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SCHEME OF STUDY

DICIPLINE/PROGRAM: SCHEME OF STUDIES FOR BS MEDICAL LAB TECHNOLOGY

	SEMESTER I

	Code
	Title
	Credit Hours

	ENG-111
	English I
	3(3-0)

	PAK-111
	Pakistan Studies
	2(2-0)

	BCH-111
	Biochemistry
	3(2-1)

	MAT-111
	Mathematics
	3(3-0)

	MLT-111
	Human Anatomy & Physiology I
	3(2-1)

	MLT-112
	Fundamentals of Microbiology
	3(2-1)

	Total Credit Hours
	17

	SEMESTER II

	ENG-121
	English II
	3(3-0)

	ISL- 121/ETH-
121
	Islamic Studies/ethics
	2(2-0)

	MLT-121
	General Pathology
	3(3-0)

	MLT-122
	Enzymology & Metabolism
	3(3-0)

	MLT-123
	Human Anatomy & Physiology II
	3(2-1)

	MLT-124
	Fundamentals of Clinical Lab
	3(2-1)

	Total Credit Hours
	17

	SEMESTER III

	COM-311
	Computer Applications
	3(2-1)

	MLT-211
	Clinical Hematology I (Theory)
	3(3-0)

	MLT-212
	Clinical Hematology I (Practical)
	3(0-3)

	MLT-213
	Chemical Pathology I (Theory)
	3(3-0)

	MLT-214
	Chemical Pathology I (Practical)
	3(0-3)

	MLT-215
	Clinical Immunology
	3(2-1)

	Total Credit Hours
	18

	SEMESTER IV

	BST-221
	Biostatistics
	3(3-0)

	MLT-221
	Clinical Hematology II
	3(2-1)

	MLT-222
	Chemical Pathology II
	3(2-1)

	MLT-223
	Molecular Biology
	3(2-1)

	MLT-225
	Medical Mycology
	3(2-1)

	MLT-226
	Basic Pharmacology
	3(3-0)

	Total Credit Hours
	18

	SEMESTER V



	MLT- 311
	Medical Bacteriology (Theory)
	3(3-0)

	MLT- 312
	Medical Bacteriology (Practical)
	3(0-3)

	MLT- 313
	Cytology & Histology
	3(2-1)

	MLT- 314
	Medical Parasitology (Theory)
	3(2-1)

	MLT- 315
	Medical Parasitology (Practical)
	3(0-3)

	Total Credit Hours
	15

	SEMESTER VI

	MLT- 321
	Human Genetics
	3(2-1)

	MLT- 322
	Serology
	3(2-1)

	MLT- 323
	Medical Virology
	3(3-0)

	MLT- 324
	Laboratory Instrumentations & Analytical	Techniques
	3(3-0)

	MLT- 325
	Molecular Pathology
	3(2-1)

	MLT- 326
	Bioinformatics
	3(3-0)

	Total Credit Hours
	18

	SEMESTER VII

	MLT- 411
	Histotechniques
	3(2-1)

	MLT- 412
	Blood Banking and Transfusion Medicine
	3(2-1)

	MLT- 413
	Management of Infectious Wastes
	3(3-0)

	MLT- 414
	Research Methodology
	3(3-0)

	MLT- 415
	Bio-Medical Ethics
	2(2-0)

	MLT- 416
	Forensic Biology
	3(2-1)

	Total Credit Hours
	17

	SEMESTER VIII



	MLT- 421
	Biosafety and Biosecurity
	3(2-1)

	MLT- 422
	Clinical Lab Management and Quality Control
	3(2-1)

	MLT- 423
	Research Report/internship
	6(6-0)

	MLT- 424
	Genetic Engineering
	3(3-0)

	Total Credit Hours
	15

	TOTAL DEGREE CREDIT HOURS
	135



· 1 Credit hour of practical is equal two contact hour as per HEC rules.



SEMESTER-I
ENG-111	ENGLISH –I	Credit Hours: 3(3-0)

COURSE OBJECTIVES:
· To enable the students to meet their real life communication needs
· To enhance language skills and develop critical thinking

COURSE CONTENTS:
Basics of Grammar
· Parts of speech and use of articles
· Sentence structure, Active and passive voice
· Practice in unified sentence
· Analysis of phrase, clause and sentence structure
· Transitive and intransitive verbs
· Punctuation and spelling
Comprehension
· Answers to questions on a given text
Discussion
· General topics and every day conversation (topics for discussion to
· be at the discretion of the teacher keeping in view the level of
· students)
Listening
· To be improved by showing documentaries/films carefully selected by
· subject teachers)
Translation skills
· Urdu to English
Paragraph writing
· Topics to be chosen at the discretion of the teacher
Presentation skills
· Introductiona
Note: Extensive reading is required for vocabulary building

RECOMMENDED BOOKS:
Functional English
a) Grammar
1. Practical English Grammar by A.J. Thomson and A.V. Martinet. Exercises 1. Third edition. Oxford University Press. 1997. ISBN 0194313492
2. Practical English Grammar by A.J. Thomson and A.V.Martinet. Exercises 2. Third edition. Oxford University Press. 1997. ISBN 0194313506
b) Writing
1. Writing. Intermediate by Marie-Christine Boutin, Suzanne Brinand and Francoise Grellet. Oxford Supplementary Skills. Fourth Impression 1993. ISBN 0 19 435405 7 Pages 20-27 and 35-41.
c) Reading/Comprehension
1. Reading. Upper Intermediate. Brain Tomlinson and Rod Ellis. Oxford Supplementary Skills. Third Impression 1992. ISBN 0 19 453402 2.
d) Speaking RECOMMENDED BOOKS:
1. Practical English Grammar by A.J. Thomson and A.V. Martinet. Exercises 2. Third edition. Oxford
University Press 1986. ISBN 0 19 431350 6. b) Writing

2. Writing. Intermediate by Marie-Chrisitine Boutin, Suzanne Brinand and Francoise Grellet. Oxford Supplementary Skills. Fourth Impression 1993. ISBN 019 435405 7 Pages 45-53 (note taking).
3. Writing. Upper-Intermediate by Rob Nolasco. Oxford Supplementary Skills. Fourth Impression 1992. ISBN 0 19 435406 5 (particularly good for writing memos, introduction to presentations, descriptive and argumentative writing).
4. 	Reading. Advanced. Brian Tomlinson and Rod Ellis. Oxford Supplementary Skills. Third Impression 1991. ISBN 0 19 453403 0.
5. Reading and Study Skills by John Langan
6. Study Skills by Riachard Yorky.


PAK-111 PAKISTAN STUDIES (COMPULSORY) Credit Hours: 2(2-0) COURSE OBJECTIVES:

· To develop vision of Historical Perspective, Government, Politics, Contemporary Pakistan, ideological background of Pakistan.
· To study the process of governance, national development, issues arising in the modern age and posing challenges to Pakistan.

COURSE CONTENTS:

1. Historical Perspective
· Ideological rationale with special reference to Sir Syed Ahmed Khan, Allama Muhammad Iqbal and Quaid-i-Azam Muhammad Ali Jinnah.
· Factors leading to Muslim separatism
· People and Land
· Indus Civilization
· ii. Muslim advent
· iii. Location and Geo-Physical features.

2. Government and Politics in Pakistan Political and constitutional phases:
· 1947-58
· 1958-71
· 1971-77
· 1977-88
· 1988-99
· 1999 onward

3. Contemporary Pakistan
· Economic institutions and issues
· Society and social structure
· Ethnicity
· Foreign policy of Pakistan and challenges
· Futuristic outlook of Pakistan

RECOMMENDED BOOKS:

1. Burki, Shahid Javed. State & Society in Pakistan, The Macmillan Press Ltd 1980.
2. Akbar, S. Zaidi. Issue in Pakistan’s Economy. Karachi: Oxford University Press, 2000.
3. S.M. Burke and Lawrence Ziring. Pakistan’s Foreign policy: An Historical analysis. Karachi: Oxford University Press, 1993.
4. Mehmood, Safdar. Pakistan Political Roots & Development.Lahore, 1994.

5. Wilcox, Wayne.The Emergence of Banglades., Washington: American Enterprise, Institute of Public Policy Research, 1972.
6. Mehmood, Safdar. Pakistan Kayyun Toota, Lahore: Idara-e-Saqafat-e-Islamia, Club Road, nd.
7. Amin, Tahir. Ethno - National Movement in Pakistan, Islamabad: Institute of Policy Studies, Islamabad.
8. Ziring, Lawrence. Enigma of Political Development. Kent England: WmDawson & sons Ltd, 1980.
9. Zahid, Ansar. History & Culture of Sindh. Karachi: Royal Book Company, 1980.
10. Afzal, M. Rafique. Political Parties in Pakistan, Vol. I, II & III. Islamabad: National Institute of Historical and cultural Research, 1998.
11. Sayeed, Khalid Bin. The Political System of Pakistan. Boston: Houghton Mifflin, 1967.

BCH-111	BIOCHEMISTRY	Credit Hours: 3(2-1) COURSE OBJECTIVES:
· To understand the chemical composition, biochemical role, digestion and absorption of macro and micro molecules of the cell.
COURSE CONTENTS:
Biochemical composition and functions of the cell membrane; Chemistry of signals and receptors; Structure, composition and classification and function of Carbohydrates, Proteins and lipids; Vitamins, types and biochemical functions of vitamins; Enzymes, classification, factors effecting enzyme activity; Composition and function of saliva, gastric juice, gastric acid (HCL), pancreatic juice, bile and intestinal secretion; Digestion and absorption of proteins, carbohydrates, lipids, vitamins; Body buffers and their mechanism of action; Acid base regulation in human body; Biochemical mechanisms for control of water and electrolyte balance; Mechanism of action of hormones.

PRACTICALS:

1. Good laboratory Practices
2. General reactions and identification of carbohydrates glucose, fructose, maltose, lactose and starch.
3. General reaction of proteins, colour reaction and precipitation of proteins- albumin, casein, gelatin, peptone.
4. Acidimetry and alkalimetry, pH determination using colorimetric methods and using pH meter.
5. Principles of Biochemistry analyzers (spectrophotometer, flame photometer) Qualitative tests for different lipids.

RECOMMENDED BOOKS:
1. Harper’s Biochemistry Robert K. Murray, Daryl K. Granner 28th edition 2009
2. Medical Biochemistry Mushtaq Ahmad vol. I and II 8th edition 2013

MLT-111 HUMAN ANATOMY & PHYSIIOLOGY I	Credit Hours: 3(2-1)


COURSE OBJECTIVES:

· To understand the basic concepts of anatomy beginning from the cell organization to organ system function
· To understand the basic concepts of general anatomy of each system.

COURSE CONTENTS:

General Anatomy
· Introduction to anatomical terms and organization of the human body. Tissues Definitions, Types, characteristics, classification, location, functions and formation.
Blood
· Components of blood, RBC, WBC & Platelet counts, names of developmental stages of RBC, functions and fate of RBC. Functions of WBC and platelets.
Lymphatic System
· Gross and microscopic structure of lymphatic tissue.
Cardio vascular system
· Anatomy of heart, cardiac cycle, heart sounds, definitions of cardiac output, stroke volume, principles of measurements of cardiac output. ECG – methods of recording and ECG waves. Normal values of blood pressure, heart rate and their regulation in brief.
Respiratory System
· Parts, Nasal cavity and Paranasal air sinuses, trachea, Gross and microscopic structure of lungs, Diaphragm and Pleura.
· Principles of respiration, respiratory muscles, lung volumes and capacities, collection and composition of inspired alveolar and expired airs. Transport of oxygen and carbon dioxide. Brief account of respiratory regulation. Definition of hypoxia, Cyanosis, asphyxia. Methods of artificial respiration.
Digestive System
· Functional anatomy of G.I.T, functions of G.I secretions, principles of secretion and movements of GIT.
Special Senses
· Structure of Skin, Eye, Nose, Tongue (Auditory and Olfactory apparatus)
Anatomical Techniques
· Embalming of human cadaver, Museum Techniques, Basic principles of Karyotyping.
PRACTICALS:

1. Human Models
2. Video demonstration.
3. Study of Human skeleton
4. Study of all the system with models

RECOMMENDED BOOKS:

1. Ross and Wilson Anatomy and Physiology in helth and illness 11th Edition Waugh Grant.
2. Clinical Anatomy (By regions) 9th edition, Richard S. Snell.
3. Netter Atlas of human anatomy 5th Edition Saunders.
4. Gray’s Anatomy for students 2nd Edition Drake Vogal Mitcell.


