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Dedicated to

Our Beloved Parents, Family Members
And, above all, the Almighty

“Life is the most difficult exam. Many fail because they tend to copy others, not realizing that
everyone has a different question paper.”

“Gold medalists are not made up of gold. They are made up of determination and hard work and
ready to kill themselves to achieve their goals.”

“Success is not the key to happiness. Happiness is the key to success. If you love what you are doing,
you will be successful”

“You can succeed only if the fire inside you burns brighter than the fire around.”



Golden Rules of Goal Setting

Dear Students

Here are some important tips which will help you in setting your goals in studies:

1. Set Goals That Motivate You: This means making sure that they are important to you, and that there is value in
achieving them

2. Set SMART Goals
m Specific: Your goal must be clear and well defined, not vague or generalized
m Measurable: Goals must have measurable objectives
m Attainable : Make sure that your goals are achievable and within your limit
m Relevant: Will take you to the direction you want your life and career to go
m Time Bound: You must know when you have the deadline and can celebrate success

3. Set Goals in Writing: Written commitment in presence of your close people (parents, close friends) will always push
and remind you whenever you tend to deviate from your goal

4. Make an Action Plan: Do not focus only on the outcome, but make planning of all small steps that collectively take
to the outcome. This is especially important if your goal is big and demanding, or long-term

5. Monitor Yourself: Compliance to the action plan should be monitored at least weekly (for one month goal) or
monthly (for a yearly goal), depending upon your goal size.

Remember,
"Success is not final; failure is not fatal: It is the courage to continue that counts."
—Winston S Churchill

“There are two types of people who will tell you that you cannot make a difference in this world: those who are afraid
to try and those who are afraid you will succeed."

—~Ray Goforth
"Success ke piche mat bhago. Kabil bano kabil. Kamyabi toh sali jhak maar ke peeche ayegi."

—Aamir Khan



Foreword

It gives me immense pleasure to know that the third edition of Essentials of Medical Microbiology is to
be released. The first two editions were very well appreciated among faculty and students across the
country. The third edition is fully updated with a simple lucid presentation style like its earlier editions.
This updated edition of the book has come at a much-needed time when NMC has implemented
competency based medical education (CBME) and there is a strong need for a clinical microbiology
textbook with stress on the Indian perspective. There is also an urgent need for clinical microbiologists
with patient-centric bedside orientation rather than the age-old microbe-based laboratory limited
attitude. This textbook has been written from a syndromic rather than traditional organism-based
approach, in accordance with the revised competency based MBBS curriculum.

The book is aptly divided into two parts. The first part comprises of General Microbiology, Immunology and Hospital
Infection Control and the second part, Systemic Microbiology (Infectious Diseases), includes several sections, each starting
with a clinical infective syndrome followed by chapters covering detailed information about the etiological agents and their
specific pathogenetic, epidemiological and clinical characteristics.

Parasitology has been added and therefore it obviates the need for a separate book. General Microbiology section
has been meticulously restructured with the inclusion of chapters on general virology, general parasitology and general
mycology. General bacteriology is reorganized into a single chapter with several subchapters. To help understand individual
organisms better when discussed under systemic microbiology, overview chapters have been included in the general
microbiology section.

Hospital Infection Control section has been extensively updated with addition of contemporary topics like major types
of HAI, monitoring of antimicrobial stewardship, escalation and de-escalation strategy, donning and doffing of PPE and
transmission-based precautions. The chapter on sterilization and disinfection has been completely revised based on hospital
use of sterilizers and disinfectants and shifted to hospital infection control section.

Microbiology in 2020 cannot be complete without COVID-19 and a chapter has been rightly added covering details
about the most catastrophic and enigmatic disease, the COVID-19 and its agent SARS-CoV-2. Annexures section has been
expanded to include several new and relevant topics such as opportunistic infections, transplant infections, national health
programmes for communicable diseases, vector-borne diseases, transfusion-transmitted infections and AETCOM (attitude,
ethics and communication) in Microbiology. AETCOM module has been added as a new annexure, which covers topics
pertaining to confidentiality in disclosing laboratory reports and demonstration of respect for patient samples.

Updates and recent advances have been made in epidemiology, laboratory diagnosis, treatment guidelines and vaccine
prophylaxis of infectious diseases including tuberculosis and HIV.

| congratulate Dr Apurba S Sastry and his wife Dr Sandhya Bhat, for this commendable work and | am sure that this book
will be widely read and appreciated by both undergraduate and postgraduate students of microbiology.
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Pallab Ray MD

President

Indian Association of Medical Microbiologists (IAMM)
Professor

Department of Microbiology, PGIMER, Chandigarh, India



I am happy to know that the third edition of Essentials of Medical Microbiology is to be released. This is
a Clinical Microbiology textbook written in a system-wise approach, rather than traditional organism-
based approach, with Indian perspective. JIPMER has implemented system-based Microbiology in MBBS
curriculum since four years and we observed that students are finding it difficult to read organism-
based book when the syllabus is system-based. Therefore this book has come at a much desired time
when system-based Microbiology curriculum has been introduced pan India, by NMC.

0
o

Foreword

Book is divided into two parts.

m The first part comprises of General Microbiology, Immunology and Hospital Infection Control.

m The second part ‘Systemic Microbiology (Infectious Diseases)’ comprises of several sections, each comprising a first
chapter on clinical infective syndrome followed by several chapters covering detailed information about the etiological
agents

Parasitology has been incorporated and therefore it obviates the reading of a separate book.

Hospital Infection Control section has been thoroughly updated with the inclusion of new topics such as major HAl types,

monitoring of antimicrobial stewardship, escalation vs de-escalation strategy, donning/doffing of PPE and transmission-

based precautions.

General Microbiology section has been meticulously restructured with the inclusion of general virology, general

parasitology and general mycology chapters. General bacteriology is reorganized into a single chapter with several

subchapters.

Overview chapters have been incorporated in the general microbiology section, which will help in better understanding

of individual organisms when discussed under systemic microbiology.

Sterilization and disinfection chapter has been completely revised based on hospital use of sterilizers and disinfectants;

and has been shifted to Hospital Infection Control section.

A chapter on COVID-19 has been added, covering the latest pandemic in detail.

Annexures section has been expanded to include several new topics such as opportunistic infections, transplant infections,

national health programmes for communicable diseases, vector-borne diseases, transfusion-transmitted infections and

AETCOM in Microbiology.

AETCOM module has been added as a new annexure, which covers topics pertaining to confidentiality in disclosing

laboratory reports and demonstration of respect for patient samples.

| really appreciate the efforts made by my student and now colleague Dr Apurba S Sastry and his wife Dr Sandhya Bhat,

for this praiseworthy work and | am sure that this book will be widely read by both undergraduate and postgraduate

students of Microbiology.
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Sujatha Sistla MD

Professor

Department of Microbiology
Jawaharlal Institute of Postgraduate

Medical Education and Research (JIPMER)
Puducherry, India



Preface to the Third Edition

It gives usimmense pleasure to announce the release of third edition of Essentials of Medical Microbiology.
The excitement reaches its pinnacle as our sleepless nights of last ten months have come to an end.
The first two editions were highly appreciated among students and faculty. Many have described it as
‘highly recommended; ‘extraordinary book; ‘boon for exam, ‘well organized; etc.

Clinical Microbiology, in True Sense

The making of this third edition is a revolutionary event in our life, as we went through a journey where

we experienced how Microbiology can be changed to suit to the need of an Indian Medical Graduate.

< This book is prepared according to new MBBS curriculum and the content of the book was modified Apurba S Sastry
from the traditional organism-based teaching to system-based teaching. The content has been
updated, concised and reshuffled—the three major types of changes incorporated in this edition.

< Parasitology has also been incorporated into this book under the respective infective syndromes,
thus obviates the reading of a separate parasitology book.

< The reduction of the content is made by keeping the perspective of an Indian medical graduate in
mind. The book is categorized into two parts, which is further divided into eleven sections.

Part I: General Microbiology, Inmunology, Hospital Infection Control

Part | comprises of three sections—General Microbiology, Immunology, and Hospital Infection Control Sandhya Bhat

% Section 1: General Microbiology section is meticulously restructured with the inclusion of general
virology, general parasitology and general mycology chapters. General bacteriology is reorganized into a single
chapter with several subchapters. Overview chapters have been incorporated in this section, which will help in better
understanding of individual organisms when discussed under systemic microbiology.

% Section 2: Immunology section is thoroughly updated. Various topics have been updated such as MAC ELISA, National
Immunization Schedule 2020, diagnosis of type | hypersensitivity (atopy), etc. Outdated topics such as precipitation,
neutralization, complement fixation, etc. have been concised.

< Section 3: Hospital infection control (HIC) section needs a special mention. We must say that this section underwent a major
update. In the era of COVID-19 pandemic, the significance of HIC is being increased to thousand folds. Every healthcare
personnel is supposed to be well verse with the finer details of HIC. Therefore, the updated version of this section will be
a key in making of a skilled Indian medical graduate.

m The content has been thoroughly updated with the inclusion of new topics such as Major HAI types, monitoring
of antimicrobial stewardship, escalation vs de-escalation strategy, donning/doffing of PPE and transmission-based
precautions.

m The sterilization and disinfection chapteris completely revised based on hospital use of sterilizers and disinfectants
rather than traditional "Microbiology use’and aptly shifted from general microbiology section to HIC section.

Part Il: Systemic Microbiology (Infectious Diseases)

It comprises of eight sections, each comprises of a chapter on clinical infective syndrome followed by several chapters

covering detailed information about the etiological agents. Chapters on clinical infective syndromes—represent the first

chapter of every section; covers various infective syndromes pertaining to that system in detail.

< Section 4: Bloodstream and cardiovascular system infections section covers topics such as infective syndromes (infective
endocarditis, rheumatic fever, bloodstream infections, etc.), enteric fever, rickettsial infections, brucellosis, leptospirosis,
borreliosis, HIV/AIDS, viral hemorrhagic fever, malaria, visceral leishmaniasis and trypanosomiasis, lymphatic filariasis,
systemic candidiasis and systemic mycoses.

< Section 5: Gastrointestinal (Gl) infections section covers topics such as infective syndromes (diarrhea, dysentery, food
poisoning, etc.), Gl infections due to Enterobacteriaceae (diarrheagenic E.coli, shigellosis, yersiniosis, nontyphoidal
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salmonellosis), cholera, Helicobacter, Campylobacter and Clostridioides difficile infections, viral gastroenteritis, intestinal
protozoan and helminthic infections.

» Section 6: Hepatobiliary system infections section covers topics such as infective syndromes (liver abscess, peritonitis, etc.),
viral hepatitis, yellow fever, amoebic liver abscess, hydatid disease and Trematode infections of liver.

» Section 7: Skin, soft tissue and musculoskeletal system infections section covers topics such as infective syndromes,
staphylococcal and streptococcal infections, gas gangrene and infections due to non-sporing anaerobes, leprosy, anthrax,
actinomycosis, nocardiosis, non-venereal treponematoses, viral exanthems and other cutaneous viral infections, parasitic
and fungal infections of skin, soft tissue and musculoskeletal systems.

» Section 8: Respiratory tract infections section covers topics such as infective syndromes, bacterial pharyngitis (streptococcal
pharyngitis, and diphtheria), bacterial lobar pneumonia (pneumococcal pneumonia, Haemophilus influenzae pneumonia
and others), bacterial atypical (interstitial) pneumonia (Mycoplasma, Chlamydia and Legionella), tuberculosis and non-
tuberculous mycobacteria infections, pertussis, infections due to non-fermenting gram-negative bacilli, viral infections
(myxoviruses—influenza, parainfluenza, mumps and respiratory syncytial virus, coronavirus, rhinovirus, adenovirus and
infectious mononucleosis), parasitic infections (e.g. paragonimiasis) and fungal infections (zygomycosis, aspergillosis
and pneumocystosis). Coronavirus has been added as a completely new chapter covering in detail about the most
catastrophic disease, the COVID-19.

» Section 9: Central nervous system infections section covers topics such as infective syndromes, bacterial meningitis
(meningococcal, pneumococcal, Haemophilus influenzae, Listeria, tubercular meningitis, spirochetal meningitis, and
others) tetanus, viral meningitis and myelitis (poliomyelitis and others), viral encephalitis and encephalopathy (rabies,
HSV and arboviral encephalitis), parasitic infections (neurocysticercosis, free-living amoebae infections, toxoplasmosis
and others) and fungal infections (cryptococcal meningitis and others).

» Section 10: Urogential tract infections section covers topics such as infective syndromes (UTI, pyelonephritis, genital
ulcers, urethritis, vulvovaginitis, etc.), urinary infections (Enterobacteriaceae, Enterococcus, Schistosoma haematobium
and others), and genital tract infections (syphilis, chancroid, donovanosis, gonorrhea, genital Chlamydia trachomatis
infection, trichomoniasis and genital candidiasis).

» Section 11: Miscellaneous infective syndrome section covers topics such as ocular and ear infections, congenital infections,
organisms with oncogenic potential and zoonotic infections.

» Annexures: It has been expanded to include several new topics such as opportunistic infections, post-transplantation
infections, national health programmes for communicable diseases, vector-borne diseases, and transfusion-transmitted
infections. AETCOM module has been added as a new annexure, which covers several case scenarios pertaining to
confidentiality in disclosing laboratory reports and demonstration of respect for patient samples

» Most features of the previous editions have been maintained: Such as concept of more content-less pages, concise,
bulleted format and to-the-point text, simple and lucid language, separate boxes for summary of laboratory diagnosis
and treatment for quick review, clinical case-based essay questions at the end of each chapter.

As you know, human errors are inevitable; and no book is immune to it. We would request all the readers to provide any
errata found and also valuable suggestions and updates via e-mail.

This is probably the first book in India on ‘Clinical Microbiology;, in true sense. We are confident and hoping that you all

will fall in love with this edition of the book.

e bt

Apurba S Sastry Sandhya Bhat
drapurbasastry@gmail.com sandhyabhatk@gmail.com



Preface to the First Edition

The association of man and microorganisms, and their fight to survive each other is never-ending. With the increasing
complexity of interaction between man and microbes, the relevance of studying medical microbiology has increased
manifold. Our book titled Essentials of Medical Microbiology attempts to provide smart ways to master the world of
microbes relevant to the mankind.

The idea of yet another book on the subject, but with a quite different approach was born after several discouraging and
unsatisfying experiences with several existing books regarding many needs of the enthusiastic students of the subject and
a strong desire to make medical microbiology more interesting, up-to-date, clinically relevant and yet palatable to mainly
undergraduate students of medicine and also the postgraduate aspirants and students. This book was conceptualized
and brought to reality to meet the strongly felt diverse needs of the Indian students, such as gaining essential concepts,
acquiring contemporary knowledge, approaching university exams with ease and confidence, scoring high in postgraduate
entrance examinations, etc.

The book focuses on providing good foundation in clinically important concepts and principles of microbiology. Enough
(over 300) tables and flowcharts have been included along with the text. Over 200 schematic diagrams have been drawn to
simplify difficult concepts, and they are easy to reproduce where necessary as in examinations. Plenty of clinical photographs
(over 400) included in the book will create a real life-like picture in the minds of the reader and also are meant to help solving
image-based MCQs in postgraduate entrance examinations. It has more content in fewer pages, making the book handy.
The concise bulleted format and to-the-point text used in this book will be helpful in rapid revision before the examinations.
Best attempts have been made to keep the language simple yet lucid to help easy comprehension. Summary of laboratory
diagnosis and treatment in separate boxes makes quick review possible. Highlighted boxes are incorporated to cover
the important concepts. In a nutshell, this book is carefully written targeting to meet the varied needs of undergraduate
students with an approach that will orient them to build concepts and to clear undergraduate examinations as well as to
equip them for postgraduate entrance examinations in future.

General Microbiology section deals with principles of microscopy, morphology, physiology, culture identification of
bacteria, concepts of bacterial genetics, etc. Principles of sterilization, antimicrobial chemotherapy and susceptibility testing
are also explained in detail.

It is our humble hope that this book would change the general feeling of the students regarding immunology as being
a difficult section into immunology as an interesting and enjoyable topic. In this section, topics such as immunity, antigen,
antibody, complement and structure of immune system are explained in a simple and logical manner. Chapters like Immune
Response and Antigen-Antibody Reaction have been fully updated according to the current need. Appropriate diagrams and
flowcharts are incorporated to make critically tough content easy to grasp. Topics such as autoimmunity, inmunodeficiency
and immunization provide complete and latest information compiled in tabular form at one place.

Systematic Bacteriology section deals with individual bacterial pathogens in detail. Flow of information follows a very
logical and clinically relevant course. More stress is given to the knowledge that helps in clinical setting and a careful attempt
has been made to reduce the obsolete and not-so-useful core microbiology content. Sections like laboratory diagnosis,
treatment and prophylaxis are most updated and referenced from internationally accepted literature and guidelines.

Virology is another section where the readers will find a different approach from the existing books. The updated and
succinct information provided in this section with emphasis on pathogenesis and laboratory diagnosis will be useful to the
students.

This book also addresses to the long-time complaint of the undergraduate students about unavailability of a concise and
pictorialized Mycology section. Written in a clear and concise manner with appropriate and beautiful schematic pictures,
images and illustrations, this section will surely make the students enjoy reading.

Applied Microbiology covers important aspects of various clinical infective syndromes with special reference to the
approach towards the diagnosis. Useful information regarding hospital-acquired infections and biomedical waste
management have been incorporated. The annexure incorporated at the end covers the recent topics, such as emerging
pathogens, bioterrorism and laboratory-acquired infections.



Essentials of Medical Microbiology

Clinical case-based essay questions and MCQs are given at the end of each chapter to orient and prepare students for
the examinations. Advanced and newer postgraduate entrance-oriented topics like HIN1, ebola, polio eradication, bacterial
drug resistance mechanisms (such as ESBL, VRSA, VRE), automations and molecular methods in microbiology, etc. are
incorporated.

We hope that the undergraduates, postgraduate aspirants, and postgraduate students will relish reading this book and
find it useful. We also hope that we have made a good start in addressing the varied needs of students and faculty teaching
medical microbiology with a single comprehensive book. We will feel glad to receive your valuable feedback, which will
enable us to improve further.
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Apurba S Sastry Sandhya Bhat
drapurbasastry@gmail.com sandhyabhatk@gmail.com
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Organism Assignment into Various Systems

This book has followed system-wise approach rather traditional organism-based approach to discuss the etiological agents

of infectious diseases.
The assignment of organisms under each system is mainly based on the organs/systems they principally infect and

produce manifestations; not based on their mode of transmission or habitat or source (e.g. animal). For examples,

% HIVis discussed under bloodstream, not genitourinary section. This is because HIV is only transmitted sexually, but does
not produce any genital manifestations

< Anthrax is discussed under skin and soft tissue infections; not under zoonotic infection

< Enteric fever is discussed under bloodstream, not GIT section. This is because Salmonella Typhi is only transmitted by
enteric route, but manifestations are largely extraintestinal

% Schistosoma mansoniand S. haematobium are discussed under infections of GIT and urinary tract respectively. Although
called as blood flukes (because of their habitat); the manifestations are confined to GIT and urinary tract.

< For the organism infecting more than one system, it is discussed under the major system it principally infects and is briefly
discussed under other system(s) by keeping only the relevant points.
The table below is a guide for the reader to find out the chapters in which the organisms are discussed. The chapter

numbers in‘bold’ are the systems in which the organisms are discussed in detail.

Table 1: Etiological agents of infectious diseases

Gram-positive cocci Clostridioides difficile 43 422
Staphylococcus aureus, Coagulase 51, 28,40,61 511, 290, Non-sporing anaerobes 53 531
negative, Staphylococcus (CoNS) 395,518 Mycobacterium tuberculosis 63, 55,71, 623,547, 699,
Staphylococcus saprophyticus 76 752 76,77 752,770
Streptococcus species 52 520 Non-tuberculous Mycobacteria 63,55 636,547
Classification 52 520 Mpycobacterium leprae 54 534
Streptococcus pyogenes 52,60 520, 598 Actinomyces 55 542
Streptococcus agalactiae 52,71,77 525,694,775 Nocardia 55 544
Enterococcus 76 750 Listeria monocytogenes 71 698
Viridans streptococci 28 290 Erysipelothrix rhusiopathiae 55 547
Streptococcus pneumoniae 61,71 606, 695 Tropheryma whipplei 39 393
Gram-negative cocci Gram-negative bacilli
Neisseria meningitidis 71,55 695, 546 Enterobacteriaceae 41 400
Neisseria gonorrhoeae 77,60 764, 605 Escherichia coli 41,76 400
Moraxella species 61,78 617,780 Shigella 4 404
Gram-positive bacilli Salmonella 30, 41 302, 406
Corynebacterium diphtheriae 60, 55 599, 547 Klebsiella 61 614
Diphtheroids 60 604 Enterobacter 61 615
Bacillus anthracis 55,61 539,616 Serratia 61 615
Bacillus cereus 40 395 Citrobacter e 749
AEETEER 53 527 Proteus, Providencia, 76 749
Morganella
Clostridium perfringens 53 528 S 81 307
Clostridium tetani 72 702 Y. enterocolitica a1 407

Clostridium botulinum 40 397 Y. pseudotuberculosis
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Vibrio and Aeromonas

Non-fermenting gram-
negative bacilli—Pseudomonas,
Acinetobacter, Burkholderia,
Stenotrophomonas

Haemophilus influenzae
Haemophilus ducreyi
Haemophilus aegyptius
HACEK group
Bordetella

Brucella

Other gram-negative bacilli
Campylobacter
Helicobacter

Legionella

Klebsiella granulomatis

Agents of rat bite fever
(Streptobacillus, Spirillum)

Miscellaneous bacterial agents
Spirochetes
Treponema pallidum

Non-venereal treponematoses

Borrelia
Leptospira

Rickettsiae and related genera
— Rickettsia, Orientia, Bartonella,
Ehrlichia

Chlamydia trachomatis
Chlamydophila psittaci
Chlamydophila pneumoniae
Mycoplasma pneumoniae
Urogenital Mycoplasma

DNA viruses
Herpesviruses

Herpes simplex virus

Varicella-zoster virus

Epstein-Barr virus

Cytomegalovirus

Human herpes virus 6 and 7

Human herpes virus 8
Other DNA viruses

Parvoviruses

Papillomaviruses

Poxviruses

Adenoviruses

Bacteriophages

42
65

61,71
77
78
28
64
32

43
43
62
77
81

32
77,71,79
55
32
32
31

77,78, 62
62
62
62
77

56

56,73,74,77,
78,79

56,78,79
68, 80, 56
79, 56

56

80, 56

56,79
80, 56, 77
56

68, 78,44

4

410,418
642

610, 697
762
780
291
638
316

419
420
621
763
813

319
756,700, 799
545
322
319
310

766,781,621
620
620
618
770

550

551,708,
716,762,785,
797

554,785,797
672,802, 550
795, 550
556

803, 556

556, 798
803,557,771
557

674

97

RNA viruses

Orthomyxoviruses (Influenza
viruses)

Paramyxoviruses
Parainfluenza viruses
Mumps virus
Measles virus
Respiratory syncytial virus
Nipah and Hendra viruses

Rubella virus

Picornaviruses
Polioviruses
Coxsackie viruses
Other enteroviruses
Rhinoviruses

Arboviruses
Classification
Dengue, Chikungunya
Kyasanur forest disease virus

Japanese encephalitis virus
West Nile virus

Yellow fever

Zika virus
Rabies virus
HIV and other retroviruses
Hantaviruses and Arenaviruses
Ebola and Marburg viruses
Coronaviruses

Viral gastroenteritis (Rotaviruses,
Noroviruses and others)

Slow viruses and prion disease
Other group of viruses
Hepatitis viruses

Oncogenic viruses

Amoeba
Entamoeba histolytica
Nonpathogenic Amoebae

Free-living Amoebae: Naegleria,
Acanthamoeba, Balamuthia,
Sappinia

Flagellates

Giardia lamblia
Trichomonas vaginalis
Leishmania

Trypanosoma cruzi

Trypanosoma brucei complex

66

66
66
66,73
56,74
66
74
56,79
73
73
73
73
68
34
34
34
34
74

48
79
74
33,80
34
34
67
44

74

48, 80
80

45, 49
45
75

45

77

36,57
36,57,78,79

36,75

648

655
655
656, 709
559,724
657
718
562,794
707
709
707
707
675
336
337
338, 341
342
716,718

489
798
718
325,801
345
343
660
424

724

476
800

427,491
432
727,729,730

433
771
360, 565

366, 572,
787,799

368, 735
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Apicomplexa
Malaria parasites and Babesia
Toxoplasma

Cryptosporidium, Cyclospora,
Cystoisospora

Sarcocystis
Miscellaneous Protozoa
Balantidium coli
Blastocystis

Cestodes
Diphyllobothrium latum
Taenia saginata

Taenia solium (intestinal)
Taenia solium (cysticercosis)
Echinococcus granulosus
Hymenolepis nana
Dipylidium caninum
Trematodes
Schistosoma haematobium
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Clonorchis sinensis
Opisthorchis viverrini
Paragonimus westermani
Intestinal Nematodes
Trichuris trichiura
Enterobius vermicularis
Ascaris lumbricoides

Hookworm: Ancylostoma and
Necator

Strongyloides stercoralis
Somatic Nematodes

Lymphatic filarial
nematodes Wuchereria bancrofti
Brugia malayi, B. timori

Cutaneous filarial nematodes: Loa
loa, Onchocerca, Mansonella

Dracunculus medinensis

Trichinella spiralis

35,75,79
75,78,79
45

45,57

45
45

46
46
46
75,57,78
49
46
46

76

46, 75, 49
46, 75,49
46

49

49, 80
49, 80

69

46
46

46,69
46,57,69

46,75

37

57

57
57

346, 734,799
731,787,793
437

442,572

441
442

450
447
447
735,573,788
493
450
450

753
454,738,498
455,738,498
456

497

498, 806
498, 806

676

458

459

461,678
463,572,678

466, 739

370

567

569
570

Nematodes of lower animals
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Capillaria species

Sarcoptes scabiei

Superficial mycoses
Tinea versicolor: Malassezia furfur
Tinea nigra: Hortaea werneckii

Piedra: Trichosporon beigelii, Piedraia
hortae

Dermatophytosis: Trichophyton,
Microsporum, Epidermophyton

Subcutaneous mycoses

Mycetoma: Madurella mycetomatis
and others

Sporothrix schenckii
Chromoblastomycosis
Phaeohyphomycosis
Rhinosporidium seeberi
Systemic mycoses

Histoplasma, Blastomyces,
Coccidioides, Paracoccidioides

Opportunistic mycoses
Candida species

Cryptococcus neoformans

Zygomycosis: Rhizopus, Mucor,
Lichtheimia

Aspergillosis: Aspergillus flavus,
A. fumigatus, A. niger

Penicillium marneffei
Other Penicillium species
Pneumocystis jirovecii
Fusarium species
Others

Microsporidia species

Mycotoxicoses

49
57
49
75
76
46,49
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58
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58

58
58
58
58

38

38,58,77

75,69
69,78

69

58
69
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78

45, 58,78
40

499
572
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739
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469, 499
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CHAPTER
Introduction and History

CHAPTER PREVIEW

m Clinical Microbiology

= (Classification of Microorganisms

= History

CLINICAL MICROBIOLOGY

Medical microbiology is a branch of medicine that deals
with the study of microorganisms such as such as bacteria,
viruses, parasites or fungi; which produce disease in
humans, called as infectious diseases.

Clinical microbiology is a branch of medical science
concerned with the prevention, diagnosis and treatment
of infectious diseases. The various branches of clinical
microbiology include:

# General microbiology: It deals with the study of general
properties of microorganisms—taxonomy, morphology,
pathogenesis, laboratory diagnosis, and treatment for
their effective killing

» Immunology: It deals with the study of the immune
system, immunological mechanisms of infectious
diseases and various immunological methods for
diagnosis of infectious diseases

» Hospital infection control: It deals with the study of
various control measures to prevent the transmission of
healthcare associated infections

» Systemic microbiology (infectious diseases):
Microorganisms infect various organ systems of our
body. Accordingly, the infectious diseases are classified
into various clinical syndromes
® Bloodstream and cardiovascular system infections
m Gastrointestinal and hepatobiliary system infections
m Skin, soft tissue and musculoskeletal system infec-

tions

Central nervous system infections

Respiratory tract infections

Urinary tract infections

Genital tract infections

Infections of eye, ear and others.

e

<o
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CLASSIFICATION OF MICROORGANISMS

Microorganisms are grouped under both prokaryotes and
eukaryotes.

Table 1.1: Characteristics of prokaryotes and eukaryotes.
Characteristics Prokaryotes M

Major groups Bacteria, blue Fungi, parasites, other
green algae algae, plants and animals
Nucleus Diffuse Well defined
Nuclear membrane Absent Present
Nucleolus Absent Present
Ribonucleoprotein  Absent Present

Cell division Binary fission Mitosis, meiosis

Chromosome One, circular Many, linear
Extrachromosomal Found in Found in mitochondria
DNA plasmid

Does not contain Contain sterols

sterols except in

Cell membrane

Mycoplasma
Cellular organelles like Absent (except  Present
mitochondria, etc. ribosome)
Ribosome 70S 80S
Site of respiration Mesosome Mitochondria
Pinocytosis Absent Present

Abbreviation: S, Svedberg unit.

% Bacteria and blue green algae are placed under
prokaryotes. They have a primitive nucleus, and other
properties of a prokaryotic cell (Table 1.1)

< Whereas other algae, fungi and parasites (protozoa and
helminths) belong to eukaryotes; having a well-defined
nucleus and various eukaryotic cellular organelles

% Viruses are neither considered as prokaryotes nor
eukaryotes because theylack the characteristics of living
things, except the ability to replicate.

HISTORY

The existence of microorganisms was hypothesized for
many centuries before their actual discovery. The teaching
of Mahavira (Jainism, 6th century BC) and the postulation
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Figs 1.1A to D: Eminent microbiologists: A. Antonie van
Leeuwenhoek; B. Louis Pasteur; C. Robert Koch; D. Paul Ehrlich.

Source: Wikipedia (with permission).

of Varo and Columella (who named the invisible organisms
as ‘Animalia minuta’) were some of those attempts. The
eminent personalities in the field of Microbiology and their
important contributions have been described below.

Antonie Philips van Leeuwenhoek (1676)

He was the first scientist who observed bacteria and
other microorganisms, using a single-lens microscope
constructed by him and he named those small organisms
as ‘Little animalcules’ (Fig. 1.1A).

Edward Jenner

Edward Jenner 1796, developed the first vaccine of the
world, the smallpox vaccine. He used the cowpox virus
(Variolae vaccinae) to immunize children against smallpox
from which the term ‘vaccine’ has been derived. The same
principles are even used today for developing vaccines.

Louis Pasteur

Microbiology developed as a scientific discipline from
the era of Louis Pasteur (1822-1895). He is also known as
‘father of microbiology’. He was a professor of chemistryin
France. His studies on fermentation led him to take interest
to work in microbiology (Fig. 1.1B). His contributions to
microbiology are as follows:

* He had proposed the principles of fermentation for
preservation of food

% He introduced the sterilization techniques and
developed steam sterilizer, hot air oven and autoclave

#» He described the method of pasteurization of milk

% He had also contributed for the vaccine development
against several diseases, such as anthrax, fowl cholera
and rabies

% He disproved the theory of spontaneous generation of
disease and postulated the ‘germ theory of disease’ He
stated that disease cannot be caused by bad air or vapor,
but it is produced by the microorganisms present in air

% Liquid media concept: He used nutrient broth to grow
microorganisms

“ He was the founder of the Pasteur Institute, Paris.

Joseph Lister

Joseph Lister (1867) is considered to be the ‘father of
antiseptic surgery. He had observed that postoperative
infections were greatly reduced by using disinfectants
such as diluted carbolic acid during surgery to sterilize the
instruments and to clean the wounds.

Robert Koch

Robert Koch provided remarkable contributions to

the field of microbiology. He was a German general

practitioner (1843-1910) (Fig. 1.1C). His contributions
are as follows:

% He introduced solid media for the culture of bacteria.
Eilshemius Hesse, the wife of, one of the Koch'’s assistants
had suggested the use of agar as solidifying agents

# He also introduced methods for isolation of bacteria in
pure culture

% He described hanging drop method for testing motility

» He discovered bacteria such as the anthrax bacilli,

tubercle bacilli and cholera bacilli

» He introduced staining techniques by using aniline dye

Koch’s phenomenon: Robert Koch observed that guinea

pigs already infected with tubercle bacillus developed a

hypersensitivity reaction when injected with tubercle

bacilli or its protein. Since then, this observation is called
as Koch’s phenomenon

< Koch’s postulates: Robert Koch had postulated that a
microorganism can be accepted as the causative agent
of an infectious disease only if four criteria are fulfilled.
These criteria are as follows:

1. The microorganism should be constantly associated
with the lesions of the disease

2. It should be possible to isolate the organism in pure
culture from the lesions of the disease

3. The same disease must result when the isolated mi-
croorganism is inoculated into a suitable laboratory
animal

Qe
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4. It should be possible to re-isolate the organism
in pure culture from the lesions produced in the
experimental animals.

An additional fifth criterion was introduced
subsequently which states that antibody to the causative
organism should be demonstrable in the patient’s serum.
Exceptions to Koch’s postulates: It is observed that it is
not always possible to apply these postulates to study all
the human infectious diseases. There are some bacteria
that do not satisfy one or more of the four criteria of Koch'’s
postulates. Those organisms are:

% Mycobacterium leprae and Treponema pallidum:
They cannot be grown in vitro; however, they can be
maintained in experimental animals

% Neisseria gonorrhoeae: There is no animal model;
however, it can be grown in vitro.

Paul Ehrlich

Paul Ehrlich (1854-1915) was a German scientist and is

also known as ‘father of chemotherapy’ (Fig. 1.1D). His

contributions are as follows:

% He was the first to report the acid-fast nature of tubercle
bacillus

» He developed techniques to stain tissues and blood
cells

» He proposed a toxin-antitoxin interaction called
Ehrlich phenomenon and also introduced methods of
standardising toxin and antitoxin

» He proposed the ‘side chain theory for antibody
production’

» Chemotherapy: He discovered salvarsan, an arseni-
cal compound (also called as the ‘magic bullet’) as

P

P

P
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Table 1.2: Discovery of important microorganisms.

Ogston

Neisser
Weichselbaum
Loeffler

Frenkel

Bruce

Kitasato

Hansen

Yersin and Kitasato
Schaudinn and Hoffman
Daniel Carrion
d'Herelle

WH Welch

Anthony Epstein and Yvonne Barr

Staphylococcus aureus
Neisseria gonorrhoeae

Neisseria meningitidis

Corynebacterium diphtheriae

Streptococcus pneumoniae

Brucella melitensis
Clostridium tetani
Mycobacterium leprae
Yersinia pestis
Treponema pallidum
Bartonella bacilliformis
Bacteriophages
Clostridium perfringens

Epstein-Barr virus

the first effective medicinal treatment for syphilis,
thereby initiating and also naming the concept of
chemotherapy

% The bacteria ‘Ehrlichia’ was named after him

% In 1908, he received the Nobel prize in Physiology or
Medicine for his contributions to immunology

% He was the founder and first director of what is known
now as the Paul Ehrlich Institute, Germany.

Other Important Contributors

< Hans Christian Gram (in 1884): He developed a method
of staining bacteria which was named as ‘Gram stain’
to make them more visible and differentiable under a
microscope

+ Ernst Ruska: He was the founder of electron microscope
(1931)

< Alexander Fleming (in 1929): He discovered the most
commonly used antibiotic substance of the last century,
i.e. penicillin

“ Goodpasture: He described the viral culture technique
in chick embryo

< Barbara McClintock: She described the mobile genetic
elements in bacteria called transposons

» Walter Gilbert and Frederick Sanger were the first to

develop (1977) the method of DNA sequencing

Karry B Mullis: Discovered polymerase chain reaction

(PCR) and was awarded Noble prize in 1993.

0
”

Discovery of Microorganisms

Several microorganisms were discovered by the scientists
(Table 1.2). The names of some of the bacteria have been
coined in the honor of the scientists who discovered them
(Table 1.3).

Nobel Laureates

A number of scientists in medicine or physiology have
been awarded Nobel Prizes for their contributions in
microbiology (Table 1.4).

Table 1.3: Bacteria named after the discoverers.

Kleb-Loeffler bacillus
Preisz Nocard bacillus
Koch Week bacillus

Corynebacterium diphtheriae
Corynebacterium pseudotuberculosis
Haemophilus aegyptius

Pfeiffer’s bacillus Haemophilus influenzae
Whitmore's bacillus Burkholderia pseudomallei
Battey bacillus Mycobacterium intracellulare
Johne's bacillus Mycobacterium paratuberculosis
Eaton’s agent

Gaffky-Eberth bacillus

Mycoplasma pneumoniae

Salmonella Typhi
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Table 1.4: Nobel laureates in medicine or physiology for their contributions in microbiology.

Nobel laureate

Emil A von Behring

Sir Ronald Ross

Robert Koch

Charles LA Laveran

Paul Ehrlich and Elie Metchnikoff
Charles Richet

Jules Bordet

Karl Landsteiner

Sir Alexander Fleming

F Enders, FC Robbins, TH Weller

J Lederberg and EL Tatum

Sir M Burnet and Sir PB Medawar
Watson and Crick

Peyton Rous

Holley, Khurana and Nirenberg

BS Blumberg

Rosalyn Yallow

B Benacerraf, F Dausset and G Snell
Barbara McClintoch

Georges Kohler

Niels Jerne

S Tonegawa

Kary B Mullis

Stanley B Prusiner

J Robin Warren and Barry J Marshal
Luc Montagnier and F Barre-Sinoussi
Harald zur Hausen

Bruce A Beutler and Jules A Hoffmann

Ralph M Steinman

Sir John B Gurdon and S Yamanaka
William C Campbell

Youyou Tu

I. Write short notes on:

2. Koch's postulates.

L

1. Contributions of Louis Pasteur to Microbiology.

1901
1902
1905
1907
1908
1913
1919
1930
1945
1954
1958
1960
1962
1966
1968
1976
1977
1980
1983

1984

1987
1993
1997
2005

2008

2011

2012
2015
2015

Development of antitoxin against diphtheria

Life cycle of malarial parasite in mosquitoes

Discovery of the causative agent of tuberculosis

Discovery of malarial parasite in unstained preparation of blood
Discovered selective theory of antibody formation

Discovered anaphylaxis

Discovered complement and developed complement fixation test
Described ABO blood group

Discovery of penicillin

Cultivation of polio viruses in tissue culture

Discovery of conjugation in bacteria

Postulated immunological tolerance

Discovered double helix structure of DNA

Discovered viral oncogenesis

Discovered genetic code

Discovered Australia antigen (HBsAg)

Developed radioimmunoassay

Discovered HLA antigen

Discovered mobile genetic elements (transposon)

Developed hybridoma technology for monoclonal antibodies
Postulated idiotype network hypothesis (Jerne hypothesis)
Elucidated the nature of antibody diversity

Invented polymerase chain reaction

Described Prions

Discovery of Helicobacter pylori and its role in peptic ulcer disease
Discovery of human immunodeficiency virus (HIV)

Human papilloma viruses causing cervical cancer

For their discoveries concerning the activation of innate immunity
For his discovery of dendritic cell and its role in adaptive immunity
For the discovery that‘mature cells can be reprogrammed to become pluripotent’
For discovering anti-parasitic effect of ivermectin in filariasis

For discovering artemisinin, a novel drug used for malaria

EXPECTED QUESTIONS ]

Il. Multiple Choice Questions (MCQs):

1. Who has described the germ theory of life? 4.

a. Antonie van Leeuwenhoek

b. Louis Pasteur
c.  Robert Koch

3. Who is considered to be the ‘father of antiseptic
surgery’?
a. Edward Jenner b.
¢. Alexander Fleming d.

Robert Koch
Joseph Lister

Who is known as ‘father of chemotherapy’?
a. Joseph Lister b. Robert Koch
c. Alexander Fleming d. Paul Ehrlich

5. Which of the following organism follows Koch’s

d. Paul Ehrlich postulates? .
2. Who has introduced the sterilization techniques? a. Mycpbactenum {eprae
a. Louis Pasteur b. Edward Jenner b.  Bacillus G”tthC]S
¢. RobertKoch d. Paul Ehrlich ¢ Treponema pallidum
d. Neisseria gonorrhoeae
Answers
1.b  2.a 3.d 4.d 5.b




CHAPTER
Microscopy

CHAPTER PREVIEW

® Bright-field or Light Microscope
m Dark Field Microscope

Phase Contrast Microscope
Fluorescence Microscope

m Electron Microscope
m  Atomic Force Microscopy

INTRODUCTION

Microorganisms are extremely small. The size of the

bacteria, fungi and parasites is expressed in micrometers

(1 pm = 10~ mm) whereas viruses are measured in nano-

meters (1 nm = 107 pm).

% Bacteria: Most of the bacteria of medical importance
generally measure 0.2-1.5 pm in diameter and about
3-5 pm in length

% Viruses: The majority of the human pathogenic viruses
range 20-300 nm in diameter

< Parasites: They greatly vary in their size; protozoans
measure in pm and helminths range from few millimeters
to several meters

% Fungi: Most fungi grow as hyphae, which are cylindrical,
thread-like structures 2-10 pm in diameter and up
to several centimeters in length. Some fungi grow
as yeasts; round to oval unicellular budding cells of
4-8 pm in size.

