aboverenal threshold level, the
olucosewill appear intheurineandiscalled glycosuria. Mgor cause of Glycosuria
isDiabetesmellitus. Trangient glycosuriaisseen in pregnancy, Stressetc.

M ethods of detection

* Benedictstest--When Benedictsquditative reagent isheated with urine,
glucose present in urine reduces cupric ions present in the reagent to
cuprous ions. Alkaline medium is provided to the reaction by sodium

&>
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carbonate present inreagent . The color changesto green, yellow, orange
or red according to the concentration of glucosein urine.
» Reagent test strips(dip sticks) like glucostix.
3. Ketone Bodies

K etone bodiesisaterm used to describe three discrete but metabolically related
chemicals-Acetone, Acetoacetic acid and 3 - hydroxy butyric acid.K etone bodies
are spilled into urine and the presence of Ketone body inurineiscalled ketonuria.
Ketone bodies are detected in conditions such as diabetic ketoacidosis and
darvation.

M ethods of detection
» Rotherastest (Ketonebodiesform purple coloured complexeswith so-
dium nitroprussidein akaline medium)
* Reagent test strips(dip sticks) likeketostix
A fresh urinespecimenisalwaysprefered for ketone body estimation.
4. Blood

Presenceof bloodin urineiscalled Haematuria, seenin casesof Nephrolithiasis
(urinary cdculi) andin mdignancy. A micrascopic exminaion of urinehepsto confirm
the presenceof intact erythrocytes.

Hedthy individua snormaly will haveno detectablebloodintheir urine.
M ethods of detection

* Benzidinetest - Itisthetest for occult blood. It ishighly sensitive but as
benzidineiscons dered asapotent carcinogen, thistest isno longer used
Now.

* Reagent test strips ( Haem occult test)
6. Bile Pigments

These are breakdown products of haemoglobin excreted in bile. The two most
important bilepigmentsarebilirubin, whichisorange or yellow, and itsoxidized
formbiliverdin, whichisgreen.

Normally bile pigmentsare absent in urine. Presence of bile pigmentsintheurine
indicatesliver dysfunction such as obstructivejaundice. Fresh urinesampleshould
be used for bilirubin determination because exposure of urineto light may causeloss
of bile pigment by oxidation and |eadsto negativeresult.
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M ethods of detection

» Fouchet'stest.(Bilirubinistreated with ferric chloridein Tri chloro acetic
acidto givegreenish bluecolour)

* Reagent test strips (dip sticks)
7. Bile Salts

Bilesdtsaremadeintheliver from cholesterol and these helpin thefatsabsorption.
Sodium taurochol ate and sodium glycochol ate are the major bile salts. Normally
bilesaltsare negativein the urine. The presenceof bilesatintheurineindicates
diseaselike Obstructive Jaundice.

M ethods of detection

* Hay'stest. (Bilesatswhen present, lower the surfacetension of urine.
When sul phur powder is added to the urine, sulphur particlessink to the
bottom of thetubeindicates postiveresult.)

8. Urobilinogen

Mg ority of Bile pigment derived from breakdown of hemoglobinisexcretedinthe
stool, but small amounts are reabsorbed into the blood from theintestinesand then
excreted into theurine.Urobilinogenisformedin theintestinesby bacteria actionon
bilirubin.Urobilinogenisnormaly present in urinein low concentrations. A fresh
specimen isessentia for the detection of urobilinogen, asitisalight-sensitive
compound. Positivetest resultshelp to detect liver diseasessuch ashepdtitis, cirrhogs
and haemolyticanaemia

M ethods of detection

» Ehrlich'sTest (Urobilinogen formsacherry red complex with paradim-
ethyl amino benzal dehydein norma urine. On further dilution of sample
(>1:20) apogtiveresultissignificant.)

Microscopic examination of Urine

Microscopic Examinationof urine sedimentsprovidesadirect sampling of urinary
tract morphology, which hel psthediagnosisvery much.

The specimen used for microscopic examination should beasfreshaspossible. Red
cellsand many formed solidstend to disintegrate upon standing, particularly if the
specimeniswarm or akaline.Concentrated first morning, mid-stream, clean catch
urine specimen, is preferred for microscopy. Urineis collected without faecal &

vagind contamination.
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The urine sediments assessed under microscope can be of two types
* Organized - Leukocyte (Puscells), Erythrocytes, Casts, Epithelid cdlls,
Bacteria, Parasitesand fungi.
* Unorganized - Crystalsand amorphous sediments.

Puscells- They areround or ova in shapeand present normally, 0to 3 leukocytes
per high-power field will be seen on microscopic examination. Thepuscellsare
leucocytes. Morethan 5 cells per high-power field probably indicate urinary tract
infection.

Erythrocytes- Red cellsare not usually present in normal urine and appear as
refractile bodies, seen in acute glomerulo nephritis, stonesin urinary tract and
malignancy etc. Estimatetheir number per high-power field and report it.

Epithelial cells- Normal urineshowsafew epithelial cells. Markedincreaseinthe
number of epithelial cellssignifies somepathologica conditionsof thesite of their
origin.

Bacteria- Presenceof numerousbacteriain the centrifuged deposit of freshly voided
urinesignifiesinfectionintheurinary tract.

Cads- Theseareformed by coagulation of dbuminousmaterid inthekidney tubules.
Castsarecylindrica and vary in diameter. Thesidesare parald, and theendsare
usualy rounded. Castsin the urine dwaysindicate someform of kidney disorder
and should always bereported

Therearedifferent typesof casts. They are Hyaine casts, Red cell casts, Granular
casts, Epithelia casts, Waxy castsand Fatty casts

Crystals
Crystal sof various substances can be seen according to thereactions ( pH) of urine.
Crystalsfound in normal acid urine-

*  Amorphousurates- yellow and granular precipitate

* UricAcidCrystals appear insevera forms, Multi colored when polarized
most commonly Diamond shaped

e Cacium Oxalate Crystals ismost frequently observed in urine and
octahedryl inshapes, often referred to asan 'envel ope' shape

CrystalsfoundinAlkaline urine
*  Amorphous phosphates-finegranular precipitates
» Cdcium phosphate- dtilleteprism




B Vvedical Laboratory Technology

e Cacium carbonates- colourless spheresor dumbbell shaped

» TriplePhosphate Crystalsare Colorless, 4-6 sided prisms Referredto as
‘coffinlid crystds

Crystal found in abnormal urine
Cystine- colourless, retractile, hexagona
Tyrosine- Fineneedlein clumps, ydlow and silky
Leucine- yellow oily spheres
Sulphonamide- yellow brown striated sheaves or roundwithradia striations

NORMAL CRYSTALS

Ca Oxalate

»To

Ca Carbonate

Bilirubin Cholesterol \Cylll ne Leucine

. N\ V4
CER W e
— ! A
- /Al
Tyrosine Acyclovir Indinavir

Urine Pregnancy Test

Most chemical testsfor pregnancy
look for the presence of the beta

subunit of hCG or human chorionic /
gonadotropin, intheblood or urine.
hCG can be detected in urine or
blood after implantation, which
occur six to twelve days after
fertilization.
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Thecommon test donefor detection of hCG in UrineisCard Test. It qualitatively
detectsthe presenceof hCG Itisasingle stepimmunoassay and hashigh sensitivity.

Paper stripscoated with monoclona anti-hCG antibody incorporated in adisposable
cardisusedfor thetest. Theurineisintroduced in the samplewindow. A ppearance
of coloured bandsin the control and test areas denote apositivetest.

Urine Analyser

Automated machinesarenow available
intheclinicd laboratory to performurine
analysiscaled'UrineAnayzer'. Using
urine strip readers, the unit can detect
and quantify a number of analytes
including bilirubin, protien, glucose, red
blood cellsetc. Theinstrument works
onthe principleof Reflectance photometry and can process severa hundred strips
per hour. Different typesof urineandysersindude Cobas 6500, UF-1000-SIEMENS
CLINITEK ANALY SER etc.

DETAILING OF PRACTICALS

Detection of Protein in Urine- Heat and AceticAcid Method
Cloudy urine specimensarefiltered or centrifuged
2. Fill clear urine2/3 of asmall test tube

Bail the upper portion of urineover aflameby keepingthetubeinadanting
possition. (lower half servesascontrol)

4. |If turbidity devel ops, add 1-2 drops of 3-5% acetic acid sol ution. Sometimes
turbidity may bedueto phosphate or carbonate precipitation. If itissothen
glacia aceticacid clear uptheturbidity. If itisdueto protein then precipitation
will bethere after the addition of acetic acid.

Reboil the specimen

If turbidity ispresent proteinispresent .if thereisnoturbidity in upper portion
then proteinisabsent.

7. Gradetheturbidity asfollows:




B Vvedical Laboratory Technology

Negative: No cloudiness

Trace: Barely visble/ dight cloudiness.

1+ : definitecloud without granular floccul ation

2+ heavy and granular cloud without granular flocculation
3+ : densecloud with marked floccul ation.

» 4+ :thick curdy precipitation and coagulation
Detection of sugar in Urine - Benedicts Test
Procedure
1. Pipette 5ml of benedictsreagent intest tube
2. Add8dropsof urine
3. Heat carefully over aflamefor 1-2 minutesor placein boiling water
bath for 5 minutes.
4. Cool under tap water.
5. Notethecolour of solutionand precipitate.
Interpret asfollows
No changeincolori.e. blue . Absenceof sugar.
Green . Trace
greenwithydlow precipitate - 0.5%
Ydlow - 1%
Orange - 15%
Brick red : >22%
Detection of Ketonebodiesin Urine - Rothera'sTest
Procedure
1. Transfer about 5ml of urineto atest tube

2.

Add solid ammonium sulphate alittle at atimewith mixing to saturatethe
urine

3. Addapinch of sodium nitroprusside or 2-3 ml of solution

4. Mixwel andadd liqguor Ammoniadrop wiseaong thesides of the tube

Observe purplering at thejunction of two layers
Appearance of purplering indicatesthe presence of ketonebodies
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Detection of Bilepigment in Urine - Fouchet's Test
Procedure
1. Take5ml of urineintest tube
Add 2 ml of barium chlorideand mix well
Filter throughfilter paper
Unfold thefilter paper and spread it onthedry filter paper.
Add 1- 2 dropsof Fouchet'sreagent on the precipitate
6. A greenor bluecolor indicatespresenceof bilirubin.

a kDN

Detection of Bilesalt in Urine - Haystest
Procedure
1. Take 2ml of urinein atest tubeor small beaker
2. Sprinklelittleamount of fine sulphur powder
3. Observethemovement of sulphur powder without shaking the beaker
4. Sinking of sulphur powder indicates presence of Bilesdts
Microscopic examination of urine
1. Trangfer urinesampleto aconica centrifugetube.

2. Centrifuge your sample at a moderate speed 1500 - 2500 rpm for 5
minutes.

3. Discard thesupernatant by quickly pouring off fluid.
4. Taptubewithindex finger to mix sediment withremainingfluid.

5. Makeawet mount of sampleby transferring 1 drop of material toadlide
and covering with acoverdip.

6. Examinethe sampleunder the microscopeunder low and high power.
7. ldentify the sediments observed and report their approximate number in
Lpf/Hpf.
hCG detection in urine- UrinePregnancy card test

1. Openthesealed pouch of thetest card and bring the card to room tem-
perature

2. Addthreedropsof urinethrough samplewindow using dropper provided.
Wait for coloured bandsto appear.

3. Appearance of coloured bands in the control and test areas denote a
positivetest
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3.2.3 Sputum examination

Sputumismucusthat iscoughed up fromthelower airways of therespiratory tract
I.elungs, tracheaand bronchi. Salivaand nasopharyngeal secretionsarenot part of
thesputum. Sputum samplesare used for microbiologica investigationsof respiratory
tract infectionsand cytol ogical investigations of cancer. Purulent sputum contains
pus, composed of whiteblood cells, cellular debris, dead tissue, serousfluid, and
viscousliquid (mucus).

Collection:

An early morning sampl e obtained by deep coughisapreferred samplefor analysis,
For thediagnosis of Tuberculosis, samplemay be collected on three consecutive
days. Widemouthed disposabl e containersare preferred for the coll ection of sputum
sample. The patient should take adeep breath, and empty hislungsin one breath
and at the sametime cough ashard and deeply ashe can. Whatever hebringsup by
coughing, should be spit into the container and collected.

Physical Examination

It involves measurement of colour and consistency or appearance. Normal sputum
ispaeydlow in colour and containsmucoid materials. It may beredin Pulmonary
Tuberculsisdueto the presence of blood (Haemoptysis), dark yellow in bronchitis
and brownin pneumonia.

Norma sputumisviscousdueto the presenceof mucus, purulent in casesof bronchitis
or acute upper respiratory tract infection, frothy in pulmonary oedema

Microscopic examination

Itinvolvesmainly the examination of unstained and stained smears. For preparing
Sputum smearsfor microscopi c examination, thepurulent portion of thesamplemust
beincluded. While handling utmost care should betaken in suspected cases of TB.
Examination of Ziehl Ned son stained smearsaremost routinely used method in the
diagnosisof Pulmonary Tuberculosis.

Grams stained smears are commonly used for the detection of bacteriacausing
respiratory infections such as Pneumococci, Haemophilus and staphyl ococcus.
Stained and unstained smears are used to detect the presence of puscells, epithelial
cells, RBCs, malignant cells, Curshmann spirals, Charcot leydon crystalsetc.
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DETAILING OF PRACTICALS
Demonstration of Ziehl Neelsen Staining Technique

Prepare asmear from the purulent portion part of the sputum using an applicator
gtick, heat fix and do ziehl nelsonstaining, air dry andlook under oil immersionfield
of microscopefor the presence of red coloured rod shaped organismin ablue back
ground, number of organismsnoted and graded as 1+to 4+ inthereport. Presence
of tuberclebacilli indicatestubercul osisinfection.

3.2.4 Stool Analysis

Stool isanimportant specimen for thediagnos sof diseasesof gastrointestinal tract
such asdiarrhoea, dysentry, paragiticinfection, gastrointestinal bleeding, peptic ulcer,
carcinomaand malabsoption syndromes. Testswhich reveal the presence of blood
denotes an ulcerative lesion somewhere in the gastro intestinal tract, either
inflammatory or asaresult of cancer. Examination of stool showsthe presence of
parasites such as Entamoeba hi stolytica, varioustypes of tapeworms, pinworms,
round wormand itsegg.

Collection of Specimen: A portion of fresh specimeniscollectedinaclean wide
mouthed container with aspatula. Areas contai ning mucus, blood and pus should be
incorporated inthe specimen.

AnaysisincludesPhys cal, Chemica and microscopic examinations

Physical examination-

M acroscopic examination of thestool involves cons stency, colour, blood ,odour,pH
etc. The presenceof adult wormsin afreshly passed stool (adult stages of Ascaris

lumbricoides and Enterobiusvermicularis, Proglottids of Taeniaspecies) isaso
reported.

Chemical examination
It includesthetestsfor occult blood and reducing substances

Blood may be present hidden in the stool called occult blood and is seen in
malignancies, ulcers, haemorrhoidsetc. Occult blood in stool were detected by
Benzidine based tests, and isnow not used due to the carcinogenicity of benzidine.
It has been replaced by strip tests.

The presence of reducing substancesisusualy donein children suspecting lactose
intolerance. The unabsorbed sugarsin stool are measured as reducing substances.
Benedict'stest iscommonly employed for detecting reducing substances.
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Microscopic examination

Microscopic examination of faeces can be done by saline preparation andiodine
preparation. It helps detection of identification of cells, crystals, protozoa, ovaof
intestinal parasites
Direct saline wet mount

a. Placeadrop of sdineonthedide.
b. Pick upasmall amount of faecal material ontheend of an applicator stick

c. Emulsfyinthesdineand cover withacover dip. Examineonlow andhigh
power. Thesmear should bethin enoughto read aprinted pagethroughit.

d Theentirepreparation must be examined for the presence of eggs, larvae
and protozoa.

Iodine wet mount

lodine preparation isuseful for theidentification and differentiation of protozoal
eggsand cysts

a. Placeadrop of Lugol'siodinesolutiononadlide.
b. Pickupasmall amount of fecal material on an applicator stick
c. Emulsifyintheiodinesolutionand cover with acoverdip.

d. Examineonlow and high power asdescribed inthe previousprocedure.

3.2.5 Semen Analysis

Semenisacomposite secretion formed by testes (mal ereproductive organ) aswell
astheaccessory glands. Semen andysisisaso caled'Seminogram’ evaluatescertain
characteristicsof semen and the sperm contained therein. Itisdoneto evauatemale
fertility or verifying the success of vasectomy or suspected cases of paternity in
medico legal disputes. Asaresult of itsrelative simplicity, ssmen analysisisfirst
requested before more complicated and expensi ve examination of thefemaein the
infertility treetment.

Specimen collection

The sample should be collected after aminimum of 3-5 daysof sexual abstinence.
The sample should be obtained by masturbation and g/ acul ated into aclean, wide-
mouthed contai ner made of glassor plastic. It should beemphasi zed that the semen
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sample needsto be completely collected and reached in thelaboratory within 30
minutesof collection, in order to limit the exposure of the semento fluctuationsin
temperaure.

Semen analysis should begin with a physical (gross) examination soon after
liquefaction,preferably at 30 minutes, but nolonger than 1 hour after jaculation.

Physical examinationincludesvolume, viscosity, colour, reaction and liquefaction
time
Liquefaction time:

Semen istypically asemisolid coagulated mass. Within afew minutes at room
temperature, the semen usually beginsto liquefy and complete within 30 minutes.
Thetimetaken to liquefy thesampleisnoted.

Macroscopic examination of semen
Semen viscosity:

Theviscosity of the sample can be estimated by gently aspiratingitinto aplastic
disposable pipette,dlowing the semen to drop by gravity and observing thelength of
any thread. A norma sampleleavesthepipetteinsmal discretedrops. If viscosity is
abnorma, thedrop will form athread morethan 2cmlong.

Colour:
A normal liquefied semen sample hasagrey-opa escent appearance.
It may appear |ess opaqueif the sperm concentrationisvery low.

The colour may be red-brown when red blood cells are present (haemospermia),
ydlow injaundiceor intaking certain vitaminsor drugs.

Volume

Norma volumeof semenisbetween 1.5-5ml. Volumeof sampleisusualy measured
by collecting the sampledirectly into amodified graduated glassmeasuring cylinder.

Reaction (pH):Reaction of semenisnormally akaline (pH 7.2-8.9), decreasein pH
interferewith semenmotility.

Microscopic examination:

During the microscopic examination of the sample, estimation of motility, sperm

count and eval uation of sperm morphology is performed. The presenceof cells
other than spermatozoaand clumping of spermatozoaisal so to be observed.
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Detection of Motility:
A drop of well mixed liquefied semenisplaced on aclean glassdideand put acover
glass. Then examineunder high power objectivefor themoatility of spermatozoain at
least 10 fieldsreport in percentageand graded as

* Rapidprogressvemoatile(Active).

»  Sow progressvemotile (duggish)

e Immatile
Sperm Count

The number of spermsin sample can be estimated in a counting chamber after
diluting the semen. After liquefaction, gently mix the specimen and draw it upto the
0.5 mark of aWBC pipette. Then draw the diluting fluid (Sodium bicarbonate-
Formainfluid) upto the 11 mark and mix well. Chargethe counting chamber, keep
for 5 minutes and then count the number of spermsin thefour corner squaresunder
low power objective. Count only those spermatozoawhich are completeie. with
head body and tail. Calculate the number of spermotozoa/ml of the sample by
multiplying the number of sperms counted by 50,000. Thenorma Sperm countis
80-160 millions/ml.

Oligozoospermiarefersto seminal fluid inwhich contain decreased number of
spermatozoa.

Azoospermiaisaconditioninwhich semen containsno sperm.
Necrozoospermiarefersto semeninwhichal sperm arenon-viableor non-motile.
Sperm morphology

Sperm morphology iseva uated by examining the stained smear. After assessing
approximately 200 spermatozoa, report the percentage of normal and abnormal
forms. Norma semen containslessthan 20% abnormal forms.

Normal sperm morphology

Spermatozoaconsists of ahead, neck, middle piece (midpiece), endpiece. For a
spermatozoon to be considered normal, both itshead and tail must benormal. All
borderlineformsshould be considered abnormal.

_ Thehead should be smooth and oval in shape
_ Themidpieceshould bedender, regular and about the samelength asthe
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_ Theend piece should bethinner than the mid piece, and longer, about 10
timesthehead length.

Chemical examination
Chemical andysisof semen sampleinvolvesthedetection of thefollowing analytes:

* Acid Phosphatase- To evd uatethe secretory function of the prostateand
usedinforenscanaysis

* Fructose - sincefructoseisthe source of energy to sperm, fructose con-
centrationindicatesviability of spermsinsample.

3.2.6 CSF And Other Body Fluids

CSF Examination

CSF (cerebrospinal fluid) isaclear watery fluid circulating in the sub arachnoid
space around the spinal cord and brain. It protectsthe brain and spinal cord from
injuries, aso actsasatransport medium for transport of substances between the
tissuesof brain spina cord and blood. Examination of CSFisdonefor thediagnosis
of variousdiseaseslikemeningitis, tumoursof central nervoussystem

CSFiscollected by lumbar puncture under aseptic precautions. A specid typeneedle
(Lumbar punctureneedle) isused for specimen collection. Usually collected by an
experienced clinician. Thepuncturesiteiscleaned withiodineand spirit. Theneedle
iscarefully introduced into the subarachnoid space. When the needletip isreached
the correct depth removethestilette. CSFwill flow through the needle. In adultsthe
needleisusually administered between the spinesof 3rd and 4th lumbar vertebra. In
small childrenitisdone between 4th and 5th lumbar vertibra. CSF pressureisa so
measured using aglass manometer attached to theneedle. 6to 8 ml CSFisusuadly
collected for routine examination in three sterile containers. First few dropsinthe
first container for bacteriologica investigations, mgjor portioninthe second tubefor
bio chemicd investigation and therest for cytol ogical investigationinthethird tube.
Examination of CSF should bedonewithin 1 hour after collection.

Physical Examination

Normal CSFisclear having the specific gravity 1.003. Turbidity may be dueto
the presence of RBC leucocytes or bacteria, Yellow colour due to old
haemorrhage, severejaundiceor spinal constriction. Bloody dueto traumaduring
collection sub arachnoid haemorrhage. In tuberculos smeningitisthecl ot appearsas
acob web.
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Microscopic Examination

Doneto evaluate the cellular constituents of CSF.Should be done soon after the
collection. Norma CSF containslymphocytesonly. Polymorphsarepresent only in
pathologica conditions. normal cell count is0-5 lymphocytes per cumm.

Céll count isdoneby diluting 1in 10 with diluting fluid and counting isdone using
Improved Neubaur counting chamber or Fuchs Rosenthal counting chamber. The
number of cells per ml of undiluted CSFiscounted and calcul ated. Increased cell
count isseeninmeningitis, encephditis, poliomyditis, syphilisetc.

Differential Cell Count

Samplehaving anincreased cell count issubjected to differential count. Preparea
smear using centrifuged sampledry and stain with Lieshman's stain, examineunder
microscope. Increased lymphocyte percentageindicatesvira infection and increased
neutophilsindicatesbacterid infection.

Chemical Examination

Chemica Examinationincludesglucose, protein and chloride. Normd protein content
is 15-40mg%. Globulinisthe major protein present. CSF proteinisincreased in
acute meningitis, sub arachnoid haemorrhageetc. Sulphosaicylicacidtestisusualy
used for CSF protein determination.

Normal CSF glucoselevel is40-70mg%, level isusually decreased in bacteria
meningitis, smal increaseisnoticedin poliomyelitis, encephaitisbraintumoursetc.
Indiabetesthe CSF glucoselevel isincreased normally about 60-80% of the blood
glucose level. Methods empl oyed for blood glucose estimation can be used for
CSF Glucoseestimation al so.

Normal CSF Chloridelevel is115-125 mEq/l and it isdecreased in all types of
meningitis, CSF Chlorideisusudly estimated by titrimetric method.

Other body fluidsinclude Pleurd, pericardid, peritoned fluid ,Asciticfluid, synovid
fluid, gagtricjuiceetc.

The general approach of laboratory study is the same as the CSF-physical
examination, microscopic examination, bacterial culture and chemical
examination.Synovid fluidisthefluid found around thejoint examined in order to
s inthediagnosisof joint-arthritis, gout or infection of thejoint (septic arthritis).
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ASSESSMENT ACTIVITIES

Performance of urineanays swith thegiven sampleand record theresults

Assignment given onimportance of sputum examinationin Tuberculosis

Assignment given on how Microscopi ¢ examination of stool isperformed
Fow chart Preparation showing different proceduresin semenanaysis

Chart Preparati on showing precautions taken during collection of semen

Theory Evaluation Questions

1 | Your MLT Teacher asks your group to present a seminar on
SemenAndyss
a) Preparesubtopicsfor themembers 3
b) Explaintheprocedurefor determiningthe Total sperm count 5
c) Withthehelp of alabeled diagram explainthestructureofa | 3
norma spermatozoa
2 | CSF collection acomplex process. Namethe method usedfor this | 1
3 | Thegiven diagram showstheresult obtained whiledoingurine | 1
pregnancy test for apatient
T C
3
a) Interprettheresult (1 score)
b) Writethe principleand procedure of thetest( 3 score)
4 | Givereasonsfor thefollowing
A. Justapositivetest for urine urobilinogen doesn't have much
clinicd sgnificance 1
B. Sulphur powder sinksto the bottom of urine sample positive
for bilesdts 1
5 | Prepareaninstruction noticeto patientsregarding sputum sample
collection. 3
6 | Find"me"usngtheclues
i)  lamaningrument usedto check specific gravity. Temperature | 2
correctionisnot needed
i) lamahormone. | amnormally found in theurine of pregnant
woman
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Unit 3.3
CLINICAL BIOCHEMISTRY

Clinicd Biochemistry isoneof themost rapidly advancing areasof adinicd laboratory
which dedl swith variousbiochemica parametersof thebody. Themarkedincrease
in the number and availability of biochemical determinations has evolved the
advancement of |aboratory medicine to ahighly sophisticated molecular level.
Advancesin technique, practicing standards, and interpretation inthisfield have
madethearea, most multifaceted and complex . Thisunit of Clinical Biochemistry
will makethelearner familiar with the basic biochemical analytical proceduresas
well asto get awareof therecent trendsin clinica biochemistry.