MAT-111	MATHEMATICS	Credit Hours: 3(3-0) COURSE OBJECTIVE:
· This is the first course of the basic sequence, Calculus I-III, serving as the foundation of advanced subjects in all areas of mathematics.

· The sequence, equally, emphasizes basic concepts and skills needed for mathematical manipulation. Calculus I & II focus on the study of functions of a single variable.
COURSE CONTENTS:
· Limits and continuity.
· Derivative of a function and its applications.
· Optimization problems.
· Mean value theorem (Taylor’s theorem and the infinite Taylor series with applications) and curve sketching; anti-derivative and integral.
· Definite integral and applications.
· The fundamental theorem of Calculus.
· Inverse functions (Chapters 1-6 of the text).

RECOMMENDED BOOKS:
1. Anton H, Calculus: A New Horizon (6th edition), 1999. John Wiley, New York.
2. Stewart J, Calculus (3rd edition), 1995, Brooks/Cole (suggested text)
3. Thomas G. B, Finney A. R., Calculus (10th edition), 2002. Addison-Wesley, Reading, Ma, U.S.A.


MLT-112 FUNDAMENTALS OF MICROBIOLOGY	Credit Hours: 3(2-1)

COURSE OBJECTIVES:
· The students will become familiar with the commonly used technique and basic practical knowledge in general microbiology.
COURSE CONTENTS:

· History of Microbiology, Scope and different fields of Microbiology.
· General characteristics of Microorganisms, Structure & characteristics of Bacteria orangenells.
· Difference b/w Gram positive & Gram negative Cell walls,Cell memebrane & its functions.
· Bacterial Endospores, Cytoplasmic contents, inclusions,Genetic material, Prokaryotes (bacterial) with unusual characteristics, Medically Important Bacteria Rickettsias, Chlamydia, Mycoplasmas & other cell wall deficient bacteria, Free living nonpathogenic bacteria Cyanobacteria, green & purple sulfur bacteria, Archaebacteria, Microbial nutrition & growth of bacteria, Factors affecting microbial growth Oxygen, CO, Temperature, pH etc.
· Bacterial Growth Curve, Culture media, uses, types of media, Agar, peptone, transport media, selective media, differential media, anaerobic & other forms of media Batch & Continuous culture, Bacterial growth total count, Sterilization and Disinfection, Physical agents sunlight, temperature, steam under pressure, irradiation, Chemical agents alcohol, aldehydes, dyes, halogens phenol etc.
· Survey of eukaryotic microorganisms, Kingdom Fungi fungal nutrition, reproduction, fungal identification and cultivation,
· Protists Algae & Protozoa, Viruses general structure.
· Microorganisms in Human Diseases, Normal microflora of human body, Initial colonization of new born, Indigenous flora of specific regions Flora of human skin, Flora of GIT, Flora of Mouth, Flora of large intestine, Flora of Respiratory tract, Flora of GUT, Microbial mechanism of pathogenicity
· Portals of entry to skin, respiratory, GIT, GUT.
· Progress of infection, Mechanism of Invasion & establishment of pathogen, Mechanism of damage to host cells Direct damage, Toxins production, Exotoxin & Endotoxin, Microbial genetics DNA Replication, DNA recombination in Bacteria Conjugation, Transformation, Transduction Transposons.

PRACTICALS
1. General Staining
2. Gram Staining
3. AFB Staining
4. Special Staining
5. Media Preparation
6. Culture Inoculation
7. Different Culture Techniques
8. Demonstration of Biochemical Tests

RECOMMENDED BOOKS:
1. Foundations in Microbiology by Kathleen Park Talaro & Arthur Talaro
2. Microbiology By Michael J. Pelczar, Jr., E.C.S. Chan, Noel R. Krieg; Mc Graw Hill
3. Prescott Harley and Klein's Microbiology
4. Microbiology: An Introduction by Tortora, Funke & Case
5. Jawetz, Melnick, & Adelberg's Medical Microbiology

SEMESTER-II
ENG-121	ENGLISH –II	Credit Hours: 3(3-0) COURSE OBJECTIVE:
· To enable the students to meet their real life communication need.

COURSES CONTENTS:

Paragraph writing
· Practice in writing a good, unified and coherent paragraph.
Essay writing
· Introduction.
CV and job application Translation skills
· Urdu to English.
Study skills
· Skimming and scanning, intensive and extensive, and speed.
· Reading, summary and précis writing and comprehension.
Academic skills
· Letter / memo writing and minutes of the meeting, use of library and Internet recourses.
Presentation skills
· Personality development (emphasis on content, style and pronunciation).
· Note: Documentaries to be shown for discussion.

RECOMMENDED BOOKS:
1. Practical English Grammar by A.J. Thomson and A.V. Martinet. Exercises 2. Third edition. Oxford UniversityPress 1986. ISBN 0 19 431350 6.
2. Writing. Intermediate by Marie-Christine Boutin, Suzanne Brinand and Francoise Grellet. Oxford Supplementary Skills. Fourth Impression 1993. ISBN 019 435405 7 Pages 45-53 (note taking).
3. Writing. Upper-Intermediate by Rob Nolasco. Oxford Supplementary Skills. Fourth Impression 1992. ISBN 0 19 435406 5 (particularly good for writing memos, introduction to presentations, descriptive and argumentative writing).
4. Reading. Advanced. Brian Tomlinson and Rod Ellis.Oxford Supplementary Skills. Third Impression 1991. ISBN 0 19 453403 0.
5. Reading and Study Skills by John Langan
6. Study Skills by Richard Y


ISL-121/ETH-121	ISLAMIC STUDIES/ETHICS	Credit Hours: 2(2-0) COURSE OBJECTIVES:
· To provide Basic information about Islamic Studies
· To enhance understanding of the students regarding Islamic Civilization
· To improve Students skill to perform prayers and other worships
· To enhance the skill of the students for understanding of issues related to faith and religious life.

COURSES CONTENTS:

1. Introduction To Quranic Studies:
· Basic Concepts of Quran, History of Quran, Uloom-ul Quran.
2. Study of Selected Text of Holly Quran:
· Verses of Surah Al-Baqra Related to Faith(Verse No-284-286), Verses of Surah Al-Hujrat Related to Adab Al-Nabi,(Verse No-1-18), Verses of Surah Al-Mumanoon Related to Characteristics of

faithful (Verse No-1-11), Verses of Surah al-Furqan Related to Social Ethics (Verse No.63-77), Verses of Surah Al-Inam Related to Ihkam (Verse No-152-154).
3. Study of Selected Text of Holly Quran:
· Verses of Surah Al-Ihzab Related to Adab al-Nabi (Verse No.6,21,40,56,57,58.), Verses of Surah Al-Hashar (18,19,20) Related to thinking, Day of Judgment, Verses of Surah Al-Saf Related to Tafakar,Tadabar (Verse No-1,14).
4. Seerat of Holy Prophet (S.A.W) I:
· Life of Muhammad Bin Abdullah ( Before Prophet Hood), Life of Holy Prophet (S.A.W) in Makkah, Important Lessons Derived from the life of Holy Prophet in Makkah
5. Seerat of Holy Prophet (S.A.W) II:
· Life of Holy Prophet (S.A.W) in Madina, Important Events of Life Holy Prophet in Madina, Important Lessons Derived from the life of Holy Prophet in Madina.
6. Introduction to Sunnah:
· Basic Concepts of Hadith, History of Hadith, Kinds of Hadith Uloom –ul-Hadith, Sunnah & Hadith, Legal Position of Sunnah.
7. Selected Study from Text of Hadith
8. Introduction to Islamic Law & Jurisprudence:
· Basic Concepts of Islamic Law & Jurisprudence, History & Importance of Islamic Law & Jurisprudence, Sources of Islamic Law & Jurisprudence, Nature of Differences in Islamic Law, Islam and Sectarianism
9. Islamic Culture & Civilization:
· Basic Concepts of Islamic Culture & Civilization, Historical Development of Islamic Culture & Civilization, Characteristics of Islamic Culture & Civilization, Islamic Culture & Civilization and Contemporary Issues
10. Islam & Science:
· Basic Concepts of Islam & Science, Contributions of Muslims in the Development of Science, Quranic & Science
11. Islamic Economic System:
· Basic Concepts of Islamic Economic System, Means of Distribution of wealth in Islamic Economics,Islamic Concept of Riba, Islamic Ways of Trade & Commerce
12. Political System of Islam:
· Basic Concepts of Islamic Political System, Islamic Concept of Sovereignty, Basic Institutions of Govt. in Islam
13. Islamic History:
· Period of Khlaft-e-Rashida, Period of Ummayyads, Period of Abbasids
14. Social System of Islam:
· Basic Concepts of Social System Of Islam, Elements of Family Ethical values of Islam

RECOMMENDED BOOKS:

1. Hameed ullah Muhammad, “Emergence of Islam” , IRI, Islamabad
2. Hameed ullah Muhammad, “Muslim Conduct of State”
3. Hameed ullah Muhammad, ‘Introduction to Islam
4. Mulana Muhammad Yousaf Islahi,” Hussain Hamid Hassan, “An Introduction to the Study of Islamic Law” leaf Publication Islamabad, Pakistan.
5. Ahmad Hasan, “Principles of Islamic Jurisprudence” Islamic Research
6. Institute, International Islamic University, Islamabad (1993)
7. Mir Waliullah, “Muslim Jurisprudence and the Quranic Law of Crimes”
8. Islamic Book Service (1982) H.S. Bhatia, “Studies in Islamic Law, Religion and Society” Deep & Deep Publications New Delhi (1989)
9. Dr. Muhammad Zia-ul-Haq, “Introduction to Al Sharia Al Islamia” Allama Iqbal Open University, Islamabad (2001)

MLT-121	GENERAL PATHOLOGY	Credit Hours: 3(3-0)

COURSE OBJECTIVES:
· To understand different pathological processes
· To understand the mechanism of wound healing and regeneration
· Ability to properly describe gross lesions using appropriate pathologic terminology
COURSE CONTENTS:
Introduction to Pathology:
· Divisions & subdivisions in pathology, Disease and types of disease, Cellular responses, Hypertrophy, Hyperplasia, Atrophy, Metaplasia
Cell injury & Cell death:
· Causes of cell injury, Mechanisms of cell injury ATP depletion, Mechanisms of cell injury Damage to Mitochondria, Mechanisms of cell injury Disturbances in calcium homeostasis, Disturb cell membrane function, Mechanisms of cell injury Production of Oxygen free radicals, Damage to DNA & Proteins, Cell Death Necrosis & Apoptosis.
Mechanism of necrosis:
· Necrosis Different Types of necrosis, Apoptosis Mechanism of Apoptosis, Differences b/w Necrosis & Apoptosis.
Inflammation:
· Types of inflammation Acute and chronic inflammation, Immunity & its types, immune system, cells of immune system, Advantages & disadvantages of inflammation, Exudates & transudate, Leukocyte cellular events, types of inflammatory cells & sequence of cellular events, Clinical signs of acute inflammation & outcome of acute inflammation,Chronic Inflammation
Cell Repair & wound healing:
· Cell repair, control of cell growth, cell cycle, Repair by connective tissue (scar formation), steps of repair, Healing Primary and secondary healing, mechanism of wound healing, Bone repair, steps of repair of fractured bone, Complications of wound healing, factors affecting the healing process.
RECOMMMENDED BOOKS:
1. Pathology by Dr Inam Danish
2. General Pathology by Firdous. 3. PATHOLOGIC BASIS OF DISEASE, 6th edition, by Robbins.








MLT-122	ENZYMOLOGY & METABOLISM Credit Hours: 3(3-0) COURSE OBJECTIVES:
· To familiarize the student with the metabolism of carbohydrates, proteins, lipids & the relevant diagnostic tests. Introduction to purines, pyrimidines & mineral metabolism.
· To understand clinical role of enzymes in human being.

