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Subharti Medical College,
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Ordinance No- V (70A)
Ordinance relating to Master of Science in Medical Laboratory Technology 

(M.Sc. MLT) courses
Chapter – 1

(General)
1. This ordinance may be called the Ordinance Relating to “Master of Science in Medical Laboratory Technology (M.Sc. MLT) Course”

2. It shall come into force with immediate effect.

3. This ordinance shall apply to all programs leading to Master’s Degrees in Medical Laboratory Technology.

Chapter – 2
(Eligibility for Admission)

4.
(i) A candidate should have passed B.Sc. MLT and completed 6 months of internship following B.Sc. MLT course (if applicable/requirement in B.Sc. MLT) or equivalent course (for Indian Nationals)

           with 50% marks. 

(ii) There shall be relaxation of 5% marks for SC/ST categories candidates.
            (iii) Seat allotment will be carried out as per the reservation criteria of Govt. of Uttar Pradesh.
5.
A candidate should have passed B.Sc. MLT equivalent course. (for Foreign Candidates).
Chapter – 3

(Teaching Course)

6. The course will be of two years duration, spread over four semesters.

7. The academic calendar shall be as follows 
:




1st and 3rd Semester 

: 
Session
–
1st Aug. to 15th Dec.









Exam

–
16th Dec. to 30th Dec.
 




2nd  and 4th Semester 

: 
Session
–
1st Jan. to 31st May





        



Exam

–
1st June to 15th June

8. Course structure:-
Master of Science degree in Medical Laboratory Technology Course, M.Sc. (MLT) is available in the following three branches:    

a)  M.Sc. MLT in Clinical Biochemistry 

b)  M.Sc. MLT in Microbiology and Immunology 

c)  M.Sc. MLT in Hematology and Blood Transfusion

9.
The candidate has to choose the branch of his /her choice during the time of seat selection. Change of branch will be permitted within 2 months of admission. No change of branch will be allowed after the stipulated time.

COURSE STRUCTURE

	Semester 
	Course
	Code
	Credit

(L+T+P)*

	
	M.Sc. MLT in Clinical Biochemistry

	 I
	General Pathology
	MMLT 101
	3+1+2

	I
	General Microbiology
	MMLT 102
	3+1+2

	I
	General  Biochemistry 
	MMLT 103
	3+1+2

	I
	Human Anatomy and Physiology
	MMLT 104
	3+1+2

	I
	Biostatistics and Computational Skills 
	MMLT 105
	3+1+2

	II
	Clinical Biochemistry 
	MMLT-B- 201
	3+1+2

	II
	Immunology
	MMLT-B- 202
	3+1+2

	II
	Medical Genetics 
	MMLT-B- 203
	3+1+2

	II
	Molecular Biology and  Recombinant DNA Technology
	MMLT-B- 204
	3+1+2

	III
	Diagnostic Biochemistry 
	MMLT-B- 301
	3+1+2

	III
	Laboratory Management and Biomedical Techniques 
	MMLT-B- 302
	3+1+2

	III
	Recent Advances in Biochemistry
	MMLT-B- 303
	3+1+2

	III
	Research Methodology
	MMLT-B- 304
	3+1+2

	IV
	Research Project (Dissertation)
	MMLT-B- 401P
	18

	
	M.Sc. MLT in Microbiology and Immunology

	 I
	General Pathology
	MMLT 101
	3+1+2

	I
	General Microbiology
	MMLT 102
	3+1+2

	I
	General  Biochemistry 
	MMLT 103
	3+1+2

	I
	Human Anatomy and Physiology
	MMLT 104
	3+1+2

	I
	Biostatistics and Computational Skills 
	MMLT 105
	3+1+2

	II
	Medical Bacteriology
	MMLT-M-201
	3+1+2

	II
	Immunology
	MMLT-M-202
	3+1+2

	II
	Medical Parasitology 
	MMLT-M-203
	3+1+2

	II
	Molecular Biology and Recombinant DNA Technology
	MMLT-M-204
	3+1+2

	III
	Virology and Mycology
	MMLT-M-301
	3+1+2

	III
	Clinical Microbiology
	MMLT-M-302
	3+1+2

	III
	Recent Advances in Microbiology 
	MMLT-M-303
	3+1+2

	III
	Research Methodology
	MMLT-M-304
	3+1+2

	IV
	Research Project (Dissertation)
	MMLT-B- 401P
	18

	
	M.Sc. MLT in Hematology and Blood Transfusion

	 I
	General Pathology
	MMLT 101
	3+1+2

	I
	General Microbiology
	MMLT 102
	3+1+2

	I
	General  Biochemistry 
	MMLT 103
	3+1+2

	I
	Human Anatomy and Physiology
	MMLT 104
	3+1+2

	I
	Biostatistics and Computational Skills 
	MMLT 105
	3+1+2

	II
	Haematology 
	MMLT-H-201
	3+1+2

	II
	Immunopathology and Clinical Pathology 
	MMLT-H-202
	3+1+2

	II
	Medical Genetics
	MMLT-H-203
	3+1+2

	II
	Molecular Biology and  Recombinant DNA Technology
	MMLT-H-204
	3+1+2

	III
	Blood Banking and Transfusion
	MMLT-H-301
	3+1+2

	III
	Laboratory Management
	MMLT-H-302
	3+1+2

	III
	Recent Advances  in Hematology and Blood Banking
	MMLT-H-303
	3+1+2

	III
	Research Methodology
	MMLT-H-304
	3+1+2

	IV
	Research Project (Dissertation)
	MMLT-H-401P
	18


    *L- Lecture, T-Tutorial, P- Practical
10. Distribution of Marks Branch Wise, Teaching subjects and examination evaluation scheme
10. a)    For M.Sc. MLT in Clinical Biochemistry 
FIRST YEAR

I –SEMESTER
	S.No
	Subject Code
	Subject Name
	Hours Per week
	Examination Scheme

	
	
	
	L
	T
	P
	C
	Theory Marks
	Practical Marks
	Grand

Total

	
	
	
	
	
	
	
	UE
	CCE
	UE
	CCE
	

	1
	MMLT 101
	General Pathology
	3
	   1
	-
	4
	70
	30
	-
	-
	100

	2
	MMLT 102
	General Microbiology
	3
	1
	-
	4
	70
	30
	-
	-
	100

	3
	MMLT 103
	General  Biochemistry 
	3
	1
	-
	4
	70
	30
	-
	-
	100

	4
	MMLT 104
	Human Anatomy and Physiology
	3
	1
	-
	4
	70
	30
	-
	-
	100

	5
	MMLT 105
	Biostatistics and Computational Skills 
	3
	1
	-
	4
	70
	30
	-
	-
	100

	6
	MMLT 101P
	General Pathology Practical
	-
	-
	2
	2
	-
	-
	35
	15
	50

	7
	MMLT 102P
	General Microbiology Practical
	-
	-
	2
	2
	-
	-
	35
	15
	50

	8
	MMLT 103P
	General  Biochemistry Practical
	-
	-
	2
	2
	-
	-
	35
	15
	50

	9
	MMLT 104P
	Human Anatomy and  Physiology Practical
	-
	-
	2
	2
	-
	-
	35
	15
	50

	10
	MMLT 105P
	Biostatistics and Computational Skills Practical
	-
	-
	2
	2
	-
	-
	35
	15
	50

	Total Credit
	15
	5
	10
	30
	350
	150
	175
	75
	750


    *L- Lecture, T-Tutorial, P- Practical, C -Credit, CCE- Continuous Comprehensive Evaluation, UE- University External 
II- SEMESTER
	S. No
	Subject Code
	Subject Name
	Hours Per week
	Examination Scheme

	
	
	
	L
	T
	P
	C
	Theory Marks
	Practical Marks
	Grand

Total

	
	
	
	
	
	
	
	UE
	CCE
	UE
	CCE
	

	1
	MMLT-B-201
	Clinical Biochemistry 
	3
	   1
	-
	4
	70
	30
	-
	-
	100

	2
	MMLT-B-202
	Immunology
	3
	1
	-
	4
	70
	30
	-
	-
	100

	3
	MMLT-B-203
	Medical Genetics 
	3
	1
	-
	4
	70
	30
	-
	-
	100

	4
	MMLT-B-204
	Molecular Biology and  Recombinant DNA Technology
	3
	1
	-
	4
	70
	30
	-
	-
	100

	5
	MMLT-B-201P
	Clinical Biochemistry Practical
	-
	-
	2
	2
	-
	-
	35
	15
	50

	6
	MMLT-B-202P
	Immunology Practical
	-
	-
	2
	2
	-
	-
	35
	15
	50

	7
	MMLT-B-203P
	Medical Genetics Practical
	-
	-
	2
	2
	-
	-
	35
	15
	50

	8
	MMLT-B-204P
	Molecular Biology and  Recombinant DNA Technology Practical
	-
	-
	2
	2
	-
	-
	35
	15
	50

	Total Credit
	12
	4
	08
	24
	280
	120
	140
	60
	600


    *L- Lecture, T-Tutorial, P- Practical, C -Credit, CCE- Continuous Comprehensive Evaluation, UE- University External 
10. a)    For M.Sc. MLT in Clinical Biochemistry 
SECOND YEAR

III –SEMESTER

	S.No
	Subject Code
	Subject Name
	Hours Per week
	Examination Scheme

	
	
	
	L
	T
	P
	C
	Theory Marks
	Practical Marks
	Grand

Total

	
	
	
	
	
	
	
	UE
	CCE
	UE
	CCE
	

	1
	MMLT-B-301
	Diagnostic Biochemistry 
	3
	   1
	-
	4
	70
	30
	-
	-
	100

	2
	MMLT-B-302
	Laboratory Management and Biomedical Techniques 
	3
	1
	-
	4
	70
	30
	-
	-
	100

	3
	MMLT-B-303
	Recent Advances in Biochemistry
	3
	1
	-
	4
	70
	30
	-
	-
	100

	4
	MMLT-B-304
	Research Methodology
	3
	1
	-
	4
	70
	30
	-
	-
	100

	5
	MMLT-B-301P
	Diagnostic Biochemistry Practical 
	-
	-
	2
	2
	-
	-
	35
	15
	50

	6
	MMLT-B-302P
	Laboratory Management and Biomedical Techniques Practical
	-
	-
	2
	2
	-
	-
	35
	15
	50

	7
	MMLT-B-303P
	Recent Advances in Biochemistry Practical
	-
	-
	2
	2
	-
	-
	35
	15
	50

	8
	MMLT-B-304P
	Research Methodology Practical
	-
	-
	2
	2
	-
	-
	35
	15
	50

	Total Credit
	12
	4
	08
	24
	280
	120
	140
	60
	600


   *L- Lecture, T-Tutorial, P- Practical, C -Credit, CCE- Continuous Comprehensive Evaluation, UE- University External  
IV- SEMESTER  
	S.No
	Subject Code
	Subject Name
	Hours Per week
	Examination Scheme

	
	
	
	L
	T
	P
	C
	Theory Marks
	Practical Marks
	Grand

Total

	
	
	
	
	
	
	
	UE
	CCE
	UE
	CCE
	

	1
	MMLT-B- 401P
	Research Project (Dissertation) 
	-
	-
	10
	10
	-
	-
	175
	75
	250

	2
	MMLT-B- 401P
	Project Evaluation
	-
	-
	4
	4
	-
	-
	70
	30
	100

	3
	MMLT-B- 401P
	Project  Presentation  and Viva-Voce
	-
	-
	4
	4
	-
	-
	70
	30
	100

	Total Credit
	
	
	18
	18
	-
	-
	315
	135
	450


   *L- Lecture, T-Tutorial, P- Practical, C -Credit, CCE- Continuous Comprehensive Evaluation, UE- University External  
SUMMARY OF CREDIT SYSTEM

For M.Sc. MLT in Clinical Biochemistry
	S.No.
	SEMESTER
	NO. OF CREDIT

	1
	I
	30

	2
	II
	24

	3
	III
	24

	4
	IV
	18

	Lab Posting /MOOC Courses/ Internship
	-

	GRAND TOTAL
	96


10. b)    For MSc. MLT in Microbiology and Immunology
FIRST YEAR

I –SEMESTER
	S.No
	Subject Code
	Subject Name
	Hours Per week
	Examination Scheme

	
	
	
	L
	T
	P
	C
	Theory Marks
	Practical Marks
	Grand

Total

	
	
	
	
	
	
	
	UE
	CCE
	UE
	CCE
	

	1
	MMLT 101
	General Pathology
	3
	   1
	-
	4
	70
	30
	-
	-
	100

	2
	MMLT 102
	General Microbiology
	3
	1
	-
	4
	70
	30
	-
	-
	100

	3
	MMLT 103
	General  Biochemistry 
	3
	1
	-
	4
	70
	30
	-
	-
	100

	4
	MMLT 104
	Human Anatomy and Physiology
	3
	1
	-
	4
	70
	30
	-
	-
	100

	5
	MMLT 105
	Biostatistics and Computational Skills
	3
	1
	-
	4
	70
	30
	-
	-
	100

	6
	MMLT 101P
	General Pathology Practical
	-
	-
	2
	2
	-
	-
	35
	15
	50

	7
	MMLT 102P
	General Microbiology Practical
	-
	-
	2
	2
	-
	-
	35
	15
	50

	8
	MMLT 103P
	General  Biochemistry Practical
	-
	-
	2
	2
	-
	-
	35
	15
	50

	9
	MMLT 104P
	Human Anatomy and Physiology Practical
	-
	-
	2
	2
	-
	-
	35
	15
	50

	10
	MMLT 105P
	Biostatistics and Computational Skills Practical
	-
	-
	2
	2
	-
	-
	35
	15
	50

	Total Credit
	15
	5
	10
	30
	350
	150
	175
	75
	750


    *L- Lecture, T-Tutorial, P- Practical, C -Credit, CCE- Continuous Comprehensive Evaluation, UE- University External  
II- SEMESTER
	S.No
	Subject Code
	Subject Name
	Hours Per week
	Examination Scheme

	
	
	
	L
	T
	P
	C
	Theory Marks
	Practical Marks
	Grand

Total

	
	
	
	
	
	
	
	UE
	CCE
	UE
	CCE
	

	1
	MMLT-M-201
	Medical Bacteriology
	3
	   1
	-
	4
	70
	30
	-
	-
	100

	2
	MMLT-M-202
	Immunology
	3
	1
	-
	4
	70
	30
	-
	-
	100

	3
	MMLT-M-203
	Medical Parasitology 
	3
	1
	-
	4
	70
	30
	-
	-
	100

	4
	MMLT-M-204
	Molecular Biology and Recombinant DNA Technology
	3
	1
	-
	4
	70
	30
	-
	-
	100

	5
	MMLT-M-201P
	Medical Bacteriology Practical
	-
	-
	2
	2
	-
	-
	35
	15
	50

	6
	MMLT-M-202P
	Immunology Practical 
	-
	-
	2
	2
	-
	-
	35
	15
	50

	7
	MMLT-M-203P
	Medical Parasitology Practical
	-
	-
	2
	2
	-
	-
	35
	15
	50

	8
	MMLT-M-204P
	Molecular Biology and Recombinant DNA Technology Practical
	-
	-
	2
	2
	-
	-
	35
	15
	50

	Total Credit
	12
	4
	08
	24
	280
	120
	140
	60
	600


    *L- Lecture, T-Tutorial, P- Practical, C -Credit, CCE- Continuous Comprehensive Evaluation, UE- University External  
10. b)    For MSc. MLT in Microbiology and Immunology
SECOND YEAR

III- SEMESTER
	S.No
	Subject Code
	Subject Name
	Hours Per week
	Examination Scheme

	
	
	
	L
	T
	P
	C
	Theory Marks
	Practical Marks
	Grand

Total

	
	
	
	
	
	
	
	UE
	CCE
	UE
	CCE
	

	1
	MMLT-M-301
	Virology and Mycology
	3
	   1
	-
	4
	70
	30
	-
	-
	100

	2
	MMLT-M-302
	Clinical Microbiology
	3
	1
	-
	4
	70
	30
	-
	-
	100

	3
	MMLT-M-303
	Recent Advances in Microbiology 
	3
	1
	-
	4
	70
	30
	-
	-
	100

	4
	MMLT-M-304
	Research Methodology
	3
	1
	-
	4
	70
	30
	-
	-
	100

	5
	MMLT-M-301P
	Virology and Mycology Practical
	-
	-
	2
	2
	-
	-
	35
	15
	50

	6
	MMLT-M-302P
	Clinical Microbiology Practical
	-
	-
	2
	2
	-
	-
	35
	15
	50

	7
	MMLT-M-303P
	Recent Advances in Microbiology Practical
	-
	-
	2
	2
	-
	-
	35
	15
	50

	8
	MMLT-M-304P
	Research Methodology Practical
	-
	-
	2
	2
	-
	-
	35
	15
	50

	Total Credit
	12
	4
	08
	24
	280
	120
	140
	60
	600


    *L- Lecture, T-Tutorial, P- Practical, C -Credit, CCE- Continuous Comprehensive Evaluation, UE- University External  
IV- SEMESTER  

	S.No
	Subject Code
	Subject Name
	Hours Per week
	Examination Scheme

	
	
	
	L
	T
	P
	C
	Theory Marks
	Practical Marks
	Grand

Total

	
	
	
	
	
	
	
	UE
	CCE
	UE
	CCE
	

	1
	MMLT-M- 401P
	Research Project (Dissertation) 
	-
	-
	10
	10
	-
	-
	175
	75
	250

	2
	MMLT-M- 401P
	Project Evaluation
	-
	-
	4
	4
	-
	-
	70
	30
	100

	3
	MMLT-M- 401P
	Project  Presentation  and Viva-Voce
	-
	-
	4
	4
	-
	-
	70
	30
	100

	Total Credit
	
	
	18
	18
	-
	-
	315
	135
	450


    *L- Lecture, T-Tutorial, P- Practical, C -Credit, CCE- Continuous Comprehensive Evaluation, UE- University External  
SUMMARY OF CREDIT SYSTEM

For MSc. MLT in Microbiology and Immunology
	S.No.
	SEMESTER
	NO. OF CREDIT

	1
	I
	30

	2
	II
	24

	3
	III
	24

	4
	IV
	18

	Lab Posting /MOOC Courses/ Internship
	-

	GRAND TOTAL
	96


10. c)    M.Sc. MLT in Hematology and Blood Transfusion
FIRST YEAR
I- SEMESTER
	S.No
	Subject Code
	Subject Name
	Hours Per week
	Examination Scheme

	
	
	
	L
	T
	P
	C
	Theory Marks
	Practical Marks
	Grand

Total

	
	
	
	
	
	
	
	UE
	CCE
	UE
	CCE
	

	1
	MMLT 101
	General Pathology
	3
	   1
	-
	4
	70
	30
	-
	-
	100

	2
	MMLT 102
	General Microbiology
	3
	1
	-
	4
	70
	30
	-
	-
	100

	3
	MMLT 103
	General  Biochemistry 
	3
	1
	-
	4
	70
	30
	-
	-
	100

	4
	MMLT 104
	Human Anatomy and Physiology
	3
	1
	-
	4
	70
	30
	-
	-
	100

	5
	MMLT 105
	Biostatistics and Computational Skills 
	3
	1
	-
	4
	70
	30
	-
	-
	100

	6
	MMLT 101P
	General Pathology Practical
	-
	-
	2
	2
	-
	-
	35
	15
	50

	7
	MMLT 102P
	General Microbiology Practical
	-
	-
	2
	2
	-
	-
	35
	15
	50

	8
	MMLT 103P
	General  Biochemistry Practical
	-
	-
	2
	2
	-
	-
	35
	15
	50

	9
	MMLT 104P
	Human Anatomy and Physiology Practical
	-
	-
	2
	2
	-
	-
	35
	15
	50

	10
	MMLT 105P
	Biostatistics and Computational Skills Practical
	-
	-
	2
	2
	-
	-
	35
	15
	50

	Total Credit
	15
	5
	10
	30
	350
	150
	175
	75
	750


    *L- Lecture, T-Tutorial, P- Practical, C -Credit, CCE- Continuous Comprehensive Evaluation, UE- University External  
II- SEMESTER
	S.No
	Subject Code
	Subject Name
	Hours Per week
	Examination Scheme

	
	
	
	L
	T
	P
	C
	Theory Marks
	Practical Marks
	Grand

Total

	
	
	
	
	
	