Some parasites such as adult form of helminths
are visible to the naked eye; whereas rest of the
microorganisms due to their small size, cannot be seen
distinctly with the unaided eye, but need a microscope
for their visualization. Most bacteria, parasites and fungi
can be observed by light microscope, whereas viruses
need an electron microscope. Therefore, it is important
to understand the principle and the functioning of each
microscope.

Microscopyrefers to the use of a specialized instrument—
called ‘microscope’ to view objects and areas of objects that
cannot be seen with the naked eye (objects that are not
within the resolution range of the normal eye). There are
various types of microscopes that are used in diagnostic
Microbiology.

% Bright-field or light microscope

Dark field (or dark ground) microscope

» Phase contrast microscope

> Fluorescence microscope

> Electron microscope.

D

®
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Properties of a Microscope

A good microscope should have at least three properties:

1. Good resolution: Resolution power refers to the ability
to produce separate images of closely placed objects so
that they can be distinguished as two separate entities.
The resolution power of:
® Unaided human eye is about 0.2 mm (200 pm)

m Light microscope is about 0.2 um

m Electron microscope is about 0.5 nm.

Resolution depends on refractive index of the medium.
Oil has a higher refractive index than air; hence, use of
oil enhances the resolution power of a microscope.

2. Good contrast: This can further be improved by staining
the specimen. When the stains bind to the cells, the
contrast is increased

3. Good magnification: This is achieved by use of lenses.
There are two types of convex lenses used:
® Ocular lens with a magnification power of 10x
® Objective lenses—scanning (4x), low power (10x),

high power (40x) and oil immersion (100x).
The total magnification of a field is the product of the
magnification of the objective lens and ocular lens:
® Scanning field (40x)
® Low power field (100x)
® High power field (400x) and
® Qil immersion field (1000x).

BRIGHT-FIELD OR LIGHT MICROSCOPE

The bright-field or light microscope forms a dark image
against a brighter background, hence the name.

Structure

The parts of a bright-field microscope are divided into three
groups (Fig. 2.1):

Mechanical Parts

% Base: It holds various parts of the microscope, such as
the light source, the fine and coarse adjustment knobs
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Fig. 2.1: Bright-field microscope.
Source: Nikon Alphaphot (with permission).

% C-shaped arm: It holds the microscope, and it connects
the ocular lens to the objective lens

% Mechanical stage: The arm bears a stage with stage
clips to hold the slides and the stage control knobs to
move the slide during viewing. It has an aperture at
the center that permits light to reach the object from
the bottom.

Magnifying Parts

% Ocular lens: The arm contains an eyepiece that bears
an ocular lens of 10x magnification power. Micro-
scopes with two eye pieces are called as binocular
microscopes

< Objective lens: The arm also contains a revolving nose
piece that bears three to four objectives with lenses of
differing magnifying power (4x, 10x, 40x and 100x).

llluminating Parts

0

< Condenser: It is mounted beneath the stage which
focuses a cone of light on the slide

% Iris diaphragm: It controls the light that passes through
the condenser

% Light source: It may be a mirror or an electric bulb

% Fine and coarse adjustment knobs: They sharpen the

image.

Working Principle

The rays emitted from the light source pass through the iris
diaphragm and fall on the specimen. The light rays passing
through the specimen are gathered by the objective and a
magnified image is formed. This image is further magnified
by the ocular lens to produce the final magnified virtual
image (Fig. 2.2).

DARK FIELD MICROSCOPE

Principle

In dark field (or dark ground) microscope, the object

appears bright against a dark background. This is made

possible by use of a special dark field condenser (Fig.

2.2).

% The dark field condenser has a central opaque area that
blocks light from entering the objective lens directly
and has a peripheral annular hollow area which allows
the light to pass through and focus on the specimen
obliquely

%+ Only the light which is reflected by the specimen enters
the objective lens whereas the unreflected light does not
enter the objective. As a result, the specimen is brightly
illuminated; but the background appears dark.

Applications

Dark field microscope is used to identify the living,
unstained cells and thin bacteria like spirochetes which
cannot be visualized by light microscopy.

PHASE CONTRAST MICROSCOPE

As per its name, in phase contrast microscope the contrast
is enhanced. This microscope visualizes the unstained
living cells by creating difference in contrast between the
cells and water. It converts slight differences in refractive
index and cell density into easily detectable variations in
light intensity. Contrast can also be enhanced by staining
the specimen, but as staining kills the microbes, the
properties of living cells cannot be studied.
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Fig. 2.3: Principle of phase contrast microscope.

Principle

The condenser is similar to that of dark field microscope,

consists of an opaque central area with a thin transparent

ring, which produces a hollow cone of light.

% As this cone of light passes through a cell, some light
rays are bent due to variations in density and refractive
index within the specimen and are retarded by about
one-fourth of a wavelength (Fig. 2.3)

% Theundeviated light rays strike a phase ring in the phase
plate, (a special optical disk located in the objective),
while the deviated rays miss the ring and pass through
the rest of the plate

% The phase ring is constructed in such a way that the
undeviated light passing through it is advanced by one-
fourth of a wavelength, the deviated and undeviated
waves will be about half wavelength out of the phase
and will cancel each other when they come together to
form an image (Fig. 2.3)

% The background, formed by undeviated light, is bright,
while the unstained object appears dark and well-
defined.

The light rays go through — condenser — specimen (e.g.
bacterium) — phase ring — objective lens — ocular lens.

Applications

Phase contrast microscopy is especially useful for studying:

% Microbial motility

% Determining the shape of living cells, and

% Detecting microbial internal cellular components, such
as the cell membrane, nuclei, mitochondria, spindles,
chromosomes, Golgi apparatus, endospores and inclusion
bodies; which become clearly visible because they have
refractive indices markedly different from that of water.

0,

FLUORESCENCE MICROSCOPE

The “fluorescence microscope” refers to any microscope
that uses fluorescence property to generate an image.

Principle

When fluorescent dyes are exposed to ultraviolet (UV) rays,

they become excited and are said to fluoresce, i.e. they

convert this invisible, short wavelength rays into light of

longer wavelengths (i.e. visible light) (Fig. 2.4A).

# The source of light may be a mercury lamp which emits
rays that pass through an excitation filter

+# The excitation filter is so designed that it allows only short
wavelength UV light (about 400 nm, called as the exciting
wavelength of light) to pass through; blocking all other
long wavelength rays

% The exciting rays then get reflected by a dichromatic
mirror in such a way that they fall on the specimen which
is previously stained by fluorescent dye and focused
under the microscope

% The fluorescent dye absorbs the exciting rays of short
wavelength, gets activated and in turn emits rays of
higher wavelength

% A barrier filter positioned after the objective lenses
removes any remaining ultraviolet light, which could
otherwise damage the viewer’s eyes, or blue and violet
light, which would reduce the image’s contrast.

Applications

Epifluorescence microscope: It is the simplest form
of fluorescence microscope, which has the following
applications:

% Auto fluorescence: Certain microbes directly fluoresce
when placed under UV lamp, e.g. Cyclospora (a proto-
zoan parasite)

% Microbes coated with fluorescent dye: Certain microbes
fluoresce when they are stained non-specifically by
fluorochrome dyes
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Figs 2.4A and B: A. Principle of fluorescence microscope;
B. Tubercle bacilli seen under fluorescence microscope.
Source: Department of Microbiology, JIPMER, Puducherry (with permission).
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m Acridine orange dye is used for the detection of
parasites such as Plasmodium and filarial nematodes
by a method called as quantitative buffy coat (QBC)
examination

= Auramine phenolis used for the detection of tubercle
bacilli (Fig. 2.4B).

< Immunofluorescence: It uses fluorescent dye tagged
immunoglobulins to detect cell surface antigens or
antibodies bound to cell surface antigens. There are two
types—direct and indirect immunofluorescence test

(described in detail in Chapter 12).

Confocal microscope: It is an advanced design of
fluorescence microscope. It uses point illumination and a
pinhole in an optically conjugate plane to eliminate out-of-
focus signal and to get a better resolution of the fluorescent
image.

ELECTRON MICROSCOPE

An electron microscope (EM) uses accelerated electrons
as a source of illumination. Because the wavelength of
electrons can be up to 100,000 times shorter than that of
visible light photons, the EM has a much better resolving
power than a light microscope; hence, it can reveal the
details of flagella, fimbriae and intracellular structures of
a cell. It was invented by German physicist Ernst Ruska
in 1931. Differences between light microscope and EM are
listed in Table 2.1. Electron microscopes are of two types:

1. Transmission electron microscope (TEM, most common

type) (Fig. 2.5)

2. Scanning electron microscope (SEM).

Transmission Electron Microscope

Specimen Preparation

The specimen to be viewed under EM should be able to
maintain its structure when it is bombarded with electrons.
Hence, only very thin specimens (20-100 nm thickness)
are suitable for EM. However, bacterial cells are thicker
than this; hence, they need to be sliced into thin layers. To
prepare the thin specimen, the following steps are needed:
% Fixation: Cells are fixed by using glutaraldehyde or
osmium tetroxide for stabilization
<+ Dehydration: Specimen is then dehydrated with organic
solvents (e.g. acetone or ethanol)

Table 2.1: Differences between light microscope and electron
microscope.

m Light microscope | Electron microscope

Highest practical About 1,000-1,500 Over 100,000

magnification

Best resolution 0.2 um 0.5nm
Visible light

r High vacuum

Radiation source Electron beam

Medium of travel Ai

Specimen mount Glass slide Metal grid (usually copper)

Type of lens Glass Electromagnet

Fig. 2.5: Transmission electron microscope (parts).
Source: David J Morgan/Wikipedia (with permission).

< Embedding: Specimen is embedded in plastic polymer
and then, is hardened to form a solid block. Most
plastic polymers are water insoluble; hence, complete
dehydration of specimen is must before embedding

% Slicing: Specimen is then cut into thin slices by an
ultramicrotome knife. Such thin slices of the specimen
are mounted on a metal slide (copper).

Electron Pathway

Electrons are generated by electron gun, which travel

in high speed. The medium of travel in EM should be a

fully vacuum path because in air path, electrons can get

deflected by collisions with air molecules.

% Electrons pass through a magnetic condenser and then
bombard on the thin sliced specimen mounted on the
copper slide

% The specimen scatters electrons passing through it, and
then the electron beam is focused by magnetic lenses
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Fig. 2.6: Principle of transmission electron microscope.
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(objective lens followed by projector lenses) to form an
enlarged, visible image of the specimen on a fluorescent
screen (Fig. 2.6)

% Adenserregion in the specimen scatters more electrons
and therefore appears darker in the image since fewer
electrons strike that area of the screen. In contrast,
electron-transparent regions are brighter.

Applications and Modifications of EM

% Virus detection: The most important use of EM in
diagnostic microbiology is detection of viruses. It can
detect viruses either—(i) directly from the clinical
specimens (e.g. rotavirus from stool) or (ii) from tissue
cultures or (iii) after adding specific antiviral antibody to
the specimen (known as immune-EM)

%+ The contrast of EM can be increased by several methods

such as—(i) negative staining with heavy metals

(phosphotungstic acid or uranyl acetate), and (ii) by
shadowing

% Freeze-etching technique is an alternative method for
specimen preparation, which helps to disclose the shape
of organelles within the microorganisms.

Scanning Electron Microscope

Scanning electron microscope (SEM) has been used to
examine the surfaces of microorganisms in great detail.
It has a resolution of 7 nm or less. The SEM differs from
TEM, in producing an image from electrons emitted by an
object’s surface rather than from transmitted electrons.

ATOMIC FORCE MICROSCOPY

It is an advanced microscope that uses scanning probe
technology to study the cellular structure. It has aresolution
power in fraction of nanometer.

. Write short notes on:
1. Principle and uses of dark field microscope.
2. Principle and uses of fluorescence microscope.
3. Principle and uses of electron microscope.

Il. Multiple Choice Questions (MCQs):
1. Unaided human eye has a resolution power of:
a. 02mm b. 0.2um
c. 02nm d. 05nm
2. Phase contrast microscopy is useful for studying:
a. Microbial motility
b. Determining the shape of living cells
c. Detecting bacterial components, such as endo-
spores and inclusion bodies

Answers

1.a 2.d 3.b 4.d

[ EXPECTED QUESTIONS ]

d. Allof the above
3. Which of the following microscopes, the object
appears bright against a dark background?
a. Simple light microscope
b. Dark ground microscope
c. Compound light microscope
d. Electron microscope
4. Electron microscope differs from light microscope
in all, except:
a. Highest practical magnification
b. Medium of travel
c. Resolution
d. No need for specimen preparation




General Bacteriology:
Bacterial Taxonomy

CHAPTER

3.1

CHAPTER PREVIEW

m Bacterial Classification = Nomenclature

= Medically Important Bacterial Infections

Bacterial taxonomy comprises of three separate but

interrelated important areas.

1. Classification: It refers to hierarchy based arrangement
of bacteria into taxonomic groups or taxa (singular,
taxon) on the basis of similarities or differences in their
biochemical, physiological, genetic, and morphological
properties

2. Nomenclature: It refers to the naming of taxa according
to their characteristics, by following the international
rules

3. Identification: It refers to the practical use of a classifica-
tion scheme such as: (1) Identification of an unknown
taxon by comparing with a defined and named taxon, (2)
To isolate and identify the causative agent of a disease.

BACTERIAL CLASSIFICATION

The most recent taxonomic classification of bacteria is based
on Cavalier and Smith’s six kingdoms classification (1998).
It is the most accepted classification at present, surpassed
the previous five kingdom classification (Whittaker, 1969)
and three domain classification (Woese,1990) (Table 3.1.1).

Cavalier and Smith’s Classification

It is a molecular classification, which divides all living
structures of the earth into six kingdoms—Bacteria,
Protozoa, Chromista, Plantae, Fungi and Animalia.

Kingdom Bacteria is divided successively in decreasing
order of hierarchy into phylum/division, class, order,
suborder, family, tribe, genus and species. For example,
the full taxonomical position of Escherichia coli is given in
Table 3.1.2.

Principle Used to Classify Bacteria

There is no universally accepted principle to classify
bacteria. There are mainly three approaches: phylogenetic,
Adansonian and molecular.

Phylogenetic Classification

This is a hierarchical classification representing a branching
tree-like arrangement; one characteristic (or trait) is being
employed for division at each node of the tree (Fig. 3.1.1).
+ This system is called phylogenetic because it implies an
evolutionary arrangement of species
% Here, the characteristics are arbitrarily given special
weightage. Depending on the characteristic so chosen,
the classification would give different patterns
%+ The characteristics which are given importance depend
upon various properties of the organisms such as:
= Morphology of bacteria—cocci or bacilli
m Staining property such as gram-positive and gram-
negative
m Cultural characteristics such as lactose fermenting
and non-lactose fermenting colonies

Table 3.1.1: Taxonomic classification of living beings.

Linnaeus Haeckel Copeland Whittaker Woese et al. Cavalier-Smith
1735 1866 1938 1969 1990 1998

2 Kingdoms 3 Kingdoms 2 Empires 4 Kingdoms
Prokaryota =~ Monera
- Protista
Protista
. Eukaryota
Vegetabilia Plantae Plantae
Animalia Animalia Animalia

5 Kingdoms 3 Domains 6 Kingdoms
Bacteria

Monera Bacteria
Archaea

. Protozoa
Protista X
Chromista

Plantae Eucarya Plantae

Fungi Fungi

Animalia Animalia
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Table 3.1.2: Taxonomical position of Escherichia coli.

[Taxa_____| Ends with suffix__| Taxonomicname ___|

Kingdom -om Bacteria

Phylum Proteobacteria
Class -ia Gammaproteobacteria
Subclass -idae

Order -ales Enterobacterales
Suborder -ineae

Family -aceae Enterobacteriaceae
Subfamily -oideae

Tribe -eae Escherichieae
Subtribe -inae

Genus Escherichia

Species E. coli

= Biochemical reactions, e.g. coagulase positive Staph-
ylococcus and coagulase negative Staphylococcus

®m Antigenic structure, e.g. antigenic structure of
somatic antigen present in bacterial cell wall.

% Though, this classification is a convenient and user
friendly method, it is not a perfect method. Because
the weighted characters used may not be valid all the
time for a given bacterium. For example, fermentation
of lactose though is an important property to classify
family Enterobacteriaceae; is not a permanent trait. In
due course of the time, bacteria may lose or gain the
property to ferment lactose.

Adansonian Classification

To avoid the use of weighted characteristics, Michel

Adanson proposed another method (1774) that classifies

organisms based on giving equal weight to every character

of the organism.

% This is also called phenetic classification. It has its
greatest application in numeric taxonomy

% Numerical taxonomy: The concept was first developed
by Robert R Sokal and Peter HA Sneath in 1963

% With the advent of computer facilities, the principle of
phenetic classification has been extended further so that
very large numbers of characters of several organisms
can be compared at the same time

% Theyhave created a taxonomic system by using numeric
algorithms like cluster analysis rather than using
subjective evaluation of their properties which are
arbitrarily given special weightage.

o

Molecular Classification

Itis based on the degree of genetic relatedness of different
organisms. Guanine + cytosine (G + C) content of bacteria is
estimated after extracting DNA from pure bacterial culture.
The nucleotide base composition and the base ratio vary
widely among different groups of microorganisms, but for
any one particular species, it is constant.

NOMENCLATURE

Nomenclature is the branch of taxonomy, that is concerned

with designating scientific names to taxa, based on a

particular classification scheme and in accordance with

agreed international rules and conventions.

+» Bacterial nomenclature also follows the same rules as
proposed by Swedish botanist Carolus Linnaeus who
invented the modern system of binomial nomenclature

% Scientific names for taxonomic levels above genus are
always capitalized but notitalicized; for example, Phylum
Proteobacteria

% Inbinomial nomenclature system, the scientific name of
bacteria comprises of a genus name (starts with a capital
letter) and species name. Both genus and species should
be written in italic or are underlined; e.g. Staphylococcus

aureus or Staphylococcus aureus
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Fig. 3.1.1: Phylogenetic tree of classifying living structures based on weighted characters.

Source: Concept adapted and modified from Jawetz, Melnick & Adelberg’s Medical Microbiology; McGraw-Hill Education (with permission).
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+ The genus (plural: genera) is usually a Latin noun whereas
the species refers to a defined taxon of organisms within
a particular genus

< The genus and species are coined based on some
property of the bacteria, e.g.

m Staphylococcus aureus is named after their
arrangement in cluster (Staphyle means bunch of
grapes) and type of pigmentation they produce
(aureus meaning golden yellow)

m Neisseria meningitidis is named after—the discoverer
(U Neisser) and the disease it causes (meningitis)

® Brucella suis and Brucella melitensis (named after
the discoverer (Brucella from David Bruce) and the
animal host (suis meaning pig) and the place of
discovery (melitensis from Malta, Europe).

+ Therecent changes in the taxonomic name of medically
important microorganisms have been depicted in Table
3.1.3

< Typing: The species can also be classified further
by various typing methods as described in Chapter
3.3.

Type Cultures

There are many international reference laboratories which

are designated as type culture reference centers.

< They maintain the representative cultures of the
established species, which show all the standard
characteristics of the original strain

% The strains isolated in the laboratories are compared
using the standard strains supplied by these type culture
centers

< 'The original cultures of any new species described are
deposited in type collection centers

Table 3.1.3: Taxonomic name changes of medically-important
microorganisms.

Oidname —— [Newname |

Bacteria

Clostridium difficile
Haemophilus aphrophilus
Haemophilus paraphrophilus

Clostridioides difficile
Aggregatibacter aphrophilus
Aggregatibacter paraphrophilus

Enterobacter aerogenes Klebsiella aerogenes
Propionibacterium acnes Cutibacterium acnes
Fungi

Absidia corymbifera Lichtheimia corymbifera
Madurella grisea Trematosphaeria grisea
Penicillium marneffei Talaromyces marneffei
Geotrichum candidum Dipodascus geotrichum
Rhizopus oryzae Rhizopus arrhizus
Parasites

Isospora belli Cystoisospora belli
Balantidium coli Neobalantidium coli

< The two most important type collection centers of the
world are:
® ATCC (American Type Culture Collection), USA
®m NCTC (National Collection of Type Cultures), UK.

BACTERIAL INFECTIONS MEDICALLY
IMPORTANT TO MAN

Based on Gram stain, the bacterial infections can be
grouped into infections caused by gram-positive cocci,
gram-negative cocci, and gram-positive bacilli, gram-
negative bacilli and miscellaneous bacteria (that do not
take up/poorly take up Gram stain) (Table 3.1.4).

The overview of bacterial infections is given in Chapter
3.7 and individual bacterial infections are discussed in
detail under various system-based microbiology sections.

Table 3.1.4: Medically important bacterial pathogens to man.

e Staphylococcus species—S. aureus, coagulase negative
staphylococci (CoNS)

e Streptococcus species—S. pyogenes, S. agalactiae, Enterococcus,
Viridans streptococci, S. pneumoniae

o Neisseria—N. meningitidis, N. gonorrhoeae

Gram-positive bacilli

e Corynebacterium species—C. diphtheriae

o Bacillus species—B. anthracis

e Mycobacterium species—M. tuberculosis, Nontuberculous
mycobacteria (NTM), M. leprae

e Miscellaneous gram-positive bacilli—Listeria, Actinomycetes and
Nocardia

Gram-negative bacilli

e Enterobacteriaceae—Escherichia coli, Klebsiella, Enterobacter,
Citrobacter, Serratia, Proteus, Providencia, Morganella, Shigella,
Salmonella, Yersinia

¢ Non-fermenting gram-negative bacilli—Pseudomonas,
Acinetobacter, Burkholderia, Stenotrophomonas

e Vibrio and related genera—Vibrio, Aeromonas

e Fastidious gram-negative bacilli—Haemophilus, Bordetella,
Brucella

e Miscellaneous gram-negative bacilli—Campylobacter,

Helicobacter, Legionella, Klebsiella granulomatis, Gardnerella

vaginalis

Anaerobic bacterial infections

e Sporing anaerobes—Clostridium species such as C. perfringens, C.
tetani, C. botulinum, Clostridioides difficile

e Non-sporing anaerobes—Peptostreptococcus, Bacteroides,
Prevotella, Porphyromonas

Miscellaneous bacteria

e Spirochetes—Treponema, Borrelia, Leptospira

o Rickettsiae and related genera—Rickettsia, Orientia, Bartonella,
Ehrlichia

e Chlamydiae—C. trachomatis, C. psittaci, C. pneumoniae

e Mycoplasma—M. pneumoniae
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General Bacteriology:
Morphology and
Physiology of Bacteria

CHAPTER PREVIEW

= Morphology of Bacteria

e Shape of Bacteria
e Bacterial Cell Wall
e Cell Membrane

MORPHOLOGY OF BACTERIA Table 3.2.1: Classification of bacteria depending on their
SHAPE OF BACTERIA

Depending on their shape, bacteria are classified into:

morphology and Gram staining property.

Gram-positive cocci arranged in

< Cocci (singular coccus, from; kokkos, meaning berry)-  Cluster Staphylococcus
are oval or spherical cells and i Streptococcus
% Bacilli or rods (singular bacillus, meaning rod shaped). Pairs, lanceolate shaped PheUmMococcUs

Cocci are arranged in groups (clusters), pair or chains.
Similarly, bacilli can be arranged in chain, pair, and some
bacilli are curved, comma shaped, or cuneiform shaped Tetrads
(Table 3.2.1 and Fig. 3.2.1). Octate Sarcina

Both cocci and bacilli are further classified based on Gram-negative cocci arranged in
Gram staining property into (Table 3.2.1 and Fig. 3.2.1):

Pair or in short chain, spectacle shaped  Enterococcus

Micrococcus

Pairs, lens shaped Meningococcus

% Gram-positive cocci o

. . . Pairs, kidney shaped Gonococcus

R Gram—negatlve CocCcCl1

<+ Gram-positive bacilli Gram-positive bacilli arranged in

< Gram-negative bacilli. Chain (bamboo stick appearance) Bacillus anthracis
However, there are some bacteria that are weakly  Chinese letter or cuneiform pattern Corynebacterium

Gram stained and hence need special stains for their diphtheriae

demonstration, such as: Palisade pattern Diphtheroids

% Spirochetes (Treponema and Leptospira)—thin spirally Ferndhes) el CIEmETEs Em Actinomyces and

coiled bacilli Nocardia
< Mycoplasma (cell wall deficient free living bacteria)
% Rickettsiae and chlamydiae are obligate intracellular
bacteria.

Gram-negative bacilli arranged in

Pleomorphic (various shapes) Haemophilus, Proteus

Bacterial cell anatomy comprises of the following  humb printappearance Bordetella pertussis
structures (Fig. 3.2.2): Comma shaped (fish in stream Vibrio cholerae
+ The outer layer or the envelope of a bacterial cell consists ~ aPPearance)
of—(1) a rigid cell wall and (2) underlying plasma  Curved Campylobacter and
membrane Helicobacter
< The cytoplasm contains cytoplasmic inclusions (meso-  Others
somes, ribosomes, inclusion granules, vacuoles) and  cChain Streptobacillus
a diffuse nucleoid containing single circular chromo- Spirally coiled, flexible Spirachetes
some Rigid spiral forms Spirillum
% Some bacteria may possess additional cell wall
Bacteria that lack cell wall Mycoplasma

appendages such as capsule, flagella and fimbriae.
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Fig. 3.2.2: Structure of bacterial cell.

BACTERIAL CELL WALL

The cell wall is a tough and rigid structure, surrounding the
bacterium. It is 10-25 nm in thickness and weighs about
20-25% of the dry weight of the cell.

The cell wall has following functions:

+ It provides protection to the cell against osmotic lysis

% It confers rigidity upon bacteria due to presence of
peptidoglycan layer in the cell wall

% The cell wall can protect a cell from toxic substances and
is the site of action of several antibiotics

% Virulence factors: Bacterial cell wall contains certain
virulence factors (e.g. endotoxin), which contribute to
their pathogenicity

% Immunity: Antibody raised against specific cell wall
antigens (e.g. antibody to LPS) may provide immunity
against some bacterial infection.

Gram-positive Cell Wall

Cell wall of gram-positive bacteria is simpler than that of
gram-negative bacteria (Table 3.2.2).

Peptidoglycan

In gram-positive bacteria, the peptidoglycan layer is much

thicker (50-100 layers thick, 16-80 nm) than gram-negative

cell wall (Fig. 3.2.3).

< Each layer is a mucopeptide (murein) chain, composed
of alternate units of N-acetyl muramic acid (NAM) and
N-acetyl glucosamine (NAG) molecules; cross linked to
each other via tetrapeptide side chains and pentaglycine
bridges

% Atetrapeptide side chain ascended from NAM molecule
is composed of L-alanine—D-glutamine—L-lysine—D-
alanine

% The L-lysine of one tetrapeptide chain is covalently linked
to the terminal D-alanine of the adjacent chain via a
pentaglycine bridge (Fig. 3.2.4).

Table 3.2.2: Differences between gram-positive and gram-
negative cell wall.

Gram-positive cell Gram-negative
wall cell wall

Thicker (16-80 nm)

L-Lysine present

Peptidoglycan layer Thinner (2 nm)

At third position of
tetrapeptide side

Meso-
diaminopimelic

chain acid present

Pentaglycine bridge  Present Absent
Lipid content Nil or scanty (2-5%)  Present (15-20%)

Lipopolysaccharide Absent Present

(endotoxin)
Teichoic acid Present Absent
Variety of amino acids  Few Several
Aromatic amino acids  Absent Present
Lipotedchaio moid Toichoic add

"

Fig. 3.2.3: Structure of gram-positive cell wall.
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Fig. 3.2.4: Peptidoglycan layer of gram-positive cell wall.

Teichoic Acid

Gram-positive cell wall contains significant amount of
teichoic acid which is absent in gram-negative bacteria.
They are polymers of glycerol or ribitol joined by phosphate
groups. These molecules may maintain the structure of cell
wall. They are of two types: (i) Cell wall teichoic acid and
(ii) Lipoteichoic acid.

Gram-negative Cell Wall

Gram-negative cell wall is thinner and more complex than
the gram-positive cell wall, comprises of the following
components (Fig. 3.2.5 and Table 3.2.2).

Peptidoglycan Layer

It is very thin (1-2 layer, 2 nm thick), composed of a

mucopeptide chain similar to that of gram-positive cell

wall, and consists of alternate NAM and NAG molecules.

However, it differs from the latter by (Fig. 3.2.6):

% Meso-diaminopimelic acid is present at third position
of the tetrapeptide side chain ascended form NAM mol-
ecule

< 'The pentaglycine bridge is absent

% The tetrapeptide side chains are directly linked to each
other by the covalent linkage between D-alanine of one
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Fig. 3.2.5: Gram-negative cell wall.

Fig. 3.2.6: Peptidoglycan layer of gram-negative cell wall.

chain with meso-diaminopimelic acid of the adjacent
chain.

Outer Membrane

This is a phospholipid layer which lies outside the thin

peptidoglycan layer; firmly attached to the latter by a

membrane protein called Braun’s lipoprotein.

% It serves as a protective barrier to the cell

< Outer membrane proteins (OMP) or porin proteins: They
are the specialized proteins present in outer membrane;
help in transport of smaller molecules.

Lipopolysaccharide (LPS)

This layer is unique to gram-negative bacteria, which is

absent in gram-positives. It consists of three parts:

% Lipid A or the endotoxin: It has endotoxic activities,
such as pyrogenicity, lethal effect, tissue necrosis, anti-
complementary activity, B cell mitogenicity, adjuvant
property and antitumor activity

% Core polysaccharide: It is projected from lipid A region.
Itis composed of 10-12 sugar moieties

< O side chain (or O antigen or somatic antigen): It is a
polysaccharide chain extending outwards from the core
polysaccharide region.

m [t greatly varies in composition between bacterial
strains. Bacterial strains vary in their composition of
O antigen; a property which is used for serotyping for
bacteria

= O antigen is also a major surface antigen, induces
antibody formation.

Periplasmic Space

It is the space between the inner cell membrane and outer
membrane. It encompasses the peptidoglycan layer.

CELL MEMBRANE

The plasma membrane is essential for the survival of the

bacteria.

% Fluid mosaic model is the most widely accepted current
model to describe the membrane structure

% Itis 5-10 nm thick, composed of bilayered phospholipid
in which several proteins are embedded, such as integral
proteins and peripheral proteins (Fig. 3.2.7)
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Source: Concept adapted and modified from Jawetz, Melnick & Adelberg’s
Medical Microbiology; McGraw-Hill Education (with permission).

+ It differs from eukaryotic membranes in lacking sterols,
such as cholesterol (except in Mycoplasma). However,
many bacterial membranes do contain pentacyclic
sterol-like molecules called hopanoids

% Carbohydrate: Some carbohydrates are often attached
to the outer surface of plasma membrane proteins.

Functions

% Itis a semipermeable membrane acting as an osmotic
barrier; selectively allows particular ions and molecules
to pass, either into or out of the cell, while preventing the
movement of others

% Transport system: Proteins and enzymes present in cell
membrane are involved in nutrient uptake, and waste
excretion

% Site for metabolic processes: Bacterial cell membrane
is the site for a variety of crucial metabolic processes
such as: Respiration, synthesis of lipids and cell wall, and
probably chromosome segregation

% Special receptor molecules located in the membrane
help the bacteria to detect and respond to chemicals in
their surroundings.

CYTOPLASMIC MATRIX

Bacterial cytoplasm, unlike that of eukaryotes, lacks
membrane-bound organelles. The cytoplasmic matrix is
mainly composed of water (about 70% of bacterial mass
is water) and is packed with ribosomes, storage granules
called inclusions and cell membrane invaginations
called mesosomes. They lack true cytoskeleton, but
do have a cytoskeleton-like system of proteins. The
plasma membrane and everything within it is called as
protoplast.

Ribosomes

Ribosomes are the sites for protein synthesis. These are

composed of rRNA and ribosomal proteins.

% Ribosomes are integrated with the mRNA to form the
polysomes

% Atthis site, the genetic codons of the mRNA are translated
into peptide sequences

% They are 10-20 nm size, with a sedimentation constant
of 70 S (S for Svedberg units)

% Each 70 S unit consists of a 30 S and a 50 S subunits.

Intracytoplasmic Inclusions

They are the storage sites of nutrients/energy present in

some bacteria. They are formed by the bacteria under

nutritional deficiency conditions and disappear when the

deficient nutrients are supplied. There are two types of

inclusions:

1. Organic inclusion bodies: Examples include glycogen
granules and polyhydroxyl butyrate granules

2. Inorganic inclusion bodies: Examples include
polymetaphosphate or volutin or metachromatic
granules: They are found in certain bacteria, such as
Corynebacterium diphtheriae.

Mesosomes

Mesosomes are invaginations of the plasma membrane

in the shape of vesicles, tubules, or lamellae. They are

generally more prominent in gram-positive bacteria. They

are involved in:

< Bacterial respiration: They possess respiratory enzymes
and are analogous to mitochondria of eukaryotes

% They may be involved in cell wall formation and
chromosome replication during cell division.

Nucleoid

Bacteria do not have a true nucleus, but the genetic

material is located in an irregularly shaped region called

the nucleoid. There is no nuclear membrane or nucleolus.

% Bacteria possess a single haploid chromosome,
comprising of super coiled circular double stranded DNA
of 1 mm length. The bacterial DNA lacks basic proteins

» However, some bacteria have a linear chromosome and
some have two chromosomes (e.g. Vibrio cholerae)

» Bacterial DNA divides by simple binary fission (described
later in this chapter)

» The nucleoid can be seen by electron microscopy or on
staining with stain such as the Feulgen stain

» Bacteria also possess extrachromosomal DNA called
plasmids (described in detail in Chapter 3.4).
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CELL WALL APPENDAGES

Capsule and Slime Layer

Some bacteria possess a layer of amorphous viscid material
lying outside the cell wall called glycocalyx.
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Fig. 3.2.8: Capsule, slime layer and biofilm.

Table 3.2.3: Capsulated bacteria.
Capsulated bacteria

Pneumococcus Polysaccharide
Meningococcus Polysaccharide
Haemophilus influenzae Polysaccharide
Klebsiella pneumoniae Polysaccharide
Pseudomonas aeruginosa Polysaccharide
Bacteroides fragilis Polysaccharide
Bacillus anthracis Polypeptide (glutamate)
Streptococcus pyogenes (some strains) Hyaluronic acid
< When the glycocalyx layer is well organized and not easily
washed off, it is called capsule (Fig. 3.2.8)
< When the glycocalyx layer is in the form of diffuse,
unorganized loose material that can be removed easily,
itis called slime layer (Fig. 3.2.8).
(Some bacteria may possess both capsule and slime

layer, as in Streptococcus salivarius).

Examples

Most of the bacterial capsules are polysaccharide in
nature (Table 3.2.3), except in Bacillus anthracis where it is
polypeptide in nature.

Function/Uses

The capsule has various functions as follows:
< Contributes to bacterial virulence:
m Capsule protects the bacterium from phagocytosis
m It can also prevent complement-mediated bacterial
cell lysis
m Prevent cell from drying out (desiccation)
m It protects the bacterium from the action of lysozyme
and bacteriophages
m Capsule of certain bacteria (e.g. Bacteroides fragilis) may
be toxic to the host cells and induces abscess formation
® Biofilm formation and adhesion (see below):

Biofilm Formation

A biofilm is a living ecosystem made of millions of adherent

bacterial cells embedded within a self-produced matrix of

extracellular polymeric substance (i.e. the polysaccharide
slime layer).

Q Persistent biofilms containing pathogenic bacteria are
capable of adherence to damaged tissues and plastic
surfaces (e.g. medical devices, such as catheters and
pacemakers)

Contd...

Contd...

Q This is the first step in bacterial colonization and
sometimes it leads to disease, e.g. prosthetic valve
endocarditis and catheter associated urinary tract
infection (Fig. 3.2.8).

% Capsules as vaccine: Capsules of few bacteria are
antigenic and anticapsular antibodies are protective in
nature. Hence, capsular antigens are used as potential
vaccine candidates. Capsular vaccines are available for
bacteria, such as pneumococcus, meningococcus and
Haemophilus influenzae serotype-b.

Demonstration of Capsule

Capsule can be detected by various methods as follows:
< Negative staining by India ink and nigrosin stain:
Capsule appears as a clear refractile halo around the
bacteria; where as both the bacteria and the background
appear black (Fig. 75.14A)
< M’Faydean capsule stain: It is used for demonstration
of capsule of Bacillus anthracis by using polychrome
methylene blue stain (Fig. 55.3A)
% Serological test: Capsular material is antigenic and
can be demonstrated by mixing it with a specific anti-
capsular serum
® Quellung reaction: Capsular serotypes of Streptococ-
cus pneumoniae can be detected by adding antisera
mixed with methylene blue. Capsule becomes swol-
len, refractile and delineated

m Capsular antigen: It can be detected in the sample
(e.g. CSF) by latex agglutination test by using specific
anticapsular antibodies coated on latex particles.
This is available for pneumococcus, Cryptococcus,
Haemophilus influenzae and meningococcus.

Flagella

Flagella are thread-like appendages, protruding from the
cell wall, that confer motility to the bacteria (organs of
locomotion). They measure 5-20 pm in length and 0.01-
0.02 pm in thickness.

Arrangement of Flagella

There are various patterns of arrangement of flagella with
respect to the bacterial surface (Figs 3.2.9A to D):

g
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Figs 3.2.9A to D: Types of bacterial flagellar arrangement:
A. Monotrichous; B. Lophotrichous; C. Peritrichous;
D. Amphitrichous.
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» Monotrichous (single polar flagellum), e.g. Vibrio
cholerae, Pseudomonas and Campylobacter

» Lophotrichous (multiple polar flagella), e.g. Spirillum

» Peritrichous (flagella distributed over the entire cell
surface), e.g. Salmonella Typhi, Escherichia coli

» Amphitrichous (single flagellum at both the ends), e.g.

Alcaligenes faecalis.

0’0

0’0

B3

Ultrastructure of Flagella

Electron microscope reveals that the bacterial flagellum is

composed of three parts (Fig. 3.2.10).

1. Filament: It is the longest portion of the flagellum that
extends from the cell surface to the tip. It is a hollow, rigid
cylinder, made up of a single protein flagellin

2. The basal body: This is the portion of flagellum which
is embedded in the cell. It is the most complex part of a
flagellum, made up of 2-4 rings connected to a central
rod

3. Hook:Itis a short, curved flexible segment that links the
filament to its basal body.

Detection of Flagella

Flagella can be demonstrated by:
% Direct demonstration of flagella
® Tannic acid staining (Leifson’s method)
m Electron microscopy.
% Indirect means by demonstrating the motility:
= Craigie tube method
®m Hanging drop method
= Semisolid medium, e.g. mannitol motility medium
m Dark ground or phase contrast microscopy.

Bacterial Motility
Bacteria can produce characteristic type of motility which
helps in their identification (Table 3.2.4).

Fimbriae or Pili

Fimbriae or pili are short, fine, hair-like appendages that
help in bacterial adhesion; hence called as the organ of

Table 3.2.4: Types of motility shown by different bacteria.

Tumbling motility Listeria
Gliding motility Mycoplasma
Stately motility Clostridium

Darting motility Vibrio cholerae, Campylobacter

Swarming on agar plate Proteus, Clostridium tetani

Corkscrew, lashing, flexion
extension motility

Spirochete

adhesion. A special type of pilus (called sex pilus) also

exists which helps in conjugation.

% Pili are made up of protein called pilin

< 'They are antigenic; however, the antibodies against pilin
antigens are not protective

% They are not related to motility and can be found both

in motile as well as in nonmotile organisms.

Type of Pili

According to the functions, pili are of two types.
1. Common pili or fimbriae: They help in bacterial
adhesion to epithelial surface helping in colonization
m They are very small, measuring 0.5 um long and 10
nm in thickness

m A single bacterium can have as many as 1,000
fimbriae (Fig. 3.2.11A)

m They are present in gram-negative and some gram-
positive bacteria.

2. Sex pili: They help in bacterial conjugation by forming
conjugation tube through which the bacterial gene
transfer takes place
m They are long thick tubular structures
®m The number of sex pili are less; 1-10 per bacterial cell
= They are only found in gram-negative bacteria.

Detection of Fimbriae

Fimbriae can be detected either directly by electron micro-
scope, or indirectly through formation of surface pellicle.
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Fig. 3.2.10: Structure of flagella (gram-negative bacterium).
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Figs 3.2.11A and B: A. Differentiation between fimbriae, sex pilus
and flagella; B. Surface pellicle (arrow showing).
Source: Department of Microbiology, JIPMER (with permission).
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Itis a thinlayer formed at the surface of a liquid culture of
strongly aerobic bacteria such as Pseudomonas that adhere
to each other by their fimbriae (Fig. 3.2.11B).

Atypical Forms of Bacteria

+ Involution forms: They are swollen and aberrant forms
of bacteria (e.g. gonococci and Yersinia pestis) formed in
ageing cultures in high salt concentration

% Pleomorphic bacteria: Some bacteria exhibit great
variation in the shape and size of individual cells, e.g.
Proteus and Haemophilus. This is known pleomorphism

% Cell wall deficient forms: See below.

Pleomorphism and involution forms are often caused by

defective cell wall synthesis. Involution forms may also be

formed due to the activity of autolytic enzymes.

L Form (Cell Wall Deficient Forms)

L forms are the cell wall deficient bacteria, discovered by

E Klieneberger, while studying Streptobacillus moniliformis.