Thisunitamsat theimportanceof emphasizing thegpplication of clinica biochemistry
tomedicine. Thisunit givesthebasic theoretical and practicd information'sinclinical

biochemistry which areused for thediagnosisand trestment of diseases. Inaclinica

laboratory most of theinvestigationswhich the physiciansrely onarefrom clinical

biochemigtry. Every disease hasabiochemicd origin, which may dter the biochemica
parameters. These parameters are estimated from the body fluids by processing
different specimens. Learnersshould know thebasi ¢ requirementsfor thebiochemica

investigationsind uding different biol ogical specimens, their collection and processing
of biochemical estimationsand have brief knowledge of preparation of solutions
and different typesof assays. Thelearner should familiarize common instruments
and theworking procedures. The modul e suggests students activitiesastep by step
guide to perform few of the biochemical estimation proceduresto practice the
procedures taught in the lessons. The module covers the routine biochemical

investigationslikeblood sugar, renal functiontests, Liver functiontests, lipid profile
andrelevanceof other clinica biochemistry estimations.

Learning outcomes

Thelearner:

. definesclinica biochemistry, grades of variouschemicalsand preparation
of solutions

. differentiatesdifferent types of assaysusedin biochemigtry.

. identifiesdifferent typesof specimens, their collectionand processing for
biochemicd andysis.
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performscleaning of glasswares

explainsthe parts, working, use and to operate common instruments
used inbiochemistry

explainsDiabetesand differentiatesvariousblood samplesused for blood
Sugar estimation

identifiesdifferent blood sugar estimation methodsand estimates blood
glucose by GOD POD method

explansGTT, GCT procedures, Glucometer techniqueand importance
of HBAlc

explainstherelevanceof renal function test and toidentify varioustests
includedintheRFT panel

identifiescommon blood ureaestimation methods and estimateblood Urea
by Berthlot method

identifies common creatinine estimation methods and to estimate
S.Creatinine by Jaffesmethod

discussestheimportance of uric acid and estimation of uricacid by uricase
method

identifies theimportance of microabumin, Cystatin-C and clearancetests
for theevauation of rena function

explainstherelevanceof Liver function test and toidentify varioustests
includedinthe LFT panel

explainsjaundiceand to perform Edimation of Bilirubinby Maloy- Evelyn
method

performsthe estimation of serumtotal protein by Biuret method
performs the estimation of serum albumin by BCGmethod

identifiestheimportanceof ALT,AST& ALPparametersin theevauation
of Liver function

explainstheimportance of Lipid profileand toidentify varioustestsincluded
intheLipidprofile

performstheestimation of S. Cholesterol by CHOD-PAPmethod
identifiestheimportanceof S.Electrolytes

identifiesthedlinica sgnificanceof S.Cacium& Phosphorousestimations
identifies theclinicd sgnificanceof variousspecia biochemical tests
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. identifiestheimportance of quality control inbiochemistry and ableto
explainvarioustermsusedin quality control

. identifiesthe need, advantages and recent advances of automationina
Clinicd biochemistry [aboratory

. mentionstheadvanced diagnostic methodsin clinica biochemistry

3.3.1 Introduction to biochemistry

The human body isacomplex structure and many chemica reactionstakeplacein
the human body, Biochemistry deal with the understanding of variousbiochemical
reactions occurring in an organism. Clinical biochemistry involves analytical
measurement of different chemica congtituentsof thebody fluidslike serum, plasma,
urine, CSF etc at the molecular level. The results that are obtained from such
measurements are compared with referencerangesand refl ectsthe malfunctions of
different organs likeliver, kidney, pancress, etc. there by helpinginthediagnosis of
diseasesand treatment.

Types of Chemicals

Based on purity, different grades of chemicalsare used inthelaboratory; Routine
laboratory usesL aboratory grade (LR/GR) reagents. Analytica gradereagents(AR/
Andar) arechemicalsof high purity used for advanced | aboratory procedures.

Chemicascanaso beclassfied into primary ssandardswhich areavailablein pure
crystallineform and do not absorb water, so they retain their form and structureand
stored for acons derable period of timeeg. Oxalic acid, sodium carbonate etc.others
such assodium hydroxide, hydrochloric acid etc. are grouped as secondary standard
chemicals.

Solutions-

Solution isahomogenous mixture of solvent and itsdissolved solute. Thereare
different types of solutionsused in medical |aboratory procedureswhichincludes

a) Percentagesolutions

Thisisthe most commonly used solution typein amedical laboratory. Percentage
solution containsgramsof solute per 100 ml of sol ution. Percentage solution may be
W/ orV/V solutions. Inweight per unit volume (W/V) solution, particular weight
of soluteisdissolved inaliquid solvent and volumeper unit volume (V/V) solutionis

prepared fromliquids.
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b) Saturatedsolution
A saturated solution i sthe sol uti on that contain maxi mum amount of dissolved solute
¢) Molar Solution

A solution that contains gram molecular weight of solute dissolved in onelitre of
solution.For example, themolar weight of sulphuric acid (H,S0,) is98. Therefore,
onemoleof H,S0, contains 98 gm of H_SO, per liter of solution.

d) Normd Solution

A solution that contains gram equivaentsof asolutedissolvedinonelitreof the
solution. Theequivalent weight of H,SO, is98 divided by 2 (valancy of H,SO,),
whichis49. Therefore, one normal solution of H,SO, contains49 gram of H,SO,
per litreof solution.

e) Standard solution
Standard sol ution isasolution whose concentrationisexactly known.
Assay

Assay istheterm referred to theand yti c proceduresin alaboratory, for qualitatively
ng or quantitatively measuring the presenceor anount or thefunctiond activity
of ananalyte.

In an assay, when an anal yteisdetected using achemical reaction, therearetwo
optionsfor ng itsconcentration. Oneistowait until thereactioniscomplete
and thetotal amount of anayteisconverted to product - called an endpoint reaction.
The other isto measure therate of changein product formed over time- called
Kinetic or ratereaction.

Endpoint Assay

Endpoint reactionsareespecidly suitablefor chemical reactionswhich arecompleted
inareatively short time and they produce one product for each molecule of anayte.
For example, areaction of abuminwiththedyebromocresol green (BCG) produces
acolored complex. If thereactionisalowed to continue until al the allbumin present
insolution hasreacted and the maximum amount of colored product hasformed, the
colour at theend of thereaction reflectsthetotal amount of abumin asthea bumin-
dyecomplex.

Kinetic Assay

Enzymeactivity is mostly determined by arate reaction rather than an endpoint
reaction. In such cases determination of the enzyme concentration i sbased on how

&
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fast afixed amount of substrateis converted to product. The more enzyme present,
thefaster the conversion. Examplesof enzymesthat are often measuredintheclinical
laboratory include SGPT (an enzymemeasuredin Liver diseases)

Kinetic assay may also be used for measurement of ana ytesthat are not enzymes.
For example, if areactionisvery dow to reach an endpoint, arate method may be
morepractical in order to obtainaresult in ashorter timeframe. Someexamplesof
anaytes other than enzymesthat aremeasured using rate reaction includeammonia
(awaste product of protein metabolism).

Common Specimens used in clinical biochemistry

Body fluidsfrequently used for testinginclude blood, urine, saliva, cerebrospinal
fluid (CSF), amnioticfluid, synovid fluid, pleurd fluid, peritoned fluid and pericardid
fluid etc. Thesefluidsoften contain the same analytes of interest - such asglucose
and protein - but differ greatly from each other in physical and chemical
properties.

Blood isthe most commonly used specimen for testing intheclinical 1aboratory.
Serumor plasmapart of theblood iscommonly used for biochemical investigations.

Urineisanother fluid commonly usedfor testingin clinical chemistry laboratories. It
isespecially suitablefor teststhat evaluate kidney functions, teststhat | ook at waste
products that are excreted by the kidneys, and for metabolites like hCG etc.
Sometimes both serum and urine concentrations of asubstance are useful to know
inorder to evaluate how well theanalyteisbeing excreted.

Fluidsother than blood and urine, likeamniotic fluid, synovid fluid, peritonea fluid,
pleura fluid and pericardia fluid, areusedinlimited clinical settingsand aretested
for only afew specia anaytes.

Cleaning of Glassware for biochemical analysis

Good |aboratory technique demands clean glassware. Tests may |ead to erroneous
resultif dirty glasswareisused.

The used glasswares should be washed with water immediately after use, soak in
mild detergent sol ution, wash in running tap water and rinsewith distilled water and
dry. If lab-wareisnot cleanedimmediately, it may becomeimpossibleto remove
theresidues. Such glasswaresshould be soaked inwater or specia cleaning solutions.
Special cleaning solutions such as chromic acid solutions are suggested in the case
of moredirty glasswares.

&>
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Most new glasswaresaredightly akalinein reaction. New glassware should a so
be soaked in several hoursin acid water (a 1% solution of hydrochloric or nitric
acid) beforeuse.

Pipettes should be placed in avertical position with thetipsupinajar of cleaning
solution. A pad of glasswooal is placed at the bottom of thejar to prevent breakage.
After soaking for severa hours, thetipsaredrained and washed under running tap
water until al tracesof cleaning solution areremoved. Thepipettesarethenrinsedin
distilled water and aredried in an oven at not more than 110°C.

Mot |aboratoriesthat uselarge numbersof pipettesdaily, useaconvenient autometic
pipette washer. These devices are made of metal or polyethylene and can be
connected directly to hot and cold water supplies. Polyethylene basketsand jars
maly be used for soaking and rinsing pipettesin chromic acid cleaning solution.

It isimportant that the necks of volumetric flasks above the graduation mark be
clean because, when solutionsarediluted in theflask, drops of water may adhereto
anuncleanwall and may invalidate the measurement of volume.

3.3.2 Instruments used in Biochemistry

Clinica biochemistry involvesdifferent andytical methodsfor the measurement of
variousbiologica compoundsinthebody fluids. Thisdemandstheuseof avariety
of instruments such as photo electric calorimeter, spectrophotometer, flame
photometer, centrifuge, baance, ditillation apparatus, pipettesetc. for thequditetive
and quantitativeanayss.

Photometry isthemost common andytica techniqueusedin clinica biochemistry.
The principleof photometry isbased onthephysica lawsof radiant energy or light.
Inthismethod, the intensity absorbed transmitted or reflected light ismeasured and
related to the concentration of thetest substance.

Photometeric principlesareappliedin severa kindsof anaytica measurements.
1. Measurement of absorbed or transmitted light:
Colorimetry, spectrophotometry & Turbidometry.

2. Measurement of emitted light:
Flame photometry, Flourometry.

Colorimeter

Based on Bear-Lambertslaw, Colorimetry involvesmeasurement of col our produced
by an analyte whose concentration isunknown (Test) and its comparison with that
produced by known amount of substance (Standard) and intern its concentration.
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The part, use and working of Colorimeter is discussed and familiarised in the
module 1 of the course.

Sandard formulaused intheColorimetryis:
Concentration of andytein deciliter:

Absorbance (O.D) of Test y Concentration of Standard « 100
~  Absorbance (O.D) of Standard Amount of Sample

Spectrophotometer has same working principle of Colorimeter but in
spectrophotometer, prism or diffraction grating is used as monochromator which
provides narrower wavel ength and enables specia measurementsinultraviolet and
infrared regions.

Flame Photometer

Flame photometry works on thefact that the compounds of thealkali and alkaine
meta scan bethermally dissociated in aflameand that some of the atoms produced
will befurther excited to ahigher energy level. When these atoms return to the
ground statethey emit rediation whichliesmainly inthevis bleregion of the spectrum.
Each dement will emit radiation at awavel ength specificfor that element. suchas
Sodium (Na) 589 Yellow, Potassium (K) 766 Violet. Light emitted isproportional
to sample concentration. The light emitted by the element at the characteristic
wavelengthisisolated by an optical filter and theintensity of that light measured by
aphoto-detector, and then an electrica signd can beobtained proportiond to sample
concentration. Such an el ectrica signa can be processed and the readout obtained
inanandogueor digital form. FHlame photometer isused for determining electrolyte
concentrationin serum samples.

Centrifuge

Centrifugeisan essential equipment of every medical |aboratory to separate solid
particlesfromaliquid suspension by meansof centrifugd force. Centrifugeisrequired
for the preparation of serum and plasma, removing precipitatesetc. intheclinical
biochemistry tests

Water Bath

A water bath isan instrument where water is heated and the set temperatureis
maintained at aconstant level. Itisused to incubateliquid substances. Chemical
testsreact best at aspecific temperature. Many testsreact at room temperature (18
to 22°c) and othersrequire aspecific temperature as body temperature (35 to 37°c).
Such procedural requirementsare met by usingwater bath. Whenthereactantsin

&>
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tubes are placed in a water bath, the water surrounding the tubes warms the
substancesinsidethetubeand it takes the same temperature asthe water.

Incubator

Incubatorsa so used for theincubation purposes. Incubation at controlled temperature
isrequiredfor clinical biochemistry analysis. Theincubator iskept at aspecific
temperature (usually at 370c). When tubesare kept inside theincubator, they take
thetemperatureof theincubator. The appropriate temperatureis obtained by means
of temperature regulator and is maintained by athermostat. Thispermitsamore
accurate temperature control.

The parts, use and working of Centrifuge, Water bath and Incubator are
discussed and familiarised in module 1 of the course.

Distillation and Deionisation apparatus

Thequality of water used inthelaboratory isvery crucial. In medical |aboratory
work, water of an gppropriate quality and quantity isrequired for the preparation of
Standard solutions, buffersand controls, Reagentsfor rinsing of cleaned glassand
plastic wares, cuvettes, etc. All water used in medical laboratory should befree
from substancesthat could interfere with thetests being performed.

Depending on the requirements, availablefacilitiesand quaity of thelaboratory's
water supply, thefollowing instruments can be used to obtain water of adequate
purity and quaity.

Water digtilling gpparatusisan instrument that isused to purify impurewater by a
processknown asdistillation. Distillationisaprocess by which impurewater is
boiled and the steam produced i s condensed on acold surface (condenser) to give
chemically puredistilled water that iswater from which non-volatileorganicand
inorganic materid sareremoved. Didtill ation doesnot removedissol ved ionized gases
such asammonia, carbon dioxide, and chlorine. Distilled water should beclear,
colorlessand odorless.

Deionizer isan apparatus used to produceion freewater. Deionization isaprocess
inwhich chemicaly impurewater ispassed through anion and cation exchangeresins
to produceion free water. Deionized water haslow el ectrical conductivity, near
neutral pH andisfreefromwater-solublesatsbut isnot sterile.

3.3.3 Blood Glucose Estimation

Sugarsarecarbohydrateswhich arewiddy distributed in anima sand plants, Glucose
isthemain sugar inthebody and servesaschief fuel providing constant energy for
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dl activities. Theblood glucoseconcentration remains constant inanormal healthy
individua andit rangesfrom 80-120 mg%. Many hormonessuch asinsulin& glucagon
etc playskey rolein the regul ation of blood sugar. Hyperglycemiais condition of
increased blood glucoselevel and hypoglycemiadenotes decreased glucoselevel.

DiabetesMd litusisachronic disease dueto disorder of carbohydrate metabolism,
cause of which is either deficiency or diminished level of insulin resulting in
hyperglycemia& glycosuria(presenceof glucosein urine). Digbetesisamultisystem
effected disorder involving many organs and systems. Symptoms of the disease
includefrequent urination (Polyuria), Excessivethirst (Polydypsia) and Increased
hunger (Polyphagia) etc.

Therearetwotype of diabetes (@) Juvenile Diabetes (Typel Diabetesor Insulin
dependent) (b) Adult onset diabetes (Typell diabetes or Non Insulin dependent.

Diabetesisconsidered to bealifestyle disorder, A number of lifestylefactorsare
known to beimportant for the devel opment of diabetes mellitustype 2including
obesity, physical activity, diet, stress, and urbani zation. Excessbody fat, number of
dietary factorssuch as sugar sweetened drinksand thetype of fat in the diet appear
toplayarole.

Long term complicationsof Diabetes devel opsgradually, prolonged high level of
blood glucoseisthemain risk factor which increases complicationslikedisabling or
even life threatening. The possible complications includes Nerve damage
(Neuropathy), Kidney damage (Nephropathy), Eye damage (Retinopathy), Foot
damage, Skin diseases, Diabetic comaetc.

Blood Glucose Estimation

Blood sugar estimationisdonefor thediagnos sand management of diabetesand it
isoneof theroutineanalytica testsdonein aclinicd laboratory. Therearevarious
methodsavailablefor itsestimation. previousmethodslike Folin Wu methodswere
based on the reducing property of glucose, so it may not givetruevalue, newer
methods like GOD POD Method and Hexokinase methods are enzymatic and
specific, providestrueglucosevaue.

Glucose - Oxidase method is one of the specific and most routinely employed
estimation method of blood glucose determination.

Sample used

For the estimation of glucose blood, serum or plasma sample are used. Whole
blood, and arteria blood valuesare higher than venousval ues. Now adays serum

&>
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or plasmasamplesarepreferred for the estimation.
Varioustypesof samplescollected for blood sugar are:
a) Fastingblood Sugar (FBS):
The blood sampleiscollected after the patient fastsfor 12 hoursor overnight.
b) Post-Prandia Blood Sugar (PPB S)
Blood iscollected 1%2-2 hours after theintake of rich carbohydrate meal.
¢) Random Sample(RBS)
Blood iscollected at any time, regardlessthetime of food intake.

The plasmaseparated from blood sampl e collected in atubes containing sodium
fluoride (NaF) and potassium oxalate mixtureisan ideal samplefor blood glucose
esimation, snceNaF preventsthelossof glucosein sampleby preventingglycolyss
inRBC'shy inhibiting theenzyme'enolase.

Glucometer:

Glucometer ispoint of careof testing devicefor

determining the approximate concentration of v m /
glucoseintheblood. Itiscommonly used for

home blood glucose monitoring by peoplewith 7
diabetesmdlitusor hypoglycemia A small drop e{ <

of blood, obtained by prickingtheskinwitha N

lancet, is placed on adisposabletest strip that Hivatexthon ot Glusove mniining
the meter reads and usesto cal culate the blood with Glucometer
glucoseleve. Themeter then displaystheleve

in units of mg/dl . Most of the glucometers are based on the electrochemical
technology or colour reflectanceprinciple.

Glucose Tolerance Test

Glucose Toleranceisdefined asthe capacity of the body to tolerate an extral oad of
glucose. Normally the blood glucoselevel remainsréatively constant thefasting
being 70-110mg%. Theglucosereturnsto normal within 2hours after theintake of
Glucoseor meal. Theoral GT.T. isused to diagnose pre diabetes and Diabetic
conditions.

A fasting blood sampleisdrawn and patient is given ameasured dose of glucose
solution (75 gmin 200-250ml water). Blood and urine samplesare collected at half
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an hour interval up to 2% hours and sugar is estimated. Theresult obtained is
plotted on agraph with timeson the X axisand blood glucosevauesonY axis.

Innormal glucosetol erance, thefasting sugar valuewill bewithinnorma leve. Pesk
valuewill be seenin 1 hour and none of the urine samples show the presence of
sugar. Decreased tol erance obtained in diabetes, showsfasting sugar abovenormd,
pesk val ues exceedsrend thresholdleve and sugar may be present in urinesamples.

Glucose challenge test (GCT)

GCT isdoneto eva uate the body response of apatient to animmediateincreasein
theblood sugar value. In GCT, the patient isgiven 50gm of glucosein 200-250ml
water and blood sampleiscollected after 1 hour for glucose estimation. Normal

individua smetabolisetheamount of glucoseand maintainthenorma glucoselevd.
GCT isdoneduring pregnancy to screen for gestational diabetes.
Glycated hemoglobin (HbA1C)

Haemoglobiningdeerythrocytes

undergoes a non enzymatic

chemical reactionwith glucose.

HDbA 1c concentration hasbeen

suggested asareliable measure

of the degree of metabolic LowHbA1C High HbAIC
control in diabetic patients. It

provides an assessment of average blood sugar control over thelast 3months.

In peoplewithout diabetes, thenormal rangefor the HbA 1c test i sbetween 4% and
5.6%. HbA 1c levelsbetween 5.7% and 6.4% indi cate increased risk of diabetes,
andleve sof 6.5% or higher indicate diabetes. Chromatographic method, latex immune
assay or enzymatic assay areemployed in HbA1c tests.

3.3.4: Renal function tests

Themain function of thekidney isexcretion of water solublewaste productsfrom
our body. The kidney has variousfiltration, excretion and secretary functions.
Derangement of any of thesefunctionwould result in either decreased excretion of
waste productsand hencetheir accumulation inthebody or lossof somevita nutrient
from the body. Based on thelevel of these excretory productsand nutrientsin the
urineaswdl asin blood can makean accurate cal culationto interpret the efficiency
of thekidney to undertakeitsvariousfunctions. Thedifferent tests used to assess
the renal function include various biochemical testsin blood, urine analysis,

concentration dilution tests, clearancetest etc.
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Rend function test includesagroup of teststo eval uatethefunction of kidney which
includes S.Creatinine, Blood Urea, S.Uric acid, Serum e ectrolytessuch asNat+,
K++, totd proteinand Albumin.

Non protein substances are nitrogen contai ning compounds present in the blood.
They areUrea, Uricacid, Creatine& Crestinineetc. their increaseintheblood level
usudly indicateimpaired rend function.

Ureacongtitutes 50% of total NPN and isthe end product of the protein metabolism.
Itissynthesized intheliver from theammoniaproduced by the catabolism of amino
acids. Itistrangported by theblood to thekidneysfrom whereit isexcreted. Average
normd ureaconcentrationis15-40mg/dl. Increasedlevd sarefoundinrend diseases,
urinary obstructions, shock, congestive heart failure and burns. Decreased levels
arefoundinliver failureand pregnancy. Different ureaestimation methodsinclude
diacetyl monoxime (DAM) method, enzymatic methods using ureaseetc. Berthlot
method isusualy employed for the determination of urea.

Creatinine, ardiableindicator of rena functionisnormally presentinbloodintrace
amountsanditsnormd rangeis0.6-1.2 mg/dl. Crestinineconcentrationisremarkably
congtant and it isthemeasureof glomerular filteration. Methodsof Serum Crestinine
estimation are Jaffe's (a kaline picrate) method and creatininase method,

Uricacidistheend product of purinemetabolism. Itsnorma rangeinfemaeis2.5-
6.0mg/dl, andinmaeis3.4-7.0mg/dl. Increaseof uric acid inthe serum plasmaor
urine can bedueto the over production of purine containing moleculesor dueto
insufficient excretion. The concentration of uric acid isincreased in various renal
diseases, withincreased cell lysisinthe presence of tumors, leukemiaetc. Prolonged
€levation of the concentration leadsto gout. Specific method of S.Uricacid estimation
isuricase method.

Clearancetestsare used to expresstherate of excretion of agiven substance by the
kidney. Itisthemeasureof glomerular function. Clearance of any substanceisdefined
asthevolume of blood or plasmawhich containstheamount of substancewhichis
excretedintheurinein oneminute. Ureaand Cregtinineclearancetestsarecommonly
employed.

Determination of Cystatin Cisanove marker of Glomerular filtration. CystatinCis
alow molecular weight protein synthesized by all nucleated cellsfiltered at the
glomerulus.. Becauseof itsmultiple advantages, cystatin C iscons dered asuperior
marker for determining GFR. Cydtatin Cisdetermined by Huorescent and enzymatic
immuno assaysor Nephelometric assays. Thereferencerangeis0.8- 1.03mg/l.
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A urinea bumin concentration ranging 30-300mg/24 hriscaled microa buminuria
Detection of urinemicro dbuminisconsdered asardiablemarker for prediction of
later devel opment of kidney diseasein diabetes. Immuno turbidometric methods
arecommonly employed for the detection of urine microa bumin.

3.3.5 Liver function tests

Liver function testsare agroup of testsdoneto assessthefunction of liver, which
hel psto determinethe presence, typeof liver diseaseanditsprogresson.LFT includes
thefollowingtests S.hilirubin, Total protein, S. Albumin, Globulin, ALT,AST &
ALP

Bilirubinisformed in the reticuloendothelial system during the degradation of
erythrocytes. The heme portion from hemoglobin and from other heme containing
proteinsareremoved, metabolized to bilirubin, and transported asacomplex with
serumabumintotheliver. Intheliver, bilirubinisconjugated with glucuronic acid for
solubilization to form conjugated or direct bilirubin for subsequent transport through
thebileduct into thedigestivetract whereit ismetabolized by bacteriato agroup of
products collectively known as stercobilinogen. Tota bilirubinisthe sum of the
conjugated and unconjugated fractions.

Increasein bilirubin causesyell owish discol oration of skin and mucousmembrane
andiscdled Jaundice. Jaundiceisd assfiedinto threegroups, haemolytic (Prehepatic)
Jaundice, Infectious( Hepatic) and Obstructive( Post Hepaticjaundice).

Pre-hepati ¢ diseases such ashemolytic diseaseor liver diseasesresultinginimpaired
entry, transport or conjugation within the liver causes elevation of unconjugated
(indirect) bilirubin. Tota Bilirubinise evatedin conditionscaus ng obstruction of the
bileduct, hepatitis, cirrhosis, in hemolytic disordersand severa inherited enzyme
deficiencies.

Based on thereaction of bilirubin with diazotized suphanilic acid (Van den bergh
reaction), different Bilirubin estimation methodsareavailable. Malloy -Evelyn
methodisthe commonly employed method used for bilirubin determination. Normal
Serum bilirubin Total is 0.2- 1.0 mg% and direct bilirubin value is less than
0.5mg%.

