
Contents

Preface	 vii

					     Index of Competencies/	 Pages
					     Code of Competencies

PART I: GENERAL MICROBIOLOGY, IMMUNOLOGY AND HEALTHCARE-ASSOCIATED INFECTIONS (HAIs)

SECTION 1: GENERAL MICROBIOLOGY

•  Overview of General Microbiology

	 1.	 Introduction and History of Microbiology	 MI 1.1	 3
	 	q	 Introduction  3
	 	q	 Scientists and their Role (History)  3

	 2.	 Taxonomy of Microorganisms	 MI 1.1	 9
	 	q	 Definition and Components  9

	 3.	 Epidemiology of Infections	 MI 1.3	 12
	 	q	 Definitions and Types of Infections  12
	 	q	 Reservoirs, Sources and Modes of Transmission  14

	 4.	 Normal Microbial Flora of Human Body	 MI 1.1	 18
	 	q	 Introduction  18
	 	q	 Normal Flora  18
	 	q	 Probiotics  21
	 	q	 Prebiotics  21

	 5.	 Miscellaneous Topics: World Days and Healthcare-related Symbols	 MI 1.1 	 23
	 	q	 World Days  23
	 	q	 Healthcare-related Symbols  23

•  General Bacteriology

	 6.	 Morphology of Bacteria	 MI 1.1	 25
	 	q	 Shapes of Bacteria  25
	 	q	 Size of Bacteria  25
	 	q	 Arrangement of Bacteria  25
	 	q	 Morphological Parts (Anatomy) of Bacteria  26

	 7.	 Physiology of Bacteria	 MI 1.1	   38
	 	q	 Bacterial Nutrition and Growth Factors  38
	 	q	 Environmental Factors  39
	 	q	 Reproduction (Multiplication)  40
	 	q	 Metabolism  42

	 8.	 Genetics of Bacteria	 MI 1.1	 44
	 	q	 Genetic Structure  44
			   –  Chromosomal part  44
			   –  Extrachromosomal part  45
	 	q	 Bacterial Variation  46
			   –  Phenotypic variation  47
			   –  Genotypic variation  47

	 9.	 Precipitating Factors of Bacterial Infections	 MI 1.1, 1.3	 56
	 	q	 Definitions  56



Es
se

n
ti
a

ls
 o

f 
M

e
d

ic
a

l 
M

ic
ro

b
io

lo
g

y
x 	 	q	 Precipitating Factors  56

– Agent factors (virulence factors or determinants of virulence)  56
– Host factors  60
– Environmental factors  61

10. Bacterial Growth Products MI 1.1	 63
q	 Definition and Types  63

• General Virology

11. General Properties of Viruses MI 1.1	  65
q	 Introduction  65
q	 Morphology of Viruses  65
q	 Resistance  68
q	 Viral Multiplication  68
q	 Viral Genetics  70
q	 Viral Taxonomy  71
q	 Subviral Agents  71
q	 Precipitating Factors of Viral Infections  74

12. Virus–Host Interactions (Viral Infections) MI 1.1	 77
q	 Introduction  77
q	 Immune Response (Ir) to Viral Infections  78

• General Mycology

13. General Properties of Fungi MI 1.1	 82
q	 Introduction  82
q	 Classification  83
q	 Hyphae, Pseudohyphae and Mycelium  87
q	 Precipitating Factors of Fungal Infections  88

• General Parasitology

14. Introduction and Classification of Parasites MI 1.1	 91
q	 Parasite  91
q	 Host  92
q	 Life Cycle  93

15. General Properties of Parasites MI 1.1	 97
q	 Protozoa  97
q	 Metazoa  99
q	 Precipitating Factors of Parasitic Infections  99

SECTION 2: IMMUNOLOGY

16. Immunity MI 1.8, PA 7.5	 103
q	 Introduction  103
q	 Types and Effective Factors on Immunity  103

– Types of immunity  103
– Effective factors on immunity  107

	 	q	 Measurement of Immunity  107

17. Immunizing Agents and Universal Immunization Schedule MI 1.9, BI 10.5, PE 19.1, 19.3	 109
q	 Immunizing Agents  109

– Used for artificial active immunization (immunoprophylaxis)  109
– Used for artificial passive immunization (immunotherapy)  112
– Used for combined immunization  112

	 	q	 Universal Immunization Schedule  113

18. Antigen (Ag) BI 10.5	 115
q	 Antigen (Ag)  115
q	 Other Related Terms of Antigen  118



xi

C
o
nt
e
nt
s

xi19. Antibody (Ab)–Immunoglobulin (Ig) MI 1.8	 121
q	 Introduction  121
q	 Immunoglobulin (Ig)  121
q	 Genes of Immunoglobulin  127
q	 Monoclonal Antibodies  129

20. Antigen-antibody (Ag-Ab) Reactions MI 1.7	 134
q	 Introduction  134
q	 Serological Reactions  135

– Precipitation Reaction  135
– Agglutination Reaction  139
– Complement Fixation Test (CFT)  144
– Neutralization Reaction  145
– Opsonization  145
– Radioimmunoassay (RIA)  146
– Enzyme Immunoassay (EIA)  146
– Enzyme-linked Fluorescent Assay (ELFA)  150
– Immunofluorescence Assay (IFA)  151
– Chemiluminescence-linked Immunoassay (CLIA)  152
– Immunoelectroblot Technique  152
– Immunochromatographic Test (ICT)  152
– Immunoconcentration Test  153
– Tests by Electron Microscopy (EM)  154

	 	q	 Comparison of Immunoassays  154

21. Complement System MI 1.8	 156
q	 Introduction  156
q	 Complement Pathways  156
q	 Health and Complement  159

22. Structure and Functions of Immune System PA 9.3	 162
q	 Immune System  162

– Specific immune system/lymphoid system  162
– Nonspecific immune system  170

	 	q	 Major Histocompatibility Complex (MHC)  172

23. Immune Response (Ir) MI 1.8	 177
q	 Introduction  177
q	 AMI  177
q	 CMI  180
q	 Interconnections of Ir  183
q	 Immunological Tolerance  183
q	 Theories of Ir  184
q	 Regulation of Ir  185

24. Hypersensitivity MI 1.10, PA 9.2	 187
q	 Introduction  187
q	 Type I Reaction  189
q	 Type II Reaction  191
q	 Type III Reaction  192
q	 Type IV Reaction  193
q	 Shwartzman Reaction  194

25. Immunodeficiency Diseases (IDDs) MI 1.10	 197
q	 Primary IDDs  197
q	 Secondary IDDs  201

26. Autoimmunity MI 1.10	 204
q	 Mechanisms/Steps  204
q	 Classification  205
q	 Diagnosis  207
q	 Treatment  207



Es
se

n
ti
a

ls
 o

f 
M

e
d

ic
a

l 
M

ic
ro

b
io

lo
g

y
xii 	27.	 Immunology of Transplantation and Malignancy	 MI 1.11, PA 7.5, 9.2, SU 13.1	 209

	 	q	 Immunology of Transplantation  209
	 	q	 Immunology of Malignancy  210	

28. Immunohematology PA 22.5	 213
q	 Introduction  213
q	 Clinical Significances  213

SECTION 3: HEALTHCARE-ASSOCIATED INFECTIONS (HAIs)