Q She named it as L form after its place of discovery, i.e. Lister
Institute, London (1935)

Q When bacteria loose cell wall, they become spherical
irrespective of original shape. This may occur spontaneously
or after exposure to penicillin or lysozyme

Qa Lforms play a role in the persistence of pyelonephritis and
other chronic infections.

Types of L forms

Two types of L forms are distinguished:

0 Unstable L forms: Bacteria lose their cell wall in presence
of penicillin, a mechanism of resistance shown by the
bacteria against penicillin. Such L forms are maintained
only in presence of penicillin and they can revert to the
original morphology once penicillin is removed.
> Protoplasts: They are gram-positive bacteria whose cell

wall is entirely removed
> Spheroplasts: They are derived from gram-negative
bacteria whose cell wall is partially removed.

Q Stable L forms: As mycoplasmas lack cell wall permanently,
it has been suggested that mycoplasmas may represent
stable L-forms of bacteria; but genetic, antigenic and
biochemical properties do not support this hypothesis.

BACTERIAL SPORES

Spores are highly resistant resting (or dormant) stage of the
bacteria formed in unfavorable environmental conditions
as a result of the depletion of exogenous nutrients.

Structure

Bacterial spore comprises of several layers. From innermost

towards the outermost, the layers are: core — cortex —

coat — exosporium (Fig. 3.2.12).

< The core is the inner most part containing the DNA
material and is walled off from the cortex by an inner
membrane and the germ cell wall

% Cortex and the coat layers lie external to the core, and
are separated from each other by an outer membrane

# The outermost layer is called as the exosporium.

Fig. 3.2.12: Structure of bacterial spore.

Source: Concept adapted and modified from Jawetz, Melnick & Adelberg’s
Medical Microbiology; McGraw-Hill Education (with permission).

Sporulation

Sporulation (or sporogenesis) refers to the process of
formation of spores from the vegetative stage of bacteria.
It is not a method of reproduction because the bacteria do
not divide during sporulation. Sporulation commences
when growth ceases due to lack of nutrients. It is a complex
process; takes about 10 hours. The mature spore formed is
extremely resistant to heat and disinfectant; which is due
to the deposition of calcium and dipicolinic acid into the
spore cortex.

Germination
It is the transformation of dormant spores into active
vegetative cells when grown in a nutrient-rich medium.

Shape and Position of Spores

For a given species, the precise position, shape and relative

size of the spore are constant.

% Position: Spores may be central, subterminal or terminal
(Figs 3.2.13A to F)

% Shape: They may be oval or spherical in shape

% Width: The diameter of spore may be same or less
than the width of bacteria (non-bulging spore—e.g. as
in Bacillus), or may be wider than the bacillary body
producing a distension or bulge in the cell (bulging spore,
e.g. as in Clostridium).

i . . . I
I I
1 |

i

! | |

Figs 3.2.13A to F: Position and shape of spores: A. Non-bulging,
oval and terminal; B. Non-bulging, round, and subterminal;

C. Non-bulging, oval and central; D. Bulging, round and terminal;
E. Bulging, oval and terminal; F. Bulging, oval, and central.
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Sporicidal Agents

Spores are resistant to most of the routinely used
disinfectants. Only limited agents called as sterilants are
capable of killing the spores, e.g. autoclave, or ethylene
oxide sterilizer, etc. (refer Chapter 23).

Demonstration of Spores

% Gram staining: Spores appear as unstained refractile
bodies within the cells

% Modified Ziehl-Neelsen staining: Spores are weakly
acid-fast and appear red color when ZN staining is
performed using 0.25-0.5% sulfuric acid as decolorizer

% Special techniques for endospore staining include the
Schaeffer-Fulton stain and the Moeller stain.

Applications

% Spores of certain bacteria are employed as indicators
of proper sterilization. Absence of the spores (inability
to grow) after autoclaving or processing in hot air oven
indicates proper sterilization
m Spores of Geobacillus stearothermophilus are used
as sterilization control for autoclave and plasma
sterilizer

m Spores of Bacillus atrophaeus are used as sterilization
control for hot air oven and ethylene oxide sterilizer.

%+ Spores have also been used as agents of bioterrorism, e.g.
endospores of Bacillus anthracis were used in the 2001
anthrax bioterrorism attack.

PHYSIOLOGY OF BACTERIA

BACTERIAL GROWTH AND NUTRITION

Bacterial Growth Requirement

Water constitutes about 80% of total bacterial cell. The
minimum nutritional requirements that are essential for
growth and multiplication of bacteria include sources of
carbon, nitrogen, hydrogen, oxygen and some inorganic
salts (such as small amounts of sulfur, phosphorus and
other elements like sodium, potassium, magnesium, iron
and manganese).

Bacterial Vitamin

Some fastidious bacteria do not grow in the routine
culture medium unless certain organic compounds (that
are essential to those bacteria) are added to the medium.
These are known as growth factors or bacterial vitamins. In
most instances, bacterial vitamins are same as the vitamins
necessary for mammalian nutrition, particularly those
belonging to the vitamin B group-thiamine, nicotinic acid,
riboflavin, pyridoxine, folic acid and vitamin B12 (Table
3.2.5).

Bacterial Cell Division

Bacteria divide by a relatively simple form of cell division,
i.e. by binary fission. The cell division commences when

Table 3.2.5: Bacterial vitamins.
M Bacteria requiring vitamin

Biotin Leuconostoc species

Cyanocobalamin (B12) Lactobacillus species
Folic acid Enterococcus faecalis
Pantothenic acid Morganella morganii

Pyridoxine (B6) Lactobacillus species
Niacin (nicotinic acid)  Brucella abortus, Haemophilus influenzae
Riboflavin (B2) Bacillus anthracis

a bacterial cell reaches a critical mass in its cellular
constituents. The nuclear division precedes cytoplasmic
division.

% Nuclear division: The two strands of bacterial DNA
are separated and then they replicate to form new
complementary strands. Thus two identical molecules
of ds DNA are formed

% Cytoplasmic division: A transverse septum grows across
the cell from the cell membrane, following which the cell
wall materials are deposited and then the two daughter
cells get separated

% In few bacteria, the daughter cells may remain partially
attached even after cell division; so that the bacterial cells
are arranged in pair or in chain (e.g. streptococci) or in
clusters (e.g. staphylococci).

Rate of Multiplication in Bacteria

Generation time is the time required for a bacterium to

give rise to two daughter cells under optimum condition.

The generation time for different bacteria is as follows:

% Escherichia coli and most of the other pathogenic
bacteria: 20 minutes

% Mycobacterium tuberculosis: 10-15 hours

% Mycobacterium leprae: 12-13 days.

As bacteria grow so rapidly and by geometric
progression, a single bacterium can theoretically give rise
to 10?' daughter cells in 24 hours. Fortunately, it does not
happen in reality, because the bacterial multiplication
is arrested after a few cell divisions due to exhaustion of
nutrients and accumulation of toxic products.

0

Bacterial Count

Bacterial count may be expressed in terms of total count

and viable count.

< Total count: It indicates total number of bacteria (live
or dead) in the specimen. This is done by counting the
bacteria under microscope using counting chamber

% Viable count: It measures the number of living (viable)
cellsin the given specimen. Viable count may be obtained
by a technique called as pour plate method.

Bacterial Growth Curve

When a bacterium is inoculated into a suitable liquid
culture medium and incubated, its growth follows a
definite course. When bacterial count of such culture is
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Fig. 3.2.14: Bacterial growth curve.

Table 3.2.6: Various phases of bacterial growth curve.

| g Jlog [stationary [Decline |
Yes Yes No

Bacteria No
divide
Bacterial No No Yes Yes
death
Total Flat Raises Raises Flat
count
Viable Flat Raises Flat Falls
count
Special  Accumulation  Uniformly Gram variable Produce:
features of enzymesand stained Produce: Granules  Involution
metabolites Metabolically spores, exotoxin, forms
Attains maxi- active antibiotics,
mum size Small size bacteriocin

determined at different intervals and plotted in relation to

time, a bacterial growth curve is obtained comprising of

four phases (Fig. 3.2.14 and Table 3.2.6).

1. Lag phase: It is the period between inoculation and
beginning of multiplication of bacteria. After inoculating
into a culture medium, bacteria do not start multiplying
immediately, but take some time to build-up enzymes
and metabolites
® Bacteria increase in size due to accumulation of

enzymes and metabolites
m Bacteria reach their maximum size at the end of lag
phase.

2. Log phase: In this phase bacteria divide exponentially
so that the growth curve takes a shape of straight line. At
this stage, the bacterium is:
® Smaller in size
® Biochemically active: It is the best stage to perform

the biochemical reactions
m Uniformly stained: It is the best time to perform the
Gram stain.

3. Stationary phase: After the log phase, the bacterial
growth ceases almost completely due to exhaustion of
nutrients, accumulation of toxic products and autolytic
enzymes

m The number of progeny cells formed is just enough to
replace the number of cells that die

®m Hence, the number of viable cells remain stationary
as there is almost a balance between the dying cells
and the newly formed cells. But the total count keeps
raising. In this phase:
¢ Bacterium becomes gram-variable
¢ More storage granules are formed
¢ Sporulation occurs in this phase
¢ Bacteria produce exotoxins, antibiotics and

bacteriocins.

4. Decline phase: Gradually, the bacteria stop dividing
completely; while the cell death continues due to exhaus-
tion of nutrients, and accumulation of toxic products
= Thereis decline in viable count and not in total count
® Involution forms are seen.

FACTORS AFFECTING GROWTH OF BACTERIA

There are several environmental factors that affect the
growth of the bacteria.

Oxygen

On the basis of their oxygen requirements bacteria are

classified as:

<+ Obligate aerobes: They can grow only in the presence of

oxygen (e.g. Pseudomonas, Mycobacterium tuberculosis,

Bacillus, Brucella and Nocardia)

Facultative anaerobes: They are aerobes that can also

grow anaerobically (e.g. most of the pathogenic bacteria,

e.g. E. coli, S. aureus, etc.)

% Facultative aerobes: They are anaerobes that can also
grow aerobically (e.g. Lactobacillus)

» Microaerophilic bacteria: They can grow in the
presence of low oxygen tension, i.e. 5-10% of oxygen (e.g.
Campylobacter and Helicobacter)

* Obligate anaerobes: These bacteria can grow only in
absence of oxygen, as oxygen is lethal to them (e.g. Clos-
tridium tetani)

< Aerotolerant anaerobe: They can tolerate oxygen for
some time, but do not use it (Clostridium histolyticum).

0
e

Carbon Dioxide

Organisms that require higher amounts of carbon diox-
ide (5-10%) for growth are called capnophilic bacteria.
Examples include Brucella abortus, Streptococcus pneumo-
niae, etc.

Temperature

Most of the pathogenic bacteria grow optimally at 37°C

(i.e. human body temperature). However, the optimal

temperature range varies with different bacterial species.

Accordingly bacteria can be grouped into:

< Psychrophiles: These grow best at temperatures below
20°C; example, most of the saprophytes, e.g. Pseudo-
monas
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% Mesophiles: These grow within a temperature range 25°C
and 40°C; example, most of the pathogenic bacteria

< Thermophiles: These bacteria grow at a high temperature
range of 55°C-80°C, e.g. Geobacillus stearothermophilus.

pH

Most pathogenic bacteria grow between pH 7.2-pH 7.6.
Very few bacteria (e.g. lactobacilli) can grow at acidic pH
below pH 4, while bacteria such as Vibrio cholerae are
capable of growing at alkaline pH (8.2-8.9).

Light

Bacteria (except phototrophs) grow well in darkness. They
are sensitive to ultraviolet rays and other radiations in light.
Photochromogenic mycobacteria produce pigments only
on exposure to light.

Osmotic Effect

Bacteria are able to withstand a wide range of external
osmotic variation because of the mechanical strength of the
cell wall. However, sudden exposure to hypertonic saline
may cause cell shrinkage (plasmolysis) and exposure
to distilled water may cause cell swelling and rupture
(plasmoptysis).

Mechanical and Sonic Stresses

Though bacteria have tough cell walls, they may be ruptured
and disintegrated by vigorous shaking with glass beads and
by exposure to ultrasonic vibrations.

Moisture and Desiccation

Moisture is an essential requirement for the growth of
bacteria because 80% of the bacterial cell consists of
water. However, the drying has varying effects on different
organismes.

% Some organisms like Treponema pallidum and N.
gonorrhoeae die quickly after drying, while M. tuberculosis
and S. aureus may survive drying for several weeks

< Drying in cold and vacuum (lyophilization) is used for
preservation of microorganisms.

BACTERIAL METABOLISM

Bacterial metabolism is the process by which a microbe
obtains the energy and nutrients (e.g. carbon) for its
survival and reproduction. Bacterial metabolism can be
based on three principles:
1. How the bacteria obtain carbon for synthesizing cell
mass?
= Autotrophs: These bacteria can synthesize all their
organic compounds by using atmospheric CO, as
their sole source of carbon

= Heterotrophs: They use reduced, preformed organic
molecules as carbon sources.

2. How the bacteria obtain reducing equivalents (electrons)
used either in energy conservation or in biosynthetic
reactions?
= Lithotrophs: These bacteria obtain reducing equiva-

lents (electrons) from inorganic compounds
= Organotrophs: They obtain reducing equivalents
from organic compounds.

3. How bacteria obtain energy for living and growing?
= Chemotrophs: These bacteria obtain energy from

external chemical compounds
= Phototrophs: They obtain energy from light.
Bacteria usually possess combination of these
properties. Most of the pathogenic bacteria fall into
chemoorganoheterotrophs group. These bacteria obtain
energy, carbon, and reducing equivalents for biosynthetic
reactions from organic compounds, e.g. Escherichia coli.

[ EXPECTED QUESTIONS ]

. Write essay on:

1. Describe in detail the structure and function of the
cell wall and cell membrane of a gram-negative rod
with the help of a diagram.

2. Discuss the role of a bacterial cell wall structure in
diagnosis and antimicrobial treatment of a bacterial
infection.

Il. Write short notes on:
1. Bacterial capsule.
2. Bacterial growth curve.
3. Bacterial flagella.

Ill.  Multiple Choice Questions (MCQs):
1. Cuneiform arrangement is characteristic of:
a. Staphylococcus b. Streptococcus

Answers

1.c 2.cC 3.b 4.c 5.c

c. C.diphtheriae d. Bacillus anthracis
2. Bacterial capsule can be best demonstrated by:
a. Gram staining b. Acid-fast staining
c. Negative staining d. Albert staining
3. Lipopolysaccharide is a component of cell wall of:
a. Gram-positive bacteria
b. Gram-negative bacteria

c. \Virus d. Fungi
4. Bacterial structure involved in respiration is:
a. Ribosome b. Pili
c. Mesosome d. Flagella
5. Which of the following cocci-arrangement is
wrong?

a. Chain-Streptococcus b. Pair-Pneumococcus
c. Tetrad-Gonococcus d. Cluster-Staphylococcus




General Bacteriology:
Laboratory Diagnosis of
Bacterial Infections

CHAPTER

3.3

CHAPTER PREVIEW

m Specimen Collection
m Direct Detection
e Staining Techniques
e Other Methods of Direct Detection

INTRODUCTION

Laboratory diagnosis of bacterial infections is useful for the

following purposes:

% Identification: To identify the causative bacterial agent
responsible for the disease

% Treatment: To provide accurate antimicrobial therapy

% Surveillance purpose: To assess the disease burden
in the community by estimating the prevalence and
incidence of the infections

% For outbreak investigation, e.g. diphtheria outbreaks in
the community, MRSA (methicillin-resistant S. aureus)
outbreaks in the hospitals

< To start PEP (post-exposure prophylaxis): Useful in
infectious diseases such as, anthrax and plague

% Toinitiate appropriate infection control measures: For
example, contact precaution for MRSA infection, droplet
precaution for diphtheria and airborne precaution for

tuberculosis (Chapter 21).

Laboratory diagnosis of bacterial infections comprises
of several steps—specimen collection, direct detection,
culture, identification and antimicrobial susceptibility test,
serology and molecular methods (refer box).

L ABORATORY DIAGNOSIS

1. Specimen collection
2. Direct detection
> Microscopy: Gram stain, acid-fast stain, Albert stain,
histopathological staining, dark ground, phase-contrast
and fluorescence microscopy
> Antigen detection from clinical specimen
> Molecular diagnosis: Detecting bacterial DNA or RNA from
clinical specimen
3. Culture
> Culture media
> Culture methods
> Colony morphology, smear and motility testing
4. ldentification
> Biochemical identification

Bacterial infections

Contd...

m Culture, Identification and AST
e Culture Media
e Culture Methods
e Culture Identification

e Antimicrobial Susceptibility Test
= Serology
= Molecular Methods
= Microbial Typing

Contd...

> Automated identification methods
5. Antimicrobial susceptibility testing
6. Serology
7. Molecular methods
8. Typing methods

SPECIMEN COLLECTION

Specimen collection depends upon the type of underlying
infections (Table 3.3.1). The proper collection of specimen
is of paramount importance for the isolation of the bacteria
in culture.

General Principles

The following general principles should be followed while

collecting the specimen:

% Standard precautions should be followed for collecting
and handling all specimens (Chapter 21 for details)

» Before antibiotics start: Whenever possible, culture
specimens should be collected prior to administration
of any antimicrobial agents

% Contamination with indigenous flora should be avoided,
especially when collecting urine and blood culture
specimens

< Swabs are though convenient but considered inferior to
tissue, aspirate and body fluids

% Container: Specimens should be collected in sterile, tightly
sealed, leak proof, wide-mouth, screw-capped containers

< Labeling: All specimens must be appropriately labelled
with name, age, gender, treating physician, diagnosis,
antibiotic history, type of specimen, and desired
investigation name

< Rejection: Specimens grossly contaminated or
compromised or improperly labelled may be rejected
(Annexure 9)

% If anaerobic culture is requested, proper anaerobic
collection containers with media should be used
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Table 3.3.1: Types of infections and various specimens collected.
Type of infections | Specimens collected

Bloodstream
infection, sepsis,
endocarditis

Infectious diseases
requiring serology

Diarrheal diseases
Meningitis
Infections of other
sterile body area

Skin and soft tissue
infections

Anaerobic
infections

Upper respiratory
tract infections

Lower respiratory
tract infections

Pulmonary
tuberculosis

Urinary tract
infections

Genital infections

Eye infections

Ear infections

% Specimen should not be sent in container containing

Paired blood culture specimens

o Collected aseptically by two-step
disinfection of skin; first with alcohol
followed by chlorhexidine

e 8-10 mL of blood (for adults) collected in
blood culture bottles

¢ Blood (2 mL/investigation)

e Collected by minimal asepsis (one-step
skin disinfection with alcohol)

o Collected in vacutainer

Stool (mucus flakes), rectal swab
Cerebrospinal fluid (CSF)

Sterile body fluids; e.g. pleural fluid, synovial
fluid, peritoneal fluid

Pus or exudate, wound swabs, aspirates from
abscess and tissue bits

Aspirates, tissue specimens, blood and sterile
body fluids, bone marrow
(swabs, sputum not satisfactory)

Throat swab with membrane over the tonsil,
nasopharyngeal swab, per-nasal swab

Sputum, endotracheal aspirate,
bronchoalveolar lavage (BAL),

protected specimen brush (PSB) and lung
biopsy

e Sputum—early morning and spot

o Collected in well-ventilated area

e Gastric aspirate for infants

Midstream urine

Suprapubic aspirated urine

Catheterized patient—collected from the
catheter tube, after clamping distally and
disinfecting; not from urobag

Urethral swab, cervical swab—for urethritis
Exudate from genital ulcers

Conjunctival swabs
Corneal scrapings
Aqueous or vitreous fluid

Swabs from outer ear
Aspirate from inner ear

formalin for microbiological analysis.

Specimen Transport

The specimens should reach the laboratory for further

processing as soon as possible after the collection. If

required appropriate transport media should be used

(discussed subsequently in this chapter).

For most of the specimens, transport time should not

exceed two hours. However, there are some exceptions.

% Specimens that require an immediate transport
(<15 minutes)—such as CSF and body fluids, ocular
specimens, tissue specimens, suprapubic aspirate and
bone specimen

< Urine (midstream) added with preservative (boric
acid) is acceptable up to 24 hours, otherwise should be
transported within 2 hours

% Stool culture: Stool specimen should be transported
within 1 hour, but with transport medium (Cary-Blair
medium) up to 24 hours is acceptable

+ Rectal swabs—up to 24 hours is acceptable

% For anaerobic culture: Specimens should be put into
Robertson’s cooked meat broth or any specialized
anaerobic transport system and transported immediately
to the laboratory.

Specimen Storage before Processing

Most specimens can be stored at room temperature

immediately after receipt, for up to 24 hours. However,

there are some exceptions.

% Blood cultures—should be incubated at 37°C
immediately upon receipt

% Sterile body fluids, bone, vitreous fluid, suprapubic
aspirate—should be immediately plated upon receipt
and incubated at 37°C

% Corneal scraping—should be immediately plated at
bed-side on to blood agar and chocolate agar

% Stool culture—can be stored up to 72 hours at 4°C

% Urine (mid-stream and from the catheter), lower
respiratory tract specimen, gastric biopsy (for
Helicobacter pylori)—can be stored up to 24 hours at 4°C.

DIRECT DETECTION

Direct detection of bacteria in the clinical specimen
plays a very important role in early institution of
antimicrobial therapy. These methods include microscopic
demonstration of bacteria—staining techniques and other
methods such as detection of antigen or nucleic acid in the
clinical specimen.

STAINING TECHNIQUES

Structural details of bacteria cannot be seen under a light
microscope due to lack of contrast. Hence, it is necessary to
use staining methods to produce color contrast and thereby
increase the visibility. Before staining, the smears are
fixed so that they will not be displaced during the staining
process. Fixation also protects the internal structures of
cells in a fixed position. It is done by two methods.

1. Heat fixation: It is done by gently flame heating an air-

dried film, used for bacterial smears
2. Methanol fixation: Used for blood smears.

Common staining techniques used in diagnostic

bacteriology include:

< Simple stain: Basic dyes, such as methylene blue or basic
fuchsin are used as simple stains. They provide the color
contrast, but impart the same color to all the bacteria in
a smear
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< Negative staining: A drop of bacterial suspension
is mixed with dyes, such as India ink or nigrosin. The
background gets stained black whereas unstained
bacterial/yeast capsule stand out in contrast. This is very
useful in the demonstration of bacterial/yeast capsules
which do not take up simple stains
» Impregnation methods: Bacterial cells and structures
that are too thin to be seen under the light microscope,
are thickened by impregnation of silver salts on their
surface to make them visible, e.g. for demonstration of
bacterial flagella and spirochetes
» Differential stain: Here, two stains are used which
impart different colors to different bacteria or bacterial
structures, which help in differentiating bacteria. The
most commonly employed differential stains are:
®m Gram stain: It differentiates bacteria into gram-
positive and gram-negative groups
= Acid-fast stain: It differentiates bacteria into acid-
fast and non acid-fast groups
= Albert stain: It differentiates bacteria having meta-
chromatic granules from other bacteria that do not
have them.

B

B

Gram Stain

This staining technique was originally developed by Hans
Christian Gram (1884). Even after more than 130 years of
its discovery and even in the presence of newer modern
diagnostic facilities, still Gram stain remains the most
widely used test in diagnostic bacteriology.

Procedure (Fig. 3.3.1)

“ Fixation: The smear made on a slide from bacterial
culture or specimen is air-dried and then heat-fixed

Step-1: Primary stain
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Fig. 3.3.1: Principle and procedure of Gram staining.

< Step 1 (Primary stain): The smear is stained with
pararosaniline dyes such as crystal violet (or gentian violet
or methyl violet) for one minute. Then the slide is rinsed
with water. Crystal violet stains all the bacteria violet in
color (irrespective of whether they are gram-positive or
gram-negative)

% Step 2 (Mordant): Gram'’s iodine (dilute solution of
iodine) is poured over the slide for one minute. Then
the slide is rinsed with water. Gram’s iodine acts as a
mordant, binds to the dye to form bigger dye-iodine
complexes in the cytoplasm

% Step 3 (Decolorization): Next step is pouring of few
drops of decolorizer to the smear, e.g. acetone (for 1-2
sec) or ethyl alcohol (20-30 sec) or acetone alcohol (for 10
sec). Slide is immediately rinsed with water. Decolorizer
removes the primary stain from gram-negative bacteria
while the gram-positive bacteria retain the primary stain

0

0

Note: Decolorization is the most crucial step of Gram
staining. If the decolorizer is poured for more time, even
gram-positive bacteria lose color (over decolorization) and
if poured for less time, the gram-negative bacteria do notlose
the color of primary stain properly (under decolorization).

< Step 4 (Counter stain): Secondary stains such as
safranin or dilute carbol fuchsin is added for 30 seconds.
Itimparts pink or red color to the gram-negative bacteria.
Alternatively, neutral red may also be used as counter stain,
especially for gonococci. The slide is rinsed in tap water,
dried, and then examined under oil immersion objective.

Interpretation of Gram Stain

Smear is examined under oil immersion objective (Fig. 3.3.2A).

% Gram-positive bacteria resist decolorization and retain
the color of primary stain i.e. violet

% Gram-negative bacteria are decolorized and, therefore,
take counterstain and appear pink.
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Figs 3.3.2A and B: A. Gram staining demonstrating violet-colored
gram-positive cocci in clusters and pink colored gram-negative
bacilli in scattered arrangement; B. Acid-fast staining shows long
slender straight or slightly curved beaded red acid-fast bacilli.
Source: A. Department of Microbiology, Pondicherry Institute of Medical

Sciences, Puducherry; B. Department of Microbiology, JIPMER, Puducherry (with
permission).
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Principle of Gram Staining

Though the exact mechanism is not understood, the
following theories have been put forward.
< pH theory: Cytoplasm of gram-positive bacteria is more
acidic, hence, can retain the basic dye (e.g. crystal violet)
forlonger time. Iodine serves as mordant, i.e. it combines
with the primary stain to form a dye-iodine complex
which gets retained inside the cell
% Cellwall theory: This is believed to be the mostimportant
postulate to describe the mechanism of Gram stain
®m Gram-positive cell wall has a thick peptidoglycan
layer (50-100 layers thick), with tight cross linkages
= The peptidoglycan itselfis not stained; instead, it seems
to actas a permeability barrier preventing loss of crystal
violet. More so, alcohol is thought to shrink the pores
of the thick peptidoglycan; hence large dye-iodine
complexes are not able to penetrate this tightened
peptidoglycan layer in a gram-positive bacteria
®m Gram-negative cell wall is more permeable thus
allowing the outflow of crystal violet easily. This is
attributed to:
¢ The thin peptidoglycan layer in gram-negative cell
wall which is not tightly cross linked
¢ Presence of lipopolysaccharide layer in the
cell wall of gram-negative bacteria, which gets
disrupted easily by the decolorizer; forming larger
pores, that allow the dye-iodine complexes to
escape from the cytoplasm.

Modifications of Gram Staining

There are a few minor modifications of Gram stain which

vary slightly from the method described earlier.

< Kopeloff and Beerman’s modification: Primary stain
and counter stain used are methyl violet and basic
fuchsin respectively

» Jensen’s modification: This method involves use of
absolute alcohol as decolorizer and neutral red as counter
stain. It is useful for meningococci and gonococci

» Brown and Brenn modification: This is used for
Actinomycetes.

0’0

0’0

Uses of Gram Stain

0 To differentiate bacteria into gram-positive and gram-
negative: It is the first step towards identification of bacteria

0 For identification: Gram staining from bacterial culture
gives an idea to put the corresponding biochemical tests
for further identification of bacteria

0O To start empirical treatment: Gram stain from the specimen
gives a preliminary clue about the bacteria present (based on
the shape and Gram staining property of the bacteria) so that
the empirical treatment with broad-spectrum antibiotics can
be started early before the culture report is available

0 For fastidious organisms, such as Haemophilus which
takes time to grow in culture; Gram stain helps in early
presumptive identification

Contd...

Contd...

0 Anaerobic organisms, such as Clostridium do not grow
in routine culture. Therefore, organisms detected in Gram
stain, but aerobic culture-negative gives a preliminary clue
to perform an anaerobic culture of the specimen

O Yeasts: In addition to stain the bacteria, Gram stain is useful
for staining certain fungi such as Candida and Cryptococcus
(appear gram-positive)

0 Quality of specimen: Gram stain helps in screening the
quality of the sputum specimen before processing it for
culture. Presence of more pus cells and less epithelial cells
indicates good quality specimen.

Acid-fast Stain

The acid-fast stain was discovered by Paul Ehrlich and
subsequently modified by Ziehl and Neelsen. This
staining is done to identify acid-fast organisms, such as
Mycobacterium tuberculosis and others. Acid-fastness is
due to presence of mycolic acid in the cell wall.

Ziehl-Neelsen Technique (Hot Method)
Smear Preparation

Smear measuring 2 x 3 cm in size is prepared in a new
clean grease free scratch free slide from the yellow purulent
portion of the sputum.

+ The smear should neither be too thick nor too thin. When
placed over a printed matter, the print should be readable
through the smear

% Smear preparation should be done near a flame, as six
inches around the flame is considered sterile zone (as
heat coagulates the aerosols raised during the smear
preparation).

Heat Fixation

The smear is air dried for 15-30 minutes and then heat
fixed by passing over the flame 3-5 times for 3-4 seconds
each time. Coagulation of the proteinaceous material in the
sputum will facilitate fixing of the smear.

Procedure

Step 1 (Primary stain)

Smear is poured with strong carbol fuchsin (1%) for 5

minutes. Intermittent heating is done by flaming the

underneath of the slide until the vapor rises. Heating helps
in better penetration of the stain.

% Care must be taken to ensure that the smear does not dry
out, to counteract drying more solution of stain is added
to the slide and the slide reheated

% Rinse the slide with tap water, until all free carbol fuchsin
stain is washed away. At this point, the smear on the slide
looks red in color.

Step 2 (Decolorization)

It is done by pouring 25% sulfuric acid over the slide and
allowing it to stand for 2-4 minutes. The slide is gently
rinsed with tap water and tilted to drain off the water.
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< A properly decolorized slide appears light pink. If the
slide is still red, sulfuric acid is reapplied for 1-3 minutes
and then rinsed gently with tap water

< The back of the slide is wiped clean with a swab dipped
in sulfuric acid.

Step 3 (Counter staining)

0.1% methylene blue is poured onto the slide and left for

30 seconds. Then the slide is rinsed gently with tap water

and allowed to dry.

% The slide is examined under the binocular microscope
using 40x lens to select a suitable area and then examined
under oil immersion field (100x)

* Contaminated materials/slide should be discarded in a

jar containing 5% phenol.

Interpretation

Mycobacterium tuberculosis appears as long slender,
straight or slightly curved and beaded, red colored acid-
fast bacillus. Other non-acid fast organisms present in the
smear and the background take up the counter stain and
appear blue (Fig. 3.3.2B).

Modifications of Acid-Fast Staining

Hot method (Ziehl-Neelsen technique) is the most

commonly done acid-fast staining technique. Other

modifications are as follows:

< Cold method (Kinyoun’s method): It is modification,
where the intermittent heating is not required (described
in Chapter 63)

% Acid-alcohol can be used as decolorizer alternatively

% Malachite green can be used as counter stain

% The concentration of sulfuric acid may vary
depending on the acid-fastness of the structure to be
demonstrated. More the content of mycolic acid in the
cell wall, more is the acid-fastness, hence more is the
percentage of sulfuric acid required for decolorization
(Table 3.3.2).

Albert Stain

Albert stain is used to demonstrate the metachromatic
granules of Corynebacterium diphtheriae.

Procedure
< Fixation: The smear is heat fixed

Table 3.3.2: Acid-fast organisms/structures and percentage of
sulfuric acid suitable for staining.

Acid-fast organisms/structures Sulfuric acid (%) needed
for decolorization

25%
5%
1%

0.5%

Mpycobacterium tuberculosis
Mycobacterium leprae
Nocardia

Acid-fast parasites such as
Cryptosporidium, Cyclospora,
Cystoisospora, Microsporidia*

Bacterial spore 0.25-0.5%

*Microsporidia are now considered to be evolved from fungi.

“ Smear is covered with Albert I stain for 5 minutes, then
the excess stain is drained out

< AlbertII (iodine solution) is added for 1 minute

% Slide is washed with water, blotted dry and examined
under oil immersion field.

Composition

Composition of Albert stain includes:

% Albert I: Comprises of toluidine blue, malachite green,
glacial acetic acid, alcohol (95% ethanol), and distilled water

% Albert II: Contains iodine in potassium iodide.

Interpretation

Corynebacterium diphtheriae appears as green colored
bacilli arranged in Chinese letter or cuneiform pattern,
with bluish black metachromatic granules at polar ends
(Refer Fig. 60.2C, Chapter 60). These can be differentiated
from diphtheroids which do not show granules and are
arranged in palisade pattern. However, certain bacteria,
such as Corynebacterium xerosis and Gardnerella vaginalis
also possess metachromatic granules.

Other Microscopic Techniques

Other microscopic techniques include:

% Dark-ground and phase-contrast microscopy—for
demonstration of spirochetes in genital specimens

% Hanging drop preparation for stool specimen—for
demonstration of darting motility; gives a clue about
V. cholerae.

OTHER METHODS OF DIRECT DETECTION

Antigen Detection

Various immunological methods such as latex agglutina-
tion test, immunochromatographic test are available which
detect antigens in clinical specimens.

% The classical example includes detection of capsular
antigen of pneumococci, meningococci, H. influenzae
in CSF specimen

% Urinary antigen detection for pneumococci and
Legionella

% Direct fluorescent antibody test—for detection of
T. pallidum from tissue sections or exudates.

Details about these antigen detection methods are

discussed in Chapter 12.

Molecular Diagnosis

Bacterial DNA or RNA can be directly detected in the
clinical specimens by various molecular methods such as
polymerase chain reaction (PCR). It is discussed in detail
subsequently in this chapter.

CULTURE, IDENTIFICATION AND AST

Culture is the most common diagnostic method used for
detection of bacterial infections. Specimens are inoculated
on to various culture media and incubated. The colonies
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grown are subjected to identification and antimicrobial
susceptibility test (AST).

CULTURE MEDIA

A microbiological culture medium is a liquid or solid
substance that contains nutrients to support the growth,
and survival of microorganisms.

Constituents of Culture Media
The various constituents of culture media are as follows:

* Water and electrolytes (e.g. sodium chloride)
< Peptone: It is a complex mixture of partially digested
proteins, obtained from various sources such as heart
muscle, casein or fibrin, or soya
% Agar: It is used for solidifying the culture media, does
not add nutritive value to the medium
m Source: It is prepared from the cell wall of seaweeds
and available commercially in powder form
m Preparation: Agar powder is dissolved in water and
subjected to sterilization by autoclave. When the
temperature of the molten agar comes down to 45°C,
itis poured into the Petri dishes and then allowed to
set for 20 minutes
= Concentration: It is used in concentration of 1-2%
for solid medium, 0.5% for semisolid agar and 6% to
inhibit Proteus swarming.
» Meat extract: It is a commercial preparation of highly
concentrated meat stock, usually made from beef
< Yeast extract (prepared from Baker’s yeast) and malt
extract (contains maltose)
% Blood and serum: They are important components of
enriched media; provide extra nutrition to fastidious
bacteria. Usually 5-10% of sheep blood is used.
Alternatively, horse, ox, or human blood can also be used.

0

Types of Culture Media

Bacteriological culture media can be classified in two ways.

A. Based on consistency, culture media are grouped

into—liquid (or broth), semisolid and solid media.

B. Based on the method of growth detection, culture

media are classified as:

1. Conventional culture media: They are prepared from
nutrients, such as aqueous extract of meat, peptone,

_§

etc. The bacterial growth is detected manually by visual

inspection of turbidity or colony morphology. They

are of various types based on their functional use or

application

Simple/basal media

Enriched media

Enrichment broth

Selective media

Differential media

Transport media

Anaerobic media.

2. Automated culture media: They are mainly available
for blood and sterile body fluid culture. The growth is
detected automatically by the equipment.

Conventional Culture Media
Simple/Basal Media

They contain minimum ingredients that support the growth

of non-fastidious bacteria. Examples include—

< Peptone water: It contains peptone (1%) + NaCl (0.5%)
+ water (Fig. 3.3.3A)

% Nutrient broth: It is made up of peptone water + meat
extract (1%). It is available in three forms: (1) meat
extract, (2) meat infusion, (3) meat digest broth

<+ Nutrient agar: It is made up of nutrient broth + 2% agar
(Fig. 3.3.3B)

* Semisolid medium: It is prepared by reducing the
concentration of agar to 0.2-0.5 %.

Uses of Basal Media

The basal media are used for:

Q Testing the non-fastidiousness of bacteria

Q They serve as the base for the preparation of many other
media

Q Nutrient broth is used for studying the bacterial growth curve

Q Nutrient agar is the preferred medium for:
> Performing the biochemical tests, such as oxidase,

catalase and slide agglutination test, etc.
> To study the colony morphology
> Pigment demonstration.

a Semisolid medium is used for: (1) demonstrating motility of
the bacteria; motile bacteria spread throughout the semi-
solid medium, making the medium hazy, (2) maintaining
stock culture.

/

Figs 3.3.3A to D: A. Peptone water; B. Nutrient agar; C. Blood agar; D. Chocolate agar.
Source: A to D. Department of Microbiology, JIPMER, Puducherry (with permission).

D
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Enriched Media

When a basal medium is added with additional nutrients,
such as blood, serum or egg, it is called enriched medium.
In addition to non-fastidious organisms, they also support
the growth of fastidious nutritionally exacting bacteria.
Examples include:

< Blood agar: It is prepared by adding 5-10% of sheep
blood to the molten nutrient agar at 45°C (Fig. 3.3.3C). Itis
the most widely used medium in diagnostic bacteriology.
Blood agar also tests the hemolytic property of the
bacteria, which may be either: (1) partial or o (green)
hemolysis and (2) complete or 3-hemolysis (described
subsequently in this chapter)

% Chocolate agar: It is the heated blood agar, prepared by
adding 5-10% of sheep blood to the molten nutrient agar
at 70°C, so that the RBCs will be lysed and the content
of RBCs will be released, changing the color of the
medium to brown (Fig. 3.3.3D). It is more nutritious than
blood agar, and even supports certain highly fastidious
bacteria, such as Haemophilus influenzae that does not
grow on blood agar

% Loeffler’s serum slope: It contains serum. It is used for
isolation of Corynebacterium diphtheriae

% Blood culture media: They are also enriched media,
used for isolating microorganisms from blood. They are
available either as conventional or automated blood
culture media (described later in this chapter).

Enrichment Broth

They are the liquid media added with some inhibitory

agents which selectively allow certain organism to grow

and inhibit others. This is important for isolation of the

pathogens from clinical specimens which also contain

normal flora (e.g. stool and sputum specimen). Examples

for enrichment broth include:

% Tetrathionate broth—Used for Salmonella Typhi

% Gram-negative broth—Used for isolation of Shigella

% Selenite F broth—Used for isolation of Shigella

% Alkaline peptone water (APW)—Used for Vibrio
cholerae.

*

Selective Media

They are solid media containing inhibitory substances that

inhibit the normal flora present in the specimen and allow

the pathogens to grow.

< Lowenstein-Jensen (L)) medium: It is used for isolation
of Mycobacterium tuberculosis (Fig. 3.3.4A)

< Thiosulfate citrate bile salt sucrose (TCBS) agar: It is
used for isolation of Vibrio species (Fig. 3.3.4B)

< DCA (deoxycholate citrate agar and XLD (xylose lysine
deoxycholate) agar: They are used for the isolation of
enteric pathogens, such as Salmonella and Shigella from
stool (Figs 3.3.5A and B)

% Potassium tellurite agar (PTA): It is used for isolation
of Corynebacterium diphtheriae.

Figs 3.3.4A and B: A. Lowenstein—-Jensen medium;
B. TCBS agar.

Source: Department of Microbiology, JIPMER, Puducherry
(with permission).

Transport Media

They are used for the transport of the clinical specimens
suspected to contain delicate organism or when delay
is expected while transporting the specimens from the
site of collection to the laboratory (Table 3.3.3). Bacteria
do not multiply in the transport media, they only remain
viable.

Differential Media

These media differentiate between two groups of bacteria

by using an indicator, which changes the color of the

colonies of a particular group of bacteria but not the other

group.

<+ MacConkey agar: It is a differential and low selective
medium, commonly used for the isolation of enteric
gram-negative bacteria (Fig. 3.3.5C)

m It differentiates organisms into LF or lactose
fermenters (produce pink colored colonies, e.g.
Escherichia coli) and NLF or non-lactose fermenters
(produce colorless colonies, e.g. Shigella)

= Composition: It contains peptone, lactose, agar,
neutral red (indicator) and taurocholate

®m Mostlaboratories use combination of blood agar and
MacConkey agar for routine bacterial culture.

< CLED agar (cysteine lactose electrolyte-deficient
agar): This is another differential medium similar to

Table 3.3.3: Transport media used for common bacteria.

Neisseria Amies medium and Stuart’s medium

VR (Venkatraman-Ramakrishnan) medium
Autoclaved sea water
Cary Blair medium

Vibrio cholerae °

Shigella, Salmonella o Buffered glycerol saline
o Cary Blair medium
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Figs 3.3.5A to D: A. DCA; B. XLD agar; C. MacConkey agar; D. CLED agar.

Source: Department of Microbiology, JIPMER, Puducherry (with permission).