Serum containsalargevariety of proteins. Albumin andthevariousglobulinscondtitute
thebulk of thetota amount of proteins present in serum. Normal serumtota protein
concentration is 6-8 gm%, The values are lower in neonates, rise gradualy in
infancy and reach the adult levels in early childhood. The level decreasesin

pregnancy.
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Anincreaseinserumtota proteinsoccursin dehydration dueto haemoconcentration.
Anincrease may a so occur inmultiple myeloma, chronicinfections, chronic liver
disease and autoimmune diseases.

A decreasein serum totd proteinsmay result from heavy lossesof proteinsinurine
asin nephrotic syndrome. A decrease may al so occur in proteinmalnutritionandin
shock, burns, hemorrhage etc. due to haemodilution. Increased breakdown of
proteins, asin hyperthyroidism, un-treated diabetesmellitus, etc. may dsolower the
level of proteinsin serum. Themost widely used method of total proteinisstill the
biuret method. (The name derivesfrom the reaction between biuret and cupricions
inanakainemedium.

Albumin comprises about 50% of thetotal protein concentration. normal serum
albumin concentration is 3.5-4.9 gm%, different method of albumin estimation
includes salting out and dye binding techniques. Dyebinding method 'BCG method
iscommonly employed for thea bumin estimation.

Globulinsareestimated by subtractinga buminvauefromtotd proteinvaue. Normd
serum globulin concentrationis 2-3.5 gm%. Thenormal Albumin/Globulin (A/G)
ratiois2:1. TheA/Gratio may beused asanindicator of liver diseases, it may be
decreased or reversed inresponseto alow abuminor to elevated globulinsseenin
liver disease.

Asacentreof metabolic activity, Liverisrichinvariousenzymessuch astransaminases
and phophatases. inliver diseasesthe destruction of liver cellscausetherel ease of
these enzymes, with consequent riseinther valuesin blood. Serumleve sof Aspartate
transaminase (AST/SGOT), alanine transaminase( ALT/SGPT) & Alkaine
phosphatase (ALP) areincreased in liver diseasesdueto damageto hepatic cellsor
duetoobgtructionintheexcretion of bile. TheALT vaueishigher thanAST inliver
diseases. Detection techniques of transaminases include various colorimetric,
gpectrophotometric, chemiluminescence and fluorescencetechniques. Norma value
is5to40U /I for AST and5to 35U/ | for ALT and 20 to 140 IU/L for ALP.

3.3.6 Lipid Profile
Lipid profileor lipid panel isapane of blood teststhat servesasaninitia broad
medica screeningtool for abnormditiesinlipids, thelipid profiletypicaly includes:
» Totd cholesterol
* Triglycerides
» High-dengtylipoprotein (HDL)
* Low-density lipoprotein (LDL)
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Usingtheseval ues, alaboratory may also calculate: VLDL

LDL &VLDL vauesareusualy ca culated by using the Friedewal d'sequation:
VLDL = Tnglygend%
LDL =Totd cholesterol - (HDL +VLDL)

The blood samplesfor lipid profile should be collected only after 10-12 hours of
fadting.

Cholesteral isfoundindl body cells. Theliver makesall of thecholesterol thebody
needsto form cell membranes and to make certain hormones. Thedetermination of
serum cholesterol isone of theimportant tool in ngtheriskinartherosclerosis
andinthediagnossof familid and nonfamilid lipemia High blood cholesterol isone
of themgjor risk factorsfor heart disease.

Previoudly estimation of serum. Cholesterol isbased on colour reactionssuch as
Lieberman burchard reaction etc. specific enzymatic method such asCHOD PAP
Method isnow employed for thedetermination of Serum Cholesterol.

Serum Cholesterol variesfrom 150-200 mg%in healthy young adults, increasein
cholesterol usualy regarded asarisk factor in the development of heart disease. An
increasein serum cholesterol (hypercholesterolaemia) isfoundin diabetes mellitus,
nephrotic syndrome, obstructivejaundice, and hypothyroidism. A decreasein serum
cholesterol (hypochol esterolaemia) isfound in hyperthyroidism, hepatocellular
damage, anaemia(except haemorrhagic), acuteinfections, intestina obstruction and
termind statesof avariety of disease.

Lipoproteins includes High density lipoproteins(HDL), Low density
lipoproteing(LDL), and Very low density low proteins(\VVLDL) arethe proteinswhich
transport fat in the blood stream. HDL isknown as'Good Cholesterol' since it
carriescholesterol form peripherd tissuestoliver for excretion. Optimum level of
HDL cholesterol isabove 60 mg%. HDL Cholesterol below thelevel of 40mg%
may indicatetheincreased risk of coronary disease. LDL carriescholesterol and
triglyceridesfrom liver to extrahepatic tissues|eading to atherosclerosis. Hence
LDL istermed as'Bad Cholesterol'. Thedesirablelevel of LDL islessthan 100

mg%o
Triglyceridesare estersof fatty acidswith glycerol arethe most common typeof fat

inthebody, that mostly comefromfood. High levelsof blood triglyceridesare often
found in peoplewho have high cholesterol levels, heart problems, are overweight or

have diabetes. Itsdesirableleve isbelow 150 mg%.
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In addition to serum Total cholesterol, the measurement of HDL, LDL and
Triglycerides providevauableinformation for therisk assessment of coronary heart
diseases.

3.3.7: Other parameters of Diagnostic importance

Clinical Biochemistry istherapidly advancing areasof aClinica laboratory having
about 700 different testsavail able today. The marked increasein the number and
avallability of laboratory diagnostic procedures hashelpedinthe solution of clinica
problems. Individud laboratory testsarerarely ordered and reported singly; usually
combinations of labtestsareused .Biochemical investigationslike blood glucose,
LFT and RFT aredoneroutinely for most patients were as special biochemical
profilessuch asTFT, Infertility profile, eectrolytes, Cardiac and tumour markers
arenow increasingly requested by the phys cianwhich hel psthemin screening various
endocrinemalfunctionsand cancers.

Determination of body fluid concentrationsof thefour mgjor eectrolytes(Na', K*,
CI, andHCO,) iscommonly referred to asan "€l ectrolyte profile.” Sodiumand
Potassum arecommonly ordered at regular interval sto monitor trestment of certain
conditions, including high blood pressure (hypertension), heart failure, lung diseases,
and liver and kidney disease.

Referenceleve:- Sodium: 135-145M Eqg/l  Potassium: 3-5.0M Eq/l

S.Sodium and Potassium are determined usual ly together by flame photometry, lon
Sengitive Electrode (1SE) or Spectrophotometric methods.

Clinically important minerals

Determination of Serum calcium and phosphoruslevelshel pto diagnosedisorders
of minerd metabolism. Normd caciumleve isbetween 8.5-10.5mg/dl. Decreased
cdciumleve arefoundin Rickets, Hyporparathyroidism and Rend fallure. Increased
calciumleve isseeninHyper parathyroidismand in bonetumours.

Normal serum concentration of phosphorusis2.5- 4.5mg/dl. Increased level are
found hypoparathyroidism, and renal failure. Decreased levelsare seenin hyper
parathyroidsm, Ricketsand Vitamin D deficiency.

Clinically important hormones

Thyroid hormones such as Thyroid-stimulating hormone (TSH, thyrotropin),
Thyroxine(T4), Tri iodothyronine (T3). areestimated to check thefunction of the

thyroid. Thyroid function tests(TFT) isacollective term used for these hormones.
TFTs may be requested if a patient is thought to suffer from hyperthyroidism
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(overactivethyroid) or hypothyroidism (underactive thyroid), or to monitor the
effectiveness of ether thyroid-suppression or hormonereplacement therapy.

Sex Hormones like Follicle-stimulating hormone (FSH), Prolactin (PRL),
Progesterone, Estrogen, Freeand totd testosterone, Luteinizing hormone (LH) are
estimated to eva uate endocrinefunction. Thesehormonesincludedintheinfertility
profilecanaidindetermining causesof infertility.

Clinically important Enzymes

Different formsof acid phophatases originated from different organssuch asprodtrate,
liver, boneand Red cdlls. arefoundin blood. Determination of prostratic fraction of
acid phosphataseisuseful inthediagnosisof prostratic cancer.

Theblood amylasetest isused to hel p diagnose and monitor acute pancredtitis. The
referencerangefor Serum amylaseis40-140 U/L

Gammagutamyl transferase (GGT) isan enzyme of hepatic originisoftenincluded
in theliver function tests. Normal serum level of GGT is10- 50 U/L. Elevated
levelsarefoundinliver diseases, pancredtic diseasesand chronic a coholism.

Cardiac markers:

Cardiac biomarkersare substancesthat arerel eased into the blood when the heart
Isdamaged or stressed. M easurements of these biomarkers are used to diagnose
acute coronary syndrome (ACS) and cardiacischemia.
Currently using cardiac markersincludes

Troponins(Troponin| & TroponinT)

CK MB,

L actate dehydrogenase (LDH),

Agpartate serum transaminase (AST)

Myoglobin

Natriuretic peptide.

Tumour markers

Tumour markersare substances, often proteins, that are produced by the cancer
tissueitself or sometimesby the body in responseto cancer growth. Because some
of these substances can be detected in body samples such as blood, urine, and
tissue, these markers may be used, a ong with other testsand proceduresto help to
diagnose sometypes of cancer, predict and monitor aperson’'sresponseto certain
treatments and detect recurrence. Tumour markerscan be determined in serum or

rarely in urineor other body fluidsoften by immunoassay.
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Commonly used tumour markersinclude

Alfafetoprotein (AFP),
CarcinomaEmbryonicantigen (CEA),
Prostate specific antigen (PSA),

CA-125,

CA-19.9

BetaHuman chorionic gonadotropin (BhCG)

Blood Gas Analysis:

Arteria blood gas (ABG) analysistest measures parameters such aspH, Po,, P
Co,& HCQO, intheblood for the Clinical management of acid-baseimbalance,
respiratory and metabolic disorders.

3.3.8 Quality control in biochemistry

Nowadaysthe clinicians mainly depend on the laboratory resultsfor thediagnosis
and treatment of diseases. Qudity resultsat right time gainsgreet valuein alaboratory
practice. Various quality control measures are adopted in medical |aboratory to
reduce preanaytical, anaytica and post analytica errors.

Quality assurance defined by WHO isaTota processwhereby thequality of lab
reports can beguaranteed. Qudity control programmeinvolvesvarious stepstaken
both insde and outside thelaboratory in order to ensure quality of resultsgiven

Internal quality control

Thisisbased on monitoring the Biochemistry test proceduresthat is performed
wthin thelaboratory. It includes measurement of specially prepared materialsand
repested measurementson routine specimensaswel | asstatistical analysisof day by
day dataobtai ned from thetest which has been routinely carried out. Thereisthus
continuous evaluation of thereliability of thework of thelaboratory. Hence IQC
primarily check theprecision of labwork.

External quality assessment (EQAS)

Thisistheevauation of laboratory procedures by an outside agency on specialy
supplied samples Andysisof performanceisretrospective. Theobjectiveistoachieve
comparison between |ab and between method compatibility, but thisdoesn't guarantee
accuracy unlessthe specimens have been assayed by thereferencelab dongsidea
reference preparation of known vaue. Schemesare usually organized on anational
or regional basis. Hence, EQA ismainly concerned with anaytical part of thetest.
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Common terms used in Quality control includes

Accuracy refersto the closeness of the \
estimated valueto that of truevalue. @ O .
Precisonrefersto theclosenessof the

re&JIt on repaed anal yS S, lmnreciw Precise but Preciw and
Specificity istheability of an andlytica e Lacoe
method to determine solely the analyteit isrequired to measure.

Senditivity istheability of an anaytical method to detect smallest quantitiesof the
measured analyte.

Anaytica methodsrequirecalibration, the processof relating theva ueindicated on
the scal eof the measuring deviceto the quantity required to be measured. Cdibration
isdone using standard, the solution with which thesampleiscompared to arrive at
theresult. Standard sol utionsrefer to the known amount of asubstancein asolution
inwhichits concentration is expressed in terms of molesor in weights per unit
volume.

* Mean: Referstothearithmetic average of aset of values. A measureof central
tendency of the distribution of aset of replicate results. Often abbreviated by
anx withabar over it.

e Sandard deviation- indicatesthe average error, used to define how much
thedifferent valuein asariesof smilar determinationsdiffer from oneanother
onasamesample.

2
S= ,/Z()r‘]—lx) X - Individual determinations

X - Mean of Determinations
n: No of Determinations
»  Coefficient of variation (CV)/The relative standard deviation, i.e., the
standard deviation expressed as a percentage of themean [CV=100(gx)].

* Bias: Asystematicdifferenceor systematic error between an observed value
and some measureof thetruth. Generally used to describetheinaccuracy of a
method relativeto acomparative method in amethod compari son experiment

Types of errors:

Two major types of errorsmay occur in alaboratory.

- Random error: that arise due to in adequate control on pre analytical
variables- patient identity, samplelabelling, samplecollection, handling and
transport etc.

Individual measurement minusmean (X - X)
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- Systemicerror: That occur dueto inadequate control on anaytical variables
eg. dueto error in calibration, inpure/unstable calibration material, unstable
reagent blanksetc.

Mean minustruevaue.

Levey-Jennings (LJ) chart

Levey-Jennings Graph
Levey-Jennings chartisthemost |

important control chartinlaboratory | as] «evveeeeeiveeeeenii g
quality control. Itcanbeusedfor |*${ k11 __ A___ I | fre—
internal andexternal quality control | e] | f\ A m p ﬂ ‘M g f\ e

analytical errors (random and |™*
systematic) and is used for the ::
edimationof thar magnitude. Onthe | s
x-axisthe date and time, or more
usualy thenumber of thecontrol run, areplotted. A mark ismadeindicating how far
off theactua result wasfrom themean (which isthe expected vauefor the contral).
Linesrun acrossthe graph at the mean, aswell as one, two and sometimesthree
standard deviationseither side of themean. Thismakesit easy to seehow far off the

result was.
3.3.9 Automation and Recent advances

During the past few year, in clinical biochemistry there hasbeen aconsiderable
increaseinclinical demand for [aboratory investigations. When thevolume of work
increased, there arose a need for work simplification. Mono step methods are
introduced to replace multistep cumbersome and i naccurate methods like Folin-
Wu'sblood sugar determination. The efficiency of monostep methodswasfurther
increased by theintroduction of automatic dispensersand diluters. For thecommon
test likeblood glucose, blood ureaetc., however, most largelaboratoriesfound this
approach gill inadequateto deal with work load and instrumentsdesignedto handle
thewholeanadytical processin mechanized fashion have become common placein
last decade.

Automation refersto the mechanization of manual techniqueswiththe minimal
involvement of an andyst or technician . Theavail ability of automated instruments
enableslaboratoriesto manage much larger workl cadswithout comparableincreases
instaff. Automation simply being used to assist thelaboratory technologist in test
performance, but it now includes

(1) Processing and transport of specimens,

(2) Loading of specimensinto automated andyzers,

(3) Assessment of theresultsof the performed

as well. It detects all kinds of | _M:‘_VJ{_M?‘_V__M}[_“ 7]

0 0 % » “ Q@
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Reduction in the variability of results, errors of analysis and the improved
reproducibility gained by automation hasled to asignificant improvement in the
quality of |aboratory tests. Autoanal yser replacesthe stepsof pipetting, proteinfree
filtratration, manua incubation etc. with automated devicesand increasestheaccuracy
and precision of the methods. Following arethe different types of autoanalysers
usedinclinica chemistry laboratories.

Types of analyzers

Semi-autoanalyzer: Itisapartid

automation technique Here, the '
samples and reagents are mixed !
andreed manualy. Cdculationand - ~—______r"
reportingisdoneby theingrument.
Fully AutoAnalyser : Hereall
the stepsincluding pipetting and mixing of sampleand reagent, incubation, reading,
cal culation and reporting isdone by theinstrument. Fully auto analyser can be of
different types.

Batch analyzer: . One parameter is estimated at atime enabling one batch of a
specifctest to be automatically conducted. The next parameter isestimated only
after completion of one.

Semiautoanal yser Fully automatic analyser

Random Accessautoanalyzer s. These analyzers can storemorethan onereagent.
Samples are placed in the machine and the computer is programmed to carry out
any number of selected tests on each sample. Priority can be given to test any
sampleor any test without any specific order. Hencethey arealso called STAT
(Short TurnAround Time) Anaysers. They can perform singletest, profile pattern
or emergency tests.

Electrolyte Analyser tonophore Valinormyoin ) sakcts for Potassim @)
Electrolyte analysers are the latest

automated instrument used for the o
estimation of electrolytes such as

sodium (Nat), potassium (K+) etc. Q P
in place of flame photometer. The °|m ﬁl N
instrument uses lon selective N °

electrodes and is based on the & 4 Q (] =
potentiometric method of ion S ——

measurement. 1SEsuse membraneswith very sdective permeability or sensitivity to
theanayteion'ssizeand charge. Themembranesmay have poresthat limitthesize
of ionsthat may enter the membrane. They may beimpregnated with chemicals,
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called ionophores, which alow only sel ected ionsto be sensed by the electrode.
For example, apolymer membranethat incorporatesanionophorecaled vainomycin
ishighly selectivefor potassumwithlittleto no responseto physi ol ogic concentrations
of other ionslike sodium, calcium or magnesium.

Advanced Assay Techniques

Chemiluminescent immunoassay (CL1A) isoneof thelatest trendsin diagnosis.
Chemiluminescenceisthelight emission produced during achemical reaction. Ina
chemiluminescent immunoassay, achemiluminescent moleculeisused asanindicator
label to detect and quantify immunol ogica reactions. Isoluminol and acridinium esters
areexamples of chemiluminescent labels. Oxidation of isoluminol by hydrogen
peroxideinthepresenceof acadys (e.g., microperoxidase) producesalight emisson
at 425 nm. Oxidation of an acridinium ester by alkaline hydrogen peroxideinthe
presence of adetergent (for example, Triton X-100) producesarapid flash of light
at 429 nm. The concentrations of analytes are determined by measuring these
wavdengths.

Chemifluorescence assay involvesthe enzymatic conversion of asubstrateto a
fluorescent product. The enzyme cleaves a phosphate group from afluorogenic
substrateto yield ahighly fluorescent product. The fluorescence can be detected
using afluorescenceimager.

Incident light is a shorter wavelength than the Chamiuminscencs Fluorescence

emitted light.

th!'l'"
mm—— )t Product )( Light
X High Energy Low Energy /\ /\
"(ﬂ:;’ Long

( Wavelength m
Light S C C Photodetector # L

a Fluorophore

Turbidometry: Theassay involved with measuring theamount of transmitted light.
Commonly employed in the determination of the concentration of total proteinin
urineand CSFwhich contain small quantitiesof protein (mg/L)

Nephelometry: isconcerned with measurement of scattered light from acuvette
containing suspended particlesin asol ution. Nephel ometry usedin the determination
of immunoglobulin (total, IgG, IgE, IgM, IgA), haptoglobin, C-reactive protein, etc
inserum.
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High performanceliquid chromatography (HPL C) isbascdly ahighly improved
form of columnliquid chromatography. HPL C hasthe ability to separate, and identify
compoundsthat are present in any samplethat can bedissolvedinaliquidintrace
concentrationsaslow as partsper trillion. Instead of asolvent being alowedtodrip
through acolumn under gravity, in HPLC asample mixture or analyteisforced
through asolvent (known asthe mobile phase) at high pressure through acolumn
with chromatographic packing materia (stationary phase). Thesampleiscarried by
amoving carier gasstream of helium or nitrogen.

Clinicd applicationsof HPLC

1. Urineanalysis, antibioticsanaysisin blood.

2.Andysisof bilirubin, biliverdininhepatic disorders.

3. Detection of endogenous Neuropepti desinextracdlular fluid of brain etc.

samplc
Injector
HPLC column

Block Diagramof HPLC

HPLC
solvent

Wwaste

Point-of-caretesting (POCT) isthe testing at or near the point of careieat the
bedside, thiscontrastswith the historical patterninwhichtestingmostly confinedto
themedical laboratory, POCT bringsthetest conveniently and immediately to the
patient. POCT utilizesdry chemistry principles, uses easy-to-use membrane-based
test gtrips, enclosed by plastic test cassettesand often accomplished through the use
of portable, and handheld instrumentse.g., blood glucose meter. POCT includes
blood glucosetesting, blood gasand electrolytesanalysis, rapid coagul ation testing
(PT/INR), rapid cardiac markersdiagnostics, drugs of abuse screening, urine strips
testing, pregnancy testing, faecal occult blood analysis, food pathogens screening,
haemogl obin estimation, infectious di sease testing and cholesterol screening etc.

N
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DETAILING OF PRACTICALS

Cleaning of used Glassware for biochemical analysis
Procedure:
1. Used glasswaregiven should bewashed with water immediately after use
2. Soak in mild detergent solution for considerableperiod of time.
3. Washthoroughly with running tap water
4. Rinsewithdistilledweter.
5. AllowedtodryinHotair oven at 80°C.

Operation of Colorimeter, Centrifuge, Water bath, incubator,

To operatean instrument carefully under the supervision of teacher, preparearecord
log of theworking, Care and maintenance of theinstruments.

Blood Sugar estimation by GOD POD method
Principle
Glucose oxidase cata ysesthe oxidation of glucoseto gluconic acid and hydrogen
peroxide. ThisH, O, isbroken down to water and oxygen by a peroxidase, the
oxygenformedwill bind with 4 amino antipyrineand d cohol toformred colour. The
amount of red colour formed isdirectly proportional to thethe amount of glucose
present in the sampl e, which can be measured colorimetricaly.

Requirements:

Glucose Reagent

Glucose standard (100mg%o)

Sample: Plasma/Serum

Procedure:
1. Take3testtubesandlabel asT,S& B

2. Pipettethereagentsasgiveninthetablebel ow

Test (T) Standard(S) Blank (B)
Reagent 1ml 1ml 1ml
Sample 10pl - -
Standard solution - 10ul -
D.Water - - 10pl

>
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3. Mix and incubate for 10 min at 37°C or 15-20 min at room temperature (15-
25°C), Read the absorbance (A) of the Test and standard, against the Blank using
Greenfilter(540nm).

4. Cdculgtion:
Abs of Sample

Abs of Standard X

mg/dl glucoseinthesample = 100

Normal value: 80-120 mg%
Estimation of Urea by Berth lot method.
Principle:

Urease hydrolyzesureato ammoniaand CO,. Theammoniaformed further reacts
with aphenolic chromogen and hypochloriteto form agreen coloured complex.
Intensity of thecolour formed isdirectly proportiona to theamount of ureapresent
inthesample. Urease

Urea+H0 —— > Ammonia+CO,
Ammonia + Phenolic chromogen + Hypochionte —————————>  Greencoloured complex
Requirements:
1. Buffer Reagent

2. EnzymeReagent
3. Chromogen Reagent
4. UreaStandard (40 mg/dl)

Working Enzyme Reagent: aworking enzyme reagent may be madeby pouring 1
bottle of EnzymeReagent into 1 bottle of Buffer Reagent.

Sampleused: Serunv plasma

Procedure;

1. Take 3test tubesand label asT, S& B

2. Pipettethereagentsasgivenin thetablebelow

Test (T) Standard(S) Blank (B)
Enzyme Reagent 1 ml 1 ml 1ml
Sample 10pl - -
Standard solution - 10ul -
D.Water - - 10ul
Mix well and incubate for 5 mins. at37° C or 10 mins. at R.T. (25°C)
Chromogen Reagent ‘ 0.2ml ‘ 0.2ml | 0.2ml

N
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Mix well and incubatefor 5 minutesor 10 minutesat R.T. (250 C). Measurethe
absorbance of the Standard and Test Sampleagainst the Blank at 578 nm, within 60
minutes.

Absorbance of Test

- . _ 40
Caculaion:  Ureainmg/dl = 0 fsd.

Normal Vaue; 15-40 mg/d|

Estimation of S.Creatinineby Jaffe'sKineticmethod

Principle

Creatininereacts with alkaline picrateto produce ared coloured complex. The

intensity of red colour formed duringfixedtimeisdirectly proportiona totheCreetinine
concentration.

Requirements:
1. Picricacid Reagent
2. AlkdineBuffer Reagent
3. Standard Creatinine (2mg%o)

Working reagent preparation: Mix equal volumesof PicricAcid Reagent (1) &
Alkaline Buffer Reagent(2). Working Reagent is stablefor 10 daysin aBrown
Bottleat room temperature.

Sampleused : Serum, Plasmaor Urine can be used.
Procedure:
1. Take2testtubesandlabel asT& S

2. Pipettethereagentsasgiveninthetablebelow

Test(T) Standard(S)
Working reagent 1.0 ml 1.0 ml
Sample 100pl -
Standard solution - 100ul

Mix well and alow it to stand at R.T. for 5 mins. Read theinitial absorbancefor
standard(A S0) and Test (ATO)against distilled water at 520 nm (greenfilter) after
exactly 30 seconds. Read another absorbance of standard (AS1) and Test (AT1)
against distilled water at 520 nm (or) greenfilter exactly after 60 seconds|ater.

AS=AS0-AS1
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AT =ATO-AT1
Serum Creatinineinmg/dl =
Normal Vaue; 0.6-1.2 mg/dl

Estimation of S.Uric acid by Uricase method
Principle:

Absorbance of Test
Absorbance of Std.

Uricasetransforms Uric acidinto Allantoin, Carbon dioxide (CO,) and Hydrogen
peroxide (H,0,). By theaction of Peroxidase and in the presence of DHBS and 4-
Aminoantipyrine, Hydrogen peroxide gives a coloured product which can be
measured at 520 nm. the amount col oured product formed is proportional to the
uric acid concentration of the sample.
Requirements:

Reagent (R1) Phosphate buffer& DHBS (3, 5 Dichloro 2 hydroxy benzene

sulphonicacid)

Reagent (R2) Uricase & Aminoantipyrine

Dissolveonevia of R2in appropriateamount of RI.

Uricacid standard (4 mg/dl)

Sample used: Serum.