	
	UE
	CCE
	UE
	CCE
	

	1
	MMLT-H-201
	Haematology 
	3
	   1
	-
	4
	70
	30
	-
	-
	100

	2
	MMLT-H-202
	Immunopathology and Clinical Pathology 
	3
	1
	-
	4
	70
	30
	-
	-
	100

	3
	MMLT-H-203
	Medical Genetics
	3
	1
	-
	4
	70
	30
	-
	-
	100

	4
	MMLT-H-204
	Molecular Biology and  Recombinant DNA Technology
	3
	1
	-
	4
	70
	30
	-
	-
	100

	5
	MMLT-H-201P
	Haematology Practical 
	-
	-
	2
	2
	-
	-
	35
	15
	50

	6
	MMLT-H-202P
	Immunopathology and Clinical Pathology Practical
	-
	-
	2
	2
	-
	-
	35
	15
	50

	7
	MMLT-H-203P
	Medical Genetics Practical
	-
	-
	2
	2
	-
	-
	35
	15
	50

	8
	MMLT-H-204P
	Molecular Biology and  Recombinant DNA Technology Practical
	-
	-
	2
	2
	-
	-
	35
	15
	50

	Total Credit
	12
	4
	08
	24
	280
	120
	140
	60
	600


    *L- Lecture, T-Tutorial, P- Practical, C -Credit, CCE- Continuous Comprehensive Evaluation, UE- University External  
10. c)    M.Sc. MLT in Hematology and Blood Transfusion
SECOND YEAR

III- SEMESTER 
	S.No
	Subject Code
	Subject Name
	Hours Per week
	Examination Scheme

	
	
	
	L
	T
	P
	C
	Theory Marks
	Practical Marks
	Grand

Total

	
	
	
	
	
	
	
	UE
	CCE
	UE
	CCE
	

	1
	MMLT-H-301
	Blood Banking and Transfusion
	3
	   1
	-
	4
	70
	30
	-
	-
	100

	2
	MMLT-H-302
	Laboratory Management
	3
	1
	-
	4
	70
	30
	-
	-
	100

	3
	MMLT-H-303
	Recent Advances  in Hematology and Blood Banking
	3
	1
	-
	4
	70
	30
	-
	-
	100

	4
	MMLT-H-304
	Research Methodology
	3
	1
	-
	4
	70
	30
	-
	-
	100

	5
	MMLT-H-301P
	Blood Banking and Transfusion Practical
	-
	-
	2
	2
	-
	-
	35
	15
	50

	6
	MMLT-H-302P
	Laboratory Management Practical
	-
	-
	2
	2
	-
	-
	35
	15
	50

	7
	MMLT-H-303P
	Recent Advances  in Hematology and Blood Banking Practical
	-
	-
	2
	2
	-
	-
	35
	15
	50

	8
	MMLT-H-304P
	Research Methodology Practical
	-
	-
	2
	2
	-
	-
	35
	15
	50

	Total Credit
	12
	4
	08
	24
	280
	120
	140
	60
	600


    *L- Lecture, T-Tutorial, P- Practical, C -Credit, CCE- Continuous Comprehensive Evaluation, UE- University External  
IV- SEMESTER  

	S.No
	Subject Code
	Subject Name
	Hours Per week
	Examination Scheme

	
	
	
	L
	T
	P
	C
	Theory Marks
	Practical Marks
	Grand

Total

	
	
	
	
	
	
	
	UE
	CCE
	UE
	CCE
	

	1
	MMLT-H-401P
	Research Project (Dissertation) 
	-
	-
	10
	10
	-
	-
	175
	75
	250

	2
	MMLT-H-401P
	Project Evaluation
	-
	-
	4
	4
	-
	-
	70
	30
	100

	3
	MMLT-H-401P
	Project  Presentation  and Viva-Voce
	-
	-
	4
	4
	-
	-
	70
	30
	100

	Total Credit
	
	
	18
	18
	-
	-
	315
	135
	450


    *L- Lecture, T-Tutorial, P- Practical, C -Credit, CCE- Continuous Comprehensive Evaluation, UE- University External  
SUMMARY OF CREDIT SYSTEM

For MSc. MLT in Hematology and Blood Transfusion
	S.No.
	SEMESTER
	NO. OF CREDIT

	1
	I
	30

	2
	II
	24

	3
	III
	24

	4
	IV
	18

	Lab Posting /MOOC Courses/ Internship
	-

	GRAND TOTAL
	96


11. RESEARCH PROJECT (DISSERTATION): Each candidate pursuing M.Sc. MLT course is required to carry out research project/dissertation work on a selected topic under the guidance of a recognized post graduate teacher. The results of such a work shall be submitted in the form of dissertation.

Every candidate shall submit synopsis to the Registrar (Academics) of the University on the prescribed proforma, two hard copies of synopsis along with particulars of proposed dissertation work within one year from the date of commencement of the course on or before the date notified by the University/Principal office.  The synopsis shall be sent through proper channel. The University shall arrange for review of synopsis and if found suitable shall register the dissertation topic. No change in the dissertation topic/Guide shall be made without prior approval from the University.
The written text of dissertation shall not be exceeding 200 pages including references, tables, questionnaires and other annexure.  It should be neatly typed in double line spacing on both side of paper (A4 size, 8.27” x 11.69”) and bound properly.  Spiral binding should not to be done.  A declaration by the candidate that the work was done by him/her shall be included. The guide, head of the department and head of the institution shall certify the bonafide of the dissertation.

Four copies of dissertation and abstract shall be submitted to the University through proper channel along with a soft copy (CD), three months before the second year final examinations. It shall be assessed by two Examiners appointed by the University, one internal and one external. The examiners shall give their specific recommendations (either approval or disapproval). In latter case, the candidate shall be required to submit revised dissertation within a period of six months from the date of communication. Only one chance should be given. Acceptance of the dissertation is a pre-requisite for a candidate to be eligible to appear in the final examination.

Standard format of Dissertation- The dissertation should be written under the following headings:

a) Introduction

b) Aim and Objectives
c) Review of Literature

d) Material and Methods
e) Results*
f) Discussion*
g) Conclusion#
h) Summary#
i) References
j) Appendices if any
* Result and Discussion may be merged or separated.

# Conclusion and Summary mal also be merged or separated.

12. Viva-Voce: The marks for Project/ Presentation / Viva-voce shall be awarded jointly by the External examiner (appointed by the University for the purpose) and the Internal examiner, in accordance with the general provisions.

13. Guide: A recognized guide shall supervise dissertation work of not more than four students per academic year. The eligibility academic qualification and teaching experience required for recognition as Guides are:- 
a). Shall be a full time Faculty member in the University.

b). MD/ Ph.D./ M.Phil. in respective/ allied subjects.
c). M.Sc./M.Sc. MLT in respective/ allied subjects with three years of experience after M.Sc. degree.
Chapter – 4

(Attendance)
14.
The students are expected to attend all the classes and should not have less than 75% attendance in theory as well as in practical classes, wherever held, to become eligible to appear for the university examination. Short fall in attendance can, however be condoned in deserving cases to the extent of 10% by the Principal. If the short fall is more than 10% but not more than 15%, the Principal may recommend deserving cases to the Vice Chancellor for condonation. The order of the Vice Chancellor in this regard shall be final. 
Chapter – 5

(Examination)

15.
The examination in each semester shall be conducted in two parts:

A. Internal assessment will be of 30 marks as under:-

a. Midterm written test including in-between snap tests if any, after three months carrying 20 marks.
b. A maximum of 10 marks in each subject shall be awarded for attending classes (theory / practical) as per the following norms:
85% or more attendance




-         10 Marks

80% or more but less than 85% attendance


-
9 Marks

75% or more but less than 80% attendance


-
8 Marks

70% or more but less than 75% attendance


-
7 Marks



65% or more but less than 70% attendance


-
5 Marks

 

60% or more but less than 65% attendance


-
3 Marks



51% or more but less than 60% attendance


-
2 Marks



50% attendance





-
1 Mark



Less than 50% attendance




-
0 Mark
B. University Examination carrying 70 marks.
           Criteria for Passing MMLT

	
	Continuous Assessment Minimum
	University External Minimum
	Overall Passing

	Theory
	40% (12 out of 30 marks)
	40% (28 out of 70 marks)
	40% (in CCE and UE together)

	Practical
	40% (06 out of 15 marks)
	40% (14 out of 35 marks)
	40% (in CCE and UE together)

	Project
	40% (54 out of 135  marks)
	40% (126 out of 315 marks)
	40% (in CCE and UE together)


              *CCE- Continuous Comprehensive Evaluation, UE- University External  
16.
The entire course has to be completed within a maximum of four (04) years from the date of original admission in the course.
17.      As per university norms those who clears at-least 50% from total subject, he/she will be promoted to next year with carry over papers.

Chapter–6

Paper setting, Evaluation and Results

17.
The work of setting the End semester examination papers, conduct of the End semester and Annual examinations, Evaluation and declaration of results shall be as per the laid down Examination policies / latest University Notifications.

Chapter – 7
Power to Modify

18.
In the event of any emergent situation, if any deviation is considered necessary, the Vice Chancellor is authorised to modify the Ordinance. Subject to subsequent ratification by the Executive Council. 
Chapter-8   
 Program Outcomes
Upon successful completion of the degree in Medical Laboratory Technician, the student should be able to: 

PO1-
Perform routine clinical laboratory procedures within acceptable quality control parameters in Hematology, Biochemistry, Immunohematology, Cytopathology, Histopathology, Blood transfusion and Microbiology under the general supervision of a Clinical Laboratory Scientist or Pathologist. (
PO2-
Demonstrate technical skills, social behavior, and professional awareness incumbent upon a laboratory technician. 

PO3-
The student will be able to explain the basic nature of disease processes from the standpoint of causation, epidemiology, natural history, and the structural and functional abnormalities that result. 

PO4-
Apply systematized problem solving techniques to identify and correct proceduralerrors, identify instrument malfunctions and seek proper supervisory assistance, and verify the accuracy of laboratory results obtained. 

PO5-
Operate and maintain laboratory equipment, utilizing appropriate quality control and safety procedures. 

PO6-
Effect a transition of information and experiences learned in the MLT program to employment situations and performance on the written examinations conducted by the Swami Vivekanand Subharti University. 

PO7-
Recognize and participate in activities which will provide current knowledge and upgrading of skills in laboratory medicine.
SWAMI VIVEKANAND SUBHARTI UNIVERSITY, MEERUT

Master of Science in Medical Laboratory Technology     (M.Sc. MLT) Syllabus

M.Sc. MLT in CLINICAL BIOCHEMISTRY

FIRST YEAR

SEMESTER – I
    PAPER-I: GENERAL PATHOLOGY 
	THEORY
	Subject Code: MMLT-101

	Total Marks for Evaluation: 100
	No. of Credit Hours: 60, Credits: 4


Course objective
Students get to know in depth the general aspects of pathology. In this  subject students learn about cell injury and adaptations, Inflammation, haemodynamic disorders, Neoplasia, wound healing, different categories of diseases and so on. Practices and demonstrations are also associated with this subject.
Course Outcomes (COs)
CO1-
Interpret essential basic pathological processes including cell death and injury, inflammation, thrombosis and neoplasia

CO2-
Outline the essential basic pathological processes to the pathogenesis of common and important diseases.

CO3-
Demonstrate an understanding of the predisposing factors, causes, pathogenesis, morphology and potential complications of diseases.

CO4-
Interpret clinical features with the causes and mechanisms of various diseases.

CO5-
Apply pathological processes in the investigation, management and prevention of diseases. 

	Unit
	Content
	Credit hours

	1
	Cell injury and Cellular Adaptations: Cell- control of normal growth, cell cycle illustration and the regulation of cell division, Cell Injury- types of cell injury, etiology of cell injury, morphology of cell injury,cellular swelling, Cell death: types- autolysis, necrosis, apoptosis and gangrene, Cellular adaptations-atrophy, hypertrophy, hyperplasia and dysplasia.
	14

	2
	Inflammation: Acute inflammation - vascular event, cellular event, inflammatory cells, Chronic Inflammation - general features, granulomatous inflammation, tuberculoma.
	10

	3
	Haemodynamic Disorders and their Pathogenesis: Oedema, hyperemia, congestion, haemorrage, circulatory disturbances, thrombosis, embolism Ischaemia, Infarction  and shock.
	12

	4
	Neoplasia and Infectious Diseases: Nomenclature, characterstics of benign and malignant neoplasms, how does it differ from hyperplasia, oncogenes  cancer and molecular basis of cancer, Pathogenesis and lab diagnosis of Tuberculosis, Pathogenesis and lab diagnosis of Leprosy, Pathogenesis and lab diagnosis of HIV
	14

	5
	Healing: Fibrosis, tissue modeling, wound healing, healing by first and second intention and factors influencing wound healing.
	10


    GENERAL PATHOLOGY PRACTICAL
	PRACTICAL
	Subject Code: MMLT-101P

	Total Marks for Evaluation: 50
	No. of Credit Hours: 30, Credits: 2


	S.No.
	                                   List of Experiments
	Credit Hours

	1
	Romanowsky stain
	30

	2
	Gliemsa stain
	

	3
	Blood smear preparation and staining techniques- DLC
	

	4
	Thick and Thin smears
	

	5
	RBC/TLC count by Neubauer Chamber
	

	6
	Hb estimation
	

	7
	Physical, chemical and microscopical examination of Urine. 
	


Reference Books:
i. Text book of Pathology and Genetics for Nurses; Ramdas nayak, Sharada Rai, Astha Gupta; ISBN: 978-93-2570-031-8; 2017. Jaypee.

ii. Essentials in Hematology and Clinical Pathology,Ramdas Nayak, Sharadha Rai: ISBN:9789351524236: 2017. Jaypee.

iii. Textbook of Medical Laboratory Technlogy: Praful B. Godkar, Darshan P. Godkar: Third Edition: ISBN: 9789381496190, 93811496196: 2014.

iv. Dacie and Lewis Practical Haematology; Barbara J. Bin, Imelda Bates, Michael A. Laffan; Twelfth Edition; ISBN- 9780702069307, 9780702069307; Elsevier Health Sciences; 

v. Practical Haematology; Sir John Vivian Dacie, Shirley Mitchell Lewis; 8th Edition; Churchill Livinstone, 1995; 1 agust 2008; ISBN- 0443049319, 97804430493116.

    PAPER-II:  GENERAL MICROBIOLOGY 
	THEORY
	Subject Code: MMLT-102

	Total Marks for Evaluation: 100
	No. of Credit Hours: 60, Credits: 4


Course objective

In this subject student learns about different kinds of microorganisms, their growth factors and controlling techniques. Students also learn about different sterilization techniques and culturing methods.

Course Outcomes (COs)
CO1-
Illustrate the anatomy of prokaryotic cell, eukaryotic cell, concepts of growth and reproduction of bacteria.
CO2-
Apply basic skills in aseptic techniques, perform various staining techniques, cultivate bacteria through various cultivation techniques.
CO3-
Employ various sterilization techniques, and various methods to control the growth of microbes.
CO4-
Demonstrate various specialized sterilization techniques.

CO5-
Employ various techniques and methods for identification of bacteria.
	Unit
	Content
	Credit hours

	1
	Introduction and scope of Microbiology: Contributions of Robert Koch, Antony Van Leeuwenhoek, Louis Pasteur, Alexander Fleming, Paul Ehrlich, Joseph Lister, Morphology of Bacteria, Anatomy of bacterial cell including intracellular components, spores, capsule and its appendages.
	14

	2
	Bacterial growth and role in Health and Disease:  Requirement of growth and factor affecting growth,  Bacterial growth curve,  Oxidation-Reduction potential  Normal micro flora of human body, Source of infection, modes of spread and portal of entry, Bacterial Virulence Factor
	12

	3
	Sterilization and Disinfection:   Definition – Sterilization, Disinfection, Asepsis, Antiseptics, Various methods of Physical and Chemical Sterilization
	10

	4
	Culture Media: Classification of culture media, Composition, preparation and sterilization of culture media including special media, 
	10

	5
	Culture methods and Identification of Bacteria:  Various culture methods, Isolation, maintenance and preservation of pure culture, Determination of total and viable count, Anaerobic culture methods, Biochemical tests for identification of bacteria.
	14


    GENERAL MICROBIOLOGY PRACTICAL
	PRACTICAL
	Subject Code: MMLT-102P

	Total Marks for Evaluation: 50
	No. of Credit Hours: 30, Credits: 2


	S.No.
	                                    List of Experiments
	Credit Hours

	1
	Universal Safety Precaution
	30

	2
	Handling and Disposal of Biomedical Waste
	

	3
	Procedures of Sterilization
	

	4
	Component and Care of microscope
	

	5
	Preparation of smears
	

	6
	Staining Techniques – Gram stain, Ziehl-Neelsen stain and Albert stain
	

	7
	Hanging drop Preparation
	

	8
	Sample collection, transport and storage
	

	9
	Care and maintenance of common lab equipments 
	


Reference Books:
i. Prescott, Harley and Klein’s Microbiology, by Willey JM, Sherwood LM and Woolverton CJ, McGraw 2. Hill Higher Education 8th Ed, 2011
ii. Microbiology: An Introduction by Tortora GJ, Funke BR and Case CL., Person Education, 9th Edition, 2008.

iii. Microbiology by PelczarJr MJ, Chan ECS and Krieg NR. Tata McGraw Hill, 5th Ed, 2011 (Reprint).

iv. Microbiology: Principles and Explorations, Black JG Prentice Hall 7th edition,2008.

v. General Microbiology,Stanier RY, Ingraham JL, Wheelis ML and Painter PR. McMillan Publishing, 5th Edition 2005.

vi. Understanding Bacteria, Srivastava S and Srivastava PS,Kluwer Academic Publishers, 2003.

vii. Microbiological Applications Laboratory Manual in General Microbiology, Benson, The McGraw Hill Companies, 8th Edition

    PAPER-III:  GENERAL BIOCHEMISTRY 
	THEORY
	Subject Code: MMLT-103

	Total Marks for Evaluation: 100
	No. of Credit hours: 60, Credits: 4


Course objective
In this subject students study about different biomolecules and their significance in the human physiology. Students also learn about the enzymes and metabolic system in this course.

Course Outcomes (COs)
CO1- Illustrate the structures and functions of various biomolecules in living organisms.
CO2-
Explain basic principles of structural and functional relationships of biological 

molecules.
CO3-
Interpret biochemistry experiments, and techniques in relationship to biomolecules and their structures.
CO4-
Discuss about nucleic acid and its process.
CO5-   Explain about enzymes and its catalyzed reactions.
	Unit
	Content
	Credit hours

	1
	Carbohydrates: Structure properties, chemical reaction and biological functions, Oxidative Phosphorylation , Glycolysis, Citric acid cycle, Gluconeogenesis (Brief), Glycogenesis (Brief), Glycogenolysis (Brief), Significance of HMP Shunt
	14

	2
	Lipids: Classification, properties and function of Lipids, Lipoproteins, Fatty Acids, Fatty acid oxidation, Fatty acid biosynthesis (Brief), Ketone bodies
	10

	3
	Proteins: Amino acids: Essential and Non-essential amino acids with structure, Proteins: chemistry of Primary, secondary, tertiary and quaternary, Transamination and Deamination reaction, Urea cycle, Protein denaturation and renaturation
	14

	4
	Nucleic acids: Classification, properties, types, DNA and RNA, Replication, Translation and transcription 
	10

	5
	Enzymes: Enzymes: Classification, factors that alter enzymes catalyzed reaction, Coenzyme –Cofactor, Isoenzymes 
	12


    GENERAL BIOCHEMISTRY PRACTICAL
	PRACTICAL
	Subject Code: MMLT-103P

	Total Marks for Evaluation: 50
	No. of Credit Hours: 30, Credits: 2


	S.No.
	                                          List of Experiments
	Credit Hours

	1
	Estimation of blood glucose by Folin-Wu method, Ortho toludine method and CHOD - POD method.
	30

	2
	Estimation of protein by Biuret method, Lowry, UV method
	

	3
	Estimation of serum creatinine by Jaffe’s method 
	

	4
	Estimation of urea in blood sample by urease
	

	5
	Estimation of Total cholesterol by CHOD/POD method
	

	6
	Estimation of Triglycerides by GOP/PA method
	

	7
	Estimation of HDL Cholesterol by precipitation method
	

	8
	Estimation of SGOT/ SGPT in blood sample by kinetic method
	


Reference Books:
i. Bhat, Sujata V : Biometerials:  Narosa Publishing House (2010).
ii.  Principles of Physical Biochemistry: International Edition by Vanholde and Johnson (2005).

iii.  Physical Biochemistry: Principles and Applications by David Sheehan Second Edition (2009).
iv. Physical Biochemistry: Applications to Biochemistry and Molecular Biology (Life Sciences/Biochemistry) by David M Freifelder (1983).
v. Laboratory Manual for Practical Biochemistry, Ganesh MK and Shivashankara AR, Jaypee publications, 2nd Edition (2012).

     PAPER-IV:   HUMAN ANATOMY AND PHYSIOLOGY 
	THEORY
	Subject Code: MMLT-104

	Total Marks for Evaluation: 100
	No. of Credit hours: 60, Credits: 4


Course objective
Here students learn about structure of cell, cellular organization, cell division, tissue organization and different structural level of organ and system of the human body.

Course Outcomes (COs)
CO1-
Define a variety of terms specific to the human body and human 

health. 

CO2-
Illustrate the structures and functions of human anatomy and physiology of head, neck, thoracic, abdominopelvic, upper and lower extremities. 

CO3-
 Demonstrate competency in identifying the major skeletal muscles, their actions, origins, insertions, and peripheral nerves. 