MacConkey agar, capable of differentiating between LF
and NLE It is used as an alternative to combination of
blood agar and MacConkey agar, for the processing of
urine specimens (Fig. 3.3.5D).

Anaerobic Culture Media

Anaerobic media contain reducing substances which take-
up oxygen and create lower redox potential and thus permit
the growth of obligate anaerobes, such as Clostridium.
Examples are as follows:
< Robertson’s cooked meat (RCM) broth: It contains
chopped meat particles (beef heart), which pro-
vide glutathione (a sulfhydryl group containing re-
ducing substance) and unsaturated fatty acids. It
is the most widely used anaerobic culture medium
(Fig. 3.3.6A). It is also used for maintenance of stock
cultures
» Other anaerobic media include:
= Thioglycollate broth (Fig. 3.3.6B)
= Anaerobic blood agar
m BHIS agar (Brain-heart infusion agar) with
supplements (vitamin K and hemin)
Neomycin blood agar
Eggyolk agar
Phenyl ethyl agar
Bacteroides bile esculin agar (BBE agar).

e

Blood Culture Media

Recovery of bacteria from blood is difficult as they are
usually present in lesser quantity in the blood and many
of the blood pathogens are fastidious. Therefore, enriched
media are used for isolating microorganisms from blood.
Blood culture media are available either as conventional
or automated media.

Conventional Blood Culture Media

The conventional blood culture media are of two types.

1. Monophasic medium: It contains brain-heart infusion
(BHI) broth (Fig. 3.3.6C)

2. Biphasic medium: It has a liquid phase containing BHI
broth and a solid agar slope made up of BHI agar (Fig.
3.3.6D).

Figs 3.3.6A to D: A. Robertson’s cooked meat medium; B.
Thioglycollate broth; C. Brain-heart infusion broth; D. Biphasic
medium (Brain-heart infusion broth/agar).

Source: A, C and D. Department of Microbiology, JIPMER, Puducherry; B.
Department of Microbiology, Pondicherry Institute of Medical Sciences,
Puducherry (with permission).

The recovery of organisms in the blood is enhanced by
mixing the blood in the broth periodically. If any growth
occurs, it can be detected by subcultures.

Disadvantages

In conventional blood culture, subcultures are made

manually. This process can be performed less-frequently

(once a day) as it is cumbersome.

% From monophasic BHI broth, subcultures are made
onto blood agar and MacConkey agar periodically for
1 week. There is a higher risk of contamination due
to opening of the cap of the bottle every time when
subcultures are made

» From biphasic BHI broth, subcultures can be made just
by tilting the bottles so that the broth runs over the agar
slope. There is lower risk of contamination as it obviates
the opening of the cap of the bottle.

Automated Blood Culture Techniques

Automated blood culture techniques have been in use

since last two decades. They are revolutionary, offer several

advantages over conventional blood cultures.

% Continuous automated monitoring: Following
inoculation, the culture bottles are loaded inside the
automated culture system
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m The incubated bottles are periodically tilted
automatically every 10 minutes, which allows mixing
of blood with broth which fastens the recovery

= Bottles are periodically monitored for the microbial
growth once in every 10 minutes by the instrument.
Once positive for microbial growth, the instrument
gives a signal (producing beep or color change on the
screen).

< Composition: Automated blood culture bottles contain:
= Tryptic soy broth and/or brain heart infusion broth

(as enriched media) added with

® Polymeric resin beads which adsorb and neutralize
the antimicrobials present in blood specimen.

% Specimens: In addition to blood, these bottles can also
be used for culture of bone marrow, sterile body fluids
such as CSF, peritoneal, pleural and synovial fluid

% More sensitive: It gives a higher yield of positive cultures

from clinical specimens

Rapid: It takes less time than conventional methods

Less labor intensive, as fully-automated.

0,
”
0,
”

Automated Systems

There are three automated systems commercially available.

1. BacT/ALERT 3D (Figs 3.3.7A and B): Its principle
is based on colorimetric detection of growth. When
bacteria multiply, they produce CO, that increases the
pH, which in turn changes the color of a blue-green
sensor present at the bottom of the bottle to yellow, that
is detected by colorimetry

2. BacT/ALERT VIRTUO (bioMerieux) (Fig. 3.3.8): It is
an advanced form of BacT/ALERT which offers several
advantages such as (i) automatic loading and unloading
of bottles, (ii) faster detection of growth, (iii) can
determine the volume of blood present in the bottle

Figs 3.3.7A and B: A. BacT/ALERT automated blood culture
system; B. BacT/ALERT blood culture bottle.

Source: Department of Microbiology, JIPMER, Puducherry (with permission).

=

Fig. 3.3.8: BacT/ALERT VIRTUO automated blood culture system.
Source: Department of Microbiology, JIPMER, Puducherry (with permission).

3. BACTEC (BD Diagnostics): Its principle is based on
fluorometric detection of growth; use an oxygen-
sensitive fluorescent dye present in the medium
= In an uninoculated medium, the large amount of
dissolved oxygen present in the broth quenches the
fluorescent dye

= Later, actively dividing microorganisms consume the
oxygen removing the quenching effect and allowing
the fluorescence to be detected.

Note: There is an automated culture system available

for culture of Mycobacterium tuberculosis from various

pulmonary and extrapulmonary specimens; called as

Mycobacteria Growth Indicator Tube (MGIT). This works

on fluorometric principle of detection, similar to BACTEC.

Disadvantages

Automated culture methods do have several disadvantages
like (1) high cost of the instrument and culture bottles,
(2) inability to observe the colony morphology as liquid
medium is used.

CULTURE METHODS

Culture methods involve inoculating the specimen on to
appropriate culture media, followed by incubating the
culture plates in appropriate conditions.

Selection of Media

The first step of a culture investigation is selection of
appropriate media, which in turn depends up on the type
of specimen to be processed. In general, combination of
blood agar and MacConkey agar is commonly used for
processing of most specimens. However, there are few
specimens for which additional or alternative media are
used (Table 3.3.4).
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Table 3.3.4: Selection of media for various specimen types.

m Recommended culture media

Exudate specimens*
Sterile body fluids

Blood agar plus MacConkey agar

Blood agar, plus MacConkey agar, plus
chocolate agar or
Automated blood culture bottles

Blood Blood culture bottles
(Conventional or automated)
Urine Blood agar plus MacConkey agar
CLED agar can be used alternatively
Stool Selenite-F broth plus MacConkey agar plus

DCA and/or XLD agar
(if cholera is suspected- add TCBS agar)

Respiratory
specimens

Blood agar, plus MacConkey agar, plus
chocolate agar
(if diphtheria is suspected - add LSS and PTA)

*Exudate specimens include pus, wound swab, aspirates, and tissue bits.

Abbreviations: CLED, cysteine lactose electrolyte deficient agar; DCA, deoxycho-
late citrate agar; XLD, xylose lysine deoxycholate; TCBS, thiosulfate-citrate-bile
salts-sucrose agar; LSS, Loeffler serum slope; PTA, potassium tellurite agar.

Inoculation of the Specimens

Inoculation of the specimens onto the culture media is
carried out with the help of bacteriological loops made up
of platinum or nichrome wire (Fig. 3.3.9A).

% The inoculating loop is first heated in the Bunsen flame
by making it red hot (Fig. 3.3.9B) and then made cool
waiting for 10 seconds

% The entire process of bacteriological culture method
should be carried out in a biological safety cabinet and
wearing appropriate personal protective equipment
such as gloves, laboratory coat or gown and mask (for
respiratory specimens).

Biosafety Cabinet (BSC)

It is an enclosed, ventilated laboratory work station, used to

protect the laboratory personnel while working with potential

infectious clinical specimens.

QO They are specially designed in a way that the air is blown
into the cabinet away from the worker and then exhausted
outside through a duct lined with HEPA filters (Fig. 3.3.10)

QO There are various types of BSCs, depending upon air veloc-
ity and percentage of air recirculated. Most of the micro-
biology laboratories require Class 2A BSC. A higher class
of BSCs may be required for certain high-risk pathogens.

Inoculation Methods

Inoculation methods are of two types.

1. Methods used for inoculating clinical specimens on to
the culture media

2. Methods used for inoculating colonies on to various
media for further processing.

Streak Culture

It is the most common inoculation method; used for the
inoculation of the specimens on to the solid media. It is

(A 5

Figs 3.3.9A and B: A. Bacteriological loop and straight wire;
B. Flaming the loop (red hot).
Source: A. Department of Microbiology, JIPMER, Puducherry (with permission).

Fig. 3.3.10: Biological safety cabinet.

Source: Department of Microbiology, Pondicherry Institute of
Medical Sciences, Puducherry (with permission).

also used for obtaining individual isolated colonies from a

mixed culture of bacteria.

% Streaking: A loopful of the specimen is smeared onto the
solid media to form round-shaped primary inoculum,
which is then spread over the culture plate by streaking
parallel lines to form the secondary, tertiary inoculum
and finally a feathery tail end (Fig. 3.3.11A)

% Intermittent heating: The loop is flamed and cooled
in between the different set of streaks to get isolated
colonies on the final streaks (Fig. 3.3.11B). Obtaining
isolated colonies is the prerequisite to perform tests for
identification and AST.

Liquid Culture

Liquid culture is used for culture of specimens such as

blood or body fluids, which are inoculated by directly

adding the specimen in to the liquid medium or with the

help of a syringe or pipette.

< Bacterial growth is detected by observing the turbidity
in the medium. Some aerobic bacteria form surface
pellicles (Fig. 3.3.12A)
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Figs 3.3.11A to C: A. Streak culture (schematic representation); B. Isolated colonies grown by following streak culture;
C. Lawn culture of a bacterial isolate to perform the antimicrobial susceptibility testing.
Source: Department of Microbiology, JIPMER, Puducherry (with permission).

% Uses: Liquid cultures are useful for—(1) blood, or body
fluids culture, (2) automated culture for mycobacteria
(MGIT, i.e. mycobacteria growth indicator tube), (3)
water analysis

% Advantages: Liquid cultures are preferable for culture
of—(1) specimens containing small quantity of bacteria,
(2) specimens (e.g. blood) containing antibiotics and
other antibacterial substances, as they get neutralized
by dilution in the medium, (3) It is also preferred when
large yields of bacteria are required

< Disadvantages: (1) Liquid cultures do not provide a

pure culture from a mixed inoculum, (2) there is no

visible colonies, therefore unlike solid media, it does
not give any preliminary clue about the bacteria.

Lawn or Carpet Culture

Lawn culture is useful to carry out antimicrobial
susceptibility testing (AST) by disk diffusion method
(Fig. 3.3.11C). Here, the uniform lawn of bacterial
growth is obtained by either swabbing or flooding with a
bacterial broth onto the culture plate (discussed in detail
subsequently in this chapter).

Pour Plate Technique

Seldom used for quantifying the bacterial load present in
the specimens such as urine or blood. Here, serial dilutions
of the specimen are added on to the molten agar. After
being cooled and solidified, the Petri dishes are incubated
and then the colony count is estimated.

Stroke Culture

This is carried out on agar slopes or slants by streaking the
straight wire in a zigzag fashion (Fig. 3.3.12B). It is used for
biochemical test such as urease test.

Stab Culture

It is made by stabbing the semisolid agar butt by a straight
wire. It is used for motility testing using mannitol motility

Figs 3.3.12A to C: A. Liquid culture in test tube (turbidity indicates
growth); B. Stroke culture; C. Stabbing with inoculation wire (stab
culture).

Source: Department of Microbiology, Pondicherry Institute of Medical Sciences,
Puducherry (with permission).

medium (Fig. 3.3.12C), and triple sugar iron agar test (here,
both stroke and stab cultures are made).

Incubatory Conditions

Most of the pathogenic bacteria are aerobes or facultative
anaerobes; grow best at 37°C, i.e. body temperature of
human beings. Therefore, the inoculated culture plates are
incubated at 37°C aerobically overnight in an incubator.

Bacteriological Incubator

It is an equipment used to incubate the culture plates,
biochemical tests and AST plates (Fig. 3.3.13). The incubator
maintains optimal temperature. Some incubators are specially
designed to maintain other conditions, such as humidity and
Co,.
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Fig. 3.3.13: Bacteriological incubator.
Source: Department of Microbiology, JIPMER, Puducherry (with permission).
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Fig. 3.3.14: Candle jar.
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Other Incubatory Conditions

The incubatory conditions may vary depending upon the

bacteria to be isolated.

* For capnophilic bacteria: Candle jar is used. Here,
inoculated media are placed inside a jar, along with a
lighted candle and then jar is sealed
m The burning candle reduces oxygen to a point where

the flame goes off (Fig. 3.3.14). This provides an
atmosphere of approximately 3-5% CO,

m This is useful for capnophilic bacteria, such as
Brucella, Streptococcus, pneumococcus and
gonococcus.

% For microaerophilic bacteria, such as Campylobacter
and Helicobacter require 5% oxygen for optimum growth

% For obligate anaerobes, anaerobic culture methods are
used (see below).

Anaerobic Culture Methods

Obligate anaerobic bacteria can grow only in the absence
of oxygen, hence for the growth of such bacteria, anaerobic
environment is needed. The following are the methods
used to create anaerobiosis.

Evacuation and Replacement

This involves evacuation of the air from jar and replacement
with inert gas like hydrogen followed by removal of the
residual oxygen by use of a catalyst. It is carried out either
by:
< Manual method by using McIntosh and Filde’s anaerobic
jar (Fig. 3.3.15A): It was the most popular method for
creating anaerobiosis in the past, now not in use
< Automated system (Anoxomat): It automatically
evacuates air and replaces by hydrogen gas from a
cylinder (Fig. 3.3.15B)
m The catalyst used to combust residual oxygen is a
sachet containing aluminum pellets coated with
palladium
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Figs 3.3.15A to C: A. McIntosh and Filde’s anaerobic jar; B. Anoxomat anaerobic system; C. Anaerobic work station (Whitley pvt. Ltd.).

Source: A. Department of Microbiology, Pondicherry Institute of Medical Sciences, Puducherry; B. Department of Microbiology, JIPMER, Puducherry;
C. Dr Padmaja A Shenoy, Department of Microbiology, Kasturba Medical College, Manipal, Karnataka (with permission).
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Fig. 3.3.16: GasPak anaerobic system.

m Itis easier to operate than McIntosh jar method and
claims to be highly effective for creating anaerobio-
sis.

Absorption of Oxygen by Chemical Methods

GasPak system (BD diagnostics) works on this principle. It
is the the most commonly used method for anaerobiosis,
especially for laboratories with less sample load.
< Here, the oxygen is removed by chemical reactions,
instead of evacuation and replacement technique used
in Anoxomat
% It uses a sachet containing sodium bicarbonate and
sodium borohydride which react chemically in presence
of water, to produce hydrogen and CO, gas
% The traces of oxygen is removed by using the same
catalyst used for Anoxomat (aluminium pellets coated
with palladium) placed below the jar lid (Fig. 3.3.16)
% Indicator of anaerobiosis: The effectiveness of
anaerobiosis can be checked by:
® Chemical indicator: Reduced methylene blue
remains colorless in anaerobic conditions, but turns
blue on exposure to oxygen
= Biological indicator using obligate aerobe such as
Pseudomonas: Absence of its growth indicates that
complete anaerobiosis has been achieved.

GENbag (bioMérieux): It consists of an airtight transparent
bag with a generator sachet, which rapidly produces
carbon dioxide and creates an anaerobic environment. Its
application is similar to that of GasPak system.

Anaerobic Glove Box and Anaerobic Work Station

These systems provide facility for easy processing,
incubation and examination of the specimens without
exposure to oxygen (Fig. 3.3.15C).

Reducing Agents

Oxygen in culture media can be reduced by various
reducing agents, such as glucose, thioglycollate, cooked
meat pieces, cysteine and ascorbic acid. Robertson cooked
meat broth is the most widely employed anaerobic culture
medium which uses chopped meat particles (beef heart) as
reducing agent (Fig. 3.3.6A).

Pre-reduced Anaerobically Sterilized (PRAS)

PRAS media are prepared entirely under oxygen-free
conditions from initial sterilization to packaging in sealed
foil packets.

Colony Morphology

After overnight incubation, the culture media are removed
from the incubator and are examined under bright
illumination. The appearance of bacterial colony on culture
medium is characteristic for many organisms; which helps
in their preliminary identification. The following features of
the colony are studied.
% Size—in millimeters; e.g. pinhead size is characteristic
of staphylococcal colony, whereas pinpoint size is
characteristic of streptococcal colony
Shape—circular or irregular
Consistency—dry, moist or mucoid
Density—opaque, translucent or transparent
Hemolysis on blood agar (see below)
Color of the colony: Colonies may be colored due
to certain properties of the media or organisms.
For example, pink colonies produced by lactose
fermenters on MacConkey agar and black colonies by
Corynebacterium diphtheriae on potassium tellurite agar
due to the reduction of tellurite. Color of the colonies
may also be due to pigment production by the bacteria
% Pigment production: Bacteria may produce two types
of pigments
1. Diffusible pigments, e.g. blue-green pigments
produced by Pseudomonas aeruginosa
2. Non-diffusible pigments: They do not diffuse into
surrounding media, hence only the colonies are
colored, not the surrounding media; e.g. S. aureus
producing golden-yellow colonies.
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Hemolysis on Blood Agar

Certain bacteria produce hemolysin enzymes that lyse the red

blood cells surrounding the colonies on blood agar, forming a

zone of hemolysis (Fig. 3.3.17). Hemolysis may be:

0 Partial or @ hemolysis: Partial clearing of blood around the
colonies occurs with green discoloration of the surrounding
medium; outline of the RBCs is intact (e.g. pneumococci,
viridans streptococci)

0 Complete or B hemolysis: Zone of complete clearing of
blood around the colonies due to complete lysis of the RBCs
(e.g. Staphylococcus aureus and Streptococcus pyogenes)

0 No hemolysis (y hemolysis, a misnomer): There is no color
change surrounding the colony (e.g. Enterococcus)
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Fig. 3.3.17: Hemolysis on blood agar.

Source: Department of Microbiology, Pondicherry Institute of Medical Sciences,
Puducherry (with permission).

Culture Smear and Motility Testing

The colonies grown on the culture media are subjected

to Gram staining and motility testing by hanging drop

method.
Hanging drop preparation is one of the most common

and easiest method to demonstrate bacterial motility.

% A drop of bacterial broth is prepared on a coverslip and
kept over a cavity slide

%+ Then the edge of the drop is focused under the microscope
for demonstration of motile bacteria, as they usually
migrate towards the edge to get more oxygen

< Hanging drop may give some clue about the identification,
especially for gram-negative bacilli.

CULTURE IDENTIFICATION

Identification of bacteria from culture is made either
by conventional biochemical tests or by automated
identification systems.

Biochemical Identification

Based on the type of colony morphology and Gram staining
appearance observed in culture smear, the appropriate
biochemical tests are employed.
1. Initially, catalase and oxidase tests are done on all types
of colonies grown on the media
2. For gram-negative bacilli: The following are the
common biochemical tests done routinely, abbreviated
as ‘ICUT”:
m Indole test
m Citrate utilization test
m Urea hydrolysis test
m Triple sugar iron test (TSI).
3. For gram-positive cocci: The useful biochemical tests
are as follows:
= Coagulase test (for Staphylococcus aureus)

m CAMP (Christie-Atkins-Munch-Petersen) test for

group B Streptococcus

Bile esculin hydrolysis test (for Enterococcus)

Heat tolerance test (for Enterococcus)

Inulin fermentation (for pneumococcus) and

Bile solubility test (for pneumococcus)

Antimicrobial susceptibility tests done for bacterial

identification are as follows:

¢ Optochin susceptibility test—done to differentiate
pneumococcus (sensitive) from viridans strepto-
cocci (resistant)

¢ Bacitracin susceptibility test—done to differentiate
group A (sensitive) from group B (resistant)

Streptococcus.

Some of the important biochemical tests are described
below. Coagulase test and other biochemical reactions
for gram-positive cocci are described in the respective
chapters.

Catalase Test

When a colony of any catalase producing bacteria is mixed

with a drop of hydrogen peroxide (3% H,0,) placed on a

slide, effervescence or bubbles appear due to breakdown

of H,0, by catalase to produce oxygen (Fig. 3.3.18).

% Catalase test is primarily used to differentiate between
Staphylococcus (catalase positive) from Streptococcus
(catalase negative)

% It is also positive for members of the families Entero-
bacteriaceae, Vibrionaceae, Pseudomonadaceae, etc.

Oxidase Test

It detects the presence of cytochrome oxidase enzyme
in bacteria, which catalyzes the oxidation of reduced
cytochrome by atmospheric oxygen.

“ When a filter paper strip or disk, soaked in oxidase
reagent is smeared with a bacterial colony producing
cytochrome oxidase enzyme, the smeared area turns
deep purple within 10 seconds due to oxidation of the
dye to form a purple colored compound indophenol blue

% Interpretation (Fig. 3.3.19A) and examples:

m Oxidase positive (deep purple): Examples
include Pseudomonas, Vibrio, Neisseria, Bacillus,
Haemophilus, etc.

= Oxidase negative (no color change): Examples
include; members of family Enterobacteriaceae,
Acinetobacter, etc.

HNogativo

Poaltive

Fig. 3.3.18: Catalase test.
Source: Department of Microbiology, JIPMER, Puducherry (with permission).
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Figs 3.3.19A and B: A. Oxidase test; B. Indole test.

Source: Department of Microbiology, Pondicherry Institute of Medical Sciences,
Puducherry (with permission).
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Indole Test

It detects the ability of certain bacteria to produce an

enzyme tryptophanase that breaks down amino acid

tryptophan present in the medium into indole.

< When Kovac’s reagent is added to an overnight incubated
broth of a bacterial colony, it complexes with indole to
produce a cherry red color ring near the surface of the
medium

% Indole positive (Fig. 3.3.19B): A red colored ring is
formed near the surface of the broth. Examples include
Escherichia coli, Proteus vulgaris, Vibrio cholerae, etc.

< Indole negative (Fig. 3.3.19B): Yellow colored ring
is formed near the surface of the broth, e.g. Klebsiella
pneumoniae, Proteus mirabilis, Pseudomonas,
Salmonella, etc.

Citrate Utilization Test

It detects the ability of a few bacteria to utilize citrate as the
sole source of carbon for their growth, with production of
alkaline metabolic products. Test is performed on Simmon’s
citrate medium. Citrate utilizing bacteria produce growth
and a color change, i.e. original green color changes to blue
(Fig. 3.3.20A)

% Citrate test is positive for Klebsiella pneumoniae,

Citrobacter, Enterobacter, etc.
< 'The test is negative for Escherichia coli, Shigella, etc.

Urea Hydrolysis Test

Urease producing bacteria can split urea present in the me-

dium to produce ammonia that makes the medium alkaline.

% Test is done on Christensen’s urea medium, which
contains phenol red indicator that changes to pink color
in alkaline medium (Fig. 3.3.20B)

% Urease test is positive for: Klebsiella pneumoniae,
Proteus species, Helicobacter pylori, Brucella, etc.

% Urease test is negative for: Escherichia coli, Shigella,
Salmonella, etc.

Triple Sugar Iron (TSI) Agar Test

TSI is a very important medium employed widely for
identification of gram-negative bacteria. TSI medium

Ureasa
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Positive  Mogates Hegatvg

Figs 3.3.20A and B: A. Citrate utilization test;
B. Urea hydrolysis test.

Source: Department of Microbiology, Pondicherry Institute of Medical Sciences,
Puducherry (with permission).

contains three sugars—glucose, sucrose and lactose in the
ratio of 1:10:10 parts. Uninoculated TSI medium is red in
color; has a slant and a butt (Fig. 3.3.21A). After inoculation,
the medium is incubated at 37°C for 18-24 hours.

Interpretation

TSI detects three properties of bacteria, which includes
fermentation of sugars to produce acid and/or gas and
production of H,S (Figs 3.3.21A to F and Table 3.3.5).
% Acid production: If acid is produced, the medium is
turned yellow from red. Accordingly the organisms are
categorized into three groups
1. Nonfermenters: They do not ferment any sugars,
hence the medium (both slant and butt) remain
red, producing Alkaline slant/Alkaline butt (K/K)
reaction (Fig. 3.3.21F); e.g. Pseudomonas and
Acinetobacter

2. Glucose only fermenters: They ferment only glucose
and produce little acid only at the butt, whereas
the slant remains alkaline giving rise to Alkaline
slant/Acidic butt (K/A) reaction (Fig. 3.3.21C); e.g.
Salmonella and Shigella

3. > 2 sugars fermenters: They ferment glucose and
also ferment lactose and/or sucrose to produce large
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Figs 3.3.21A to F: Triple sugar iron test.

E B
Source: Department of Microbiology, JIPMER, Puducherry (with permission).
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Table 3.3.5: Various reactions in TSI with examples.

Reactions inTS| Examples |

Acidic slant/acidic butt =2 sugars fermented (1) glucose,

(2) lactose or/and sucrose

Escherichia coli
Klebsiella pneumoniae

A/A, gas produced, no H,S
(Fig. 3.3.21B)

Alkaline slant/acidic butt Only glucose-fermenter group

K/A, no gas, no H_S Shigella

(Fig. 3.3.210)

K/A, no gas, H,S produced Salmonella Typhi
(small amount) (Fig. 3.3.21D)

K/A, no gas, H,S produced Proteus vulgaris

(abundant) (Fig. 3.3.21E)

K/A, gas produced, H,S
produced (abundant)

Salmonella Paratyphi B

K/A, gas produced, no H,S
Alkaline slant/alkaline butt

K/K, no gas, no H,S
(Fig. 3.3.21F)

Salmonella Paratyphi A
Non-fermenters group
Pseudomonas, Acinetobacter

amount of acid so that the medium (both slant and
butt) change to yellow giving rise to Acidic slant/
Acidic butt (A/A) reaction (Fig. 3.3.21B); examples,
E. coli and Klebsiella.

% Gas production: If gas is produced, the medium is lifted
up or broken with cracks (Fig. 3.3.21B); examples, E. coli
and Klebsiella

< H,S production: If H,S is produced, the medium changes
color to black (Figs. 3.3.21D and E); examples, Salmonella
Typhi and Proteus vulgaris.

Automated Systems for Bacterial Identification

Automated identification systems are revolutionary in
diagnostic microbiology. They have several advantages—
(i) produce faster result, (ii) can identify a wide range of

organisms with accuracy, which are otherwise difficult to

identify (e.g. anaerobes) through conventional biochemical

tests.

< MALDI-TOF (Matrix-assisted laser desorption/
ionization time-of-flight), e.g. VITEK MS (bioMérieux):
Refer the highlight box and Fig. 3.3.22 for details

< VITEK 2 (bioMérieux) for automated identification and
antimicrobial susceptibility test: Refer the highlight box
and Figure 3.3.23 for details

< Phoenix (BD Diagnostics) for automated identification
and antimicrobial susceptibility test

¢ MicroScanWalkAway system (Beckman Coulter) for
automated identification and antimicrobial susceptibility
test.

MALDI-TOF

MALDI-TOF technology (Matrix Assisted Laser Desorption
lonization Time-of-Flight) has revolutionized the identification
of organisms in clinical microbiology laboratories.

Contd...

Fig. 3.3.23: VITEK 2 system with its panels (reagent cards) for
identification and antimicrobial susceptibility test.
Source: Department of Microbiology, JIPMER, Puducherry (with permission).
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Fig. 3.3.22: MALDI-TOF and its working principle.
Source: Department of Microbiology, JIPMER, Puducherry (with permission).
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Contd...

Q It can identify bacteria, fungi, and mycobacteria with a
turnaround time of few minutes and with absolute accuracy

0 Two systems are commercially available: VITEK MS
(bioMérieux) and Biotyper system (Bruker).

Principle (Fig. 3.3.22)

MALDI-TOF examines the pattern of ribosomal proteins present

in the organism.

Sample preparation: The colony of an organism is smeared

onto a well of the slide and one drop of matrix solution

(composed of cyano-hydroxy-cinnamic acid) is added to the

same well and mixed; then the slide is loaded in the system.

Steps after loading: Overall, mass spectrometry can be divided

into three steps occurring in three chambers of the system.

1. lonization chamber: Here, the wells are irradiated with
the laser beam. The matrix absorbs the laser light causing
desorption and ionization of bacterial ribosomal proteins,
generating singly protonated ions

2. Analyzer: These ions are then accelerated into an electric
field which directs them to the analyzer chamber. The
analyzer (mass spectrometer) separates them according
to their time-of-flight (TOF) in the flight tube. The smaller
molecules travel faster, followed by the bigger, according to
the mass to charge (m/z) ratio

3. Detector: It converts the received ion into an electrical
current which is then amplified and digitized to generate a
characteristic spectrum that is unique to a species due to its
conserved ribosomal proteins. The test isolate is identified
by comparing its spectrum with a known database.

VITEK 2 Automated System

VITEK 2 is the most widely used automated system in India; can

perform both identification and antimicrobial susceptibility

testing (AST) of bacteria and yeast. Principle of VITEK for
identification is discussed below, VITEK for AST is discussed
later in this chapter.

Q It uses colorimetric reagent card containing 64 wells; each
well contains an individual test substrate. Separate cards
are available for gram-negative, gram-positive bacteria,
fastidious bacteria and yeasts (Fig. 3.3.23)

QO Substrates in the well measure various metabolic activities
such as acidification, alkalinization, enzyme hydrolysis, etc.
which helps in identification of the organism

Q The reaction pattern obtained from the test organism is
compared with the database and the identification is
reported with a confidence level of matching (excellent
matching to the unidentified organism)

QO Incubation: The cards are incubated in the system at 35.5
+ 1°C. The reading is taken once every 15 minutes by the
optical system of the equipment, which measures the
presence of any colored products of substrate metabolism
(by advanced colorimetry method)

Q The result of identification is usually available within 4-6
hours.

ANTIMICROBIAL SUSCEPTIBILITY TEST

Antimicrobial susceptibility test (AST) is the mostimportant
investigation carried out by a Microbiology laboratory.

% Bacteria exhibit great strain variations in susceptibility to
antimicrobial agents. Therefore, AST plays a vital role to
guide the clinician for tailoring the empirical antibiotic
therapy to pathogen-directed therapy

% AST is performed only for pathogenic bacteria isolated
from the specimen, and not for the commensal bacteria.
For example, E. coliisolated from urine specimen should
be subjected to AST, whereas E. coliisolated from stool is
a commensal; hence, AST is not performed.

Classification of AST Methods

AST methods are classified into phenotypic and genotypic
methods.
% The phenotypic methods are further grouped into-
m Disk Diffusion Method, e.g. Kirby-Bauer’s disk
diffusion (DD) test
m Dilution tests: Broth dilution and agar dilution
methods
m Epsilometer or E-test
m Automated AST, e.g. Vitek, Phoenix and Microscan
systems.
 Genotypic methods such as PCR detecting drug-resistant
genes.

Disk Diffusion Method

Kirby-Bauer’s disk diffusion (DD) test is the most widely
used AST method. They are suitable for rapidly growing
pathogenic bacteria; however, they are not suitable for slow
growing bacteria. It is mostly performed from colony (called
colony-DD), or performed directly from the specimens
(called direct DD).

Procedure (Colony Disk Diffusion)

Antibiotic disks are impregnated on to a suitable medium

lawn cultured with the test isolate.

< Antibiotic disks: Antibiotic disks are available
commercially or prepared in-house. Sterile filter paper
disks of 6 mm diameter are impregnated with standard
quantity of antibiotic solution

¢ Medium: Mueller-Hinton agar (MHA) is the standard
medium used for AST. For certain fastidious organisms
such as S. pyogenes and S. pneumoniae, Mueller-Hinton
blood agar (MHBA) containing 5% of sheep blood is used

% Inoculum: The inoculum is prepared by — (1) directly
suspending the colony in the normal saline or (2) by
inoculating into a suitable broth and incubating at 37°C
for 2 hours

% Turbidity: The turbidity of the inoculum is adjusted to
0.5 McFarland opacity standard, which is equivalent to
approximately 1.5 x 102 CFU/mL of bacteria

<+ Lawn culture: The broth is then inoculated on to the
medium by spreading with sterile swabs

+ Disks impregnation: After MHA plate is dried (3-5 min),
the antibiotic disks are placed and gently pressed on its
surface. Disks should be placed atleast 24 mm (center to
center) apart on the MHA plate. Ordinarily, maximum
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up to 6 disks can be applied on a 100 mm plate (Fig.
3.3.24)

< Incubation: The plates are then incubated at 37°C for
16-18 hours and then interpreted.

Interpretation

The antibiotic in the disk diffuses through the solid

medium, so that the concentration is highest near the site

of application of the antibiotic disk and decreases gradually

away from it

% Susceptibility to the drug is determined by the zone
of inhibition of bacterial growth around the disk,

Fig. 3.3.24: Kirby-Bauer disk diffusion method.

Source: Department of Microbiology, Pondicherry Institute of Medical sciences,
Puducherry (with permission).

which can be measured by using Vernier caliper (Fig.
3.3.25)

% The interpretation of zone size into sensitive,
intermediate or resistant is based on the standard zone
size interpretation chart, provided by CLSI or EUCAST
guidelines (Table 3.3.6).

Note: CLSI (Clinical and Laboratory Standards Institute)
and EUCAST (European Committee on Antimicrobial
Susceptibility Testing) are international agencies, which
provide guidelines for zone size interpretation, and are
updated annually.

Direct Disk Diffusion Test

The direct DD (or direct susceptibility test, i.e. DST) test can
be performed when results are required urgently and single
pathogenic bacterium is suspected in the specimen (for
positively-flagged blood culture bottle, sterile body fluids
or urine).

Fig. 3.3.25: Vernier caliper.

Table 3.3.6: Commonly used disk concentrations and interpretation of disk diffusion test (as per CLSI 2020 guideline).

Breakpoints for Enterobacteriaceae (CLSI 2020)

Antimicrobial agents Disk strength (ug) Zone diameter break points (mm) MIC Breakpoints (ug/mL)
Sensitive  Intermediate = Resistant  Sensitive  Intermediate  Resistant

Ceftazidime 30 >21 18-20 <17 <4 8 > 16
Ceftriaxone 30 >23 20-22 <19 <1 2 >4
Ciprofloxacin 5 =26 22-25 <21 <0.25 0.5 =1
Piperacillin-tazobactam 100/10 >21 18-20 <17 <16 32-64 >128
Amikacin 30 217 15-16 <14 <16 32 > 64
Meropenem 10 >23 20-22 <19 <1 2 >4
Colistin - - - = = <2 >4

Breakpoints for gram-positive organisms (CLSI 2020)

Antimicrobial agents Disk strength (ug) Zone diameter break points (mm) MIC Breakpoints (pg/mL)
Sensitive Intermediate  Resistant  Sensitive  Intermediate  Resistant

Cefoxitin (S.aureus) 30 >22 - <21 <4 - >8
Levofloxacin (S.aureus) 5 =19 16-18 <15 <1 2 =>4
Cotrimoxazole (S.aureus) 1.25/23.75 >16 11-15 <10 <2/38 - >4/76
Tetracycline (S.aureus) 30 >19 15-18 <14 <4 8 >16
Linezolid (S.aureus) 30 >21 - <20 <4 - >8
Vancomycin (S.aureus) - - - - <2 4-8 >16
Ampicillin (Enterococcus) 10 =17 - <16 <8 - >16
Linezolid (Enterococcus) 30 >23 21-22 <20 <2 4 >8
Vancomycin (Enterococcus) 30 217 15-16 <14 <4 8-16 >32

Abbreviation: CLSI, Clinical and Laboratory Standards Institute.
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< Here, the specimen is directly inoculated uniformly on
to the surface of an agar plate and the antibiotic disks
are applied

% Theresults of the direct-DD test should always be verified
by performing AST from the colony subsequently

% This test is of no use when mixed growth is suspected in
the specimen, e.g. pus, stool, sputum, etc.

Dilution Tests

Here, the antimicrobial agent is serially diluted, each
dilution is tested with the test organism for antimicrobial
susceptibility test and the MIC is calculated.

% MIC (minimum inhibitory concentration) is the lowest
concentration of an antimicrobial agent that will inhibit
the visible growth of a microorganism after overnight
incubation

% Depending upon whether the dilutions of the
antimicrobial agent are made in agar or broth, there are
two types of dilution tests.

Broth Dilution Method

Itis of two types: macro broth dilution (performed in tubes)

and micro broth dilution (performed in microtiter plate).

The procedure of macro broth dilution is explained below.

% Serial dilutions of the antimicrobial agent in Mueller-

Hinton broth are taken in tubes and each tube is
inoculated with a fixed amount of suspension of the test
organism. A control organism of known sensitivity should
also be tested. Tubes are incubated at 37°C for 18 hours

% The MICis determined by noting the lowest concentration
of the drug at which there is no visible growth, i.e. broth
appears clear (Fig. 3.3.26)

% The minimum bactericidal concentration (MBC) can be
obtained by subculturing from each tube (showing no
growth) onto a nutrient agar plate without any antimicro-
bial agent. The tube containing the lowest concentration
of the drug that fails to show growth, on subculture, is the
MBC of the drug for that test strain (Fig. 3.3.26).

Agar Dilution Method

Here, the serial dilutions of the drug are prepared in molten

agar and poured into Petri dishes. The test strain is spot

inoculated. This method is more convenient than broth

dilution and has the added advantage of:

 Several strains can be tested at the same time by using
the same plate

% It directly measures the MBC; there is no need of sub-
culturing as it is done with broth dilution method.

Epsilometer or E-test

This is a quantitative method of detecting MIC by using the

principles of both dilution and diffusion of antibiotic into

the medium.

% It uses an absorbent strip containing predefined
gradient (serial dilution) of antibiotic concentration
immobilized along its length

Tt onganism is nooubsied in tubes comiaining senial
ditulions of snanibegb:
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Fig. 3.3.26: Macro broth dilution method.

Source: Department of Microbiology, Pondicherry Institute of Medical Sciences,
Puducherry (with permission).

% Itis applied to alawn inoculum of a bacterium. Following
incubation of the test organism, an elliptical zone of
inhibition is produced surrounding the strip

% The antibiotic concentration at which the ellipse edge
intersects the strip, is taken as MIC value (Fig. 3.3.27).

Automated Antimicrobial Susceptibility Tests

Several automated systems are available now, such as:

< VITEK 2 identification and antimicrobial sensitivity
system (bioMerieux)

< Phoenix System (Becton Dickinson)

% Micro Scan Walk Away system.

Most systems are computer assisted and have
sophisticated softwares to analyze the growth rates and
determine the antibiotic susceptibility report. They work by
the principle of micro broth dilution. They use commercially
available panels that contain antibiotic solution in serial
dilutions. They provide more rapid results compared with
traditional methods.

VITEK 2 Automated System for AST

VITEK 2 is the most widely used automated AST system

in India; can perform AST of bacteria and yeasts; whereas

other automated AST systems can perform AST of bacteria

only, not for yeasts.

% It works on the principle of microbroth dilution

% Ituses areagent card containing 64 wells, which contain
doubling dilution of antimicrobial agents. The organism
suspension (of 0.5 McFarland turbidity) is added to the
wells (Figure 3.3.23 and Table 3.3.7)

+ The cards are incubated in the system at 35.5 +1°C. The
reading is taken once in every 15 minutes by the optical
system of the equipment. It measures the presence of
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Fig. 3.3.27: Epsilometer or E-test.

Source: Department of Microbiology, Pondicherry Institute of Medical Sciences,
Puducherry (with permission).

any turbidity (by nephelometry) which indicates the
organism has grown in that antibiotic well

% The MIC is determined as the highest dilution of the
antimicrobial agent which inhibits the growth of
organism and there is no turbidity in the well

» The results are available within 8-10 hours for gram-
negative bacilli and 16-18 hours for gram-positive cocci.

Role of MIC-based Methods

The clinical microbiology laboratory should perform a

MIC-based method whenever possible. This is because the

MIC-based methods are much superior to disk diffusion

test for a number of reasons.

% For confirming the AST results obtained by disk
diffusion tests, as they are more reliable and accurate
than the latter

% AST for bacteria for which disk diffusion test is not
standardized should only be performed by MIC testing

% For performing AST for slow growing bacteria, such as
tubercle bacilli

“ To select the most appropriate antibiotic: Lower is the

MIC, better is the therapeutic efficacy. If >1 antimicrobial
agents are found susceptible, then the antibiotic having
the lowest MIC (when compared with the susceptibility
breakpoint) should be chosen for therapy. This is better
guided by calculating the therapeutic index; which is
the ratio of susceptibility breakpoint divided by the MIC
of the test isolate. It is discussed in detail in Chapter 26
» MIC-guided therapy: There are certain situations, where
the antibiotic treatment is MIC-guided
m Clinical conditions such as endocarditis, pneumo-
coccal meningitis/pneumonia, etc.

B

Table 3.3.7: Antibiotic panel used in VITEK AST card for
Enterobacteriaceae.

Enterobacteriaceae | Antimicrobial agent used in VITEK

First line Ampicillin

First line Amoxicillin- clavulanic acid
First line Ciprofloxacin

First line Ceftriaxone

First line Ceftazidime

First line Gentamicin

Second line Cefoperazone-sulbactam
Second line Piperacillin- tazobactam
Second line Cefepime

Second line Amikacin

Restricted Meropenem

Restricted Doripenem

Restricted Ertapenem

Restricted Imipenem

Restricted Colistin

Restricted Tigecycline

® Vancomycin for S. aureus: vancomycin should be
avoided if MIC is >1pg/mL.