COURSE CONTENTS:
Balance food, Major food groups, Metabolic changes in starvation, Protein energy malnutrition, Regulation of food intake, Obesity; metabolism of carbohydrates (Citric Acid Cycle, Glycolysis, Gluconeogensis, Glycogensis, Glycogenolysis, Pentose Phosphate Pathway), proteins (urea and corie cycle), nucleotides (uric acid formation) and lipids (beta oxidation); Cholesterol Metabolism, Fat Metabolism, Respiratory

chain and oxidative phosphorylation, components of respiratory, chain, electron carriers, ATP synthesis coupled with electron flow, phosphorylation of ADP coupled to electron transfer; clinical diagnostic enzymology. Minerals metabolism; biochemical function of Sodium, potassium, chloride, calcium, phosphorus, magnesium, sulfur, iodine and fluoride;

PRACTICALS:
1. Solutions preparation (Molar, Normal, Molal, Percent Solution).

2. Dilutions, Serial dilutions

3. Effects of temperature, pH, substrate concentration on enzyme activity.

4. Buffers preparation.

RECOMMENDED BOOKS:
1. Harper’s Biochemistry Robert K. Murray, Daryl K. Granner 28th edition 2009
2. Medical Biochemistry Mushtaq Ahmad vol. I and II 8th edition 2013
3. Plummer, D. T., (1990). An Introduction to Practical Biochemistry 4th Edition. McGraw-Hill Book Company, London,
4. Wilson, K. and Walker, J., (1994). Practical Biochemistry: Principles and Techniques, 4th Edition. Cambridge Univ. Press, London
5. Cox, M. and Nelson, D.L., (2005) Lehninger Principles of Biochemistry 4th edition, Palgrave Macmillan.
6. Illustrated Biochemistry 27th Edition. McGraw-Hill Education.

MLT-123	HUMAN ANATOMY & PHYSIOLOGY II	Credit Hours: 3(2-1) COURSE OBJECTIVES:
· To understand the basic concepts of physiology beginning from the cell organization to organ system function.
· To understand the organization of cell, tissue organ and system with respect to their functions.
· To Understand the physiology of Respiration, G.I.T, Urinary system and Endocrine system


COURSE CONTENTS:
Muscle
· Structure in brief, mechanism of muscle contraction, isotonic and isometric contractions, energy sources of muscle contractions, motor unit.
· Musculoskeletal system Bones types, structure, Axial & appendicular skeleton. Bone formation and growth, Joints classification and structure. Types and structure of muscles. Movements at the joints and muscles producing movements.
Kidney
· Structure of Urinary System, measurement and regulation of GFR, mechanism of urine formation. Clearance tests & values of insulin, PAH and urea clearance.
Endocrines
· Names of endocrine glands & their secretions, functions of various hormones, Brief account of endocrine disorders.
· Gross structure of Pituitary, Thyroid, Parathyroid, Pancreas, Adrenal glands.
Reproduction
· Reproductive cycle in female including menstrual cycle, pregnancy, parturition, lactation. Male sex hormones and spermatogenesis. Basis of contraception.

· Parts of the system. Gross structure of both male and female reproductive organs.
Nervous System
· Structure of neuron, nerve impulse, myelinated and non-myelinated nerve. Brief account of resting membrane potential, action potential and conduction of nerve impulse.
· Structure of Neuroglia and neurons, Parts and classification
· CNS – Structure of Brain and spinal cord and their functions.
· PNS - Cranial nerves and spinal nerves
· ANS - Sympathetic and Parasympathetic.
PRACTICALS:
1. Working principles and recording of chest movements with stethograph, ECG, Blood pressure, radial pulse with physiography.
2. Spirometry –recording of lung volumes and capacities.
3. Identification of instruments used in study of cardio vascular system, respiratory system, nervous system and special senses.
4. Mosso’s ergography, Perimetry, Tests of hearing.


RECOMMENDED BOOKS:

1. Essentials of Medical Physiology K Sembulingam, Prema Sembulingam Sixth Edition 2013
2. Concise Physiology Dr. Raja Shahzad  1st Edition 2012
3. Guyton And Hall Textbook Of Medical Physiology John E. Hall, Arthur C. Guyton Professor and Chair 2006
4. Ross and Wilson Anatomy and Physiology in Health And Illness 11th Edition Anne Waugh, Allison Grant 2010

MLT-124	FUNDAMENTAL OF CLINICAL LAB	Credit Hours: 3(2-1) COURSE OBJECTIVES:

· The students will become familiar with the commonly used terminology in medical laboratory practice, which shall provide a broad view of Clinical Laboratory Sciences.
· The course will mainly focus on safety, rules, ethics, code of conduct and policies

COURSE CONTENTS:

· Medical Laboratory Sciences; Introduction of medical lab sciences, Overview of lab. Departments of medical lab their details, Role of medical lab services.
· Laboratory its rules, ethics, code of conduct and policies: Introduction to medical laboratory, classification of laboratory according to WHO, Rules of medical laboratory and their detail, professional code of conduct and ethics for a lab, laboratory policies.
· Lab equipment’s/ tools: Introduction to glass wears and lab wears. Different glass wears use in the lab on daily basis, cleaning and maintenance of glass wears, Different plastic wears use in lab on daily basis, cleaning and maintenance of plastic wears, other common lab tools and their use.
· Laboratory safety and guidelines: Different types of laboratory safety guidelines, general procedures and rules and their detail, glass wear safety and its details.
· Chemical hazards and lab safety symbols: Introduction, different types of chemical hazards their definitions and symbols, different lab hazards and their symbols, Specific hazards, Basic hazards, Toxicity and special MSDS toxicity terms, common routes of exposures, accidents and injuries, waste disposal, reasons to proper waste disposal.
· Specimen collection, transport and disposal: General approach to specimen collection, transport and disposal.

PRACTICALS:

Practical demonstration of
1. Microscope
2. Colorimeter
3. Photometer
4. Flame photometer
5. Water bath
6. Centrifuge
7. Balance
8. Incubator
9. pH meter
10. Vertex mixer
11. Oven
12. Water still
13. Deionizer
14. Safety cabinet, electrophoresis assembly, thermo-cycler, chromatography, spectroscopy and hematology analyzer

RECOMMENDED BOOKS:
1. District laboratory practice in tropical countries Vol. 1 & 2 Monica Cheesbrough Cambridge University Press. Low price Edition 2000
2. A handbook of “Laboratory Quality Management System” by World Health Organization, 2011, ISBN 978 92 4 154827 4
3. Introduction to medical laboratory technology by Baker


SEMESTER-III
MLT-211	CLINICAL HEMATOLOGY I (THEORY)	Credit Hours: 3(3-0) COURSE OBJECTIVES:
· To introduce the students about the basic concepts in Hematology and acquire skill in practical
work to produce students steeped in knowledge of Hematology.
· To equip students with latest advancements in the field of hematology.

COURSE OUTLINES:
· Introduction to hematology, physiology of blood and composition, introduction to bone marrow, structure and function of bone marrow, blood formation in the body (Intra-uterine and extra-uterine), factors governing hematopoiesis, erythropoiesis, different stages and factor effecting on erythropoiesis, granulopoiesis, different stages and factor effecting on granulopoiesis, megakariopoiesis, different stages and factor effecting on megakariopoiesis. Introduction to hemoglobin structure, synthesis and function. Complete blood count and its importance, morphology of red blood cells and white blood cells, introduction to anemia and classification of anemia, introduction to hemolysis (physiological and pathological), introduction to WBC disorders, introduction to hemostasis, mechanism of hemostasis, function of platelets and coagulation factors, coagulation cascade, quantitative disorder of platelets, qualitative disorder of platelets.


RECOMMENDED BOOKS:

1. Essential of Hematology, A.V Hoff Brand, 6th edition 2006
2. Clinical Hematology, G.C Degrunchi, 5th edition 2002
3. Practical Hematology, Dacie J.V. 10th edition 2012

MLT-212	CLINICAL HEMATOLOGY I (PRACTICAL)	Credit Hours: 3(0-3)

COURSE OBJECTIVES:

· To introduce the students about the basic concepts in Hematology and acquire skill in practical work to produce students steeped in knowledge of Hematotechnique.
· To equip students with latest advancements diagnostic techniques, use in the field of hematology.

PRACTICAL COURSE CONTENTS:

· Introduction to Hematology lab, Record keeping and reporting.
· Phlebotomy and types of blood samples collection, Different types of blood collections.
· Characteristics of good technician, Patient care after collection, Specimen rejection criteria for blood specimen, Quality control in hematology.
· Hemocytometry: Purpose and different types.
· RBC, Leucocytes and Platelet count procedure, normal values and interpretation.
· Anticoagulants, types and uses.
· Erythrocytes sedimentation rate: principle, methods and interpretation of ESR.
· Packed cell volume (Hematocrit): Principle, requirements, purpose, procedure and interpretation.
· Methods of hemoglobin estimations: Principle, requirements, purpose, procedure and interpretation.
· Eosinophil count and Reticulocytes stain Principle, requirements, purpose, procedure and interpretation.
· Smear preparations: Thick and thin blood smear preparation Hematological stains preparation.
· Bleeding time: Principle, requirements, purpose, procedure and interpretation.
· Clotting time: Principle, requirements, purpose, procedure and interpretation.
· Prothrombine time: Principle, requirements, purpose, procedure and interpretation.
· Activated plasma thromboplastin time: Principle, requirements, purpose, procedure and interpretation.
RECOMENDER BOOKS:

1. Essentials of Hematology by Haufbrand .
2. Practicals in Hematology by J.V. Dacie.
3. Medical Laboratory Technology by Lynch.
4. Wintrobe’s clinical Hematology

MLT-213 CHEMICAL PATHOLOGY I (THEORY)	Credit Hours: 3(3-0) COURSE OBJECTIVES:
· To introduce students with advance techniques in Chemical Pathology and acquire skill in practical work to produce a team of Medical technologists steeped in knowledge of Pathology.
· To equipped Medical Technologists with latest advances in the field of Pathology.

COURSE OUTLINES:

· Introduction to chemical pathology.
· Definition and concepts of reference values and related terminology – selection of individuals for determination of population based reference values- criteria for specimen collection and procedure for collecting data.
· Qaulity control in chemical pathology.
· Diabetes Mellitus definition, its types and their description, insulin and glucagon secretion and mechanism of action, hyperglycemia, Diagnostic tests like glucose estimation, glucose tolerance.
· Glycated Hemoglobin description and importance, Ketone bodies synthesis, diagnosis and diabetic ketoacidosis definition, causes and lab diagnosis.
· Kidney functions like structure and function of nephrons, Glomerular filtration rate GFR and renal function tests including clearance and filtration function.
· Clearance tests definition, urea clearance test definition, procedure and calculation.
· Creatinin and inulin clearance definition, procedure and calculation, uric acid estimation including principle, procedure.
· Urine routine examination, Physical, chemical and microscopic examination.
· Plasma proteins like albumin, transferring, heptoglobin, acute phase proteins, ceruloplasmin, globulin function and clinical manifestation.
· Heme synthesis and degradation definition, steps in synthesis and degradation, importance, porphyria definition, causes, types and lab diagnosis.
· Synthesis of bilirubin, fate of bilirubin and excretion, bile pigments definition and their diagnosis.
· Jaundice definition, types and their causes and Liver function tests including different parameters like bilirubin, SGPT, SGOT, total protein and alkaline phosphatse estimation, clinical manifestation, hyper and hypo level.
· Lipoproteins definition, types and clinical importance, cardiac profile including tests performed with their principle and procedure.
· Tumor markers definition, examples and clinical importance.
RECOMMENDED BOOKS:
1. Manual of Laboratory medicines AFIP, third Edition 2005 publication Armed Forces Institute of Pathology Rawalpindi Pakistan.
2. District laboratory practice in tropical countries Vol. 1 & 2 Monica Cheesbrough Cambridge University Press. Low price Edition 2000
3. Clinical chemistry: principles, methods & interpretation 2nd Edition by Prof. Dr. Abdus Salam Khan Gandapur 2003. Tahir Instruments Ltd Singapura Lahore-Pakistan
4. Medical Microbiology and Immunology 6th Edition examination and board review A LANGE Medical board review Warren Levinson, MD, Ph. D McGraw-Hill Companies Inc
5. De Gruchi’s Clinical Hematology in Medical practice 5th Edition 1989 Ediuted by Frank Firkin, Colin Chesterman David Penington and Bryan Rush Blackwell Scientific Publications Oxford London Edinrough.
6. Essentials of clinical pathology, 1st edition by Shirish M Kawthalkar, Jaypee Pucblisher, 2010


MLT-214	CHEMICAL PATHOLOGY I (PRACTICAL)	Credit Hours: 3(0-3) COURSE OBJECTIVES:

· To introduce students with advance techniques in Chemical Pathology and acquire skill in practical work to produce a team of Medical technologists steeped in knowledge of Pathology.
· To equipped Medical Technologists with latest advances in the field of Pathology.