CO4-
Explain the major structures and function of the gross anatomy of the central nervous system and plexuses. 

CO5 
Correlate the major bones and their processes to each region of the body. 

	Unit
	Content
	Credit hours

	1
	Organization of cells and tissues: Cell structure and cell division, Cell organelles and their functions, Cytoskeleton system, Tissue, Types of tissues with their functions
	14

	2
	Digestive and Intestine, Absorption of food and its excretion, Role of bile in digestion  and excretion, Liver function  and a brief description of liver and biliary tree, Skeletal system Skeletal system: Digestive System : Physiology  and anatomy of mouth, stomach, 
	10

	3
	Respiratory and Circulatory system: Respiratory System: Brief description of larynx, bronchi, lungs, Cardiovascular System: Anatomy and Physiology of heart, arteries and veins, Circulation: Systematic and Pulmonary, Brief review of chambers of heart
	12

	4
	Excretory and Endocrine system: Urinary System: Structure and function of the kidney, ureter, bladder, urethra and nephron, Give special emphasis on formation of urine, Physiology and anatomy of male and female reproductive organs, Endocrine: Pituitary, Thyroid, Parathyroid, Thymus, Adrenals Pancreas
	12

	5
	Nervous and Integumentary system: Central nervous system : Brain, spinal cord and meninges explain with its functions, Skins: Structure and functions, Study of bones and Cartilage
	12


    HUMAN ANATOMY AND PHYSIOLOGY PRACTICAL
	PRACTICAL
	Subject Code: MMLT-104P

	Total Marks for Evaluation: 50
	No. of Credit Hours: 30, Credits: 2


	S.No.
	                                           List of Experiments
	Credit Hours

	1
	Microscopic study of epithelial and connective tissues
	30

	2
	Microscopic study of muscular and nervous tissues
	

	3
	Identification of axial and appendicular bones 
	

	4
	Histology of connective tissue, liver and/ brain permanent slides.
	

	5
	Pulmonary function tests, spirometry and measurement of blood pressure.
	

	6
	Enumeration of total red blood corpuscles (RBC)/ White blood corpuscles  (WBC) count
	

	7
	Case studies (Renal clearance, GFR, ECG).
	


Reference Books:

i. Vander’s Human Physiology (2008) 11th ed., Widmaier, E.P., Raff, H. and Strang, K.T.,
McGraw Hill International Publications (New York), ISBN: 978-0-07-128366-3.
ii.  Harper’s Biochemistry (2012) 29th ed., Murray, R.K., Granner, D.K., Mayes and P.A.,
Rodwell, V.W., Lange Medical Books/McGraw Hill. ISBN:978-0-07-176-576-3.
iii.  Textbook of Medical Physiology (2011) 10th ed., Guyton, A.C. and Hall, J.E., Reed
Elseviers India Pvt. Ltd. (New Delhi). ISBN: 978-1-4160-4574-8.
iv.  Fundamental of Anatomy and Physiology (2009), 8th ed., Martini, F.H. and Nath, J.L.,
Pearson Publications (San Francisco), ISBN: 10:0-321-53910-9 / ISBN: 13: 978-0321-
53910-6.
v. B. D. Chaurasia, Taxtbook of General Anatomy, sixth Edition, CBS Publisher (2017)
vi.  Drake, Grays Anatomy for Student 3 E, Second Edition (2014)
     PAPER-V: BIOSTATISTICS AND COMPUTATIONAL SKILLS 
	THEORY
	Subject Code: MMLT-105

	Total Marks for Evaluation: 100
	No. of Credit hours: 60, Credits: 4


Course objective
This subject deals with the basic knowledge of statistics, which helps the student to learn about data handling and interpretation. Students learn about value of central tendency, co-relation and regression, standard deviation etc.
This subject is also designed to make the students learn basic computers skills, networking terminology and multimedia etc.
Course Outcomes (COs)

CO1-
Differentiate major families of computer programming languages.

CO2-
Illustrate problem structure to allow the application of computational techniques.

CO3-
Apply online resources in programming.

CO4-
Outline various data types for simple computations.

CO5-
Apply network terminology and its tools.



	Unit
	Content
	Credit hours

	1
	Frequency distribution and Measures of Central tendencies: Frequency distribution:  diagrams, characteristics of a frequency distribution, Basic distribution statistics: measures of central tendencies, Measures of variation dispersions
	14

	2
	Sampling and Null hypothesis: Measures of Accuracy and Precision 

Statistical sampling methods, Basic for statistical inference, The null hypothesis and statistical significance 
	8

	3
	Analysis of Variance and Correlation regression: One way and two way analyses of variance (ANOVA)

Non Parametric distribution statistics, Mann- Whitney rank sum test

X2  ( chi-square) test, Linear regression and correlation, Multiple Regressions
	12

	4
	Computer Fundamentals: Introduction to Computers: Characteristics of Computers, Uses of computers, Types and generations of Computers, Basic Computer Organization - Units of a computer, CPU, ALU, memory hierarchy, registers, I/O devices, User Interface with the Operating System, System Tools
	12

	5
	Network terminology and Application tools: Types of networks, router, switch, server-client architecture, Characteristics, Elements, and Applications of multimedia, M.S. Office: word, excel, power point, Internet, e-mail, search engine, Notion of algorithms, stepwise methodology of developing an algorithm, developing macros in spreadsheet
	14


  BIOSTATISTICS AND COMPUTATIONAL SKILLS PRACTICAL
	PRACTICAL
	Subject Code: MMLT-105P

	Total Marks for Evaluation: 50
	No. of Credit Hours: 30, Credits: 2


	S.No.
	                                        List of Experiments
	Credit Hours

	1
	Collection and tabulation of data
	30

	2
	Graphical representation of data
	

	3
	Correlation and regression analysis
	

	4
	Student’s ‘t’ test
	

	5
	Chi-square test
	

	6
	ANOVA
	

	7
	Use of MS EXCEL
	

	8
	Use of in-built statistical functions for computations Mean, S.D., Correlation, regression coefficients
	

	9
	Use of bar diagram, histogram, scatter plots, etc. 
	

	10
	Graphical tools in EXCEL for presentation of data
	


Reference Books:
i. Fundamentals of Biostatistics Bernard Rosner 5th Edition, Duxbury Thomson Learning, 8th, Ed, (2015)
ii. Introductory Biostatistics, Chap T. Lee, Wiley, 1st Ed., (2003)
iii. Comdex computer course kit, Vikas Gupta, Dreamtex press ND.
iv.  Introduction to computer, Pooja Jai n and Neelam Kumari, Vikas publishing house Pvt ltd.
v. Biostatistics for medical students and research workers 9th Ed., Bratati Banerjee, Jaypee Brthors Medical Publishers.
SEMESTER – II

     PAPER-I: CLINICAL BIOCHEMISTRY 
	THEORY
	Subject Code: MMLT-B-201

	Total Marks for Evaluation: 100
	No. of Credit hours: 60, Credits: 4


Course objective
Students gain fundamental knowledge and insight of disorders of carbohydrate, lipids, protein and nucleic acids metabolism. Students also learn about hormonal disturbance in this subject.

Course Outcomes (COs)

CO1-
Explain the pathophysiology of various disorders in a clinical biochemistry laboratory.
CO2-
Analyze result patterns related to pathophysiology in relation to routine clinical biochemistry

CO3-
Apply the principles of the analytical instruments in the routine clinical biochemistry laboratory.
CO4-
Demonstrate the importance of quality control and assurance in diagnosis of various disorders.
CO5-   Discuss abnormal hormones secretions from various glands.

	Unit
	Content
	Credit hours

	1
	Disorders of Carbohydrate metabolism: Diabetes mellitus – diagnosis, 

Gestational diabetes mellitus, role of laboratory in diagnosis, Oral Glucose tolerance test (OGTT) and GCT (Glucose challenge test), procedures and interpretation, Glycosylated Hemoglobin, Ketosis and lactic acidosis, Inborn errors of metabolism, Glycogen storage diseases, Qualitative tests for individual sugars in urine
	14

	2
	Disorders of Lipid metabolism: Atherosclerosis and coronary artery disease

 Disorders of lipoprotein metabolism and their measurement,  Inborn errors of metabolism
	10

	3
	Disorders of Protein metabolism: Clinical significance of normal plasma protein, Causes of hypoalbuminemia; hypo- and hyperglobulinemias,  Phenylalanemia, Homocystinuria, Tyrosinemia, Phenylketonuria, Alkaptonuria

Albinism, Animoacidurias, Alpha-1-antitrypsin deficiency, Methods for protein detection in body fluids (Blood and Urine)
	14

	4
	Disorders of Nucleic acid metabolism: Disorders in purine/ pyrimidine metabolism
	10

	5
	Hormonal Disturbances: Pituitary Hormones, Pancreatic Hormones, Thyroid Hormones, Adrenal Hormones, Gonads Hormones
	12


    CLINICAL BIOCHEMISTRY PRACTICAL
	PRACTICAL
	Subject Code: MMLT-B-201P

	Total Marks for Evaluation: 50
	No. of Credit Hours: 30, Credits: 2


	S.No.
	                                         List of Experiments
	Credit Hours

	1
	Lipid Profile 
	30

	2
	Renal function - Urea, Creatinine, Uric acid 
	

	3
	Liver Function: Total proteins, Bilirubin, SGOT, SGPT, Alkaline phosphatase, Bile pigments 
	

	4
	Cardiac Profile
	

	5
	Gastric, pancreatic and intestinal function: Serum amylase, Serum lipase, Serum insulin level 
	

	6
	Thyroid gland functions 
	


Reference Books
i. Clinical Chemistry Interpretation and techniques: Kaplan A., Jack, Opheim R. K.E., Toivola B. ,Lyon A.W.,Williams and Wilkins, USA, 4th Ed. 1995.
ii. Clinical Chemistry, Metabolic and Clinical Aspects: Marshall W.J. and Bangert S.K. Churchill Livingstone publisher, 1995.
iii. Textbook of medicine: Krishnedas K.V., Jaypee Brothes Publisher, 6th Ed. 1996.
iv. Principles of internal medicine: Harrison, T.R., Fauci, Branuwalad and Isselbaeher, McGraw Hills. 12th Ed. 1998.
v.  Biochemistry with clinical Correlation: Devlin T.M., Wiley Publications, 7th Ed. 2010.
vi. Clinical chemistry in diagnosis and treatment: Joan F., Zilva A., Pannall P. R., Llyods Luke Medical Books ltd., Lon 4th Ed. 1984. 

    PAPER II: IMMUNOLOGY 
	THEORY
	Subject Code: MMLT-B-202

	Total Marks for Evaluation: 100
	No. of Credit hours: 60, Credits: 4


Course objective
In this subject students learn about different aspects of immune system, immunological diseases as autoimmune diseases, organ transplantation and rejection, hypersensitivity and immune deficiency etc.
Course Outcomes (COs)

CO1-
Illustrate the innate and adaptive immune responses coordinate to fight-invading pathogens.
CO2-
Apply various immunomodulatory strategies for enhancement of immune responses.
CO3-
Demonstrate various immunomodulatory strategies to suppress unwanted immune responses in               hypersensitivity reactions, transplantation and autoimmune diseases.
CO4- Interpret the strength and weakness of the data published in immunology and its novelty.

CO5- Examine various strategies for the manipulation of existing vaccines. 

	Unit
	Content
	Credit hours

	1
	Introduction: History of immunology, innate and aquired immunity, mechanisms of innate immunity inflammation-inflammatory cells, mediators, inflammatory response types, antigens, cells and organs of immune system, evolution of immunity
	14

	2
	Immunoglobulin: Structure and function, classes and subclass-Cryoglobins, immunoglobulins genes Organization and expression, antibody diversity, class switching, monoclonal antibodies-hybridoma technique and MAB production, application in biomedical research, clinical diagnosis and treatment
	8

	3
	Immune response: Clonal selection theory and related theories, primary and secondary response, humoral and cell mediated response, antigen processing and presentation, role of accessory molecules, MHC-structure and role in antigen presentation, MHC genes, maturation activation and differentiation of B cells and T cells, lymphocyte trafficking, TCR-structure and generation of diversity, cytokine properties and function, cytokine receptor, therapeutic uses, ADCC, NK cell regulation of immune response, advances in the development of vaccines (eg. Haemophilus B conjugate, Pertussis, Cholera, Malaria, Hepatitis B, Polio, HIV, Antitumour) adjuvants
	12

	4
	Compliment system and immunity: Function, compliment receptors, activation pathways, control mechanisms, role in inflammation, kinin cascade, kinnins in disease, Immunity against bacteria, Virus, Fungi and Parasites.

Auto Immunity, Transplantation Immunity, Tumor Immunity
	14

	5
	Immunological methods in Clinical laboratories: Double diffusion in agar, Single radial immuno diffusion, Electrophoresis and immunoelectrophoresis, Chromatography: Ion exchange and Affinity (gel), RIA, Elisa,Western blotting, Detection of immune complexes, nephelometry, Immunoflouresence, Agglutination test direct and indirect, Haemagglutination and haemagglutination inhibition, Complement assays-CFT, Hemolytic assays, Detection of cellular immunity-delayed hypersensitivity skin test, Assays for lymphocytes-T and B cells, Flow cytometry, FACS, Mixed lymphocyte culture, NK cells neutrophil function test, Histocompatibility testing 
	12


   IMMUNOLOGY PRACTICAL
	PRACTICAL
	Subject Code: MMLT-B-202P

	Total Marks for Evaluation: 50
	No. of Credit Hours: 30, Credits: 2


	S.No.
	                                          List of Experiments
	Credit Hours

	1
	Latex agglutination tests
	30

	2
	Widal test
	

	3
	VDRL/RPR
	

	4
	Immunochromatographic assays
	

	5
	Blot assay
	

	6
	Nephalometery
	

	7
	Turbidimetery
	

	8
	ELISA
	


Reference Books:
i. Kuby Immunology: Kindt, T.J., Goldsby, R.A. and Osborne, B.A., W.H. Freeman and Co, New York, 2007.

ii.  Janeway’s Immunobiology, Garland Science: Murphy, K, Travers, P. and Walport, M.,Taylor and Francis Group, LLC. 2008.
iii. Pathology Practical Book: Harsh Mohan, Japee Brothers Medical Publishers, Indain Edition 2002.
iv. Experiments in Microbiology, Plant Pathology and Biotechnology: Aneja, K.R., New Age International Publishers. 2015.
v. Essentials of Medical Pharmacology, K. D. Tripathi, Jaypee, 8th Ed., 2018
PAPER-III: MEDICAL GENETICS 

	THEORY
	Subject Code: MMLT-B-203

	Total Marks for Evaluation: 100
	No. of Credit hours: 60, Credits: 4


Course objective
This subject deals with the medical aspects of genetics. This subject covers the basic principal of genetics, new developments, chromosomes structure and its organization, methods of chromosome analyses and genetic disorders etc.
Course Outcomes (COs)
CO1-
Demonstrate the structure and function of various genes and the organization of the human genome.
CO2-
Explain the patterns of inheritance and clinical manifestations of genetic diseases; inborn errors of metabolism; and inherited cancer syndromes.

CO3-
Outline genetics in medical practice including recognizing congenital anomalies and syndromes.

CO4-
Apply genetic principles to elicit a comprehensive family medical history and construct a pedigree.
CO5- Outline  of diagnosis and treatment of  genetic diseases.

	Unit
	Content
	Credit hours

	1
	Genetics in Medicine: Origin of Medical Genetics, Inborn errors of carbohydrate, lipid and protein metabolism, Major new developments of genetics
	14

	2
	Chromosome study and Sex determination: An overview of chromosome number, chromosome composition and sex determination in humans, Methods of chromosome analysis, Molecular cytogenetics, Chromosomal abnormalities
	8

	3
	Genetic diseases and Syndromes: Genetic disorders, Autosomal recessive inheritance, Autosomal dominant inheritance, X-linked inheritance

Down’s syndrome, Di-George syndrome, Kleinfelters syndrome, Turner’s syndrome, Cystic Fibrosis, hemophilia
	12

	4
	Human genome project: Objectives, description and applications of human genome projects
	14

	5
	Diagnosis and treatment of Genetic diseases: Treatment of genetic disease, Gene therapy, Cancer Genetics, Prenatal diagnosis of genetic diseases

PCR, RT-PCR, RFLP and DNA finger printing
	12


MEDICAL GENETICS PRACTICAL
	PRACTICAL
	Subject Code: MMLT-B-203P

	Total Marks for Evaluation: 50
	No. of Credit Hours: 30, Credits: 2


	S.No.
	                                          List of Experiments
	Credit Hours

	1
	Study of Karyotypes I (Demonstration)
	30

	2
	Normal karyotyping in Humans – male (46, XY) and female (46, XX), G banded metaphase plates. (Demonstration)
	

	3
	Study of Karyotypes II
	

	4
	Abnormal karyptypes – Down syndrome (Autosomal), Turner syndrome and Klinefelter syndrome (Sex chromosome) (Demonstration)
	

	5
	Sex chromatin (Demonstration)
	

	6
	Buccal semear study and staining methods for Barr bodies (Demonstration)
	

	7
	Blood smear study of drumsticks in neutrophils (Demonstration)
	


Reference Books:
i. Gene cloning and DNA analysis, Brown TA, Blackwell publishing, oxford, UK.6th Edition 2010.
ii. Biotechnology: applying the genetic revolution,Clark DP and Pazdernik NJ, Elsevier academic press, USA, 2009.
iii.  Principles of gene manipulation and genomics, Primrose SB and Twyman RM... Blackwell publishing, oxford, UK.7th Edition, 2006.
iv.  Molecular cloning-A laboratory manual,Sambrook J and Russell D,Cold spring harbourlaboratoryPress, 3rd Edition,2001. 
v. Medical Genetics, G.P. Pal, AITBS publishers India, 2011.
PAPER IV: MOLECULAR BIOLOGY AND RECOMBINANT DNA TECHNOLOGY 
	THEORY
	Subject Code: MMLT-B-204

	Total Marks for Evaluation: 100
	No. of Credit hours: 60, Credits: 4


Course objective
This subject covers structure and functional aspects of nucleic acids i.e. DNA, RNA, central dogma, genomics, and RDT technique etc.

Course Outcomes (COs)
CO1-
Illustrate genome organization in higher organisms.

CO2-
Demonstrate kinetic classes of DNA and Gene families.

CO3-
Describe various principles involved in recombinant DNA technology.

CO4-
Apply methods and techniques to manipulate DNA.

CO5- Analyze various genes and their functions. 

	Unit
	Content
	Credit hours

	1
	Nucleic acids and Polypeptides: The central dogma, Law of DNA-chromosome and gene constancy, Evidence that DNA is the genetic material, Structure of DNA, RNA and polypeptide, The physical properties of DNA: Cot curve, kinetic and sequence complexity.
	14

	2
	DNA replication, damage and repair: DNA replication models, DNA-dependent and RNA-dependent DNA polymerases-mode of action, DNA amplification and and polytenization, DNA damage, repair and recombination
	8

	3
	Transcription and Translation: RNA transcription in E.coli and eukaryotes, Structure of tRNA, rRNA, pre-mRNA and mRNA-processing; exon, intron

Structure of genes-promoters, enhancers, TATA box, transcription initiation and termination sites, consensus sequences, Genetic code, translation, polypeptide folding and post-translational modifications
	12

	4
	Nucleosomes and methods of DNA and Protein analysis: Structure of chromatin-nucleosomes, solenoids, scaffolds, histone modification, condensation and decondensation, Nucleo-cytoplasmic transport of ribonucleoproteins, Tm, buoyant density centrifugation, satellite DNA, gel electrophoresis, Principal, procedure and application of SDS-PAGE
	14

	5
	Recombinant DNA technology: Recombinant DNA technology: necessary elements – enzymes and vectors – plasmids, cosmids, Bacteriophages, shuttle vectors, expression vectors, Construction of rDNA and cloning strategies, Genomic libraries, cDNA libraries, Introduction of rDNA into host – methods, Restriction maps and sequencing, Methods of gene transfer to Mammalian cells
	12


    MOLECULAR BIOLOGY AND RECOMBINANT DNA TECHNOLOGY PRACTICAL
	PRACTICAL
	Subject Code: MMLT-B-204P

	Total Marks for Evaluation: 50
	No. of Credit Hours: 30, Credits: 2


	S.No.
	                                          List of Experiments
	Credit Hours

	1
	Thermal melting of DNA
	30

	2
	Isolation of DNA from nucleus and E.coli
	

	3
	Quantitative analysis of DNA
	

	4
	Agarose gel electrophoresis
	

	5
	Detections of DNA modifications
	

	6
	Restriction endonuclease digestions and separation of fragments by gel chromatography and density gradient centrifugation
	

	7
	Base composition analysis of DNA
	

	8
	2-D gel electrophoresis of proteins and isoelectrofocusing
	


Reference Books:
i. Molecular Biology of the Cell: Alberts, NCBI Publication, 5th Ed., 2007.

ii. Principles of Biochemistry: Lehninger, WH Freeman, 7th Ed., 2017. 

iii. Biochemistry of Signal Transduction and Regulation - Gerhard Krauss, Wiley VCH, 5th
Ed., 2014. 
iv. Molecular Cell Biology: Lodish WH Freeman and Company, 8th Ed., 2016. 
v. Biotechnology: A laboratory course, Becker, Caldwell and Zachgo, 2nd Ed., 1996.
SEMESTER- III

PAPER- I: DIAGNOSTIC BIOCHEMISTRY
	THEORY
	Subject Code: MMLT-B-301

	Total Marks for Evaluation: 100
	No. of Credit hours: 60, Credits: 4


Course objective
This subject deals with different diagnostic aspect of biochemistry in determining the metabolic disorders. It deals with Liver and biliary tract status, renal functions, gastric and pancreatic functions and assessment of thyroid function etc.