Procedure:
1. Take 3test tubesand label asT, S& B
2. Pipettethereagentsasgivenin thetablebelow

Test (T) Standard(S) Blank (B)
Working reagent 1ml 1ml 1ml
Sample 20pl - -
Standard solution - 20ul -
D.Water - 20ul

Mix well andincubateat 37°c, for 10 minutes and read the absorbance using green
filter Cdculation:

Absorbance of Test

Absorbance of Std.

Norma Vdue, Femae: 2.5-6.0 mg/dl, Mde: 3.4-7.0mg/dl
Estimation of Serum.Bilirubin by Malloy-Evelyn method

S.Uric acid concentration=

Principle:

Bilirubinisreacted with diazotized sulfanilic acid and converted to apurple col oured

>



Reference Book |j]

azobilirubin, theintensity of whichisread colorimetrically. Both conjugated and
unconjugated bilirubinsgive purpleazobilirubinswith diazotized acid. Conjugated
bilirubin canreact in agquous solution (Direct Reection), whereas unconjugeted requires
an accelerator, such asmethanol (Indirect Reaction-which givestota bilirubini.e.
conjugated + unconjugated bilirubin).

Requirements::
1. Diazoreagent : Makefreshly beforeusethe mixing 10ml of solution
A and 0.3ml of solution B.

SolutionA : 1g of sulphanilic acid and 15ml of concentrated HCL per litrein
water.

Solution B : 0.5g of sodium nitrite/200ml inwater. Thissolution should bekept
inrefrigerator renewed monthly.

2. DiazoBlank: 15ml of conc. HCL/litrein water.
3. Methand

4. Bilirubinstandard

Sampleused: Serum

Procedure:

1. Take3testtubesandlabel asT,D & B

2. Pipettethereagentsasgiveninthetablebelow

Total (T) Direct (D) Blank(B)
Serum 0.2ml 0.2ml 0.2 ml
Distilled water 1.8 ml 1.8 ml 1.8 ml
Diazo reagent 0.5ml 0.5 ml -
Diazo blank - - 0.5ml
Methanol 2.5 ml - 2.5 ml
Water - 2.5ml -

Mix and keepthe T and B inthe dark for 30 minutesand keep thetest tubelabeled
D at roomtemperaturefor oneminute.

Read the absorbances of T, D, B and Standard using green fliter (540 nm) in
colorimeter.

Cdculation:
Concentration of total bilrubininmg%
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_ Absorbance of T-Absorbance of B « Concentration of Std.

~ Absorbance of Std.-Absorbance of B
Concentration of Direct bilrubininmg%

B Absorbance of D-Absorbance of B
"~ Absorbance of Std.-Absorbance of B

Indirect Bilirubin ( Unconjugated bilirubin) = Tota bilirubin- Direct bilirubin.
Normal Vaue:

Totd Bilirubin: 0.2-1.0mg%

Direct Bilirubin: 0.2-0.5mg%

Indirect Bilirubin: 0.2-0.8 mg%

Estimation of Total Protein by Biuret Method

Principle

x Concentration of Std.

Cupricions inbiuret reagent reactswith peptide bonds of proteinsin an akaline
mediumto formapurplecoloured complex. Theintensity of thepurplecol our formed
isproportional to the number of peptide bondswhich, in turn, depends upon the
amount of proteinsin the specimen.

Requirements:
1. Biuret Reagent
2. Standard protein solution (6 gm%)
3. Sampleused; Serum
Procedure :
1. Take3testtubesandlabel asT,S& B
2. Pipettethereagentsasgiveninthetablebe ow

Test (T) Standard(S) Blank (B)
Working reagent 1ml 1 ml 1ml
Sample 20pl - -
Standard solution - 20ul -
D.Water - - 20ul

Mix well andincubate at 37°c for 10minutes, read the absorbanceusing greenfilter

Cdculation:
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Absorbance of Test
Absorbance of Std.

S. Total protein concentrationingm%=

Normd Vaue:

Serumtota proteinis6-8 gm%

Estimation of Serum. Albumin by BCG method

Principle

Albumin bindswith bromocresol greenat pH 4.2 toform agreenish blue coloured

complex. theamount of green colour formed isdirectly proportional to theamount
of dbumin presentinthesample.

Requirements

1. Bromocresol green Reagent
2. Standard protein solution 4 gm%
3. Sampleused; Serum

Procedure:

1. Take 3test tubesandlabel asT, S& B
2. Pipettethereagentsas given inthetable below

Test (T) Standard(S) Blank (B)
Working reagent 1ml 1 ml 1ml
Sample 10pl1 - -
Standard solution - 10ul -
D.Water - - 10ul
Mix well and incubate at 37°c for 5minutes, read the absorbance using red filter
(630nm)
Cdculation:
Absorbance of Test

S. Albumin concentrationingm%=

Normal Vaue:
Serum dbuminis3.5-4.9gm%
(Globulin=Tota protein- Albumin, Normal vaueof globulin 2-3.5gm%)

Estimation of Serum Total Cholesterol by CHOD PAP Method
Principle:

Absorbance of Std.

Cholesterol estersare hydrolysed by chol esterol ester hydrol aseto free cholesteral
& fatty acids. thefreecholesterol produced and pre-existing one are oxidised by
cholesterol oxidase to Cholestenone-4-en-3-one and hydrogen peroxide.
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Peroxidase actson hydrogen peroxide and liberated oxygen reactswith the4-amino
phenazoneto form ared coloured compound whichisread at 510 nm (505-530
nm).
Requirements:

CHOD PAP Reagent

Cholesterol standard (200 mg%o)

Sample: Plasma/Serum

Procedure:
1. Take3testtubesandlabe asT,S& B

2. Pipettethereagentsasgiveninthetablebe ow

Test (T) Standard(S) Blank (B)
Reagent 1ml 1 ml 1ml
Sample 10pl - -
Standard solution - 10ul -
D.Water - - 10ul

Mix and incubatefor 5 min at 37°C or 15-20 min at room temperature (15-25°C),
Read the absorbance (A) of the Test and standard, against the Blank using Green
filter (540nm).

4. Cdculation:

Absorbance of Test y

Absorbance of Std.

S. Total Cholesterol concentrationinmg%=
Norma Va ue; 150-200 mg/dl

ASSESSMENT ACTIVITIES
(For Continuous assessment)

Chart preparation showing specimensand important biochemica  investiga-
tionsdonewith them
Chart preparation showing Clinical symptomsand common complicationsin
diabetes
Seminar on Laboratory diagnosisof DiabetesMdllitus
Assignment on Clinica rlevanceof RFT & LFT
Assignment on Importanceof Lipid profileand varioustestsincluded

Debate on Advantagesand disadvantages of Automation
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Theory Evaluation Questions

1

Liver Profileand Rend Profilearegroup of testscommonly donein labs

a) Namethedifferenttestsincludedin Liver profile( 3 score)

b) Writetheprinciple, procedurecaculation and normal vaueof any one
testincludedinrend profile (6 score)

Match the columnsof the given tablein the correct order

-

Test Method Normal Value
Glucose - Bethlot 0.2-1.0mg/dL
Urea EveynMadloy 70-110mg%
Cholegterol GOD POD 150-200 mg%
Bilirubin - CHOD PAP 15-40mg/dL |

\

Diabetes Méllitus is a disease most commonly seen among the

population of Kerala. A person suspecting Diabetes comes to your

|aboratory

a) Advisshimtheteststo bedoneand timeof samplecollectionfor the
test

b) Writethe principle, requirements and method of acommonly used
method of blood sugar estimation (5 score)

|dentify thefollowing

a.  Reagent usedfor Tota protein estimation

b. Instrument used for estimation of Electrolytes
c. Enzymaticmethod of cholesterol estimation

Explaintheclinica significanceof thetests
A) HbA1C B)PSA C)S.Cdcium D)Microdbumininurine(4x1=4)

Urine examination of apatient reved spresence of puscells, RBC's, Casts
and Increased Proteinuria. Doctor suspects defective function of avita or-
gan and suggest blood test for confirmation.

a) Nametheorgan affected and suggest thetests advised.

b) Writetheprocedureof any onebiochemical test asked by thedoctor.
c) Writethenorma vaueof thetest. (2+4+1)

Auto analyzersareessential for alaboratory.Prepareacomparison chart
between anayzersAdd anote on the merits of automation. (4+2=6)
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EXTENDED ACTIVITIES

Organize aVisit to observe the design, layout, safety measures & Various
proceduresinaClinical Laboratory

Vidttoaspeciaity laboratory to seethelab automation, barcodingand LIMS
To conduct Medical camp on diabetes detection

Exhibition/Expo

PrepareaModel of Ideal Laboratory

Arrange Onthe Job Trainingin pathol ogy and Biochemistry laboratories.

LIST OF PRACTICAL

3.1 Laboratory Management

1
2.
3.

N o g A

Demondtration of signsand symbolsusedin laboratory
Preparation of different typesof |aboratory request forms

Preparation of different typesof |aboratory Report forms- Haematol ogy, Bio-
chemistry, Clinincal pathology, Serology, Mixed forms

Prepare alay out planfor amulti room laboratory

Preparation of model s of stock registers- consumables, Non-consumable
Preparation of model of Order form

Demongtration of colour coding for biomedical waste segregation

3.2 Clinical Pathology

8.
9.

10.

11.
12.
13.

Physica examination of urine.-volume, colour, specific gravity, Reaction, PH

Chemicd examination of urine- Test for sugar(Benedict'squalitativetest), Test
for protein (Heat and acetic acid test), Test for Ketonebodies (Rotherastest), Test
for Bile pigments (Fouchetstest) and test for Bile sdt(Haystest)

Microscopic examination of urine- Wet mount preparation of sediments, ex-
amination and reporting of sediments.

hCG detectioninurine
Physical examination stool- consistency ,colour, mucusand parasites
Chemical examination stool-occult blood, reducing substances
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14.
15.

16.

Microscopi ¢ examination stool-saineand iodinemount
Physica examination of semen-Volume, colour, reactionand liquefactiontime
Microscopy of semen-Tota sperm count, motility, morphology

3.2 Clinical Biochemistry

17.
18.
19.
20.
21.
22.
23.
24,

Estimation of Blood Glucose (GOD-POD Method)
Estimation of S.Cholesterol (CHOD-PAPMethod)
Estimation of Blood Urea( Berthl ot method)
Estimation of S.Crestinine (Jaffesmethod)
Estimation of S.UricAcid (Uricase method)
Edtimation of S.Bilirubin (Evelyn Maloy method)
Estimation of S.Totd Protein (Biuret method)
Estimation of S.Albumin (BCG Method)
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Module 4
4.1 DIAGNOSTIC MICROBIOLOGY & HISTOTECHNOLOGY

Overview

Laboratory diagnosis of infectious diseaseswith various conventional aswell as
modern technologiesisthe main stay of Diagnostic Microbiology proceduresand
protocols. Culture methods are still considered asthe gold standard of diagnosis.
Here an attempt hasbeen madeto introduce the novel and emergingimmunological
and molecular techniquesand their gpplicationsalso.

Despite the advances in nanotechnology and nucleic acid level diagnosis,
morphological charactersof cellsstill remain asapreferred way of diagnosisin
histologica aswell ascytological abnormalities. Information provided by astained
dideof tissuesection hasimmenseva uein the present diagnos sof diseasesespecidly
that areof mdignant origin. Different manua techniquesthat helpinthepreparation
of specimensfor histopathol ogical and cytologica studiesare discussed hereto
introducethisspecid areaof diagnosticlaboratory to the studentswhich may inspire
themto pursue higher educationinthisfield.

Introduction

Theunderstanding of microorgani smsas causative agents of infectiousdiseaseshas
replaced several conceptsin microbiology. The past one decade have witnhessed
knowledgerevolutionsin variousbranches of Microbiology. Medica microbiology
isthe part which touchesthe health and di seases of man. Diagnaostic microbiology
explainsthevariouslaboratory proceduresinvolvedin theprocessof diagnosis. Itis
quite cumbersometo discussall these aspects here. In spite, all the fundamental
scientific charactersof clinically important microorganismsin thediagnostic point of
view have been discussed here. Theseincludelaboratory diagnosis of common
bacterid, protozoa and vird diseases encountered during routinelaboratory practice.
Importance hasbeen givenfor dlinica andlaboratory protocolsfrom optimal specimen
collection toan accuratediagnosis.

Learning outcomes
Thelearner:
» definesMicrobiology, to differentiate Pathogen, Commensal sand type of
infection
e summarizesvarioushistorica aspectsof microbiology
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explainsthestructure of bacteria

differentiates bacteria based on morphology, Motility & Oxygen
requirement

identifiestheimportance of terilization

categorizes different methodsof sterilization

operates Hot air oven, Autoclave & Incubator

distinguishes Disinfectantsand Antisepticsand their applications
explainsvariousgrowthrequirementsof bacteria

classfiesdifferent culture mediaand prepare Common culturemedia
explansthedifferent inoculation techniques.

performsthestreak culturetechnique

classfiesdifferent methodsfor theidentification of bacteria
defineslmmunol ogy and to explain different termsinimmunol ogy
explains the structure of antibody and to classify different types of
antibodies

differentiates various Antigen- Antibody reactions and their clinica
goplications

explainsthe Collection and transportation of different specimens
summarizesthedifferent methodsin the specimen processing

differentiates common bacterial diseases and identify the pathogens en-
countered

explainsthemethod of Antibiotic sengtivity test

differentiatesand perform common serologicd tests
definesvirology and classfy viruses

differentiatescommon viral diseasesand the pathogen encountered
explainscommon diagnostic serological testsfor vira infections
defines parasitology and explain different termsin parasitology
differentiatesintestind and blood parasites

identifiescommon blood parasitesand explainther lab diagnosis

differentiates the Causative agent, different species, host and mode of
transmissonof maaria

namethedifferent stagesof Maarial parasite

explainsdifferent methodsfor thediagnosisof maaria

differentiatesthe disease, mode of transmission, host and nocturna habit of
filarid parasite

explainsdifferent methodsfor thelab diagnosisof filariasis
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* identifiescommonintestinal parasitesand the method of examination of
stool by concentration technique

» familiarizesthe disease, causative agent, mode of transmission and lab
diagnosisof anoebiass

 differentiatescommon heminthesand explaintheir [ab diagnosis

4.1.1 Introduction to Medical Microbiology

Micro-organismsor microbesare organismsthat areso smal (invisibleto thenaked
eye). The study about them is called microbiology. They are single-celled or
unicellular organisms, widespread in natureand arebeneficia tolife. But somecan
cause serious harm also. Microorganisms can be divided into different typeslike
bacteria, fungi, protozoa, viruses, etc.

Medica microbiology isthe study about themicrobesand their rolein humanillness.
Disease causing organismsare caled Pathogens. The study a so Includesmicrobial
pathogenesi s (The mechanism by which the diseaseis produced), epidemiology
(Spreading) and immunol ogy. It involvesidentification, trestment or prevention of
diseases caused by bacteria, virus, and fungi.

Microbiology can bea so classified based on taxonomy

Bacteriology ; Thestudy of bacteria.

Mycology ; Thestudy of fungi.

Protozoology ; Thestudy of protozoa.

Parasitology ; Thestudy of parasites.

Immunology ; The study of theimmune system.

Virology ; Thestudy of viruses.
Infection

Infectionistheinvasion, lodgment and multiplication of organism in thetissue of
host. Not al infections however resultsin disease. Depending on the spread of
infectiousdiseasein the community they may be classified into different types

Classification of infections

Primary infection . Initid infectionwithorganismin hogt.

Renfection : Subsequent infection by sameorganisninahost (after
recovery).

Superinfection . Infection by same organisminahost beforerecovery.
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Secondary infection

Focd infection
Crossinfection

Nosocomid infection
Subdlinicd infection

When in ahost whoseresistanceislowered by pre-
existing infectiousdisease, anew organism may set up
ininfection.

Itisacondition whereduetoinfection at locdized Stes
like appendix andtonsil, generd effectsare produced.

When apatient is suffering from a disease and new
infectionisset up from another host or external source.

Crossinfectionoccurringin hospital.
Itisonewhereclinica affectsare not apparent.

Causative agents of infections

Parasites

Pathogens

Man

Animals
Insects
Soll
Water

Food

Sexual Contact

They areorganismsthat can establishthemsevesand
multiply inhosts. They may bepathogensor commensal.
Organismsthat are capable of producing diseaseina
host. Onthe contrary commensa microbescanlivein
ahost without causing any disease.

Man ishimself acommon source of infectionfroma
patient or carrier.

Carrier is a person harboring pathogenic organism
without causing any diseaseto him.

Infectious diseasestransmitted from animalstomanis
caled zoonosis.

The diseases caused by insects are called arthropod
borne disease.

Sporesof tetanusbacilli, Gas-gangreneinfectionremain
vigbleinsoil for alongtime.

Vibrio cholera, infective hepatitisvirus (HepatitisA and
HepatitisE) may befound in water.

Contaminated food may be source of infection.
Presence of pathogensin food may bedueto external
contamination, (e.g. food poisoning by Staphylococcus
syphilis, gonorrhea.

Methods of spread of infection

Inhdation
Ingestion

influenza, tuberculosis, smdl pox, meades, mumps, etc.

cholera(water), food poisoning (food) and dysentery
(hand borne).
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Inoculation . tetanus(infection), rabies(dog), arbovirus (insect) and
serum hepdtitis

Congenitd . gyphilis, rubella, toxoplasmosis, cytomega oviruses

Insects . Insectslikemosquitoes, fless, licethat transmit infection

are called vector. Transmission may be mechanical
(transmission of dysentery or typhoid bacilli by housefly)
and they are called mechanica vector. They arecalled
biologica vector if pathogen multipliesinthe body of
vector, eg. Anophelesmosguitoin Maaria.

Some vectors may act asreservoir host, (e.g. ticksin

Relapsing fever and Spotted fever).
latrogenic . infectioninduced by physician
Nosocomia . crossinfectionsobtainedinthehospitas

Pathogenicity isreferred to the ability of microbial speciesto produce disease.
Virulenceisreferred to theability of microbia strainsto producedisease.

Endemic diseasesare onesthat are constantly present in aparticular area. Typhoid
feverisendemicinmost partsof India

Epidemic diseaseisonethat spreadsrapidly, involving many personsinan areaat
thesametime. Influenzacauses annua winter epidemicsinthecold countries.

Pandemicisan epidemic that spreadsthrough many areas of theworld involving
very largenumbersof personswithinashort period (Influenza, cholera, plague).

Historical aspects

History of microbiology is the history of medical science too. The concept of
" Spontaneousgeneration”, madeAristotleand othersto believethat living organisms
could devel op from non-living materias. Antony Van Leeuwenhoek, withthe help
of hismicroscope described Protozoa, basi c types of bacteria, yeastsand algae as
"Animalcules’. LouisPasteur isthefather of Medical Microbiology. Heinvented
the processes of pasteurization, fermentation and devel oped effectivevaccinesfor
(rabiesand anthrax) diseases. He coined theterm "microbiology”, aerobic, anaerobic
etc. He disproved the theory of spontaneous germination and demonstrated that
anthrax was caused by bacteriaand produced avaccinefor the diseasetoo.

Joseph Lister concluded that wound infections were due to microorganisms. He
a so devised amethod to destroy microorganismsin the operation theatre by using
carbolic acid .Robert Koch demonstrated therole of bacteriain causing disease.
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He perfected thetechnique of isolating bacteriain pure culture. Koch's postul ates
weremuch useful in differentiating pathogensfrom normal flora

Edward Jenner discovered thetechni queof vaccinationwhich washe pful in preventing
amd| pox.Alexander Heming discovered antibiotic peniallinfrom penicilliumnotatum
that destroy several pathogeni c bacteria. Paul Ehrlich discovered thetreatment of
syphilisby using arsenic He studied toxins and antitoxins and laid foundation of
biological standardization. Dmitri lvanowski published thefirst evidence of a
pathogeni ¢ agent-virusfrom tobacco mosai ¢ disease, effectively launching thefield
of virology.

4.1.2 STRUCTURE AND CLASSIFICATION OF BACTERIA
Structure

Based onthecompogtionof ther cdls, dl living organismsunder thekingdom Protista
arebroadly classified into eukaryotes. In prokaryotesthe cellshaving simple
genetic structures, enzymes and divided by binary fission and not through mitosis.
No nucleusor membrane bound organellesare present. Bacteriaareincluded among
prokaryotes. Eukaryotes|like protozoaor fungi, cellular organisationiscomplex,
and divideby mitosis.

Bacteriaconsstsof asngleceall withasmpleinternal structure. It hassingleloop of
DNA andinatwisted thread-like masscalled the nucleoid .Some bacteriahave an
extracircleof genetic materia caled plasmidthat makesthebacteriumresiganttoa
certain antibiotic. Typically abacteriahavefew micrometresinlength and can be
observed by microscope. (One micron means 1/1000 of amm)

Bacteria cellsaregenerally surrounded by two protective coverings. an outer cell
wall and aninner cell membrane. Some bacteriamay even haveathird, outermost,
protectivelayer called thecapsule. Thecell wall containspeptidoglycan and other
componentsthat contributeto their pathogenicity. Thecell wall protectsacell from
toxic substances and is the site of

action of several antibiotics.The (nucioid region) _ ST
plasma membrane encloses the _ N\ *

ribosomes m Ve
Cytopl asam. food granule ~r

prokaryotic

Bacteria capsuleisawel-organized
layer thatisnot easily washed off. Sime
is an unorganized materia that is
removed easly presentinfew bacteria
over thecapsule. Capsulesanddime

3 F'-‘__" capsule or
slime layer

plasmid (DNA) cytosol plasma membrane
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layersare usudly composed of polysaccharides. Capsulesgive protection to bacteria
andisantigenic, having much diagnosticimportantance.

Bacterid surfacesmayhave extensonscalled flagellaor pili. Flagellaarethe organ
for locomotion and thefunction of pili or fimbriaisadhesion or attachment.Most
motilebacteriamoveby flagella. The detail ed structure of aflagellum can only be
seen in the electron microscope. Bacterial species often differ in their flagella
distribution. Many gram-negative bacteriahave short, fine, hair like appendages
thinner than flagellacaled fimbriaewhich arenot involved in matility.

Bacterialack membrane-bound organdlles,.However, likeeukaryotic cdlls bacteria
aso contain ribosomes. They are spherica and arethe centresof proteinssynthesis

Many gram-positive bacteriacan form aspecia resistant, dormant structure called
endospore. Endospores devel op within vegetative bacteria cellsof several genera
likeBacillusand Clogtridium . Theseareresistant to heat, ultraviol et radiation, gamma
radiation, chemicad disinfectants, and desiccation. Because of their res sance, severa
species of endospore-forming bacteriaare dangerous pathogenslike Clostridium
tetani, Clogtridium botulinum etc.

A variety of inclusion bodies, granulesof organic or inorganic materia ispresentin
the cytoplasmic matrix. These bodies are used for storage. Many bacteriastore
phosphate as polyphosphate granules or volutin granule.

Classification of Bacteria

SPHERES (COCCI) RODS (BACILLI) SPIRALS
Streptococci

(Sreprococes —
39 = o
Vibrios
Diplococcl Chain of bacilli
(Streptococcus (Bacillus anthracis) Oforaicholnn)
pneumoniae)
(Heﬂoobacrerp;doﬂ}
rods
!
{Sa monelia typhi) NJ\J.'
(Staphyfococcus fSardm (Closrridfum Spirochaetes
aureus) ventriculi) botulinum) (Treponema pallidum)
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Based on Morphol ogy bacteriacan be classified into six mgor groups
1.Cocci - Thesearespherica or ovad cells. Onthebasisof arrangement of individua
organismsthey can be described as
- Monaococci (Cocci insingles) - Monococcus spp.
- Diplococci (Cocci inpairs) - Streptococcus pneumoniae
- Saphylococci (Cocci in grape-like clusters) - Staphyl ococcus aureus
- Streptococci (Cocci in chains) - Streptococcus pyogenes
- Tetrad (Cocci ingroup of four) - Micrococcus spp.
- Sarcina(Cocci ingroup of eight)
2. Bacilli - Thesearerod-shaped bacteriae.g. E.coli, Klebsiellaetc.

Chinese-letter pattern : Corynebacterium diptheriae
Coccobacilli : Proteus

3.Vibrio-comashaped e.g. : V.cholerae

4. Actinomycetes-These arerigid organismslike true bacteriabut they resemble
fungi inthat they exhibit branching andtendto formfilaments. E.g. A.isredi

5. Spirochaetes- Thesearere aivey longer, dender, non-branched microorganisms
of spira shapehaving several coils. E.g. Leptospira, Treponemaetc.

6. Mycoplasmas-They occur inround or oval bodiesandininterlacing filaments.
Thesebacterialack inrigid cell wall (cell wall lacking) and are highly pleomorphic
and of indefiniteshape. E.g. M. pneumoniae

Based on Oxygen dependencebacteria areclassified intodifferent groups
Aerobesarethose bacteriathat require oxygen for growth.

Obligateaer obethose bacteriathat cannot grow without oxygen for growth
e.g. Mycobacterium tuberculosisand Vibrio cholerae

ObligateAnaer obesgrow in absenceof free oxygen, e.g. Clostridium, Bacteroides.
They will dieon exposureto even traceamountsof oxygen.

Facultative anaer obes are usually aerobes and grow under both aerobic and
anaerobic conditions.

Most bacteria of medical importance are facultative anaerobes,
e.g.Enterobacteriacese.

Microaerophils grow best in oxygen less than that present in the air, e.g.
Campylobacter. Bacteria that grow well with CO, rich environment is called
carboxyphilic or capnophilic.Eg Brucel laabortus.
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Based on Motility bacteriaareclassified into motileand non motile
Motile Bacteria eg:- ( E.coli,vibrio etc.)
Non-motile eg:- (Klebsidla, staphyl ococci)

4.1.3 Sterilization and disinfection

Serilization istheremovd of al kindsof microbes (bacteria, mycobacteria, viruses,
& fungi) inamaterial or onthe surface of an object both from vegetative and spore
state. Sterilization can be achieved by physica and chemical means

Disinfection isthe process of elimination of most pathogenic microorganisms
(excluding bacteria spores) oninanimate objects. Disinfection can be achieved by
physical or chemica methods.