29. Healthcare-associated Infections (HAIs): Introduction, Types, MI 8.5, 8.6, 8.7, SU 6.1	 217
Prevention and Control
q	 Introduction  217
q	 Types of HAIs  218
q	 Nosocomial Infection Prevention and Control Program  223

30. Sterilization and Disinfection MI 1.4, 1.5, SU 14.1	 232
q	 Introduction  232
q	 Classification  233

– Physical methods (sterilization) or physical agents (sterilants)  233
– Chemical methods (disinfection) or chemical agents (disinfectants)  239
– Chemosterilization (physical + chemical methods)  242

	 	q	 Biological Control or Indicators  243
	 	q	 Selection of Sterilization and Disinfection in Healthcare Set-up  243

31. Biomedical Waste (BMW) Management CM 14.1–14.3, SU 15.1	 247
q	 Introduction  247
q	 Types and Disposal of Waste  247

32. Microbiology of Water, Milk and Air/Surfaces MI 8.8, CM 3.3	 252
q	 Microbiology of Water  252
q	 Microbiology of Milk  256
q	 Microbiology of Air/Surfaces  257

33. Laboratory-acquired Infections MI 8.5	 261
q	 Laboratory-acquired Infections  261

PART II: SYSTEMIC MICROBIOLOGY

SECTION 4: INFECTIVE SYNDROMES OR INFECTIOUS DISEASES OR SYSTEMIC INFECTIONS 
OR CLINICAL MICROBIOLOGY OR APPLIED MICROBIOLOGY

• CVS and Bloodstream Infections

34. Cardiovascular System Infections MI 2.1, 2.2 and 2.3,  	 265
q	 Anatomy of Cardiovascular System  265 PA 27.4, 27.6, 27.10,
q	 Common Infections  265 IM 1.3, 1.9

– Infections of heart  265
– Infections of blood vessels  267

	 	q	 Specific Infections  268
– ARF  268
– Lemierre’s syndrome  268

35. Bloodstream Infections MI 2.4, 2.5, 2.7, IM 4.8	 269
q	 Common Infections  269
q	 Specific Infections  270

– Bacterial infections  270
– Viral infections  270
– Fungal infection  271
– Parasitic infection  271



xiii

C
o
nt
e
nt
s

xiii36. Lymphatic System Infections MI 2.5 and 2.6	 272
q	 Common Infections  272
q	 Specific Infections  272

– Bacterial infections  272
– Viral infections  273
– Parasitic infections  273

• Gastrointestinal and Hepatobiliary System Infections

37. Gastrointestinal Tract Infections MI 3.1, 3.2, 3.3–3.6, 274
q	 Introduction  274 IM 16.1, 16.9
q	 Common Infections  274
q	 Diarrheal Diseases  275
q	 Specific Infections  278

– Bacterial infections  278
– Viral infections  278
– Parasitic infections  278

38. Infections of Abdominal Viscera MI 3.7 and 3.8	 281
q	 Common Infections  281
q	 Specific Infections in Liver  282

– Bacterial infections  282
– Viral infections  282
– Parasitic infections  282

• Skin, Subcutaneous and Musculoskeletal System Infections

39. Skin and Subcutaneous Tissues Infections MI 4.1, 4.3, DR 8.1	 283
q	 Introduction  283
q	 Terminology of Skin Infections  283
q	 Common Infections  284
q	 Specific Infections  286

– Bacterial infections  286
– Viral infections  287
– Fungal infections  287
– Parasitic infections  287

40. Musculoskeletal Infections MI 4.2, PA 33.1, OR 3.1	 288
q	 Anatomy of Musculoskeletal System  288
q	 Common Infections  288

– Infections of muscles  288
– Infections of bones and joints  288
– Infections of bone marrow  289

	 	q	 Specific Infections  290
– Bacterial infections  290
– Parasitic infections  290

• Central Nervous System Infections

41. Central Nervous System Infections MI 5.1, 5.2, 5.3,  291
q	 Anatomy of CNS  291 PA 35.1, 35.3,
q	 Common Infections  291 IM 17.7–17.9, 

– Infections of meninges  291 PE 30.2, 30.21
– Infections of brain  293
– Infections of spinal cord  294

	 	q	 Specific Infections  294
– Bacterial infections  294
– Viral infections  294
– Fungal infections  294
– Parasitic infections (Neuroparasites)  295



Es
se

n
ti
a

ls
 o

f 
M

e
d

ic
a

l 
M

ic
ro

b
io

lo
g

y
xiv •  Respiratory System Infections

42. Respiratory tract infections MI 6.1, 6.2, 6.3, 296 
q	 Introduction  296 PA 26.1, 26.2,
q	 Common Infections  296 IM 3.1–3.2

– Upper respiratory tract infections  296
– Lower respiratory tract infections  299

	 	q	 Specific Infections  302
– Bacterial infections  302
– Viral infections  303
– Fungal infections  303
– Parasitic infections  303

• Urinary System, Genital System and Sexually Transmitted Infections

43. Urinary Tract Infections MI 7.1 and 7.3, SU 29.3	 304
q	 Introduction  304
q	 Common Infections  304
q	 Specific Infections  305

– Bacterial infections  305
– Viral infections  305
– Fungal infections  305
– Parasitic infections  305

44. Genital Tract Infections MI 7.1, 7.2, DR 10.6, 10.7	 307
q	 Introduction  307
q	 Common Infections  307

– Female genital tract infections  307
– Male genital tract infections  308

	 	q	 Sexually Transmitted Infections (STIs)  308
	 	q	 Nongonococcal Urethritis (NGU)  309
	 	q	 Specific Infections  309

– Bacterial infections  309
– Parasitic infections  309

• Miscellaneous System Infections

45. Ear and Eye Infections —	 310
q	 Introduction  310
q	 Ear Infections  310

– Infection of external ear  310
– Infection of middle ear  312

	 	q	 Eye Infections  313
– Bacterial infections of eyes  313
– Viral infections of eyes  316
– Fungal infections of eyes/oculomycosis  316
– Parasitic infections of eyes/oculoparasites  317

46. Oral Cavity, Dental and Salivary Gland Infections DE 1.2, 1.4	 319
q	 Oral Cavity Infections  319
q	 Dental Infections  320
q	 Salivary Gland Infections  321

47. Miscellaneous Infections MI 8.1, IM 13.3, 25.1	 323
q	 Congenital Infections  323
q	 Zoonotic Infections  323
q	 Opportunistic Infections  323
q	 Superinfection  324
q	 Emerging and Reemerging Infections  324
q	 Oncogenic Microbes  325
q	 Bioterrorism  327



xv

C
o
nt
e
nt
s

xv	 	q	 Vector-borne Infections  328
	 	q	 Ectoparasitic Infestations  329

48. National Health Program and Pandemic Management MI 8.16	 332
q	 National Health Program  332
q	 Pandemic Management  332

SECTION 5: BACTERIAL INFECTIONS

• Infections of Gram-positive Cocci (GPC)

49. Infections of Micrococcaceae MI 3.5, 4.1, 4.3, 6.1, 6.2, 6.3,	 335 
q	 Introduction  335 DR 15.2
q	 Staphylococci  335