Course Outcomes (COs)
CO1-
Apply various quality systems in the clinical laboratories along with the                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                concepts of measurement of uncertainty.

CO2-
Interpret different quality control procedures applicable to the clinical laboratory.

CO3-
Outline biochemical tests with their clinical significance in the assessment of kidney, liver, heart function

CO4-
Apply biochemical procedures with their clinical significance in the assessment of lipid, purine and carbohydrate metabolism.

CO5-
Infer various biochemical tests in the assessment of acid/base balance.

	Unit
	Content
	Credit hours

	1
	Liver and Biliary tract status: Aspartate aminotransferase, Alanine aminotransferase, -glutamyltransferase, Alkaline phosphatase, and Lactate dehydrogenase, Albumin, ammonia, bile acids, bilirubin, urea nitrogen, cholesterol, total protein, and triglycerides, Bilirubin metabolism, conjugated, unconjugated and unique aspects of neonatal bilirubin, Genetic defects that affect bilirubin metabolism, transport and clearance (e.g., Gilbert disease and Dubin-Johnson syndrome)
	12

	2
	Renal function: The basic pathophysiology of renal diseases, Assessment of renal function (creatinine, urea nitrogen, glomerular filtration rate) and proteinuira, Renal handling of electrolytes and key metabolites and the interpretation of urinary electrolyte 
measurements.
	10

	3
	Gastric and Pancreatic function: The clinical manifestations of gastric, pancreatic, and intestinal disease, role of gastrointestinal hormones and enzymes in digestion and the evaluation of malabsorption and diarrheal syndromes.
	12

	4
	Assessment of thyroid function: The structure, biosynthesis, secretion, and metabolism of thyroid hormones (thyroxine (T4), triiodothyronine (T3), and reverse T3 (rT3), Interpretation of thyroid profile tests, common causes of hypothyroidism and hyperthyroidism, Current analytical methodologies for thyroid testing.
	14

	5
	Acid-base chemistry and Electroyltes balance: Define pH and buffer; Henderson-Hasselbach equation, Buffers systems, role of respiratory and renal mechanism in regulation of acid- base balance,clinical disorders of acid-base balance (metabolic and respiratory acidosis, metabolic and respiratory alkalosis, mixed disorders), differential diagnosis of common electrolyte disorders
	12


DIAGNOSTIC BIOCHEMISTRY PRACTICAL
	PRACTICAL
	Subject Code: MMLT-B-301P

	Total Marks for Evaluation: 50
	No. of Credit Hours: 30, Credits: 2


	S. No.
	                                          List of Experiments
	Credit Hours

	1
	Buffers preparation
	30

	2
	Standard curves
	

	3
	Paper Chromatography
	

	4
	Serum electrophoresis
	

	5
	Western blot
	

	6
	ELISA
	

	7
	PCR
	

	8
	Semi auto and fully auto analyzers
	

	9
	Ion selective electrodes
	

	10
	ABG analyzer
	


Reference Books:
i. Clinical Chemistry Interpretation and techniques: Kaplan A., Jack, Opheim R. K.E., Toivola B. ,Lyon A.W., Williams and Wilkins, USA, 4th Ed. 1995.
ii.  Clinical Chemistry, Metabolic and Clinical Aspects: Marshall W.J. and Bangert S.K. Churchill Livingstone publisher, 1995.
iii.  Textbook of medicine: Krishnedas K.V., Jaypee Brothes Publisher, 6th Ed. 1996.
iv.  Principles of internal medicine: Harrison, T.R., Fauci, Branuwalad and Isselbaeher, McGraw Hills. 12th Ed. 1998.
v.  Biochemistry with clinical Correlation: Devlin T.M., Wiley Publications, 7th Ed. 2010.
vi.  Clinical chemistry in diagnosis and treatment: Joan F., Zilva A., Pannall P. R., Llyods Luke Medical Books ltd., Lon 4th Ed. 1984
PAPER II: LABORATORY MANAGEMENT AND BIOMEDICAL TECHNIQUES 
	THEORY
	Subject Code: MMLT-B-302

	Total Marks for Evaluation: 100
	No. of Credit hours: 60, Credits: 4


Course objective
This subject is designed to teach the students about laboratory organization and management. This subject also helps the students to learn how to develop a new clinical laboratory.
Course Outcomes (COs)
CO1-
Explain a full range of testing in the contemporary medical laboratory encompassing pre-analytical, analytical, and post-analytical components of laboratory services.
CO2-
Apply various statistical approaches for evaluation of data.
CO3-
Describe administrative skills consistent with philosophies of quality assurance, continuous quality improvement, laboratory education, fiscal resource management, and appropriate composure under stressful conditions.
CO4-
Application of safety and governmental regulations and standards in medical laboratory practices.
CO5-
Apply communication skills to ensure accurate and appropriate information transfer.

	Unit
	Content
	Credit hours

	1
	Laboratory design: Designing laboratories for different types and sizes of institutions: selection of equipment and systems for the laboratory Concepts of workstation consolidation, workflow analysis, concepts in laboratory automation (sample transportation systems, modular systems, robotics).
	12

	2
	Laboratory safety: Fire, chemical, radiation and infection control (body substance precautions), hazardous waste and transport of hazardous materials.

Familiarity is needed with the syllabi of various training programs; knowledge of the teaching requirements and level of knowledge technical staff; understanding of qualifications of technologists trained in other countries.
	10

	3
	Personnel management: Personnel policy manual; job descriptions; labor, supervision relations; conducting job interviews; motivation, recognizing job distress syndrome; delegation to a laboratory manager Hospital organization; interactions between the laboratory service and the rest of the hospital, Professional ethics, Quality assurance; total quality management; development and monitoring of performance indicators.
	12

	4
	Methods of qualitative analysis of Biomolecules: Principles, experimental procedures and application of chromatography – paper, thin-layer, ion exchange, affinity, gel filtration, gas-liquid and HPLC, Principles, procedures and application of Electrophoresis – paper, polyacrylamide gel, agarose gel, capillary and cellulose acetate, Principle and technique of preparative and analytical centrifugation, differential centrifugation, density gradient centrifugation, ultra-centrifuge and its application.
	13

	5
	Quantitative methods: Principles and applications of Photometry, Spectrophotometry, flurometry, ion selective procedures, flame photometry, atomic absorption spectrometry, Ion selective electrodes and their applications in Medicine.
	13


LABORATORY MANAGEMENT AND BIOMEDICAL TECHNIQUES PRACTICAL
	PRACTICAL
	Subject Code: MMLT-B-302P

	Total Marks for Evaluation: 50
	No. of Credit Hours: 30, Credits: 2


	S. No.
	                                          List of Experiments
	Credit Hours

	1
	Methods of laboratory design
	30

	2
	Model preparation for laboratory design
	

	3
	Laboratory safety management practices
	

	4
	Demonstration of job interview
	

	5
	Quantitative analysis of carbohydrate
	

	6
	Quantitative analysis of lipids
	

	7
	Quantitative analysis of proteins
	


Reference Books:
i. Khandpur R.S, “Handbook of Biomedical Instrumentation”, Tata McGraw-Hill, New Delhi,(2003) (Units II and IV)
ii. Sujata V. Bhatt, “Biomaterials”, Second Edition, Narosa Publishing House,(2005).
iii. Laboratory Quality Management System, Handbook, ISBN 978 92 4 154827 4.

iv. Biosafety in Microbiological and Biomedical Laboratories, Paul J. Meechan, Jeffrey Potts, 6th Edition, Centers for Disease Control and Prevention National Institutes of Health. 
v. Essentials of Clinical Laboratory Management in Developing Regions, Wim de Kieviet, Elizabeth Frank, Herbert Stekel, Committee on Clinical Laboratory Management (C-CLM) Education and Management Division (EMD) IFCC.
   PAPER-III: RECENT ADVANCES IN BIOCHEMISTRY
	THEORY
	Subject Code: MMLT-B-303

	Total Marks for Evaluation: 100
	No. of Credit hours: 60, Credits: 4


Course objective
The candidates should demonstrate knowledge, understanding and skills to be able to deal with different advance techniques of their subject.
Course Outcomes (COs)
CO1- Demonstrate recent advances in human biochemistry.

CO2- Illustrate the specific signaling and biochemical processes in human-pathogen interactions.

CO3- Appreciate various molecules involved in disease states and their therapies.

CO4- Review the literature critically for designing research based studies.

CO5- Explain Microarray techniques for different biomolecules.
	Unit
	Content
	Credit hours

	1
	Applied enzymology: Application of enzymes in industry, diagnostics and medicine, research; Immobilized enzymes, Enzyme purification  and Chromatography: Gel filtration, ion-exchange, hydrophobic interaction chromatography, hydroxyapatite and affinity chromatography, FPLC and HPLC 
	12

	2
	Techniques to investigate protein structure and folding: Molecular spectroscopy, IR, ESR, FRET, Biomolecular fluorescence complementation assay; Chemiluminescance and Phosphoresence, Electrophoretic methods: Limited proteolysis and SDS-PAGE, Transverse Urea gradient gel electrophoresis; Structural methods : NMR; X-ray crystallography. 
	10

	3
	Protein engineering: Protein engineering; Protein chips and functional proteomics; Clinical and biomedical application of proteomics; Proteome database; Proteomics industry.
	12

	4
	Protein sequencing: Introduction to mass spectrometry; Strategies for protein identification; Protein sequencing; Protein modifications and proteomics; Applications of proteome analysis to drug; Protein-protein interaction (Two hybrid interaction screening)
	14

	5
	Microarray techniques: Microarray techniques for DNA, proteins and antibodies, global expression profiling 
	12


RECENT ADVANCES IN BIOCHEMISTRY PRACTICAL
	PRACTICAL
	Subject Code: MMLT-B-303P

	Total Marks for Evaluation: 50
	No. of Credit Hours: 30, Credits: 2


	S.No.
	                                          List of Experiments
	Credit Hours

	1
	Chromatography: paper, 
	30

	2
	Electrophoresis: slide gel, PAGE, Agarose gel, Native, SDS PAGE of Blood Sample. (Demo only)
	

	3
	Photometry, spectrophotometry
	

	4
	Cell fractionation – methods
	


Reference Books:
i. Lehninger Principles of Biochemistry: D. L. Nelson, Michael M. Cox, International Edition, CBS publishers, 4th Ed. 2004.

ii.  Biochemistry: Stryer: W. H. Freeman and Co., Scintific Research an Academic Publisher, New York. 4th Ed. 1995.

iii.  The Nature of Enzymology: Foster – Croom Helm, London. Wiley, 1980.

iv.  Fundamentals of Enzymology: Price and Stevens – Oxford Science Publication. 2nd Ed. 1989.

v. Textbook of Biochemistry: West, Todd, Mason, Bruggen – Amerind Publishing Co. Pvt. Ltd. 4th Ed. 1986.

vi.  Biochemistry: U Satyanarayana, U. Chakrapani, Elsevier, 4th Ed. 2013.

    PAPER-IV: RESEARCH METHODOLOGY 
	THEORY
	Subject Code: MMLT-B-304

	Total Marks for Evaluation: 100
	No. of Credit hours: 60, Credits: 4


Course objective
In this subject students learn about basic idea of research, experiment designing, writing project, managing funds, publications and thesis writing.
Course Outcomes (COs)
CO1-
Explain basic concepts of research methodologies.
CO2-
Prepare appropriate research topics.
CO3-
Define research problems with their parameters.
CO4-
Design a project proposal.

CO5-
Appraise research in appropriate manner.

	Unit
	Content
	Credit hours

	1
	Scientific research: Definition, Characteristics, types, need of research. Identification of the problem, assessing the status of the problem, formulating the objectives, preparing design (experimental or otherwise), Actual investigation, Role of Information and Communication Technology (ICT) in research, Literature Survey: References, Abstraction of a research paper, possible ways of getting oneself abreast of current literature.


	14

	2
	Data collection and analysis: Various methods of data collection, Data processing, data analysis strategies and tools, data analysis with statistical packages, Basic Concepts concerning testing of hypotheses, procedures of hypothesis testing, generalization and interpretation, Sampling Design:  Concept, types and techniques, Theory of estimation and testing of hypothesis

Tests of Significance based on T, F, Z test and Chi square test, Designing questionnaire, Tabulation, Coding, Editing
	8

	3
	Documentation and scientific writing: Structure and Components of Research Reports, Types of Reports, Developing research proposals, Writing of Research Project Reports,  Thesis writing: different steps and software tools in the design and preparation of thesis, layout, structure and language of typical reports, Illustrations and tables, Results and Conclusions, citation styles, Bibliography, referencing and footnotes, word processing tools. 
	12

	4
	Preparation of research articles: Components of research article, Preparation of manuscript for Publication, writing a review article, Presentations: Oral presentation and Poster presentation, planning, software tools, creating and making effective presentation, use of visual aids, importance of effective communication, presenting your work in scientific conferences/symposium
	14

	5
	Research ethics, IPR and publishing: Bioethics, ethical issues, ethics in clinical trials, Good Lab practice. IPR: intellectual property rights and patent law, techniques of writing a Patent, filing procedure, technology transfer, copy right, royalty, trade related aspects of intellectual property rights Publishing: design of research paper, citation and acknowledgement, plagiarism tools, reproducibility and accountability
	12


    RESEARCH METHODOLOGY PRACTICAL
	PRACTICAL
	Subject Code: MMLT-B-304P

	Total Marks for Evaluation: 50
	No. of Credit Hours: 30, Credits: 2


	S.No.
	                                          List of Experiments
	Credit Hours

	1
	Various methods of literature survey
	30

	2
	Reference and bibliography preparation
	

	3
	Searching the articles in web of science, SCOPUS and UGC care portals
	

	4
	Designing of review articles
	

	5
	Designing of original research articles
	

	6
	Plagiarism check and editing
	


Reference Books:
i. Wayne Goddard, Stuart Melville, Research Methodology: An Introduction, Juta and Company Ltd, 2004.

ii. Ranjit Kumar, Research Methodology: A Step by Step Guide for Beginners, SAGE publications Ltd., 2011.

iii. C. R. Kothari, Research Methodology: Methods and Trends, New Age International, 2004.

iv. S.D. Sharma, Operational Research, Kedar Nath Ram Nath and Co.,1972.

v. B.L. Wadehra, Law relating to patents, trademarks, copyright designs and geographical indications, Universal Law Publishing, 2014.

vi. Donald Cooper, Pamela Schindler, Business Research Methods, McGraw-Hill publication, 2005.
SEMESTER – IV

RESEARCH PROJECT (DISSERTATION)

	PRACTICAL
	Subject Code: MMLT-B-401P

	Total Marks for Evaluation: 450
	No. of Credit hours: 270, Credits: 18


M.Sc. MLT in MICROBIOLOGY AND IMMUNOLOGY
FIRST YEAR
SEMESTER-I
     PAPER-I: GENERAL PATHOLOGY 
	THEORY
	Subject Code: MMLT-101

	Total Marks for Evaluation: 100
	No. of Credit hours: 60, Credits: 4


Course objective
Students get to know in depth the general aspects of pathology. In this  subject students learn about cell injury and adaptations, Inflammation, haemodynamic disorders, Neoplasia, wound healing, different categories of diseases and so on. Practices and demonstrations are also associated with this subject.
Course Outcomes (COs)
CO1-
Interpret essential basic pathological processes including cell death and injury, inflammation, thrombosis and neoplasia

CO2-
Outline the essential basic pathological processes to the pathogenesis of common and important diseases.

CO3-
Demonstrate an understanding of the predisposing factors, causes, pathogenesis, morphology and potential complications of diseases.

CO4-
Interpret clinical features with the causes and mechanisms of various diseases.

CO5-
Apply pathological processes in the investigation, management and prevention of diseases. 

	Unit
	Content
	Credit hours

	1
	Cell injury and Cellular Adaptations: Cell- control of normal growth, cell cycle illustration and the regulation of cell division, Cell Injury- types of cell injury, etiology of cell injury, morphology of cell injury,cellular swelling, Cell death: types- autolysis, necrosis, apoptosis and gangrene, Cellular adaptations-atrophy, hypertrophy, hyperplasia and dysplasia.
	14

	2
	Inflammation: Acute inflammation - vascular event, cellular event, inflammatory cells, Chronic Inflammation - general features, granulomatous inflammation, tuberculoma.
	10

	3
	Haemodynamic Disorders and their pathogenesis: Oedema, hyperemia, congestion, haemorrage, circulatory disturbances, thrombosis, embolism Ischaemia, Infarction  and shock.
	12

	4
	Neoplasia and Infectious Diseases: Nomenclature, characterstics of benign and malignant neoplasms, how does it differ from hyperplasia, oncogenes  cancer and molecular basis of cancer, Pathogenesis and lab diagnosis of Tuberculosis, Pathogenesis and lab diagnosis of Leprosy, Pathogenesis and lab diagnosis of HIV
	14

	5
	Healing: Fibrosis, tissue modeling, wound healing, healing by first and second intention and factors influencing wound healing.
	10


   GENERAL PATHOLOGY PRACTICAL
	PRACTICAL
	Subject Code: MMLT-101P

	Total Marks for Evaluation: 50
	No. of Credit Hours: 30, Credits: 2


	S.No.
	                                        List of Experiments
	Credit Hours

	1
	Romanowsky stain
	30

	2
	Gliemsa stain
	

	3
	Blood smear preparation and staining techniques- DLC
	

	4
	Thick and Thin smears
	

	5
	RBC/TLC count by Neubauer Chamber
	

	6
	Hb estimation
	

	7
	Physical, chemical and microscopical examination of Urine. 
	


Reference Books:
i. Text book of Pathology and Genetics for Nurses; Ramdas nayak, Sharada Rai, Astha Gupta; ISBN: 978-93-2570-031-8; 2017. Jaypee.

ii. Essentials in Hematology and Clinical Pathology,Ramdas Nayak, Sharadha Rai: ISBN:9789351524236: 2017. Jaypee.

iii. Textbook of Medical Laboratory Technlogy: Praful B. Godkar, Darshan P. Godkar: Third Edition: ISBN: 9789381496190, 93811496196: 2014.

iv. Dacie and Lewis Practical Haematology; Barbara J. Bin, Imelda Bates, Michael A. Laffan; Twelfth Edition; ISBN- 9780702069307, 9780702069307; Elsevier Health Sciences; 

v. Practical Haematology; Sir John Vivian Dacie, Shirley Mitchell Lewis; 8th Edition; Churchill Livinstone, 1995; 1 agust 2008; ISBN- 0443049319, 97804430493116.

    PAPER-II:  GENERAL MICROBIOLOGY 
	THEORY
	Subject Code: MMLT-102

	Total Marks for Evaluation: 100
	No. of Credit hours: 60, Credits: 4


Course objective
In this subject student learns about different kinds of microorganisms, their growth factors and controlling techniques. Students also learn about different sterilization techniques and culturing methods.

Course Outcomes (COs)

CO1-
Illustrate the anatomy of prokaryotic cell, eukaryotic cell, concepts of growth and reproduction of bacteria.
CO2-
Apply basic skills in aseptic techniques, perform various staining techniques, cultivate bacteria through various cultivation techniques.
CO3-
Employ various sterilization techniques, and various methods to control the growth of microbes.
CO4-
Demonstrate various specialized sterilization techniques.