Physical methods of sterilization
They are,

Sunlight: Themicrobicida activity of sunlight ismainly duetothepresenceof ultra
violetraysinit.

Heat: Hest isconsidered to be most reliablemethod of sterilization of articlesthat
canwithstand heat. Thosearticlesthat cannot withstand high temperaturescan till
be sterilized at |ower temperature by prol onging the duration of exposure. Moist
heat issuperior to dry heat in action. Temperature required to kill microbe by dry
heat ismorethan themoist heat.

Dry heat: actsby oxidativeeffectsaswell asdenaturation and coagulation of proteins
andtoxic effectsof elevated levelsof dectrolytes.

Red heat: Articlessuch asbacteriologica |oops, straight wires, tipsof forcepsare
sterilized by holding them in Bunsen flametill they becomered hot.

Flaming: Thisisamethod of passingthearticleover aBunsen flame, but not heeting
it toredness. Articlessuch assca pel's, mouth of test tubes, flasks, glassdidesand
cover dipsarepassed through theflameafew times.

Inciner ation: Thisisamethod of destroying contaminated materid by burning them
inincinerator. Articlessuch assoiled dressings, anima carcasses, pathol ogica materid
and bedding etc. should be subjected toincineration. Thelimitation of thismethodis
that articlescan't bereused after incineration

Hot air oven: Thismethod wasintroduced by Louis Pasteur. Articlesto be sterilized
areexposed to high temperature (160°C) for duration of one hour inan electricaly
heated oven. Sinceair ispoor conductor of heat, even distribution of heat throughout




Reference Book |}

the chamber isachieved by afan. The heat istransferred to the article by radiation,
conduction and convection. The oven should befitted with athermostat control,
temperatureindicator, meshed shelves and must have adequateinsulation.Metalic
instruments (likeforceps, scal pel's, and scissors), glassware, swabs, oils, grease,
petroleum jelly and some pharmaceutica productsare sterilized by thismethod.

Sterilization process by hot air oven

Articlesto be sterilized must be perfectly dry
beforeplacingtheminsidehot air oven. Articles
must be placed at sufficient distance so asto
alow freecirculation of air in between. Mouths
of flasks, test tubes and both ends of pipettes
must be plugged with cottonwool. Articlessuch
as petri dishes and pipettes may be arranged
insdemetd canigtersand then placed. Individud
glassarticlesmust bewrapped in kraft paper or
aluminumfoils. Holding timeis 160°Cfor one
hour

Thehot air oven must not be opened until the
temperature inside has fallen below I
60°C to prevent breakage of glassware

=e® |
= 8

A biologica methodisused asacontrol of sterilization.10° sporesof Bacillussubtilis
or Clostridium tetani on paper stripsare placed inside envel opesand then placed
ingdethehot air oven. Upon completion of stexilization cycle, thestripsareremoved
and inoculated into thioglycollate broth or cooked meat medium and incubated at
37°Cfor 3-5days. Proper sterilization should kill the spores and there should not
be any growth.The Advantagesof hot air ovenisthat it isan effective method of
sterilization of heat stablearticles. Thearticlesremain dry after sterilization. Thisis
theonly method for sterilizing oilsand powders.

Thedisadvantagesarehot air haspoor penetration, Cotton wool and paper may get
slightly charred, glasses may become smoky and takes|onger time compared to
autoclave. Culture mediacannot be sterilized by thismethod.

Moist heat acts by coagul ation and denaturation of proteins.
Temperature below 100°C

Pasteurization: Thisprocesswasoriginally employed by L ouis Pasteur. Currently
thisprocedureisemployed indairy industry.
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Vaccinebath/ Serum bath: The contaminating bacteriain avaccine preparation
can beinactivated by heatingin awater bath at 60°C for one hour.The contaminating
bacteriain aserum preparation can beinactivated by heating in aserum bath at
56°C for one hour on severa successivedays. Only vegetative bacteriaarekilled
and sporessurvive.

Temperature at 100°C

Inspissation: Thisisatechniqueto solidify aswell asdisinfect egg and serum
containing media. Themedium contai ning serum or egg are placed in the dopes of
aninspissator and heated at 80-85° C for 30 minutes on three consecutive days.

Bailing: Boilingwater (100°C) killsmost vegetativebacteriaand virusesimmediately.
Somebacterid sporesareresistant to boiling and survive; hencethisisnot asubstitute
for sterilization. When absolute sterility isnot required, certain metd articlescanbe
disinfected by placingtheminboiling water for 10-20 minutes. Thelid of theboiler
must not be opened during the period.

Seam at 100°C: Instead of keeping the articlesin boiling water, they are subjected
tofreesteam at 100°C. Traditionally Arnold'sand K och's steamerswere used. An
autoclave (with dischargetap open) can aso servethe same purpose. A steamer is
ametal cabinet with perforated traysto hold the articlesand a conical lid. The
bottom of steamer isfilled withwater and heated. The team that isgenerated Serilizes
the articleswhen exposed for aperiod of 90 minutes.

Tyndallisation - Theprocessthat isknown astyndalisation or intermittent sterilization
isemployed by steamer (at 100°C) Sugar and gel atinin medium may get decomposed
on autoclaving, hencethey are exposed to free steaming for 20 minutesfor three
successive days. Thevegetative bacteriaarekilled in thefirst exposure and the
sporesthat germinate by next day arekilled inthe subsequent days. The success of
the process depends on the germination of spores.

Temperature above 100°C

Autoclave: Sterilization can be effectively achieved at atemperature above 100°C
using an autoclave. Water boilsat 100°C at atmospheric pressure, but if pressureis
raised, thetemperature at which thewater boilsasoincreases. Inan autoclavethe
water isboiled inaclosed chamber. Asthe pressurerises, the boiling point of water
adsorises. At apressureof 15|bsinsidetheautoclave, thetemperatureissaid to be
121°C. Exposure of articlesto thistemperaturefor 15 minutes sterilizes them.
Advantagesof seamover dry air isthat it hasmore penetrative power. Condensation
of steam on cooler surfacerel eases|atent heat, and condensation of steam drawsin
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Operation of Autoclave: A smpleautoclave has
vertical or horizontal cylindrical body with a
heating element, a perforated try to keep the
articles, alid that can be fastened by screw
clamps, apressure gauge, asafety valveand a
dischargetap. Thearticlesto besterilized must
not betightly packed. The screw capsand cotton
plugsmust beloosdly fitted. Thelidisclosed but
thedischargetap iskept open and thewater is

heated. As the water starts boiling, the steam ‘)
drivesair out of thedischargetap. When all the .
arisdisplaced and steam Start gppearing through the dischargetap, thetapisclosed.
Thepressureinsideisalowedtorise upto 15 Ibsper squareinch. At this pressure
theartidesarehddfor 15 minutes, after which theheating isstopped and theautoclave
isdlowedto cool. Oncethe pressuregauge showsthe pressureequal to atmospheric

pressure, thedischargetap isopenedtolet theair in. Thelid isthen opened and
articlesremoved.

Articlessterilized by autoclaving are Culturemedia, dressngs, linen etc. Autoclaving
isthevery effectivemethod of sterilization, quicker than hot air oven. Drenching and
wetting of articles, trapped air may reducethe efficacy, takeslong timeto cool are
the disadvantages of the method.

Biologica method of erilization control (paper strip containing 1P sporesof bacillus
stearothermophilus) isused inAutoclaves

RADIATION-Two typesof radiation are used, ionizing and non-ionizing.
Non-ionizing raysarelow energy rayswith poor penetrative power (eg. UV rays
and Infra-redrays). UV raysare used for disinfectinglaboratories, safety hood etc.
lonizing raysare high-energy rayswith good penetrative power.( eg. Gamaraysand
X rays)Gamaradiationsare used to sterilize syringesand catheters
FILTRATION: Itisamethod used to remove bacteriafrom heat |abileliquids
such asserum, antibiotic solutions, sugar solutions, ureasolution etc.Itisachieved
by using different typeof filterslike candlefilters, MembranefiltersAsbestosfilters

and Sintered glassfilters Membranefiltersare commonly used to remove particles
from solutionsthat can't be autoclaved.

SONIC AND ULTRASONIC VIBRATIONS: Sound waves of frequency
>20,000 cycle/second kills bacteriaand someviruses on exposing for one hour.
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CHEMICAL METHODS OF DISINFECTION: Disinfectants are those
chemicalsthat destroy pathogenic bacteriafrom inanimate surfaces. Different
disnfectantshavedifferent target ranges.Some chemica havevery narrow spectrum
of activity and some have very wide. Those chemicalsthat can be safely applied
over skinand mucus membranesare caled anti septics. Bacteriodtatic chemicdsare
thoseinhibit multiplication of bacteriawithout killingthem. Bactericidd isthat chemicd
that cankill or inactivate bacteria M ode of action of various Chemica Disnfectants
include. Protein coagulation, disruption of cell membrane, enzyme damageetc

Different chemicals used as disinfectants includes

ALCOHOLS: Eg: Ethyl dcohal, isopropyl acohol and methyl alcohol.70% ethyl
acohol (spirit) isused asantisepticon skin.

AL DEHY DESEg: Formadehyde, and Gluteradehyde

40% Formaldehyde (formalin) is used for surface disinfection and fumigation
operation theatres, biologica safety cabinets, wards, etc.

PHENOL . Examples: 5% phenoal, Cresol, Lysol, chlorhexidine, Dettol

HAL OGENS.. Examples. Chlorinecompounds(chlorine, bleach, hypochlorite) and
iodinecompounds Tinctureof iodine (2%iodinein 70% a cohol)chlorineisused for
disnfectingwater supplies

HEAVY METALS: Eg. Mercuricchloride, silver nitrate, copper sulfate,
SURFACEACTIVEAGENTS: Examples. These are soapsor detergents.
DYES: Eg: Anilinedyessuch ascrystal violet, malachitegreenand brilliant green
ETHYLENE OXIDE (EO): Itisan akyl ating agent capableof killing sporesrapidly.

BETA-PROPIOLACTONE (BPL): Itisan effective sporicida akylating agent
and isacarcinogen.

Unit 4.1.4 Microbiology

Bacterial growth

Bacteriadivide by binary fission. Bacterial cell reachesacertain sizeand divideto
form two daughter cells. Thetimetaken between two cell divisionsunder optimal
conditionsiscaled generationtime. Generdly itis20 minutesfor most of thebacteria.
But for Mycobacterium tubercul osis,thebacilli that cause TB it isabout 20 Hr. sand

for leprabacilli that causeleprosy (M.leprae) itisnearly 20 daysin culture.
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The essential growth requirements for a bacterial cell are water, carbon,
protein,nitrogen, inorganic salts particularly sodium, potassium and trace el ements
such asmagnesium, iron, manganese, vitamins,amino acids, purinesand pyrimidine
etc. All theabove growth requirements may be present in anatural environment, but
should beprovided in required amountswhen aninvitro cultivationissought.Culture
mediacomponentsare avail able commercidly in separate or asasingledehydrated
(Powder) form. Environmenta Factorsaffecting growth likeoxygen, carbon dioxide,
temperature, light moisture, hydrogen ion concentration etc; areequaly importantin
producing bacteria growth.

Most of the bacteriaare aerobeswhich require oxygen for the growth, anaerobic
bacteriagrow well in the absence of oxygen.Bacteriathat grow well with CO?rich
environment iscalled carboxyphilic or capnophilic. Eg.Brucellaabortus.

Temperatureat which bacteriagrow best isknown asoptimum temperature. Optimum
temperaturefor growth of common pathogenic bacteriais37°C.Bacteriagrow well
at 30-37°C.are mesophilic. Bacteria may be psychrophilic (below 20°C) or
thermophilic (55-80 °C) too.Increased temperature may kill bacteria.

pH of themedium isanother important factor. Optimum pH of the Most pathogenic
bacteriaisdighltly akadine.

Culture media

Culturemediaisthe substancethat supportsbacteria growthinvitro. Itisprepared
by adding necessary chemicalsand growth factorsin exact composition sameas
that inanaturd environment. Cultivating bacteriaaspure cultureand isolated colonies
arenecessary for theidentification of bacteriafrom amixed population.

Composition of culturemedia: Anartificial culturemedium must provideall the
nutritional componentsthat abacterium getsinitsnatural habitat. M ost often, a
culture medium containswater, asource of carbon & energy, source of nitrogen,
trace el ementsand some growth factors. Besidesthese, the pH of the medium must
be set accordingly. Some of theingredientsof culture mediainclude water, agar,
peptone, casein hydrolysate, meat extract, yeast extract and malt extract.

Classification of culture media
Based On Consistency

Liquid media:. Liquid mediaareotherwisereferred as"broths' (e.g. nutrient broth).
Inliquid medium, bacteriagrow uniformly producing generd turbidity. Propertiesof
bacteriaarenot vishleinliquid mediaand presence of morethan onetypeof bacteria
cannot be detected. These areavailablefor usein test-tubes, bottles or flasks
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Solid media: Any liquid medium can berendered by the addition of certain solidifying
agents. Agar agar (Smply caled agar) isthemost commonly used solidifying agent.
It isan non nutritious polysaccharide obtained from the cell membranes of some
speciesof red agee. It mdtsat 95° C and solidifiesat 42° C. Itisnot hydrolyzed by
most bacteria and is usually free from growth promoting or growth retarding
substances. Agar isavail able asfibers (shreds) or aspowders.

Semi-solid agar: Reducing the amount of agar to 0.2-0.5% renders amedium
semi-solid. Suchmediaarefarly soft and areuseful indemonstrating bacteria motility
(mannitol motility medium). Certain transport mediasuch as Stuart'sand Amies
mediaaresemi-solid in consistency.

Biphasic media: Sometimes, aculture system comprises of both liquid and solid
medium inthe same bottle. Thisisknown as biphasic medium (Castanedasystem
for blood culture).

Based on nutritional component

Most of thenutritiona componentsare congtant acrossvariousmedia, somebacteria
need extranutrients. Thosebacteriathat are ableto grow with minimal requirements
aresadto non-fadtidiousand thosethat requireextranutrientsare said to befagtidious.

Simple/Basal medium. Theyare basically supports most non-fasti dious bacteria.
Peptone water, nutrient broth and nutrient agar considered basal medium.

Complex medium : Mediaother than basal media. They have added ingredients.
They providespecia nutrients

Synthetic or defined medium-Mediaprepared from pure chemical substances
and itsexact composition isknown (Simple mediasuch as peptone water, nutrient
agar can support most non-fastidious bacteria. Complex mediasuch asblood agar
have ingredientswhose exact componentsaredifficult to estimate. )

Specid mediaare prepared for those organi smsneed specia nutritiona requirements.
- Enrichedmedia
- Enrichmentmedia
-  Sdectivemedia
- Indicator media
- Differentid media
- Sugarmedia
- Transport media
- Mediafor biochemical reactions
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Enriched media: Addition of extranutrientsintheform of blood, serum, egg yolk
etc, to basal medium makesthem enriched media. Enriched mediaare used to grow
nutritionally exacting (fastidious) bacteria. Blood agar, chocol ate agar, Loeffler's
serum dopearefew enriched media

Selective media: The media are designed to inhibit unwanted commensal or
contaminating bacteriaand help to recover pathogen from amixture of bacteria.
Any agar mediacan be made sel ective by addition of certaininhibitory agentsthat
don't affect the pathogen. Vari ous approachesto make amedium sel ectiveinclude
addition of antibiotics, dyes, chemicals, dteration of pH or acombination of these.

E.g.: MacConkey'smedium- gram negative bacteria
TCBS-V.cholerae
LImedium- M.tuberculoss
Wilson and Blair medium - S.typhi
Potassium telluritemedium - Diphtheriabacilli

Enrichment mediaareliquid mediathat also servestoinhibit commensalsinthe
clinical specimen. SeleniteF broth, tetrathionate broth and a kaline peptone water
are used to recover pathogensfrom faecal specimens.

E.g.: SdeniteFBroth-fortheisolationof Sdmonella, Shigella
Alkaine PeptoneWater - for Vibrio cholera

Differential mediaor indicator mediaaredesigned in such away that different
bacteriacan berecognized on the basisof their colony colour. Various approaches
includeincorporation of dyes, metabolic substrates etc, so that those bacteriathat
utilizethem appear asdifferently col oured colonies. Suchmediaarecaled differentia
mediaor indicator media. Examples: MacConkey'sagar, CLED agar, TCBS agar,
XLD ager etc.

Transport media: Clinical specimens must be transported to the laboratory
immediately after collectionto prevent over growth of contaminating organismsor
commensals. This can be achieved by using transport media. VR Fluid,
Stuart'smedium, Amiesmedium are examplesfor transport media.

Based on Oxygen requirement media can be of two types Aerobic media &
Anaerobicmedia

Anaerobic media : Anaerobic bacterianeed specia mediafor growth because
they need low oxygen content, reduced oxidation -reduction potential and extra
nutrients. Eg: Robertson's cooked meat medium, Thioglycolate medium.
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Preparation of Common media

PeptoneWater It contains 1% peptoneand 0.5% NaCl indistilled water. pH is
adjustedto 7.4-7.6 It isused for preparation of sugar mediaand akaline peptone
water.

Nutrient Agar (NA) : contains 0.5% peptone, 0.3% beef extract, and 1.5% agar
pH isadjustedto 7.4 -7.6.The mediumwill support the growth of many organism
which arenot nutritiondly fastidious (e.g. staphylococci, and enteric bacteria)

Blood agar (BA) Mammalian blood (usually sheep or horse), at aconcentration of
5-10% isadded to NA at atemperature about 50°C. BA areenriched, differential
mediaused toisolate fastidious organisms and detect hemolytic activity.

Chocolateagar (CA) isanon-sdective, enriched medium containing red blood
cellsthat have beenlysed by dowly heatingto 80°C. It isprepared by heating blood
Agar until medium becomes brown or chocolatein color. Chocolate agar isused for
growing fastidiousbacteria, such as Haemophilusinfluenzae. On heating blood
releasesboth X and V growth factors.

MacConkey Agar (MA) is designed to grow gram-negative bacteria and
differentiate them ad actose fermenters (LF) and non-lactosefermenters (NLF) .1t
contai ns Peptone bile salts(toinhibit most gram-positivebacteria), Lactose, Neutra
red asindicator and agar.

Bacteriological wireloop : Itisasmpletool used for introducing microorganism
intoaculturemedia(inoculation). Theloop of wireismade of platinum, tungsten or
chrome. Thesmall loop at the end hasadiameter of about 5 mm.Straight wireis
used for stab culture Theinoculation loop issterilized by red hest.

Inoculation of culture media

Bacterid cultureareusualy done
» Toisolatebacteriain pureculturesfrom clinical specimens.
» Todemonstratetheir properties.
» To obtain sufficient growth for the preparation of antigensand for other
tests.
* Todeterminesendtivity toantibiotics.
* Toedtimateviablecounts.
* Maintainstock cultures.
I noculation methodsinclude:
» Stresk culture




Reference Book |j]

* Lawnculture

* Strokeculture

» Stabculture

» Pour platemethod

* Liquidculture

*  Anaerobic culturemethods

Streak culture

» Usedfor theisolation of bacteriain pure
culturefromclinical specimens.

* Painumwireor Nichromewireisused.

*  Oneloopful of thespecimenistransferred
onto thesurface of awell dried plate.

e Spread over asmall areaat the periphery. ; .

» Theinoculumisthen distributed thinly over the plateby streakingit witha
loopinaseriesof pardld linesin different ssgmentsof theplate.

*  Onincubation, separated coloniesare obtained over thelast seriesof streaks

Lawn Culture
* Providesauniform surface growth of the bacterium.
Usesare
» For bacteriophagetyping.
* Antibiotic sengtivity testing.
* Inthepreparation of bacterial antigensand vaccines.
Lawn culturesare prepared by flooding thesurface of the platewithaliquid suspenson
of the bacterium or swabbing on the surface of the plate.
Stroke Culture

Stroke cultureismadein tubes containing agar Slope/ dant It isused to provide a
puregrowth of bacterium for dideaggl utination and other diagnostictestsand certain
biochemicd testsEg: TSI, Citrate utilization.

Stab culture

Prepared by puncturing a suitable medium - gelatin or glucose agar with along,
straight, chargedwire.

Usesof stab cultureare
* Motility detectioninsemisolid media
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» Demondration of gdatinliquefaction.
Pour plate culture

e Aga mediumismelted (15 ml) and cooled to 45°C.

* 1 ml of theinoculumisadded to themolten agar.

* Mixwell and pour to asterile petri dish. Allow it to set.

* Incubateat 37°C, colonieswill bedistributed throughout the depth of the
medium.

Usesare

* Givesanestimateof theviablebacteria count inasuspension.

» Forthequantitative urinecultures.

Liquid cultures
e Liquidculturesareinocul ated by touching with acharged |oop or by add-
ing theinoculumwith pipettesor syringes.
»  Usadfor obtaining uniform growth of bacteriafor motility testing and blood
cultureetc.

Anaerobic culture

Anaerobic conditioniscreated by production of vacuum(Incubatethe culturesina
vacuum desi ccator), displacement of oxygenwith other gas (Displacement of oxygen
with hydrogen, nitrogen, helium or CO?) and by absorption of oxygen ( gas pack).
Different methodsareavailable

»  Chemicd method--Alkainepyrogallol absorbsoxygen.

» Mclntosh - Fildes anaerobicjar

»  Gagpak
Commercidly availabl e disposable envel ope. Gas-pak containspelletsof sodium
borohydride, cobalt chloride, citric acid and sodium bicarbonate.

These chemica sgenerate hydrogen and carbon dioxide when water isadded (about
10 ml) (some gaspak do not need water). After theinoculated plates are placed
insideanair-tight jar, the packet of "Gas-pak" with water added iskept insideand
thelidistightly closed. Indicator isused isreduced methylene blue. It iscolourless
anaerobically and Blue incolour on exposureto oxygen
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Unit 4.1.5 Basic Identification Techniques
Introduction

Themainfunction of al diagnostic bacteriol ogy laboratoriesisthe detection and
identification of microorganismsinavariety of samples.Additionaly, Antibiotic
sensitivity testing of theisolatesisof magor importance. Now days conventional
Identification techniques mostly has been replaced by rapid techniques .But still
gtaining techniques microscopy remain asthe gold standard methodsfor identification
of bacteria. Supplementation of biochemica investigationsmostly detecting bacteria
enzymes or metabolic end products confirmsthediagnosisinaspeciesievd.

Thereare several methodsto identify thedifferent type of bacteria.

1. Isolationinpureform
Staining reaction
Morphology of bacteria colony
Culturd characteristics
Metabolism
6. Biochemica properties
Detection of Bacterial Motility
Bacterid Motility may bestudied by avariety of techniques. Themovement of living
bacteriamay beexamined in solid or semisolid agar media, microscopicaly inwet,
unstained preparationsor in stained preparations. There aredifferent methodsfor
motility detection.
Hanging drop method

a koD

In this method adrop of cultureis placed on acoverdlip that is encircled with
petroleumjelly (or any other sticky materid). Thecoverdip and drop aretheninverted
over thewell of adepression dlide and examine under microscope for bacterial
movement. Thedrop hangsfrom the coverdip, and the petroleumjelly formsased
that preventsevaporation. It isthe quickest meansfor determining motility.

Staining reaction

Therefractiveindex of bacteria cellsisvery closeto that of water and to that of the
glassdide, Therefore, itisvery difficult to observethem clearly .To overcomethis
difficulty, thecellsare coloured by stains, which impart deep colour tothecellsand
light colour to the surrounding medium, in which they are suspended.
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Basic staining
To observe shape and arrang

of bactena cells Acidic staining
|  Simple staining

Gram staining

Staining | Scparation into groups

Acid-fast staining

[ Differential staining

Capsule staining

Flagella staining

Visualisation of specific
structures of bactena

Figure 5.6: Types of staining of bacteria

Staining of bacteriaisof different typesas described below

Simple Staining

Here, only onestainisused. E.g. Methylene Blue, Basicfuchsinetc. Thisstainingis
used to observe shape (cocci, bacilli, vibrio, spirilli) and arrangement (single, pair,
tetrad, chain, cluster) of bacteria.

Differential Staining:

Differentia staining methodsare performed to differentiate bacteriainto different
groupsbased onthelr staining characteristics. Gram staining and Acid Fast staining
aredifferentia staningtechniques

Gram Staining is performed to differentiate gram-positive and gram-negative
bacteria.ltisbased onthe chemical compositionof their cell wall. Gram staining
usescrystd violet asprimary stain, iodineasamordant, and dilute carbol fuchsinor
safranin as counterstain. The cell wall of gram-positive bacteriais rich with
peptidoglycan and techoic acid which are present in small amountsin gram-negative
bacteria. Major content of the cell wall of a gram-negative bacteria is
lipopolysaccharide. In spite of decol ourisation gram-positive bacteriaretainsthe
primary stainiodinecomplex and remanspurple. But gram-negative bacteriaundergo
decol ourisation and takes the colour of the counter stain and appear asred. Any

mechanica damagetothecdl wal causegramvariability in staining.
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InGram staining Crystd violet isused asprimary stain, Gramslodineasthemordant,
Ethyl a cohol / acetone asthe decol ouri ser and Safranin/dilute Carbolfuchsin/Neutra
red asthe counter stain.

Acid-fag Staining (Ziehl-Ned sen staining)isperformed to differentiate between acid-
fast and non-acid-fast bacteriaand isused to stain Mycobacterium tubercul osisthat
do not take col our during staining procedureslike Gram staining. Thestainsused
arethered colored Carbol fuchs nethat stainsthe bacteriaand acounter stainlike
Methylene blue or Malachite green. Primary stain binds cell wall mycolic acids.
I ntense decol orization does not release primary stainfromthecell wall of Acid fast
bacillus.Colourof AFB-based on primary stain used. Counterstain provides
contrasting background.

Biochemical Tests

Different testsbased on the biochemical property of microorganism helpsinthe
identification and confirmation of different bacteria.