– Coagulase-positive staphylococci (CoPS)  335
– Coagulase-negative staphylococci (CoNS)  343

	 	q	 Micrococci  343
	 	q	 Stomatococci  344

50. Infections of Streptococcaceae MI 2.3, 4.3, 5.1, 5.3, 6.1, 347
q	 Introduction  347 6.2, 6.3, PA 27.4, 
q	 α-Hemolytic Streptococci  347 IM 1.3, 1.9, 3.19

– Viridans group  347
– Pneumoniae group (Strept. pneumoniae)  349

	 	q	 β-Hemolytic Streptococci  353
– Group A/Strept. pyogenes  353
– Group B/Strept. agalactiae  360
– Group C/Strept. equisimilis  361
– Group F/Strept. angiosus  361
– Other groups  361

	 	q	 Nonhemolytic Streptococci  361
– Group D/Non-enterococci group  361

	 	q	 Comparison of Streptococci  361

51. Infections of Enterococcaceae —	 366
q	 Enterococcus spp.  366

• Infections of Gram-negative Cocci (GNC)

52. Infections of Neisseriae and Moraxellaceae MI 5.3, 5.3	 368
q	 Neisseriae  368

– Neisseria meningitidis  368
– Neisseria gonorrhoeae  371
– Commensal Neisseriae  375

	 	q	 Non-gonococcal urethritis  376
	 	q	 Moraxellaceae  376

– Moraxella catarrhalis  376
– Moraxella lacunata  377
– Acinetobacter spp.  377

• Infections of Gram-positive Bacilli (GPB)

53. Infections of Corynebacteria MI 6.1, 6.2, 6.3	 381
q	 Introduction  381
q	 Corynebacterium diphtheriae  381
q	 Other Pathogenic Corynebacteria  387
q	 Diphtheroids  387
q	 Arcanobacterium  388

54. Infections of Bacillaceae (Sporing Aerobes) MI 3.5	 390
q	 Introduction  390
q	 Bacillus anthracis  390
q	 Bacillus cereus  394
q	 Anthracoid Bacilli  395



Es
se

n
ti
a

ls
 o

f 
M

e
d

ic
a

l 
M

ic
ro

b
io

lo
g

y
xvi 	55.	 Infections of Clostridia (Sporing Anaerobes)	 MI 3.5, 4.1	 398

	 	q	 Introduction  398
	 	q	 Clostridium perfringens  399
	 	q	 Clostridium tetani  403
	 	q	 Clostridium botulinum  407
	 	q	 Clostridium difficile  409
	 	q	 Other Clostridia  411

56. Infections of Mycobacterium tuberculosis MI 5.1, 5.3, 6.1, 6.2, 6.3, 416
q	 Introduction of Mycobacteria  416 PA 26.4, PH 1.45, 
q	 Mycobacterium tuberculosis  416 IM 4.20, CT 1.2, 1.3, 1.7, 

1.10, 1.13, PE 34.7

57. Infections of Mycobacterium leprae MI 4.3, PA 10.3, DR 9.1	 432
q	 Mycobacterium leprae  432
q	 Mycobacterium leprae murium  438

58. Infections of NTM and MSP MI 4.3, 6.1, 6.2, 6.3	 440
q	 NTM (Non-tuberculous Mycobacteria)  440
q	 MSP (Mycobacteria as Skin Pathogen)  442

59. Infections of Listerias and Erysipelothrix MI 4.3	 444
q	 Listerias  444

– Listeria monocytogenes  444
– Listeria ivanovii  447

	 	q	 Erysipelothrix rhusiopathiae  447

60. Infections of Actinomycetales MI 4.3	 449
q	 Introduction  449
q	 Actinomyces  449
q	 Nocardia  450
q	 Tropheryma  452

• Infections of Gram-negative Bacilli (GNB)

61. Infections of Enterobacterales-I (E. coli, Klebsiella, etc.) MI 3.1, 3.2, 3.5, 7.1, 7.3	 454
q	 Introduction  454
q	 Escherichia coli  454
q	 Edwardsiella spp.  460
q	 Citrobacter spp.  460
q	 Klebsiella spp.  460
q	 Enterobacter spp.  461
q	 Hafnia sp.  462
q	 Serratia spp.  462
q	 Pantoea spp.  462
q	 Morgnellaceae  462
q	 Erwinia sp.  464

62. Infections of Enterobacterales-II (Salmonellas) MI 3.3, 3.4, 3.5, IM 1.22	 467
q	 Enteric Fever/Typhoidal Group  467
q	 Nontyphoidal Group  474

– Salmonella food poisoning  474
– Salmonella septicemia  475

63. Infections of Enterobacterales-III (Shigellas) MI 3.1, 3.2	 478
q	 Shigella spp.  478

64. Infections of Enterobacterales-IV (Yersinias) MI 6.1, 6.2, 6.3	 482
q	 Introduction  482
q	 Yersinia pestis  482
q	 Yersiniosis  486

65. Infections of Vibrionaceae, Aeromonadaceae and Plesiomonas MI 3.5, 16.10	 489
q	 Vibrionaceae  489

– Nonhalophilic vibrios  489
– Halophilic vibrios  496



xvii

C
o
nt
e
nt
s

xvii	 	q	 Aeromonadaceae  497
	 	q	 Plesiomonas shigelloides  497

	66.	 Infections of Campylobacterales	 MI 3.1, 3.2, 3.6	 501
	 	q	 Introduction  501
	 	q	 Campylobacter jejuni  501
	 	q	 Other Campylobacter spp.  503
	 	q	 Arcobacter  503
	 	q	 Helicobacter pylori  503

	67.	 Infections of Nonfermenters	 MI 4.3	 508
	 	q	 Introduction  508
	 	q	 Pseudomonas aeruginosa  508
	 	q	 Burkholderia spp.  511
	 	q	 Alcaligenes faecalis  512
	 	q	 Stenotrophomonas maltophila  513
	 	q	 Flavobacterium meningosepticum  513
	 	q	 Legionella pneumophila  513

	68.	 Infections of Pasteurellales	 MI 5.1, 5.3, 6.1, 6.2, 6.3, 	 517
	 	q	 Introduction  517	 IM 3.19
	 	q	 Haemophilus  517
			   –	 Haemophilus influenzae  517
			   –	 Haemophilus aegyptius  520
			   –	 Haemophilus ducreyi  520
			   –	 Other Haemophilus spp.  521
	 	q	 Aggregatibacter spp.  521
	 	q	 Pasteurella multocida  521

	69.	 Infections of Bordetellas	 MI 6.1, 6.2, 6.3	 524
	 	q	 Bordetella pertussis  524
	 	q	 Other Bordetella spp.  527 

	70.	 Infections of Brucellas	 MI 8.1–8.4	 529
	 	q	 Brucella spp.  529
	71.	 Infections of Miscellaneous GNB	 MI 4.3	 533
	 	q	 Francisella tularensis  533
	 	q	 Gardnerella vaginalis  534
	 	q	 Rat-bite Fever (RBF)  535
	 	q	 Capnocytophaga spp.  536
	 	q	 Chromobacterium violaceum  537
	 	q	 HACEK Group  537