Molecular Methods (Detecting Drug-resistant
Genes)

Molecular methods are available targeting specific drug

resistant genes; for example:

< mecA gene for MRSA detection by PCR

% van gene detection for vancomycin resistant S. aureus
(VRSA) and vancomycin resistant Enterococcus (VRE)
by PCR

< GeneXpert for detection of rifampicin resistance (in
M. tuberculosis) and line probe assay for detection of

resistance to many anti-tubercular drugs.

Interpretation of AST

The result of AST (whether disk diffusion or MIC based meth-

ods) is always expressed in four interpretative categories.

< Susceptible (S): Indicates that the antibiotic is clinically
effective when used in standard therapeutic dose

< Intermediate (I): Indicates that the antibiotic is not
clinically effective when used in standard dose; but
may be active when used in increased dose. Antibiotics
reported as ‘I’ should be avoided for treatment if
alternative agents are available

% Susceptible dose dependent (SDD): Indicates that
the antibiotic will be clinically active only if given in
increased dose. This category is available only for few
agents such as cefepime for Enterobacteriaceae

* Resistant (R): Indicates that the antibiotic is NOT
clinically effective when used in either standard dose or
increased dose; and therefore should not be included in
the treatment regimen.
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Choice of Antibiotics to be Included in Panel

It is neither possible nor desirable to test the susceptibility
against all the drugs. The panel of the drugs to be tested
against an isolate depends upon various factors:

% Clinically indicated: Include only those antibiotics for
testing which are clinically indicated either as a first-
line agent or alternative-agent for the suspected infective
syndrome and the organism isolated

% Organism isolated, for which the AST is going to be
performed, and its local resistance pattern (as per
hospital antibiogram)

< Intrinsicresistance: The antibiotics to which the isolate
is intrinsically resistant must be excluded from the test
panel

% Antimicrobial agent: Both oral and parenteral antibiotics

should be included in the testing panel, as they can be
administered based on clinical severity (i.e parenteral
drugs for severe and oral for mild illness)

» Locally available antibiotic at the hospital

> Site of action: Only those antibiotics should be tested
which are active in the site. For example, the following
antibiotics should be EXCLUDED from the testing,
depending upon the clinical specimen
= Whentestingfor CSFisolate: 1st- and 2nd- generation

cephalosporins and cephamycins, clindamycin,
macrolides, tetracyclines, fluoroquinolones and the
antibiotics which are administered only by oral route
should be excluded from testing

= When testing for urine isolates: Antibiotics such as
clindamycin, macrolide and chloramphenicol are
excluded from testing

= When testing for respiratory isolates: daptomycin
is excluded from testing.

< Predicting susceptibility: Testing for an antibiotic (or
a group) is not necessary, if their susceptibility can
be predicted from the susceptibility result of another
antibiotic. For example:

m Ceftriaxone result can be predicted from that of
cefotaxime for Enterobacteriaceae; therefore only
one agent is tested and the result can be extrapolated
to the other

m For MRSA: Cefoxitin or oxacillin are considered
as surrogate marker for MRSA, and therefore the
susceptibility result can be extrapolated for all other
beta lactams.
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Selective or Cascade Reporting

Based on the spectrum of action and local resistance
pattern, the antimicrobial agents tested for an organism
can be grouped into (Table 3.3.7):

% First-line antimicrobials: These agents are narrow
spectrum in action, resistance of the organism to
these agents is usually high. This should also include
the empirical antibiotics currently administered to the
patient

% Second-line antimicrobials: Board spectrum
antimicrobials, resistance of the organism to these agents
is usually moderate

% Restricted antimicrobials: Extended-spectrum
antimicrobials, resistance of the organism to these agents
is usually very low.

The clinical microbiology laboratory may test for the full
antibiotic panel; however, should report only few of them
in a selective manner.

% If the organism is found susceptible to all antimicrobial
agents tested, only first-line agents are reported. The
report of second-line and restricted antimicrobials is
suppressed

% If the organism is found susceptible to second-line and
restricted antimicrobial agents tested but resistant to first-
line agents, then only the first- and second-line agents
are reported. The report of restricted antimicrobials is
suppressed.

This concept is called as selective or cascade reporting;
which aims at encouraging the clinicians to use narrow
spectrum antimicrobials if found susceptible and to
reserve the overuse of broad and extended spectrum
antimicrobials. Selective reporting is not applicable to
organisms for which only a few antibiotics are available
as therapeutic option and resistance is not very high; e.g.
Salmonella or Burkholderia pseudomallei.

SEROLOGY

The serological tests play an important role in the diagnosis

of various bacterial infections. These include detection of

either antigen or antibody in the serum of the patient, by

various immunological assays—precipitation, agglutination,

ELISA, and rapid test. The detail of these methods is

discussed in Chapter 12. The important serological tests

used for diagnosis of bacterial infections include:

% Widal test for enteric fever

» Standard agglutination test for brucellosis

> Microscopic agglutination test and rapid diagnostic test
for leptospirosis

> Weil-Felix test for rickettsial infections

VDRL (venereal disease research laboratory) test and

RPR (rapid plasma reagin) test for syphilis

» ELISA is available for various bacterial diseases such
as chlamydial infections, brucellosis, Mycoplasma
pneumonia, leptospirosis and rickettsial infections, etc.

R
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MOLECULAR METHODS

Molecular methods are broadly grouped into amplification
based and non-amplification based methods.

Nucleic acid amplification techniques (NAATs) have
been increasingly used in diagnostic microbiology. Various
NAATs used are:
< Polymerase chain reaction (PCR)

% Real-time polymerase chain reaction (rt-PCR)
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% Loop mediated isothermal amplification (LAMP)

» Automated PCR such as Biofire FilmArray E(:(:;ST:Z?;;E,)I etc. DNA extraction kits are also available

2. Amplification of extracted DNA: This is carried outin a
special PCR machine called thermocycler (Fig. 3.3.28A).

0

o

% Automated real-time PCR such as cartridge based nucleic
acid amplification test (CBNAAT): Used for tuberculosis,

describe.d in C}hapter 63. ) The extracted DNA is subjected to repeated cycles
Non-amplification molecular methods include DNA (30-35 numbers) of amplification which takes about
hybridization method e.g. line probe assay. 3-4 hours. Each amplification cycle has three steps (Fig.
3.3.29).
Polymerase Chain Reaction (PCR) > Denaturation at 95°C: This involves separation of the
PCR s a technology in molecular biology used to amplify a dsDNA into two separate single strands

> Primerannealing (55°C): Primer is a short oligonucleo-
tide complementary to a small sequence of the target
DNA. It anneals to the complementary site on the target

single or few copies of a piece of DNA to generate millions
of copies of DNA. It was developed by Kary B Mullis (1983)

for which he and Michael Smith were awarded the Nobel ssDNA

prize in Chemistry in 1993. > Extension of the primer (72°C): This step is catalyzed
by Tag Polymerase enzyme which keeps on adding
Principle of PCR the free nucleotides to the growing end of the primer.
PCR involves three basic steps. Taq Polymerase is a special type of DNA polymerase
1. DNA extraction from the organism: This involves lysis of (isolated from the plant bacterium Thermus aquaticus),
the organisms and release of the DNA which may be done by capable of withstanding the high temperature of PCR

various methods—boiling, adding enzymes (e.g. lysozyme, reaction.

Contd... Contd...
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(Al O T # Lines 3 and 4 nro negative for the DNA band
Figs 3.3.28A to C: A. Thermocycler machine (Eppendorf); B. Gel electrophoresis of amplified product;
C. Visualization of amplified DNA under UV light.
Source: Department of Microbiology, JIPMER, Puducherry (with permission).
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Fig. 3.3.29: Polymerase chain reaction cycle—3 basic steps of amplification.
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Contd...

3. Gel electrophoresis of amplified product: The amplified
DNA is electrophoretically migrated according to their
molecular size by performing agarose gel electrophoresis
(Fig. 3.3.28B). The amplified DNA forms clear band, which
can be visualized under ultraviolet (UV) light (Fig. 3.3.28C).

Applications of PCR

PCR is now a common and often indispensable technique

used in medical diagnostics and research laboratories for

a variety of applications. It has the following advantages

compared to the conventional culture methods:

% More sensitive: It can amplify very few copies of a
specific DNA, so it is more sensitive

% More specific: Use of primers targeting specific DNA
sequence of the organism makes the PCR assays highly
specific

% PCR can be done to amplify the DNA of the organism:
(1) either directly from the sample, or (2) to confirm the
organism grown in culture

< PCR can also detect the organisms that are highly
fastidious or noncultivable by conventional culture
methods

< PCR can be used to detect the genes in the organism
responsible for drug resistance (e.g. mec A gene detection
in Staphylococcus aureus)

% Detects genetic diseases, such as sickle cell anemia,
phenylketonuria, and muscular dystrophy.

Disadvantages of PCR

Conventional PCR detects only the DNA, but not the RNA

(latter can be detected by reverse transcriptase PCR).

* Qualitative, not quantitative: Conventional PCR can
only detect the presence or absence of DNA. It cannot
quantitate the amount of DNA of the organism present
in the sample. This is possible by real time PCR

* Viability: PCR cannot differentiate between viable or
nonviable organisms. It only detects the presence of DNA
in the sample which may be extracted from viable or
nonviable organism

% False-positive amplification: It may occur due to
contamination with environmental DNA. Hence, strict
asepsis should be maintained in the PCR laboratory

< False-negative: The PCR inhibitors present in some
specimens, such as blood, feces, etc. may inhibit the
amplification of target DNA.

Modifications of PCR

1. Reverse transcriptase PCR (RT-PCR): Conventional
PCR amplifies only the DNA. For amplifying RNA, RT-
PCRis done
m After RNA extraction, the first step is addition of

reverse transcriptase enzyme that coverts RNA
into DNA. Then, the amplification of DNA and gel

documentation steps are similar to that described
for conventional PCR

m It is extremely useful for detection of RNA viruses or
16S rRNA genes of the organisms.
2. Nested PCR: Itis modification of PCR, where two rounds
of PCR amplification are carried out by using two primers
that are targeted against two different DNA sequences of
same organism
®m The amplified products of the first round PCR is
subjected to another round of amplification using a
second primer which targets the same organism but
a different DNA sequence

m More sensitive: Double round of amplification yields
high quantity of DNA

m More specific: Use of two primers targeting two
regions of DNA of the same organisms makes the test
more specific

= Application: Nested PCR is used for detection of
Mycobacterium tuberculosis (targeting IS6110 gene)
in samples

m Disadvantage: There is more chance of contamination
of the PCR tubes, which may lead to false-positive
results.
3. Multiplex PCR: It uses more than one primer which can
detect many DNA sequences of several organisms in one
reaction
®m Syndromic approach: Multiplex PCR is useful for the
diagnosis of the infectious diseases that are caused by
more than one organism

m For example, for the etiological diagnosis of
pyogenic meningitis, different primers targeting
the common agents of pyogenic meningitis, such as
pneumococcus, meningococcus and H. influenzae
can be added simultaneously in the same reaction
tube

= Contamination issues: There is a risk of the reaction
tubes being contaminated with environmental DNA.

Biofire FilmArray

Biofire FilmArray (bioMérieux) is a completely automated

multiplex nested PCR system where all the steps from

sample preparation to amplification, detection and analysis
are performed automatically by the system; giving result in

about one hour (Fig. 3.3.30).

% Four panels are available such as respiratory,
gastrointestinal, meningitis-encephalitis and blood
culture identification panels; each panel comprises of
primers targeting 20-25 common pathogens infecting
the respective systems

% Except for the blood panel which detects pathogens from
positively flagged blood culture bottles, the other panels
detect pathogen(s) directly from the specimen

% Ithas excellent sensitivity and specificity with turnaround
time of 1 hour. However the higher cost of the panels
limits its wide use.
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Fig. 3.3.30: Biofire FilmArray system.

Source: BioMérieux (with permission).

Real-time PCR (rt-PCR)

Itis based on PCR technology, which is used to amplify and
simultaneously detect or quantify a targeted DNA molecule
on a real-time basis. Reverse transcriptase real-time PCR
formats can detect and quantify RNA molecules of the test
organism in the sample on a real-time basis.

It uses a different thermocycler than the conventional
PCR. It is very expensive, 5-10 times more than the cost of
conventional PCR (Fig. 3.3.31).

Advantages: Real-time PCR has many advantages over a

conventional PCR, such as:

“ Quantitative: rt-PCR can quantitate the DNA or
RNA present in the specimen; hence can be used for
monitoring the disease progression in response to
treatment, e.g. viral load monitoring in HIV or hepatitis
B viral infection

% Takes less time: In rt-PCR, the amplification can

be visualized simultaneously during the process of
amplification unlike the conventional PCR where there
is an extra-step of gel electrophoresis to detect the
amplicons

» Contamination rate is extremely less

» Sensitivity and specificity of rt-PCR assays are much

more than the conventional PCR.

Detection of amplification products of real-time PCR:

The detection of amplified nucleic acid in a real-time PCR

reaction is carried out by using a variety of fluorogenic

molecules which may be either nonspecific or specific.

% Nonspecific methods: They use SYBR green dye that
stains any nucleic acid nonspecifically

% Specific methods: They use fluorescent labeled
oligonucleotide probe which binds (i.e. hybridizes) only
to a particular region of amplified nucleic acid. Three
types of hybridization probes are commonly used:

m TagMan or hydrolysis probe

0’0
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Fig. 3.3.31: Real time PCR.
Source: Department of Microbiology, JIPMER, Puducherry (with permission).

= Molecular beacon
m Fluorescence resonance energy transfer (FRET)
probe.
Post-amplification melting curve analysis is used for
quantitation of the nucleic acid load. Analysis of result
of Real time PCR (for influenza and COVID-19) has been
explained in detail in Chapters 66 and 67 respectively.

Loop Mediated Isothermal Amplification (LAMP)

LAMP is an isothermal nucleic acid amplification

technique. It provides several advantages over PCR.

% Amplification is carried out at a constant temperature
of 60-65° (in contrast to alternating temperature cycles
in PCR)

% Polymerase with strand displacement ability: The
isothermal nature of LAMP assay is due to the use of
specific DNA polymerase enzymes which have additional
strand displacement capacity, e.g. polymerase derived
from Geobacillus stearothermophilus

» Cheaper and easy to perform: It does not require
thermocycler or gel electrophoresis

» More specific, as it uses 4 primers targeting different
regions on the target gene

< Detection: Amplicons are detected directly by naked

eyes either by turbidity or visual fluorescence detection

(in contrast to gel documentation in PCR)

Uses: LAMP assay has been approved for tuberculosis

Drawback: It shows high false positive results due to

cross contamination between the reaction tubes.

®
g

X3

%

Nucleic Acid Probes

Nucleic acid probes are radiolabeled or fluorescent
labelled pieces of single stranded DNA or RNA, which can
be used for the detection of homologous nucleic acid by
hybridization.
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* Hybridization is the technique in which two single
strands of nucleic acid come together to form a stable
double stranded molecule

% There are two types of nucleic acid probes—DNA probes
(hybridizes with DNA) and RNA probes (hybridizes with
RNA)

% Nucleic acid probes are used to detect the specific
nucleic acid from:

1. Clinical samples directly or

2. Following amplification of small quantity nucleic
acid present in the clinical sample (e.g. in real time
PCR) or

3. From culture isolates.

% Following enzymatic digestion of the extracted nucleic
acid—so that it detects only the specific DNA fragment
from the mixture (e.g. in Southern blot)

< Disadvantage: For detection of nucleic acid from clinical
specimens, probe-based methods have low sensitivity
than amplification-based methods

% Line probe assay is a classic example of molecular test

that uses nucleic acid probe technology. It is used for

diagnosis of tuberculosis (described in Chapter 63).

MICROBIALTYPING

Microbial typing refers to characterization of an organism
beyond its species level.

Applications: Microbial typing is an important tool for

hospital microbiologists and epidemiologists. It is used

to determine the relatedness between different microbial

strains of the same species and thereby it helps to:

% Investigate outbreaks: All isolates tracked in an outbreak
should belong to a similar type

“ Determine the source and routes of infections

< Trace cross-infection, i.e. transmission of healthcare-
associated pathogens

“ Differentiate virulent strains from avirulent strains of
same species

“ Differentiate between recurrence and infection with new
strain

» Evaluate the effectiveness of control measures.

Classification: Typing methods are broadly classified as
phenotypic and genotypic methods.

Characteristic of Typing Methods

A good typing method should have the following properties:

% Typeability: Ability of the method to type and generate
aresult for each isolate tested

% Reproducibility: Ability to produce similar results when
tested repeatedly in different laboratories

% Discriminative power: Ability to generate distinct units
of information making fine distinctions between the
types at the subspecies level

% Practicality: Ease of use and interpretation, cost and
affordability.

In general, genotypic methods are more reliable and have
better reproducibility and discriminative power than
phenotypic methods, however they are expensive.

Phenotypic Methods

Various phenotypic methods are as follows.

< Bacteriophage typing: Strains of an organism can be
further differentiated into subspecies level based on
their susceptibility to bacteriophages. Phage typing is
obsolete now; was used in the past for the typing of—
Staphylococcus aureus, Salmonella Typhi and Vibrio
species, etc.

% Bacteriocin typing: Bacteriocin is an antibiotic like
proteinaceous substance produced by one bacterium
that inhibits other strains of the same or other closely
related bacteria. Bacteriocin typing is based on the
ability of a strain to produce particular bacteriocin
which inhibits the growth of a set of selected indicator
strains. It is done for—Shigella sonnei (colicin typing) and
Pseudomonas (pyocin typing)

< Biotyping: It refers to intra-species classification based
on different biochemical properties of the organism. It
is used for:

m Corynebacterium diphtheriae: It is classified into
gravis, intermedius and mitis

m Vibrio cholerae O1 is classified into two biotypes—
(1) Classical and (2) El Tor.

< Antibiogram typing: It classifies the organism into
different groups based on their resistance pattern
to different antimicrobials. Since antimicrobial
susceptibility testing is routinely done in any hospital, this
typing system provides the first clue to a microbiologist
about outbreaks occurring in a hospital

% Serotyping: It refers to a typing method based on the
antigenic property of an organism. This is the most widely
used and the most reliable phenotypic typing method.
Serotyping is done for many organisms; important ones
are given below
m Streptococcus (Lancefield grouping, based on

carbohydrate antigen)
m Based on capsular antigen—For example, pneumo-
coccus, meningococcus and Haemophilus influenzae
® Based on somatic antigen—For example, Escherichia
coli, Shigella, Salmonella and Vibrio cholerae.

Genotypic Methods
Restricted Fragment Length Polymorphism (RFLP)

1. Digestion of DNA: This is done by using two or more
restriction enzymes which cleave the DNA from a
bacterial strain at different sites so that multiple DNA
fragments are generated

2. Southern blot to detect DNA fragments: The DNA
fragments are separated by electrophoresis and
transferred to a nitrocellulose membrane and then are
detected by using specific DNA probes (Chapter 3.4).
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The pattern of fragments generated by different strains
tracked in an outbreak can be compared to know the
relatedness between the strains.

Ribotyping

Ribotyping is a type of RFLP analysis which is done on
chromosomal DNA coding for ribosomal RNA.

Pulse Field Gel Electrophoresis (PFGE)

PFGE is considered as a gold standard typing method.
It is used for epidemiological investigation of pathogenic
organisms. It comprises of the following steps.

% Lysis: First, the bacterial suspension is loaded into
an agarose suspension. This is done to protect the
chromosomal DNA from mechanical damage by
immobilizing it into agarose blocks. Then the bacterial cell
islysed to release the DNA. The agarose-DNA suspension
is also known as plug mold

< Digestion of DNA: The bacterial DNA is treated with

rare cutting restriction enzymes so that it yields the
generation of less number of larger size DNA fragments
(in contrast to frequent cutting restriction enzymes used
in RFLP which produces a large number of smaller
fragments)

» Electrophoresis: The larger pieces of DNA are subjected
to pulse field gel electrophoresis by applying electric
current and altering its direction at a regular interval (in
contrast to the conventional agarose gel electrophoresis
done to separate the smaller fragments where the current
is applied in a single direction)

% Analysis: The fragments generated by PFGE of various
strains obtained during an outbreak are compared
manually or by computer software BioNumerics.

The drawbacks of PFGE are (1) it is labor intensive, (2)
requires many days to perform the procedure, (3) requires

oo

skilled personnel to interpret the results and (4) requires
computer-assisted analysis of banding patterns.

Amplified Fragment Length Polymorphism (AFLP)

AFLP uses the principle of performing RFLP of the bacterial

DNA followed by PCR.

< The genomic DNA is digested by restriction enzymes,
followed by use of adaptors to ligate to the sticky ends of
the restriction fragments

< PCRamplification of the restriction fragments is carried
out by using primers complementary to both adaptor and
restriction site sequences

< The amplified fragments are separated and visualized on
denaturing polyacrylamide gels.

Sequencing-based Methods

The nucleotide sequence of a microbial gene can be

obtained by specially designed equipment called sequencer.

The variability within the sequences of particular genes can

be used to determine the relatedness of bacteria. Sequence

analysis can be done by two ways.
% Nucleotide sequencing: It is performed by Sanger seque-
ncer. Sequencing can be done at one or multiple genes
® Sequencing at single gene: This is useful for: (i) iden-
tification of organism, (ii) to find out polymorphism
within the gene (called as single nucleotide polymor-
phism or SNP analysis)

® Sequencing at multiple genes (called as multi-locus
sequence typing or MLST).
% Whole genome sequencing: This is done an advanced
sequencer called as next generation sequencer
m Itinvolves determining the complete DNA sequence
of an organism’s genome at a single time

= Currently, itis largely been used as a research tool, in
future the whole genome sequence data may serve as
an important tool to guide therapeutic intervention.

[ EXPECTED QUESTIONS ]

I. Write short notes on:

Gram staining.

Selective media.

Anaerobic culture methods.
Automations in Microbiology.
Polymerase chain reaction.
Real time PCR.

ultiple Choice Questions (MCQs):
Recommended transport medium for stool
specimen suspected to contain Vibrio cholerae
is:
a.

2SS ouvkwN=

Buffered glycerol saline medium

b. Venkatraman-Ramakrishnan medium
c. Nutrient broth

d. Blood agar

Answers

1.b 2.d 3.a 4.c 5.a 6.d

2. Which is an enriched medium?
a. Selenite F broth b. Peptone water
c. MacConkeyagar d. Chocolate agar
3. Agar concentration required to prepare nutrient

agar is:
a. 2% b. 6%
c. 0.25% d. 0.5%
4. Robertson cooked meat broth is an example of:
a. Enriched media b. Enrichment media

c. Anaerobicmedia d. Nutrient media
5. Blood culture bottle contains:
a. BHIlbroth b. Peptone water broth
c. Selenite F broth d. Tryptic soy broth
6. The three components of PCR involves all, except:
a. DNA extraction b. Amplification
c. Geldocumentation d. Blotting
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PRINCIPLES OF BACTERIAL GENETICS

Bacterial genetics deals with the study of heredity and gene
variations seen in bacteria. All hereditary characteristics of
the bacteria are encoded in their DNA (deoxyribonucleic
acid). Bacterial DNA is present in chromosome as well in
extrachromosomal genetic material as plasmid.

BACTERIAL DNA

Bacteria possess a single haploid chromosome, comprising
of super coiled circular double stranded DNA of 1 mm
length. The bacterial DNA lacks basic proteins. However,
some bacteria have a linear chromosomal DNA and some
have two chromosomes (e.g. Vibrio cholerae). Bacteria do
not have a true nucleus; but the genetic material is located
in an irregularly-shaped region called the nucleoid. There
is no nuclear membrane or nucleolus.

Structure of DNA (Watson and Crick Model)

The bacterial DNA molecule is composed of two strands

of complementary nucleotides that are coiled together in

the form of a double helix (Fig. 3.4.1) as described first by

Watson and Crick.

+ Each strand is composed of three elements: It has a
backbone of deoxyribose sugar and phosphate groups.
The nitrogenous bases are attached to the sugar group.
The terms nucleotide and nucleoside are often used to
describe the components of the DNA strand—

m Nucleoside = Sugar + nitrogenous base
®m Nucleotide = Sugar + nitrogenous base + phosphate.

% There are four nitrogenous bases:
® Two purines—adenine (A) and guanine (G)
® Two pyrimidines—thymine (T) and cytosine (C).

% Pairing: The two DNA strands are held together by
hydrogen bonds occurring between the nitrogenous
bases on the opposite strands. The pairing follows a
specific rule—

m Horizontal Gene Transfer
e Transformation
e Transduction

® Lysogenic Conversion
e Conjugation
e Transposition

= Gene Transfer by Artificial
Methods

® Adenine of one strand binds with thymine (A-T) of
other strand by double hydrogen bonds
® Guanine of one strand binds with cytosine (G-C) of
other strand by triple hydrogen bonds.
< Hence, in a molecule of DNA, the number of adenine
molecules is equal to that of thymine, and the number
of guanines is equal to cytosines
% The ratio of A + T to G + C is constant for each species
but varies widely from one bacterial species to another.

DNA Replication

In eukaryotes, during DNA replication, the two strands of
the double helix unwind from one another and separate.
Each strand acts as template for a new DNA strand which is

[TEE = Guanm T
= Cyicsma
[TAS = Adeninio

T ® Thymmune

5% Dyt i
P = Fraapialy i

Fig. 3.4.1: Structure of DNA.

Source: Concept adapted and modified from Jawetz, Melnick & Adelberg’s
Medical Microbiology; McGraw-Hill Education (with permission).
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synthesized through complementary base pairing—A with

T, and G with C. In prokaryotic cells, DNA replication takes

place in a similar way with some differences as follows:

% Bidirectional replication: Here, DNA helix is unwound
at a region called replication fork, which is the site at
which the DNA synthesis occurs and individual strands
are replicated. It is seen in E. coli

< Rolling-circle mechanism: This pattern of DNA
replication occurs during bacterial conjugation and
during the reproduction of viruses.

The DNA replication in bacteria is catalyzed by several

replication enzymes such as—

%+ Helicase: It is responsible for DNA unwinding

< Topoisomerase (e.g. DNA gyrase in E. coli): It relieves
the tension generated by rapid unwinding by removing
the super twists

< DNA polymerase: It forms a complementary strand
synthesis by adding nucleotides to the growing end of
the strand. It catalyzes the synthesis of DNA in the 5’
to 3’ direction while reading the DNA template in the
3’ to 5’ direction. DNA polymerase III plays the major
role in replication, although it is probably assisted by
polymerase I. It is thought that polymerases I and II
participate in the repair of damaged DNA

< DNA ligase: It helps in the joining of the fragments.

BACTERIAL RNA

RNA (ribonucleic acid) is structurally similar to DNA,
except for two differences.

% In sugar—ribose is present instead of deoxyribose and
% In nitrogenous base—uracil replaces thymine.

There are three different types of RNA in a cell, messenger
RNA (mRNA), ribosomal RNA (rRNA) and transfer RNA
(tRNA). The main function of RNA is protein synthesis.

POLYPEPTIDE SYNTHESIS

Gene is a segment of DNA that stores information for a
particular polypeptide synthesis. The genetic information
that is stored in DNA is transcribed into RNA and then
translated to form the particular polypeptide.

Genetic Code

Codon: It is a sequence of three nucleotide bases present

on mRNA that stores the information of an amino acid

synthesis. It was discovered by Nirenberg and Khorana

(1968).

< Sense codons: There are 64 codons, out of which 61 are
sense codons, each directs the production of a single
amino acid. As there are only 20 amino acids, so more
than one codon exist for the same amino acid

< Non-sense codons: The remaining three codons (UGA,
UAG, and UAA) do not code for any amino acids and are
involved in the termination of translation; hence called
as stop codons

% Start codon: Itis the first codon of an mRNA from which
the translation begins. The most common start codon
is AUG which codes for methionine in eukaryotes and
modified methionine [N-Formyl methionine (fMet)] in
prokaryotes.

Anticodon: It is a set of three nucleotide bases present on

tRNA that is complementary to the nucleotide bases of

codon on mRNA.

Transcription

Transcription is a process, in which a particular segment of
DNA is copied into RNA by the enzyme RNA polymerase.
Since DNA acts as a template for synthesis of mRNA,
therefore, the bases in mRNA are complementary to that
of DNA.

Translation

In translation, the mRNA transcribed from DNA is decoded

by a ribosome to produce a specific amino acid chain, or

polypeptide. It occurs in the cytoplasm of the bacteria and
proceeds in four phases:

1. Initiation: The ribosome assembles around the target
mRNA. The first tRNA is attached at the start codon of
mRNA

2. Elongation: The tRNA transfers an amino acid to the
adjacent tRNA, corresponding to the next codon

3. Translocation: The ribosome then moves (trans-
locates) to the next mRNA codon to continue the
process, creating an amino acid chain

4. Termination: When a stop codon is reached, the
ribosome releases the polypeptide.

PLASMID

Plasmids are the extrachromosomal ds circular DNA

molecules that exist in a free state in the cytoplasm of

bacteria (Fig. 3.4.2A) and also found in some yeasts.

< Notessential: Plasmids are not essential for life; bacteria
may gain or lose plasmid during their lifetime

< Numbers: They may be present singly or in multiple
numbers—up to 40 or even more per cell

% Independent replication: Plasmids are capable of
replicating independently. They can behave as replicons,
possessing an origin of replication and other genes that
help in replication

< Episome: Sometimes, the plasmid may integrate with
chromosomal DNA of bacteria and such plasmids are

Baictirial Plasmids Eps=ome
|
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Figs 3.4.2A and B: Plasmids.
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called as episomes. They replicate along with bacterial
chromosome (Fig. 3.4.2B)

+ Curing: The process of eliminating the plasmids from
bacteria is known as curing. It may occur spontaneously
or may be induced by treatment of the host cells with
substances that inhibit plasmid replication without
affecting the host cell, such as acridine, radiations,
thymine starvation, and growth at higher temperatures.

Classification of Plasmids

Plasmids can be classified in many ways:
1. Based on ability to perform conjugation:

= Conjugative plasmids: Some plasmids have an ability
to transfer themselves to other bacteria by means of
conjugation. These are called self-transmissible or
conjugative plasmids

= Non-conjugative plasmids: They are also called as
nontransmissible plasmids as they cannot transfer
themselves.

2. Based on compatibility between the plasmids, they can
be grouped into:

= Compatible plasmids: Different plasmids can exist
in a single bacterial cell only if they are compatible
to each other

m Incompatible plasmids: If two plasmids are not com-
patible, one or the other will be rapidly lost from the
cell. They normally share the same replication or par-
tition mechanisms, hence compete with each other.

3. Based on function, there are five main classes of
plasmids:

a. Fertility or F-plasmids: They contain tra-genes,
which code for the expression of sex pili that help
in bacterial conjugation by forming the conjugation
tube

b. Resistance (R) plasmids: They contain genes that
code for resistance to various antibiotics

c. Col plasmids: They contain genes that code for
bacteriocins (antibiotic-like protein substances
produced by bacteria that can kill other bacteria)

d. Virulence plasmids: They code for certain virulence
factors and toxins that help in bacterial pathogenesis.
Examples include:
¢ Heat labile and heat stable toxin of E. coli
¢ Siderophore production
¢ Adherence antigens (K88 plasmid in E. coli).

e. Metabolic plasmids: They enable the host in various
metabolic activities:
¢ Digestion of unusual substances, e.g. toluene and

salicylate, camphor, etc.
¢ Urease synthesis
¢ Nitrogen fixation.

Plasmid as Vector

Plasmids by their ability to transfer DNA from one cell to
another, they have become important vectors in genetic

engineering. Plasmids contain certain sites where genes
can beinserted artificially by recombinant DNA technology.
Such plasmids can be used for various purposes such as
protein production, gene therapy, etc. (described later in
this chapter).

GENE TRANSFER IN BACTERIA

Bacteria undergo genetic variation and acquire new gene
through a mechanism called mutation. Following which,
the newly acquired genes are transferred either vertically to
their offsprings during cell division or horizontally to other
bacteria in the surrounding.

MUTATION

Definition: Mutation is a random, undirected heritable
variation caused by a change in the nucleotide sequence
of the genome of the cell.

Mutation can involve any of the numerous genes present
in bacterial chromosome or rarely plasmid. The frequency
of mutation ranges from 102 to 107'° per bacterium per
division.

Mutations occur in one of the two ways:

1. Spontaneous mutations: Mutations that occur naturally
in any dividing cells that arise occasionally without
adding any mutagen

2. Induced mutations: These mutations on the other hand,
are as a result of exposure of the organism to a mutagen,
an agent capable of inducing mutagenesis. Examples of
mutagens include—
® Physical agents, e.g. ultraviolet (UV) radiations—

cytosine and thymine are more vulnerable to UV rays
®m Chemical agents, e.g. alkylating agents, 5-bromoura-
cil and acridine dyes.

Mutation is a natural event, taking place all the time,

in all dividing cells. Most mutants go unrecognized as

the mutation may be lethal or may involve some minor
functions that may not be expressed. Mutation is best
appreciated when it involves a function, which can be
readily observed by experimental methods. For example,

E. coli mutant that loses its ability to ferment lactose can

be readily detected on MacConkey agar.

Mutation can affect any gene and hence may modify any
characteristic of the bacterium, for example—

% Sensitivity to bacteriophages

» Loss of ability to produce capsule or flagella

» Loss of virulence

Alteration in colony morphology

Alteration in pigment production

Drug susceptibility

> Biochemical reactions

» Antigenic structure.

The practical importance of bacterial mutation is mainly

in the field of drug resistance and the development of live

vaccines.
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Classification of Mutation Types

Mutations may occur in two ways—

1. Small-scale mutations: They are more commonly seen
in bacteria. Examples include (1) point mutations—
occur at a single nucleotide, (2) addition or deletion of
single nucleotide pair

2. Large-scale mutations occur in chromosomal structure:
These include deletion or addition of several nucleotide
base pairs or gene duplications.

Various types of mutations observed in bacteria are

described in Table 3.4.1.

Detection and Isolation of Mutants

Mutation can berecognized both by genetic and phenotypic
methods.
< Gene sequencing: It is the method of choice currently
used
% Phenotypic methods: They are less commonly used now
® Fluctuation test: It demonstrates spontaneous
mutations in bacteria
= Replica plating method: It is used to demonstrate
auxotrophic mutants (does not grow in absence of a
particular nutrient)
= Ames test: It is used to test the carcinogenicity of a
mutagen.

HORIZONTAL GENE TRANSFER

Horizontal gene transfer occurs in bacteria by several
methods, such as:

» Transformation (uptake of naked DNA)

> Transduction (through bacteriophage)

» Lysogenic conversion

> Conjugation (plasmid mediated via conjugation tube).

0’0

<

0’0

<

TRANSFORMATION

Definition

Transformation is a process of random uptake of free or
naked DNA fragment from the surrounding medium by a
bacterial cell and incorporation of this DNA fragment into
its chromosome in a heritable form.

Natural transformation has been studied so far only in
certain bacteria—Streptococcus, Bacillus, Haemophilus,
Neisseria, Acinetobacter and Pseudomonas.

Mechanism of Transformation

When bacteria lyse, they release large amounts of dsDNA
into the surrounding environment. Their uptake depends
up on the competency of the bacteria present in the sur-
roundings.

Table 3.4.1: Types of mutations.

Substitutions at single nucleotide base pair
At DNA Level

Transition
another pyrimidine (C <> T)

Transversion
At codon level
Silent mutation
Neutral mutation
Missense mutation
Nonsense mutation
Addition or deletion at single or many nucleotide base pairs

Frame-shift mutation

Itis a point mutation that changes a purine nucleotide to another purine (A <> G) or a pyrimidine nucleotide to

It refers to the substitution of a purine for a pyrimidine or vice versa in DNA, (C/T <> A/G)

The new codon codes for the same amino acid, e.g. AGG <> CGG, both code for arginine
The new codon forms different but functionally equivalent amino acid: AAA (lysine) AGA (arginine)
The new codon codes for a different amino acid

The new codon is a stop codon which causes termination, e.g. CAG (Glutamine) <> UAG (stop)

Any addition or deletion of base pairs that is not a multiple of three results in a shift in the normal reading

frame of the coded message forming new set of triplet codon. They are usually very deleterious and may lead to

synthesis of nonfunctional proteins

Reverse mutations It is a second mutation that nullifies the effect of the first mutation and results in gaining back the
function of the wild phenotype

True reversion

(wild type)

Equivalent reversion

—— > (mutant)

o A true reverse mutation converts the mutant nucleotide sequence back to the wild-type sequence.
o AAA (Lysine) forward mutation GAA (Glutamine) reverse mutation AAA (Lysine)

—— > (wild type)

e Second mutation produces a different codon which codes for the same amino acid of wild type sequence

e UCC (Serine) forward mutation GAA (Cystine) reverse mutation AAA (Serine)

(wild type) —— >

Suppressor mutation

(mutant)

——— > (wild type)

Itis a second mutation in a different gene that reverts the phenotypic effects of an already existing mutation
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Competency for Transformation

Competent bacteria refers to the cells multiplying in log

phase of cell division and expressing certain transformation

promoting factors called competence factors.

0 Bacteria expressing competence factors (e.g. S. pneumo-
niae) can uptake any DNA fragment irrespective of source

0 But competence factors are not expressed by all bacteria
that mediate transformation e.g. Haemophilus influenzae. In
such case, the uptake of DNA occurs only from the closely
related species.

The transformation frequency of very competent
cells is around 10~ for most genera. Steps involved in
transformation are as follows (Fig. 3.4.3):

1. A long dsDNA fragment comes in contact with a
competent bacterium and binds to DNA-binding protein
present on its surface and then it is nicked by a nuclease

2. One strand is degraded by the recipient cell exonucleases

3. The other strand associates with a competence specific
protein and is internalized, which requires energy
expenditure

4. The single strand enters into the cell and is integrated
into the host chromosome in place of the homologous
region of the host DNA.
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Fig. 3.4.3: Transformation.

Griffith Experiment

The famous Griffith experiment (1928) on mice using
pneumococci strains provided the direct evidence of
existence of transformation.

% Griffith found that mice died when they were injected
with a mixture of live noncapsulated pneumococci and
heat killed capsulated pneumococci strains. However,
neither of which separately proved fatal to mice
(Fig. 3.4.4)

% He stated that the live noncapsulated strains were
transformed into the capsulated strains due to transfer
of the capsular genes released from the lysis of the killed
capsulated strains, which was confirmed later by Avery,
Macleod and McCarty in 1944.

TRANSDUCTION

Definition

Transduction is defined as transmission of a portion of
DNA from one bacterium to another by a bacteriophage
(bacteriophage is a virus that infects and multiplies inside
the bacterium).

Mechanism of Transduction

During the transmission of bacteriophages from one
bacterium to other, a part of the host DNA may accidentally
get incorporated into the bacteriophage and then gets
transferred to the recipient bacterium. This leads to
acquisition of new characters by the recipient bacterium
coded by the donor DNA.

Bacteriophages can perform two types of life cycle inside

the host bacteria.

1. Lytic or virulent cycle: Bacteriophage multiplies in host
cytoplasm, produces a large number of progeny phages,
which subsequently, are released causing death and lysis
of the host cell

2. Lysogenic or temperate cycle: In contrast to virulent
cycle, here the host bacterium is unharmed. The
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phage DNA remains integrated with the bacterial
chromosome as the prophage, which multiplies
synchronously with bacterial DNA. However, when
the phage DNA tries to come out, it is disintegrated
from host chromosome, comes out into the cytoplasm,
and behaves as a lytic phage. It replicates to produce
daughter phages, which are subsequently released by
host cell lysis.

Types of Transduction

Transduction is of two types, either generalized or
restricted.

Generalized Transduction

Itinvolves transfer of any part of the donor bacterial genome
into the recipient bacteria. Generalized transduction
usually occurs as a result of defective assembly during the
lytic cycle of virulent and some temperate phages.
< Packaging errors may happen occasionally due to
defective assembly of the daughter phages. Instead of
their own DNA, a part of host DNA may accidentally be
incorporated into the daughter bacteriophages
% The resulting bacteriophage (called transducing phage)
often injects the donor DNA into another bacterial cell
but does not initiate a lytic cycle as the original phage
DNA is lost
+ The donor DNA may have three fates inside the recipient
bacterium (Fig. 3.4.5):
= Abortive transduction: About 70-90% of the
transferred DNA is not integrated with the recipient
bacterial chromosome, but often is able to survive
and express itself. Such bacteria containing this
non-integrated, transduced DNA are called abortive
transductants
= Stable gene transfer: The donor DNA gets integrated
with recipient bacterial chromosome
= Unstable gene transfer: In some cases, the donor
DNA gets disintegrated by the host cell enzymes.

Restricted or Specialized Transduction

In contrast to generalized transduction, the restricted
transduction is capable of transducing only a particular
genetic segment of the bacterial chromosome that is
present adjacent to the phage DNA.
It occurs as a result of defect in the disintegration of the
lysogenic phage DNA from the bacterial chromosome.
 Restricted transduction has been studied intensively in
the ‘lambda’ phage of E. coli
< When a prophage (i.e. lysogenic bacteriophage is
integrated with the bacterial chromosome) leaves the
host chromosome, portions of the bacterial chromosome
present adjacent to the phage DNA may get wrongly
excised along with it

% Such transducing phages carrying a part of bacterial
DNA in addition to their DNA, when infecting another
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Fig. 3.4.5: Generalized transduction.

bacterium, the transfer of the donor DNA takes place in

two ways (Fig. 3.4.6)

1. The entire transducing genome (i.e. phage DNA +
donor DNA) acts as a prophage and gets integrated
to the recipient’s chromosome. This occurs if the
recipient bacterium is already infected by another
helper bacteriophage

2. A crossover between the donor DNA and a part of
recipient DNA—Ileads to an integration of the donor
DNA into the recipient chromosome and a part of
recipient DNA into the phage DNA.