Catalase Test demonstrates the presence of enzyme catalase in the organism.
Stephyl ococcusgivesPositive catal ase, Streptococcus gives Negative catd aseresults.

Coagulase Test is used to differentiate Staphylococcus aureus (positive) from
Staphylococci epidermidis whichiscoagulase negetive.

Oxidasetest isused to determine the presence of bacterial cytochrome oxidase
enzyme. Pseudomonas species gives positive reaction and E coli givesnegative
reults.

IMViC testsareused to differentiate the membersof Enterobacteriaceae. These
arethelndoletest, the Methyl Red, Voges-Proskauer testsand the Citrate test.

4.1.6 Immunology and its diagnostic applications
Introduction

Thebody is protected from infectious agents and other harmful substancesby a
variety of cellsand molecul esthat make up theimmune system. Immunity isthe
ability of thehuman body to tol eratethe presence of material indigenousto the body
(sdf), andtodiminateforeign (non-self) materid . Foreign substancessuch asviruses,
bacteria, toxins, and parasites are surrounded by antigensthat, when introduced
into the body, are capabl e of inducing a response by the immune system. This
discriminatory ability providesprotection frominfectiousdisease, Sncemost agents
or associated toxins areidentified asforeign by theimmune system. Theimmune
system - includesal parts of the body that hel pin therecognition and destruction of
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foreign materias. Whiteblood cells, phagocytes and lymphocytes, bone marrow,
lymph nodes, tonsils, thymus spleen aredll part of theimmune system. The study of
immunity and variousimmunol ogicd reactionsare caled Immunology

Types of immunity

Passive lmmunity: Antibodiesfrom another person or animal that can beinjected or
transfused. Called passive becausetheindividua did not createthe antibodies, but
instead received pre-formed antibodies. Protectioniseffective, but durationisshort
lived and no memory iscreated. Examplesof passveimmunity arematernd antibodies
(trans-placental and breast milk) and injected antibodies (e.g., rabies, varicella, and
tetanusimmuneglobulins).

Activel mmunity: When thebody isexposed to aforeign substancethecdllsof the
immunesystem "actively” respond. Activeimmunity isfurther divided into categories:
Innate Immunity - protective mechanismsweare born with.

Adaptivelmmunity - call mediated immunity and humoral immunity

Antigen

Antigen isusually aforeign molecule that triggers an immune response when
introduced into the body.

Antibody

Antibody ischemicaly globulin moleculesecreted
inresponseto aspecific antigen. Each antibody
cons gtsof four polypeptides- two heavy chains
andtwolight chainsjoinedtoforma™Y" shaped
molecule. light chains may be either kappaor
Lambda. the heavy chain may be Alpha, beta,
mu,deltaand epsilon. According to thetype of
heavy chain present, theantibodiesareclassified into: IgM, 1gG IgA, IgD, and IgE

IgM: A va uablediagnostic marker for infectiousdiseasebecauseitisusualy thefirst
immunoglobulin madefollowingAntigen exposure

Structure of Antibody

1gG: Themost abundant class of antibody, constituting approximately 80% of al
antibodiesin serum. It istheonly antibody that crossesthe placenta.

Antigen-Antibody Reactions

Theantigens- antibody reactionsformsthebasi s of antibody mediatedimmunity in
infectious diseases, alergy etc. The specificity of antigen-antibody interactionshas
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led to the devel opment of avariety of immunologic assays, which can be used to
detect either theantibody or antigen that may aid in thediagnosisof infections.The
antigen and antibody reactions are specific and the combinationisfirm but reversible
it may beinfluenced by the affinity and avidity of thereaction.

Affinity referstotheintengty of attraction between the antigen and antibody molecule
Avidity isthestrength of bond after the formation of antigen antibody complexes
Serology

Antigen - antibody interactionsin vitro are known as serological reactions. The
important parameters of serological testsare

Specificity - istheability of test to detect reactions between homol ogous antigens
and antibodiesonly. False positivereactionsareminima inahighly specifictest.

Sengtivity - referstotheability of test to detect very minute quantities of antigen or
antibody. Inahighly sensitivetest, fase negativeresultsareminimd.

Titer of theserumisthehighest dilution of serum that showsan observablereaction
with theantigeninthe particular test. Thetiter isdetermined by seridly diluting the
serum fraction of blood and assaying (testing) each dilution of the serumwith the
antigen of interest. Thelast dilution of serum samplethat respondsin the assay
determinesthetiter. The greater the concentration of the specific antibody inthe
serum sample, thehigher thetiter. A low or undetectabletiter indicatesvery little
antibody present inthe serum.

Prozone Phenomenon

Theantigen-antibody reactionswill begreetly
influenced by the proportion of antigensand
antibodies. The reaction will be more
stronger if antigen and antibodieswill bein
a optimum concentration( Zone of
equalence), the excessamount of antibody
(Prozone) often result inthefa senegative
result i.e failer of reaction.Prozone effects can be seen in many types of
immunoassays.

Thereareseverd antigen-antibody reactionsused invitrowhichindudesAggl utination,
Precipitation, Neutralization, Complement fixation, Fluorescent -antibody technique
antibody, EL1SA- Enzymelinked immunosorbent assay, Radio immunoassay and
Immuno chromatographic techniques.
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Precipitation Reaction

When a soluble antigen combines with its antibody in the presence of
electrolytes(Nacl) a asuitabletemperatureand pH, the antigen and antibody complex
formsaninsolubleprecipitate.

Instead of sedimenting at the bottom, preci pitate of fine particlesformed remains
suspended asfloccul esand thereactionisknown asfloccul ation Examplesare VDRL
Test.

Agglutination Reaction

When aparticulate antigen ismixed with itsantibodyin the presence of dectrolytes,
suitabletemperatureand pH producesclumps. Such reectionsarecaled agglutination
reaction. Agglutination reactionsaremore sendtivethan precipitation reactionsMany
sol ubleanti gens can be made parti cul ate by coating them onto RBC, or other particles
such aslatex or carbon and react with corresponding antibodiesresultsin clumping
caled passveagglutination. Now adaysmany of therapid diagnostic methodsare
using thisprinciplefor thediagnosisof diseases.

Enzyme-Linked Immunosorbent Linked Immunosorbent
Assay (ELISA) m

Thistechniqueutilizes
the specificity of

antigen antibody zm 3
reaction and  foa
sensitivity of enzyme, o "Q'

In this method, an
enzyme labeled
antigen or antibody is
used to detect antigen or antibody from patient'ssample. Theresultisobtained with
the development of acolour formed asresult of theaction of enzymeonthe substrate
whichisotherwisecolourless. Itissmple, Economica and moresengtive. ELISA s
aquanditative method and availablein different
formats Cassette ELISA isasmplemodification
ELISA are now available for qualitative
analysis.ELISA iswidely used to detect various
antigen and antibodies, in hormona assaystoo.

ELISA- Different Principles
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Immunofluorescence _ ee——
Obpectve lens. 1,\'-#- ot

Inthismethod, antigen or antibody islabeled with @ —Antbody to
fluorescent dyessuch asfluoresceinandrhodaming . oeamioen T

produced ismeasured by fluorescent microscope.

Immuno fluorescence method haswide diagnostic

applications indirectimmunefluorescencemethod, e
unknown antigens are detected by fluorescent
labeled antibodies. Indirect immunefluorescence
method, antibodiesin the patient's serumisdetected.

Unit 4.1.7 Laboratory Diagnosis of Common Bacterial diseases

used inantigen-antibody reactions. Theflorescence I §

Immunofiourescence assay

Collection & transport of Specimens

Specimen collection formsthe back bone of investigative procedurestoisolateand
identify causative agentsin Microbiol ogy. Specific proceduresin collecting specimens
will certainly improve the quality of services of Microbiology departments.
Microbiological testsare expensive and technically demanding .Causal testing of
Microbiologica testsare counterproductive. The specimens collected and handled
may directly affect the outcome of microbiologica analysis, hence appropriate
specimen management is critical to ensure laboratory effectiveness within an
acceptableturn around time. Specific guidelineson specimen collection are necessary
for optimal useof microbiology services.

Every laboratory should formulate guidelines on proceduresfor each mg or category
of specimens.

Collection

o Laboratory investigation should start immediately after collection of specimen

*  Specimensobtained early, preferably prior to antimicrobid treatment

*  Beforedoing anything, explain the procedureto patient and rel atives

*  When callecting the specimen, avoid contamination

»  Takeasufficient quantity of materia

»  Follow theappropriate precautionsfor safety

*  Containersmust beleak proof, Unbreakable, for cultures containersmust be
deile

Labeling the sample

A properly labeled sampleisessentid to ensurethat theresults of thetest match the
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patient. Thelabd must include Patient'sname, Peatient'shospital number, clinic number
or ID number.

Specimen transport

Whenfacilitiesarenot availableto performthedesired tests at the place of collection
or laboratory located far away, request the diagnostic laboratories to advice on
trangportation of specimens

Trangport specimensto thelaboratory asearly aspossibleafter collection. Specimens
must be submitted for culturewithin 2 hoursafter collection, if delay isanticipated
the specimens areto be preserved by refrigeration at 4°C except CSF specimen
and cultured within 24 hourswhenever possible.

Request formsfor microbiol ogica investigation should includenameof patient, age,
sex, IPIOPnumber, nameof referring physician, type of specimen, Dateof collection
andinvestigations needed.

Specimen processing
Urine

Collect mid-stream, clean catch specimen of Urinein awide mouthed container
from patients. A wet filmisprepared under aseptic conditionsto notethe presence
of pus cdllsand bacteriain the sample. Urine sampleistheninoculated into Media
likeMA and BA andincubated at 37°C overnight. 10° CFU (colony forming unit)
per ml of urineis considered as significant bacteriuria. 1solated coloniescan be
identified with biochemical tests. Expected pathogensinclude E.coli, Klebsidla,
Pseudomonas, proteusetc. ABST should be performed on significant isol ates.

Blood

Proper disinfection of theareaisdonewith good antiseptic sol ution. The saff should
beadvised to disinfect the skinover vein, to useafresh sterile syringewith sterile
needlefor theveni puncture beforeinocul ating culture bottle. It isrecommended that
aminimum of 2 blood culturesfrom different sites should be submittedin order to
acquiretheoptimd volumeof blood (1in 10dilution) and tofacilitatetheinterpretation
of results. Thesampleisintroduced into sterile primary medialike Bile Broth or
Brain Heart Infusion Broth.Blood cultureisrequested when the patient i s suspected
of septicemia, Bacterimia, Subacute bacterial Endocarditis(SABE) and in some
systemic diseases. Sample should be subcultured from primary media(BA& MA)
in alternative daysespecially when enteric fever is suspected. Expected isolates
include S.aureus, Salmonella, E.coli, Brucellaand few fungi like candidawhen

Immunosuppressonisthere.
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Anaerobic blood culturesarenot availableroutinely.

Rapid Culture methodslike Bactec or Bactalert provide early indications about
bacterid growthintheinoculumwhichmay beconfirmed by manua culturetechniques

Sputum

Sputumisthematerid fromthel ower respiratory infectionsmost commonly submitted
for bacteriol ogica examination. Thesputumisamixtureof bronchia secretionsand
inflammatory exudates coughed up into the mouth and expectorated. For Collection,
Instruct patient to take adeep breath and cough up sputum directly into awide-
mouth screw capped plastic sterile container of 50 - 100 ml capacity (avoid saliva
or postnasal discharge).ldedl to collect when patient wakes up and with first cough.
On severa occasionsrepeat sample may berequired toisolatethe causative agent.

A direct gram smear of sputum sampleishaving critica value. But if the number of
epithelial cellsismore, the sampleisregected. Inoculate the purulent part of the
sampleintoBA, MA and CA. Possible Pathogensare Strep. Pnemonia, Klebsiellg,
Haemolytic Steptococci and H. influenza.

CSF

Lumbar punctureisused to collect the CSFfor examination. CSFisusually collected
by aPhysiciantrained in procedure with aseptic precautions. Only 3-5ml CSFis
collected into alabel ed sterile containers. The collected specimen of CSF should be
despatched promptly to thelaboratory , delay may cause death of ddlicate pathogens,
€g. Meningococci. Itisimportant whenthereisdelay intransportation of specimens
to Laboratory do not keep in Refrigerator, which tendstokill H. Influenzalf delay is
anticipated |eaveat Room Temperature

Direct microscopy either by awet mount or by Gram'sstainingwill help to reveal
the aetiology whether isthat of bacterial or viral origin. Inoculateinto BA, CA
&MA. If H.influenzais suspected streak S. aureus colonies acrossthe plateto
demongdrate satellitism. Poss ble pathogensinclude Strep. Pneumonia, Haemophilus
influenza, E. coli, Klebselaetc.

Sool

Freshly passed stool samplesisrecommended, avoid specimensfrom abed pan.
Use clean container. Fresh stool unmixed with urineiscollected in clean, dry and
sterile container. Refrigerate at 4°Cif necessary; do not freeze. A rectal swabis
unsatisfactory, unlessitisheavily charged and visibly stained with faeces collected
from rectum, not anus. Whenever possible, a specimen of faeces should be
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collected.The specimen is collected into 25 ml screw capped wide mouthed
disposable container.Collect 1-2 ml of faeces, and apply the cap tightly.

Take carenot to soil therim or outside of the bottle. Transmit the container quickly
tolaboratory.

Specimenisinoculated into MA .AssdlectivemediaDCA, XLD or BSA canbe
used . TCBS & alkaline peptonewater isused in suspected cases of choleraif the
stool samplehasaricewater appearance. Sel. F Brothisthemost commonly used
Enrichment media. Possible pathogens include Pathogenic strains of E. Cali,
samonella, Shigdlla, Vibrioetc.

Pusswabs

If material cannot be obtained with aneedle and asyringe, aswab must be used.
Swabs can be collected from wound,throat, nose,ear, eye, cervix, vagina,etc. The
swab should then beinocul ated onto appropriate culturemediaassoon as possible
after collectionor it can beplaced immediately into asuitabl etransport medium (eg.
Amiesor Stuart's). Dry swabs are unacceptable.

A direct Gram smear of pussampleisdone. Inoculatethe pussampleinto BA, MA
and CA, RCM ( if anaerobic organism suspected) and incubated at 37°C The
organism grownisidentified. Possible Pathogens are Strep. pyogenes, Staph
aureusKlebsidla,coliform bacilli etc.

Antibiotic sensitivity test

Theintroduction of variousantimicrobidsfor treating variety of infectionsshowed
thenecessity of performing antimicrobia susceptibility testing asaroutineprocedure
inall microbiology laboratories. Inlaboratoriesit can be made available by using
antibioticdisk whichwill diffused owly into themediumwherethe suspected organism
isgrown. Various chemica agentssuch asanti septics, disinfectants, and antibiotics
areemployed to combat with the microbia growth. Among these, antibioticsare
generally defined as the substances produced by the microorganism such as
Penicillium, which hastheability tokill or inhibit thegrowth of other microorganisms,
mainly bacteria Antimicrobia susceptibility tets(ASTs) bas cally measurestheahility
of anantibiotic or other antimicrobia agent toinhibit theinvitromicrobia growth.

Therearemany different proceduresthat microbiol ogists useto study the effects of
variousantimicrobid agentsin treating aninfection caused by different microorganisams.
Mudler HintonAgar iscons dered asbest mediumfor theroutinesuscepti bility testing.
Fastidiousorganismswhich require specific growth supplementsneed different media

to grow for studying the susceptibility patterns.
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The Kirby Bauer test is a qualitative assay whereby disks of filter paper are
impregnated with asingle concentration of different antibioticsor any chemicasthat
will diffusefrom thedisk into the agar. The sel ected antibiotic disksare placed on
the surface of an agar plate which hasaready been inocul ated with test bacteria.
During theincubation period, the antibi otics/chemica sdiffuseoutward from thedisks
into theagar. Thiswill createaconcentration gradient in theagar which dependson
thesolubility of the chemical and itsmolecular size. The absence of growth of the
organism around the antibiotic disks indicates that, the respected organism is
susceptibleto that antibiotic and the presence of growth around the antibiotic disk
indicatestheorganismisresistant to that particular antibiotic. Thisareaof no growth
around thedisk isknown asazone of inhibition, whichisuniformly circular witha
confluent lawn of growthinthemedia

Thediametersof thezoneof inhibition aremeasured
(including disk) usingametric scae. Themeasured
zone diameter can be compared with astandard
chart for obtaining the susceptible and resistant
values. Thereare zone of intermediate resistance
which meansthat the antibiotic may not besufficient
enough to eradi cate the organism from the body.

ABST plate

Common Bacterial Diseases
Urinary tract infection

UTl isaninfectionthat affects the urinary tract. Symptomsfrom alower urinary
tract include pain with urination, frequent urination, and feeling theneed to urinate
despite having an empty bladder. Themaost common cause of infectionisEscherichia
coli, though other bacteriaor fungi may rarely bethe cause. Risk factorsinclude
femal e anatomy, sexual intercourse, diabetes, obesity, and family history. aurine
culturemay beuseful.

Diagnosisby urine culture ,microscopy for the presence of whiteblood cells, red
blood cellsand bacteria. A method of collecting urinecalled "clear catch™ isused,
whichiswhereaperson first washestheir genital areabefore collecting aurine
samplemid-flow. Thishel psto prevent bacteriafrom around the genital areagetting
caughtinthesample.

Syphilis
systemic diseasethat i s caused by the spirochaete Treponemapd lidum. Syphilisis
usually asexually transmitted disease, but it isoccasiondly acquired by direct non

&2
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sexual contact with an infected person, and it can al so be acquired by an unborn
foetusthroughinfectioninthemother.

Themost common laboratory proceduresfor thediagnosisof syphilis, arebased on
detection of syphilisreagin (an antibody-like substance) by initiatingitsreactionwith
an antigento producevisible clumping, or flocculation, within the serum. Widedly
used among them arethe RPR (rapid plasmareagin) test and the VDRL (venereal
disease research |aboratory) test; both arerapid techniqueswith arelatively high
degree of sengitivity and specificity. However, none of theflocculation testsisfully
specificfor syphilis, "falsepogtive’ resultsarecommoninawidevariety of infections,
from mononucleosisto maariaand eveninfluenza. For thisreason, positive RPR
and VDRL testsareroutingy followed by other more complicated and expensive
Treponemd serologica blood testsinorder todetect T. palidumdirectly. In addition,
the spirochetes can be viewed by examining fluid from the primary chancre or
secondary lesionsunder the microscope.

Typhoid fever

Itisanacuteillnessassociated with fever caused by the Sdmonel latyphi bacteria. It
can aso be caused by Salmond laparatyphi, arelated bacterium that usually causes
alesssevereillness. The bacteriaare deposited in water or food by ahuman carrier
and are then spread to other peoplein thearea. theingestion of contaminated food
or water, the Salmonellabacteriainvadethesmal intestine and enter thebloodstream
temporarily. Thebacteriaare carried by whiteblood cellsintheliver, spleen, and
bone marrow, where they multiply and reenter the bloodstream. People develop
symptoms, including fever,

Diagnosisof typhoid fever ismadewhen the Salmonellabacteriaare detected with
ablood and stool culture. Typhoid fever istreated with antibiotics and symptoms
are poor appetite, headaches, generalized aches and pains, fever, and lethargy.
Approximately 3%-5% of patients become carriersof the bacteriaafter the acute
illness.

Tuberculosis (TB)

It isaninfection caused by slow-growing bacteriathat grow best in areasof the
body that havelots of blood and oxygen. That'swhy it ismost often found in the
lungs. Thisiscaled pulmonary TB. Diagnosisof pulmonary TB ismadeby sputum
smear examination and culture. But TB can a so spread to other partsof the bodly,
whichiscalled extrapulmonary TB. Treatment isoften asuccess, but itisalong
process. It usually takes about 6 to 9 monthstotreat TB. But someTB infections

need to betreated for up to 2 years.
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Cholera

Itisanacuteinfection of thesmall intestine caused by thebacterium Vibrio cholerae
and characterized by extreme diarrheawith ricewater stool . It causesrapid and
severe depl etion of body fluids and saltswhich can befatal and may lead to the
death of the patient.

Bacterial Meningitis

Bacterid meningitisisan extremely seriousillnessthat requiresimmediate medical
care. If not treated quickly, it can lead to death within hours -- or lead to permanent
damageto the brain and other parts of the body.

Themost common bacteriacausing meningitisin children and adultsare Neisseria
meningitides ("meningococcus’), Streptococcus pneumoniae (*pneumococcus’)

and, in older patients with decreased immunity, Listeria monocytogenes.

Haemophilusinfluenzaetypeb (Hib) wasacommon cause of meningitisininfants
and young children until the Hib vaccinewasintroduced for infants. Vaccinesare
availablefor both Neisseriameningitidisand Streptococcus pneumoniae. They are
recommended for al children and adultsat specid risk.

Dysentry

Dysentry is charachterised by |oose stoolswith presence of blood and mucus. Itis
caused by bacterialike Salmonella, Shigella, and also by the parasite Entamoeba
higtolytica
Tetanus

Causad by Clogtridiumtetani whichisatoxin mediated infection.Usudly transmitted
by sporesinthe dust or soil.

Leptospirosis

The disease Leptospirosis is caused by the spirochaete Leptospira and is
charachterised by fever and associated jaundice.

Serological diagnosis of bacterial diseases

WIDAL TEST

Widd testisatube agglutination test empl oyed in the serol ogical diagnosisof enteric
fever.

Principle: Patients' suffering from enteric fever would possessantibodiesintheir
serawhich can react and aggl utinate seria doubling dilutionsof killed, coloured
Sdmond laantigensinatube aggl utination test.
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Requirements: mainly 4 types of e T oS e e

antigensareused
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Styphi H antigen, —Q P Y.QYLYLY .20
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S.paratyphi BH antigen. _‘%‘ Q.@_. Q_.Q.as.-m O

Patient serum is doubly diluted by =& 1e0 125 100 100 1080 1050 1ut0

Fraldigion 1020 Twd) 1mB0) 1m180 130 1060 1120

mixing and transferringfrom 1:10to
1.640inthree-four rows. First row usually comprisesof Felix tubes, where somatic

‘stparately on theee lubes

S.typhi O antigenisadded. For al theremaining rows, Dreyer'stubes are taken,
wheredifferent flagellar H antigens are added. Each tube must contain 0.5ml of
diluted serum. A test tube with only salineiskept in each row ascontrol. All the
tubes (including control) in arow aremixed with 0.5ml of antigen suspension. The
first row istreated with S.typhi Oantigen, the second row with S.typhi H antigen, the
third row with S.paratyphi AH antigen and the fourth row with S.paratyphi BH

antigen.
After al thetubes have been treated with specific antigen suspensions, theWidal

rack isplacedin athermo statically controlled water bath maintained at 370C for
overnight incubation. Another approach isto incubate thetubes at 50-55C.

Reading the results:

The control tubesmust beexaminedfirst, wherethey should give no aggl utination.
The agglutination of O antigen appears as a"matt" or "carpet” at the bottom.
Agglutination of H antigens gppears|oose, wooly or cottony. The highest dilution of
serum that produces apositive agglutination istaken astitre. Thetitresfor all the
antigensare noted.

Slidewidal test: A didewida testismore popular among diagnostic laboratories
asitgivesrapidresults.

Quialitativetest: Onedrop each of undiluted patients serum samplesfor thefour
antigensareplaced on thecircled card and one drop of each of thefour Sdmonella
antigens are added separately and gently rotated for one minute. A ppearance of
agglutingtion givesquditativeresults.

Quantitativetest: To know thetitrefor each of theantigens, thetest isrepeated with

dilutionsof serum.
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Interpretation of widal test:

Timing of test isimportant, asantibodiesbegin to ariseduring theend of first week.
Thetitresincrease during second, third and fourth week after whichit gradually
declines. Thetest may benegativein early part of first week. Singletestisusualy of
not much vaue. A risein titre between two seraspecimensismore meaningful than
asingletest. If thefirst sampleistaken lateinthe disease, arisein titre may not be
demonstrable. Instead, theremay beafal intitre. Basalinetitre of the population
must be known before attaching significanceto thetitres. Theantibody level s of
individualsinapopulation of agiven areagivethebaselinetitre. A titre of 100 or
morefor O antigeniscongdered S gnificant and atitrein excessof 200for H antigens
isconsdered sgnificant.

Patients aready treated with antibiotics may not show any riseintitre, instead there
may befall intitre.

Patientswho have received vaccines against Salmonellamay givefal se positive
reactions. This can bedifferentiated from trueinfection by repeating thetest after a
week. True untreated infectionresultsinriseintitrewhereasvaccinated individuas
don't demongtrateany riseintitre. Thoseindividuals, who had suffered from enteric
fever inthepast, sometimesdeve op anti-Salmonel laantibodiesduring an unrel ated
or closely related infection. This is termed anamnestic response and can be
differentiated from trueinfection by lack of any riseintitre on repetition after a
week.

Rapid Plasma Reagin (Card Test)

RPR card test isamacroscopi ¢, nontreponema floccul ation card test used to screen
syphilis.The antigen is prepared from a modified Venereal Disease Research
Laboratory (V DRL) antigen suspension containing cholinechlorideto diminatethe
need to heat inactivate serum, ethylenediaminetetraacetic acid (EDTA) to enhance
the stability of the suspension, and findly divided charcod particlesasavisudizing
agent. Inthetest, the RPR antigen ismixed with unheated or heated serum or with
unheated plasmaon aplastic coated card.

The RPR test measuresIgM and 1gG antibodiesto lipoidal material released from
damaged host cellsaswell astolipoprotein like material, and possibly cardiolipin
released from the treponemes.

The antilipoidal antibodies are diseases, but also produced in response to
nontreponema diseasesof an acuteand chronic naturein whichtissuedamage occurs.
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If antibodies are present, they combinewith thelipid particlesof theantigen, causing
themto agglutinate. The charcoa particles coaggl utinate with the antibodies and
show up ashblack clumps against thewhite card. If antibodiesare not present, the
test mixtureisuniformly gray. Without some other evidence for the diagnosis of
syphilis, areactive nontreponemd test doesnot confirm T. pallidum infection.