•  Infections of Miscellaneous Bacteria

	72.	 Infections of Nonsporing Anaerobes	 MI 4.1	 539
	 	q	 Nonsporing Anaerobes  539

	73.	 Infections of Spirochetales	 MI 4.3, 5.1, 5.3, PA 27.10,	 543
	 	q	 Introduction  543	 DR 10.1, 10.2
	 	q	 Treponema pallidum  543
	 	q	 Endemic (Nonvenereal) Treponematoses  550
	 	q	 Relapsing Fever  550
	 	q	 Vincent’s Angina  552
	 	q	 Lyme Disease  552
	 	q	 Leptospira  554

	74.	 Infections of Mycoplasmatales	 MI 6.1, 6.2, 6.3, 7.1–7.3	 562
	 	q	 Introduction  562
	 	q	 Mycoplasma pneumoniae  563
	 	q	 Mycoplasma hominis  565
	 	q	 Ureaplasma urealyticum  566



Es
se

n
ti
a

ls
 o

f 
M

e
d

ic
a

l 
M

ic
ro

b
io

lo
g

y
xviii 	75.	 Infections of Chlamydiales	 MI 6.1, 6.2, 6.3, 7.1–7.3	 568

	 	q	 Introduction  568
	 	q	 Chlamydia trachomatis  569
	 	q	 Chlamydia psittaci  573
	 	q	 Chlamydia pneumoniae  574

	76.	 Infections of Rickettsiales, Coxiella and Bartonella	 —	 576
	 	q	 Rickettsiales  576
			   –	 Rickettsia spp.  576
			   –	 Orientia tsutsugamushi  579
			   –	 Ehrlichia spp.  579
	 	q	 Coxiella burnetii  580
	 	q	 Bartonella spp.  581

SECTION 6: VIRAL INFECTIONS

•  Infections of DNA Viruses

	77.	 Infections of Poxviridae	 MI 4.3	 587
	 	q	 Introduction  587
	 	q	 Human diseases  587

	78.	 Infections of Herpesviridae	 MI 4.3	 593
	 	q	 Introduction  593
	 	q	 HHV-1 and 2 (HSV-1 and 2)  594
	 	q	 HHV-3 (VZV)  597
	 	q	 HHV-4 (EBV)  599
	 	q	 HHV-5 (CMV)  602
	 	q	 HHV-6 (HBLV)  603
	 	q	 HHV-7 (RKV)  603
	 	q	 HHV-8 (KSHV)  603
	 	q	 Ceropethacine Herpes Virus-1  604

	79.	 Infections of Other DNA Viruses (Hepadnaviridae, Adenoviridae,	 MI 4.3, 6.1, 6.2, 6.3, 	 608
		  Papovaviridae and Parvoviridae) 	  7.1–7.3
	 	q	 Hepadnaviridae  608
	 	q	 Adenoviridae  608
	 	q	 Papovaviridae  609
	 	q	 Parvoviridae  612

•  Infections of RNA Viruses

	80.	 Infections of Picornaviridae	 MI 5.1, 5.2, 5.3, PE 30.13	 616
	 	q	 Introduction  616
	 	q	 Enterovirus  617
			   –	 Polio virus  617
			   –	 Coxsackie virus  621
			   –	 ECHO virus  622
			   –	 Entero virus-70  623
	 	q	 Rhinovirus  624

	81.	 Infections of Orthomyxoviridae	 MI 6.1, 6.2, 6.3	 627
	 	q	 Introduction  627
	 	q	 Influenza Viruses  627
	 	q	 A/H1N1 2009 Pandemic  631
	 	q	 Avian Flu  632

	82.	 Infections of Paramyxoviridae and Pneumoviridae	 MI 6.1, 6.2, 6.3	 636
	 	q	 Paramyxoviridae  636
			   –	 Introduction  636
			   –	 Mumps virus  637
			   –	 Respirovirus and Rubulavirus (Parainfluenza viruses)  638



xix

C
o
nt
e
nt
s

xix– Measles virus  639
– Avian avula virus 1  641
– Henipavirus  642

	 	q	 Pneumoviridae  643
– Introduction   643
– Human orthopneumo virus  644
– Human metapneumo virus  645

83. Infections of Arboviruses and Roboviruses MI 5.2	 646
q	 Arboviruses  646

– Introduction  646
– Togaviridae  646
– Flaviridae  649
– Bunyaviridae  657
– Reoviridae  659
– Rhabdoviridae  660

	 	q	 Roboviruses  661
– Introduction  661
– Bunyaviridae  661
– Arenaviridae  662

84. Infections of Rhabdoviridae MI 5.1, 5.2, 5.3 665
q	 Introduction  665
q	 Lyssa Virus 1  665

85. Infections of Retroviridae MI 2.7, PA 9.6, DR 11.1, 	 672
q	 Introduction  672 11.2  IM 6.1, 6.2, 6.3, 6.4, 
q	 HIV  673 6.10, 6.18

86. Infections of Other RNA Ciruses  (Rubella Virus and Coronaviridae) —	 688
q	 Rubella Virus  688
q	 Coronaviridae  690

– SARS-CoV2  692

• Infections of Miscellaneous Viruses

87. Bacteriophages MI 1.1	 700
q	 Bacteriophages  700

88. Infections of Hepatitis Viruses MI 3.7, 3.8, 	 703
q	 Introduction  703 IM 5.4, 5.14, 5.17
q	 HBV  704
q	 HAV  709
q	 HCV  711
q	 HDV  714
q	 HEV  715
q	 Differences between Hepatitis Viruses  716

89. Infections of Other Group of Viruses MI 3.1, 5.1, 5.2, 5.3, 7.1–7.3	 721
q	 Hemorrhagic Fever Viruses  721
q	 Diarrheal Viruses  724
q	 Slow Disease Viruses  726
q	 Encephalitis Viruses  727
q	 UTI Causing Viruses  727

SECTION 7: FUNGAL INFECTIONS

90. Superficial Mycoses MI 4.3, 5.1–5.3, DR 7.1, 7.2	 733
q	 Surface Mycoses  733
q	 Cutaneous Mycoses  735



Es
se

n
ti
a

ls
 o

f 
M

e
d

ic
a

l 
M

ic
ro

b
io

lo
g

y
xx 	91.	 Deep Mycoses	 MI 4.3, 5.1–5.3, 6.1, 6.2, 6.3	 743

	 	q	 Subcutaneous Mycoses  743
	 	q	 Systemic Mycoses  748
	 	q	 Opportunistic Mycoses  752

	92.	 Miscellaneous Mycoses	 MI 1.10, 3.5	 763
	 	q	 Allergic Fungal Diseases  763
	 	q	 Fungal Food Poisoning  763

SECTION 8: PARASITIC INFECTIONS

•  Infections of Protozoa

	93.	 Infections of Amoebae	 MI 3.1, 3.2, 5.1, 5.2, 5.3, 	 767
	 	q	 Introduction  767	 6.1–6.3
	 	q	 Entamoeba histolytica  767
	 	q	 Nonpathogenic Amoeba  776
	 	q	 Free-living Amoeba  778