COURSE CONTENTS:
· Beer’s lambert’s Law, spectrophotometer principle, components and uses.
· Flame photometer, pH meter principle, components and uses Microscopes and centrifuge, parts and uses, Electrophoresis, principle, components and uses Balances types, incubators, ovens parts and uses, Chromatography types and uses in clinical Labs.
· Estimation of serum glucose and proteins, principles, procedures, interpretation.
PRACTICALS:
1. Urine analysis: physical examination: PH, specific gravity, odor, color etc.
2. Urine analysis: Chemical examination: Estimation of glucose, ketone bodies, bile pigments bile salts and blood/hemoglobin.
3. Urine analysis: Microscopic examination: WBCs, RBCs, caste and crystals etc.
4. Qualitative determination of abnormal constituents of Urine.
5. Qualitative determination of glucose in urine.
6. Qualitative determination of proteins, RBCs/Hb in urine.
7. Qualitative determination of ketone bodies, bilirubin, urobilinogen in urine.
8. Liver function tests principles, procedures, and interpretation.
9. Renal Function Tests.
10. Estimation of Lipid Profile.
11. Estimation of serum cholesterol, triglycerides and creatin kinase.
12. Semen analysis.
13. Gastric analysis.
14. Estimation Cardiac Enzymes.
15. Estimation of urea, creatine, and proteins in urine.
16. Estimation of blood gas analysis and electrolytes.
17. Estimation of blood calcium, phosphate and Magnesium.

RECOMMENDED BOOKS:

1. Manual of Laboratory medicines AFIP, Third Edition 2005 Publication Armed Forces Institute of Pathology Rawalpindi Pakistan.
2. District laboratory practice in tropical countries Vol. 1 & 2 Monica Cheesbrough Cambridge University Press Low Price Edition 2000.
3. Clinical chemistry: principles, methods & interpretation 2nd Edition by Prof. Dr. Abdus Salam Khan Gandapur 2003. Tahir Instruments Ltd Singapura Road Lahore-Pakistan.
4. De Gruchi’s Clinical Hematology in Medical practice 5th Edition 1989 Ediuted by Frank Firkin, Colin Chesterman David Penington and Bryan Rush Blackwell Scientific Publications Oxford London Edinrough.


COM-311	COMPUTER APPLICATIONS	Credit Hours: 3(2-1) COURSE OBJECTIVES:
· To understand the basic of computer
· To utilize the MS office, internet and email

COURSE CONTENTS:

Introduction
· Definition of computer, History of computer.
· Classification of computer, Components of computer.
Hardware and Software

· Physical components of computer.
· Logical component of computer.
· System software.
· Application software.
Storage devices
· Magnetic storage devices
· Optical storage devices
· Memories
Application software
· Microsoft word
· Microsoft power point
· Microsoft excel
· Microsoft power point
· Microsoft access
· Networking
Definition of networking
· Types of networking
· Internet
PRACTICALS:
1. Use of MS Word

2. Use of MS Excel for data entry and data analysis

3. Tables and graph preparation
4. Presentation [preparation using MS PowerPoint

5. Computer lab exercise for literature search

6. Use of computer for downloading articles


RECOMMENDED BOOKS:
1. Computer science by Muhammad Ashraf, edition 1st 2010
2. Fundamental of I.T concept by Nayyar Kanwal by CECOSE University Teacher’s notes



MLT-215	CLINICAL IMMUNOLOGY	Credit Hours: 3(2-1) COURSE OBJECTIVES:
· This course will provide the fundamental knowledge on the immune system.
· Functions of the major components of the immune system in health and disease.

COURSE CONTENTS:
· Introduction: chronological development and scope of immunology.
· Immunity and immune responses: Definitions and types (specific and non specific).
· Humoral and cellular immunity
· Complement system.
· Cells and tissues of immune system.
· The antigens: structure (simple and complex molecules, proteins and polysaccharides) and immunogenicity.
· Tissue antigens: the Allo- and heterophile antigens. The ABO and Rh blood group systems, their chemical basis, inheritance & clinical significance.
· Immunoglobulins: structure and function; classes, subclasses, types and subtypes; immunoglobulin genetics, monoclonal and polyclonal antibodies.

· Immuneresponse to an antigen.
· Introduction to antigen-antibody reactions: methods for detecting antigens and antibodies (agglutination, precipitation, complement fixation, EIA, etc.).
· HLA & MHC and its role in immune response, disease and its significance in tissue transplantation.
· Immunoregulation and tolerance.
· Autoimmune disorders
· Cancer immunology.
· Introduction to immunopathology: hypersensitivity reactions, autoimmune diseases and immunodeficiencies.
· Immunization (methods of immunization, vaccines and adjuvants).

RECOMMENDED BOOKS:

1. Clinical Immunology and Serology A laboratory Perspective, 3rd edition by Christine Dorresteyn Stevens.
2. Manual of Laboratory medicine AFIP, third Edition 2005 publication Armed Forces Institute of Pathology Rawalpindi Pakistan.
1. District Laboratory practice in tropical countries Vol. 1 & 2 Monica Cheesbrough Cambridge University Press. Low price Edition 2000
2. Clinical Chemistry: principles, methods & interpretation 2nd Edition by Prof. Dr. Abdus
3. Salam Khan Gandapur 2003. Tahir Instruments Ltd Singapura Lahore-Pakistan
4. Medical Microbiology and Immunology 6th Edition examination and board review A LANGE Medical board review Warren Levinson, MD, Ph. D McGraw-Hill Companies Inc
5. De Gruchi’s Clinical Heamatology in Medical practice 5th Edition 1989 Ediuted by
Frank Firkin, Colin Chesterman David Penington and Bryan Rush Blackwell Scientific Publications Oxford London Edinrough.

SEMESTER-IV
MLT-221	CLINICAL HEMATOLOGY II	Credit Hours: 3(2-1) COURSE OBJECTIVES:
· To introduce the students about the basic concepts in Hematology and acquire skill in practical
work to produce a team of Medical Technologists steeped in knowledge of hematology.
· To equip Medical Technologists with latest advancements in the field of hematology.

COURSE CONTENTS:

· Leucocytosis, leucopenia definition, causes and other reactive changes of Myelopoeisis.
· Infectious Mononucleosis (IM) introduction, causes and laboratory diagnosis.
· Introduction and classification of leukemias.
· Acute Myeloblastic leukemia introduction, causes and laboratory diagnosis.
· Acute lymphoblastic leukemia introduction, causes and laboratory diagnosis.
· Chronic Myeloblastic leukemia introduction, causes and laboratory diagnosis.
· Chronic lymphoblastic leukemia introduction, causes and laboratory diagnosis.
· Hemostasis, Primary and Secondary hemostasis introduction and detail.
· Platelet structure and function, Platelet adhesion, aggregation and platelet plug formation.
· Thrombocytopenia and bleeding abnormalities.
· Bleeding disorders investigations for diagnosis of bleeding disorders hemophilia.
· Vascular function and disorder in hemostasis. Coagulation factor and Coagulation.
· Cascade Physiology of coagulation intrinsic / Extrinsic pathways.
· Systemic lupus erythmatosus and multiple myeloma, causes, pathology and laboratory.
· diagnosis, Lymphoma and polycythemia causes, pathology and laboratory diagnosis.
PRACTICALS:
1. Hb electrophoresis: Principle, purpose, requirements, procedure and interpretation.
2. Bone Marrow aspiration: Methods and types.
3. Osmotic fragility test.
4. G-6-PD screening test.
5. Sickling tests.
6. Cytochemical staining (SB, PAS, ACP, Esterases).
7. LAP staining and scoring, Tests for PNH.
8. Other tests for Haemoglobinopathies.
9. New Methods for Karyotyping.
10. Molecular techniques and cytogenetics for the diagnosis of acute/chronic leukemias.
11. Molecular techniques for the diagnosis of different types of blood disorders
Recognition of blood parasites like by different technique, malaria, microfilaries, trypanosomes, leshminia etc.
RECOMMENDED BOOKS
1. Tahir Instruments Ltd Singapura Lahore-Pakistan De Gruchi’s Clinical Hematology in Medical practice 5th Edition 1989 Ediuted by Frank Firkin, Colin Chesterman David Penington and Bryan Rush Blackwell Scientific Publications Oxford London Edinrough.
2. Essential of Hematology, A.V Hoff Brand, 6th edition 2006
3. Clinical Hematology, G.C Degrunchi, 5th edition 2002
4. Practical Hematology, Dacie J.V. 10th edition 2012
MLT-222	CHEMICAL PATHOLOGY II	Credit Hours: 3(2-1) COURSE OBJECTIVES:
· To have Principles and theory of chemical analysis performed on clinical specimens. In-
depth study examines specimen processing, analysis, test interpretation, and quality control procedures used in routine manual and automated clinical chemistry testing. Laboratory exercises involve bench techniques, dilutions, and test procedures.

· To equipped Medical Technologists with latest advances in the field of Chemical Pathology.

COURSE CONTENTS:

· Collection Transport and storage processing of clinical samples. Factors affecting composition of samples.
· Clinically important enzymes and use of enzymes as diagnostic markers in different diseases.
· Clinical Utility of Cardiac Markers, Lab diagnosis of Myocardial Infarction tests including CKMB, Tropanin T, Tropanin I, CPK.
· Thyroid Gland: Histology, synthesis, storage and, release, transportation, metabolism, functions. Goiter and types of goiter, hypothyroidism and hyperthyroidism, causes, symptoms and lab diagnosis.
· Physical, Chemical and Microscopic examination of various body fluids; CSF, Pleural, Peritoneal, Synovial fluids. Gastric secretions.
· Electrolytes and Blood Gases pH Sodium, Potassium, Chloride estimation and interpretations
· Semen Analysis, constituents, physical, microscopic, chemical examination and interpretations.
· Menstrual cycle, lab diagnosis of male and female infertility and tests to diagnose male and female infertility and their interpretation.
· Inborn errors of metabolism, names of inborn errors of metabolism, lab diagnosis of common inborn errors of metabolism.
· Therapeutic drug monitoring; basic concepts and definitions.
· Clinical Toxicology; basic concepts, Screening Procedures for Detection of Drugs.
· Trace Elements; basic concepts and definitions, methods for determination of trace elements.
· Renal calculi, formation, circulation, indications, collection, gross examination.
· Actions of hormones, regulation of hormone secretion, biorhythms, hormone receptors and principles of different techniques of hormone measurement.
· QC and QA in chemical pathology lab.
PRACTICALS:
1. Qualitative determination of glucose in urine.
2. Qualitative determination of proteins, RBCs/Hb in urine.
3. Qualitative determination of ketone bodies, bilirubin, urobilinogen in urine.
4. Quantitative determination of alkaline phosphatase, principal, procedure, interpretations.
5. Plasma protein Albumin: Estimation of plasma protein albumin, procedure, interpretations.
6. Serum lipoprotein: Determination of serum lipoprotein, procedure, interpretations.
7. Physical, chemical and microscopic composition of seminal fluid.
8. Serum electrolytes: estimation of serum Sodium, Chloride, Calcium, Phosphorus and potassium by chemical method.
9. Thyroid and parathyroid hormones: Estimation of T, T and TSH hormones, principal, procedure, reference ranges and interpretations.
10. Infertility hormones, principal, procedure, reference ranges and interpretations.
11. Physical and chemical composition of urinary Calculi.