Serum and plasma are both suitable specimensfor the qualitativetest; however
serumisthe preferred samplefor the quantitative test. Test plasmasampleswithin
48 hrsafter collection.

Rapid PlasmaReaginTest isagenera screening test, can be adapted to automation
.But it cannot be performed on CSF. Cardiolipin antigenismodified with choline
chlorideto makeit morestable atachedto charcoa particlesto alow macroscopic
reading , antigen comesprepared andisvery stable

Test Procedure: Serum or plasmaadded to circle on card and spread. Onedrop of
antigen is added. Rotate at 100 rpm/minute for 8 minutes. Results are read
macroscopically. A control must berun. RPR appearsto be more sensitive than the
VDRL.

Anti-streptolysin O (ASO Test)

Anti-streptolysin O isthe antibody madeagainst streptolysin O. Stptolysin O: isan
Immunogeni ¢, hemolytictoxin produced by most Strainsof groupA and many strains
of groups C and G streptococci. The O inthe name standsfor oxygen-labile.

Procedure:
Thereagent and sample are both alowed to reach room temperature.
Onseparatedides, adrop of sample, positive control and negative control isadded.

Then adrop of the latex reagent should be added to each. Rotate the card for
proper mixing for 1-2 minutes and then observe agglutinationi.e. small clumps
formation. Agglutination indicatesapositiveASO test. Tofind thetitre, thetestis
repeated with dilutionsof serum.

Card tests (Immuno chromatography)

Immuno chromatographi c assays, also called laterd flow testsor smply strip tests
or card test

Thesefeatures make strip testsideal for applications, rapid point of caretesting.
Some of themore common | ateral flow tests currently onthe market aretestsfor

Leptospira, Streptococci, Chlamydiaetc:
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Unit 4.1.8 Laboratory Diagnosis of Common viral
diseases

Introduction

Virusesareobligateintracellular parasites. They do not have acellular organization
and contain only onetype of nucleic acid, either DNA or RNA (DNA virusesor
RNA viruses)but never both. They are small size (20-300 nmin diameter) The
protein shell, or coat, that encloses the nucleic acid genome and mediates the
attachment of thevirusto specific receptorsonthehost cell surfaceiscaled capsid.
Naked virusesare composed of nucleicacid + cgpsid (nucleocapsid). The outermost
layer, cdled envel opeisalipoprotein membrane composed of lipid derived fromthe
host cell membraneand protein that isvirus- specific( Enveloped virusesand non-
enveloped viruses). Thewholevirusparticleiscalled virion.

Themedicd importanceof virusesliesintheir ability to causeavery largenumber of
human diseases. Viral diseases range from minor ailmentslike common cold to
terrifying diseaseslikerabiesand AIDS.A number of virusesare suspected of causing
cancer inanimalss, including humans, and are frequently referred to as oncogenic
viruses

Common Viral diseases

AIDS Thefatd illnesscaused isby HIV (humanimmunodeficiency virus). This
infection istransmitted through blood and blood productsand through sexud contact
It canleadsto severeimmunosuppression. Thediseaseisdiagnosed by ELISA and
confirmed by western Blot test

Vird Hepatitis Thisinflammation of theliver iscaused by 5 virusesnamely, hepatitis
A, B, C, D and E. Each of these hasits own symptomsranging from jaundice, low
immunity and cirrhosis. It can be contracted through sexual contact ,through blood
(HepatitisB,C,D) food and water (HepatitisA&E). Diagnosisis by detection of
antigen (HBsAQ) or antibody through serology.

Rabies: Thisisoneof thefatal diseases caused by rabiesvirus, whichisevolved

frominfected animal bites.(zoonosis). Characteristic symptom ishydrophobia.
Diagnosistechniqueused isimmunofluorescence. Vaccinationiseffective,

Influenza: Theinfluenzavirusaffectslarge popul ationsannualy causeepidemicsand
pandemics. Transmitting through aerosols.

Meades. Commonest childhood infection. Itisachildren'sinfection that can be
prevented by avaccing(MMR).
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Mumps Themumpsisacontagiousvira infection that affectsthe salivary glands.
MMR veccineiseffective

DengueFever it is a mosquito born disease caused by dengue virus and is
transmitted by, the Aedes aegypti mosquito.It may lead to amore serious form of
thedisease, dengue hemorrhagicfever (DHF), Chikun guineaisanother vird disease
transmitted by sametype of mosquito

Diagnostic tests for viral infections

Ingenerd, diagnostic tests can begrouped into 3 categories:

direct detection,

indirect examination (virusisolation),

serology.

Indirect examination, theclinicd specimenisexamined directly for the presence of
viruspartides, virusantigenor vird nudeicacids. Inindirect examination, the pecimen
isintroducedinto cell culture, eggsor animasin anatempt to grow thevirus: Thisis
cdledvirusisolation,

A serological diagnosiscan be made by the detection of rising titres of antibody
between acute and conval escent stages of infection, or the detection of IgM. In
genera, themgjority of common vira infections can be diagnosed by serology

Direct Examination of Specimen

1. Electron Microscopy morphol ogy / immune € ectron microscopy

2. Light microscopy histologicd appearance- e.g.inclusonbodies

3. Antigendetectionimmunofluorescence, ELISA etc.

4. Molecular techniquesfor thedirect detection of viral genomes (PCR)
Indirect Examination

1. Cdl Culture- cytopathic effect, haemadsorption, confirmation by neutraliza-
tion, interference, immunofluorescenceetc.

2. Pockson CAM - haemaggl utination, inclusion bodies
3. Animdsdiseaseor desth confirmation by neutralization
Serology

Thediagnosisof viral infections by detection of specificantivira antibodiesisa
traditional method whose clinical utility islimited by the need for comparison of
acute and conval escent antibody titers. However, detection of virus-specific IgM
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antibodiesallowsadiagnosisto be madefrom asingle specimen. Virusesfor which
detection of virus-specific IgM antibodiesareuseful includeEBV (IgM antibodies
tothevira cgpsd antigen); CMV; hepdtitisA virus, hepatitisB virus (IgM antibodies
tothehepatitisB coreantigen); parvovirusB19; meadles, rubela, and mumpsviruses,
Commonest serological methods including different types of ELISA,
Immunochromatography Heamaggl utination, bl ot tests etc.

4.1.9 Laboratory Diagnosis of Common Parasitic
diseases

Introduction

Parasitismisaformof living inwhichtwo different organismsco-exist over along
time. Thereare severa different outcomesof parasitism. When aparasiteliveswith
another organism, this can cause commensalism whichisdefined astwo organisms
that co-exist and one of the organismsbenefit from the other while neither harming
nor helping the other organism. Parasitism may be'M utualism' in which both
organismsbenfit without causng any injury to oneancther. Another form of paraditism
would bethe parasite, whichisusually asmaller organism benefitsfrom the other
organism called thehost and herethe host isusually harmed.

Medical Parasitology isthebranch of medical sciencedealing with parasites, which
livewithinthe human body. The parasitesaffect severd billionsof peopleworldwide,
kill millionsannudly and causedehilitatinginjuriessuch asblindnessand difiguration.
World Hedlth Organi zation estimatesthat onepersonin every four harboursparasitic
worms.

Hostsareclassified accordingtotheir roleinthelifecycleof the parasiteinto two
types

»  Definitivehost that harboursthe adult stage of the parasite or in whom sexua
reproduction occurs

* Intermediate host that harbourslarval stageof the parasite or in whom asexud
reproduction occurs.

Vector isan organism which actsasacarrier and transmitsthe parasite from one
another.

Zoonotic diseases (Zoonos ) isatype of human disease naturally acquired froman
infected organism.
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Therearedifferent typesof parasites. Human parasitesaredther unicdlular (protozoa)
or multicdlular . The parasitesmay liveins dethe host (endoparasites) or onthehost
surface (ectoparasites).

Endoparasitesare sub-classified into Helminthic parasites(multicelular organisms)
and Protozoan parasites(unicellular organisms). Helminthic parasitesareeither flat
worms(Trematodes), segmented ribbon likeworms (Cestodes) or cylindrical worms
(Nematodes).

Accordingtotheareaof inhabitationin humans, the parasitesare classified into
intestinal and blood-borne parasites.

Blood Parasites

Blood Parasites arethetype of parasiteswhich inhabitsin the blood and tissues
other than intestine. Common blood parasitesinclude Plasmodium , Wuchereria
bancrofti, BrugiaMaayi, Trympanosama, leishmaniaetc.

Microscopy remainsthe cornerstone of the laboratory diagnosisblood parasite
infections. Examination of thick and thin peripherd blood smearsstained with any of
the Romanowsky group of stainsis the accepted method for the detection and
identification of speciesof Plasmodium, Brugiaand Wuchereria.

Malaria & Its Lab Diagnosis

Maariaisthemost important tropica diseaseknown to man. It remainsasignificant
problem in many tropical areas. Maariais spreading asaresult of environmental
changes, including globa warming, civil disturbances, increasing travel and drug
resstance. Therearegpproximately 100 million casesof maariaworldwideMdaria
is caused by protozoaof the Plasmodium species. Therearefour specieswhich
infect both humansand animas, Plasmodium maariae (quartian mdaria), Plasmodium
vivax (benigntertian maaria), Plasmodium faciparum (malignant tertian malaria,
ubtertianmdaria) and Flasmodium ovae(ovdetatianmdaria). Mdariaistranamitted
by thefema eanophelinemosquito.

Lifecycle of malariacomprises of an exogenous sexual phase (sporogony) with
multiplication in  Anopheles mosquitoes and an endogenous asexua phase
(schizogony) withmultiplicationinthevertebratehost (Man). Thelatter phaseincludes
thedevelopment cycleinthered cdlls (erythrocytic schizogony) and the phasetaking
placeinthe parenchyma cellsof liver (pre-erythrocytic schizogony).

When afema eAnophe esmosquito bitesan infected person, itingestsblood which
may contain themature sexud cells(mal eand fema e gametocytes) which undergo

&
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aseriesof developmentd stagesinthe ssomach of themosquito. Exflagellation (the
extrusion of rapidly waving flagellum-like microgametes from microgametocytes)
occursresultingintheproductioninanumber of maeandfemdegametes. Fertilization
occurs producing azygote which maturesto an ookinete. Thispenetratesthestomach
wall of themosqguito whereit growsinto an oocyst and it further maturesto become
amotilesporozoite.

The sporozoitesmigrate from the body cavity of themosquito to thesdivary glands
and themosquito now becomesinfective. Sporozoitesenter into theblood stream
of ahogt when themosquito feedson blood. Following theinocul ation, the sporozoites
leave the blood and enter the parenchymal cellsof theliver. In all four species,
asexual development occursintheliver cells, aprocessknown aspre-erythrocytic
schizogony, to produce thousands of tiny merozoiteswhich arereleased into the
circulation after about 2 weeks. Oncein thecirculation, themerozoitesinvadethe
red cellsand devel op into trophozoites. After aperiod of growth thetrophozoite
undergoesan asexud divison, erythrocyti c schizogony. Whenthematuretrophozoite
startsto divideinthered blood cell, separate merozoitesareformedresultingina
schizont. When fully devel oped, the schizont rupturesthered blood cell containing
it, liberating the merozoitesinto the circul ation. These merozoiteswill then infect
new red cell sand the process of asexual reproduction in the blood tendsto proceed.
Some of the merozoites entering red blood cells do not form trophozoites then
schizontsbut devel op into gametocytes and this processtakes placein deep tissue
capillaries. Thiserythrocytic cycle of schizogony isrepeated over and over againin
the course of infection, leadingto aprogressiveincrease of parasitemia

Clinical featuresof maariaare dueto theliberation of fever-producing substances,
especidly during schizogony. Thecommon featuresincludes Fever of regular pattern,
Haemolytic anemia, Splenomegaly and Jaundice. Jaundice may be severein P.
fadparuminfection

TheLab diagnosisof malariainfectionisstill based on finding different stages of
plasmodium sppsin blood films. .Inthinfilmsthered blood cellsarenot distorted
so themorphology of the parasitized cells can be seen. Speci&identification canbe
made, based upon the Trophozoite Schizonts Ga ﬁ
size and shape of the
various stages of the ol . . . g&
parasiteand the presence
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ragged ends). However,
malariaparasitesmay be
missed onathinbloodfilm
when there is a low
parasitemia. Therefore,
examination of a thick
blood filmisrecommended. With athick blood film, thered cellsare gpproximately
6-20 layersthick which resultsin alarger volumeof blood being examined.

Other methods of Malaria Diagnosis
QBC technique

TheQBCtechniquearapid and sengtivetest designed to smplify maariadiagnosis
by enhancing microscopic detection of parasites. Thismethod involves staining
parasite deoxyribonucleic acid (DNA) in micro-hematocrit tubeswith fluorescent
dyes, e.g. acridineorange, and its subsequent detection by fluorescent microscopy.
Finger-prick bloodiscollected in ahematocrit tube contai ning acridine orange and
anticoagulant. Thetubeiscentrifuged a 12,000g for 5minandimmediately examined
using an fluorescent microscope.Parasite nuclel fluoresces bright green, while
cytoplasm appearsyellow-orange

Recently QBC techniqueisthe preferred diagnostic method over light microscopy
probably because of increased sensitivity at low parasitemia. Although the QBC
techniqueissmple, reliable, and user-friendly; it requires specidized instrumentation,
ismorecostly than conventional light microscopy, andispoor at determining species
and numbersof parasites.

Various Serological methods are now available in the malaria diagnosis and
increasingly usedinthelaboratories. Whichind udesimmunochromatographic cards
termed Rapid malariatests (RDTs) , immunoflourescent antibody assays and
molecular techniqueslike PCR and Flowcytometry etc.

Filariasis & Its Lab Diagnosis

Wuchereriabancrofti and Brugiamalyi are theimportant nematodes causing
lymphaticfilariasis. the adult wormsresiding insdethelymphatics, , obstructsthe
flow of lymph causing swelling and fibrosis of the affected area (el ephantiasis).
Filariaasisistransmitted by the mosquito. they are ovo-viviparousiegiving birthto
livingembryos. Thelarvaof filaria wormiscalled asmicrofilaria Themicrofilariaof
W.banerofti iscol ourlessand trangparent with blunt head and pointed tail. Itiscovered
by ahyaline sheath which projectsdightly beyond the extremities. The central axis

&
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of the body has granules or nuclei which do not extend upto thetail. It servesasa
distinguishing character to identify the species. Themicrofilariaof Brugiamalayi is
smaler andtail tipisnot, freefromnucle.

Thelifecycleof filaria wormscompletedintwo hostsin man and M osguitosbel ong
to the genus of Culex anopheles orAedes. Microfilariae enter the host during a
blood meal when the vector, amosquito, puncturesthe skin. Theinfectivelarvae
enter through thewound and migrateto the periphera lymphaticswherethey grow
tomaturemaeand femaeworms. They canlivetherefor severa years. After mating,
thegravid femal esrel ease sheathed microfilariaeinto the periphera blood where
they can bedetected 8-12 monthsafter theinitid infected bite Themosguito acquires
theinfection by ingestion of themicrofilariaintheblood med. Themicrofilariaelose
their sheath on arrival in the stomach of the mosguito dueto gastric juices. The
larvae migrateto thethoracic musclesand devel op intoinfectivelarvaeover aperiod
of 6-14days. Thelarvaethen migrateto the mouthpartsof themosguito whichinfects
thehost during ablood medl.

Theblood stagesof filariag, microfilariae, vary intimeswhen they arepresent inthe
peripheral blood, corresponding with the peak biting time of the vector. Thus, in
nocturnally periodic formsthe microfilariaare present in the peripheral blood
circulation at night; during the day they residein the deep tissues, particularly the
lungs

Labdiagnosisof filarias sinvol ves examination athin and thick blood smears blood
samplefor filarial detectionisideally collected between 10 pm to 2 am because of
thenocturnd habit of microfilaria

Thereare4 characteristicsthat aregenerally usedin diagnosng microfilaria
*  Thepresenceor absenceof asheath.

Wucherena bancroftl /

* The presence or absence of
nuclel inthetip of thetail.

e The innerbody - can or cannot be

demongtrated.
*  Theszeof themicrofilaria
. Figure showing Microfilariaof
Methods: W.bancrofti & B.malayi
Wet preparation

Two or threedrops of blood aretakeninaclear glassdideand put acover slipon
it. Examineunder low power objective. Themicrofilariacan beseen wriggling about
intheblood in unstained preparation.
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Sained preparation

A thick blood smear is prepared and dehaemogl obinised by putting the slidein
digtilled water for 10 minutes. Air dry, stainwith leishman'sstain or Methyleneblue.
Alternatively JSB or Fidd'sstainsare used.

Concentration Method

The concentration can be done by taking alarge quantity of blood (5-10ml) and
adding 10ml. of 2% acetic acid or distilled water, tolysethe RBCs. Theblood is
then centrifuged and smear isprepared from the sediment. Thesmearsareair dried,
dehaemogl obinised, stained and examined for the presence of parasite. Filariasis
can aso bediagnosed indirectly by serological tests.

Intestinal Parasites

Parasitesinhabiting theintestinal tract are grouped asintestinal parasites. Among
paradticinfections, intestind parasitesarethemost prevadent infectionsinhumansin
devel oping countries. They cause asignificant morbidity and mortality inendemic
areas.Spread of these
parasitesmostly occurs
through faecal
contaminaion asaresult
of poor sewage and
poor quality of water.
Food and water-borne
outbreaks often
reported.

Intestinal parasites may be classified into Helminths (multicellular) and
Protozoans(single celled) most common helminths are Ascaris lumbricoides
(roundworm), Trichiuristrichiuria(whipworm), Ancylostomaduodena e, and Necator
americanus (hookworms).

Entamoebahistolyticaisthemaost commonintestina protozoan parasite Amoebiasis
isthethirdleading cause of death from parasitic diseasesworldwide, withitsgrestest
impact on the peopl e of devel oping countries.

Laboratory diagnosisof intestind parasiteinfectionsinvolvesexamination of faecd
sample. Trophozoiteand cyst arethe stages of protozoan parasitesusualy foundin
stool. Trophozoite stages are most often found in watery or diarrhoeic faecal
specimens and usually cysts are not seen in such specimens. On the other hand,
cysts are the stage typically found in formed faecal specimens. A mixture of
trophozoites and cystsmay occur in softer and semi-formed faeces. Indirect smears
of faecesin saline, motiletrophozoites may befound. Microscopic examination
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reveal smotiletrophozoites containing red blood cell s of E. histolytica. cystscan be
identified by the presence of brown coloured glycogen massin yellow coloured
cytoplasmwith chromatoid bars.Eggsand larvae arethe tages of helminthsusualy
found in stools, though whol e adult wormsor segments of wormsmay a so be seen.

Morphology of Trphozoite & Cyst of E.histolytica

Thetrophozoiteof E. histolyticainfresh dysenteric stoolsexhibit ingested red blood
cdllsand clear pseudopodia They can beup to 60?minsizeand matility israpid and
unidirectional.Cyst of E. histolyticais 10-15?min size and contain oneto four
nuclel.Chromatoid bodiesare usualy present in young cysts asel ongated barswith
bluntly rounded ends. Glycogenisusudly diffuse, but in young cydsit isoften present

asaconcentrated mass, staining reddish brown withiodine.
Trophozoite Cyst £ IR
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Saline mount, iodine mount or concentration techniques are employed in the
examination of stool for detection of variousintestinal parasites. Floatation and
sedimentation faecal concentration proceduresare more useful for detecting ovaor

eggsof heminths,
Saline & Iodine Mount
1. Takeacleanglassdideandlabd

2. Putadropof sdineinthecenter of theleft half of thedideand adrop of iodine
solutionintheright haf of thedide

3. Withanapplicator stick, pick upasmall portion of faeca specimenand mix the
drop of sdine. Similarly takeasmall amount of the specimen and mix withthe
drop of iodine, to prepare aniodine mount.

Cover thedrop of salineand iodinewith acover glass

5. Placetheglassdideinthestage of mi- 1
croscope and focus with low power ” |” | |i ‘g |
objective, examinetheentirecover glass
areain asystematic manner. When an

organism or suspicious material isseen, changeto high power to observethe
detailed morphology.
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Concentration methods:

Direct microscopy isuseful for the observation of motile protozoan trophozoites
and duetothelow density of the parasitesinthefaeces, isnot recommended solely
for the routine examination of suspected parasitic infections. To increase the
probability of finding the parasitesin faecal samples, concentration methodsare
preferred. Stool concentration techniquesare of two types.Formdin- Ether (Formadin-
Ethyl acetate) Sedimentation method and Flotation Method (Using Zn SO, or
Saturated NaCl Solution)

Enterobius Trichuris Ascaris lumbricoides | Ascaris lumbricoldes
vermicularis trickiura fertile infertile

Figure showing the Common Eggs found in stool

DETAILING OF PRACTICALS
Demonstration of Operation procedureof hot air oven

Hot air oven isoperated and procedureis demonstrated and isrecorded in the
practica log

Demonstration of operation procedureof Autoclave

Hot air oven isoperated and procedureis demonstrated and isrecorded in the
practica log

Prepar ation of Peptonewater

Composition

Peptone 10gm
Sodiumchloride 5gm
Didtilled water 1000ml

Dissolvetheingredientsin D water

Adjust the pH to 7.5, Dispenceinto tubes and sterilize by autoclaving at 121°c
15minutes
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Uses:

1. Basisfor fermentationtests.
2. Totest Indole production

3. Tostudy motility
Preparation of Nutrient Agar:

Nutrient Agar isagenerd purpose, nutrient medium used for thecultivation of microbes
supporting growth of awide range of non-fastidious organisms. Nutrient agar is
popular becauseit can grow avariety of types of bacteriaand fungi, and contains
many nutrients needed for the bacteria growth

Composition

Peptone 10gm
Sodiumchloride 5gm
Mest extract 10gm
Agar 20gm
Didtilled water 1000ml

Mix theingredientsand dissolve by gentle heat in Distilled water ,Adjust the pH
7.5. sterilize by autoclaving at 121°c 15 minutes .Allow to cool to 50°c. Pour into
sterile Petri dishesor tubes.

Preparation of Blood Agar
Compostion.

1. Sterile defibrinated blood 5-10 %
2. Méelted agar

3. Besf extract

4. Peptone water

5.NaCl

Prepared by adding 5-10% sterile Blood into Nutrient Agar at 50°c.Sheepbloodis
commonly used.

Dispenseinto tubesand sterilize by autoclaving at 121°c 15 minutes. Pour into Petri
dishes

Preparation of Chocolate Agar

Nutrient Agar ismelted and cooled to 75°c. Add 5-10 % blood. Mix well and the
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medium become chocol ate brown in colour. The mediais cooled to at 50°c. Pour
into Petri dishes.

Preparation of MacConkey Agar

Composition

1. Peptone 20gm
2. Sodiumtaurocholate 5gm

3. Aga 20gm
4. Lactose 10mg
5. Neutra Red Solution 2% 35ml
6. DidtilledWater 1000 ml

Dissolve peptone and sodium taurocholate in water by heating. Add agar and
autoclave. Adjust pH to 7.5. Add Lactose and Neutra red and autoclave. Dispense
intoplates.

Handling, sterilisation and useof bacterial wireloop

Demonstration of inoculation methods

Variousinoculaion methodsare demonstrated and isrecorded in practical log

Inoculation of Liquid Culturemedia
Demonstr ation of hangingdrop method of motility

1.  Withatoothpick, spread Vaseline or Petroleum jelly on thefour corner of a
cleancoverdip.

2. After thoroughly mixing oneof the cultures, usetheinocul ating | oop to asepti-
cally placea small drop of thebacterid suspensioninthecenter of acoverdip

3. Lowerthecavity dide, with the concavity facing down, onto the coverdip so
that the drop protrudesinto the center of the concavity of the slide .Press
gently toformaseal.

4. Turnthehangingdrop dideover and place on the stage of the microscope so
that the drop isover thelight hole. Examinethedrop by first locating itsedge
under low power and focusing on thedrop. Switchto the high-dry objective
(40x). Toincreasethe contrast and to seethe bacteriaclearly, closethedia
phragm asmuch aspossible.

Ditingui sh between actua motility and Brownian movement
Discard the coverdlips and any contaminated slides in a container with

disnfectant solution.
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Demonstration of colony char acter sof commonest pathogens
Preparation of bacterial smear-fromliquid media
Preparation of bacterial smear- from solid media

Perform simplestaining

Perform Gram staining

Preparation of thesmear

Greaseor oil freedidesare essentid for the preparation of microbia smears. Labe
thedide. Drawingacircleon theunderside of theslideusing aglassware-marking
pen may be helpful to clearly designate the areain where the smear is prepared.
Withasterilecooled|oop, placealoopful of thebroth cultureonthedideor pick up
avery smal sampleof abacteria colony and gently stir into thedrop of water/sdine
onthedideto crestean emulsion and spread (Itisvery important to prevent preparing
thick, dense smearswhich contain an excess of the bacterial sample.) Heat fixing
killsthebacteriain the smear, firmly adheresthe smear tothedide, and alowsthe
sampleto morereadily take up stains. Allow the smear to air dry. Hold thedide at
oneend and passthe entiredide through the flame of aBunsen burner twoto three
timeswiththe smear-sde up.

Gram Staining Procedure
1. Placedidewith heat fixed smear on stainingtray.
2. Gently flood smear with crystal violet and | et stand for 1 minute.

3. Tiltthedidedlightly and gently rinsewith tap water or distilled water usnga
wash bottle.

4. Gently flood the smear with Gram'siodineand let stand for 1 minute.

5. Tiltthedidedightly and gently rinsewith tap water or distilled water usnga
wash bottle. The smear will appear asapurplecircleonthedide.

6. Decolorizeusing 95% ethyl acohol or acetone. Tilt thedidedightly and apply
the alcohol drop by drop for 5 to 10 seconds until the alcohol runs almost
clear. Be careful not to over-decol orize.lmmediately rinsewith water.