	94.	 Infections of Intestinal, Oral and Genital Flagellates	 MI 3.1, 3.2	 783
	 	q	 Introduction  783
	 	q	 Giardia lamblia  783
	 	q	 Trichomonas vaginalis  786
	 	q	 Other Nonpathogenic Flagellates  787

	95.	 Infections of Blood and Tissue Flagellates	 MI 2.5, 4.3, 5.1, 5.2, 5.3	 790
	 	q	 Introduction  790
	 	q	 Trypanosoma spp.  791
			   –	 Trypanosoma brucei gambiense  791
			   –	 Trypanosoma brucei rhodesiense  794
			   –	 Trypanosoma brucei zambiense  794
			   –	 Trypanosoma cruzi  794
	 	q	 Leishmania spp.  796
			   –	 Leishmania donovani  796
			   –	 Old world and new world cutaneous leishmaniasis  800

	96.	 Infections of Ciliates	 MI 3.1, 3.2	 804
	 	q	 Introduction  804
	 	q	 Balantidium coli  804

	97.	 Infections of Blood Inhabiting Sporozoa	 MI 2.5, 2.6, PA 10.1, 	 807
	 	q	 Introduction  807	 IM 4.6, 4.15, 4.26
	 	q	 Plasmodium spp.  807
	 	q	 Babesia spp.  825

	98.	 Infections of Gastrointestinal Sporozoa	 MI 3.1, 3.2, 5.1, 5.2, 5.3	 829
	 	q	 Introduction  829
	 	q	 Cystoisospora belli  829
	 	q	 Cryptosporidium parvum  831
	 	q	 Toxoplasma gondii  832
	 	q	 Cyclospora cayetanensis  838
	 	q	 Sarcocystis spp.  840

	99.	 Infections of Microspora and Blastocystis	 MI 3.1 and 3.2	 844
	 	q	 Microspora  844
	 	q	 Blastocystis hominis  846

•  Infections of Metazoa (Helminths/Worms)

Infections of Cestodes

	100.	Cestodes: General Features and Classification	 MI 1.1	 848
	 	q	 General Features  848
	 	q	 Classification  850
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xxi	101.	Infections of Cestodes: Pseudophyllidea	 MI 3.1, 3.2	 852
	 	q	 Diphyllobothrium latum  852
	 	q	 Spirometra spp.  854

	102.	Infections of Cestodes: Cyclophyllidea	 MI 3.1, 3.2, 5.1, 5.2, 5.3, 	 857
	 	q	 Taenia spp.  857	 PA 10.2
			   –	 Taenia saginata saginata  857
			   –	 Taenia saginata asiatica  860
			   –	 Taenia solium  860
	 	q	 Echincoccus spp.  863
			   –	 Echinococcus granulosus  863
			   –	 Other Echinococcus spp.  868
	 	q	 Hymenolepis spp.  869
			   –	 Hymenolepis nana  869
			   –	 Hymenolepis diminuta  871
	 	q	 Dypylidium caninum  872
	 	q	 Multiceps multiceps  874

Infections of Trematodes

	103.	Trematodes: General Features and Classification	 MI 1.1	 877
	 	q	 General Features  877
	 	q	 Classification  880

	104.	Infections of Trematodes: Diecious Trematodes	 MI 3.1, 3.2, 7.1–7.3	 882
	 	q	 General Features of Schistosomes  882
	 	q	 Vesical Plexus Trematodes  882
			   –	 Schistosoma haematobium  882
	 	q	  Rectal and Portal Plexus Trematodes  886
			   –	 Schistosoma mansoni  886
			   –	 Schistosoma japonicum  886
	 	q	 Anatomical Aspect of Portal System  888

	105.	Infections of Trematodes: Monoecious Trematodes	 MI 3.1, 3.2, 6.1, 6.2, 6.3	 889
	 	q	 Small Intestinal Trematodes  889
	 	q	 Large Intestinal Trematodes  893
	 	q	 Hepatic Trematodes  894
	 	q	 Pulmonary Trematodes  898

Infections of Nematodes

	106.	Nematodes: General Features and Classification	 MI 1.1	 901
	 	q	 General Features  901
	 	q	 Classification  903

	107.	Infections of Nematodes: Intestinal Nematodes	 MI 3.1, 3.2	 905
	 	q	 Small Intestinal Nematodes  905
			   –	 Trichenella spiralis  905
			   –	 Ascaris lumbricoides  907
			   –	 Hook worm spp.  911
			   –	 Strongyloides spp.  916
			   –	 Trichostrongylus spp.  920
			   –	 Capillaria philippinensis  921
	 	q	 Large intestinal Nematodes  922
			   –	 Trichuris trichuria  922
			   –	 Enterobius vermicularis  924
	 	q	 Nematodes in Arteries and Arterioles of Ileocecal Region  926
			   –	 Angiostrongylus costaricensis  926

	108.	Infections of Nematodes: Somatic (Tissue) Nematodes	 MI 2.5, 2.6, 4.3, 5.1, 5.2, 5.3,	 929
	 	q	 Filariasis  929	 6.1, 6.2, 6.3
			   –	 General aspects of filariasis  929
			   –	 Clinical types of filariasis  930
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xxii 	 	q	 Other Infections  939

	 	 	 –	 Infection in lungs  939
	 	 	 –	 Infection in liver   940
	 	 	 –	 Infection in brain  940
	 	 	 –	 Infection in brain and other tissues  941
	 	 	 –	 Infection in subcutaneous tissues  942

•  Infections of Miscellaneous Parasites

	109.	Miscellaneous Infections of Parasites	 MI 4.3	 946
	 	q	 Larva Migrans  946
	 	q	 Parasites Causing Autoinfection  947
	 	q	 Parasites to Remember  947

PART III:  ENTOMOLOGY, PRACTICAL MICROBIOLOGY AND MCQS

SECTION 9: ENTOMOLOGY

	110.	Medical Entomology	 CM 3.6, 3.7, DR 6.1	 951
	 	q	 Introduction  951
	 	q	 Medically Important Vectors, Microbes/diseases Transmitted 
	 	 	 and their Control Measures  951

SECTION 10: PRACTICAL MICROBIOLOGY (DOAP/SKILL ASSESSMENT)

	111.	Visit to Microbiology Department	 MI 1.1	 963
	 	q	 Introduction of Staff  963
	 	q	 Visit to All Sections  963
	 	q	 Instructions to Students  963

	112.	Microscopy and Staining	 MI 1.2, 6.2, 6.3, 16.10, 	 964
	 	q	 Microscopy  964	 DR 10,2 PE 34.11, 
	 	q	 Staining  966	 IM 3.14, 4.13, 4.14, 6.14,
	 	 	 –	 Gram’s stain  967	 IM 16.10, CT 1.10
	 	 	 –	 Acid fast stains  967
	 	 	 –	 Albert stain  971

	113.	Sample Collection, Transport and Storage	 MI 8.10, 8.11, IM 1.22	 973
	 	q	 Sample Collection  973
	 	q	 Transportation and Storage  974