RECOMMENDED BOOKS:

1. Manual of Laboratory medicines AFIP, third Edition 2005 publication Armed Forces Institute of Pathology Rawalpindi Pakistan.
2. District laboratory practice in tropical countries Vol. 1 & 2 Monica Cheesbrough Cambridge University Press. Low price Edition 2000
3. Clinical chemistry: principles, methods & interpretation 2nd Edition by Prof. Dr. Abdus Salam Khan Gandapur 2003. Tahir Instruments Ltd Singapura Lahore-Pakistan
4. Medical Microbiology and Immunology 6th Edition examination and board review A LANGE Medical board review Warren Levinson, MD, Ph. D McGraw-Hill Companies Inc
5. De Gruchi’s Clinical Hematology in Medical practice 5th Edition 1989 Ediuted by Frank Firkin, Colin Chesterman David Penington and Bryan Rush Blackwell Scientific Publications Oxford London Edinrough.

MLT-223	MOLECULAR BIOLOGY	Credit Hours: 3(2-1) COURSE OBJECTIVES:

· Basic knowledge about DNA structure, replication, transcription, translation and gene expression

COURSE CONTENTS:

· Central dogma of Molecular Biology, DNA as genetic Material Double Helical Structure of DNA, Nucleotides, Nucleosides, Nitrogenous bases, transformation and semiconservative model of DNA.
· DNA replication; Origin of replication, replication Mechanism, enzymes involved in replication, differences in replication of Prokaryotic and Eukaryotic genomes, mutation, recombination and repair.
· 	Concept of Gene; Genes, Allels, One gene on Enzyme theory, Introduction to RNA; mRNA, rRNA, tRNA, siRNA, Transcription; Transcription in Prokaryotes, Transcription in Eukaryotes, Translation; Translation in Prokaryotes, Translation in Eukaryotes.
PRACTICALS:
1. DNA extraction protocol.
2. RNA extraction protocol.
3. DNA/RNA purification.
4. Instrumentation of PCR.
5. Instrumentation of Gel Electrophoresis.
6. Instrumentation of blotting techniques.

RECOMMENDED BOOKS:

1. Cell and molecular Biology By Gerald Karp, 5th edition 2005.
2. Molecular Biology By Robert F. Weavet 3rd edition 2010
3. Leninger Principles of Biochemistry Latest Edition


BST-221	BIOSTATISTICS	Credit Hours: 3(3-0) COURSE OBJECTIVES:
· To introduce to the students, the significance of the discipline of public health in medical and applied social sciences regarding its history applications and development
COURSE CONTENTS:

Biostatistics:
· Introduction to Biostatistics and its scope in Medical lab technology. Collection of Primary and Secondary data. Editing of data. Presentation of data: Tabulation, Classification, Visual Presentation (Diagrams and Graphs). Measures of Central Tendency: Arithmetic Mean by direct and short-cut method, Geometric Mean, Harmonic Mean, Mode, Median. Measures of Dispersion: Range, Quartile Deviation, Mean Deviation, Standard Deviation by direct and short-cut method. Correlation, Partial and Multiple Correlation. Regression and method of least square. Probability: Concept of Probability. Hypothesis Testing. Chi-square test, Student’s t-test. Basic concepts of different biostatistics softwares and their applications.

RECOMMENDED BOOKS:

1. Public Health by Ilyas Ansari
2. Public Health by J Park
3. Public health system and emerging infections. By Jonathan R Davis.

4. Stanton, A.G., 2001. Primer of Biostatistics. McGraw Hill.

5. Jekel, J., Elmore, J.G., Katz, D.L., 2001. Epidimiology, biostatistics and preventive medicine.
W. B. Saunders.

6. Quinn, G., 2002. Experimental Design and Data Analysis for Biologists. Cambridge University Press.

7. Kuzma J. W. and Bohnenblust, S. E. 2001, Basis Statistics for the Health Sciences, McGraw- Hill International Education.


MLT-225	MEDICAL MYCOLOGY	Credit Hours: 3(2-1) COURSE OBJECTIVES:
· This course will enable students to become familiar with medically important fungi and to diagnose the infections caused by fungi.
COURSE CONTENTS:

· Introduction to medical mycology. History
· General composition of fungal cell.
· Taxonomy of medical mycology.
· Classification of medical mycology
· Introduction, Classification of medically important fungi, Fungal species associated with AIDS.
· General characteristics of medically important fungi and their significance to human beings, Opportunistic fungi.
Specimen Preparation
· Procedures for collection and preservation of clinical specimens for diagnostic purposes.
· General Characteristics, Pathogenesis, Clinical Findings, Laboratory Diagnosis, Epidemiology and Diseases, Prevention and Control of the following Fungi 30 hours
· Aspergillus spp., Candida albicans, Fusarium spp., Cryptococcus neoforman, Histoplasma capsulatum, Sporothrix spp., Philophora spp., Trichophyton microsprum, Epidermphyton spp., Blastomyces dermastitidis, Coccidiodes,immitens, aracoccidioides brasiliensis.
· Antifungal sensitivity test, Antifungal drugs
· Antifungal agents and therapy.
PRACTICALS:
1.
2. Study of growth characteristics, microscopic examination and identification of medically important fungi, collection, transportation and processing of specimens for mycological examination.
3. KOH preparation for the identification of fungal hyphae. 4.
5.	Germ tube test for yeast identification. 6.
7.	Preparation of medias and stains used in mycology.

RECOMMENDED BOOKS:
1. Fundamentals of Mycology. Vol. . By Reiss, Errol, Shadony H. Jeans and Lyon G. Marshall. Pub. Willey, Blackwell.
2. Medical Microbiology. (Instant notes). By William Irving and Tim Boswell.
3. District Laboratory Practice in Tropical Countries, Part1 & Part 2. Cheesbrough, M., 2nd ed. Cambridge University Press, 2006.
4. Clinical Microbiology Made Ridiculously Simple. Gladwin, M.,& Trattler, B., 3rd ed. MedMaster, 2004. Bailey & Scott's Diagnostic Microbiology. Forbes, B., A., Sahm, D., A., Weissfeld, A., S., & Bailey, W., R., 12th ed. Elsevier Mosby, 2007.
5. Medical Microbiology, Kayser, F., H., & Bienz, K., A., Thieme, 2005

6. Review of Medical Microbiology and Immunology. Levinson, W., 10th ed. McGraw Hill Professional, 2008. Jawetz, Melnick, & Adelberg's Medical Microbiology. Brooks, G., Carroll, K., C., Butel, J., & Morse, S., 26th ed. McGraw-Hill Medical, 2012.
MLT-226	BASIC PHARMACOLOGY	Credit Hours: 3(3-0) COURSE OBJECTIVES:

· To discuss the roles and responsibilities of the various members of the health care team in maintaining patient safety during drug therapy.
· To define common terms related to pharmacology and drug therapy.
· To discuss relevant historical, legal, and ethical issues related to pharmacology and drug therapy.
COURSE CONTENTS:
· Definitions of a drug pharmacology, clinical pharmacology, therapeutics, pharmacogenetics, therapeutic index, Pharmacokinetics: Drug passage across cell membrane, Plasma half-life, Steady state concentration, biological half-life, Absorption: sites, enterohepatic circulation, bioavailability, factors affecting systemic availability, pre-systemic elimination, effect of food on drug kinetics, Distribution: protein binding, Metabolism: results of metabolism of drugs, sites of metabolism, phases of metabolism, enzyme induction, enzyme inhibition, Elimination: Excretion, Mechanism of drug action: Different mechanisms of drug action. Receptors: Drug binding to receptors, second messenger, receptor regulation. Dose-response relationship: agonist, antagonist, affinity, potency, efficacy, factors modifying drug response. Drug interactions: Definitions. Types of interaction: harmful and useful. Pharmacological basis of drug interaction: pharmacokinetic interactions; pharmacodynamics interactions; antagonism, synergism. An overview of Drugs acting on parasympathetic system, Antihypertensive drugs, an overview of Analgesics: Narcotics and Non-narcotics, An overview of Drugs acting in gastrointestinal tract, Drugs acting on respiratory tract, An overview of Drugs acting on endocrine system.

RECOMMENDED BOOKS

1. Lippincott’s pharmacology (text book) by Mycek 2nd Edition published by Lippincott Raven 2000.
2. Katzung textbook of pharmacology (Reference Book) by Bertram Katzung 8th Edition, Published by Appleton. 2007.

SEMESTER-V
MLT-311 MEDICAL BACTERIOLOGY (THEORY)	Credit Hours: 3(3-0) COURSE OBJECTIVES:
· This course will provide the basic knowledge on systemic microbiology (Bacteriology) and its general application to medical laboratory sciences.

COURSE CONTENTS:
· Introduction to clinical bacteriology, sterilization, disinfection and antisepsis, structure and function of prokaryotic cell, difference between prokaryotic and eukaryotic cell, Introduction & classification of bacteria, Structure & characteristics of Bacteria, Cell membrane & its functions, Bacterial Endospores, Cytoplasmic contents, inclusions, Genetic material bacterial growth and metabolism, bacterial classification, normal microbial flora of human body, mechanism of bacterial pathogenesis, host parasite interaction, Immune response to infection.
· Medically Important Bacteria (General Properties, Pathogenesis, Lab diagnosis and Biochemical): Gram positive and negative cocci, Gram positive and negative rods, Nocardia and Actinomyces, Mycobacteria, Spirochete, Mycoplasma, Rickettsia and Chlamydia, minor bacterial pathogen. Staphylococci, Streptococci: Streptococcus pyogens, Streptococcus pneumonae, Enteric Gram Negative Rods: Enterobacteriaceae, Escherichia Coli& Pathogenesis of E.coli, Salmonella & Shigella, Salmonella typhi, Pseudomonas & other Gram negative bacteria, Vibrio, Camphylobacter &Helicobacter, Haemophillus, Brucella and Bordetella, Mycobacterium: characteristics and clinical importance. Clostridium (Tetani, Botulinum and Perfringens). Neisseiae. (Neisseriae gonorrhea, Neisseriae meningitidis). Spirochetes: Treponema pallidum and Syphilis
· Unusual Bacterial Pathogens, Antibiotic Resistance.

RECOMMENDED BOOKS:
1. Sherris Medical Microbiology: An Introduction to Infectious Diseases. Ryan, K. J., Ray, C. G., 4th ed. McGraw-Hill, 2003.
2. District Laboratory Practice in Tropical Countries, Part1 & Part 2. Cheesbrough, M., 2nd ed. Cambridge University Press, 2006.
3. Clinical Microbiology Made Ridiculously Simple. Gladwin, M.,& Trattler, B., 3rd ed. MedMaster, 2004. Bailey & Scott's Diagnostic Microbiology. Forbes, B., A., Sahm, D., A., Weissfeld, A., S., & Bailey, W., R., 12th ed. Elsevier Mosby, 2007.
4. Medical Microbiology, Kayser, F., H., & Bienz, K., A., Thieme, 2005
5. Review of Medical Microbiology and Immunology. Levinson, W., 10th ed. McGraw Hill Professional, 2008. Jawetz, Melnick, & Adelberg's Medical Microbiology. Brooks, G., Carroll, K., C., Butel, J., & Morse, S., 26th ed. McGraw-Hill Medical.

MLT-312	MEDICAL BACTERIOLOGY (PRACTICAL) Credit Hours: 3(0-3)

COURSE OBJECTIVES:

· This course will provide the basic knowledge on systemic microbiology (Bacteriology) and culture samples collections, Process specimens for cultures, biochemical test and staining techniques its general application to medical laboratory sciences.