7. Gently flood with safraninto counter-stain and let stand for 45 seconds.

8. Tiltthedidedightly and gently rinsewith tap water or distilled water usnga
wash bottle.

9. Blotodrythedidewithtissue paper.
View thesmear using alight-microscopeunder oil-immersion.
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Reaults

Gram positivebacteria- violet /Purple

Gram negativebacteria- pink

Perform AFB staining

(Ziehl- Neelsen method)

1. Prepareasmear of sputum onacleanglassdide, air dry and heat fix.

2. Hoodtheentiresurfaceof didewith Ziehl-Ned sen1% Carbolfuchsin solution.

3. Heatdidedowly until steam arises. Maintain steamingfor 5 minutesby using
intermittent heat. (In no casemust the stain solution boil or dry during staining
process.)

4. Rinsedideinagentleflow of water until dl freestainiswashed away. Drain off
excessrinsewater by tiltingthedide.

5. Foodthedidewiththedecolorizing solution (20% Sulphuric acid) for 3min-
utes. (If thedlideisunder decolorized after 3 minutes, further decol orizefor 1
minute))

6. Rinsethedidethoroughly with water. Drain off excesswater fromthedlide.
Wipe off back of slidewith cotton soaked in decolorizer to clean the dried
dans.

7. Rinsethedideagainwith water and drain off excesswater fromthedideby
tiltingthedide.

8. Hoodthedidewith 0.1% M ethylene blue and counter-stain for 60 seconds.

9. Rinsethedidethoroughly withwater and drain off any excessstain fromthe
dideby placing the dide under gentle stream of running water and allow the
smeartoair dry.

10. Thoroughly examinethedideunder oil immersion field of microscope, inasys-
tematic manner for the presence of red coloured curved rod shaped organism
inablue back ground. Number of organismsnoted in hundred oil immersion
fieldsand graded as 1+to 4+

Demonstration of ABST
Demonstrateand Perform RPR Test

Preparation of Thick & Thin Film smears for the diagnosis of blood
parasites

Blood smears should be prepared as soon as possible after collection (delay can

result in changesin parasite morphology and staining characteristics).
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Thick Smear:

1. Placeasmall drop of bloodinthe centre of thepre-cleaned, |abelled dide.

2. Usingthecorner of another slide or an applicator stick, spread thedropina
circular pattern to get athicknessthat awordsto be barely read when placed
it over anewsprint .

3. Laythedidesflat and alow the smearsto dry thoroughly

4. Dehaemoglobinisethesmear by placingthedideimmersedindistilled water or
diluted g.aceticacid solution and air dry

5. Donot fix thick smearswith methanol or hest, Stain with Leishman'sStainor
Field'sstain.JSB stainisa so preferred for staining blood smears.

Thinsmear:

1. Placeasmall drop of blood onaclean, dry greasefreeglassdlide,

2. Bringthespreader dideat a30-45° angle up tothedrop, allowing thedrop to
spread adong the contact line of the2 dlides.

3. Quickly pushthe spreader didetoward the other end of thedlide.

4. Makesurethat the smearshaveagood feathered edge. Thisisachieved by
using the correct amount of blood and spreading technique.

5. Allow thesmearsto dry inair. Fix the smears by dipping them in absolute
methanol.

6. StanwithLeshman'sstainor Fied'sstain.JSB stainisaso preferred for stain-

ing blood smears.

Demonstration of wet smear for filarial parasite
Perform direct smear of stool samplefor parasites-salineand iodine

Demonstration of floatation/sedimentation Techniques for intestinal
parasites
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ASSESSMENT ACTIVITIES

*  Chart showing Endemicinfectionsof our part of world can be prepared

*  Aninfection cyclewith variousroutesmay be plotted

*  Anabum showing pioneersin microbiology may be prepared

e A comparison chart showing the charactersof different microorganismscan be
prepared

« Aroleplay of studentsmay be planned with scientistsas characterstelling
their observationsfromfindingsand difficultiesfaced

»  Bacterial models can be prepared by using plaster of Paris or themocol to
show thecdll structure.

e« Comparison chart may be prepared for prokaryotic and eukaryotic
comparison

*  Preparationof amodel showingthearrangementsof bacteriausing Beadsand
plasticbdls.

e Student groups may be assigned to collect the name of antibioticsthat are
commonly used

e Chart showing Names of common blood & Intestinal parasites

* A comparison chart showingthedifferent morphol ogica formsof maarid para-
stesinbloodfilm.

* A chart may beprepared onidentifying featuresof common parasitic eggs
foundinstool sample.

e Anabum preparation onimages of ova/eggs of common parasitesfoundin
stoal.

Theory Evaluation Questions

1. Amongthefollowing hasan examplefor anaerobicbacteria Findhim

(Staphylococcus, E.coli, M.tuberculoss, Clogtridium) 1
2. Matchthefollowing

a) Basal media Mac Conkey Agar

b) Enriched media VRHuid

¢) Transport media PeptoneAgar

d) Indicator media Blood Agar (4x1=4)
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3)

4)

5)

6)

8)

9)

10)

A patientissufferingfrom UTI .

Explainthesteps of processingthesample?

Name two pathogens expecting from the sample? (4+2=6)
Antibodiesareimportant in diagnosis.

a) Name4typesof antibodies

b) What aretheimportanceof antibodiesin serologica diagnosis?

c) Draw thediagram of an antibody (2+2+2=6)

Sporeformationand presence of capsuleprovide severa advantagesto apatho-
genic bacteria.

Name examplefoe abacteriathat possessthese structures (1+1=2)
Aninsect that transmit adiseaseiscalled -------- @

Different type culturemethods are avail able for bacterial culture. Namefour
typesbacteria culture? explain any oneof them

Add anoteon anaerobic cultureAdd (2+2+=4)

Gram stain differentiates bacteriainto two. What isbasic principleof gram
staining? explain the procedure of the same (2+3=5)

Prepare ashort note about thefollowing techniques
b) ELISA b)RPR c) PCR (3x2=6)

A non K eralite empl oyee suspected to have malariaapproaches your OJT |ab.
What arethelaboratory procedures used to diagnosehisdisease (3)
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Unit 4.2 Histotechnology & Cytology

Histological and Cytol ogicd techniquesplay acrucia roleinthediagnosisof diseases
based on the study of various morphological abnormalities of tissue and
cells.Histopathol ogical studiesproved to be one of the most effectivemeansin
diagnosisof benign and malignant conditions of tissues. Theunit describesvarious
histol ogical techniquesadopted for the preparation of tissue Sectionsor smears for
examination under microscope.

In histopathol ogy, thetissueistaken off from thebody by surgery, autopsy or biopsy
thenitisfixed over theglassdide and stained with dyesfollowed by examination
under the microscope.

Cytologica techniqueshelpstostudy thestructure, function and the Chemistry of
cellsmainly for the microscopicinterpretation of cellsto detect cancer and other
abnormdlities. Thisindudestheexamination of samplescollected from different parts
of body

Leaning outcomes
Thelearner:

* identifies different types of specimens and the method of examination in
histotechnology

e explansvariousstepsintissueprocessing
e identifiesvariousspecimensand process ng techniquesemployed in cytology
4.2.1 Histotechnology -Introduction

Histology isthe branch of science which dealswiththegross& microscopic study
of normal tissue of the body .Histopathol ogy isthe science which dealswith the
structural changesbrought about in the human body by disease and identifyingthe
diseaseanditscause. Histol ogica techniquedea swith the processing and preparation
of tissuefor micrascopi c examination. Theaim of good histological techniqueisto
preserve microscopi c anatomy of tissue, makethem hard so that very thin section (4
to 5 micron) can be madefor staining a so should be possible. After staining, the
section should represent the anatomy of thetissue ascloseto aspossibleto their
sructureinlife So the pathol ogist can study them under the microscope.

Tissuefor study can be obtained from:
* Biopsies - A medical diagnostic procedure in which cells or tissues are

&
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removed from apatient and examined visualy, usualy withamicroscope. The
materia for the biopsy may beobtained by aspiration through aneedle, swab-
bing, scraping, or excision. Thebiopsy isastandard stepinthediagnosis of
both malignant and benign tumoursand can a so provideawiderange of other
typesof diagnosticinformation, particularly in connectionwith certain organs,
such astheliver or the pancress.

Autopsies-Dissection and examination of adead body and its organs and
structuresare called Autopsy. It isa so called necropsy or postmortem exami-
nation. An autopsy may be performed to determine the cause of death, to
observetheeffectsof disease, and to establish the evol ution and mechanisms
of disease processes.

Methods of Examination of Tissue

Gross Examination
Microscopic Examination

Gross Examination isdoneto describethe specimen with respect to its consistency,
gppearance, discolouration and any gpparent abnormalities. Micrascopic examination
can be examination of fresh specimens or examination of fixed specimens.

Protocols followed in Histopathology

1.

Receipt & | dentification- Tissue specimenreceived inthelaboratory havea
request form that liststhe patient information and history a ong with adescrip-
tion of thegiteof origin.

L abeling of the specimen with numbering & Grossing-Thespecimenare
access oned by giving them anumber that will identify each specimen for each
patient. Thespecimenisthen cut into representativesectionsandisputinsmall
plastic cassette to hold the tissue (Done by a pathologist or pathology
assigant)

Fixation - Itisaprocessinwhich aspecimenistreated by exposingittoa
fixativefor aparticular period of timein order to facilitatethe succeeding steps.
The purpose of fixation isto preservetissuespermanently in aslife-likeastate
aspossible.

Decalcification - It isthe process of removal of the calcium saltsfrom the
specimen. Thisstepisrequired only for tissues containing calcified areaslike
bone, nail etc. The various agents used for decalcifying are Nitric acid,
Hydrochloric acid, Formicacid ,Picricacid, Aceticacid ,Citric acid.
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5. Bit Taking: The bits should be of the size of approximately 4- 6 mm in
thickness. Thesebitsarethen placed in metal cassettesor capsuleswhich are
then placed inthefixative. Tiny biopsiesor smal specimen can bewrappedina
filter paper and then put in acassette and processed.

6. Dehydration: Itisthe processinwhichthewater content in thetissueto be
processed iscompl etely reduced by passing thetissuethroughincreasing con-
centrationsof dehydrating agents.

7. Clearing- Itis the procedurewherein thea cohol in thetissueisreplaced by
afluidwhichwill dissolvethewax used for impregnating thetissues

8. Impregnation- Inthisthetissueiskept in awax bath containing molten paraf-
finwax for 6 - 8 hours. Thewax isinfiltrated intheinteriors of thetissuewhich
increasestheoptical differentiation & hardensthetissue & helpsin easy sec-
tioning of thetissue.

9. Embedding- Itisdoneby transferring theti ssuewhich hasbeen cleared of the
a cohol toamouldfilled with moltenwax & isalowedto cool & solidify.After
solidification, awax block isobtained which isthen sectioned to obtain rib-
bons.

10. Section cutting - It isthe procedure in which the blocks which have been
prepared are cut or sectioned and thin strips of varying thickness are
prepared. Theinstrument by which thisisdoneiscalled asaMicrotome

11. Saining-Staining of thesectionisdoneto bring out the particular detailsinthe
tissue under study. The most commonly used stain in routine practice is
Haematoxylin& Eosingain

12. Mounting-To preserveand support astained section for light microscopy, it
ismounted onaclear glassdide, and covered with athin glasscoverdip. The
dideand coverdlip must befreeof optical distortions, to avoid viewing arti-
facts. A mounting mediumisused to adherethe coverdiptothedide. Aqueous
based mounting mediaare available, which allow themounting of tissuesdi-
rectly fromthe staining procedure.

Fixation
Thisistheprocessby whichthecongtituentsof cellsandtissuearefixedinaphysica
and chemical state so that they will withstand subsequent treatment with various

reagentswith minimum lossof architecture. Thisisachieved by exposingthetissue
tochemica compounds, call fixativesMogt fixativesact by denaturing or precipitating

&



Reference Book |j]

proteins which then form a sponge or meshwork, tending to hold the other
condtituents. Thefixativeshould be 15 - 20 timesmorein volumethen the specimen

Propertiesof an | deal Fixative
e Itmust becheapand easily available
* Preventsautolysisand bacterial decomposition.
» Penetratethetissue and cellsrapidly and evenly.

* Preservestissueintheir natura state and fix al chemica components.
(proteins, carbohydrates, fatsetc.)

* Avoidexcessivehardnessof tissue.

* Allowsenhanced staining of tissue,

* Should benon-toxicand non-allergic for user.
* Providingiso-osmotic conditionsto thetissues.

Formalin

Commonly used fixativeis 10% formalin. The standard solution is 10% neutral
buffered formalin. Buffering preventsany acidity that would promote autolysisand
cause preci pitation of formol-heme pigment inthetissues. It penetratesthetissue
well and fixesthetissue by forming cross-linkages between amino acid residues.

4.2.2 Processing of fixed tissue

In order to cut thin sections of thetissues, it should have suitable hardness and
consistency when presented to the knife edge. These properties can beimparted
by infiltratingand surrounding thetissuewith paraffin wax/ | ow viscogty nitrocellulose
/resinsor by freezing. Thisprocessis calledtissue processing. It requires 16-24
hoursand donein many stages.

It can be subdivided into

a) dehydration
b) deaing

C) impregnating
d) embedding.

Types of tissue processing
1. Manual Tissue Processing:

Inthisprocessthetissueis changed from one container of reagent to another by
hand.
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2. Mechanical Tissue Processing

Inthisthetissueismoved from onejar to another by mechanical device. Timingsare
controlled by atimer which can be adjusted in respect to hours and minutes.
Temperature is maintained around 60°C.
(Automated tissue processor) All the before
mentioned procedures up to theimpregnation step
can be done automatically in asingle, unmanned
instrument, which is the Automated Tissue
processor or called Histokinete.

Advantages: It provides constant agitation during
every step which ensures better fixation & processing. It reducesthework load &
inturnsimprovestheoverall output of thelaboratory

Sequence of tissue processing
Dehydration:

Tissues are dehydrated by using increasing strength of alcohol; e.g. 50%, 70%,
90% and absol utea cohol. The duration for which tissues are kept in each strength
of dcohol dependsuponthe size of tissue, fixative used and type of tissue.Delicate
tissuewill get high degree of shrinkage by twogreat concentration of alcohol. The
volume of alcohol should be 50-100 timesthat of tissue. The various dehydrating
agentsused are Ethyl acohol, Acetone, Isopropyl acohol, Dioxane. 1sopropyl
acohol iscommonly used.

Clearing

During dehydration water in tissue has been replaced by alcohol. The next step
a cohol should bereplaced by paraffinwax.As paraffin wax isnot acohol soluble,
wereplaced cohol withasubstanceinwhichwax issoluble. Thisstepiscal clearing.
Clearing of tissueisachieved by any of thefollowing reagents:

Cedar wood ail . Thebest agent but isexpensive.
Benzene . Itis carcinogenic.

Xylene : Itismost commonly used.
Chloroform :  Toxicand expensve.

Othersare Carbon tetrachloride and Toluene
Impregnation with Wax

Thisisallowed to occur at melting point temperature of paraffin wax, whichis54-
60 °C. Volume of wax should be about 25-30 times the volume of tissues.The
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duration of impregnati on depends on sizeand types of tissuesand the clearing agents
employed.Longer periodsarerequired for larger piecesand a so for harder tissue
like bonesand skin ascompared to liver kidney, spleen,lung etc

Typesof Wax employed for Impregnation:

1. Paaffinwax

2. Water solublewax

3. Other materid, likecolloidin, gelatin, paraplast etc.
Paraffin wax isused routinely. It has hard consi stency, so section of 3-4 micron
thickness can be cut.
Embedding
Impregnated tissuesare placed inamould with their |abelsand then fresh melted
wax ispoured init and allowed to settle and solidify. It isdone by transferring the
tissuewhich hasbeen cleared of thealcohol to amouldfilled with moltenwax & is
alowedto cool & solidify.Oncethe block hascooled sufficiently toformasurface
skin it should be immersed in cold water to cool it rapidly.After the block has
completely cooled itiscut into individual blocksand eachistrimmed. Labelsare
madeto adhere on the surface of the block by melting thewax with ametal strips
sufficiently warmed.

Types of Moulds:

A. Leuckhart'sMoulds: are L - shaped brass pieces placed in opposite positions
& can be manipulated to increase or decrease the size of the block to be
prepared.

Glassor Meta petri dishes:
Watchglass
Paper boats

mooow

Tissue-Tek systems
Microtomy (Section Cutting)
Microtome: Theseare mechanica devicesfor cutting uniform sectionsof tissue of
appropriatethickness
Typesof microtomes:
TheSliding Microtome
TheRocking Microtome
The SledgeMicrotome
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Rotary Microtome

The Freezing Microtome

Rotary Microtome

Partsof aMicrotome (Rotary): Block holder, Knifeclamp screws, Knife clamps,
Block adjustment

Thicknessgauge. Angleof tilt adjustment, operating handle

Rotary Microtomeisthe most commonly used. Also known asMinnot's Rotary
microtome. In thisthe Block holder moves up and down whilethekniferemains
fixed. Thesection cutting iseffected by thevertica riseand fall of theobject against
an fixed knife edge. The block holder is equipped with adjustable screws. The
block isparallel to the microtomeknife. Theknifeholder ismovable. Itissuitable
for cutting of small tissues & serid sectionscan betaken onit. For light microscopy,
aknifemounted inamicrotomeisused to cut 4-6 um-thick tissue sectionswhichare
mounted on aglassmicroscopedide.

MicrotomeKnife: TheUniform thin serid sectionsare obtained only withthehelp of
asharp and good knife. There aredifferent types of knivesavailablelike wedge,
biconcave etc. Disposabl e blades are used commonly now aday.

Tissuefloatation bath-Thecut sectionsarefloated onawarm water bathto remove
the wrinkles. Then they are picked up on a glass microscopic slidelt is a
thermogtatically controlled water bath with theinside coloured black. Itismaintained
at atemperaturemaintained 5 - 6 degree bel ow the melting point of paraffin wax
Section Adhesives

Itisusedfor fixing thesectionsonthedides. Adhesivesused areAlbumin solution
( Mayor'segg albumin),Starch pasteand Gelatin

Frozen Sections

Frozen sectionsare used for rapid diagnosis. Tissueis snap frozeninafluid and
sectioned by afreezing microtone sections are picked up with aglassslideand
stained.

Cryostat

Frozen tissue embedded in afreezing mediumiscut on amicrotomein acooled
machinecaled acryostat.

Baking- Thedideswith the cut tissuesare placed in an oven. Baking removesthe
water between the section and the slide enabl es proper adherence of thetissueon

thedide



Reference Book |j]

Staining
Staining isaprocess by which we give colour to asection. There are hundreds of
sainsareavailable.

Acid dyegansbas c componentse.g. eosn stainscytoplasm. Thecolor impartedis
shadeof red.

Basicdyedan acidic componentseg. basicfuchan stainsnucleus. Thecolor imparted
isshadeof blue.

Neutral stains-When an acid dye is combined with abasic dye aneutra dyeis
formed. Asit contains both colored radicals, it givesdifferent colorsto cytoplasm
and nucleuss multaneoudly.

Special stains-are used to stain specific components of tissue e.g. fibroustissue,
elagtictissueand nuclear material

Haematoxylin& Eosin stainisthe Commonest stain used in Histopathol ogy
Mounting

Mounting Protectsand preservesthe stained tissue section. It providesbetter optica
qudity for viewing under microscope.

DPX ( DigtreneDibutyl phthalate Xylene) isthe common Mountant used
Filing And Storage of Tissue blocks / Tissue slides

Processed tissue blocks and examined tissue slides are not disposed immediately
but arefiled according to their registration number in thetissue block filing cabinet
and didefiling cabinet respectively for aminimum period of 5yearsfor futurereference.

4.2.3. Diagnostic Cytology

Introduction

Cytology isthestudy of cells. Cytopathology refersto diagnostic techniquesthat
are used to examine cellsfrom various body sitesto determinethe cause or nature
of disease. Father of cytopathology is Dr George Papanicol aou.

Advantagesof Cytopathology over Hitopathology-
Samplescan be collected easily and quickly prepared, stained and interpreted.
Inexpensiveand littleor no risk to the patient

Exfoliativecytology playsaprominent roleinthemass screening and theearly detection
cance.
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Cytologica examinationsidentify disease process (neoplasiavsinflammeation, specific
vsnonspecific) .

Disadvantage may bethat sometumorsdo not exfoliate cellswell and therefore
maly not provide adequate sampleto examine. itisnot alwayspossibletolocalize
neoplasticleson

Different branches of Cytopathology

1. Exfoliativecytology -spontaneoudy shed cdllsinbody fluids

2. Abrasivecytology -dis odgescellsfrom body surfaces. Imprint Scraping, En-
doscopic brushing of mucosal surfaces or Washing (lavage) of mucosal or se-
rosal surfaces, Swab

3. Fineneedleaspiration cytology-, FNAC
Type of specimens

Urine, CSF, Sputum, Effusionsinbody cavitieslikepleura, Cervica smear, buccal
scrapings Imprint Scraping, Endoscopi ¢ brushing of mucosal surfaces or Washing
(Lavage) of mucosal or serosal surfaces, Swabs, needle aspirates

Preperation of smear

Fresh specimenisawaysrecommended for cytologica examination .Smearsare
prepared from the specimen and are fixed immediately. Fluid specimens are
centrifuged and the smear is prepared from the deposit .

Fixation

Cytologicd specimens/ smearsareimmediately fixed toavoid morphologica changes
of cells. Theclassic cytologicd fixativeis Ether- Ethyl acohol mixture. Carnoysfluid,
95% ethyl alcohal, isopropyl acoholsare other fixativesused in cytology.

Staining technique

Staining techniquesemployed mainly are

*  Pepanicolapugtaining

e Shorr'sstaining for assessment of hormona status and demonstration of barr
body

Themaost commonly employed cytol ogica staining techniqueisPapanicolaou staining
(PAPgaining)

Applications of Diagnostic cytology
1. Diagnosisof cancer
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2. Assessment of hormona status
3. Diagnogisof infections
4. Sexdetermination ( Barr body)
DETAILING OF PRACTICALS

Demonstrationsof Tissueblock and stained H& E histology sections.

ASSESSMENT ACTIVITIES
Chart preparation on different stepsintissue processing
Assgnment on common specimensused in cytology

Theory Evaluation Questions

1 Completethegiventablewith suitablewords

Commonly Used Name
Fixdive
DPX
Microtome
Chloroform 2
2 a) Completethe flowchart showingthedifferent stepsin processing of a
tissuefor microscopic examination. (3score)
= © E 0
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b) Explainthefixativeand stain commonly usedinHistopathology (2+2)

3  Prepareaflow chart showing thedifferent steps undertaken for processing a
ti ssue specimenin ahistopathol ogy |aboratory. (5)

4 Histokinete and Cryostat are two equipments used in histopathol ogy
laboratory. Differentiate between thetwo. 4
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A group of VHSE studentsarecoming for afield visit to your histopathology
lab. Give description about different steps of tissue processing in

histopathol ogy. 4

Write down the name of areagent used for decal cificationinahistopathol ogy

lab ()

Differentiatethefollowings 4

A) Histology-Cytology

B) Biopsy-autopsy

C) Explainthe advantages of Histokinet intissue processing (3)

Givereasons

) 10% Formdinisanided fixativefor tiisuefixation 2

i) Rotary microtome is popular in a histology lab than any other
microtome (©)]

FNA C isquitecommon now. Explain 3 advantages of FNAC over atissue

biopsy (3)

Most routindy used stainis------ in histopathol ogy lab and -----isin cytology

lab 2

EXTENDED ACTIVITIES

Organizeavisitto Microbiology & Histopathology depts. of aL aboratory/
Medical Collegeto observe Microbial identification proceduresand Histo &
Cytotechniques.

To conduct a Survey on variousvector borne diseases.

Participate in the various programs such as AIDS awareness , Filaria
eradication,health campaigns etc conducted by the health dept or NGOs.

Exhibition/Expo

List of Practicals

1
2.
3.

Demonstration of operation procedureof hot air oven
Demonstration of operation procedure of Autoclave
Preparation of liquid media- Peptonewater
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21.
22.
23.
24,

Preparation of solid media- NA, BA, CA, MA

Handling, sterilisation and use of bacteria wireloop

Demongtration of inocul ation methods

Inoculation of Culturemedia- Liquid

Perform hanging drop method of motility

Inoculation of Culturemedia Solid

Demonstration of colony characters of commonest pathogens
Preparation of bacterial smear- fromliquid media

Preparation of bacterial smear- from solid media

Perform smplestaining

Perform Gramstaining

Perform AFB staining

Demonstration of ABST

Mode/Chart preparation of atypica immunoglobulin

Demonstrate and Perform RPR Test

Staining and examination of thin smear for blood parasites
De-haemogl obinisation, Stai ning and examination of thick smear for blood
parasites

Demongtration of wet smear for filaria parasite

Perform direct smear of stool samplefor parasites-sdineand iodine
Demongtration of fl oatati on/sedimentation Techniquesfor intestina parasites
Demondtrations of Tissueblock and stained H& E histology sections.

List of References

Recommended Text Books
Module 3

No gk wbdheE

Text book of Medical Laboratory Technology - RamnikSood

Mannual of Laboratory safety - RoshidNgjat

Practica Clinica Biochemistry methodsand interpretations- RanjanaChawla
Laboratory proceduresin haematology -Mehdi SR

Essentia sof Blood banking -Mehdi SR

Theshort text book of Medica Laboratory for technicians- Satish Gupte

A hand book of Clinical Pathol ogfy- GanendrakumarChakravarti
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Medical Laboratory science: Theory and practice- JOchel. A.K ol hatkar
Parctica Haematol ogy- Dacieand Lewis

Text book of Medical Laboratory Technology Vol | & I - PrafulGodkar,
DarsanGodkar

Medical Lvaboratory Technology , Procedure manual for Routine diagnostics
Vol |, & Il - Kanai Mukherjee

Lynch,sMedicd Laboratory Technology- Stanley S Raphadl, Mathew JLynch.

Medical laboratory mnnual for Tropical countries vol | & Il Monica
Cheesbrough

Basic Medical Laboratory Techniques BarbaraH.Estridgeet a
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Reference Sites:
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