	114.	Culture Media 	 MI 1.1, 8.15	 977
	 	q	 Introduction  977
	 	q	 Classification of media  978

	115.	Culture Methods	 MI 1.1, 8.15, 4.1	 987
	 	q	 Introduction  987
	 	q	 Manual Culture Methods  987
	 	q	 Automated Culture Methods  991
	 	q	 Methods of Pure Culture Isolation  993
	 	q	 Methods of Preservation of Microorganisms  993

	116.	Drug Resistance Mechanisms, Antibiotic Sensitivity Testing 	 MI 1.6, PH 1.43, 	 995
		  and Antimicrobial Stewardship Program	 IM 3.12, 3.13
	 	q	 Drug Resistance Mechanisms  995 
	 	q	 Antibiotic Sensitivity Testing  996
	 	q	 Antimicrobial Stewardship Program (ASP)  998

	117.	Laboratory Animals		  1003
	 	q	 Introduction  1003
	 	q	 Specific Animal and Uses  1003

	118.	Laboratory Diagnosis of Bacterial Infections	 MI 1.1, 8.13, 8.15	 1006
	 	q	 Sample Rejection Criteria  1006
	 	q	 Pretreatment of Sample  1006
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xxiii	 	q	 Testing Methods  1006
	 	q	 Reference Centers  1014

	119.	Laboratory Diagnosis of Viral Infections	 MI 1.1, 8.13, 8.15, IM 3.11	 1016
	 	q	 Testing Methods  1016

	120.	Laboratory Diagnosis of Fungal Infections	 MI 1.1, 8.13, 8.15, DR 7.2	 1021
	 	q	 Diagnosis  1021
	 	q	 Laboratory Fungal Contaminants  1025

	121.	Laboratory Diagnosis of Parasitic Infections	 MI 1.1, 8.13, 8.15, IM 16.9	 1027
	 	q	 Testing Methods  1027

	122.	Molecular Methods	 IM 3.11	 1032
	 	q	 DNA Cloning  1032
	 	q	 Nucleic Acid (NA) Diagnostic Techniques  1033
			   –	 Blotting Techniques  1033
			   –	 DNA Probe and Hybridization  1033
			   –	 Nucleic Acid Amplification Techniques  1034

	123.	Specimens for Spotting and Exercises for Practical Examination	 —	 1037
	 	q	 Specimens for spotting  1037
	 	q	 Exercises  1040

	124.	IMG, AETCOM and Competencies in Microbiology	 MI 8.11, 8.12, 8.14	 1043
	 	q	 IMG (Indian Medical Graduate)  1043
	 	q	 AETCOM in Microbiology  1043
	 	q	 Competencies in Microbiology  1044

SECTION 11: MCQs

	125.	MCQs for Section Review	 —	 1049

	126.	Image-based MCQs	 —	 1065

Index				    1069

Index of Competencies/Code of Competencies
•	 MI (Microbiology).
•	 Other subjects (for integrated topics): BI (Biochemistry), PA (Pathology), PH (Pharmacology), CM (Community Medicine),  

DR (Dermatology and Venerology), DE (Dentistry), IM (General Medicine), PE (Pediatrics), SU (General Surgery),  
OR (Orthopedics) and CT (Respiratory Medicine).

•	 Competency numbers written in bold indicate the topics of practical Microbiology/skill assessment/DOAP     
(Demonstrate, Observe Assess and Perform).





+ve: Positive
2ME: 2-mercaptoethanol 
5-HT: 5-hydroxy tryptamine 
AAV: Adeno-associated virus 
Ab(s): Antibody(ies)
ACE 2: Angiotensin-converting enzyme 2
Ach: Acetylcholine
ADCC: Antibody-dependent cytotoxic cells 
ADS: Antidiphtheria serum
AETCOM: Attitude, ethics and communication
AFB: Acid-fast bacilli
AFLP: Amplified fragment length polymorphism
Ag(s): Antigen (s)
Ag-Ab reaction: Antigen-antibody reactions 
AGN: Acute glomerulonephritis 
AGS: Antigas gangrene serum
AIDS: Acquired immunodeficiency disease
ALG: Antilymphocyte globulin
ALS: Antilymphocytes serum
ALT: Alanine aminotransferase 
AMA(s): Antimicrobial agent(s)
AMB: Amphotericin B
AMC: Acetyl methyl carbinol
AMI: Antibody-mediated immunity
APCs: Antigen-presenting cells
APSGN: Acute post-streptococcal glomerulonephritis 
APT: Alum precipitated toxoid
APW: Alkaline peptone water
ARC: AIDS-related complex
ARDS: Acute respiratory distress syndrome
ARF: Acute rheumatic fever 
ART: Antiretroviral therapy
ASO test: Antistreptolysin O test
ASOM: Acute suppurative otitis media
ASP: Antimicrobial Stewardship Program 
AST: Antimicrobial sensitivity testing 
ASV: Antisnake venom
ATCC: American type culture collection
ATG: Anti-thymocyte globulin
ATS: Anti-tetanus serum
ATS: Anti-thymocyte serum
B/R(s): Biochemical reaction (s)
b/w (B/W): Between
BAL: Bronchoalveolar lavage
BB: Borderline
BCDF: B-cell differentiation factor
BCG: Bacillus Calmette Guerin

Abbreviations

BCGF: B-cell growth factor
BCR(s): B-cell receptor(s)
BCYE agar: Buffered charcoal yeast extract agar
BDBV: Bundibugyo virus
BEBOV: Bundibugyo ebola virus
BFP: Biological false-positive 
BHIA: Brain heart infusion agar
BHIB: Brain heart infusion broth
BL: Borderline lepromatous
BMW: Biomedical waste 
BOD incubator: Biological (biochemical) oxygen demand 
incubator 
BP: Blood pressure
BPL: Beta propiolactone
BSE: Bovine spongiform encephalopathy
BSL: Biosafety level
BT: Blood transfusion
BT: Borderline tuberculoid
BUN: Blood urea nitogen
C/Cs: Cultural characteristics
C/F(s): Clinical feature(s)
C: Complement
CA MRSA: Community-acquired MRSA
CABSI: Catheter-associated bloodstream infection 
C-activation: Complement activation
CAM: Chorioallantoic membrane
CAMP test: Christie-Atkins-Munch-Peterson test
CAUTI: Catheter-associated urinary tract infection
CBC: Complete blood count 
CBNAAT: Cartridge-based nucleic acid amplification  
test
CCHF: Crimean Congo hemorrhagic fever 
CD: Cluster of differentiation
CDC: Centres for Disease Control and Prevention 
CFP-10: Culture filtrate protein -10
CFT: Complement fixation test
CFW stain: Calco-fluor-white stain
CGD: Chronic Granulomatous disease
Ch.: Chapter
CHD: Congenital heart disease
CIE: Counter immunoelectrophoresis
CIEBOV: Côte d’ Ivoire ebolavirus
CJD: Creutzfeldt-Jacob disease
CL crystals: Chacot-Leyden crystals
CLED medium: Cysteine lactose electrolyte deficient 
medium
CMI: Cell-mediated immunity
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xxvi CMN group: Corynebacteria-mycobacteria-nocardiae 