CO5-
Employ various techniques and methods for identification of bacteria.
	Unit
	Content
	Credit hours

	1
	Introduction and scope of Microbiology: Contributions of Robert Koch, Antony Van Leeuwenhoek, Louis Pasteur, Alexander Fleming, Paul Ehrlich, Joseph Lister, Morphology of Bacteria, Anatomy of bacterial cell including intracellular components, spores, capsule and its appendages.
	14

	2
	Bacterial growth and role in health and disease:  Requirement of growth and factor affecting growth,  Bacterial growth curve,  Oxidation-Reduction potential  Normal micro flora of human body, Source of infection, modes of spread and portal of entry, Bacterial Virulence Factor
	12

	3
	Sterilization and Disinfection:   Definition – Sterilization, Disinfection, Asepsis, Antiseptics, Various methods of Physical and Chemical Sterilization
	10

	4
	Culture media Classification of culture media, Composition, preparation and sterilization of culture media including special media, 
	10

	5
	Culture methods and Identification of Bacteria:  Various culture methods, Isolation, maintenance and preservation of pure culture, Determination of total and viable count, Anaerobic culture methods, Biochemical tests for identification of bacteria.
	14


    GENERAL MICROBIOLOGY PRACTICAL
	PRACTICAL
	Subject Code: MMLT-102P

	Total Marks for Evaluation: 50
	No. of Credit Hours: 30, Credits: 2


	S.No.
	                                    List of Experiments
	Credit Hours

	1
	Universal Safety Precaution
	30

	2
	Handling and Disposal of Biomedical Waste
	

	3
	Procedures of Sterilization
	

	4
	Component and Care of microscope
	

	5
	Preparation of smears
	

	6
	Staining Techniques – Gram stain, Ziehl-Neelsen stain and Albert stain
	

	7
	Hanging drop Preparation
	

	8
	Sample collection, transport and storage
	

	9
	Care and maintenance of common lab equipments 
	


Reference Books:
i. Prescott, Harley and Klein’s Microbiology, by Willey JM, Sherwood LM and Woolverton CJ, McGraw 2. Hill Higher Education 8th Ed, 2011.
ii. Microbiology: An Introduction by Tortora GJ, Funke BR and Case CL., Person Education, 9th Edition, 2008.
iii. Microbiology by PelczarJr MJ, Chan ECS and Krieg NR. Tata McGraw Hill, 5th Ed, 2011 (Reprint).

iv. Microbiology: Principles and Explorations, Black JG Prentice Hall 7th edition,2008.
v. General Microbiology,Stanier RY, Ingraham JL, Wheelis ML and Painter PR. McMillan Publishing, 5th Edition 2005.

vi. Understanding Bacteria, Srivastava S and Srivastava PS,Kluwer Academic Publishers, 2003.

vii. Microbiological Applications Laboratory Manual in General Microbiology, Benson, The McGraw Hill Companies, 8th Edition.
PAPER-III:  GENERAL BIOCHEMISTRY 
	THEORY
	Subject Code: MMLT-103

	Total Marks for Evaluation: 100
	No. of Credit hours: 60, Credits: 4


Course objective
In this subject students study about different biomolecules and their significance in the human physiology. Students also learn about the enzymes and metabolic system in this course.

Course Outcomes (COs)
CO1- Illustrate the structures and functions of various biomolecules in living organisms.
CO2-
Explain basic principles of structural and functional relationships of biological 

molecules.
CO3-
Interpret biochemistry experiments, and techniques in relationship to biomolecules and their structures.
CO4-
Discuss about nucleic acid and its process.
CO5-   Explain about enzymes and its catalyzed reactions.

	Unit
	Content
	Credit hours

	1
	Carbohydrates: Structure properties, chemical reaction and biological functions, Oxidative Phosphorylation , Glycolysis, Citric acid cycle, Gluconeogenesis (Brief), Glycogenesis (Brief), Glycogenolysis (Brief), Significance of HMP Shunt
	14

	2
	Lipids: Classification, properties and function of Lipids, Lipoproteins, Fatty Acids, Fatty acid oxidation, Fatty acid biosynthesis (Brief), Ketone bodies
	10

	3
	Proteins: Amino acids: Essential and Non-essential amino acids with structure, Proteins: chemistry of Primary, secondary, tertiary and quaternary, Transamination and Deamination reaction, Urea cycle, Protein denaturation and renaturation
	14

	4
	Nucleic acids: Classification, properties, types, DNA and RNA, Replication, Translation and transcription 
	10

	5
	Enzymes: Enzymes: Classification, factors that alter enzymes catalyzed reaction, Coenzyme –Cofactor, Isoenzymes 
	12


    GENERAL BIOCHEMISTRY PRACTICAL
	PRACTICAL
	Subject Code: MMLT-103P

	Total Marks for Evaluation: 50
	No. of Credit Hours: 30, Credits: 2


	S.No.
	                                         List of Experiments
	Credit Hours

	1
	Estimation of blood glucose by Folin-Wu method, Ortho toludine method and CHOD - POD method.
	30

	2
	Estimation of protein by Biuret method, Lowry, UV method
	

	3
	Estimation of serum creatinine by Jaffe’s method 
	

	4
	Estimation of urea in blood sample by urease
	

	5
	Estimation of Total cholesterol by CHOD/POD method
	

	6
	Estimation of Triglycerides by GOP/PA method
	

	7
	Estimation of HDL Cholesterol by precipitation method
	

	8
	Estimation of SGOT/ SGPT in blood sample by kinetic method
	


Reference Books:
i. Bhat, Sujata V : Biometerials:  Narosa Publishing House (2010).
ii. Principles of Physical Biochemistry: International Edition by Vanholde and Johnson (2005).
iii. Physical Biochemistry: Principles and Applications by David Sheehan Second Edition (2009).
iv. Physical Biochemistry: Applications to Biochemistry and Molecular Biology (Life Sciences/Biochemistry) by David M Freifelder (1983).
v. Laboratory Manual for Practical Biochemistry, Ganesh MK and Shivashankara AR, Jaypee publications, 2nd Edition (2012).

     PAPER-IV:   HUMAN ANATOMY AND PHYSIOLOGY 
	THEORY
	Subject Code: MMLT-104

	Total Marks for Evaluation: 100
	No. of Credit hours: 60, Credits: 4


Course objective
Here students learn about structure of cell, cellular organization, cell division, tissue organization and different structural level of organ and system of the human body.

Course Outcomes (COs)
CO1-
Define a variety of terms specific to the human body and human 

health. 

CO2-
Illustrate the structures and functions of human anatomy and physiology of head, neck, thoracic, abdominopelvic, upper and lower extremities. 

CO3-
 Demonstrate competency in identifying the major skeletal muscles, their actions, origins, insertions, and peripheral nerves. 

CO4-
Explain the major structures and function of the gross anatomy of the central nervous system and plexuses. 

CO5 
Correlate the major bones and their processes to each region of the body. 

	Unit
	Content
	Credit hours

	1
	Organization of cells and tissues: Cell structure and cell division, Cell organelles and their functions, Cytoskeleton system, Tissue, Types of tissues with their functions
	14

	2
	Digestive and Skeletal system: Digestive System : Physiology  and anatomy of mouth, stomach, Intestine, Absorption of food and its excretion, Role of bile in digestion  and excretion, Liver function  and a brief description of liver and biliary tree, Skeletal system
	10

	3
	Respiratory and Circulatory system: Respiratory System: Brief description of larynx, bronchi, lungs, Cardiovascular System: Anatomy and Physiology of heart, arteries and veins, Circulation: Systematic and Pulmonary, Brief review of chambers of heart
	12

	4
	Excretory and Endocrine system: Urinary System: Structure and function of the kidney, ureter, bladder, urethra and nephron, Give special emphasis on formation of urine, Physiology and anatomy of male and female reproductive organs, Endocrine: Pituitary, Thyroid, Parathyroid, Thymus, Adrenals Pancreas
	12

	5
	Nervous and Integumentary system: Central nervous system : Brain, spinal cord and meninges explain with its functions, Skins: Structure and functions, Study of bones and Cartilage
	12


     HUMAN ANATOMY AND PHYSIOLOGY PRACTICAL
	PRACTICAL
	Subject Code: MMLT-104P

	Total Marks for Evaluation: 50
	No. of Credit Hours: 30, Credits: 2


	S.No.
	                                           List of Experiments
	Credit Hours

	1
	Microscopic study of epithelial and connective tissues
	30

	2
	Microscopic study of muscular and nervous tissues
	

	3
	Identification of axial and appendicular bones 
	

	4
	Histology of connective tissue, liver and/ brain permanent slides.
	

	5
	Pulmonary function tests, spirometry and measurement of blood pressure.
	

	6
	Enumeration of total red blood corpuscles (RBC)/ White blood corpuscles  (WBC) count
	

	7
	Case studies (Renal clearance, GFR, ECG).
	


Reference Books:

i. Vander’s Human Physiology (2008) 11th ed., Widmaier, E.P., Raff, H. and Strang, K.T.,
McGraw Hill International Publications (New York), ISBN: 978-0-07-128366-3.
ii. Harper’s Biochemistry (2012) 29th ed., Murray, R.K., Granner, D.K., Mayes and P.A.,
Rodwell, V.W., Lange Medical Books/McGraw Hill. ISBN:978-0-07-176-576-3.

iii. Textbook of Medical Physiology (2011) 10th ed., Guyton, A.C. and Hall, J.E., Reed
Elseviers India Pvt. Ltd. (New Delhi). ISBN: 978-1-4160-4574-8.
iv. Fundamental of Anatomy and Physiology (2009), 8th ed., Martini, F.H. and Nath, J.L.,
Pearson Publications (San Francisco), ISBN: 10:0-321-53910-9 / ISBN: 13: 978-0321-
53910-6.
v. Drake, Grays Anatomy for Student 3 E, Second Edition (2014)
PAPER-V: BIOSTATISTICS AND COMPUTATIONAL SKILLS 
	THEORY
	Subject Code: MMLT-105

	Total Marks for Evaluation: 100
	No. of Credit hours: 60, Credits: 4


Course objective
This subject deals with the basic knowledge of statistics, which helps the student to learn about data handling and interpretation. Students learn about value of central tendency, co-relation and regression, standard deviation etc.
This subject is also designed to make the students learn basic computers skills, networking terminology and multimedia etc.
Course Outcomes (COs)
CO1-
Differentiate major families of computer programming languages.

CO2-
Illustrate problem structure to allow the application of computational techniques.

CO3-
Apply online resources in programming.

CO4-
Outline various data types for simple computations.

CO5-
Apply network terminology and its tools.
	Unit
	Content
	Credit hours

	1
	Frequency distribution and Measures of central tendencies: Frequency distribution:  diagrams, characteristics of a frequency distribution, Basic distribution statistics: measures of central tendencies, Measures of variation dispersions
	14

	2
	Sampling and Null hypothesis: Measures of Accuracy and Precision 

Statistical sampling methods, Basic for statistical inference, The null hypothesis and statistical significance 
	8

	3
	Analysis of variance and Correlation regression: One way and two way analyses of variance (ANOVA)

Non Parametric distribution statistics, Mann- Whitney rank sum test

X2  ( chi-square) test, Linear regression and correlation, Multiple Regressions
	12

	4
	Computer fundamentals: Introduction to Computers: Characteristics of Computers, Uses of computers, Types and generations of Computers, Basic Computer Organization - Units of a computer, CPU, ALU, memory hierarchy, registers, I/O devices, User Interface with the Operating System, System Tools
	12

	5
	Network terminology and Application tools: Types of networks, router, switch, server-client architecture, Characteristics, Elements, and Applications of multimedia, M.S. Office: word, excel, power point, Internet, e-mail, search engine, Notion of algorithms, stepwise methodology of developing an algorithm, developing macros in spreadsheet
	14


BIOSTATISTICS AND COMPUTATIONAL SKILLS PRACTICAL
	PRACTICAL
	Subject Code: MMLT-105P

	Total Marks for Evaluation: 50
	No. of Credit Hours: 30, Credits: 2


	S.No.
	                                         List of Experiments
	Credit Hours

	1
	Collection and tabulation of data
	30

	2
	Graphical representation of data
	

	3
	Correlation and regression analysis
	

	4
	Student’s ‘t’ test
	

	5
	Chi-square test
	

	6
	ANOVA
	

	7
	Use of MS EXCEL
	

	8
	Use of in-built statistical functions for computations Mean, S.D., Correlation, regression coefficients
	

	9
	Use of bar diagram, histogram, scatter plots, etc. 
	

	10
	Graphical tools in EXCEL for presentation of data
	


Reference Books:
i. Fundamentals of Biostatistics Bernard Rosner 5th Edition, Duxbury Thomson Learning, 8th, Ed, (2015)
ii. Introductory Biostatistics, Chap T. Lee, Wiley, 1st Ed., (2003)
iii. Comdex computer course kit, Vikas Gupta, Dreamtex press ND.
iv. Introduction to computer, Pooja Jai n and Neelam Kumari, Vikas publishing house Pvt ltd.
v. Biostatistics for medical students and research workers 9th Ed., Bratati Banerjee, Jaypee Brthors Medical Publishers.
SEMESTER-II
     PAPER I: MEDICAL BACTERIOLOGY 

	THEORY
	Subject Code: MMLT-M-201

	Total Marks for Evaluation: 100
	No. of Credit hours: 60, Credits: 4


Course objective
This subject teaches the students about different gram positive and negative bacteria that have significant role in medical science.
Course Outcomes (COs)
CO1-
Identify common pathogenic bacteria with respective diseases. 

CO2-
Apply various biochemical and physicochemical methods in the clinical microbiology lab.

CO3-
Demonstrate the metabolism and replication of bacteria.
CO4-
Explain general and specific mechanisms of bacteria causing diseases.

CO5- Illustrate various kinds of culturing techniques. 
	Unit
	Content
	Credit hours

	1
	Pathogenic bacteria: Historical development in Bacteriology, Classification of Pathogenic bacteria, General methods of isolation and identification of pathogenic bacteria
	12

	2
	Pathogenesis of gram-positive bacteria: Infections associated with following Gram-positive bacteria – Bacillus anthracis. Clostridium, Pneumococcus, Corynebacterium, Streptococcal infections, Staphylococcal infections
	10

	3
	Pathogenesis of gram-negative bacteria: Infections associated with following Gram-negative bacteria – Enterobacteriaceae – Salmonella, Shigella, Klebsiella, Proteus, Yersinia and Escheichia. Vibrio, Pseudomonas, Neisseria, Haemophilus, Campylobacter, Bordetella, Brucella
	12

	4
	Pathogenesis of mycoplasma and mycobacterium species: 
Infections associated with Mycoplasma, Mycobacterium tuberculosis and Mycobacterium leprae. Spirochetes – Treponema, Borrelia and Leptospira. Actinomycetes. Rickettsiae and Chlamydiae
	14

	5
	Nasocomial infections and methods of  decontamination: Nosocomial infections and Zoonotic diseases, Sterilization, disinfection and antimicrobial agents, culturing Techniques and sensitivity Testing; MPN count for water Quality
	12


     MEDICAL BACTERIOLOGY PRACTICAL
	PRACTICAL
	Subject Code: MMLT-M-201P

	Total Marks for Evaluation: 50
	No. of Credit Hours: 30, Credits: 2


	S.No.
	                                         List of Experiments
	Credit Hours

	1
	Preparation and Pouring of Important and Special Culture media
	30

	2
	Preparation of biochemical tests and their reagent
	

	3
	Processing of clinical sample on media like- Pus, Blood, Urine, Genital secretions, Throat swab, CSF and Other body fluids etc.
	

	4
	Antimicrobial susceptibility test including Micro bacterial sensitivity tests
	


Reference Books:

i. Prescott, Harley and Klein’s Microbiology by Willey JM, Sherwood LM and Woolverton CJ, 8th Ed., McGraw.
ii.  Hill Higher Education, 2011. 
iii. Microbiology: An Introduction by Tortora GJ, Funke BR and Case CL., 9th Ed.,Person Education, 2008. 
iv.  Microbiology by Pelczar Jr MJ, Chan ECS and Krieg NR. 5th Ed. Tata McGraw Hill, 2011 (Reprint). 
v. Black JG (2008) Microbiology: Principles and Explorations. 7th edition. Prentice Hall.
vi.  Stanier RY, Ingraham JL, Wheelis ML and Painter PR. (2005) General Microbiology.5thedition. McMillan.
      PAPER II: IMMUNOLOGY 
	THEORY
	Subject Code: MMLT-M-202

	Total Marks for Evaluation: 100
	No. of Credit hours: 60, Credits: 4


Course objective
In this subject students learn about different aspects of immune system, immunological diseases as autoimmune diseases, organ transplantation and rejection, hypersensitivity and immune deficiency etc.
Course Outcomes (COs)
CO1-
Illustrate the innate and adaptive immune responses coordinate to fight-invading pathogens.
CO2-
Apply various immunomodulatory strategies for enhancement of immune responses.
CO3-
Demonstrate various immunomodulatory strategies to suppress unwanted immune responses in               hypersensitivity reactions, transplantation and autoimmune diseases.
CO4- Interpret the strength and weakness of the data published in immunology and its novelty.

CO5- Examine various strategies for the manipulation of existing vaccines. 

	Unit
	Content
	Credit hours

	1
	Introduction: History of immunology, innate and aquired immunity, meehanisms of innate immunity inflammation-inflammatory cells, mediators, inflammatory response types, antigens, cells and organs of immune system, evolution of immunity
	14

	2
	Immunoglobulin: Structure and function, classes and subclass-Cryoglobins, immunoglobulins genes Organisation and expression, antibody diversity, class switching, monoclonal antibodies-hybridoma technique and MAB production, application in biomedical research, clinical diagnosis and treatment
	8

	3
	Immune response: Clonal selection theory and related theories, primary and secondary response, humoral and cell mediated response, antigen processing and presentation, role of accessory molecules, MHC-structure and role in antigen presentation, MHC genes, maturation activation and differentiation of B cells and T cells, lymphocyte trafficking, TCR-structure and generation of diversity, cytokine properties and function, cytokine receptor, therapeutic uses, ADCC, NK cell regulation of immune response, advances in the development of vaccines (eg. Haemophilus B conjugate, Pertussis, Cholera, Malaria, Hepatitis B, Polio, HIV, Antitumour) adjuvants
	12

	4
	Compliment system and immunity: Function, compliment receptors, activation pathways, control mechanisms, role in inflammation, kinin cascade, kinnins in disease, Immunity against bacteria, Virus, Fungi and Parasites.

Auto Immunity, Transplantation Immunity, Tumor Immunity
	14

	5
	Immunological methods in clinical laboratories: Double diffusion in agar, Single radial immuno diffusion, Electrophoresis and immunoelectrophoresis, Chromatography: Ion exchange and Affinity (gel), RIA, Elisa,Western blotting, Detection of immune complexes, nephelometry, Immunoflouresence, Agglutination test direct and indirect, Haemagglutination and haemagglutination inhibition, Complement assays-CFT, Hemolytic assays, Detection of cellular immunity-delayed hypersensitivity skin test, Assays for lymphocytes-T and B cells, Flow cytometry, FACS, Mixed lymphocyte culture, NK cells neutrophil function test, Histocompatibility testing 
	12


   IMMUNOLOGY PRACTICAL
	PRACTICAL
	Subject Code: MMLT-M-202P

	Total Marks for Evaluation: 50
	No. of Credit Hours: 30, Credits: 2


	S.No.
	                                         List of Experiments
	Credit Hours

	1
	Latex agglutination tests
	30

	2
	Widal test
	

	3
	VDRL/RPR
	

	4
	Immunochromatographic assays
	

	5
	Blot assay
	

	6
	Nephalometery
	

	7
	Turbidimetery
	

	8
	ELISA
	


Reference Books:
i. Kuby Immunology: Kindt, T.J., Goldsby, R.A. and Osborne, B.A., W.H. Freeman and Co, New York, 2007.

ii.  Janeway’s Immunobiology, Garland Science: Murphy, K, Travers, P. and Walport, M.,Taylor and Francis Group, LLC. 2008.
iii. Pathology Practical Book: Harsh Mohan, Japee Brothers Medical Publishers, Indain Edition 2002.
iv. Experiments in Microbiology, Plant Pathology and Biotechnology: Aneja, K.R., New Age International Publishers. 2015.
v. Essentials of Medical Pharmacology, K. D. Tripathi, Jaypee, 8th Ed., 2018.
    PAPER III: MEDICAL PARASITOLOGY 

	THEORY
	Subject Code: MMLT-M-203

	Total Marks for Evaluation: 100
	No. of Credit hours: 60, Credits: 4


Course objective
This subject teaches the students about different protozoa, nematode and other helminths parasites that have significant role in medical science. This subject also deals with different diagnostic techniques of clinical samples contaminated with these pathogens.
Course Outcomes (COs)
CO1-
Identify common pathogenic parasitic agents. 

CO2-
Describe metabolism, regulation and life cycle of pathogenic parasitic agents.
CO3-
Explain general and specific mechanisms of disease development by various pathogens.
CO4-
Evaluate parasitic diseases from the clinical presentation and associated microbiology.
CO5-
Apply radiodiagnostics for parasitic diseases.