PRACTICAL COURSE CONTENTS:

1. Introduction to microbiology lab and instruments used
2. Basic laboratory procedures
3. Sterilization & Disinfection
4. Sampling techniques use for different clinical specimens for microbiology.
5. Procedures for microscopic examination of pus, nasal swabs, urine, sputum, throat swab, stool Specimen, rectal swab, tissue and body fluids.
6. Preparation of Nutrient Agar & Nutrient Broth
7. Culturing by Streak plate Method
8. Isolation of Cultures: Subculturing
9. Five I’s Methods: Inoculation, Incubation, Inspection, Isolation & Identification
10. Difference b/w Gram -ve & Gram –ve Cell walls
11. Gram, s staining technique procedure
12. Growth of Staphylococcus on different Media
13. Nutrient agar (general purpose media)
14. Isolation of staphylococcus on Mannitol Salt Agar (selective & differential media)
15. Growth on MaConkey’s Medium
16. Catalase Test: Slide & Tube Catalase Test
17. Coagulase Test to identify Coagulase positive & coagulase Negative Staphylococcal species
18. Blood Agar Preparation: Growth of hemolytic species to observe Hemolysis
19. Growth of Enterobacteriaceae on MacConkey’s Medium
20. (Differentiation of Lactose Fermenters & non Lactose fermenters)
21. Detection of Coliforms from water samples by Dilution Method
22. Deoxycholate Citrate Agar (DCA) for Salmonella & Shigella
23. Thiosulfate Citrate Bile Salt Agar (TCBS)
24. Peptone Water & Carbohydrate fermentation test & Citrate utilization test
25. Indole test, Methyl Red Reaction, Voges-Proskauer test
26. H2S Production, Oxidase Test (Helps to identify Vibrio, Neisseria & Pseudomonas)
27. Detection of Helicobacter pylori by Urease test
28. Lowenstein-Jensen Glycerol Medium for culturing Mycobacterium
29. CLED (Cysteine Lactose Electrolyte-Deficient) for Isolation of urinary pathogens
30. Antibiotic Sensitivity Procedures
31. Disk Diffusion Technique
32. Use of molecular techniques for detecting, identification and investigating resistance in bacteria
33. Quality control and assurance in Medical Microbiology lab.
RECOMMENDED BOOKS:
1. Sherris Medical Microbiology: An Introduction to Infectious Diseases. Ryan, K. J., Ray, C. G., 4th ed. McGraw-Hill, 2003.
2. District Laboratory Practice in Tropical Countries, Part1 & Part 2. Cheesbrough, M., 2nd ed. Cambridge University Press, 2006.
3. Clinical Microbiology Made Ridiculously Simple. Gladwin, M.,& Trattler, B., 3rd ed. MedMaster, 2004. Bailey & Scott's Diagnostic Microbiology. Forbes, B., A., Sahm, D., A., Weissfeld, A., S., & Bailey, W., R., 12th ed. Elsevier Mosby, 2007.
4. Medical Microbiology, Kayser, F., H., & Bienz, K., A., Thieme, 2005
5. Review of Medical Microbiology and Immunology. Levinson, W., 10th ed. McGraw Hill Professional, 2008. Jawetz, Melnick, & Adelberg's Medical Microbiology. Brooks, G., Carroll, K., C., Butel, J., & Morse, S., 26th ed. McGraw-Hill Medical, 2012.
6. Manual of Laboratory Medicine: A Publication of Armed Forces Institute of Pathology (Rawalpindi- Pakistan)

MLT-313	CYTOLOGY & HISTOLOGY	Credit Hours: 3(2-1) COURSE OBJECTIVES:
· The principal objective of this course is to provide students with an understanding of the structural and functional organization of the human body at the cellular and subcellular levels.
COURSE CONTENTS:

· Introduction cell, cytology and History of Histology, Definition, importance regarding different diseases.
· Structure of animal cell Mitochondria, centrioles cytoplasmic inclusions and organelles
· Cell Division Mitosis and meiosis. Appearance of nucleus in resting and dividing cells
· Types of tissues classification, types and structure, functions
· Epithelial tissues Functions of epithelium tissues, normal and different pathological conditions.
· The connective tissue classification, types and structure, tendons, ligaments and aponeurosis.
· The muscular tissue classification, type and structure, skeletal muscles, cardiac muscles, mechanism of muscle contraction.
· The nervous tissue microscopic structure of nerve cell, neurons, classification of neurons, axon, dendrities. Functions of nervous tissues.
· Bone and Cartilage. Cell types, classification, histology of both
· Nerve fibres central nervous system, peripheral nervous system.
· Normal histology of skin Different layers of skin, Different pathological skin problems.
· Lymph node cell zone of lymph nodes and distribution of T and B lymphocytes.
· Histology of Liver Functions of liver, Tissues in normal and pathology.
· Uterus Layers in uterus, functions of uterus, follicular phase and ovulatory phase, mammary glands.
· Gastrointestinal system oral cavity, oesophagus- gastric junction, stomach, small and large intestine, colon. Normal histology and different pathological conditions.
· Identification points Importance to identify specific tissues in different organs of the body.
PRACTICALS:
1. Microscopy of different blood cells
2. Microscopy of Basic Tissue (Muscle, Connective, Nervous, Bone, Cartilage, Epithelial tissues
3. Microcopy of lymph nodes
4. Staining techniques
5. H and E staining
RECOMMENDED BOOKS:

1. Medical histology. Laiq hussain siddiqui. 5th edition.
2. Basic histology (text and atlas). Luiz carlos junquira.
3. Inderbir Singh's Textbook of Human Histology: With Colour Atlas and Practical Guide 7 Revised Edition

MLT-314 MEDICAL PARASITOLOGY (THEORY)	Credit Hours: 3(3-0) COURSE OBJECTIVES:
· This course will provide the basic knowledge on human parasitology and enable the students to diagnose the infections caused by parasites.

COURSE CONTENTS:
· Introduction to clinical parasitology, Parasite (protozoan and metazoan) morphology and classification,

general principal of pathogenesis, immunology and diagnosis of parasitic infection. Features and classification of parasites of medical importance. Procedures for collection and preservation of clinical specimens for laboratory diagnosis and parasitic infections. Life cycle, pathogenesis, clinical findings, laboratory diagnosis, culture, prevention and control. Epidemiology and diseases caused by the following parasites:
· Plasmodium spp.
· Glardia lamblia
· Entamoeba histolytica
· Balantidium spp.
· Ascaris spp.
· Taenia spp.
· Brugia spp.
· Hymenolepsis spp.
· Leishmania spp.
· Trihomonas spp.
· Wucheria bancrofti
· Toxoplasma spp.
· Trichurus trichura
· Negleria species
· Anacylostoma spp & Necator spp (Hookworm).
· Echinococcus spp.
· Trichinella spp.
· Schistosomes spp.
· Diphyllobothrium latum spp.
· Flukes: blood flukes, intestinal flukes, lung flukes
· Entomology introduction. Medically important vectors etc

RECOMMENDED BOOKS:
1. Sherris Medical Microbiology: An Introduction to Infectious Diseases. Ryan, K. J., Ray, C. G., 4th
ed. McGraw-Hill, 2003.
2. District Laboratory Practice in Tropical Countries, Part1 & Part 2. Cheesbrough, M., 2nd ed. Cambridge University Press, 2006.
3. Clinical Microbiology Made Ridiculously Simple. Gladwin, M.,& Trattler, B., 3rd ed. MedMaster, 2004.
4. Medical Microbiology, Kayser, F., H., & Bienz, K., A., Thieme, 2005,Jawetz, Melnick, & Adelberg's Medical Microbiology. Brooks, G., Carroll, K., C., Butel, J., & Morse, S., 26th ed. McGraw-Hill Medical, 2012.

MLT-315 MEDICAL PARASITOLOGY (PRACTICAL) Credit Hours: 3(0-3) COURSE OBJECTIVES:
· To introduce the students with basic concepts in clinical parasitology.
· To introduce the students with epidemiology and pathology of parasitic infections.
· To introduce the students with basic and differential diagnosis of parasitic infections.
· To introduce the students with technical skills used in clinical parasitology.

PRACTICAL COURSE CONTENTS:
1. Orientation, Use of the Microscope, and Introduction to Parasitological Specimens
2. Collection and processing of clinical samples Direct, indirect & Molecular methods
3. Urine examination for Parasitological investigations microscopic and macroscopic methods
4. Different methods for stool Examination microscopic and staining methods

5. Microscopic examination saline wet mount, iodine wet mount,
6. Permanent stained smears Iron hematoxyline stain, Trichrome stain
7. Modified acid stain
8. Concentration techniques for feacal parasites
9. Sedimentation and floatation techniques
10. Formol detergent concentration technique
11. Cellophane Thick fecal Smear technique
12. Intestinal parasites Diagnosis of Entameoaba histolytica trophozoites and cysts
13. Trichrome staining technique for staining E.histolytica
14. Acridine orange technique for E.Histolytica
15. Examination of Giardia lamblia trophozoites & cysts from clinical specimen
16. Identification of Trichomonas vaginalis
17. Blood examination thick and thin blood films methods
18. Staining blood films leishman stain, Giemsa stain, Field stain
19. Blood concentration methods
20. Examination of trypanasomes
21. Detection of different stages of malarial parasites in blood
22. Field’s Thick film Technique
23. Field’s Thin Film Technique
24. Identification and diagnosis of leishmania parasite
25. Identification of male & female worms of Enterobius vermicularis and demonstration of ova
26. Demonstration of Ascaris Ova in Stools Saturated Sodium chloride technique
27. Demonstration of characteristics eggs of Trichuris trichuria by Zn Sulphate floatation method
28. Preservation of parasites Different methods & Fixatives
29. Preservation of cyst, eggs, amoebae and flagellates in faeces
30. Preservation of Schistosome eggs in urine
31. Molecular Techniques for parasite identification e.g PCR
32. Quality control and quality assurance in Medical Parasitology lab.

RECOMMENDED BOOKS

1. Pearson, R.D., Gillespie, S.H., 2009. Principles and Practice of Clinical Parasitology.1st Edition
.Wiley, John & Sons
2. Sun, T., 2012. Progress in Clinical Parasitology. Springer-Verlag New York, LLC
3. Zeibig, E., 2012. Clinical Parasitology: A Practical Approach. 2nd edition. Elsevier Health Sciences Manual of Labortary Medicine :A Publication of Armed forces Institute of Pathology: fourth edition,2012

SEMESTER-VI
MLT-321	HUMAN GENETICS	Credit Hours: 3(2-1) COURSE OBJECTIVES:
· To introduce students with basic concept of human genetics
· To equip the students with instrumentation involved in human genetics

COURSE CONTENTS:


· Cell cycle, Introduction to Gene, Locus, Allele, Genotype, Phenotype, Homozygote, Dominant, Recessive, Mutations: Missense, Nonsense, Deletion, Insertion, Frame Shift/in-frame, Loss of function, Gain of Function, Pedigree Nomenclature, Modes of Inheritance-Dominant, Recessive, Autosomal, X- Linked, Mitochondrial, Recurrence Risk, Obligate carriers. X chromosome inactivation and formation of Bar Bodies, Variable expression, Population Genetics- Genotype Frequency, Allele Frequency, Restriction length polymorphism, Factors causing Genetic variation in Population, Genetic Drift, Cytogenetic analysis, Polymorphism Markers, Gene Map, linkage analysis, Genetic diagnosis and its applications.

PRACTICALS:

1. Extraction of DNA and RNA from various human samples
2. Allele specific PCR for mutation detection in human genes
3. Preparation of pedigree

RECOMMENDED BOOKS:

1.	Human genetics By Robertson, 2007, edition 4th.
Human Genetics concepts and application By Ricki Lewis, edition 5th .

MLT-322	SEROLOGY	Credit Hours: 3(2-1) COURSE OBJECTIVES:
· To introduce the students with basic concepts in serology.
· To introduce the students with serology diagnostic techniques.
· To introduce the students with technical skills used in serology
· Developing a working knowledge of the principles and procedures of serology.

COURSE CONTENTS:

· Introduction to serology, Antigens, Antibodies & Types
· Characteristics of immunoglobulins, Classes of immunoglobulins.
· Antigen antibody reactions, Toxin, antitoxin neutralization Complement fixation test Immunoflourescent techniques, ELISA principle and types of ELISA
· Serological diagnostic techniques and uses.
· Syphilis & Stages & principles, serological diagnosis of syphilis by VDRL,
· Rapid plasma reagent test (RPR)
· Enteric fever Serological Diagnosis of Typhoid, Widal test Principle, procedure & interpretations. Serological diagnosis of streptococcal infections; ASO titre, Significance, Principle, procedure, interpretation.
· Pregnancy test; Principle, procedure and interpretation.