group
CMV: Cytomegalovirus
CNS: Central nervous system
CoNS: Coagulase-negative Staphylococcus 
CoPS: Coagulase-positive Staphylococcus 
COVID-19: Coronavirus disease -19
CPE(s): Cytopathic effect(s)
CPIS: Clinical pulmonary infection score 
CR(s): Complement receptor(s)
CRF: Coagulase reacting factor
CRP: C-reactive protein
CSOM: Chronic suppurative otitis media
CVS: Cardiovascular system
D/D: Differential diagnosis
DCA: Deoxycholate citrate agar
DEC: Diethyl carbamazine
DGIM: Dark-ground (field) illumination microscope 
DHF: Dengue hemorrhagic fever
DIC: Disseminated intravascular coagulation 
DM: Diabetes mellitus
DOAP: Demonstrate, observe, access and perform
DP vaccine: Diphtheria and pertussis vaccine
DPT vaccine: Diphtheria, pertussis and tetanus vaccine
ds: double stranded
DSS: Dengue shock syndrome
DT vaccine: Diphtheria and tetanus vaccine
DTH: Delayed-type hypersensitivity
E test: Epsilomer test
e.g.: exampli gratia (for example)
EB: Elementary body
EBV: Epstein-Barr virus 
EC: Exposure code
EIA: Enzyme immunoassay 
ELFA: Enzyme-linked fluorescent assay
ELISA: Enzyme-linked immunosorbent assay
E-M pathway: Embden-Meyerhof pathway
EM: Electron microscope 
ESAT-6: Early secretory antigen target-6 
ESBL: Extended spectrum β-lactamase 
ET tube: Endotracheal tube
EV: Entero virus
FDA: Food and Drug Administration 
f-IPV: Fractional injectable polio vaccine
FITC: Fluorescein isothiocyanate
FM: Fluorescent microscope 
FNAC: Fine needle aspiration cytology 
FT: Formal toxoid/fluid toxoid
FTA-ABS test: Fluorescent Treponema antibody- 
ABSorption test
FTLV: Feline T-cell lymphotropic virus 
G S L M: Glucose sucrose lactose mannitol 
GBS: Guillain-Barre syndrome
GC: Genital chlamydiasis

G-CSF: Granulocyte-colony stimulating factor
GGMS stain: Grocott Gomori’s methenamine silver stain
GI: Genital infection
GISAID: Global initiative on sharing avian influenza  
data
GIT: Gastrointestinal tract
GLC: Gas-liquid chromatography
GM-CSF: Granulocyte macrophage-colony stimulating 
factor
GNB: Gram-negative bacilli
GNC: Gram-negative cocci
GPB: Gram-positive bacilli
GPC: Gram-positive cocci
GU: Gonococcal urethritis 
H & E stain: Hematoxylin and eosin stain
H/o: History of
HA MRSA: Hospital-acquired MRSA
HAI test: Hemagglutination inhibition test
HAI(s): Healthcare-associated infection(s) 
HAV: Hepatitis A virus
Hb: Hemoglobin
HBLV: Human B-cell lymphotropic virus 
HBV: Hepatitis B virus
HBVIg: Hepatitis B virus immunoglobulin
HCC: Hepatocellular carcinoma 
HCF(s): Healthcare facility/facilities
hCG: Human chorionic gonadotropin
HCoV-EMC: Human coronavirus-Erasmus Medical 
Centre 
HCV: Hepatitis C virus
HCW(s): Healthcare worker(s)
HDN: Hemolytic disease of newborn 
HDP: Hanging drop preparation
HDV: Hepatitis D virus
HEV: Hepatitis E virus
HFMD: Hand-foot-mouth disease 
HFV: Hepatitis F virus
HGE: Human granulocytic ehrlichiosis
HGV: Hepatitis G virus
HHV (1–8): Human herpes virus (1–8)
HI: Humoral immunity 
Hib: Haemophilus influenza type b 
HIV: Human immunodeficiency virus
HLA: Human leukocyte antigen 
HME: Human monocytic ehrlichiosis 
HMW: High molecular weight
HPLC: High performance liquid chromatography
HPV: Human papilloma virus
hr: Hour
HRCT: High-resolution CT
HSV-1/2: Herpes simplex virus-1/2 
HTLV: Human T-cell lymphotropic virus 
HUS: Hemolytic uremic syndrome
IARC: International Agency for Research on Cancer
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xxviiIC: Inclusion conjunctivitis
IC: Intracutaneous 
ICC(s): Immunocompetent cell(s) 
ICMR: Indian Council of Medical Research 
ICRC: Indian Cancer Research Center
ICSOL(s): Intracranial space-occupying lesion(s)
ICT: Immunochromatographic test 
ICTC: Integrated Counseling and Testing Centre 
ID: Intradermal 
IDD(s): Immunodeficiency disease(s)
IET: Immuno enzyme test
IF test/assay: Immunofluorescent test/assay
IFN: Interferon 
IFT: Immunoferritin test
Ig (s): Immunoglobulin (s)
IGRA: Interferon gamma release assay 
IHA test: Indirect hemagglutination test
IM: Intramuscular
IMG: Indian medical graduate
IMN: Infectious mononucleosis
IN test: Indole nitrate/Indoso nitrate) test 
IP: Incubation period
IPV: Injectable polio vaccine
Ir: Immune response
ITH: Immediate type hypersensitivity 
IV: Intravenous 
JC virus: John Cunningham virus
JE: Japanese Encephalitis
KB method: Kopeloff’s and Beerman’s method
KFD: Kyasnur forest disease 
KLB: Klebs-Loeffler bacillus 
KSHV: Kaposi’s sarcoma-associated herpes virus
LAK cells: Lymphokine activated killer cells
LAMP: Loop-mediated isothermal amplification
LATS: Long-acting thyroid stimulator
LBW: Low-birth weight
LCB stain: Lactophenol cotton blue stain
LCM virus: Lymphocytic choriomeningitis virus
LD: Lethal dose
LF(s): Lactose fermenter(s) 
LGL: Large granular lymphocyte
LGV: Lymphogranuloma venereum
LJ medium: Lowenstein Jensen medium 
LL: Lepromatous leprosy 
LLF(s): Late lactose fermenter(s)
LMW: Low-molecular weight 
LPA: Line probe assay
LPS(s): Lipopolysaccharide(s)
LTRs: Long-terminal repeat sequences
MAC: Mycobacterium avium-complex
MAC-ELISA: IgM antibody capture enzyme-linked 
immunosorbent assay
MALDI-TOF: Matrix-assisted laser desorption ionization 
time of flight 