Role of Transduction

In addition to chromosomal DNA, transduction is also a

method of transfer of episomes and plasmids.

% Drugresistance: Transduction may be a mechanism for
the transfer of bacterial genes coding for drug resistance;
for example, plasmid coded penicillin resistance in
staphylococci

% Treatment: Transduction has also been proposed as a
method of genetic engineering in the treatment of some
inborn metabolic defects.

LYSOGENIC CONVERSION

During the temperate or lysogenic life cycle, the phage
DNA remains integrated with the bacterial chromosome
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as a prophage, which multiplies synchronously with the

bacterial DNA.

#+ The prophage acts as an additional chromosomal element
which encodes for new characters and is transferred to
the daughter cells. This process is known as lysogeny or
lysogenic conversion

< Imparts toxigenicity to the bacteria: Phage DNA
may be responsible for bacterial virulence by
coding for their toxin production. For example, in
Corynebacterium diphtheriae, the diphtheria toxin is
coded by a lysogenic phage DNA which is integrated
with the bacterial chromosome. Elimination of the
phage from a toxigenic strain renders the bacterium
nontoxigenic

Phage Coded Toxins

Bacterial toxins that are coded by lysogenic phages include:

Q Diphtheria toxin

QO Cholera toxin

Q Verocytotoxin of E. coli

Q Streptococcal pyrogenic exotoxin (SPE)—A and C

QO Botulinum toxin Cand D

< In lysogenic conversion, the phage DNA itself behaves
as the new genetic element, in contrast to transduction
where the phage acts only as a vehicle carrying bacterial
genes.

CONJUGATION

Conjugation refers to the transfer of genetic material from
one bacterium (donor or male) to another bacterium
(recipient or female) by mating or contact with each other
and forming the conjugation tube. It was discovered first by
Lederberg and Tatum (1946).

F* X F- Mating

The F* cell (also called as the donor or the male bacterium)

contains a plasmid called F factor or fertility factor. The

bacteria lacking the F factor are called as recipient or
female bacteria or F- cells.

< F factor is a conjugative plasmid; carries genes that
encode for the formation of sex pilus (that helps in
conjugation) and self plasmid transfer

% The F pilus brings the donor and nearby recipient cells
close to each other and form a conjugation tube that
bridges between the donor and recipient cells (Fig.
3.4.7A)

% During conjugation, the plasmid DNA replicates by
the rolling-circle mechanism, and a copy moves to the
recipient bacterium through the conjugation tube. Then,
in the recipient, the entering strand is copied to produce
complete F factor with ds DNA

% As a result, the recipient (F-) becomes (F*) cell and can
in turn conjugate with other (F) cells. Therefore, it is
said that this character of maleness (F*) in bacteria is
transmissible or infectious

< During F* X F~ conjugation, chromosomal genes from
donor bacterium may rarely be transferred along with F
factor. Here, though the donor chromosomal gene may
undergo recombination with the recipient chromosome;
but with a lower frequency.

HFR Conjugation

F factor being a plasmid, it may integrate with bacterial

chromosome and behave as episome.

 Such donor cells are able to transfer chromosomal DNA
to recipient cells with high frequency in comparison to
F* cells, therefore, named as Hfr cells (high frequency of
recombination)

% During conjugation of Hfr cell with an F- cell, only few
chromosomal genes along with a part of the F factor get
transferred. Connection between the cells usually breaks
before the whole genome is transferred

% As the entire F factor does not get transferred, hence
following conjugation, F- recipient cells do not become
F* cells (Fig. 3.4.7B).

F’' Conjugation

The conversion of a F* cell into a Hfr cell is reversible.

“ When the F factor reverts from the integrated to free-
state, it may sometimes carry with it some chromosomal
DNA from the adjacent site of its attachment. Such an F
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Figs 3.4.7A to C: Bacterial conjugation: A. F* X F- mating; B. Hfr X F~ mating; C. F' X F- mating.

factor carrying some chromosomal DNA is named as F’

factor (F prime factor)
< When F’ cell conjugates with a recipient (F), it transfers

the host DNA incorporated with it along with the F factor.

The recipient becomes F’ cell. This process is called

sexduction (Fig. 3.4.7C).

Conjugation plays an important role in the transfer of
plasmids coding for antibacterial drug resistance [resist-
ance transfer factor (RTF), see the box in the proceeding
text] and bacteriocin production [Colicinogenic (Col)
factor].

Colicinogenic (Col) Factor

The bacteriocin production in bacteria is plasmid coded
which may be transferred by conjugation. Such plasmids
are called as the col factors. Bacteriocins are the antibiotic-
like substances produced by one bacterium that inhibit
other bacteria. Bacteriocin produced by coliform bacteria
are called as colicin. Bacteria other than coliforms
also produce similar kind of substances e.g. pyocin

by Pseudomonas, diphthericin by Corynebacterium
diphtheriae.

Role of Conjugation in Bacterial Drug Resistance

Conjugation is also an important method of transfer of

plasmids coding for multiple drug resistance among bacteria.
Qa R factor (or the resistance factor) is a plasmid which has
two components. (R factor = RTF+ r determinants)
> Resistance transfer factor (RTF): It is the plasmid
responsible for conjugational transfer (similar to F factor)

> Resistance determinant (r): R factor can have several
r determinants and each r determinant coding for
resistance to one drug.

0 Sometimes, the R factor dissociates and both RTF and the r
determinants exist as separate plasmids. In such cases, the
resistance is not transferable though the host cell remains
drug resistant

0 In addition to r determinants, the RTF can also attach to
other genes; for example, genes coding for enterotoxin and
hemolysin production in some enteropathogenic E. coli.

Mutational and transferrable drug resistance have been

discussed in Chapter 3.5.
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Fate of the Donor DNA

Following horizontal gene transfer, the donor DNA either
gets degraded by host nucleases or may integrate with re-
cipient chromosome by a method called recombination.
The donor DNA integrates with the recipient chromosome
either as a replacement piece (usually occurs in transfor-
mation) or as an extra piece (as seen in other methods).

TRANSPOSITION

Transposons or transposable elements are the bacterial
genes that are capable of intracellular transfer between
chromosome to chromosome, plasmid to plasmid, and
chromosome to plasmid or vice versa and the process
of such intracellular transfer of transposons is called as
transposition. As transposons move around the genome
in a cut-and-paste manner, they are also called jumping
genes or mobile genetic elements.

% Transposition does not require any DNA homology
between transposon and the site of insertion. It is,
therefore, different from recombination

% Unlike plasmids, transposons are not self-replicating
and are dependent on chromosomal or plasmid DNA
for replication

% Transposons were first discovered in the 1940s by
Barbara McClintock during her studies on maize genetics
for which she won the Nobel prize in 1983

% Transposons are also discovered in the virus and in
eukaryotic genome.

Types of Transposons
Insertion Sequence Transposon

The simplest form of transposon is an insertion se-
quence. It is about 1-2 kilo basepairs (kbp) in length
and consists of a transposase gene (that helps in trans-
position) which is flanked at both the ends by inverted
repeat sequences of nucleotides, i.e. nucleotide se-
quences complementary to each other but in the reverse
order (Figs 3.4.8A and B).

Because of this feature, each strand of the transposon
can form a single-stranded loop carrying the transposase
gene, and a double stranded stem formed by hydrogen
bonding between the terminal inverted repeat sequences.

Composite Transposon

They are larger transposons carrying additional genes,
such as genes coding for antibiotic resistance or toxin
production in the center and both the ends are flanked
by insertion sequences that are identical or very similar in
sequence (Fig. 3.4.8C).

GENE TRANSFER BY ARTIFICIAL METHODS
GENETIC ENGINEERING

Genetic engineering refers to deliberate modification of
an organism'’s genetic information by directly altering its
nucleic acid genome. Genetic engineering is accomplished
by a precise mechanism known as recombinant DNA
technology.

The gene coding for any desired protein is isolated from
an organism, and then inserted into suitable vector, which
is then cloned in such a way that it can be expressed in the
formation of specific (desired) protein.

Recombinant DNA Technology

The procedure of recombinant DNA technology involves

the following steps:

1. Treatment with restriction enzyme: The DNA from
the microorganism is extracted and then is cleaved by
enzymes called restriction endonucleases to produce a
mixture of DNA fragments

2. Southern blot: The fragment containing the desired
gene is isolated from the mixture of DNA fragments. This
is done by:

m Electrophoresis: DNA fragments are electro-
phoretically separated by subjecting to agar gel
electrophoresis

iR Transposase gene R

[ I |
v

Dl structure of insertlon sequenca transposaen

- IR =1 Otherr oRries [1=] =5
Dinvored repeat —— Transponsss  Inverted repeat | {8y
SEIACES gene sequences . G |
i . I i I i o | Twee ___I.__.J Coding far inxins. | el
& T AL COGTADG AT Iriseribon drug rasislancs |t
i CLLLL L L] femet B
1 1
G Fo s G u _G c AT E‘I E

Figs 3.4.8A to C: Transposons: A. Insertion sequence transposon; B. Hairpin loop structure of transposon; C. Composite transposon.
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m Transfer to nitrocellulose membrane: The separated
DNA fragments are transferred from the gel to a
nitrocellulose membrane

m Detection of the desired gene: The DNA fragment con-
taining the desired gene is detected adding a specific
DNA probe, complementary to the gene of interest

m Isolation: The band containing the desired gene is
isolated by DNA extraction and then, is subjected to
electrophoresis in a different gel.

3. Recombination with a vector: The isolated DNA frag-
ment is annealed with a vector by DNA ligase enzyme

4. Introduction of the vector into bacteria: The vector
is introduced into bacteria usually by transformation

(injecting by electroporation) and rarely by phage vector

by transduction

5. Cloning: Culture of the bacteria containing the desired
gene followed by expression of the gene products, yields

a large quantity of desired protein.

Applications of Genetic Engineering

% Production of vaccines: Preparation of certain vaccines
is done by DNA recombination technology by producing
the desired antigen that can be used as an immunogen
in vaccine, against which the protective antibody will
be produced, e.g. vaccines for hepatitis B and human
papillomavirus

* Production of antigens used in diagnostic kits: The
antigens used in diagnostic techniques for antibody
detection (e.g. ELISA) are prepared by DNA recombinant
technology

» Production of proteins used in therapy: Genetic
engineering has also been used for the production of
proteins of therapeutic interest. These include human
growth hormone, insulin, interferons, interleukin-2,
tumor necrosis factor, and factor VIII

% Transgenic animals: Recombinant DNA technology
can be used to artificially introduce a foreign DNA

into the genome of animals. The process is called
transfection and the recombinant animals produced in
this way are named transgenic or genetically modified
animals. Transgenic mice are available for a variety of
biotechnological applications

< Gene therapy: Genetic diseases can be cured by
replacing the defective gene by introducing the normal
gene into the patient.

Vector

A vector is a small piece of DNA, into which a foreign
DNA fragment can be inserted and that can be stably
maintained in an organism and used for cloning purposes.
There are four major types of vectors, such as: 1. Plasmids,
2. bacteriophages, 3. cosmids, 4. artificial chromosomes,
such as bacterial/yeast artificial chromosomes.

BLOTTING TECHNIQUES

Ablot, inmolecular biology refers to amethod of transferring

DNA, RNA, or proteins, from the gel onto a carrier (e.g.

nitrocellulose membrane), followed by their detection

by using specific nucleic acid probes (for DNA or RNA

detection) or enzyme immunoassay (for protein detection).

There are various blotting techniques:

» Southern blot is used to detect DNA

> Northern blot is used to detect RNA

» Western blot is used to detect proteins

» Eastern blot: It is a modification of Western blot, used
to analyze proteins for post-translational modifications
using probes that may detect lipids, carbohydrate,
phosphorylation or any other protein modification.
Southern blotting technique is described above, under

genetic engineering. The methodology of Northern blot is

similar to Southern blot, but uses a RNA probe to detect

the specific RNA fragment. Western blot is described in

Chapter 12.
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[ EXPECTED QUESTIONS ]

l. Write essay on:
1. Name various methods of horizontal gene transfer.
Discuss in detail about mechanism of conjugation.

Il. Write short notes on:
1. Transformation.
2. Transposition.
3. Transduction.

Multiple Choice Questions (MCQs):

1. Mechanism of direct transfer of free DNA:
a. Transformation b. Conjugation
¢. Transduction d. Transposition

Answers

1.a 2.b 3.c 4.d

2. Phage mediated transfer of DNA from one
bacterium to another bacterium is known as:
a. Transformation
b. Transduction
c.  Transmission
d. Conjugation
3. Horizontal transmission of ‘R’ factor is by:
a. Transduction b. Transformation

c. Conjugation d. Fusion

4. Ffactor carrying chromosomal DNA is called as:
a. Ffactor b. Hfr
c. RTF d. F factor




General Bacteriology:
Antimicrobial Agents and
Antimicrobial Resistance

CHAPTER

3.5

CHAPTER PREVIEW

= Antimicrobial Agents
® Antimicrobial Resistance

e Acquired and Intrinsic
o Mutational and Transferable

® Mechanism of Resistance

ANTIMICROBIAL AGENTS

Antimicrobials are the agents that kill or inhibit the growth
of microorganisms.

Classification

Antimicrobial agents are classified in various ways:

1. According to microorganisms against which they are
used—antibacterial, antifungal, antiparasitic, antiviral
agents. Only antibacterial agents are discussed here.

2. According to their ability to kill (ends with suffix cidal) or
inhibit (ends with suffix static) the microorganism, e.g.
bactericidal and bacteriostatic

3. According to the source:
® Antibiotics: These are natural substances, produced

by certain groups of microorganisms
m Chemotherapeutic agents: These agents are
chemically synthesized.
Note: Since many antibiotics and their analogues are now
synthesized, antibiotics and chemotherapeutic agents
are no more distinct terminologies. Therefore they should
be addressed as a single entity, ‘antimicrobial agents’

4. According to their site of action and usage:

m Disinfectants destroy a wide range of microbes on
non-living surfaces to prevent their spread

® Antiseptics (which are applied to the living tissues
and help to reduce infection), and

m Antibiotics (which destroy microorganisms within
the body).

5. According to the chemical structure and mechanism of
action—the antimicrobial agents can be further divided
into many classes, as described in Fig. 3.5.1 and Table 3.5.1.

Though incorrect, the word ‘antibiotics’ is loosely used to

describe antimicrobial agents.

ANTIMICROBIAL RESISTANCE

Antimicrobial resistance refers to development of
resistance to an antimicrobial agent by a microorganism.
It can be of two types—acquired and intrinsic.
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Fig. 3.5.1: Mechanism of action of antimicrobial agents.

Acquired Resistance

This refers to the emergence of resistance in bacteria that are

ordinarily susceptible to antimicrobial agents, by acquiring

the genes coding for resistance. Most of the antimicrobial
resistance shown by bacteria belong to this category.

The emergence of resistance is a major problem
worldwide in antimicrobial therapy. Infections caused
by resistant microorganisms often fail to respond to the
standard treatment, resulting in prolonged illness, higher
healthcare expenditures, and a greater risk of death.

% Overuse and misuse of antimicrobial agents is the single
most important cause of development of acquired
resistance

% Theevolution ofresistant strainsis a natural phenomenon,
which can occur among bacteria especially when an
antibiotic is overused

% Use of a particular antibiotic poses selective pressure in a
population of bacteria which in turn promotes resistant
bacteria to thrive and the susceptible bacteria to die off
(Fig. 3.5.2)
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Table 3.5.1: Antimicrobial agents—classification, indication, and mechanism of resistance.

B-Lactam Antibiotics

A. Inhibit Cell Wall Synthesis

(Bactericidal: block peptidoglycan cross linking by inhibiting the transpeptidase enzyme, i.e. penicillin-binding protein)

Penicillins
Penicillin

Penicillinase-resistant-
penicillins

Aminopenicillins
(extended spectrum)

Antipseudomonal

penicillins
Cephalosporins

1st generation

2nd generation

3rd generation

4th generation
5th generation

B lactam + B lactamase
inhibitors

Carbapenems

Penicillin G

Aqueous penicillin G
Procaine penicillin G
Benzathine penicillin G
Penicillin V

Cloxacillin, dicloxacillin,
flucloxacillin, nafcillin,
oxacillin and methicillin
Ampicillin

Amoxicillin

Carbenicillin,
Ticarcillin, piperacillin

Cefazolin
Cephalexin

Cefoxitin, cefotetan
Cefaclor, Cefuroxime

Ceftriaxone
Cefotaxime
Ceftazidime

Cefepime
Cefpirome
Ceftobiprole
Ceftaroline

Ampicillin-sulbactam*
Amoxicillin-clavulanate*
Cefoperazone-sulbactam
Ceftazidime-avibactam
Ceftolozane-tazobactam
Piperacillin-tazobactam*
Meropenem-
vaborbactam*

Imipenem
Meropenem
Doripenem
Ertapenem

Mostly gram-positive bacteria:

Streptococcus pyogenes

Pneumococcus

Corynebacterium diphtheriae (diphtheria)
Clostridium tetani (tetanus)

Clostridium perfringens (gas gangrene)
Meningococcal infection

Gonococcus (resistance has been reported)
Treponema pallidum (syphilis)

Same as penicillin plus

Penicillinase producing Staphylococcus aureus

Same as penicillin plus

e Enterococcus faecalis

e Escherichia coli

e Helicobacter pylori

e Salmonella (resistance reported)
e Shigella (bacillary dysentery)

Same as aminopenicillins plus
Pseudomonas aeruginosa

e Staphylococcus aureus

e Staphylococcus epidermidis

e Some gram-negative bacteria like Escherichia
coli and Klebsiella

e Same as 1st generation plus

o T Gram-negative activity

o T Anaerobic activity (cefoxitin and cefotetan)

e Decreased activity against gram-positives
compared to 1st, 2nd generations

o T Gram-negative activity

e Some are active against Pseudomonas
(Ceftazidime)

o Ceftriaxone is active against pneumococci,
meningococci and MSSA.

e Good activity against gram-positive and
negative bacteria including Pseudomonas

e Same as 4th generation and MRSA (only
B-lactam to be effective against MRSA)

e Same as spectrum of respective -lactam drug
plus active against -lactamase producing
bacteria

e *Have excellent anaerobic coverage

e Broadest range of activity against most
bacteria, which include gram-positive cocci,
Enterobacteriaceae, Pseudomonas, Listeria,
anaerobes like Bacteroides fragilis and
Clostridioides difficile

e No action on MRSA and Mycoplasma

1. Drug inactivation (by

producing 3-lactamase
enzyme): Seen in both
gram-positive and gram-
negative bacteria

. Alteration of target site-

PBP (penicillin-binding
protein) is altered to PBP2a,
seen in gram-positive
bacteria

. Decreased permeability

as in gram-negative
bacteria- due to altered
outer-membrane porins

ESBL (extended spectrum
-lactamases)

1. Produce carbapenemases
2. Efflux pump

Contd...
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Contd...

Monobactam

Other cell wall inhibitors
Glycopeptides

(bactericidal: disrupt
peptidoglycan cross-linkage)

Fosfomycin

Bacitracin

Anti-30S ribosomal subunit
Aminoglycosides
(bactericidal: irreversible
binding to 30S)

Tetracyclines
(bacteriostatic: bind to 30S
subunit of ribosome and
block tRNA attachment)

Glycylglycines
(MOA, same as tetracycline)
Anti-50S ribosomal subunit

Chloramphenicol
(bacteriostatic: binds to
50S ribosomal subunit and
interfere with peptide bond
formation)

Macrolides
(bacteriostatic: binds 50S
ribosomal subunit and
prevent translocation of
elongated peptide)
Ketolide

(MOA, same as macrolide)

Lincosamides
(binds 50S subunit, blocks
peptide bond formation)

Oxazolidinones

(Inhibitit protein synthesis by
binding to 505)
Streptogramins

(Inhibit protein synthesis by
binding to 50S)

Aztreonam

Vancomycin
Teicoplanin

Fosfomycin

Bacitracin

Gentamicin
Neomycin
Amikacin
Tobramycin
Streptomycin

Tetracycline
Doxycycline
Minocycline
Demeclocycline

Tigecycline

Chloramphenicol

Erythromycin
Azithromycin
Clarithromycin

Telithromycin

Clindamycin
Lincomycin

Linezolid

Quinupristin
Dalfopristin

e Gram-negative rods

Active against most gram-positive bacteria
including MRSA (drug of choice), and for
Clostridioides difficile infection (CDI)

Inactivates the enzyme UDP-N-
acetylglucosamine-3-enolpyruvyltransferase, also
known as MurA; required for cell wall synthesis.
Active against urinary tract pathogens; against
both gram-positive and gram-negative bacteria
such as Enterococcus faecalis, Escherichia coli, etc.

Topical gram-positive cocci infections

B. Protein Synthesis Inhibition

Aerobic gram-negative bacteria, such as—
Enterobacteriaceae and some are active against
Pseudomonas (gentamicin and amikacin)

Often used for empirical therapy in adjunct with
third generation cephalosporins in respiratory
infections, meningitis and subacute bacterial
endocarditis

Rickettsiae, Chlamydiae, Mycoplasma,
Spirochetes

Yersinia pestis, Brucella, Haemophilus ducreyi,
Campylobacter, Vibrio cholerae

Staphylococcus, Enterococcus
Acinetobacter, and E. coli

Haemophilus influenzae

Pyogenic meningitis

Brain abscess

Anaerobic infection

Enteric fever (Salmonella)—not used now due to
development of resistance

Streptococcus
Haemophilus influenzae
Mycoplasma pneumoniae

Community acquired pneumonia (mild to
moderate) by S. pneumoniae

S. aureus (CA-MRSA, MSSA)

Beta hemolytic streptococci

Actinomyces, Arcanobacter, Capnocytophaga
Anaerobic infection

Resistant gram-positives like MRSA

Streptococcus pyogenes and Staphylococcus
aureus skin infections

MRSA infections

VRE (Vancomycin resistant enterococci)
infections

ESBL

Alteration of target

(substitution of D-alanine—

D-alanine side chain of

peptidoglycan)

1. Alteration of target

2. Producing enzymes that
inactivates fosfomycin

Not defined

1. Drug inactivation by
aminoglycoside-modifying
enzyme

2. Decreased permeability
through gram-negative
outer membrane

3. Decreased influx of drug

1. Decreased intracellular
drug accumulation (active
efflux)

2. Ribosomal target site
alteration

Active drug efflux pump

1. Drug inactivation by
producing chloramphenicol
acetyltransferase enzyme

2. Altered membrane
transport (active efflux)

1. Alteration of ribosomal
target
2. Active efflux of antibiotic

Altered target (methylation of
ribosomal binding site)
Active drug efflux

Altered target (methylation of
ribosomal binding site)

Alteration of target site

1. Alteration of target
(dalfopristin)

2. Active efflux (quinupristin)

3. Drug inactivation
(quinupristin and
dalfopristin)

Contd...
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Contd...

Mupirocin Mupirocin Topical ointment is given for- Mutation of gene for target
(Inhibits isoleucyl-tRNA Skin infections site protein

synthetase) Nasal carriers of MRSA

Fusidane Fusidic acid S. aureus (oral and topical use) Altered target

(Prevents the turnover of
elongation factor G from the
ribosome)

C. Nucleic Acid Synthesis Inhibitors
DNA synthesis inhibitors

Fluoroquinolones Inhibit DNA gyrase (A subunit) and topoisomerase IV, thus inhibiting DNA synthesis
Nalidixic acid Coliform gram-negative bacilli 1. Alteration of target
Fluoroquinolones Norfloxacin, ciprofloxacin,  Enterobacteriaceae: such as E. coli, Klebsiella, (mutation of DNA gyrase
1st generation ofloxacin Enterobacter, Salmonella, Shigella, Proteus, Yersinia ~ 9enes)
Fluoroquinolones Levofloxacin, lomefloxacin, Others: Neisseria, Haemophilus, Campylobacter, 2. Poor transport across cell
2nd generation moxifloxacin, sparfloxacin  Vibrio cholerae, Pseudomonas, Staphylococcus membrane
aureus
Nitroimidazoles Metronidazole, tinidazole Anaerobic organisms 1. Decreased drug uptake
(Damage DNA) secnidazole Also active against protozoa such as Entamoeba, 2. Active efflux
Giardia and Trichomonas 3. Decreased drug activation
Nitrofuran Nitrofurantoin Urinary tract infection Altered drug activating
(Damages bacterial DNA) (E. coli, Klebsiella, Enterococcus) enzyme
RNA synthesis inhibitors
Rifamycins Rifampicin, rifaximin M. tuberculosis, M. leprae Alteration of target (mutation
(Inhibits RNA polymerase) Nontuberculous mycobacteria of rpoB gene)
Staphylococcus aureus

Prophylaxis for H. influenzae meningitis
Prophylaxis for meningococcal meningitis

D. Mycolic Acid Synthesis Inhibitors

Isonicotinic acid hydrazide Isoniazid (INH) Tuberculosis Mutations in enzyme
(Inhibits mycolic acid Latent TB processing isoniazid into active
synthesis) metabolites (KatG enzyme)

E. Folic acid Synthesis Inhibitors

Bacteriostatic: Competitively inhibit enzymes involved in two steps of folic acid biosynthesis

Folate synthase . . . Dihydrofolate reductase ) .
Sulfonamide blocks > Dihydrofolicacid —icthoprimblocks > Tetrahydrofolic acid

PABA (para-amino-benzoic acid)

Antifolates Sulfadiazine Sulfadiazine: Production of insensitive
(Sulfonamides and Sulfacetamide Used topically in burn wound surface targets [dihydropteroate
trimethoprim) Co-trimoxazole Co-trimoxazole is indicated in: synthetase (sulfonamides)
(Trimethoprim + e Urinary tract and respiratory tract infections-  and dihydrofolate reductase
Sulfamethoxazole) Active against Serratia, Klebsiella, Enterobacter  (trimethoprim)] that bypass
e Shigella dysentery, Vibrio cholerae metabolic block

e Toxoplasma gondii, Haemophilus ducreyi
e Pneumocystis jirovecii

F. Antimicrobial agents that act on cell membrane

Gramicidin Topical use against cocci (gram-positive and Not defined

(Forms pores) negative)

Lipopeptides Daptomycin Bactericidal against gram-positive bacteria Not defined

(Forms channel in cell including VRE and MRSA

membrane, leading to

leakage)

Polymyxins Polymyxin B Gram-negative infections 1. Alteration of LPS
(Binds to LPS and disrupt Colistin or Polymyxin E 2. Efflux pump mediated
both outer and inner cell (systemic and inhalational

membrane) use)

Abbreviations: MSSA, methicillin sensitive Staphylococcus aureus; MRSA, methicillin resistant Staphylococcus aureus; CA-MRSA, community acquired MRSA; ESBL,
extended spectrum -lactamases; VRE, vancomycin resistant Enterococcus.
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Fig. 3.5.2: Mechanism of development of acquired resistance.

% Thus the resistant bacterial populations flourish in areas
of high antimicrobial use, where they enjoy a selective
advantage over susceptible populations

% The resistant strains then spread in the environment
and transfer the genes coding for resistance to other
unrelated bacteria.

Other factors favouring the spread of antimicrobial

resistance include—

% Poor infection control practices in hospitals, e.g. poor
hand hygiene practices can facilitate the transmission
of resistant strains

» Inadequate sanitary conditions

» Inappropriate food-handling

» Irrational use of antibiotics by doctors, not following
antimicrobial susceptibility report

 Uncontrolled sale of antibiotics over the counters without
prescription.

B3
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e

Intrinsic Resistance

It refers to the innate ability of a bacterium to resist a class
of antimicrobial agents due to its inherent structural or
functional characteristics, (e.g. gram-negative bacteria are
resistant to vancomycin). This imposes negligible threat as
itis a defined pattern of resistance and is non-transferable.
However, the clinicians must be aware so as to exclude
these antibiotics from therapy (Table 3.5.2).

Mutational and Transferable Drug Resistance

In presence of selective antibiotic pressure, bacteria
acquire new genes mainly by two broad methods:

Mutational Resistance

Resistance can develop due to mutation of the resident

genes.

< It is typically seen in Mycobacterium tuberculosis,
developing resistance to anti-tubercular drugs

+ Mutational drug resistance differs from transferable drug
resistance in many ways (Table 3.5.3)

% Usually, itis alowlevel resistance, developed to one drug
at a time; which can be overcome by using combination
of different classes of drugs

+ That is why multidrug therapy is used in tuberculosis
using 4-5 different classes of drugs, such as isoniazid,
rifampicin, pyrazinamide, ethambutol and streptomycin.

Transferrable Drug Resistance

In contrast, transferrable drug resistance is plasmid
coded and usually transferred by conjugation or rarely by
transduction, or transformation (refer Chapter 3.4).

+ The resistance coded plasmid (called R plasmid) can
carry multiple genes, each coding for resistance to one
class of antibiotic

% Thus, it results in a high degree of resistance to multiple
drugs, which cannot be overcome by using combination
of drugs.

Mechanism of Antimicrobial Resistance

Bacteria develop antimicrobial resistance by several
mechanisms.

1. Decreased Permeability across the Cell Wall

Certain bacteria modify their cell membrane porin
channels; either in their frequency, size, or selectivity;
thereby preventing the antimicrobials from entering into
the cell. This resistance mechanism has been observed
in many gram-negative bacteria, such as Pseudomonas,
Enterobacter and Klebsiella species against drugs, such as
imipenem, aminoglycosides and quinolones.

2. Efflux Pumps

Certain bacteria possess efflux pumps which mediate

expulsion of the drug(s) from the cell, soon after their entry;

thereby preventing the intracellular accumulation of drugs.

This strategy has been observed in:

% Escherichia coli and other Enterobacteriaceae against
tetracyclines, chloramphenicol

% Staphylococci against macrolides and streptogramins

% Staphylococcus aureus and Streptococcus pneumoniae
against fluoroquinolones.

3. By Enzymatic Inactivation

Certain bacteria can inactivate the antimicrobial agents by

producing various enzymes, such as:

% B-lactamase enzyme production (observed in both
gram-positive and gram-negative bacteria): It breaks
down the B-lactam rings, thereby inactivating the
B-lactam antibiotics (see the highlight box)

< Aminoglycoside modifying enzymes like (acetyltrans-
ferases, adenyltransferases, and phosphotransferases,
produced by both gram-negative and gram-positive bac-
teria)—they destroy the structure of aminoglycosides
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Table 3.5.2: Intrinsic antimicrobial resistance.

M Intrinsic resistance to the following antimicrobial agents

Enterobacteriaceae

Klebsiella pneumoniae

Citrobactér species
Enterobacter species
Proteeae tribe

Salmonella species
Shigella species

Serratia marcescens

Yersinia enterocolitica

Non-fermentative gram-

negative bacteria
(NF-GNB)

Pseudomonas
aeruginosa

Acinetobacter
baumannii

Stenotrophomonas
maltophilia

Burkholderia cepacia
complex

Gram-positive bacteria
S. aureus
Enterococcus species

Members of family Enterobacteriaceae are intrinsically resistant to antimicrobials specific for gram-positive
organisms such as: clindamycin, daptomycin, fusidic acid, glycopeptides (vancomycin), lipoglycopeptides
(oritavancin, teicoplanin, and telavancin), linezolid, tedizolid, quinupristin-dalfopristin, rifampin, and macrolides
(erythromycin, clarithromycin, and azithromycin)

Exceptions: Salmonella and Shigella spp. are susceptible azithromycin

Same as for Enterobacteriaceae plus ampicillin and ticarcillin

Same as for Enterobacteriaceae plus ampicillin, first and second generation cephalosporins, cephamycins,
amoxicillin-clavulanate and ampicillin-sulbactam

Same as for Enterobacteriaceae plus ampicillin, first generation cephalosporins, cephamycins, amoxicillin-
clavulanate and ampicillin-sulbactam

Same as for Enterobacteriaceae plus ampicillin, first and second generation cephalosporins, tetracyclines,
tigecycline, nitrofurantoin and polymyxins (polymyxin B and polymyxin E or colistin)

Same as for Enterobacteriaceae plus aminoglycosides, first and second generation cephalosporins

Same as for Enterobacteriaceae plus aminoglycosides, first and second generation cephalosporins, and
cephamycins

Same as for Enterobacteriaceae plus ampicillin, first and second generation cephalosporins, cephamycins,
amoxicillin-clavulanate, ampicillin-sulbactam, nitrofurantoin and polymyxins (Polymyxin B and colistin)
Same as for Enterobacteriaceae plus ampicillin, ticarcillin, first generation cephalosporins and amoxicillin-
clavulanate

Non-fermentative gram-negative bacteria are intrinsically resistant to penicillin (i.e., benzyl penicillin), first
and second generation cephalosporins, cephamycins, clindamycin, daptomycin, fusidic acid, glycopeptides
(vancomycin), linezolid, macrolides, quinupristin-dalfopristin, and rifampin

Same as for NF-GNB, plus ampicillin, ceftriaxone, amoxicillin-clavulanate, ampicillin-sulbactam, Ertapenem,
tetracyclines, tigecycline, co-trimoxazole and chloramphenicol

Same as for NF-GNB, plus ampicillin, amoxicillin, amoxicillin-clavulanate, ertapenem, aztreonam,
chloramphenicol and fosfomycin

Same as for NF-GNB, plus ampicillin, amoxicillin, cefotaxime, ceftriaxone, cefepime, amoxicillin-clavulanate,
aztreonam, imipenem, meropenem, ertapenem, polymyxins (polymyxin B and colistin), aminoglycosides,
chloramphenicol and fosfomycin

Same as for NF-GNB, plus ampicillin, amoxicillin, ampicillin-sulbactam, amoxicillin-clavulanate, ertapenem,
polymyxins (polymyxin B and colistin) and fosfomycin

Gram-positive bacteria are intrinsically resistant to aztreonam, polymyxin B/colistin, and nalidixic acid
Same as for other gram-positive bacteria

Same as for other gram-positive bacteria plus cephalosporins, aminoglycosides*, clindamycin and co-
trimoxazole. E. gallinarum and E. casseliflavus are intrinsically resistant to vancomycin, in addition.

*Aminoglycosides such as gentamicin are effective against Enterococcus, when given along with cell-wall acting drugs like penicillin, ampicillin or vancomycin, due
to synergistic effect (Chapter 76).

4. By Modifying the Target Sites

Table 3.5.3: Mutational vs transferable drug resistance.

Mutational drug resistance | Transferable drug resistance

Modification in the target sites of antimicrobial agent (which
are within the bacteria) is a very important mechanism. It
is observed in:
< MRSA (Methicillin-resistant Staphylococcus aureus):
In these strains, the target site of penicillin i.e. penicillin
binding protein (PBP) gets altered to PBP-2a. The altered
PBP coded by a chromosomally coded gene mec A, do
not sufficiently bind to -lactam antibiotics and therefore
prevent them from inhibiting the cell wall synthesis.
(Described in detail in Chapter 51)
Spread by: Horizontal spread % B-lactam resistance in pneumococci is due to alteration
(conjugation, or rarely by of PBP to PBP2b.
transduction/transformation) . . . .
< Streptomycin resistance in Mycobacterium tuberculo-
sis is due to modification of ribosomal proteins or 16S
% Chloramphenicol acetyl transferase: It is produced by rRNA
members of Enterobacteriaceae; it destroys the structure < Rifampicin resistance in Mycobacterium tuberculosis—
of chloramphenicol. due to mutations in RNA polymerase

Resistance toonedrugata  Multiple drugs resistance at the

time same time
Low-degree resistance High-degree resistance

Resistance can be overcome
by combination of drugs

Cannot be overcome by drug
combinations

Virulence of resistance Virulence not decreased

mutants may be lowered

Resistance is transferable to other
organisms

Resistance is not transferable
to other organisms

Spread to off-springs by
vertical spread only
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< Quinolone resistance seen in many gram-positive Contd...
bacteria, particularly S. aureus and S. pneumoniae— due

to mutations in DNA gyrase enzyme.

< Vancomycin resistance in enterococci (VRE): These
strains have a change in the target site of vancomycin
(i.e. D-alanine D-alanine side chain of peptidoglycan)

(Chapter 76).

Beta-lactamase Enzymes

B-lactamase enzymes are capable of hydrolyzing the -

lactam rings (the active site) of B-lactam antibiotics; thereby

deactivating their antibacterial properties.

O They can be produced by both gram-positive and gram-
negative organisms

O Theyare plasmid coded, and transferred from one bacterium
to other mostly by conjugation, (except in Staphylococcus
aureus where they are transferred by transduction).

Beta-lactamases are of various types:

0 Extended spectrum B-lactamases (ESBL): Organisms pro-
ducing ESBL enzymes are resistant to all penicillins, 15, 2"

Contd...

and 3" generation cephalosporins and monobactams; how-
ever remain sensitive to carbapenems and cephamycins.
The resistance can be overcome by use of -lactam along
with B-lactamase inhibitor (e.g. sulbactum or clavulanic
acid)

0 AmpC beta-lactamases: In addition to the antibiotics to
which ESBL producers are resistant, AmpC beta-lactamase
producers are resistant to cephamycins (e.g.cefoxitin
and cefotetan). But they are sensitive to carbapenems.
Resistance cannot be overcome by B-lactam + -lactamase
inhibitor combination (BL/BLI)

0O Carbapenamases: These organisms are resistant to
all those antibiotics to which AmpC beta-lactamase
producers are resistant. In addition, they are also resistant
to carbapenems. Resistance cannot be overcome by BL/BLI.
Important carbapenemase enzymes are:
> Klebsiella pneumoniae carbapenemase (KPC)
> New Delhi metallo-beta-lactamase (NDM)

Routine detection of 3-lactamase enzymes in the laboratory
is not necessary, as it does not play a vital role in deciding the
treatment. It is only necessary for epidemiological purposes.

[ EXPECTED QUESTIONS ]

I. Write short notes on:
1. Mechanism of antibiotic resistance.
2. Mutational and transferable drug resistance.
3. Antimicrobial susceptibility testing method.
Il. Multiple Choice Questions (MCQs):
1. MRSA is mediated due to
a. Plasmid b. mecAgene
c. Transposons d. None

2. All of the following antimicrobial agents act on

cell membrane, except:

a. Gramicidin b. Daptomycin

c. Polymyxins d. Vancomycin
3. Fosfomycin—all are true, except:

a. Inactivates the enzyme MurA

b. Active against urinary tract pathogens

c. Active against both gram-positive and gram-

negative bacteria
d. Resistance has not been reported yet

4. All of the following antimicrobial agents act on

50S ribosomal subunit, except:
a. Aminoglycosides

b. Macrolides

c. Streptogramins

d. Chloramphenicol

Answers
1.b 2.d 3.d 4.a 5.b 6.d 7.c 8.d

5. All of the following are examples of intrinsic
antimicrobial resistance, except:
a. Anaerobic bacteria-aminoglycosides
b. Pseudomonas- carbapenems
c. Aerobic bacteria-metronidazole
d. Gram-negative bacteria-vancomycin
6. Extended spectrum B-lactamases (ESBL) produc-
ing organisms are resistant to all, except:
a. All penicillins
b. 3rd generation cephalosporins
c. Monobactam
d. Carbapenems
7. All of the following can be given for the treatment
of Extended spectrum f-lactamases (ESBL) pro-
ducing organisms, except:
a. Carbapenems
b. B-lactam/ lactamase inhibitor combination
c. 3rd generation cephalosporins
d. Aminoglycoside
8. Which of the following can be given for the treat-
ment of carbapenamase producing organisms?
a. Carbapenems
b. B-lactam/lactam inhibitor combination
c. 3rd generation cephalosporins
d. Aminoglycoside
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MECHANISM OF BACTERIAL PATHOGENESIS

Ability of bacteria to produce disease or tissue injury is
often referred to as two closely related but not synonymous
term ‘pathogenesis’ and ‘virulence!

% ‘Pathogenesis’ is generally employed to refer to the ability
of a microbial species to produce disease

% While the term ‘virulence’ is used more specifically
to describe the relative degree of pathogenesis (tissue
damage), which may vary between different strains of
the same organism depending upon the expression of
the virulence factors

< Virulence is a relative term; different strains of same
species may exhibit varying degrees of virulence. Some
strains are highly virulent; while some strains are low
and some are avirulent (vaccine strains).

The virulence of a strain may undergo spontaneous or

induced variation.

+ Exaltation: Enhancement of virulence is known as
exaltation, which can be induced experimentally by
serial passage into susceptible hosts

< Attenuation: It refers to the reduction of virulence,
which can be achieved by passage through unfavorable
hosts, repeated cultures in artificial media, growth in
high temperature or in the presence of weak antiseptics,
desiccation or prolonged storage in culture.

Route of Transmission

Route of transmission of infection plays a crucial role in the

pathogenesis of certain bacteria (Table 3.6.1).

% Some bacteria, such as streptococci, can initiate infection
whatever be the route of entry

% Others can survive and multiply only when introduced
by the optimal routes. Vibrio cholerae are infective orally
but are unable to cause infection when introduced
subcutaneously

% This difference is probably related to the modes by which
different bacteria are able to initiate tissue damage and
establish themselves.