 (
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· RA Test Significance, Principle, procedure, interpretation.
· C-reactive protein test CRP; principle, procedure and interpretation.
· VDRL test principle, procedure and interpretation.
· Diagnosis of rickettsia; Risketssiae types & diseases, transmission, Weil Felix test.
· Serological diagnosis of Brucella; Rose Bangal Test. Principle of test, requiments, procedure and interpretation.
· Serological diagnosis of Hepatitis A, B, C, D, E and G.
· Paul Bannel Test principle, procedure, interpretation.
· Hemagglutination test and Haemagglutination inhibition test.
· FAT test, RIA test.
· Serology and quality control.
PRACTICALS:
1. Widal Test
2. Weil Feilx Test
3. Rose Bangal Test
4. Pregnancy test
5. RA Test
6. CRP test
7. Paul Bannual Test
8. RPR Test
9. VDRL test
10. ASOT test
11. ABO grouping
12. Rh grouping


RECOMMENDED BOOKS:
1. Clinical Immunology and Serology. Stevens, C., D., 3rd ed. F.A. Davis Company, 2009

2. District Laboratory Practice in Tropical Countries, Part1 & Part 2. Cheesbrough, M., 2nd ed. Cambridge University Press, 2006.
3. Bailey & Scott's Diagnostic Microbiology. Forbes, B., A., Sahm, D., A., Weissfeld, A., S., & Bailey, W., R., 12th ed. Elsevier Mosby, 2007.
4. Review of Medical Microbiology and Immunology. Levinson, W., 10th ed. McGraw Hill Professional, 2008.
Jawetz, Melnick, & Adelberg's Medical Microbiology. Brooks, G., Carroll, K., C., Butel, J., & Morse, S., 26th ed. McGraw-Hill Medical, 2012.

MLT-323	MEDICAL VIROLOGY	Credit Hours: 3(3-0) COURSE OBJECTIVES:
· To introduce the students with basic concepts in clinical virology.
· This course will enable students to become familiar with most common viruses causing infections in man and their diagnosis with emphasis on viruses common in South Asian region

COURSE CONTENTS:

· History Virology, Introduction to Virology and Properties of viruses
· Introduction to viruses, Nomenclature of viruses
· Features, structure and classification of viruses
· Baltimore classification, Basic steps in viral life cycle
· Transmission of viruses, Viral Pathogenesis, Host Defenses
· Viral Laboratory Diagnosis techniques, Antiviral Drugs, Viral Vaccines
· Classification of medically important viruses, RNA and DNA virus families
· Laboratory Diagnosis of Viral Diseases Microscopy, Demonstration of viral antigen, Virus isolation.
· History, General properties, Replicative Cycle, Transmission & Epidemiology, Clinical Findings, laboratory diagnosis, Treatment & Prevention, Hepatitis A, B, C,D,E,G viruses
· Human Immunodeficiency virus Cytomegalovirus: Dengue hemorrhagic virus: Human Papilloma Virus, SARC , CCHF and Ebola virus, Bacteriophase, Small pox, Herpes viruses, Polio virus,

Influenzae virus, Mumps virus, Measles virus, Rabies virus, Rubella virus, Rota virus, Oncogenic viruses, HIV.
RECOMMENDED BOOKS:
1. Roizman, Griffin, Malcolm A. Martin, et al.2001. Fundamental Virology

2. Lippincott Williams and Wilkins

3. Zuckerman, A.J., Banatvala, J.E., Pattison, J.R., Griffiths, P., and Schoub,B.,
4. 2004. Principles and Practice of Clinical Virology, 5th Edition. John Wiley and

5. Sons Limited

MLT-324	LABORATORY INSTRUMENTATIONS & ANALYTICAL	TECHNIQUES
Credit Hours: 3(3-0)

COURSE OBJECTIVES:
· To understand the principles, functions, components, tourble shooting, pros and cons of commonly used instruments in clinical laboratory.
· To understand the basic analytical techniques in clinical laboratory.
· To run the instruments independently.
· To perform analytical techniques independently.
COURSE CONTENTS:
1. Instruments:
Principles, types, components, applications, interferences, maintenance and limitations of the following instruments:
· Spectrophotometer.
· Atomic Absorption Photometer.
· Flame Photometer.
· Fluorimeter.
· Chemiluminescence.
· Turbidimetry and nephlometry.
· Potentiometry & Ion selective electrodes.
· pH meter.
· Amperometry & Gas sensing electrodes.
· Thermocycler.
· Nano Drop.
· Microscope.
· Centrifuge.
· Water bath.
· Distillation still/Deionizer.
· Vortex mixture.
2. Analytical techniques:
Principles, types, applications and instrumentations of following techniques.
· Electrophoresis.
· Chromatography and types.
· Osmometry.
· Point of care and testing.
3. Immunoassays:
· General concepts.
· Labelled & unlabeled immunoassay.
· Western blotting.
· Immunochromatography.
· Precipitation.
· Special emphasis on ELISA & Chemiluminescence immunoassays.
· Radioimmunoassay (RIA).
4. Automation in Lab:
· History of automation.

· Types of auto analyzers.
· Pros and cons.
· Concept of total laboratory automation (TLA).
RECOMMENDED BOOKS:

1. Mary C. Haven and Gregory A. Tetrault are the authors of Laboratory Instrumentation, 4th Edition, published by Wiley.
2. Clinical Laboratory Instrumentation and Automation: Principles, Applications, and Selection 1st Edition by Kory M. Ward PhD MT(ASCP) (Author), Craig A. Lehmann PhD
CC(NRCC) (Author), Alan M. Leiken PhD (Author).
3. Larry E Schoeff, Robert Henry Williams Principles and Applications of Laboratory Instrumentation, Editor, Larry E Schoeff.

MLT-325 MOLECULAR PATHOLOGY	Credit Hours: 3(2-1) COURSE OBJECTIVES:
· The aim of this subject is to give background about various molecular techniques for the diagnosis of various types of diseases
· Students who successfully complete the paper will understand the basic theory behind the methodologies used in molecular diagnostics and gain in-depth practical knowledge of these techniques and how to troubleshoot them.

COURSE CONTENTS:

· DNA Extraction from various biological samples. Like blood, semen, bacteria etc
· Polymerase chain reaction: Introduction, History, principal of PCR, purposes, Steps in PCR, PCR program, Basic requirements for PCR, Advantages & Disadvantages of PCR. Summary.
· Real Time PCR: Introduction, Demerits of Conventional PCR, Principal OF real time pCR, Reporter dyes and probes, Syber Green, Taq Man, and molecular beacons, detection methods, advantages, Some other types of Conventional PCR, Summary:
· Molecular methods in diagnosis of infectious diseases: Introduction, Diagnostic methods in microbiology, Genotyping methods, RFLP (Restriction fragment length polymorphism), Endonucleases enzymes.Gel electrophoresis. Summary.
· Prenatal Diagnosis
· Hybridization: Definition, Introduction, important features of hybridization, Southern, northern, dot/slot blot; electrophoresis, nucleic acid probe preparation, DNA sequencing, interpretation, troubleshooting.
· Ligase chain reaction, nucleic acid sequence-based amplification, branched DNA detection, fingerprinting
· PCR-based mutation detection: single-stranded conformational polymorphism analysis, heteroduplex analysis, denaturing gradient gel electrophoresis,chemical cleavage, ribonuclease cleavage
· PCR-based mutation detection: allele-specific and multiplex PCR; competitive oligonucleotide priming, protein truncation
· DNA chips, automation, gene therapy; applications in diagnosis of genetic disorders, human genome project, ethical considerations
· Virual, Bacterial and Parasitic molecular diagnostic methods.(HBV, HCV, HIV, HPV, Inflenza, MTB, Malaria etc).

PRACTICALS:
1. Collection, Transports and use of different samples used for molecular investigations of different human disease
2. Analyze PCR product using agarose gel electrophoresis and interpret results
3. RFLP for forensic purposes and prenatal diagnosis

4. Blotting techniques

RECOMMENDED BOOKS:

1. Principals of molecular pathology byAnthony A. Killeen

2. Molecular Pathology in Clinical practices by Debra G. B. Leonard.

3. Molecular Pathology by William B. Coleman


MLT-326	BIOINFORMATICS	Credit Hours: 3(3-0) COURSE OBJECTIVES:
· To train students to analyze genetics data for research.

COURSE CONTENTS:

· Introduction to information technology and Bioinformatics Basic concepts, genome database and human genome project, Biological databases, protein identification, Data retrieval and analysis using computer programs NCBI, GenBank, Swiss prot, Expassy Finding Genes in DNA, complimentary sequence generation, Structure of proteins, codon redundancy, Concept of coding sequence, non- coding sequences, Codons, Start codon, stop codon, Application of Bioinformatics: DNA microarrays, Deducing protein primary sequence from DNA or RNA sequences.
PRACTICALS:

1.	Use of Bioinformatics software for data analysis

RECOMMENDED BOOKS:
1. Introduction to Bioinformatics By Arthur M. Lesk, 3rd edition 2002.
2. Bioinformatics: Sequence and genime analysis By David W. Mount, 2nd Edition 2004.


SEMESTER-VII
MLT-411	HISTOTECHNIQUES	Credit Hours: 3(2-1) COURSE OBJECTIVES:
· Students will be able to prepare staining reagent and perform tissue processing, section cutting, stain tissue section, handle frozen section and museum sample

COURSE CONTENTS:

· Introduction to Histopathology and Microtechnique lab
· Reception and Fixation of Biopsy
· Fixatives Purpose, classification, types, preparation of fixatives, merit and demerit of routinely use fixatives
· Merits and demerits of good fixative and factors affecting fixation
· Gross examination
· Processing of tissues Definition and procedure of manual and automation
· Dehydration Definition, purpose of dehydration, types, merits and demerits of each dehydrating agents
· Clearing Definition, purpose of clearing, types, merits and demerits of each dehydrating agents
· Impregnation Definition, purpose of impregnation, types, merits and demerits of each impregnating media.
· Embedding definition, purpose and procedure

· Cutting of tissue sections procedure how to cut processed tissue
· Microtome Definition, Purpose of microtomy and types of microtome.
· Decalcifications Definition, Purpose and different types of decalcifying agents
· Confirmation of Decalcification. Different procedures of confirmation
· Sectioning of paraffin block
· Horning and stropping of knife Definition, purpose and procedure and different methods
· Staining/dyes Principle of staining, preparation of stains
· H and E staining Principle, procedure, rational of each step
· Frozen Sections Purpose, procedure and importance
· Cryostat Purpose and procedure of cryostat
· Special stains Purpose and types of special stains
· PAS stain
· Sudan black B staining Principle, purpose, procedure and interpretation
· Nissle Staining Principle, purpose, procedure and interpretation
· Trichrome stain Principle, purpose, procedure and interpretation
· Mallorys stain for connective tissue Principle, purpose, procedure and interpretation
· An introduction to Immunohistochemistry
PRACTICALS:

1. Gross of different biopsy and cytology specimens
2. Tissue processing
3. Embedding & preparation of blocks
4. Section cutting& use & care of macro dome
5. H&E staining

RECOMMENDED BOOKS:

1. Manual of Laboratory Medicines AFIP, 3rd Edition 2005 Publication Armed Forces Institute of Pathology, Rawalpindi, Pakistan
2. Wheater’s Functional Histology by Paul R. Wheater 3rd Edition 1995 ELBS with Churchill Livingstone UK 6th edition 2013
3. Cellular pathology by Culling.
4. Theory and practical of histological techniques by Bancroft
5. Medical Laboratory technology by Lynch.


MLT-412 BLOOD BANKING & TRANSFUSION MEDICINE
Credit Hours: 3(2-1)

COURSE OBJECTIVES:
· To introduce to the students basic concepts in blood banking and transfusion.
· The course provide knowledge of principle and techniques involved in blood banking

COURSE CONTENTS:
· Introduction to blood bank, immunoglobulin, structure, different type of antibodies important related to transfusion like cold antibodies etc. Antigen antibodies reactions, requirements of a standard blood bank, preparation of basic reagents, different anticoagulant use in blood bank, ABO and Rh D group system, kell blood group system, duffy blood group system, MNS blood group system, ked blood group system, other blood group system, donor selection criteria, phlebotomy of donor, processing of donor blood, blood products, preparation, storage and its importance, hemovigilance in blood banking, cross match, types of cross match, procedure and importance of cross match, anti-human globulin test, types, procedure and importance and quality control of AHG, check cells, preparation and importance of check cells, transfusion reactions, investigation and management of transfusion reaction, hemolytic

disease of newborn, classification, pathophysiology, diagnosis and management of HDN, quality control, external quality control, internal quality control in blood bank. Save blood transfusion program, government of Pakistan.