	Unit
	Content
	Credit hours

	1
	Life cycle and pathogenicity of Protozoans: Brief morphology, life cycle, pathogenicity and lab diagnosis of Entamoeba histolytica, Entamoeba coli, Giardia lamblia, Trichomonas vaginalis, Toxoplasma, Plasmodium, and Leishmania
	12


	2
	Life cycle and pathogenicity of Platyhelminths: Brief morphology, life cycle, pathogenicity and lab diagnosis of Taenia solium, Taenia saginata, and Echinococcus granulosus
	10

	3
	Life cycle and pathogenicity of Nematodes: Brief morphology, life cycle, pathogenicity and lab diagnosis of Whip worm, Hook worm, Pin worm, Round worm, and Filarial nematodes
	12

	4
	Diagnostic techniques in Parasitology:Wet mounts, Stool concentration methods, Permanent staining methods, Modified Ziehl-Neelsen staining, and Leishman staining.
	14

	5
	Radiodiagnostics for parasitic diseases: X-Ray, Magnetic Resonance Imaging (MRI) scan, and Computerized Axial Tomography scan (CAT)
	12


     MEDICAL PARASITOLOGY PRACTICAL
	PRACTICAL
	Subject Code: MMLT-M-203P

	Total Marks for Evaluation: 50
	No. of Credit Hours: 30, Credits: 2


	S.No.
	                                         List of Experiments
	Credit Hours

	1
	Blood examination for different parasites 
	30

	2
	Stool examination for various parasites
	

	3
	Stool concentration methods
	


Reference Books:

i. Prescott, Harley and Klein’s Microbiology by Willey JM, Sherwood LM and Woolverton CJ, 8th Ed., McGraw.
ii. Hill Higher Education, 2011. 
iii. Microbiology: An Introduction by Tortora GJ, Funke BR and Case CL., 9th Ed.,Person Education, 2008. 
iv.  Microbiology by Pelczar Jr MJ, Chan ECS and Krieg NR. 5th Ed. Tata McGraw Hill, 2011 (Reprint). 
v. Black JG (2008) Microbiology: Principles and Explorations. 7th edition. Prentice Hall.
    PAPER IV: MOLECULAR BIOLOGY AND RECOMBINANT DNA TECHNOLOGY 

	THEORY
	Subject Code: MMLT-M-204

	Total Marks for Evaluation: 100
	No. of Credit hours: 60, Credits: 4


Course objective
This subject covers structure and functional aspects of nucleic acids i.e. DNA, RNA, central dogma, genomics, and RDT technique etc.

Course Outcomes (COs)
CO1-
Illustrate genome organization in higher organisms.

CO2-
Demonstrate kinetic classes of DNA and Gene families.

CO3-
Describe various principles involved in recombinant DNA technology.

CO4-
Apply methods and techniques to manipulate DNA.

CO5- Analyze various genes and their functions. 

	Unit
	Content
	Credit hours

	1
	Nucleic acids and Polypeptides: The central dogma, Law of DNA-chromosome and gene constancy, Evidence that DNA is the genetic material, Structure of DNA, RNA and polypeptide, The physical properties of DNA: Cot curve, kinetic and sequence complexity.
	14

	2
	DNA replication, damage and repair: DNA replication models, DNA-dependent and RNA-dependent DNA polymerases-mode of action, DNA amplification and polytenization, DNA damage, repair and recombination
	8

	3
	Transcription and Translation: RNA transcription in E.coli and eukaryotes, Structure of tRNA, rRNA, pre-mRNA and mRNA-processing; exon, intron

Structure of genes-promoters, enhancers, TATA box, transcription initiation and termination sites, consensus sequences, Genetic code, translation, polypeptide folding and post-translational modifications
	12

	4
	Nucleosomes and methods of DNA and Protein analysis: Structure of chromatin-nucleosomes, solenoids, scaffolds, histone modification, condensation and decondensation, Nucleo-cytoplasmic transport of ribonucleoproteins, Tm, buoyant density centrifugation, satellite DNA, gel electrophoresis, Principal, procedure and application of SDS-PAGE
	14

	5
	Recombinant DNA technology: Recombinant DNA technology: necessary elements – enzymes and vectors – plasmids, cosmids, Bacteriophages, shuttle vectors, expression vectors, Construction of rDNA and cloning strategies, Genomic libraries, cDNA libraries, Introduction of rDNA into host – methods, Restriction maps and sequencing, Methods of gene transfer to Mammalian cells
	12


    MOLECULAR BIOLOGY AND RECOMBINANT DNA TECHNOLOGY PRACTICAL
	PRACTICAL
	Subject Code: MMLT-M-204P

	Total Marks for Evaluation: 50
	No. of Credit Hours: 30, Credits: 2


	S.No.
	                                          List of Experiments
	Credit Hours

	1
	Thermal melting of DNA
	30

	2
	Isolation of DNA from nucleus and E.coli
	

	3
	Quantitative analysis of DNA
	

	4
	Agarose gel electrophoresis
	

	5
	Detections of DNA modifications
	

	6
	Restriction endonuclease digestions and separation of fragments by gel chromatography and density gradient centrifugation
	

	7
	Base composition analysis of DNA
	

	8
	2-D gel electrophoresis of proteins and isoelectrofocusing
	


    Reference Books:
i. Molecular Biology of the Cell: Alberts, NCBI Publication, 5th Ed., 2007.

ii. Principles of Biochemistry: Lehninger, WH Freeman, 7th Ed., 2017. 

iii. Biochemistry of Signal Transduction and Regulation - Gerhard Krauss, Wiley VCH, 5th
Ed., 2014. 
iv. Molecular Cell Biology: Lodish WH Freeman and Company, 8th Ed., 2016. 
v. Biotechnology: A laboratory course, Becker, Caldwell and Zachgo, 2nd Ed., 1996.
SECOND YEAR

SEMESTER-III

    PAPER-I: VIROLOGY AND MYCOLOGY 
	THEORY
	Subject Code: MMLT-M-301

	Total Marks for Evaluation: 100
	No. of Credit hours: 60, Credits: 4


Course objective
This subject provides the basic knowledge of virus structure, types and life cycle. This subject also tells us about deep knowledge of different human pathogenic viruses. This subject also include the basic mycology and gives the detail idea of human pathogenic fungus.
Course Outcomes (COs)
CO1-
Identify common pathogenic fungal and viral agents.

CO2-
Illustrate physiology and metabolism of fungal and viral pathogens.

CO3-
Explain general and specific mechanisms of fungus and viral infections.
CO4-
Diagnose fungal and viral diseases from the clinical presentation and associated microbiology.
CO5- Describe etiology, diagnosis and pathogenesis of candidiosis.
	Unit
	Content
	Credit hours

	1
	Animal viruses: Classification of animal viruses. Isolation, Identification, Cultivation and Purification of animal viruses. Antiviral
chemotherapy.
Viral Zoonotic infection.
Viral vaccines. Interferons
	12

	2
	DNA viruses: DNA viruses- Poxvirus, Herpes virus, Adeno virus, Hepatitis B virus.
	10

	3
	RNA viruses:RNA viruses – Retrovirus, Picorna virus, Reo virus, Herpes virus, Rhabdo virus, Toga virus, Paramyxo virus
	12

	4
	Medically important Fungi:Classification of Medically important fungi, General identification process of medically important fungi with examples
	14

	5
	Pathogenesis of Candidiosis: Detailed study about etiology, Lab diagnosis, Pathogenesis and Treatment of Superficial Trichophyton Systemic (Candidiosis) diseases of human
	12


     VIROLOGY AND MYCOLOGY  PRACTICAL
	Practical
	Subject Code: MMLT-M-301P

	Total Marks for Evaluation: 50
	No. of Credit Hours: 30, Credits: 2


	S.No.
	                                          List of Experiments
	Credit Hours

	1
	KOH mount
	30

	2
	Lactophenol cotton blue mount
	

	3
	Slide culture method
	

	4
	Sugar fermentation and assimilation test
	

	5
	Antifungal susceptibility test
	

	6
	Cell and tissue culture method
	

	7
	Egg inoculation method
	

	8
	Animal model of viruses
	


   Reference Books

i. Virology: Principles and Applications, by Carter J and Saunders V; John Wiley and Sons, 2nd Edition. 
ii. Understanding Viruses, by Shors Teri; Jones and Bartlett Learning USA, 2013.
iii.  Introduction to Modern Virology, 6th Ed., by Dimmock NJ, Easton AL, Leppard KN; Blackwell Publishing Ltd, 2007. 
iv. FUNGI, Sumbali and Geeta, Naros Publishing House ND, 2nd Edition. 
v. The mycota, Karl Esser , 2nd Edition, Springer.
PAPER-II: CLINICAL MICROBIOLOGY 
	THEORY
	Subject Code: MMLT-M-302

	Total Marks for Evaluation: 100
	No. of Credit hours: 60, Credits: 4


Course objective

This subject is designed to teach the students about the deep insight of clinical aspect of microbiology. It deals with different disorders and pathological conditions caused by various microbial pathogens.
Course Outcomes (COs)

CO1-
Apply various diagnostic skills through microscopic techniques.

CO2-
Demonstrate different diagnostic strategies to find the solution of specific diagnostic problems.

CO3-
Classify various pathogenic organisms associated with human infectious diseases to make appropriate and effective diagnosis.

CO4-
Apply appropriate microbiology laboratory techniques, methodologies, instruments and equipment in accordance with current laboratory safety protocol.

CO5-
Interpret record, and clinical microbiology results. 

	Unit
	Content
	Credit hours

	1
	Normal Flora and Hospital quality Control:

Normal flora of human body, hospital infection quality control in microbiology and collection of specimen for bacteriological investigations.
	14

	2
	Pathogen Detection and Culture Methods in Clinical Practice:
Methods of culture, techniques and organisms encountered in-
CSF, Blood culture, Sputum, Pus, Urine, stool, UTI and endocarditis.
	8

	3
	Laboratory strategy in the diagnosis of various infective diseases:
Meningitis, Urinary tract infection, Sore Throat, Pneumonia, Diarrhoea & Dysentery
	13

	4
	Laboratory strategy in the diagnosis of various infective diseases:
Food poisoning, Wound infections, Infective Endocarditis, Sexually transmitted diseases, Pyrexia of Unknown Origin, Nosocomial Infection
	13

	5
	Microbiological techniques and lab management:

Antibiotic sensitivity testing, Biomedical waste management, Hand Hygiene and Bacteriology of water, Milk and Air.
	12


   CLINICAL MICROBIOLOGY PRACTICAL
	PRACTICAL
	Subject Code: MMLT-M-302P

	Total Marks for Evaluation: 50
	No. of Credit Hours: 30, Credits: 2


	S.No.
	                                          List of Experiments
	Credit Hours

	1
	Isolation of bacteria [Streak plate, spread plate, pour plate, serial dilution]
	30

	2
	Identification of microorganisms from the habitats [simple staining, differential staining, acid fast staining, capsule staining, spore staining and motility]
	


    Reference Books:

i. Prescott, Harley and Klein’s Microbiology by Willey JM, Sherwood LM and Woolverton CJ, 8th Ed., McGraw.
ii.  Hill Higher Education, 2011. 
iii. Microbiology: An Introduction by Tortora GJ, Funke BR and Case CL., 9th Ed.,Person Education, 2008. 
iv.  Microbiology by Pelczar Jr MJ, Chan ECS and Krieg NR. 5th Ed. Tata McGraw Hill, 2011 (Reprint). 
v. Black JG (2008) Microbiology: Principles and Explorations. 7th edition. Prentice Hall.
vi.  Stanier RY, Ingraham JL, Wheelis ML and Painter PR. (2005) General Microbiology.5thedition. McMillan.
    PAPER-III: RECENT ADVANCES IN MICROBIOLOGY 
	THEORY
	Subject Code: MMLT-M-303

	Total Marks for Evaluation: 100
	No. of Credit hours: 60, Credits: 4


Course objective
The candidates should demonstrate knowledge, understanding and skills to be able to deal with different advance techniques of their subject.

Course Outcomes (COs)
CO1-
Demonstrate a wide range of advanced experimental techniques. 

CO2-
Apply microbiology strategies in hospital and industries.

CO3-
Examine scientific methods and mathematical data in microbiology laboratories.

CO4-
Interpret recorded data and scientific report writing.


CO5- Demonstration of antimicrobial identification system.
	Unit
	Content
	Credit hours

	1
	Microscopy: Basic principles and application of Phase Contrast and Confocal Laser microscopes, Fluorescence and Electron microscope (SEM and TEM), Radio Microscopy.
	10

	2
	Significance of Polymerase chain reactions in microbiology: Polymerase Chain reaction: General concept, Primer designing, various types (Gradient, Touchdown, Inverse, Vectorette, Multiplex, Long, Reverse Transcriptase PCR etc). PCR product cloning, 5’ and 3’ RACE, qPCR, Real Time PCR. Genome amplification techniques.
	14

	3
	Molecular Diagnostics: Advances in bacterial, viral, fungal and parasite diagnostics, Nucleic acid probing and amplification test, Rapid Ag and Ab detection test,  Cytometery based antimicrobial resistant techniques.
	12

	4
	Microarray and Gene sequencing: Principal and working of Micro array technique, Methods of gene sequencing, Line probe assay and Hybridization 
	12

	5
	Identification tools of Microbial contamination: Centrifugal microfluidics, Circulating biomarker studies, Continuous culture system and antimicrobial identification system, Recombination technology.
	12


    RECENT ADVANCES IN MICROBIOLOGY PRACTICAL
	PRACTICAL
	Subject Code: MMLT-M-303P

	Total Marks for Evaluation: 50
	No. of Credit Hours: 30, Credits: 2


	S.No.
	                                          List of Experiments
	Credit Hours

	1
	One step growth curve for determination of virus titre
	30

	2
	Phage typing of E.coli bacteriophages
	

	3
	Induction of lambda lysogen by UV radiations
	

	4
	Studies on Specialized transduction
	

	5
	Isolation of lambda DNA and their characterization
	

	6
	Amplification of lambda DNA by PCR
	


   Reference Books:

i. Prescott, Harley and Klein’s Microbiology by Willey JM, Sherwood LM and Woolverton CJ, 8th Ed., McGraw.
ii.  Hill Higher Education, 2011. 
iii. Microbiology: An Introduction by Tortora GJ, Funke BR and Case CL., 9th Ed.,Person Education, 2008. 
iv.  Microbiology by Pelczar Jr MJ, Chan ECS and Krieg NR. 5th Ed. Tata McGraw Hill, 2011 (Reprint). 
v. Black JG (2008) Microbiology: Principles and Explorations. 7th edition. Prentice Hall.
vi.  Stanier RY, Ingraham JL, Wheelis ML and Painter PR. (2005) General Microbiology.5thedition. McMillan.
   PAPER-IV: RESEARCH METHODOLOGY
	THEORY
	Subject Code: MMLT-M-304

	Total Marks for Evaluation: 100
	No. of Credit hours: 60, Credits: 4


Course objective
In this subject students learn about basic idea of research, experiment designing, writing project, managing funds, publications and thesis writing.
Course Outcomes (COs)
CO1-
Explain basic concepts of research methodologies.
CO2-
Prepare appropriate research topics.
CO3-
Define research problems with their parameters.
CO4-
Design a project proposal.

CO5-
Appraise research in appropriate manner.

	Unit
	Content
	Credit hours

	1
	Scientific research: Definition, Characteristics, types, need of research. Identification of the problem, assessing the status of the problem, formulating the objectives, preparing design (experimental or otherwise), Actual investigation, Role of Information and Communication Technology (ICT) in research, Literature Survey: References, Abstraction of a research paper, possible ways of getting oneself abreast of current literature.


	14

	2
	Data collection and analysis: Various methods of data collection, Data processing, data analysis strategies and tools, data analysis with statistical packages, Basic Concepts concerning testing of hypotheses, procedures of hypothesis testing, generalization and interpretation, Sampling Design:  Concept, types and techniques, Theory of estimation and testing of hypothesis

Tests of Significance based on T, F, Z test and Chi square test, Designing questionnaire, Tabulation, Coding, Editing
	8

	3
	Documentation and scientific writing: Structure and Components of Research Reports, Types of Reports, Developing research proposals, Writing of Research Project Reports,  Thesis writing: different steps and software tools in the design and preparation of thesis, layout, structure and language of typical reports, Illustrations and tables, Results and Conclusions, citation styles, Bibliography, referencing and footnotes, word processing tools. 
	12

	4
	Preparation of research articles: Components of research article, Preparation of manuscript for Publication, writing a review article, Presentations: Oral presentation and Poster presentation, planning, software tools, creating and making effective presentation, use of visual aids, importance of effective communication, presenting your work in scientific conferences/symposium
	14

	5
	Research ethics, IPR and publishing: Bioethics, ethical issues, ethics in clinical trials, Good Lab practice. IPR: intellectual property rights and patent law, techniques of writing a Patent, filing procedure, technology transfer, copy right, royalty, trade related aspects of intellectual property rights Publishing: design of research paper, citation and acknowledgement, plagiarism tools, reproducibility and accountability
	12


   RESEARCH METHODOLOGY PRACTICAL
	PRACTICAL
	Subject Code:MMLT-M-304P

	Total Marks for Evaluation: 50
	No. of Credit Hours: 30, Credits: 2


	S.No.
	                                          List of Experiments
	Credit Hours

	1
	Various methods of literature survey
	30

	2
	Reference and bibliography preparation
	

	3
	Searching the articles in web of science, SCOPUS and UGC care portals
	

	4
	Designing of review articles
	

	5
	Designing of original research articles
	

	6
	Plagiarism check and editing
	


Reference Books:
i. Wayne Goddard, Stuart Melville, Research Methodology: An Introduction, Juta and Company Ltd, 2004.

ii. Ranjit Kumar, Research Methodology: A Step by Step Guide for Beginners, SAGE publications Ltd., 2011.

iii. C. R. Kothari, Research Methodology: Methods and Trends, New Age International, 2004.

iv. S.D. Sharma, Operational Research, Kedar Nath Ram Nath and Co.,1972.

v. B.L. Wadehra, Law relating to patents, trademarks, copyright designs and geographical indications, Universal Law Publishing, 2014.

vi. Donald Cooper, Pamela Schindler, Business Research Methods, McGraw-Hill publication, 2005.
SEMESTER – IV

   RESEARCH PROJECT (DISSERTATION)

	PRACTICAL
	Subject Code: MMLT-M-401P

	Total Marks for Evaluation: 450
	No. of Credit hours: 270, Credits: 18


M.Sc. MLT in HEMATOLOGY AND BLOOD TRANSFUSION

FIRST YEAR

SEMESTER – I
     PAPER-I: GENERAL PATHOLOGY 
	THEORY
	Subject Code: MMLT-101

	Total Marks for Evaluation: 100
	No. of Credit hours: 60, Credits: 4


Course objective
Students get to know in depth the general aspects of pathology. In this subject students learn about cell injury and adaptations, Inflammation, haemodynamic disorders, Neoplasia, wound healing, different categories of diseases and so on. Practices and demonstrations are also associated with this subject.
Course Outcomes (COs)
CO1-
Interpret essential basic pathological processes including cell death and injury, inflammation, thrombosis and neoplasia

CO2-
Outline the essential basic pathological processes to the pathogenesis of common and important diseases.

CO3-
Demonstrate an understanding of the predisposing factors, causes, pathogenesis, morphology and potential complications of diseases.

CO4-
Interpret clinical features with the causes and mechanisms of various diseases.

CO5-
Apply pathological processes in the investigation, management and prevention of diseases. 

	Unit
	Content
	Credit hours

	1
	Cell injury and Cellular Adaptations: Cell- control of normal growth, cell cycle illustration and the regulation of cell division, Cell Injury- types of cell injury, etiology of cell injury, morphology of cell injury,cellular swelling, Cell death: types- autolysis, necrosis, apoptosis and gangrene, Cellular adaptations-atrophy, hypertrophy, hyperplasia and dysplasia.
	14

	2
	Inflammation: Acute inflammation - vascular event, cellular event, inflammatory cells, Chronic Inflammation - general features, granulomatous inflammation, tuberculoma.
	10

	3
	Haemodynamic Disorders and Their pathogenesis: Oedema, hyperemia, congestion, haemorrage, circulatory disturbances, thrombosis, embolism Ischaemia, Infarction  and shock.
	12

	4
	Neoplasia and Infectious Diseases: Nomenclature, characterstics of benign and malignant neoplasms, how does it differ from hyperplasia, oncogenes  cancer and molecular basis of cancer, Pathogenesis and lab diagnosis of Tuberculosis, Pathogenesis and lab diagnosis of Leprosy, Pathogenesis and lab diagnosis of HIV
	14

	5
	Healing: Fibrosis, tissue modeling, wound healing, healing by first and second intention and factors influencing wound healing.
	10


    GENERAL PATHOLOGY PRACTICAL
	PRACTICAL
	Subject Code: MMLT-101P

	Total Marks for Evaluation: 50
	No. of Credit Hours: 30, Credits: 2


	S.No.
	                                         List of Experiments
	Credit Hours

	1
	Romanowsky stain
	30

	2
	Gliemsa stain
	

	3
	Blood smear preparation and staining techniques- DLC
	

	4
	Thick and Thin smears
	

	5
	RBC/TLC count by Neubauer Chamber
	

	6
	Hb estimation
	

	7
	Physical, chemical and microscopical examination of Urine. 
	


  Reference Books:
i. Text book of Pathology and Genetics for Nurses; Ramdas nayak, Sharada Rai, Astha Gupta; ISBN: 978-93-2570-031-8; 2017. Jaypee.

ii. Essentials in Hematology and Clinical Pathology,Ramdas Nayak, Sharadha Rai: ISBN:9789351524236: 2017. Jaypee.

iii. Textbook of Medical Laboratory Technlogy: Praful B. Godkar, Darshan P. Godkar: Third Edition: ISBN: 9789381496190, 93811496196: 2014.

iv. Dacie and Lewis Practical Haematology; Barbara J. Bin, Imelda Bates, Michael A. Laffan; Twelfth Edition; ISBN- 9780702069307, 9780702069307; Elsevier Health Sciences; 

v. Practical Haematology; Sir John Vivian Dacie, Shirley Mitchell Lewis; 8th Edition; Churchill Livinstone, 1995; 1 agust 2008; ISBN- 0443049319, 97804430493116.