Infective Dose

Infective dose of the bacteria is referred to as the minimum
inoculum size that is capable of initiating an infection.
Infective dose plays a major role in determining whether
the disease is going to set in or not.
% Low infective dose: Certain organisms require a
relatively small inoculum to initiate infection
m Shigella: Very low (as low as 10 bacilli)
m Escherichia coli 0157: H7 (<10 bacilli)
m Campylobacter jejuni (500 bacilli).
% Large infective dose: In contrast, bacteria with high
infective dose can initiate the infection only when the
inoculum size exceeds a particular critical size

Table 3.6.1: Mode of transmission of bacterial infections*.

Bacterial agents/diseases

Contact Multi-drug resistant organisms in hospitals such
as S. aureus, E. coli, Klebsiella, etc.
Bacillus anthracis
Droplet Meningococcus
C. diphtheriae
Pneumococcus
Aerosol M. tuberculosis
Ingestion Salmonella and Shigella

Vibrio and diarrheagenic E. coli
Campylobacter
Agents of food poisoning

Vector-borne Rickettsiae
Borrelia
Sexual Gonococcus
Chlamydia trachomatis
Treponema pallidum
Haemophilus ducreyi
Vertical Treponema pallidum
Birth canal Listeria

Streptococcus agalactiae

*Rare modes of transmission of these bacterial agents have been excluded from
the list for the ease of understanding.
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m Escherichia coli (10°-108 bacilli)

m Salmonella (10*-10° bacilli)

m Vibrio cholerae (10°-10° bacilli).
Infective dose varies depending upon the factors, such as:
% Virulence of the organism: Higher the virulence, lower
is the infective dose
Host’s age and overall immune status
The ability of the organism resisting the gastric acidity:
Shigella has an ability to survive in gastric acidity, even
alowinfective dose can initiate the infection. In contrast
Vibrio is extremely acid labile, hence requires a heavy
inoculum to bypass the gastric barrier.

0
£
0
£

Adhesion

Adhesion of the bacteria to body surfaces is the initial
event in the pathogenesis of the disease. It is mediated by
specialized molecules called adhesins that bind to specific
host cell receptors. Adherence prevents the bacteria
from being flushed away in secretions and also facilitates
bacterial invasion into the host cells.

< Fimbriae or pili: They are the most important

adhesins present in some bacteria. They directly bind
to the sugar residues (glycolipids or glycoproteins) on
host cells

» Non-pilus adhesins: Apart from pili, there are other
adhesins found in certain bacteria, such as M protein
(Streptococcus pyogenes), lipoteichoic acid (gram-
positive cocci), cell surface lectin (Chlamydia),
etc.

% Biofilm formation: It is another mechanism by which
certain bacteria mediate strong adherence to certain
structures, such as catheters, prosthetic implants, and
heart valves. Biofilm is a group of bacterial cells which
stick to each other on a surface and are embedded
within layer (called slime layer) of a self-produced
matrix of extracellular polymeric substance called

glycocalyx.

0’0

Invasion

Invasion refers to entry of bacteria into host cells, leading

to spread within the host tissues.

% Highly invasive pathogens produce spreading or
generalized lesions (e.g. streptococcal infections), while
less invasive pathogens cause localized lesions (e.g.
staphylococcal abscess)

% Some pathogens though capable of causing fatal diseases,
lack invasiveness but remain confined to the site of entry
and produce disease by elaborating a potent toxin, e.g.
Clostridium tetani.

Important virulence factors that help in invasion include:

% Virulence marker antigen or invasion plasmid antigens
in Shigella

% Enzymes: Invasion of bacteria is enhanced by many
enzymes such as: hyaluronidase, collagenase, strepto-
kinase, IgA proteases.

Antiphagocytic Factors

Bacteria are rapidly killed once they are ingested by

phagocytes, such as polymorphonuclear cells (neutrophils) or

macrophages. Some pathogens develop strategies to evade
phagocytosis by several antiphagocytic factors, the most
important ones being—

QO Capsule: It prevents phagocytosis of bacteria by preventing
the phagocytes from adhering to the bacteria. Capsules are
produced by—
> Neisseria meningitidis
» Streptococcus pneumoniae
> Haemophilus influenzae
> Klebsiella pneumoniae.

QO Cell wall proteins may help in invasion, such as—
> Protein A of Staphylococcus aureus binds to 1gG and

prevents the activation of complement
> M protein of Streptococcus pyogenes.

0 Cytotoxins: Certain bacteria produce cytotoxins that
interfere with chemotaxis or killing of phagocytes. For
example, S. aureus produces hemolysins and leukocidins
that lyse and damage RBCs and WBCs.

Intracellular Survival

Some organisms survive in intracellular environment.
They are grouped into obligate and facultative intracellular
organisms (Table 3.6.2). Once engulfed, they develop
strategies that inhibit various steps of phagocytosis (see
highlight box above and Table 3.6.3).

Toxins
Endotoxins

Endotoxins are the lipid A portion of lipopolysaccharide
(LPS). They are present as an integral part of the cell wall of
gram-negative bacteria. They are released from the bacterial
surface by natural lysis of the bacteria and are responsible
for various biological effects in the host (Fig. 3.6.1).

Table 3.6.2: Intracellular bacteria.
Facultative intracellular bacteria | Obligate intracellular

Salmonella Typhi, Brucella Mycobacterium leprae
Legionella, Listeria, Nocardia Rickettsia

Neisseria meningitidis, Yersinia Chlamydia
Mycobacterium tuberculosis Coxiella burnetii

Table 3.6.3: Mechanisms used by bacteria for intracellular
survival.

Mechanism of intracellular survival M

Inhibition of phagolysosome
fusion

Legionella species
Mycobacterium tuberculosis
Chlamydia species

Resistance to lysosomal
enzymes

Salmonella Typhimurium
Coxiella species
Mpycobacterium leprae

Listeria, Rickettsia
Francisella tularensis

Adaptation to cytoplasmic
replication
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Fig. 3.6.1: Effects of bacterial endotoxins (cell wall lipopolysaccharide).

Abbreviations: DIC, disseminated intravascular coagulation; LPS, lipopolysac-
charide; IL-1 interleukin-1; IFN-y, interferon gamma; PMN, polymorphonuclear
leukocyte; IgE, immunoglobulin E; T, T lymphocyte; M, macrophage.

< Macrophage activation: Endotoxin binds to specific
receptors on macrophages and stimulates the release of
acute-phase cytokines, such as interleukin (IL)-1, tumor
necrosis factor-a, IL-6, nitric oxide and prostaglandins
which cause fever and inflammation and activation of
immune system (T cells and B cells)

% Complement activation: High concentrations of endo-
toxin can activate the alternative pathway of complement

— release C3a and C5a — promote inflammatory cells

chemotaxis, high grade fever, hypotension, shock pro-

duced by vasodilatation and capillary leakage

Endothelial activation: Leads to T vascular permeability

» Coagulation pathways activation: It activates Hage-
man factor and other coagulation factors, leads to
thrombosis, and disseminated intravascular coagula-
tion (DIC)

< Platelet activation: Leads to release of mediators that
cause T vascular permeability, thrombosis, and DIC

* Mast cell activation: Leads to release of mediators
(e.g. histamine) that causes muscle contraction and 0
vascular permeability

* In gram-negative septicemia: Endotoxins are released
in large quantity, causing high fever, petechiae (skin
lesions resulting from the capillary leakage) and DIC
which may result in shock and possibly death.

0,
<

0’0

Exotoxins

They are heat labile proteins; secreted by certain species of

both gram-positive and gram-negative bacteria and diffuse

readily into the surrounding medium.

< High potency: Exotoxins are highly potent even in
minute amounts. Botulinum toxin is the most potent, it
has been estimated that 39.2 g of botulinum toxin would
be sufficient to eradicate the entire humankind

» Used for vaccine: Exotoxins can be converted into
toxoids by treatment with formaldehyde. Toxoids lack
toxicity but retain antigenicity and thus induce protective
immunity when used as vaccines

% Specific action: They are highly specific for a particular
tissue, e.g. tetanus toxin for CNS. They have specific
pharmacological activities (Table 3.6.4).

Exotoxins differ from endotoxins in several ways (Table

3.6.5).

Table 3.6.4: Bacterial exotoxins and their mechanism of action.

|Organisms _____| Toxins (Exotoxins) Mechanism |

Staphylococcus aureus
Streptococcus pyogenes
Corynebacterium diphtheriae

Streptococcal pyrogenic exotoxin
Diphtheria toxin (DT)

Bacillus anthracis Anthrax toxin
Clostridium perfringens

Clostridium tetani

a toxin, other major and minor toxins
Tetanus toxin (tetanospasmin)

Clostridium botulinum Botulinum toxin (BT)

Escherichia coli Heat labile toxin (LT)

(diarrheagenic)

Heat stable toxin (ST)
Verocytotoxin

Shiga toxin

Cholera toxin (CT)

Shigella dysenteriae type-1
Vibrio cholerae

Pseudomonas Exotoxin-A

Enterotoxin, Toxic shock syndrome toxin

Act as super antigen; stimulate T cell nonspecifically, to release
large amounts of cytokines

Inhibits protein synthesis (by inhibiting elongation factor-2)
TcAMP in target cell, edema

Lecithinase and phospholipase activity — causes myonecrosis

Decrease in neurotransmitter (GABA and glycine) release from
the inhibitory neurons — spastic paralysis

Decrease in neurotransmitter (acetyl choline) release from
neurons — flaccid paralysis

Activation of adenylate cyclase — TcAMP in target cell —
secretory diarrhea

TcGMP in target cell - secretory diarrhea
Inhibit protein synthesis (by inhibiting ribosome)

Activation of adenylate cyclase — TcAMP in target cell —
secretory diarrhea

Inhibit protein synthesis (by inhibiting elongation factor-2)
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Table 3.6.5: Differences between bacterial endotoxins and exotoxins.

Nature Lipopolysaccharides Proteins
Source Part of cell wall of gram-negative bacteria Secreted both by gram-positive and negative bacteria;
diffuse into surrounding medium
Released by Cell lysis, not by secretion Actively secreted by the bacteria
Heat stability Highly stable Heat labile, destroyed at 60°C
Mode of action PIL-1 and TNF-a. Mostly enzyme like action
Effect Nonspecific (fever, shock, etc.) Specific action on particular tissues
Tissue affinity No Specific affinity for tissues
Fatal dose Only large doses are fatal More potent, even smaller doses—fatal
Antigenicity Poorly antigenic Highly antigenic
Neutralization by antibodies  Ineffective Neutralized by specific antibodies
Used for vaccine No effective vaccine is available using endotoxin Toxoid forms are used as vaccine, e.g. tetanus toxoid
l EXPECTED QUESTIONS l
. Write short notes on: 3. Obligate intracellular bacteria are all, except:
1. Various modes of transmission of infection. a. M.leprae b. Rickettsia
2. Mechanisms of bacterial pathogenesis. c.  Chlamydia d. M. tuberculosis
3. Differences between endotoxins and exotoxins. 4. The following have the intracellular survival
IIl. Multiple Choice Questions (MCQs): strategy of inhibition of phagolysosome fusion,
1. Chemical nature of endotoxin is: except: ) )
a. Protein b. Lipopolysaccharide a. Legionella species b. M. tuberculosis
c. Carbohydrate d. None c. M.leprae d. Chlamydia species
2. The following are exotoxins, except: 5. The following bacteria require large infective
a. Botulinumtoxin  b. Anthrax toxin dose, except: )
c. Diphtheriatoxin  d. Lipid A portion of LPS a.  Escherichia coli b. Shlg?lla
c.  Salmonella d. Vibrio cholerae
Answers

1.b  2.d 3.d 4.c 5.b
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m  Gram-positive cocci Infections
®m  Gram-negative cocci Infections

m  Gram-positive bacilli Infections
®m  Gram-negative bacilli Infections

® Anaerobic Bacterial Infections
®m  Miscellaneous Bacterial Infections

This chapter gives an overview of various bacteria infecting
man, which will help to understand the bacterial infections
that are discussed in detail under the respective infective
syndromes (Part-II) of this book.

Conventionally based on Gram stain, the bacte-
rial infections can be grouped into infections caused by
gram-positive cocci, gram-negative cocci, and gram-
positive bacilli, gram-negative bacilli (Chapter 3.1, Table
3.1.4). There is another group comprising of miscellane-
ous bacteria that do not take up or poorly take up Gram
stain.

GRAM-POSITIVE COCCI INFECTIONS

Gram-positive cocci are classified into two families—
Micrococcaceae and Streptococcaceae, differentiated by
the catalase test.
% Micrococcaceae are catalase positive, gram-positive
cocci arranged in tetrads or clusters
m Tetrads—Micrococcus, non-pathogenic
m Clusters—Staphylococcus, pathogenic.
% Streptococcaceae are catalase negative gram-positive
cocci, arranged in pairs or chains
m Pairs—Enterococci, Streptococcus pneumoniae
(pathogenic)
m Short chains—Beta-hemolytic streptococci (patho-
genic)
® Long chains—Viridans streptococci (commensals,
occasionally pathogenic).

Staphylococcus species (Chapter 51)

Among all staphylococci, S. aureus is the most virulent
species, pathogenic to man. The other staphylococci,
collectively designated as coagulase-negative staphy-
lococci (CoNS) are usually harmless commensals and
less virulent; but can occasionally cause infections, es-
pecially prosthetic device associated and surgical site
infections.

Staphylococcus aureus

S. aureus is a pluripotent pathogen, responsible for both

community and nosocomial acquired infections that may

range from relatively milder skin and soft tissue infections
to life-threatening systemic infections.

% Virulence factors: The pathogenic potential of S. aureusis
due to expression of several virulence factors which include
m Toxins such as hemolysins, exfoliative toxin,

enterotoxin and toxic shock syndrome toxin
m Extracellular enzymes such as coagulase.

% Clinical manifestations: Clinical spectrum of S. aureus
include:

m Skin and soft tissue infections such as folliculitis,
furuncle, and cellulitis, etc.

m Musculoskeletal infections such as osteomyelitis,
septic arthritis and abscess

Respiratory tract infection such as pneumonia

Bacteremia and sepsis

Urinary tract infections (UTI)

Toxin-mediated infections such as scalded skin

syndrome, food poisoning and toxic shock syndrome.

< Laboratory diagnosis: S. aureus is gram-positive cocci,

arranged in clusters

m Staphylococci are differentiated from streptococci by
being catalase positive

m S. aureus produces as golden-yellow pigmented colo-
nies on nutrient agar and 3-hemolytic colonies on
blood agar

m S aureusis differentiated from CoNS by being coagu-
lase positive.

% MRSA: Methicillin-resistant S. aureus is a resistant phe-
notype, has been increasingly reported over last few
decades. It shows resistance to all beta-lactam antimi-
crobials and thus possesses a great therapeutic challenge

% Treatment: S. aureus is primarily treated by anti-
staphylococcal penicillins such as cloxacillin. However,
for MRSA infections, vancomycin is recommended for

0
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serious infections and doxycycline or cotrimoxazole for
non-serious infections.

Streptococcus species

Streptococci are catalase-negative, gram-positive cocci,
arranged in pairs or chains. They can be classified based
on hemolysis produced on sheep blood agar as:

% o-hemolytic streptococci: e.g. viridans streptococci and

S. pneumoniae
< B-hemolytic streptococci: Based on the cell wall car-

bohydrate antigen, they can be typed into 20 Lancefield

groups. Important pathogens include group A (S. pyo-
genes) and group B (S. agalactiae)

 y-hemolytic streptococci: They produce non-hemolytic
colonies, e.g. Enterococcus.

Streptococci are found as a part of normal flora,
colonizing human intestine and respiratory tract. However,
some are important human pathogens such as S. pyogenes
and S. agalactiae, Enterococcus and S. pneumoniae.

Streptococcus pyogenes (Chapter 52)

S. pyogenes (group A Streptococcus) is one of the leading

cause of pyogenic infections in humans.

% Virulence factors: The virulence factors of S. pyogenes
responsible for majority of pathogenesis include
= Cell wall antigen: e.g. M protein
= Toxins: e.g. streptococcal pyrogenic exotoxin (SPE)

m Various enzymes: e.g. streptokinase, streptodornase,
hyaluronidase, etc.

% Clinical manifestations: S. pyogenes is associated with va-
riety of suppurative and non-suppurative manifestations
® Suppurative manifestations include sore throat

(pharyngitis), scarlet fever, skin and soft-tissue
infections (impetigo, cellulitis and necrotizing
fasciitis, and toxic shock syndrome)

m Non-suppurative manifestations are acute rheu-
matic fever and post-streptococcal glomerulonephri-
tis. The underlying pathogenesis is due to molecular
mimicry; where, the antibodies produced against
previous streptococcal infections cross react with
human tissues (heart or kidneys) to produce lesions.

% Laboratory diagnosis: S. pyogenes appears gram-
positive cocci, arranged in short chain
m S. pyogenes produces pin point colonies with wide

zone of B-hemolysis on blood agar

m S. pyogenes can be differentiated from S. agalactiae
being bacitracin sensitive and CAMP test (Christie,
Atkins, and Munch-Peterson) negative.

< Treatment: S. pyogenesis primarily treated by penicillin.
Erythromycin can be given in case of penicillin allergy.

Streptococcus agalactiae (Chapter 52)

Streptococcus agalactiae (group B Streptococcus) colonizes
female genital tract. It has been recognized as major cause

of neonatal meningitis and sepsis. Infections in pregnancy
can lead to peripartum fever. It can be differentiated from
group A Streptococcus by being CAMP test positive and
bacitracin resistant. Penicillin is the drug of choice.

Enterococcus (Chapter 76)

Enterococci are part of normal flora of human intestine. E.

Jaecalis and E. faecium are the common species infecting man.

% Clinical manifestations: Enterococci can cause
various infections ranging from UTI, bacteremia and
endocarditis, and intra-abdominal infections

% Laboratory diagnosis: They appear oval-shaped
gram-positive cocci in pairs; produce non-hemolytic
translucent colonies on blood agar and are identified
by positive bile esculin test

% Treatment: Enterococci are treated with ampicillin +
gentamicin, vancomycin and fosfomycin.

Viridans streptococci (Chapter 28)

Viridans streptococci are commensals of mouth and
upper respiratory tract. However occasionally they can
cause infections such as dental caries, subacute bacterial
endocarditis and suppurative infections. They appear as
long chains of gram-positive cocci and produce minute
o-hemolytic colonies on blood agar. They are usually
susceptible to penicillin and vancomycin.

Streptococcus pneumoniae (Chapters 61, 71)

Streptococcus pneumoniae, commonly referred to as
pneumococcus is the leading cause of lobar pneumonia,
and otitis media in children and meningitis in all ages.

% Clinical manifestations: S. pneumoniae can cause
both invasive infections such as pneumonia, blood
stream infection, pyogenic meningitis and non-invasive
infections such as otitis media and sinusitis

% Laboratory diagnosis: They appear capsulated gram-
positive cocci in pair, lanceolate-shaped
= On blood agar, they produce characteristic draught-

sman or carrom coin shaped a-hemolytic colonies
m They are identified by being bile soluble and
susceptible to optochin.

% Treatment: S. pneumoniae responds well to penicillin-
G. Ceftriaxone or vancomycin can be given in case of
penicillin resistance

% Vaccine: There are two vaccines available for pneumo-
coccus: (i) 23-valent pneumococcal polysaccharide vac-
cine (PPSV23), and (ii) pneumococcal conjugate vaccine
(PCV13).

GRAM-NEGATIVE COCCI INFECTIONS

Neisseriae are gram-negative diplococci. Two species are
pathogenic to humans; N. meningitidis and N. gonorrhoeae.
Others species are commensals of oral cavity or genital
tract.
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Neisseria meningitidis (Chapter 71)

N. meningitidis (or meningococci) are capsulated gram-

negative diplococci; lens-shaped.

% Virulence factors include polysaccharide capsule,
endotoxin and outer membrane proteins

+ Clinical manifestations: It can cause invasive diseases
such as pyogenic meningitis and septicemia among
susceptible individuals

< Laboratory diagnosis: It can be isolated from CSF or
blood culture or from nasopharyngeal swabs. Itis oxidase
positive, ferments glucose and maltose

% Treatment: Third generation cephalosporins are the
drug of choice

% Vaccines: Meningococcal capsular polysaccharide
vaccine, conjugated capsular vaccine and recombinant
vaccines are currently available.

Neisseria gonorrhoeae (Chapter 77)

Neisseria gonorrhoeae causes a sexually transmitted
infection (STI), known as ‘gonorrhea!
% Virulence factors of N. gonorrhoeae include pili, and
outer membrane protein
% Clinical manifestations: Gonorrhea commonly
manifests as mucopurulent cervicitis (in females) and
urethritis (in males). It can also cause conjunctivitis
(ophthalmia neonatorum) in newborn
* Laboratory diagnosis: Urethral swab (for males) and
endocervical swabs (for females) are the ideal specimens;
which should be collected in charcoal-coated swabs
(Stuart’s transport medium)
m They appear gram-negative intracellular kidney-
shaped diplococci
m For culture, selective media such as Thayer Martin
medium and Modified New York City medium are used
m It is oxidase-positive, and ferments only glucose, but
not maltose.
% Treatment: Third generation cephalosporin such as
ceftriaxone is the drug of choice. Both the sexual partners
should be treated.

GRAM-POSITIVE BACILLI INFECTIONS

Corynebacterium species (Chapter 60)

Corynebacteria are club-shaped gram-positive bacilli. C.
diphtheriae is the most important species pathogenic to
man; other species called as diphtheroids are mainly skin
commensals, occasionally can be pathogenic to man.

Corynebacterium diphtheriae

C. diphtheriae is the causative agent of diphtheria; a

contagious disease of nasopharynx and skin, commonly

affecting the unvaccinated children.

% Virulence factors: The pathogenesis of diphtheria is
mediated by diphtheria toxin; which acts by inhibiting
protein synthesis

< Clinical manifestations: The characteristic clinical
feature of diphtheria is—presence of a tough leath-
ery greyish white pseudomembrane, formed over the
tonsils (respiratory diphtheria). The other manifesta-
tions are cutaneous diphtheria and less commonly,
toxic systemic complications such as myocarditis and
polyneuropathy
% Laboratory diagnosis: Throat swabs containing fibrin-
ous exudates from pseudomembrane are the ideal speci-
mens
®m Microscopy: Albert staining reveals characteristic
green bacilli arranged in Chinese letter pattern with
bluish-black metachromatic granules at the poles
® Culture: Important culture media are Loeffler’s serum
slope (enriched media) and potassium tellurite agar
(selective media, produces black colored colonies)
®m Toxin demonstration should be done following
isolation.
< Treatment: Diphtheria should be treated at the earliest;
regimen includes anti-diphtheritic serum and antibiotics
such as penicillin
< Vaccine: The diphtheria vaccine (toxoid) is given under
national immunization schedule as a combined vaccine
along with pertussis and tetanus (DPT vaccine).

Bacillus species

Bacillus species are gram-positive spore bearing bacilli.
Most of the species are laboratory contaminants; except
B. anthracis (causes anthrax) and B. cereus (causes food
poisoning, Chapter 40).

Bacillus anthracis (Chapter 55)

Bacillus anthracis is the causative agent of anthrax, an
important zoonotic disease transmitted by occupational
exposure to infected animals such as cattle and sheep.
Anthrax in humans manifests either as cutaneous form
(most common, characterized by black eschar called
malignant pustule) or rarely pulmonary or intestinal
form. In microscopy, B. anthracis appears as long chains
of gram-positive bacilli with non-bulging spores, described
as bamboo stick appearance. Ciprofloxacin or doxycycline
are the drugs of choice.

Mycobacteria (Chapter 63)

Mycobacteria are acid-fast obligate aerobes. They can be

classified into:

< M. tuberculosis complex: It is responsible for
tuberculosis in man (Chapter 63)

% M. leprae (Hansen’s bacillus): It causes leprosy a disease
of social stigma; characterized by anesthetic skin lesions,
bony deformities and disfigurement (Chapter 54)
®m Microscopy from the slit skin smears made from the

lesions shows red acid fast bacilli arranged in cigar
like bundles to form globi, found inside the foamy
macrophages
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= Treatment of leprosy includes multidrug regimen;

consisting of dapsone, rifampicin and/or clofazimine
given for longer duration (6 months to one year).

< Nontuberculous mycobacteria (NTM): These are

diverse group, exist either as saprophytes or commensals

or occasional opportunistic human pathogens, e.g. M.

kansasii and M. ulcerans. They cause cutaneous and

pulmonary infections and others (Chapters 55 and 63).

Mycobacterium tuberculosis (Chapter 63)

M. tuberculosis complex causes tuberculosis, which is one
of the oldest disease of mankind, and is a major cause of
death worldwide. It usually affects the lungs, although
other organs are also involved.
% Transmission: M. tuberculosis is mainly transmitted by
inhalation of droplet nuclei (aerosols), generated while
coughing or sneezing of infected patients
< Pathogenesis: It is an obligate intracellular pathogen,
survives inside the macrophage by inhibition of pha-
golysosome fusion. Host’s cell-mediated immune re-
sponse to M. tuberculosis is critical to contain the infection
% Clinical forms: Tuberculosis occurs both in pulmonary
and extrapulmonary forms
® Pulmonary tuberculosis: It is the most common type,
usually infects children; characterized by fibrotic
nodular lesions (Ghon focus) in lungs and hilar
lymphadenopathy

® Extrapulmonary tuberculosis (EPTB) results from
hematogenous dissemination of tubercle bacilli to
various organs. In HIV patients, the occurrence of EPTB
is much higher. The common types of EPTB include
tuberculous lymphadenitis, pleural and genitourinary
tuberculosis and tuberculous meningitis.
% Laboratory diagnosis: The specimens collected depends
upon the clinical forms. The common specimens are
sputum (two, spot and early morning sample), pleural
fluid, CSE, urine, etc.
® Acid-fast staining (Ziehl-Neelsen and auramine
phenol) of the clinical specimen shows long slender,
beaded, acid-fast bacilli

®  Culturecanbe performed on conventional Lowenstein
Jensen medium or automated culture systems e.g.
MGIT (Mycobacteria growth indicator tube)

® Molecular methods: Cartridge-based nucleic acid
amplification test (e.g. GeneXpert) is an automated
real-time PCR system, that has completely
revolutionized the diagnosis of TB.

% Treatment: Multidrug regimen is recommended for
TB; comprising of isoniazid, rifampicin, pyrazinamide
and ethambutol. The treatment is longer (6 months) and
under direct supervision

* Resistance: Failure to adhere to multidrug regimen is
common, leading to emergence of drug resistance

% Vaccine: Bacillus Calmette-Guérin (BCG) is a live
attenuated vaccine for tuberculosis, given at birth.

Miscellaneous Gram-positive bacilli

< Actinomycetes (Chapter 55): They are diverse group of
gram-positive bacilli arranged in chains or branching
filaments. Important genera include:

m Actinomyces: They are anaerobe and non-acid fast;
produce a clinical condition called actinomycosis,
characterized by painless, slow growing mass with a
cutaneous fistula in cervicofacial region

®m Nocardia: They are aerobe and acid fast; cause
pulmonary infection and a subcutaneous infection
called as actinomycetoma.

% Listeria: L. monocytogenesis a food-borne pathogen that
can cause serious infections, particularly in neonates
(neonatal meningitis and sepsis), pregnant women and
elderly people (Chapter 71)

< Erysipelothrix rhusiopathiae (Chapter 55): It causes

purplish-red itchy skin lesion called erysipeloid

% Tropheryma whipplei: 1t is the agent of Whipple’s
disease, characterized by malabsorption in intestine
(Chapter 39).

GRAM-NEGATIVE BACILLI INFECTIONS

Enterobacteriaceae

Members of the family Enterobacteriaceae are gram-negative
bacilli, non-fastidious, catalase positive and oxidase negative;
glucose fermenters and nitrate reducers. Most of them are
commensals in human intestine, called coliform bacilli
(e.g. Escherichia, Klebsiella and Proteus); whereas some are
enteric pathogens, e.g. Shigella and Salmonella. Based on
lactose fermentation, the members can be grouped into:

% Lactose fermenters: e.g. Escherichia and Klebsiella

% Non-lactose fermenters: Shigella, Salmonella, Proteus,

Morganella, Providencia and Yersinia.

Escherichia coli (Chapters 41, 76)

E. coli is a harmless commensal in human intestine. At

the same time, it is one of the most common pathogen

encountered clinically and has been associated with

various clinical infections.

% UTL: It is caused by uropathogenic E. coli (UPEC). It is
the most common cause of UTT in all age group

* Diarrhea: It is caused by diarrheagenic E. coli. There
are six pathotypes of diarrheagenic E. coli; elaborating
several enterotoxins such as heat labile toxin, heat stable
toxin and verocytotoxin

% Other infections: E. coli can cause various pyogenic
infections such as abdominal infections (e.g. bacterial
peritonitis), pneumonia, meningitis (especially in
neonates), wound and soft tissue infections such as
cellulitis and infection of ulcers and wounds, especially
in patient with diabetic foot

% Laboratory diagnosis: It produces lactose-fermenting
pink colonies on MacConkey agar, which is subsequently
identified by various biochemical reactions
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< Treatment: The primary agents preferred for treatment
include cephalosporins, quinolones, co-trimoxazole,
etc. However, as majority of E. coli infections, especially
acquired in hospitals are multi-drug resistant (MDR); the
second-line antimicrobial agents such as carbapenems,
amikacin or B-lactam/-lactamase inhibitor combina-
tions can also be given as primary agent.

Klebsiella pneumoniae (Chapter 61)

Similar to E. coli, Klebsiella pneumoniae can cause UTI,
lobar pneumonia, meningitis (in neonates), septicemia,
pyogenic infections such as abscesses and wound
infections. Similar to E. coli, K. pneumoniae is also
lactose fermenter; however, it differs in being non-motile,
capsulated, and produces mucoid colonies. Treatment for
K. pneumoniae is same as for E. coli.

Other Klebsiella species include:

% Klebsiella granulomatis: It causes a genito-ulcerative
disease called, granuloma inguinale (Chapter 77)

% K.rhinoscleromatis and K. ozaenae: Produce infections
of nasal cavity, called rhinoscleroma and atrophic rhinitis
respectively.

Shigella (Chapter 41)

Shigella is the causative the agent of bacillary dysentery;

characterized by passage of loose stool mixed with blood

and mucus. It comprises of four species—S. dysenteriae,

S. flexneri, S. boydii and S. sonnei.

% Transmission: Infection occurs by ingestion through
contaminated fingers (most common), food, water or
rarely flies. Risk factors include overcrowding, poor
hygiene and children less than 5 years

% Laboratory diagnosis includes isolation of organism
from diarrheic stool specimen using enrichment medium
such as selenite F medium and selective media such as
DCA (Deoxycholate citrate agar) or XLD (Xylose lysine
deoxycholate) agar; followed by identification by using
appropriate biochemical reactions

* Treatment of shigellosis includes fluid replacement and
antimicrobials such as ciprofloxacin.

Salmonella (Chapter 30)

Salmonellae are classified into typhoidal and non typhoidal

serotypes.

+ Typhoidal Salmonellaincludes serotypes S. Typhiand S.
Paratyphi A, B, and C. They are restricted to human hosts;
in whom they cause enteric fever (typhoid/paratyphoid
fever)

< Non-typhoidal Salmonella (NTS): The remaining
serotypes can colonize the intestine of several
animals. They also infect humans causing food-borne
gastroenteritis and rarely bacteremia (Chapter 41).

Enteric Fever (Chapter 30)

Enteric fever presents with various manifestations such as
fever (with step ladder pattern), headache, chills, rashes

(rose spots), abdominal pain, hepatosplenomegaly, and

relative bradycardia.

% Pathogenesis: Salmonella is transmitted by ingestion of
contaminated water and food

% Laboratory diagnosis of enteric fever includes blood
culture by using conventional or automated blood
culture systems (e.g. BacT/ALERT) and serological test
detecting antibodies (by Widal test)

< Treatment for enteric fever includes ceftriaxone,
ciprofloxacin, and azithromycin.

Other Members of Enterobacteriaceae

% Enterobacter: Enterobacter species are similar to
Klebsiella in clinical manifestations and also in most
of the biochemical reactions except being motile. E.
aerogenes and E. cloacae are the most commonly isolated
species from the clinical specimens (Chapter 61)

% Proteeae: Tribe Proteeae comprises of three genera:
Proteus, Morganella and Providencia (Chapter 76)
= Although they are saprophytes and commensals;

they can also cause opportunistic infections such
as urinary tract infections, wound and soft tissue
infections, septicemia and nosocomial outbreaks

®m Somatic antigen of certain non-motile Proteus strains
(called X strains) can be used to detect cross-reacting
heterophile antibodies in sera of patients suffering
from rickettsial infections (Weil-Felix reaction).

% Serratia: S. marcescens is usually a saprophyte in the
environment, typically produces a red non-diffusible
pigment called prodigiosin. However, the hospital
strains of S. marcescens are often non-pigmented and
multiple drug-resistant and are associated with various
nosocomial infections (Chapter 61)

% Yersinia pestis: It is the causative agent of plague, a
fulminant systemic zoonosis; transmitted from rodents
by arthropod vector, the rat flea (Chapter 81)

m Epidemiology: Plague was one of the greatest killer
known to mankind; caused several pandemics in the
ancient days producing millions of deaths. In India,
Surat epidemic (in 1994) has witnessed more than
6000 suspected plague cases with 60 deaths

m Clinical forms: Human plague occurs in three
clinical forms—(1) bubonic (most common form,
characterized by enlarged and tender regional lymph
nodes), (2) pneumonic and (3) septicemic.

% Yersiniosis: Infections due to other Yersinia species

such as Y. enterocolitica or Y. pseudotuberculosis are

called yersiniosis. They are enteropathogenic, cause
gastroenteritis, terminal ileitis and mesenteric adenitis

(Chapter 41).

Vibrio species (Chapter 42)

Vibrio cholerae is the causative agent of an acute diarrheal

disease called cholera.

< Epidemiology: World has witnessed several cholera
pandemics in the past; resulting in several thousands
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of deaths. Currently, it occurs as sporadic and limited
outbreaks
% Pathogenesis of V. choleraeis due to a potent enterotoxin,
called cholera toxin
% Clinical manifestations: Cholera manifests as painless
watery diarrhea, described as rice water stool. Severe
dehydration can result in renal failure
 Laboratory diagnosis of cholera includes demonstration
of actively motile bacilli (darting motility) in watery stool
specimen, followed by isolation of the bacilli in selective
medium such as thiosulfate citrate bile salts sucrose

(TCBS) agar
» Treatment: Fluid replacement is the mainstay of

treatment. Antibiotics such as macrolides can be given

in severely dehydrated patients.

The Vibrio species other than V. cholerae that grow in
higher salt concentration are called halophilic Vibrio;
examples include V. parahaemolyticus, V. alginolyticus
and V. vulnificus. They cause intestinal and extraintestinal
manifestations (Chapter 42).

B

Non-fermenting Gram-negative bacilli
(Chapter 65)

Non-fermenters do not ferment any carbohydrates, but
utilize them oxidatively. Important human pathogens are
as discussed below.

Pseudomonas aeruginosa

P. aeruginosa is a major pathogenic species, causing
infections among hospitalized patients and in patients with
cystic fibrosis.

% The pathogenesis is greatly attributed to its ability to
develop widespread resistance to multiple antibiotics
and disinfectants, and producing a number of virulence
factors

% Clinical manifestations include various healthcare
associated infections such as ventilator associated
pneumonia, surgical site infections, nosocomial
bacteremia, burn wound infection, etc.

< Laboratory diagnosis: P. aeruginosa is an oxidase
positive, pigment producing (blue-green, diffusible),
non-fermenting gram-negative bacillus

» Treatment: Antimicrobial agents with good anti-
pseudomonal action such as ceftazidime, piperacillin
or carbapenems are the preferred therapeutic options.

Acinetobacter species

They are saprophytic bacilli, can cause wide-spread
healthcare associated infections especially in patients
with underlying diseases and immunosuppression. The
spectrum of infections and treatment are similar to that of
Pseudomonas.

Burkholderia species

% B. cepacia inhabits moist hospital environment and
intravenous fluids; can cause fatal respiratory infections

and septicemia in hospitalized patients with underlying
diseases and immunosuppression
% B. pseudomallei: 1t is the causative agent of melioidosis;

which presents in various clinical forms ranging from

acute localized infection, subacute pulmonary infection,

bloodstream infection and chronic suppurative infection

m [t is bipolar stained on Gram staining, intrinsically
resistant to polymyxin B and grows on selective
media such as Ashdown’s medium

m Treatment is given for longer duration; agents of
choice are meropenem, ceftazidime and cotrimoxa-
zole.

Fastidious Gram-negative bacilli

Fastidious gram-negative bacilli include Haemophilus,
Bordetella and Brucella.

Haemophilus species (Chapter 61)

Haemophilus species are pleomorphic gram-negative

bacilli that require special growth factors (X or V or both).

< H. influenzae: It is the most pathogenic species; causes
pneumonia and meningitis in children. It is diagnosed
by demonstrating its ability to grow on blood agar,
adjacent to S. aureus streak line; a property described
as satellitism. Ceftriaxone is given for treatment.
Vaccination with Hib conjugate vaccine (H. influenzae
type b) is recommended in children (Chapters 61, 71)

< H. ducreyi: It is the causative agent of soft chancre (chan-
croid); a sexually transmitted infection characterized
by painful genital ulcers and enlarged tender inguinal
lymph nodes (bubo) (Chapter 77)

< HACEK group (Chapter 28): They represent a group
of highly fastidious gram-negative bacilli, which are
found as normal commensal of the oral cavity, but can
cause serious infections such as endocarditis. They
include—Haemophilus species, Aggregatibacter species,
Cardiobacterium hominis, Eikenella corrodens and
Kingella kingae.

Bordetella pertussis (Chapter 64)

B. pertussis is the causative agent of whooping cough; a
highly contagious toxin-mediated disease, characterized
by paroxysmal cough ending in a high pitched inspiratory
sound described as “whoop”. The disease can be prevented
by vaccination of children—by whole cell pertussis vaccine
(as DPT vaccine), given under national immunization
schedule.

Brucella species (Chapter 32)

It causes a highly contagious zoonotic febrile illness
called undulant fever or brucellosis; manifests as a triad
of fever, arthralgia and hepatosplenomegaly. Diagnosis
involves isolation of the bacilli in blood culture or detection
of antibodies by serological tests such as standard
agglutination test. Treatment comprises of doxycycline, in
combination with rifampicin or streptomycin.
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Miscellaneous Gram-negative bacilli

% Campylobacter: C. jejuni causes inflammatory diarrhea/
dysentery, abdominal pain and fever. Itis a curved gram-
negative rod; isolation can be done by incubating in
microaerophilic conditions. (Chapter 43)

< Helicobacter pylori (Chapter 43): It is a curved gram-
negative rod that colonizes the stomach
m It is associated with the pathogenesis of acute

gastritis, peptic ulcer disease and gastric carcinoma

m Urea breath test and biopsy urease test are the
preferred diagnostic modalities

= Treatmentincludesatriple-drugregimen, comprising
of omeprazole, clarithromycin and metronidazole;
given for 7-14 days.

% Legionella (Chapter 62): L. pneumophila is fastidious,
pleomorphic gram-negative short rod, associated with
two clinical syndromes—(i) Pontiac fever is an acute,
milder flu-like self-limited illness and (ii) Legionnaires’
disease (a severe form of interstitial pneumonia)

m Laboratory diagnosis includes isolation of the
organism in buffered charcoal, yeast extract (BCYE)
agar or urinary antigen detection

® Macrolides (especially azithromycin) and respiratory
quinolones are now the antibiotics of choice.

% Gardnerella vaginalis: It causes profuse watery vaginal
discharge—a condition called bacterial vaginosis
(Chapter 77)

“ Streptobacillus moniliformis: It causes a zoonotic
systemic illness transmitted by rodents; called rat bite
fever. This condition is also caused by another gram-
negative bacillus called Spirillum minus (Chapter 81).

ANAEROBIC BACTERIAL INFECTIONS

The obligate anaerobic bacteria infecting man can be
grouped into spore bearing (e.g. Clostridium) and non-
sporing anaerobes (Chapter 53).

Clostridium species (Chapter 53)

Clostridia are gram-positive bacilli with bulging spores,

commonly found as saprophytes in soil and commensals in

the intestine of man and animals. However, few members
can cause a variety of infections in humans.

% Clostridium perfringens: It is the causative agent of gas
gangrene, a rapidly spreading edematous myonecrosis.
The pathogenesis is due to its invasiveness and liberation
of variety of toxins including a.-toxin (lecithinase), which
is principal virulence factor (Chapter 53)

% Clostridium tetani: It produces a powerful neurotoxin
tetanospasmin, which mediates an acute disease
manifested by skeletal muscle spasm and autonomic
nervous system disturbance; called as tetanus (Chapter
72)

% Clostridium botulinum: It also produces a powerful
neurotoxin botulinum toxin, which causes flaccid
paralysis of voluntary muscles. Botulism occurs as three

clinical types; food-borne, wound, and infant botulism
(Chapter 40)

% Clostridioides difficile: 1t is responsible for a unique
colonic disease—pseudomembranous colitis, which
occurs almost exclusively in association with prolonged
antimicrobial use; therefore, called as antibiotic-
associated diarrhea (Chapter 43).