PRACTICALS:

1. Blood collection & preservation using different anticoagulants& preservative solutions.
2. Component preparation
3. ABO grouping
4. Rh typing
5. Antibody direction & titration
6. Coombs test
7. Compatibility testing cross matches
8. Investigation of tranfusion reactions
9. Investigation of hemolytic disease of new born
10. HBsAg & HIV antibody testing in blood bank
11. Cross matching (Major and Minor)
12. Coombs tests (Direct and Indirect)
13. Separation, uses and preservation of different blood components

RECOMMENDED BOOKS:

1. Practical Hematology, Dacie J.V. 10th edition

2. Introduction to Immunohematology: Bryant Neville J, third edition, 1994
MLT-413	MANAGEMENT OF INFECTIOUS WASTES	Credit Hours: 3(2-1) COURSE OBJECTIVES:
· To learn the categorization of waste.
· To identify risk of infections associated with different type of waste.
· To learn proper handling and management of different types of waste.
COURSE CONTENTS:
· An introduction to the management of infectious waste materials.
· Various types of infectious materials: handling and methods of their disposal.
· Segregation of waste materials.
· Infectious diseases and methods of spread of agents involved.
· Laboratory and Hospital acquired infections: possible sources and causes.
· Hazardous groups of microorganisms including genetically modified organisms.
· Basic containment rules and laboratory containment levels.
· Control measures and maintenance of control. Guidelines for workers in pathological Labs. and post mortem rooms.
· Rules for safe conduct of field work expeditions in outdoor activities.
· Risk assessment: recognition of hazards, competence, elimination of hazards, collection of data etc.
· Risk group personnel: their education, training and monitoring.
· Radiation hazards and disposal of radioactive wastes.
PRACTICALS:
1. Visit to hospitals for the evaluation of efficiency of the waste management plan.
2. Identification of pathogens in infectious waste.
3. Identification of hazardous chemical waste in water reservoirs.
RECOMMENDED BOOKS:
1. Frosch, M., Martin C. and Maiden, J., 2006. Handbook of Meningococcal Disease: Infection Biology, Vaccination, Clinical Management. John Wiley & Sons, Inc U.S.A.
2. Gillespie, S., and Hawkey, P. 2006. Principles and Practice of Clinical Bacteriology, 2nd Edition . John Wiley& Sons, Inc U.S.A.
3. Miller, C.H., 2009. Infection Control and Management of Hazardous Materials for the Dental Team: 4th Edition. Elsevier Health Sciences

4. Callahan, R.J., 2012. Emerging Biological Threats: A Reference Guide. Greenwood Publishing Group, Incorporated.
5. Miller, C.H., and Palenik, J.C.,2013. Infection Control and Management of Hazardous Materials for the Dental Team Elsevier Health Sciences.

MLT-414 RESEARCH METHODOLOGY	Credit Hours: 3(3-0) COURSE OBJECTIVES:
· To introduce the significance of research methodology foundation, concept of measurement, design
clinical research and health system research to the students.

COURSE CONTENTS:
· Introduction to the course, Research basics, hypothesis and its types, study design, student exercises, Types of research studies in Bio Medical sciences
Synopsis writing (1)
· What is synopsis? components of a research synopsis, how to write a research synopsis? Sample research synopsis, University of Haripur format of research synopsis
Synopsis Writing (2)
· Discussion of student assignments, Scientific literature search
· How to search for authentic information for my research using internet?
· Computer lab exercise for literature search, Scientific Communications
· How to write scientific assays, research articles, reviews, thesis etc.?
· How to publish your scientific work?
References
· How to reference you work? Different reference styles, how to use reference manager and endnote?
Plagiarism
· Introduction to plagiarism, types of plagiarism, plagiarism software, how to avoid it, regulations regarding, plagiarism.
· Using plagiarism detection software (Turnitin)
MSc Research synopsis writing
· Submission of the research synopsis to the concerned teacher
· Review of the research synopsis by the supervisor and comments to the students
· Submission of the final draft to the internal research cell coordination.

RECOMMENDED BOOKS:

1. Foundation of Clinical Research by Portney LG Walkais MP in 1993, Publisher by Appleton and lauge USA.
2. A guide to Research Methodology, Biostatistics and Medical writing by college of physicians and surgeons Pakistan by WHO collaboration center.
3. Health system research project by Corlien M Varkerisser, Indra Pathmanathan, Ann Brownlee in 1993 by International Development Research Center in New Dehli,
MLT-415	BIO-MEDICAL ETHICS	Credit Hours: 2(2-0) COURSE OBJECTIVES:
· To introduced the students with medical ethics, their behavior with patients medical staff and animals
COURSE CONTENTS:
· Ethical conduct, relationship with patient, surgeon, physician, nurse, social workers and co-workers, preparation and uses of records, report, physical plant, equipments. The implementation of and confirmation to the rules of professional context and understanding, the paramedic liability and obligations in the case of medico legal action, a wider knowledge of ethics relating to current social and medical policy in the paramedic society as a professional association, the role of international health agencies such as world health organization.

RECOMMENDED BOOKS:
1. Medical ethic by Dr. Mehmood Alam in 2006 by Health Department NWFP






MLT-416	FORENSIC BIOLOGY	Credit Hours: 3(2-1) OBJECTIVES
· To Understand and appreciate the scope of forensic biology.
· To focus on the fundamental procedures of molecular biology as it applies to forensic settings.
COURSE CONTENTS:
Introduction, history and principles of forensic biology and its sub-disciplines (molecular anthropology, forensic botany, forensic odontology, forensic serology, forensic DNA Typing); the role and functions of a forensic molecular biologist; organizational strategies of a forensic DNA laboratory; the nature, collection, documentation, examination and preservation of forensic DNA evidence; the use of alternative light sources and serological tests to detect biological stains on crime scene evidence; microscopy for the analysis of evidence; extraction and quantification of human DNA, compare, contrast and explain the genetic and technical differences between various DNA typing techniques (RFLP, STR, sequence-based, mtDNA, nDNA, Y-chromosome); various statistical analysis of DNA profiles.
PRACTICALS:
1. Methods of Sampling at Crime Scene
2. Microscopy for the analysis of evidence
3. Serological tests to detect biological strains on crime scene
4. Forensic DNA Typing.
RECOMMENDED BOOKS:
1. Bertino, A. J., & Bertino, P. N. (2016). Forensic Science: Fundamentals & investigations. Boston, MA: Cengage Learning.
2. Brown, R. M., & Davenport, J. S. (2016). Forensic science: Advanced investigations. Boston, MA: Cengage Learning
3. Katz, E., & Halamek, J. (2016). Forensic Science: Chemistry, Physics, Biology and Engineering. Wiley.
4. Siegel, J. A. (2016). Forensic Science: A beginner's guide. Oxford : Oneworld Publications,
5. Taylor, D., Abarno, D., Rowe, E., Taylor, D., Abarno, D., Rowe, E., & Rask-Nielsen, L. (July 01, 2016). Observations of DNA transfer within an operational Forensic Biology Laboratory. Forensic Science International: Genetics, 23, 33-49.




SEMESTER-VIII
MLT-421	BIOSAFETY& BIOSECURITY	Credit Hours: (2-1) COURSE OBJECTIVES:
· This course provides an overview of the critical aspects of biosecurity, biosafety and biocontainment.
· Technologists/students will learn how to assess risks for biohazards in the laboratory setting and the strategies to appropriately manage these risks.
· By the end of the course, students will be familiar with international best practices in biorisk management.

COURSE CONTENTS:

1) Introduction to Biosafety
· History and incidence of laboratory-acquired infections (LAI), Incidents of secondary transmission from the laboratory, types of laboratory accidents leading to LAIs

· Importance of biosafety and biocontainment in minimizing the risk of LAIs
2) Biosafety Concepts and Strategies
· Microorganisms into risk groups, relationship between risk groups and biosafety levels
· Concepts of primary and secondary barriers
3) Biosecurity Concepts and Strategies
· Relationship between biosecurity and biosafety, challenges of a biosecurity program for microorganisms. Key components of a biosecurity program (physical security, pathogen accountability, personnel reliability, transport security, information security). Emergency response plan for breaches of biosecurity
4) Risk Assessment
· Risk assessment for microorganisms, factors affecting risk assessment (agent, host, environment, behavioural), risk management strategies, ideal risk assessment for laboratories handling dangerous pathogens
5) Biosafety Program Management
· Structure of a biosecurity and biosafety program
6) Risk Communication
· Explain what is meant by risk communication, communicating crisis information to the public, communication of laboratory accidents and breaches
7) Biocontainment Facilities
· New biocontainment laboratory from conceptualization through to certification
8) Operational Biosafety Practices and Procedures
· General biosafety practices and procedures applicable to all laboratories handling infectious agents, biosafety practices and procedures applicable to BSL2, BSL3 laboratories
9) Biological Safety Cabinets
· Classes and types of biological safety cabinets (BSC)
10) Disinfection and Decontamination
· Define disinfection, germicide, sanitizer, virucide, sterilant and other applicable terms used to describe decontaminants
11) Waste Management
· Outline the types of infectious waste generated in the laboratory, treatment methods
13) Transportation of Infectious Substances
· Outline the regulatory framework governing the transportation of infectious substances, classification, packaging, labeling, documentation and shipping requirements
14) Emergency Planning and Response
· Responding to spill of infectious materials and other accidents in the laboratory
RECOMMENDED BOOKS:
1. Laboratory Biosafety Manual. World Health Organization. 2004
2. Laboratory Biosafety Guidelines. Public Health Agency of Canada. 2004
3. Guidance on Regulations for the Transport of Infectious Substances. World Health Organization. 2007

MLT-422	CLINICAL LAB MANAGEMENT & QUALITY CONTROL
Credit Hours: 3(2-1) COURSE OBJECTIVES:
· To understand the requirements international standard as applied to testing and calibration laboratories
· To provide guidance on implementation & improvement of quality system.
· To understand the requirements for accreditation.

COURSE CONTENTS:

· Quality control introduction, concept and costs, The quality management system model, History of laboratory quality management, International laboratory standards, Importance of laboratory quality control in each department of clinical lab requirements, quality policy and objectives, Good documentation practice, Quality Manual and procedures. Document control Client requirements and subcontracting, Purchasing Improvement elements, Records and management of records Internal audits and management, review Staff issues and managing change, Facilities and safety Equipment Purchasing and inventory, Process control sample management, Process control introduction to quality control, Calibration and measurement traceability, Assessment—audits Assessment external quality, assessment norms and accreditation, Personnel Customer service Occurrence management, Process improvement Documents and records Information management Organization, Computer issues, Sampling and sample management, Records and management of records, Qualities of lab manager, Cost managements, Staff issues and managing change, Laboratory facilities, Test methods, Equipment

management. Computer issues, Quality control and Proficiency Testing programs.

PRACTICALS:
1. Western guard graph preparation
2. Log sheet preparation
3. EOPS Preparations
4. SOPs Preparation
5. Record Keeping and Maintenance
6. Training on ISO certification
7. Inventory Maintenance
RECOMMENDED BOOKS:

1. Laboratory quality management system: handbook. World Health Organization
2. Tietz Fundamentals of Clinical Chemistry and Molecular Diagnostics, 7th edition
3. Laboratory Management: Principles and Processes 2nd Edition by Denise M. Harmening

MLT-424	GENETIC ENGINEERING	Credit Hours: 3(2-1) COURSE OBJECTIVES:
· To learn basic techniques used in recombinant DNA technology.
· To understand the potential problems related to genetic engineering.
COURSE CONTENTS:
· Introduction and scope.
· Restriction and modification system.
· Properties of restriction endonucleases, their occurrence and recognition sequences. Assay procedures for restriction endonucleases and slab gel electrophoresis. Practical uses of endonucleases. Role in genetic engineering.
· Construction of cloning vector by λ-phage.
· In vitro genetic engineering; cloning vehicles: plasmids, cosmids and phagemids, YAC and BAC etc.
· Principles of nucleic acid isolation (DNA & RNA).
· Cloning strategies: construction of chimeric plasmids.
· Methods of introducing exogenous DNA.
· Methods for screening the clones.
· DNA sequencing.
· PCR: its application and primer designing.
· Prokaryotes and Eukaryotes Expression systems.
· Labeling methods of probes.
· Construction of genomic libraries.
PRACTICALS:
1. Methods of nucleic acid isolation (DNA & RNA).
2. Slab gel electrophoresis.
3. Restriction enzyme digestion of DNA.
4. Transformation.
5. Southern blotting.
6. Electro blotting.
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