   PAPER-II:  GENERAL MICROBIOLOGY 
	THEORY
	Subject Code: MMLT-102

	Total Marks for Evaluation: 100
	No. of Credit hours: 60, Credits: 4


Course objective
In this subject student learns about different kinds of microorganisms, their growth factors and controlling techniques. Students also learn about different sterilization techniques and culturing methods.

Course Outcomes (COs)

CO1-
Illustrate the anatomy of prokaryotic cell, eukaryotic cell, concepts of growth and reproduction of bacteria.
CO2-
Apply basic skills in aseptic techniques, perform various staining techniques, cultivate bacteria through various cultivation techniques.
CO3-
Employ various sterilization techniques, and various methods to control the growth of microbes.
CO4-
Demonstrate various specialized sterilization techniques.

CO5-
Employ various techniques and methods for identification of bacteria.
	Unit
	Content
	Credit hours

	1
	Introduction and scope of Microbiology: Contributions of Robert Koch, Antony Van Leeuwenhoek, Louis Pasteur, Alexander Fleming, Paul Ehrlich, Joseph Lister, Morphology of Bacteria, Anatomy of bacterial cell including intracellular components, spores, capsule and its appendages.
	14

	2
	Bacterial growth and role in health and disease:  Requirement of growth and factor affecting growth,  Bacterial growth curve,  Oxidation-Reduction potential  Normal micro flora of human body, Source of infection, modes of spread and portal of entry, Bacterial Virulence Factor
	12

	3
	Sterilization and Disinfection:   Definition – Sterilization, Disinfection, Asepsis, Antiseptics, Various methods of Physical and Chemical Sterilization
	10

	4
	Culture media Classification of culture media, Composition, preparation and sterilization of culture media including special media, 
	10

	5
	Culture methods and Identification of Bacteria:  Various culture methods, Isolation, maintenance and preservation of pure culture, Determination of total and viable count, Anaerobic culture methods, Biochemical tests for identification of bacteria.
	14


  GENERAL MICROBIOLOGY PRACTICAL
	PRACTICAL
	Subject Code: MMLT-102P

	Total Marks for Evaluation: 50
	No. of Credit Hours: 30, Credits: 2


	S.No.
	                                    List of Experiments
	Credit Hours

	1
	Universal Safety Precaution
	30

	2
	Handling and Disposal of Biomedical Waste
	

	3
	Procedures of Sterilization
	

	4
	Component and Care of microscope
	

	5
	Preparation of smears
	

	6
	Staining Techniques – Gram stain, Ziehl-Neelsen stain and Albert stain
	

	7
	Hanging drop Preparation
	

	8
	Sample collection, transport and storage
	

	9
	Care and maintenance of common lab equipments 
	


   Reference Books:
i. Prescott, Harley and Klein’s Microbiology, by Willey JM, Sherwood LM and Woolverton CJ, McGraw 2. Hill Higher Education 8th Ed, 2011.
ii. Microbiology: An Introduction by Tortora GJ, Funke BR and Case CL., Person Education, 9th Edition, 2008.

iii. Microbiology by PelczarJr MJ, Chan ECS and Krieg NR. Tata McGraw Hill, 5th Ed, 2011 (Reprint).

iv. Microbiology: Principles and Explorations, Black JG Prentice Hall 7th edition,2008.

v. General Microbiology,Stanier RY, Ingraham JL, Wheelis ML and Painter PR. McMillan Publishing, 5th Edition 2005.

vi. Understanding Bacteria, Srivastava S and Srivastava PS,Kluwer Academic Publishers, 2003.

vii. Microbiological Applications Laboratory Manual in General Microbiology, Benson, The McGraw Hill Companies, 8th Edition.
     PAPER-III:  GENERAL BIOCHEMISTRY 
	THEORY
	Subject Code: MMLT-103

	Total Marks for Evaluation: 100
	No. of Credit hours: 60, Credits: 4


Course objective
In this subject students study about different biomolecules and their significance in the human physiology. Students also learn about the enzymes and metabolic system in this course.

Course Outcomes (COs)
CO1- Illustrate the structures and functions of various biomolecules in living organisms.
CO2-
Explain basic principles of structural and functional relationships of biological 

molecules.
CO3-
Interpret biochemistry experiments, and techniques in relationship to biomolecules and their structures.
CO4-
Discuss about nucleic acid and its process.
CO5-   Explain about enzymes and its catalyzed reactions.
	Unit
	Content
	Credit hours

	1
	Carbohydrates: Structure properties, chemical reaction and biological functions, Oxidative Phosphorylation , Glycolysis, Citric acid cycle, Gluconeogenesis (Brief), Glycogenesis (Brief), Glycogenolysis (Brief), Significance of HMP Shunt
	14

	2
	Lipids: Classification, properties and function of Lipids, Lipoproteins, Fatty Acids, Fatty acid oxidation, Fatty acid biosynthesis (Brief), Ketone bodies
	10

	3
	Proteins: Amino acids: Essential and Non-essential amino acids with structure, Proteins: chemistry of Primary, secondary, tertiary and quaternary, Transamination and Deamination reaction, Urea cycle, Protein denaturation and renaturation
	14

	4
	Nucleic acids: Classification, properties, types, DNA and RNA, Replication, Translation and transcription 
	10

	5
	Enzymes: Enzymes: Classification, factors that alter enzymes catalyzed reaction, Coenzyme –Cofactor, Isoenzymes 
	12


    GENERAL BIOCHEMISTRY PRACTICAL
	PRACTICAL
	Subject Code: MMLT-103P

	Total Marks for Evaluation: 50
	No. of Credit Hours: 30, Credits: 2


	S.No.
	                                         List of Experiments
	Credit Hours

	1
	Estimation of blood glucose by Folin-Wu method, Ortho toludine method and CHOD - POD method.
	30

	2
	Estimation of protein by Biuret method, Lowry, UV method
	

	3
	Estimation of serum creatinine by Jaffe’s method 
	

	4
	Estimation of urea in blood sample by urease
	

	5
	Estimation of Total cholesterol by CHOD/POD method
	

	6
	Estimation of Triglycerides by GOP/PA method
	

	7
	Estimation of HDL Cholesterol by precipitation method
	

	8
	Estimation of SGOT/ SGPT in blood sample by kinetic method
	


 Reference Books:
i. Bhat, Sujata V : Biometerials:  Narosa Publishing House (2010).
ii.  Principles of Physical Biochemistry: International Edition by Vanholde and Johnson (2005).

iii.  Physical Biochemistry: Principles and Applications by David Sheehan Second Edition (2009).

iv. Physical Biochemistry: Applications to Biochemistry and Molecular Biology (Life Sciences/Biochemistry) by David M Freifelder (1983).

v. Laboratory Manual for Practical Biochemistry, Ganesh MK and Shivashankara AR, Jaypee publications, 2nd Edition (2012).

     PAPER-IV:   HUMAN ANATOMY AND PHYSIOLOGY 
	THEORY
	Subject Code: MMLT-104

	Total Marks for Evaluation: 100
	No. of Credit hours: 60, Credits: 4


Course objective
Here students learn about structure of cell, cellular organization, cell division, tissue organization and different structural level of organ and system of the human body.

Course Outcomes (COs)
CO1-
Define a variety of terms specific to the human body and human 

health. 

CO2-
Illustrate the structures and functions of human anatomy and physiology of head, neck, thoracic, abdominopelvic, upper and lower extremities. 

CO3-
 Demonstrate competency in identifying the major skeletal muscles, their actions, origins, insertions, and peripheral nerves. 

CO4-
Explain the major structures and function of the gross anatomy of the central nervous system and plexuses. 

CO5 
Correlate the major bones and their processes to each region of the body. 
	Unit
	Content
	Credit hours

	1
	Organization of cells and tissues: Cell structure and cell division, Cell organelles and their functions, Cytoskeleton system, Tissue, Types of tissues with their functions
	14

	2
	Digestive and Skeletal system: Digestive System : Physiology  and anatomy of mouth, stomach, Intestine, Absorption of food and its excretion, Role of bile in digestion  and excretion, Liver function  and a brief description of liver and biliary tree, Skeletal system
	10

	3
	Respiratory and Circulatory system: Respiratory System: Brief description of larynx, bronchi, lungs, Cardiovascular System: Anatomy and Physiology of heart, arteries and veins, Circulation: Systematic and Pulmonary, Brief review of chambers of heart
	12

	4
	Excretory and Endocrine system: Urinary System: Structure and function of the kidney, ureter, bladder, urethra and nephron, Give special emphasis on formation of urine, Physiology and anatomy of male and female reproductive organs, Endocrine: Pituitary, Thyroid, Parathyroid, Thymus, Adrenals Pancreas
	12

	5
	Nervous and Integumentary system: Central nervous system : Brain, spinal cord and meninges explain with its functions, Skins: Structure and functions, Study of bones and Cartilage
	12


      HUMAN ANATOMY AND PHYSIOLOGY PRACTICAL
	PRACTICAL
	Subject Code: MMLT-104P

	Total Marks for Evaluation: 50
	No. of Credit Hours: 30, Credits: 2


	S.No.
	                                           List of Experiments
	Credit Hours

	1
	Microscopic study of epithelial and connective tissues
	30

	2
	Microscopic study of muscular and nervous tissues
	

	3
	Identification of axial and appendicular bones 
	

	4
	Histology of connective tissue, liver and/ brain permanent slides.
	

	5
	Pulmonary function tests, spirometry and measurement of blood pressure.
	

	6
	Enumeration of total red blood corpuscles (RBC)/ White blood corpuscles  (WBC) count
	

	7
	Case studies (Renal clearance, GFR, ECG).
	


   Reference Books:

i. Vander’s Human Physiology (2008) 11th ed., Widmaier, E.P., Raff, H. and Strang, K.T.,
McGraw Hill International Publications (New York), ISBN: 978-0-07-128366-3.
ii.  Harper’s Biochemistry (2012) 29th ed., Murray, R.K., Granner, D.K., Mayes and P.A.,
Rodwell, V.W., Lange Medical Books/McGraw Hill. ISBN:978-0-07-176-576-3.

iii.  Textbook of Medical Physiology (2011) 10th ed., Guyton, A.C. and Hall, J.E., Reed
Elseviers India Pvt. Ltd. (New Delhi). ISBN: 978-1-4160-4574-8.

iv.  Fundamental of Anatomy and Physiology (2009), 8th ed., Martini, F.H. and Nath, J.L.,
Pearson Publications (San Francisco), ISBN: 10:0-321-53910-9 / ISBN: 13: 978-0321-
53910-6.
v. B. D. Chaurasia, Taxtbook of General Anatomy, sixth Edition, CBS Publisher (2017)
vi.  Drake, Grays Anatomy for Student 3 E, Second Edition (2014)
PAPER-V: BIOSTATISTICS AND COMPUTATIONAL SKILLS 
	THEORY
	Subject Code: MMLT-105

	Total Marks for Evaluation: 100
	No. of Credit hours: 60, Credits: 4


Course objective
This subject deals with the basic knowledge of statistics, which helps the student to learn about data handling and interpretation. Students learn about value of central tendency, co-relation and regression, standard deviation etc.
This subject is also designed to make the students learn basic computers skills, networking terminology and multimedia etc.
Course Outcomes (COs)

CO1-
Differentiate major families of computer programming languages.

CO2-
Illustrate problem structure to allow the application of computational techniques.

CO3-
Apply online resources in programming.

CO4-
Outline various data types for simple computations.

CO5-
Apply network terminology and its tools.



	Unit
	Content
	Credit hours

	1
	Frequency distribution and Measures of central tendencies: Frequency distribution:  diagrams, characteristics of a frequency distribution, Basic distribution statistics: measures of central tendencies, Measures of variation dispersions
	14

	2
	Sampling and Null hypothesis: Measures of Accuracy and Precision 

Statistical sampling methods, Basic for statistical inference, The null hypothesis and statistical significance 
	8

	3
	Analysis of variance and Correlation regression: One way and two way analyses of variance (ANOVA)

Non Parametric distribution statistics, Mann- Whitney rank sum test

X2  ( chi-square) test, Linear regression and correlation, Multiple Regressions
	12

	4
	Computer fundamentals: Introduction to Computers: Characteristics of Computers, Uses of computers, Types and generations of Computers, Basic Computer Organization - Units of a computer, CPU, ALU, memory hierarchy, registers, I/O devices, User Interface with the Operating System, System Tools
	12

	5
	Network terminology and Application tools: Types of networks, router, switch, server-client architecture, Characteristics, Elements, and Applications of multimedia, M.S. Office: word, excel, power point, Internet, e-mail, search engine, Notion of algorithms, stepwise methodology of developing an algorithm, developing macros in spreadsheet
	14


    BIOSTATISTICS AND COMPUTATIONAL SKILLS PRACTICAL
	PRACTICAL
	Subject Code: MMLT-105P

	Total Marks for Evaluation: 50
	No. of Credit Hours: 30, Credits: 2


	S. No.
	                                         List of Experiments
	Credit Hours

	1
	Collection and tabulation of data
	30

	2
	Graphical representation of data
	

	3
	Correlation and regression analysis
	

	4
	Student’s ‘t’ test
	

	5
	Chi-square test
	

	6
	ANOVA
	

	7
	Use of MS EXCEL
	

	8
	Use of in-built statistical functions for computations Mean, S.D., Correlation, regression coefficients
	

	9
	Use of bar diagram, histogram, scatter plots, etc. 
	

	10
	Graphical tools in EXCEL for presentation of data
	


  Reference Books:
i. Fundamentals of Biostatistics Bernard Rosner 5th Edition, Duxbury Thomson Learning, 8th, Ed, (2015)
ii. Introductory Biostatistics, Chap T. Lee, Wiley, 1st Ed., (2003)

iii. Comdex computer course kit, Vikas Gupta, Dreamtex press ND.

iv.  Introduction to computer, Pooja Jai n and Neelam Kumari, Vikas publishing house Pvt ltd.
v. Biostatistics for medical students and research workers 9th Ed., Bratati Banerjee, Jaypee Brthors Medical Publishers.
SEMSESTER - II

   PAPER-I: HEMATOLOGY 
	THEORY
	Subject Code: MMLT-H-201

	Total Marks for Evaluation: 100
	No. of Credit hours: 60, Credits: 4


Course objective
This subject is designed for providing the deep knowledge of various aspects of blood. This subject deals with the topics like hemopoiesis and related disorders, blood collection and handling, amniocentesis, leukemia, bone marrow and related techniques.
Course Outcomes (COs)
CO1-
Correlate hematological findings with the observation of the clinical laboratory to make appropriate and effective on-the-job professional decisions.

CO2-
Assess hematological laboratory data and report findings according to standard laboratory protocol.

CO3-
Apply hematology laboratory techniques and procedures to effect resolution in a professional and timely manner.

CO4-
Discriminate normal and abnormal hematological laboratory findings to predict the diagnosis of hematological disorders and diseases.

CO5-
Examine laboratory results consistent with leukemia and other white blood cell disorders.

	Unit
	Content
	Credit hours

	1
	Bone Marrow: Bone marrow preparations and aspiration, Bone marrow transplantation.
	12

	2
	Hemostasis: Hemostasis and its investigations, Investigations of Thrombotic tendency
	10

	3
	Blood disorders: Hemopoiesis, Anaemia and other disorders of Erythropoiesis

Disorders of Leucopoiesis, Leucoproliferative disorders with special references to Leukaemias
	12

	4
	Collection and processing of blood samples: Collection and handling of Blood, All Routine and special Hematological Investigations,Preparations of various Reagents and Stains used in Hematology, Laboratory control of Anticoagulant, Thrombotic and platelet therapy
	14

	5
	Hematological tools: Cytochemistry of Leukaemic cells,Automation in Hematology, Immunophenotyping, Flowcytometry, Molecular techniques in Hematology
	12


    HEMATOLOGY PRACTICAL
	PRACTICAL
	Subject Code: MMLT-H-201P

	Total Marks for Evaluation: 50
	No. of Credit Hours: 30, Credits: 2


	S.No.
	                                           List of Experiments
	Credit Hours

	1
	Blood collection.  Anticoagulants used in Hematology
	30

	2
	Red cell indices, E.S.R., PCV, Platelet count, Absolute Eosinophil count, Reticulocyte count
	

	3
	Stains used in Hematology, Preparation of blood film
	

	4
	Preparation of Leishman’s stain, Giemsa stain and MGG stain    
	

	5
	Peripheral smear staining by leishman’s stain.  Interpretation of peripheral smear.  Differential count.
	

	6
	Microcytic hypochromic anemia analysis
	


   Reference Books:

i. ABC of Clinical Heamatology Second Edition by Drew Provan, BMJ books (2003).
ii. Pathology practical books, Harsh Mohan, Second Edition, Jaypee Brothers Medical Publishers.(2007).

iii.  Practical Microbiology and Biotechnology, Aneja, Second Edition, New Age International Publishers.(2015).

iv. Medical laboratory Technology, Kanai L Mukherjee, McGraw Hill (2015).
v. Clinical Hematology Atlas, Jacqueline H. Carr, 6th Edition, Elsevier.
  PAPER-II: CLINICAL PATHOLOGY AND IMMUNOPATHOLOGY 

	THEORY
	Subject Code: MMLT-H-202

	Total Marks for Evaluation: 100
	No. of Credit hours: 60, Credits: 4


Course objective
This subject deals with clinical aspects of pathology like stool , sputum, semen, CSF and other body fluid examination, In this subject students also learn about different aspects of immune system, immunological diseases as autoimmune diseases, organ transplantation and rejection, hypersensitivity and immune deficiency etc

Course Outcomes (COs)
CO1-
Demonstrate various diagnostic tools from clinical scenarios by recognizing key manifestations of congenital, hemodynamic, inflammatory, infectious, metabolic, environmental, and neoplastic diseases.
CO2-
Apply the knowledge of pathology in the diagnosis, staging, and management of disease 

CO3-
Discriminate normal and abnormal test results and correlate with appropriate pathologic conditions.
CO4-
Apply immune-hematology laboratory techniques and procedures to effect resolution in a professional and timely manner.

CO5-
Explain basic theories within cellular and molecular immunology.
	Unit
	Content
	Credit hours

	1
	Examination of samples: Routine and Special tests for Urine, Stool, Sputum, Semen, and CSF
	12

	2
	Examination of body fluids: Examination of various body fluids-Pleural Fluid, Pericardial Fluid, Synovial Fluid, Ascetic Fluid, Various methods of detecting HCG levels
	10

	3
	Basics of immunology: History of Immunology and Immunopathology, Review of Basic Immunology, Transplantation Immunology, Immune response to infectious diseases
	14

	4
	Immune system disorders: Immunodeficiencies- B cell, T cell , Combined, Phagocytic and Compliment, Cancer and the immune system, Hypersensitivity, Autoimmune diseases, Clinical Laboratory methods for the detection of cellular immunity, Histocompatibility testing
	12

	5
	Diagnostic tools of immunopathology: Molecular genetic techniques for clinical analysis of the immune systems, Raising antibodies in laboratory animals, Hybridoma Technology, Separation serum protein by different lectrophoresis, Separation of different cells in the blood
	12


    CLINICAL PATHOLOGY AND IMMUNOPATHOLOGY PRACTICAL
	PRACTICAL
	Subject Code: MMLT-H-202P

	Total Marks for Evaluation: 50
	No. of Credit Hours: 30, Credits: 2


	S. No.
	                                           List of Experiments
	Credit Hours

	1
	Urine examination: Physical, chemical and microscopic. Urine examination by Strip method, Urine Test for hemosiderin pigment. [Demonstration]       
	30

	2
	Stool examination: Macroscopic examination, Concentration method ,Flotation method, Microscopic examination, Benzidine Test- for occult blood
	

	3
	Sputum examination: Macroscopic, Microscopic and AFB Staining
	

	4
	Examination of Cerebrospinal fluid [CSF ] and body fluids.

Pregnancy Test/Examination of Semen                                                                
	

	5
	VDRL Tests
	

	6
	Brucella Agglutination test
	

	7
	Weil felix test (Demonstration only)
	

	8
	Paul Bunnel test (Demonstration only)
	

	9
	RA test
	

	10
	CRP test/TPHA
	

	11
	ELISA (Demonstration only)/ WIDAL
	


   Reference Books:

i. Prescott, Harley and Klein’s Microbiology, by Willey JM, Sherwood LM and Woolverton CJ, McGraw 2. Hill Higher Education 8th Ed, 2011.
ii. Microbiology: An Introduction by Tortora GJ, Funke BR and Case CL., Person Education, 9th Edition, 2008.

iii. Microbiology by PelczarJr MJ, Chan ECS and Krieg NR. Tata McGraw Hill, 5th Ed, 2011 (Reprint).

iv. Microbiology: Principles and Explorations, Black JG Prentice Hall 7th edition,2008.

v. General Microbiology,Stanier RY, Ingraham JL, Wheelis ML and Painter PR. McMillan Publishing, 5th Edition 2005.

vi. Laboratory Manual for Practical Biochemistry, Second Edition, Shivaraja Shankara YM, Jaypee Brother Medical Publishers. (2015) 
PAPER-III: MEDICAL GENETICS 


	THEORY
	Subject Code: MMLT-H-203

	Total Marks for Evaluation: 100
	No. of Credit hours: 60, Credits: 4


Course objective
This subject deals with the medical aspects of genetics. This subject covers the basic principal of genetics, new developments, chromosomes structure and its organization, methods of chromosome analyses and genetic disorders etc.
Course Outcomes (COs)
CO1-
Demonstrate the structure and function of various genes and the organization of the human genome.
CO2-
Explain the patterns of inheritance and clinical manifestations of genetic diseases; inborn errors of metabolism; and inherited cancer syndromes.