MAT: Microscopic agglutination test
MCH: Mean corpuscular hemoglobin 
MCHC: Mean corpuscular hemoglobin concentration
MCV: Mean corpuscular volume 
MCV: Molluscum contagiosum virus 
MDR: Multidrug resistance 
MDR-TB: Multidrug-resistance tuberculosis
MERS-CoV: Middle-East respiratory syndrome-related 
coronavirus
MFS stain: Masson Fontana silver stain
MHA: Muller Hinton agar
MHC: Major histocompatibility complex
MIC: Minimum inhibitory concentration 
MID: Minimum infecting dose
MIO test: Motile indole ornithine test
MIS-C: Multiorgan inflammatory syndrome in children 
MLD: Minimum lethal dose
MMR vaccine: Measles-mumps-rubella vaccine
MMRV vaccine: Measles-mumps-rubella varicella 
vaccine
MOHFW: Ministry of Health and Family Welfare 
MOI: Multiplicity of infection
MOMP: Major outer membrane protein
MR vaccine: Measles-rubella vaccine
MRSA: Methicillin-resistance Staph. aureus 
MSP: Mycobacteria as skin pathogen
MSSA: Methicillin-susceptible Staph. aureus
MTC: Mycobacterium tuberculosis complex
MW: Molecular weight
NA: Nucleic acid
NACO: National Aids Control Organisation (New Delhi)
NANB hepatitis: Non-A non-B hepatitis
NASBA: Nucleic acid sequence base amplification
NB: Nutrient broth
NCTC: National collection of type culture
NGO(s): Non-government organization(s)
NGU: Non-gonococcal urethritis 
NIH: National Institute of Health
NIV: National Institute of Virology (Pune) 
NK cells: Natural killer cells
NLF(s): Non-lactose fermenter(s)
NS: Normal saline
NSF(s): Non-sucrose fermenter(s)
NTM: Nontuberculous mycobacteria
OF test: Oxidation–fermentation test
OMP: Outer membrane protein 
ONPG test: O-Nitro phenyl-β-D-galactosidase test
OPV: Oral polio vaccine
PAGE: Polyacramide gel electrophoresis
PAIR: Puncture, aspiration, injection and reaspiration
PAMPs: Pathogen-associated molecular patterns 
PAMs: Pulmonary alveolar macrophages
PANGOLIN: Phylogenetic Assignment of Named Global 
Outbreak LINeage
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xxviii PAS stain: Periodic-acid Schiff stain

PBS: Peripheral blood smear
PCA: Passive cutaneous anaphylaxis
PCM: Phase-contrast microscope 
PCP: Pneumocystis pneumonia
PCR: Polymerase chain reaction
PCV: Packed cell volume
PDAB: Para-dimethyl aminobezadehyde
PEM: Protein-energy malnutrition
PEP: Post-exposure prophylaxis 
PFGE: Pulse field gel electrophoresis
PHC: Primary Health Center
PHOL stain: Pal, Hasegawa, Ono and Lee stain
PIA: Pseudomonas-isolation agar 
PIMS: Pediatric inflammatory multisystem syndrome 
PIMs: Potentially infectious materials 
PJP: Pneumocystis jirovecii pneumonia 
PK reaction: Praunitz-Kustner reaction 
PML: Progressive multifocal leuko-encephalopathy
PMNs: Polymorphonuclear cells
Pn G: Penicillin G
PPA test: Phenyl pyruvic acid test
PPD: Purified protein derivative
PPE (s): Personal protective equipment (s)
PPI: Pulse polio immunization 
PPLO: Pleuropneumonia like organism
ppm: parts per million
PPNG: Penicillinase-producing Neisseria gonorrhoeae 
PPTCT: Prevention of parent-to-child transmission 
PRAS: Prereduced anaerobic system
PRNT: Plaque reduction neutralization test 
PRP: Polyribosyl ribitol phosphate
PRRs: Pattern recognition receptors 
PT medium: Potassium tellurite medium
PVC: Polyvinylchloride
PW: Peptone water
PYG agar: Peptone yeast extract glucose agar 
PYR: L- pyrrolidonyl β-naphthylamide 
RA: Rheumatoid arthritis
RB: Reticulate body 
RBF: Rat bite fever
RCMM: Robertson’s cooked meat medium
RE system: Reticuloendothelial system
REA: Restriction endonuclease analysis 
RF: Rheumatoid factor
RFLP: Restriction fragment length polymorphism
RIA: Radioimmunoassay 
RNP: Ribonucleoprotein
RNTCP: Revised National Tuberculosis Control Program
RPR test: Rapid plasma reagin test
RSV: Respiratory syncytial virus
RT- PCR: Reverse transcriptase PCR 
RTF: Resistance transfer factor

S/C: Subculture
SABE: Subacute bacterial endocarditis
SALT: Skin-associated lymphoid tissue 
SARS-CoV (1 and 2): Severe acute respiratory syndrome 
related coronavirus (1 and 2)
SAT: Standard agglutination test
SC: Status code
SC: Subcutaneous
SCC: Squamous cell carcinoma
SDA: Sabouraud dextrose agar 
SDA: Strand displacement amplification
SDL: Self directed learning
SDS-PAGE: Sodium dodycile sulfate-polyacramide gel 
electrophoresis 
SGD: Small group discussion
SIM test: Sulfide indole motility test 
SIV: Simian immunodeficiency virus 
SLE: Systemic lupus erythematosus
SLT: Shiga-like toxin
Sp./spp.: Species
SPA: Surface protein antigen 
SPE: Streptococcal pyrogenic exotoxin 
SPS: Sodium polyanethol sulfonate 
ss: Single stranded
SSI: Surgical site infection 
SSPE: Subacute sclerosing panencephalitis
SSS: Specific soluble substance
SSSS: Staphylococcal-scalded skin syndrome
STSS: Streptococcal toxic shock syndrome 
SUDV or SEBOV: Sudan ebola virus
SWG: Standard wire gauge
TAFV: Tai forest ebola virus
TATA: Tumor-associated transplant antigen
Tc cells: T cytotoxic cells (cytotoxic T cells) 
TCBS agar: Thiosulfate citrate bile salt sucrose agar
TCGF: T cell growth factor
TCID: Tissue culture infective dose
TCR(s): T-cell receptor(s)
Td : Diphtheria toxoid
TF: Transfer factor
Th cells: T helper cells (CD4+) 
TIG: Tetanus immunoglobulin
TIP: Translation inhibiting protein
TLRs: Toll-like receptors
TMA: Transcription-mediated amplification
TNF: Tumor necrosis factor
TPHA test: Treponema pallidum Hemagglutination test
TPI test: Treponema pallidum immobilization test
TPPA test: Treponema pallidum particle agglutination test
TRIC: Trachoma inclusion conjunctivitis
TSI medium: Triple sugar iron medium 
TSS: Toxic shock syndrome
TSST: Toxic shock syndrome toxin
TSTA: Tumor-specific transplant antigen
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xxixTT: Tetanus toxoid 
TT: Tuberculoid type 
UGC: Urogenital chlamydiasis
URTI: Upper respiratory tract infection
US FDA: United State Food and Drug Administration
UV light (rays): Ultraviolet light (rays)
VAP: Ventilator-associated pneumonia
VDPV: Vaccine derived polio virus
VDRL test: Venereal Disease Research Laboratory test 
–ve: Negative
VHF: Viral hemorrhagic fever
VISA: Vancomycin intermediate Staph. aureus

VPF: Vascular permeability factor 
VRE: Vancomycin-resistant Enterococcus 
VRSA: Vancomycin resistant Staph. aureus
VTM: Viral transport medium/media
VZV: Varicella zoster virus 
WB test: Western blot test
WPV: Wild polio virus
XDR: Extended drug resistance 
XDR-TB: Extended drug resistance tuberculosis 
XLD medium: Xylose lysine deoxycholate medium
ZEBOV: Zaire ebola virus
ZN stain: Ziehl-Neelsen stain
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