CO3-
Outline genetics in medical practice including recognizing congenital anomalies and syndromes.

CO4-
Apply genetic principles to elicit a comprehensive family medical history and construct a pedigree.

CO5- Outline of diagnosis and treatment of genetic diseases.

	Unit
	Content
	Credit hours

	1
	Genetics in Medicine: Origin of Medical Genetics, Inborn errors of carbohydrate, lipid and protein metabolism, Major new developments of genetics
	14

	2
	Chromosome study and Sex determination: An overview of chromosome number, chromosome composition and sex determination in humans, Methods of chromosome analysis, Molecular cytogenetics, Chromosomal abnormalities
	8

	3
	Genetic diseases and Syndromes: Genetic disorders, Autosomal recessive inheritance, Autosomal dominant inheritance, X-linked inheritance

Down’s syndrome, Di-George syndrome, Kleinfelters syndrome, Turner’s syndrome, Cystic Fibrosis, hemophilia
	12

	4
	Human genome project: Objectives, description and applications of human genome projects
	14

	5
	Diagnosis and treatment of genetic diseases: Treatment of genetic disease, Gene therapy, Cancer Genetics, Prenatal diagnosis of genetic diseases

PCR, RT-PCR, RFLP and DNA finger printing
	12


    MEDICAL GENETICS PRACTICAL
	PRACTICAL
	Subject Code: MMLT-H-203P

	Total Marks for Evaluation: 50
	No. of Credit Hours: 30, Credits: 2


	S.No.
	                                          List of Experiments
	Credit Hours

	1
	Study of Karyotypes I
	30

	2
	Normal karyotyping in Humans – male (46, XY) and female (46, XX), G banded metaphase plates.
	

	3
	Study of Karyotypes II
	

	4
	Abnormal karyptypes – Down syndrome (Autosomal), Turner syndrome and Klinefelter syndrome (Sex chromosome)
	

	5
	Sex chromatin
	

	6
	Buccal semear study and staining methods for Barr bodies
	

	7
	Blood smear study of drumsticks in neutrophils
	


   Reference Books:
i. Gene cloning and DNA analysis, Brown TA, Blackwell publishing, oxford, UK.6th Edition 2010.

ii. Biotechnology: applying the genetic revolution,Clark DP and Pazdernik NJ, Elsevier academic press, USA, 2009.

iii.  Principles of gene manipulation and genomics, Primrose SB and Twyman RM... Blackwell publishing, oxford, UK.7th Edition, 2006.

iv.  Molecular cloning-A laboratory manual, Sambrook J and Russell D, Cold spring harbourlaboratory Press, 3rd Edition,2001. 
v. Medical Genetics, G.P. Pal, AITBS publishers India, 2011.
PAPER IV: MOLECULAR BIOLOGY AND RECOMBINANT DNA TECHNOLOGY 

	THEORY
	Subject Code: MMLT-H-204

	Total Marks for Evaluation: 100
	No. of Credit hours: 60, Credits: 4


Course objective
This subject covers structure and functional aspects of nucleic acids i.e. DNA, RNA, central dogma, genomics, and RDT technique etc.

Course Outcomes (COs)

CO1-
Illustrate genome organization in higher organisms.

CO2-
Demonstrate kinetic classes of DNA and Gene families.

CO3-
Describe various principles involved in recombinant DNA technology.

CO4-
Apply methods and techniques to manipulate DNA.

CO5- Analyze various genes and their functions. 

	Unit
	Content
	Credit hours

	1
	Nucleic acids and Polypeptides: The central dogma, Law of DNA-chromosome and gene constancy, Evidence that DNA is the genetic material, Structure of DNA, RNA and polypeptide, The physical properties of DNA: Cot curve, kinetic and sequence complexity.
	14

	2
	DNA replication, damage and repair: DNA replication models, DNA-dependent and RNA-dependent DNA polymerases-mode of action, DNA amplification and and polytenization, DNA damage, repair and recombination
	8

	3
	Transcription and Translation: RNA transcription in E.coli and eukaryotes, Structure of tRNA, rRNA, pre-mRNA and mRNA-processing; exon, intron

Structure of genes-promoters, enhancers, TATA box, transcription initiation and termination sites, consensus sequences, Genetic code, translation, polypeptide folding and post-translational modifications
	12

	4
	Nucleosomes and methods of DNA and Protein analysis: Structure of chromatin-nucleosomes, solenoids, scaffolds, histone modification, condensation and decondensation, Nucleo-cytoplasmic transport of ribonucleoproteins, Tm, buoyant density centrifugation, satellite DNA, gel electrophoresis, Principal, procedure and application of SDS-PAGE
	14

	5
	Recombinant DNA technology: Recombinant DNA technology: necessary elements – enzymes and vectors – plasmids, cosmids, Bacteriophages, shuttle vectors, expression vectors, Construction of rDNA and cloning strategies, Genomic libraries, cDNA libraries, Introduction of rDNA into host – methods, Restriction maps and sequencing, Methods of gene transfer to Mammalian cells
	12


    MOLECULAR BIOLOGY AND RECOMBINANT DNA TECHNOLOGY PRACTICAL
	PRACTICAL
	Subject Code: MMLT-H-204P

	Total Marks for Evaluation: 50
	No. of Credit Hours: 30, Credits: 2


	S.No.
	                                          List of Experiments
	Credit Hours

	1
	Thermal melting of DNA
	30

	2
	Isolation of DNA from nucleus and E.coli
	

	3
	Quantitative analysis of DNA
	

	4
	Agarose gel electrophoresis
	

	5
	Detections of DNA modifications
	

	6
	Restriction endonuclease digestions and separation of fragments by gel chromatography and density gradient centrifugation
	

	7
	Base composition analysis of DNA
	

	8
	2-D gel electrophoresis of proteins and isoelectrofocusing
	


    Reference Books:
i. Molecular Biology of the Cell: Alberts, NCBI Publication, 5th Ed., 2007.

ii. Principles of Biochemistry: Lehninger, WH Freeman, 7th Ed., 2017. 

iii. Biochemistry of Signal Transduction and Regulation - Gerhard Krauss, Wiley VCH, 5th
Ed., 2014. 
iv. Molecular Cell Biology: Lodish WH Freeman and Company, 8th Ed., 2016. 
v. Biotechnology: A laboratory course, Becker, Caldwell and Zachgo, 2nd Ed., 1996.
SECOND YEAR

SEMESTER – III

     PAPER I: BLOOD BANKING AND TRANSFUSION 

	THEORY
	Subject Code: MMLT-H-301

	Total Marks for Evaluation: 100
	No. of Credit hours: 60, Credits: 4


Course objective
In this subject students learn about different techniques and subjective aspects of blood bank and different blood transfusion techniques.
Course Outcomes (COs)
CO1-
Apply advanced blood bank and blood transfusion knowledge to make appropriate and effective on-the-job professional decisions.

CO2-
Interpret commonly utilized procedures in the blood bank laboratory.

CO3-
Discriminate normal and abnormal test results and correlate these data with appropriate pathologic conditions. 

CO4-
Employ immunohematology laboratory techniques and procedures when errors and discrepancies in results are obtained to effect resolution in a professional and timely manner.

CO5- Explain various transfusion reactions with quality assurance in transfusion services.
	Unit
	Content
	Credit hours

	1
	Blood banking and blood group systems: Blood banking, Basic principles of Immunohematology, ABO Blood group systems, Rh Blood group systems

Other blood group systems, All materials and reagents used for different investigations in blood bank
	12

	2
	Blood grouping techniques: Blood grouping techniques, Antibody screening and Identification, Compatibility testing
	10

	3
	Blood collection and processing: Blood collection and processing

Preservation and storage of blood, Blood component preparation and therapy, Aphaeresis, Antalogous transfusion 
	13

	4
	Blood transfusion: Transfusion transmitted diseases, Blood transfusion safety and regulatory requirement (with references to Drugs and Cosmetics Act, as amended - Relevant Information)
	13

	5
	Transfusion reactions: Screening tests, Haematological transfusion reactions

Hemolytic disease of the newborn (HDN), Quality assurance in Transfusion Service, Special investigations in Transfusion technology
	12


   BLOOD BANKING AND TRANSFUSION PRACTICAL
	PRACTICAL
	Subject Code: MMLT-H-301P

	Total Marks for Evaluation: 50
	No. of Credit Hours: 30, Credits: 2


	S.No.
	                                          List of Experiments
	Credit Hours

	1
	Blood grouping – ABO grouping, Forward grouping (slide and tube method)

Reverse grouping – preparation of pooled A, B and O cells                                                                 

Grading of Reaction, Other methods of grouping 

AB0 antibody titration, Cold antibody titration 
	30

	2
	Rh grouping and Rh typing (slide and tube method): Du Testing  

Rh – antibody titration
	

	3
	Antiglobulin Testing: Direct and Indirect, Preparation of Coomb’s Control Cells   
	

	4
	Compatibility Testing: Selection of blood
	


   Reference Books:

i. ABC of Clinical Heamatology Second Edition by Drew Provan, BMJ books (2003).
ii. Pathology practical books , Harsh Mohan, Second Edition,Jaypee Brothers Medical Publishers.(2007).
iii. Practical Microbiology and Biotechnology , Aneja, Second Edition, New Age International Publishers.(2015).
iv. Medical laboratory Technology, Kanai L Mukherjee, McGraw Hill (2015).
v. Clinical Hematology Atlas, Jacqueline H. Carr, 6th Edition, Elsevier.
PAPER II: LABORATORY MANAGEMENT
	THEORY
	Subject Code: MMLT-H-302

	Total Marks for Evaluation: 100
	No. of Credit hours: 60, Credits: 4


Course objective
This subject is designed to teach the students about laboratory organization and management. This subject also help the students to learn how to develop a new clinical laboratories.
Course Outcomes (COs)
CO1-
Explain a full range of testing in the contemporary medical laboratory encompassing pre-analytical, analytical, and post-analytical components of laboratory services.
CO2-
Apply various statistical approaches for evaluation of data.
CO3-
Describe administrative skills consistent with philosophies of quality assurance, continuous quality improvement, laboratory education, fiscal resource management, and appropriate composure under stressful conditions.
CO4-
Application of safety and governmental regulations and standards in medical laboratory practices.
CO5-
Apply communication skills to ensure accurate and appropriate information transfer.

	Unit
	Content
	Credit hours

	1
	Laboratory design: Designing laboratories for different types and sizes of institutions: selection of equipment and systems for the laboratory Concepts of workstation consolidation, workflow analysis, concepts in laboratory automation (sample transportation systems, modular systems, robotics).
	12

	2
	Laboratory safety: Fire, chemical, radiation and infection control (body substance precautions), hazardous waste and transport of hazardous materials.

Familiarity is needed with the syllabi of various training programs; knowledge of the teaching requirements and level of knowledge technical staff; understanding of qualifications of technologists trained in other countries.
	10

	3
	Personnel management: Personnel policy manual; job descriptions; labor, supervision relations; conducting job interviews; motivation, recognizing job distress syndrome; delegation to a laboratory manager Hospital organization; interactions between the laboratory service and the rest of the hospital, Professional ethics, Quality assurance; total quality management; development and monitoring of performance indicators.
	13

	4
	Methods of qualitative analysis of Biomolecules: Principles, experimental procedures and application of chromatography – paper, thin-layer, ion exchange, affinity, gel filtration, gas-liquid and HPLC, Principles, procedures and application of Electrophoresis – paper, polyacrylamide gel, agarose gel, capillary and cellulose acetate, Principle and technique of preparative and analytical centrifugation, differential centrifugation, density gradient centrifugation, ultra-centrifuge and its application.
	13

	5
	Quantitative methods: Principles and applications of Photometry, Spectrophotometry, flurometry, ion selective procedures, flame photometry, atomic absorption spectrometry, Ion selective electrodes and their applications in Medicine.
	12


    LABORATORY MANAGEMENT PRACTICAL
	PRACTICAL
	Subject Code: MMLT-H-302P

	Total Marks for Evaluation: 50
	No. of Credit Hours: 30, Credits: 2


	S.No.
	                                          List of Experiments
	Credit Hours

	1
	Methods of laboratory design
	30

	2
	Model preparation for laboratory design
	

	3
	Laboratory safety management practices
	

	4
	Demonstration of job interview
	

	5
	Quantitative analysis of carbohydrate
	

	6
	Quantitative analysis of lipids
	

	7
	Quantitative analysis of proteins
	


   Reference Books:
i. Khandpur R.S, “Handbook of Biomedical Instrumentation”, Tata McGraw-Hill, New Delhi,(2003) (Units II and IV)
ii. Sujata V. Bhatt, “Biomaterials”, Second Edition, Narosa Publishing House,(2005).
iii. Laboratory Quality Management System, Handbook, ISBN 978 92 4 154827 4.

iv. Biosafety in Microbiological and Biomedical Laboratories, Paul J. Meechan, Jeffrey Potts, 6th Edition, Centers for Disease Control and Prevention National Institutes of Health. 
v. Essentials of Clinical Laboratory Management in Developing Regions, Wim de Kieviet, Elizabeth Frank, Herbert Stekel, Committee on Clinical Laboratory Management (C-CLM) Education and Management Division (EMD) IFCC.
   PAPER III: RECENT ADVANCES IN HEAMATOLOGY AND BLOOD BANKING 
	THEORY
	Subject Code: MMLT-H-303

	Total Marks for Evaluation: 100
	No. of Credit hours: 60, Credits: 4


Course objective
The candidates should demonstrate knowledge, understanding and skills to be able to deal with different advance techniques of their subject.

Course Outcomes (COs)
CO1-
Demonstrate a wide range of advanced experimental techniques with their applications. 

CO2-
Apply experimental knowledge in laboratory exercises which have significance in industrial, Hospitals and everyday Laboratory applications.

CO3-
Interpret the applications of various scientific methods and mathematical analysis.

CO4-
Develop skills for maintaining data and report writing.
CO5-   Explain regulatory bodies of blood bank.
	Unit
	Content
	Credit hours

	1
	Automation tools in Heamatology: Autoanalysers, Open and closed system analyzers, Automation in Hematology, Cell counters, coagulation analyzers, ESR by automation, Blood collection and delivery to different laboratories in a hospital
	10

	2
	Automation tools in Histopathology: Automation in Histopathology – New generation microtomes, tissue processing, paraffin, Embedding, Station, tissue -tek systems, image analysis, stainers and cover slippers, Automation and recent advances in different disciplines of pathology 
	12

	3
	Recent tools of blood banking: New generation equipments used in blood banks, Recent tools used for blood collection, processing and storage
	12

	4
	Blood banking data management: Laboratory statistics, Clinical Laboratory Informatics, All aspects Laboratory management including Financial management   
	14

	5
	Regulatory bodies of blood banks: Central and Provincial Drug Control Authority, National Blood Transfusion Council (NBTC), Regulation for cord blood banking
	12


     RECENT ADVANCES IN HEAMATOLOGY AND BLOOD BANKING  PRACTICAL
	PRACTICAL
	Subject Code: MMLT-H-303P

	Total Marks for Evaluation: 50
	No. of Credit Hours: 30, Credits: 2


	S.No.
	                                          List of Experiments
	Credit Hours

	1
	Rh grouping and Rh typing (slide and tube method): Du Testing  

Rh – antibody titration
	30

	2
	Cross matching
	

	3
	Reverse and forward grouping
	

	4
	Different components of blood 
	

	5
	Estimation of  fetal hemoglobin
	


    Reference Books:

i. ABC of Clinical Heamatology Second Edition by Drew Provan, BMJ books (2003).
ii. Pathology practical books , Harsh Mohan, Second Edition,Jaypee Brothers Medical Publishers.(2007).
iii. Practical Microbiology and Biotechnology , Aneja, Second Edition, New Age International Publishers.(2015).
iv. Medical laboratory Technology, Kanai L Mukherjee, McGraw Hill (2015).
v. Clinical Hematology Atlas, Jacqueline H. Carr, 6th Edition, Elsevier.
   PAPER-IV: RESEARCH METHODOLOGY 
	THEORY
	Subject Code: MMLT-H-304

	Total Marks for Evaluation: 100
	No. of Credit hours: 60, Credits: 4


Course objective
In this subject students learn about basic idea of research, experiment designing, writing project, managing funds, publications and thesis writing.
Course Outcomes (COs)
CO1-
Explain basic concepts of research methodologies.
CO2-
Prepare appropriate research topics.
CO3-
Define research problems with their parameters.
CO4-
Design a project proposal.

CO5-
Appraise research in appropriate manner.

	Unit
	Content
	Credit hours

	1
	Scientific research: Definition, Characteristics, types, need of research. Identification of the problem, assessing the status of the problem, formulating the objectives, preparing design (experimental or otherwise), Actual investigation, Role of Information and Communication Technology (ICT) in research, Literature Survey: References, Abstraction of a research paper, possible ways of getting oneself abreast of current literature.


	14

	2
	Data collection and analysis: Various methods of data collection, Data processing, data analysis strategies and tools, data analysis with statistical packages, Basic Concepts concerning testing of hypotheses, procedures of hypothesis testing, generalization and interpretation, Sampling Design:  Concept, types and techniques, Theory of estimation and testing of hypothesis

Tests of Significance based on T, F, Z test and Chi square test, Designing questionnaire, Tabulation, Coding, Editing
	8

	3
	Documentation and scientific writing: Structure and Components of Research Reports, Types of Reports, Developing research proposals, Writing of Research Project Reports,  Thesis writing: different steps and software tools in the design and preparation of thesis, layout, structure and language of typical reports, Illustrations and tables, Results and Conclusions, citation styles, Bibliography, referencing and footnotes, word processing tools. 
	12

	4
	Preparation of research articles: Components of research article, Preparation of manuscript for Publication, writing a review article, Presentations: Oral presentation and Poster presentation, planning, software tools, creating and making effective presentation, use of visual aids, importance of effective communication, presenting your work in scientific conferences/symposium
	14

	5
	Research ethics, IPR and publishing: Bioethics, ethical issues, ethics in clinical trials, Good Lab practice. IPR: intellectual property rights and patent law, techniques of writing a Patent, filing procedure, technology transfer, copy right, royalty, trade related aspects of intellectual property rights Publishing: design of research paper, citation and acknowledgement, plagiarism tools, reproducibility and accountability
	12


    RESEARCH METHODOLOGY PRACTICAL
	PRACTICAL
	Subject Code: MMLT-H-304P

	Total Marks for Evaluation: 50
	No. of Credit Hours: 30, Credits: 2


	S. No.
	                                       List of Experiments
	Credit Hours

	1
	Various methods of literature survey
	30

	2
	Reference and bibliography preparation
	

	3
	Searching the articles in web of science, SCOPUS and UGC care portals
	

	4
	Designing of review articles
	

	5
	Designing of original research articles
	

	6
	Plagiarism check and editing
	


    Reference Books:
i. Wayne Goddard, Stuart Melville, Research Methodology: An Introduction, Juta and Company Ltd, 2004.

ii. Ranjit Kumar, Research Methodology: A Step by Step Guide for Beginners, SAGE publications Ltd., 2011.

iii. C. R. Kothari, Research Methodology: Methods and Trends, New Age International, 2004.

iv. S.D. Sharma, Operational Research, Kedar Nath Ram Nath and Co.,1972.

v. B.L. Wadehra, Law relating to patents, trademarks, copyright designs and geographical indications, Universal Law Publishing, 2014.

vi. Donald Cooper, Pamela Schindler, Business Research Methods, McGraw-Hill publication, 2005.
SEMESTER – IV

    RESEARCH PROJECT (DISSERTATION)

	PRACTICAL
	Subject Code: MMLT-H-401

	Total Marks for Evaluation: 450
	No. of Credit hours: 270, Credits: 18


62