Non-sporing Anaerobes (Chapter 53)

Non-sporing anaerobes are often a part of the normal
flora of mouth, GIT and genital tract of man and animals.
Many of these bacteria (e.g. Bacteroides) have also been
recognized as an important cause of human infections.
Bacteroides fragilis is recognized as the most common
commensal in human intestine; it is also the most frequent
anaerobe isolated from clinical specimens.

MISCELLANEOUS BACTERIAL INFECTIONS

Spirochetes

Spirochetes are thin, flexible, elongated spirally coiled helical
bacilli; e.g. Treponema, Borrelia and Leptospira (Chapter 32).

Treponema pallidum (Chapter 77)

Treponema pallidum is the causative agent of a sexually
transmitted infection called as syphilis.
% Clinical stages: The clinical course of syphilis passes
through four clinical stages
® Primary syphilis: It is characterized by painless, firm,
non-suppurative genital ulcers and lymphadenopathy
(usually inguinal)
m Secondary syphilis: It presents as skin rashes, mucosal
patches and condylomata lata
® Late syphilis: It occurs years later, is associated with
CVS, and CNS manifestations.
% Laboratory diagnosis: It is mainly diagnosed by
detection of:
= Non-specific antibodies: e.g. venereal disease
research laboratory (VDRL) test or rapid plasma
regain (RPR) test
m Specific antibody: e.g. T. pallidum hemagglutination
(TPHA) test
= Dark ground microscopy can also be performed to
detect the organism in superficial lesions.
 Treatment: Penicillin is the drug of choice for treating all
stages of syphilis. Doxycycline can be used alternatively
in case of penicillin allergy.

Nonvenereal Treponema species (Chapter 55)

Endemic or nonvenereal treponematoses are caused by
three close relatives of T. pallidum; producing primary
mucocutaenous lesions in non-genital sites (e.g.
extremities, oral mucosa).

% T pertenue: Causes yaws

% T endemicum: Causes endemic syphilis

% T. carateum: Causes pinta.
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Borrelia species (Chapter 32)

Most of the species of Borrelia occur as commensals on the

buccal and genital mucosa. Few are pathogenic to man,

such as:

% B. recurrentis causes epidemic relapsing fever

% B. burgdorferi is the agent of Lyme disease

% B. vincentii causes Vincent’s angina in association with
fusiform bacilli (Chapter 59).

Leptospira interrogans (Chapter 32)

L. interrogans is the causative agent of leptospirosis; a
zoonotic disease transmitted, by direct contact with urine
of infected animals such as rodents.

% Clinical manifestations: Produces two types of illnesses

m The majority (90%) of leptospirosis cases present as
mild anicteric febrile illness

m Few cases (10%) progress to severe form hepatorenal
hemorrhagic syndrome or Weil’s disease; character-
ized by icterus, high grade fever, hemorrhagic mani-
festations and impaired renal functions.

% Laboratory diagnosis:

m Dark ground microscopy of clinical specimens such
as blood or CSF reveals spirally coiled bacilli (tightly)
with hooked ends

m Jsolation can also be performed on media such as
Ellinghausen-McCullough-Johnson-Harris (EMJH)
medium

® Antibody against specific serovars can be detected by
microscopic agglutination test (MAT), which serves
as the gold standard reference method for diagnosis
of leptospirosis.

% Treatment: Oral doxycycline is given for mild leptospi-
rosis; whereas severe cases are treated with penicillin.

Rickettsiae and Related Genera (Chapter 31)

Rickettsiaceae comprise of two genera—Rickettsia and Orientia;

both possess the following properties:

“* They are obligate intracellular organisms

“ They are not cultivable in artificial media, although they can
grow in cell lines, or by animal and egg inoculation

“ They are transmitted by arthropod vectors, such as tick, mite,
flea or louse.

The various members of Rickettsiae are:

“* R. prowazekii: It is the causative agent of epidemic typhus,
transmitted by louse

“* R. typhi: It causes endemic typhus, transmitted by flea

“* R. rickettsii: It is the causative agent of Rocky Mountain spotted
fever, transmitted by tick

“* R. conorii: It causes Indian tick typhus, transmitted by tick

“* R. akari: It is the causative agent of rickettsialpox, transmitted
by mite

“* Orientia tsutsugamushi: It is the causative agent of scrub typhus,
transmitted by mite.

For all Rickettsiae, the final target site is the endothelial cells.
Clinically the rickettsial infections may manifest as combination
of one or more of the following features—fever, rashes, headache,
myalgia, eschar, lymphadenopathy, etc. Doxycycline is the drug of
choice in majority of the rickettsial infections.

Other genera related to Rickettsia are:

“* Ehrlichia: It produces an acute febrile illness called ehrlichiosis,
transmitted by ticks. It infects leukocytes such as granulocytes,
monocytes; producing intracellular inclusions, called as
morula

“* Coxiella burnetii: It causes Q fever, transmitted by inhalational
mode; characterized by atypical pneumonia, hepatitis and on
chronic stage, produces endocarditis

“ Bartonella: They are the causative agent of Carrion’s disease
(B. bacilliformis), trench fever (B. quintana), and cat-scratch
disease (B. henselae).

Laboratory diagnosis of rickettsial infection includes: (i) Weil
Felix test—here, rickettsial antibodies are detected by using non-
specific cross reacting Proteus antigens or (ii) specific antibody
detection test (e.g. by indirect immunofluorescence test and
ELISA).

Chlamydiae (Chapter 77)

Chlamydiae are obligate intracellular bacteria that cause a
spectrum of diseases in man infecting eye, genital organs and
lungs. The following are pathogenic species to man.

“* Chlamydia trachomatis: It has 19 serovars, causes various
infections to man such as trachoma (a type of chronic
keratoconjunctivitis), genital chlamydiasis, inclusion
conjunctivitis, infant pneumonia and a sexually transmitted
infection called LGV (lymphogranuloma venereum) (Chapter 77)

* Chlamydophila psittaci: It is a pathogen of birds. Infection
in man can range from mild influenza-like syndrome to fatal
atypical pneumonia (Chapter 62)

» Chlamydophila pneumoniae: It is an exclusively human
pathogen, causes atypical pneumonia (Chapter 62).

Mycoplasma (Chapter 62)

Mycoplasmas are the smallest microbes capable of free-living
in the environment. They lack rigid cell wall and therefore, are
resistant to cell wall acting antibiotics such as beta-lactams.

“* M. pneumoniaeis the pathogenic species, which is the causative
agent of primary atypical pneumonia (community acquired)
® Laboratory diagnosis involves detection of antibodies or

isolation of the organism in specific culture media
® Macrolides are the drug of choice.

“* Urogenital mycoplasmas include M. hominis, M. genitalium and
Ureaplasma urealyticum. They cause urethritis (Chapter 77).

[ EXPECTED QUESTIONS ]

. Write short notes on:
1. Gram-positive cocci infections.
2. Gram-negative cocci infections.

3. Gram-positive bacilli infections.
4. Gram-negative bacilli infections.
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GENERAL PROPERTIES OF VIRUSES

Viruses are the smallest unicellular organisms that are
obligate intracellular. Viruses are the most primitive
microorganisms infecting man. They differ from bacteria
and other prokaryotes in many ways.

Viruses Differ from Bacteria as:

Q They are obligate intracellular

QO They possess either DNA (deoxyribonucleic acid) or RNA
(ribonucleic acid), but never both

Q Filterable: They are smaller than bacteria, can be passed
through the bacterial filters

Q They cannot be grown on artificial cell free media (However,
they can grow in experimental animals, embryonated eggs
or tissue culture)

Q They multiply by a complex method, but not by binary
fission as seen in bacteria

Q Viruses do not have a proper cellular organization

QO They do not have cell wall or cell membrane or cellular
organelles including ribosomes

Q They lack the enzymes necessary for protein and nucleic
acid synthesis

Q They are not susceptible to antibacterial antibiotics.

MORPHOLOGY OF VIRUS

The entire virus particle called as virion, comprises of a
nucleic acid (DNA or RNA) surrounded by a protein coat
called as capsid, together known as the nucleocapsid.
Some viruses also have an outer envelope (Fig. 4.1).

Nucleic Acid

Viruses have only one type of nucleic acid, either DNA or
RNA but never both. Accordingly, they are classified as
DNA viruses and RNA viruses. The nucleic acid may be
single or double stranded, circular or linear, segmented or
unsegmented.

e \Viral Replication

e Laboratory Diagnosis

e Treatment
e Immunoprophylaxis
m Overview of Viral Infections

% Most DNA viruses possess dsDNA, except parvoviruses,
which have ssDNA

< RNA viruses possess ssSRNA, except:
® Reoviruses (e.g. rotaviurs)—possess dsRNA
m Retroviruses—possess two copies of ssSRNA.

% Thenucleic acid of most viruses are unsegmented; except
bunyavirus, influenza virus, rotavirus and arenaviruses
which have multiple segments of RNA.

Capsid

Capsid is composed of a number of repeated protein

subunits (polypeptides) called capsomeres. Functions of

capsid include:

% It protects the nucleic acid core from the external
environment, e.g. nucleases

» Innon-enveloped viruses, it initiates the first step of viral
replication by attaching to specific receptors on the host
cells, thus facilitating the entry of the virus

% Itis antigenic and specific for each virus.

Symmetry

Depending upon the arrangement of capsomeres
surrounding the nucleic acid, three types of symmetry are
described.

1. Icosahedral (cubical) symmetry: The capsomeres are
arranged as if they lay on the faces of an icosahedron;
such viruses have a rigid structure. All DNA viruses
(except poxviruses) and most of the RNA viruses have
icosahedral symmetry (Figs 4.1A and C)

2. Helical symmetry: The capsomeres are coiled
surrounding the nucleic acid in the form of a helix or
spiral. Such viruses are often flexible. Example include
few RNA viruses such as—myxoviruses, rhabdoviruses,
filoviruses, bunyaviruses, etc. (Figs 4.1B and D)

3. Complex symmetry: Poxviruses do not have either
of the above symmetry, but they possess a complex
symmetry.
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Figs 4.1A to D: Structure and symmetry of virus: A. Enveloped virus with icosahedral nucleocapsid; B. Enveloped virus with helical
nucleocapsid; C. Non-enveloped virus with icosahedral nucleocapsid; D. Non-enveloped virus with helical nucleocapsid.

Envelope

Certain viruses possess an envelope surrounding the

nucleocapsid. Envelope is lipoprotein in nature.

% The lipid part is derived from the host cell membrane
and the protein part is virus coded, made up of subunits
called peplomers, which project as spikes on the surface
of the envelope

% Some viruses may have more than one kind of peplomers,
e.g. influenza viruses possess hemagglutinin and
neuraminidase peplomers

% Enveloped viruses are more susceptible to heat and lipid
solvents like ether

% Peplomers are antigenic. They can also bind to specific
receptors on the host cells, thus facilitating the entry of
the virus.

Most Viruses are Enveloped Except

0 Non-enveloped DNA viruses—parvovirus, adenovirus and
papovavirus

0 Non-enveloped RNA viruses—picornavirus, reovirus,
calicivirus, hepatitis A virus and hepatitis E virus.

Size of the Viruses

Viruses are extremely small, vary from 20-400 nm in size.
Smallest virus is parvovirus (20 nm) and largest being
poxvirus (400 nm) (Fig. 4.2). Because of the small size,

viruses can pass through bacterial filters and they cannot
be visualized under light microscope.

Shapes of the Viruses

Most of the animal viruses are roughly spherical with
some exceptions.

Shapes of the Viruses

Rabies virus: Bullet-shaped

Ebola virus: Filamentous

Poxvirus: Brick-shaped
Adenovirus: Space vehicle-shaped
Rotavirus: Wheel-shaped

Tobacco mosaic virus: Rod-shaped

oooooo

Viruses Differ from Viroids, Prions and Virusoids

The entire viral particle is called as virion; comprising of protein

capsid coat and nucleic acid. There are some incomplete viral

particles such as viroid, prion and virusoid.

0 Viroids comprise of naked, circular, small ssRNA without a
capsid. They are mostly restricted to plants. They depend on
host enzymes for replication. Hepatitis D virus in humans is
similar to viroids

Q Prions consist of abnormal infectious protein molecules
without nucleic acid
> Theyare highly resistant to physical and chemical agents

Contd...
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Fig. 4.2: Comparison of sizes of various viruses with that of Escherichia coli.
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> They produce neurodegenerative condition of brain in
humans (having long incubation period in years) called
prion disease (described in Chapter 74).

NOMENCLATURE AND CLASSIFICATION

% Viruses are grouped into families (ending with the suffix
‘viridae’) on the basis of morphology, genome structure,
and strategies of replication

% Viruses infecting humans belong to 24 families, out
of which important ones are listed below (Table
4.1)

% Most of the families are further classified into genera

International Committee on Taxonomy of Viruses (2000)
had proposed a classification for viruses (Table 4.1).

(ending with the suffix -‘virus’) based on physicochemi-
cal or serological differences

Table 4.1: Classification of viruses.
Symmetry [ Size (nm) | Representative viruses
DNA

DNA viruses
Herpesviridae

Hepadnaviridae
Parvoviridae
Papovaviridae

Poxviridae

Adenoviridae
RNA viruses
Picornaviridae

Caliciviridae

Togaviridae

Flaviviridae

Coronaviridae

Rhabdoviridae
Filoviridae

Paramyxoviridae

ds, linear Yes Icosahedron 150-200 Herpes simplex virus (HSV)-1
Herpes simplex virus (HSV)-2
Varicella-zoster virus
Epstein-Barr virus (EBV)
Cytomegalovirus (CMV)
Human herpesvirus 6, 7 and 8
40-48 e Hepatitis B virus

18-26 e Parvovirus B19

45-55 e Human papillomavirus

e JCyvirus and BK virus
230 x 400 e Variola (smallpox)

e Molluscum contagiosum virus
70-90 e Human adenovirus

ds, circular, incomplete  Yes Icosahedron
ss, linear Absent

ds, circular Absent

Icosahedron
Icosahedron

ds, linear Yes Complex

ds, linear Absent Icosahedron

RNA

ss, +ve sense Poliovirus
Coxsackievirus
Echovirus
Enterovirus
Rhinovirus
Hepatitis A virus
e Norwalk virus
Hepatitis E virus

50-70 e Rubella virus
Eastern equine encephalitis virus
Western equine encephalitis virus
Yellow fever virus
Dengue virus
St Louis encephalitis virus
West Nile virus
Hepatitis C virus
120-160 e Coronaviruses such as SARS-CoV,
MERS-CoV and SARS-CoV-2 (the
agent of COVID-19)
75x 180 e Rabies virus
e Vesicular stomatitis virus
80 x 1000 e Marburg virus
e Ebola virus

Absent Icosahedron 28-30

ss, +ve sense Absent Icosahedron 27-40

ss, +ve sense Yes Icosahedron

ss, +ve sense Yes Icosahedron 40-60

ss, +ve sense Yes Helical

ss, -ve sense Yes Helical

ss, -ve sense Yes Helical

Parainfluenza virus

Mumps virus

Measles virus

Respiratory syncytial virus (RSV)
Nipah virus

Hendra virus

Newcastle disease virus
Metapneumovirus

ss, -ve sense Yes Helical 150-300

Contd...
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Family ______|Nudeicacid ____|Envelope | Symmetry _] Size ("m) _| Representativeviruses____|

Orthomyxoviridae ss, -ve sense, Yes Helical 80-120 e Influenza viruses- A, B, Cand D
7 or 8 segments
Bunyaviridae ss, -ve sense, Yes Helical 80-120 e Hantavirus
3 circular segments o California encephalitis virus
e Sandfly fever virus
Arenaviridae Ss, -ve sense Yes Helical* 50-300 e Lymphocytic choriomeningitis virus
2 circular segments o Lassa fever virus
e South American hemorrhagic fever
virus
Reoviridae ds, 10-12 segments Absent Icosahedron 60-80 e Rotavirus
e Reovirus
e Colorado tick fever virus
Retroviridae Two identical copies of  Yes Icosahedron 80-110 e HTLV (Human T Lymphotropic virus)
+ve sense ss linear RNA (spherical) e HIV (Human immunodeficiency virus)

*Doubtful

Abbreviations: DNA, deoxyribonucleic acid; RNA, ribonucleic acid; ds, double stranded; ss, single stranded; +ve, positive; -ve, negative; SARS-CoV, severe acute
respiratory syndrome coronavirus; MERS-CoV, middle east respiratory syndrome coronavirus; SARS-CoV-2, severe acute respiratory syndrome coronavirus-2.

< Some families (Poxviridae, Herpesviridae, Parvoviridae
and Paramyxoviridae) have subfamilies, which in turn
consist of genera.

VIRAL REPLICATION

Viruses do not undergo binary fission (seen in bacteria),
but undergo a complex way of cell division. Replication of
viruses passes through seven sequential steps:

Attachment — Penetration — Uncoating — Biosynthesis —
Assembly — Maturation — Release.

1. Adsorption/Attachment

It is the first and the most specific step of viral replication.

It involves receptor interactions. The viruses have

attachment sites on their envelopes or capsid proteins that

bind to the complementary receptor sites present on the

host cell surface.

< HIV: Viral surface glycoprotein gp 120 binds to CD4
molecules on the host cells

+ Influenza: Viral hemagglutinin (an envelope protein)
binds specifically to glycoprotein receptors present on
the surface of the respiratory epithelium.

2. Penetration

After attachment, the virus particles penetrate into the host

cells either by:

< Phagocytosis (or viropexis): It occurs through
receptor mediated endocytosis resulting in the uptake
of virus particles within the endosomes of the host
cytoplasm

< Membrane fusion: Some enveloped viruses (e.g. human
immunodeficiency virus or HIV) enter by fusion of their
envelope proteins with the plasma membrane of the
host cell so that only the nucleocapsid enters into the

cytoplasm, whereas the viral envelope remains attached
to the host cell membrane

< Injection of nucleic acid: Bacteriophages (viruses that
infect bacteria) cannot penetrate the rigid bacterial cell
wall, hence only the nucleic acid is injected; while the
capsid remains attached to the cell wall.

3. Uncoating

By the action of lysosomal enzymes of the host cells, the
viral capsid gets separated and the nucleic acid is released
into the cytoplasm. This step is absent for bacteriophages.

4, Biosynthesis

In this step, the following viral components are synthesized:
% Nucleic acid

» Capsid protein

» Enzymes required for various stages of viral replication
» Regulatory proteins to shut down the host cell metabolism.

o

0’0

0’0

0’0

Site of Nucleic Acid Replication

Q In DNA viruses, the DNA replication occurs in the nucleus
exceptin poxviruses, which synthesize DNA in the cytoplasm

a InRNA viruses, the RNA replication occurs in the cytoplasm
except in retroviruses and orthomyxoviruses, which
synthesize RNA in the nucleus.

DNA Viruses

Biosynthesis of DNA viruses involves the following basic

steps (Fig. 4.3):

% Transcription of parental DNA to form early messenger
RNA (mRNA)

% Early mRNA undergoes translation to produce early non-
structural proteins

% Viral DNA replication: Early non-structural proteins
shutdown the host metabolism and help in the replication
of parental DNA to form copies of progeny DNA
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Fig. 4.3: Steps of DNA virus biosynthesis.

% Progeny DNA undergoes transcription to form late
mRNA, which are further translated to form late structural
proteins (i.e. capsids and envelope proteins).

Minor Differences in Replication Among DNA Viruses

% Site: DNA replication occurs in nucleus (except in
poxviruses), whereas the mRNA transcription and
protein translation take place in the cytoplasm

% The linear dsDNA of herpesviruses becomes circular
inside the host cell and then replicates by rolling circle
mechanism

< Hepadnaviruses (e.g. Hepatitis B virus) contain partially
dsDNA that is first converted to fully dsDNA by viral
polymerases (discussed in detail in Chapter 48).

RNA Viruses

The process of biosynthesis varies among RNA viruses
depending on whether the genomic RNA is positive/
negative sense and single/double-stranded.

Type | (Positive-sense ssRNA Viruses)

In most RNA viruses, their RNA has the same polarity as
mRNA, hence, they can directly translate to form early
proteins (Fig. 4.4A).

% Synthesis of progeny RNA: Early proteins have RNA
polymerase activity that direct replication (transcription)
of (+) ssRNA — (-) ssSRNA — (+) ssRNA

% Late proteins are formed by translation of (+) ssRNA.

Type Il (Negative-sense ssRNA Viruses)

Myxoviruses and rabies virus have negative sense ssRNA.

Their RNA polarity is opposite to that of mRNA, hence, they

cannot directly translate into proteins (Fig. 4.4B).

% The (-) ssRNA transcribes into (+) ssRNA first, using viral
RNA polymerases

< Then the (+) ssRNA translates to form proteins and also
it acts as template and undergoes replication to form
copies of (-) ssRNA.

Type lll (Double-stranded RNA Viruses)

Reoviruses (e.g. rotavirus) have dsRNA which is usually

segmented with each segment coding for one polypeptide

(Fig. 4.4C).

% The (+) strand RNA can act as mRNA and undergoes
translation to form proteins by using viral enzymes

< Both the (+) and (-) strands serve as templates for the
synthesis of complementary strands to form the duplex.
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Fig. 4.5: Replication retroviruses (e.g. HIV).

Type IV (Retroviruses)

HIV and other retroviruses possess two copies of linear
non-segmented (+) ssRNA and enzymes such as reverse
transcriptase (RT) and integrase (Fig. 4.5).

% After entry into the host cell, the ssRNA gets reverse
transcribed to form ssDNA by viral RT which acts as RNA
dependent DNA polymerase. DNA : RNA hybrid is formed

% Reverse transcriptase has also ribonuclease activity by
which it digests the RNA from DNA:RNA hybrid

% The resulting ssDNA is converted to dsDNA by the DNA
polymerase activity of the same RT enzyme

% dsDNA is transported to the nucleus where it gets
integrated into the host chromosome by viral integrase

» The integrated DNA serves as a template for the
production of mRNA (which are translated into proteins)
and genomic progeny RNA.

5. Assembly

Viral nucleic acid and proteins are packaged together to

form progeny viruses (nucleocapsids). Assembly may take

place in the host cell nucleus or cytoplasm.

% DNA viruses are assembled in the nucleus except
hepadnaviruses and poxviruses (in cytoplasm)

#» RNA viruses are assembled in the cytoplasm.

6. Maturation

Following assembly, maturation of daughter virions
take place either in the host cell nucleus or cytoplasm or
membranes (Golgi or endoplasmic reticulum or plasma
membrane).

7. Release

Release of daughter virions occur either by:
% Lysis of the host cells: As shown by non-enveloped
viruses and bacteriophages

< Budding: It is shown by enveloped viruses. During
budding, they acquire a part of the host cell membrane
to form the lipid part of their envelopes; subsequently
on which viral glycoproteins are inserted.

Eclipse phase: It is defined as ‘interval between the

penetration of the virus into the host cell till the appearance

of first infectious virus progeny particle’

 During this period, the virus cannot be demonstrated
inside the host cell

% The duration of eclipse phase is about 15 to 30 minutes
for bacteriophages and 15-30 hours for most of the
animal viruses.

Defective Viruses (Dependoviruses)

Such viruses are genetically defective. They cannot perform

all the steps of viral replication by themselves, but they

need a second helper virus, which can supplement the

genetic deficiency. Examples of defective viruses are:

« Hepatitis D virus (requires the help of hepatitis B virus)

< Adeno-associated satellite viruses (require the help of
adenoviruses).

VIRAL GENETIC MODIFICATIONS

Similar to other living objects, viruses also follow laws
of genetics. Several properties of viruses (e.g. virulence,
antigenicity, capsid production) are under genetic control.
The viruses show genetic modifications by two principal
methods—(1) mutations and (2) interactions between viral
genes or their gene products (proteins).

Mutation

Mutations occur during every viral infection, at a frequency
of 10 to 10®* mutations per base pair per generation.
However, mutation becomes evident only if it induces
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some readily observable property or leads to survival or
death of the virus. The mutants may be of various types
as described in bacteria (Chapter 3.4). A special class of
mutant is seen among viruses called conditional lethal
mutant which has great applications in virology.

Conditional lethal mutant can grow only in specific
conditions called permissive conditions, but cannot grow in
other conditions.

Temperature-sensitive mutant (ts mutant) is a type of
conditional lethal mutant that can grow at a low (permissive)
temperature (28-31°C), but not at higher (restrictive) temperature
(37°C). ts mutants have been used for the preparation of live viral
vaccines (e.g. ts influenza vaccine).

Interactions Between Viral Genes

When two or more virus particles infect the same host cell,
there occurs a variety of interactions, both genetic and
non-genetic.

Genetic Recombination

It occurs between two different but related viruses of the

same family infecting a host cell simultaneously.

% The two viruses exchange segments of nucleic acids
between them so that a hybrid (recombinant virus) results

% Such hybrids possess new genes not found in both the
parentviruses, are genetically stable and able to replicate.

Reassortment

Itis a type of recombination seen in segmented RNA viruses
such as influenza, rota, bunya, and arena viruses.

< When two strains of influenza virus infect a host cell,
gene exchanges take place between the RNA segments
resulting in production of reassortants

% Reassortment is probably the most important method
by which the pandemic strains of the influenza virus
originate in nature (e.g. HIN1 strain in 2009).

Viral Interference

When two viruses infect a host cell or a cell line, sometimes

it leads to inhibition of one of the virus, called viral

interference

< Interference does not occur with all viral combinations;
many viruses may infect and multiply together in a
host cell

< Oral Polio Vaccine (OPV) is a classical example where
viral interference is seen. OPV serotypes interfere with
the spread of wild poliovirus, thus played a crucial role
in control of polio outbreaks.

PATHOGENESIS OF VIRAL INFECTIONS

Most of the viral infections progress through the following
steps inside the human body:

» Transmission (entry into the body)

> Primary site replication

» Spread to secondary site

» Manifestations of the disease.

oo

e

e

B3

Transmission

Viruses enter into the human body through various routes
(Table 4.2).

Table 4.2: Transmission and spread of viruses.

Produce local infection at the portal of entry Spread to distant sites from the portal of entry

Respiratory route
(probably the most
common route)

Produce respiratory infection
o Influenza virus

e Parainfluenza virus

e Respiratory syncytial virus (RSV)
e Rhinovirus

e Adenovirus

L]
L]

Coronaviruses such as SARS-CoV-2 (the agent of COVID-19)

Herpes simplex virus (HSV) (rare)

Oral route Produce gastroenteritis
Rotavirus

e Adenovirus-40,41

e Calicivirus

e Astrovirus

Produce skin lesions

e Herpes simplex virus-1 (HSV-1)
e Human papillomavirus (HPV)
e Molluscum contagiosum virus

Cutaneous route

Vector bite

e Measles virus

e Mumps virus

e Rubella virus

e Varicella-zoster virus

e Cytomegalovirus (CMV)
e Parvovirus
e Smallpox virus

Poliovirus

Coxsackie virus

Hepatitis viruses—A and E
Cytomegalovirus
Epstein-Barr virus (EBV)

e Herpes simplex virus

Arboviruses such as:

e Dengue virus (Aedes)
e Chikungunya virus (Aedes)

e Japanese encephalitis virus (Culex)

o Yellow fever virus and Zika virus (Aedes)
e Kyasanur Forest disease virus (Tick)

Contd...
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Mode of transmission | Produce local infection at the portal of entry Spread to distant sites from the portal of entry

Animal bite —

Sexual route Produce genital lesions
e Herpes simplex virus-2 (HSV-2)

e Human papillomavirus (HPV)
Blood transfusion

Injection

Transplacental Produce congenital manifestations in fetus
route e Rubella virus

Cytomegalovirus

Herpes simplex virus

Varicella-zoster virus

Parvovirus

Adenovirus
Enterovirus 70
Coxsackie virus A-24
Herpes simplex virus
Varicella-zoster virus

Conjunctival route

Primary Site of Replication

% Some viruses are restricted to the portal of entry where
they multiply and produce local diseases. They spread
locally over the epithelial surfaces, but there is no viremia
or spread to distant sites. They have a shorter incubation
period and shorter duration of immunity

 Onthe other hand, mostviruses multiplylocally to initiate
a silent local infection, which is followed by the spread
via lymphatics to regional lymph nodes (most viruses)
or via blood (e.g. poliovirus) or via neuronal spread to
reach central nervous system or CNS (e.g. rabies virus).

Spread of Virus (Fig. 4.6)

< Primary viremia: Viruses spread to the blood stream
either from the primary sites or from the lymph nodes.
In blood, viruses may remain as free in plasma or may be
cell-associated in lymphocytes or macrophages
%+ Secondary site replication: Viruses are then transported
to the reticuloendothelial system (bone marrow,
endothelial cells, spleen and liver) where further
multiplication takes place. Secondary sites are called as
the central foci for viral multiplication
» Secondary viremia: From the spleen and liver, viruses
spillover into the blood stream leading to secondary vire-
mia which results in the onset of non-specific symptoms
» Target organs: Via the bloodstream, they reach the
target organs (lung, brain, skin, etc.). Certain viruses (e.g.
rabies) affecting brain, there is no viremia. Instead, virus
reaches the target organ via neuronal spread
< Tropism of the viruses for specific organs (Table 4.3)
determines the pattern of systemic illness (e.g. hepatitis
viruses have tropism for hepatocytes, and produce
hepatitis as the primary disease). Tropism in turn

e

e

Rabies virus

e Hepatitis B, C and rarely D viruses
e Human immunodeficiency virus (HIV)

e Hepatitis B, C and rarely D viruses
e HIV

e Parvovirus

e Hepatitis B, C and rarely D viruses
o HIV

Transmitted through placenta to fetus, without
congenital manifestations
e Measles virus

o Mumps virus
e Hepatitis B, C and rarely D viruses
e HIV
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Fig. 4.6: Pathogenesis of viral infections.

Source: Concept adapted and modified from Jawetz, Melnick & Adelberg’s
Medical Microbiology; McGraw-Hill Education (with permission).
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Table 4.3: Cell tropism of human viruses.

Lymphocytes Epstein-Barr virus Mumps
Cytomegalovirus Measles
Hepatitis B virus Rubella
JCvirus HIV
BK virus
Monocytes- Cytomegalovirus Poliovirus, HIV,
macrophages Measles
Neutrophils — Influenza virus
Red blood cells Parvovirus B19 Colorado tick
fever virus
None (free in — Togavirus

plasma) Picornavirus

depends on the presence of host cell receptors specific
for the viruses.

Virus Shedding

Shedding of infectious virus is a necessary step to maintain
viruses in the environment or hosts. Shedding may occur at
various stages of the disease.

e

» Portal of entry is the site for shedding for those viruses
that produce local infection, e.g. influenza virus is shed
in respiratory secretions

% Blood: The viruses that spread through vector bite
(arboviruses) or by blood transfusion or needle pricks
(hepatitis B) are shed in blood

< Near the target tissue/organ: Skin (varicella-zoster),
salivary gland (mumps), kidney (CMV)

+» No viral shedding: Humans are the dead-end for certain

viruses infecting central nervous system, such as rabies.

Manifestations of Viral Infections
Incubation Period

The incubation period is the time interval between the

entry of the virus into the body and appearance of the

first clinical manifesation. Therefore, incubation period

depends on the distance between the site of entry and the

target organ.

% It is shorter if the virus produces lesions near to the site

of entry, e.g. influenza virus

# Itislonger if the target organ is much far from the site of
entry, e.g. poliovirus and rabies virus

» Exception: There are many exceptions to this rule. For
example, both dengue and hepatitis B virus are blood
borne, but they greatly vary in incubation periods (4-5
days and 30-180 days respectively). This is because there
are many other factors that affect the incubation period
such as host immune response, nature of the virus, etc.

B3

Clinical Manifestations

Persons infected with viruses develop either an inapparent
(subclinical) infection or apparent (clinical) infection; the
latter may be acute, subacute or chronic depending upon

the onset of illness. The symptoms developed depend up
on the target body sites where the virus multiplies.

0‘0

* Respiratory viruses such as influenza and coronaviruses
produce upper and lower respiratory tract infections

% Gastroenteritis may be produced by viruses such as
rotavirus and norovirus

% Hemorrhagic fever may be a manifestation of viruses
such as dengue, Ebola virus, etc.

< Neurotropic viruses can produce meningitis (entero-
viruses) or encephalitis (rabies, Japanese encephalitis)

% Exanthematous rashes are produced by a number of
viruses including measles, varicella-zoster, etc.

% Hepatitis viruses produce hepatitis and jaundice.

Viral Pathogenesis at Cellular Level

At the cellular level, the virus can produce three types
of infections in a host cell which in turn depends on the
nature of the virus and the cell infected.

Failed Infection (Abortive Infection)

It occurs if the virus infects the host cells which are non-
permissive (i.e. absence of surface receptors or machiner-
ies to support viral replication).

Cell Death (Cytocidal or Lytic Infection)

Viruses adopt different mechanisms to induce host cell

death such as:

% Inhibition of host cell DNA by herpesvirus

% Inhibition of host cell protein synthesis by poliovirus

Fusion (syncytia formation): Glycoproteins of some

enveloped viruses (paramyxoviruses, herpesviruses, and

retroviruses) are expressed on host cell surface which

triggers the fusion of neighboring cells to form multi-

nucleated giant cells called syncytia, that allows the virus

to spread from cell to cell and escape antibody neutral-

ization

< Immune mediated lysis: The expression of viral antigens
on the host cell surface can lead to binding of antibodies
followed by complement or natural killer (NK) cell
mediated lysis.

0
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Infection without Cell Death

Infection without cell death may occur in two ways.

1. Steady State Infection

The virus and host cell enter into a peaceful coexistence,
both replicating independently without any cellular injury.
Such persons develop either inapparent (subclinical)
infection or apparent (clinical) infections; which may be
acute, subacute or chronic infection.

2. Persistent Viral Infection

The virus undergoes a period of latency which may be of

various types:

% Latent infection with periodic exacerbations: Seen
with members of Herpesviridae family
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% Cell transformation: Oncogenic viruses such as hepatitis
B virus or Epstein-Barr virus or human papillomavirus
induce host cell transformation and the transformed cells
divide indefinitely leading to tumor production

% Latency in HIV infection: Viral genome gets integrated

with host cell chromosome and undergoes long period
of clinical latency

* Latency in slow virus infection: Slow viruses have an
unsual long incubation period (years)

% Persistent tolerant infection: The classical example is
lymphocytic choriomeningitis virus infecting mice. Here,
the host is immunologically tolerant to the virus, does
not show any immune response, but the virus is readily
demonstrable in the tissues. Disease sets in when the
tolerance is interrupted.

Morphological Changes in the Host Cells

Certain viruses induce characteristic changes in the host
cells (e.g. inclusion body), which can be detected by
histopathological staining.

Inclusion Body

They are the aggregates of virions or viral proteins and other

products of viral replication that confer altered staining

property to the host cell.

Role in Laboratory Diagnosis

Inclusion bodies are characteristic of specific viral infections.

They have distinct size, shape, location and staining properties

by which they can be demonstrated in virus infected cells

under the light microscope.

Location

They may be present either in the host cell cytoplasm or

nucleus or both (Table 4.4).

0 Intracytoplasmic inclusion bodies: They are generally
acidophilic and can be seen as pink structures when stained
with Giemsa or eosin methylene blue stains (e.g. most
poxviruses and rabies)

Q Intranuclear inclusion bodies: They are basophilic in
nature. Cowdry (1934) had classified them into:
> Cowdry type A inclusions: They are variable in size and

have granular appearance
> Cowdry type B inclusions: They are more circumscribed,
amorphous or hyaline spheres; multiple in number.

0 Both intracytoplasmic and intranuclear inclusions.

LABORATORY DIAGNOSIS OF
VIRAL DISEASES

Laboratory diagnosis of viral infections is useful for the

following purposes:

< To start antiviral drugs for those viral infections for
which specific drugs are available such as herpes, CMV,
HIV, influenza and respiratory syncytial virus (RSV)

% Screening of blood donors for HIV, hepatitis B and
hepatitis C helps in the prevention of transfusion-
transmitted infections

Table 4.4: Inclusion bodies and viruses producing them.

Intracytoplasmic inclusion bodies

Negri bodies—rabies virus

Paschen body—uvariola virus

Guarnieri bodies—vaccinia virus

Bollinger bodies—fowlpox virus

Molluscum bodies—molluscum contagiosum virus
Perinuclear cytoplasmic body—reovirus

Intranuclear inclusion bodies
Cowdry type A inclusions

o Torres body—yellow fever virus
o Lipschultz body—herpes simplex virus

Cowdry type B inclusions

e Poliovirus
e Adenovirus

Intracytoplasmic and intranuclear inclusion bodies

e Owl’s eye appearance—cytomegalovirus
e Measles virus

% Surveillance purpose: To assess the disease burden
in the community by estimating the prevalence and
incidence of viral infections

% For outbreak or epidemic investigation, e.g. influenza
epidemics, dengue outbreaks—to initiate appropriate
control measures

% To start post-exposure prophylaxis of antiretroviral
drugs to the health care workers following needle stick
injury (Chapter 25)

% To initiate certain measures: For example,

m If rubella is diagnosed in the first trimester of preg-
nancy, termination of pregnancy is recommended

= Ifnewborn is diagnosed to have hepatitis B infection,
then immunoglobulins (HBIG) should be started
within 12 hours of birth.

Viral diseases

L ABORATORY DIAGNOSIS

1. Direct Demonstration of Virus

O Electron microscopy

O Immunoelectron microscopy

O Fluorescent microscopy

O Light microscopy:
> Histopathological staining: To demonstrate inclusion

bodies

> Immunoperoxidase staining.

2. Detection of Viral Antigens

By various formats such as ELISA, direct IF, ICT, flow through assays.

3. Detection of Specific Antibodies

a Conventional techniques such as HAI, neutralization test and
CFT

0 Newer diagnostic formats such as ELISA, ICT, flow through
assays.

4. Molecular Methods to Detect Viral Genes

O Nucleic acid probe—for detection of DNA or RNA by
hybridization

Contd...
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Contd...

L ABORATORY DIAGNOSIS

O PCR—for DNA detection by amplification

O Reverse transcriptase-PCR—for RNA detection

O Real time PCR—for DNA quantification

O Real time RT-PCR—for RNA quantification.

5. Isolation of Virus by

O Animal inoculation

O Embryonated egg inoculation

O Tissue cultures: Organ culture, explant culture, cell line culture
(primary, secondary and continuous cell lines).

Viral diseases

Direct Demonstration of Virus
Electron Microscopy

Detection of viruses by electron microscopy (EM) is in-
creasingly used nowadays. Specimens are negatively
stained by potassium phosphotungstate and scanned un-
der EM.

% Shape: Viruses can be identified based on their distinct
appearances; for example:
® Rabies virus—bullet-shaped
® Rotavirus—wheel-shaped
m Coronavirus—petal-shaped peplomers
®m Adenovirus—space vehicle-shaped
® Astrovirus—star-shaped peplomers.

% Direct detection from specimens: This is useful for
viruses that are difficult to cultivate; e.g. rotavirus,
hepatitis A and E viruses from feces and CMV from urine

% Virus detection from tissue culture: EM can also be
used for detection of viral growth in tissue cultures

< Drawbacks: EM is highly expensive, has low sensitivity
with a detection threshold of 107 virions/mL. The
specificity is also low.

Immuno Electron Microscopy

The sensitivity and specificity of EM can be improved
by adding specific antiviral antibody to the specimen to
aggregate the virus particles which can be centrifuged. The
sediment is negatively stained and viewed under EM.

Fluorescent Microscopy

Direct immunofluorescence (Direct-IF) technique is
employed to detect viral particles in the clinical samples.
% Procedure: Specimen is mounted on slide, stained with
specific antiviral antibody tagged with fluorescent dye
and viewed under fluorescent microscope
% Clinical applications:
= Diagnosis of rabies virus antigen in skin biopsies,
corneal smear of infected patients
m Syndromic approach: Rapid diagnosis of respiratory
infections caused by influenza virus, rhinoviruses,
respiratory syncytial virus, adenoviruses and
herpesviruses can be carried out by adding specific
antibodies to each of these viruses
m Detection of adenovirus from conjunctival smears.

Light Microscopy

Light microscopy is useful in the following situations.

% Inclusion bodies: Histopathological staining of tissue
sections may be useful for detection of inclusion bodies
which helps in the diagnosis of certain viral infections
(see Table 4.4)

< Immunoperoxidase staining: Tissue sections or cells
coated with viral antigens are stained using antibodies
tagged with horseradish peroxidase following which
hydrogen peroxide and a coloring agent (benzidine
derivative) are added. The color complex formed can
be viewed under a light microscope.

Detection of Viral Antigens

Various formats are available for the detection of viral

antigens in serum and other samples such as enzyme-linked

immunosorbent assay (ELISA), immunochromatographic

test (ICT), flow through assays, enzyme-linked fluorescence

assay (ELFA), etc. Some important antigen detection tests

include:

< HBsAgand HBeAg antigen detection for hepatitis B virus
infection from serum

% NS1 antigen detection for dengue virus infection from
serum

< SARS-CoV-2 antigen (nucleocapsid protein) detection
in nasopharyngeal swabs by immunochromatographic
assay

% p24 antigen detection for HIV infected patients from serum

Rotavirus antigen detection from diarrheic stool

» CMV specific pp65 antigen detection in peripheral blood

leukocyte.
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Detection of Viral Antibodies

Antibodydetection from serumis one of the most commonly

used method in diagnostic virology. Appearance of IgM

antibody or a four-fold rise of titer of IgG antibody indicates

recent infection; whereas the presence of IgG antibody

(without a recent rise) indicates chronic or past infection.

Various techniques available are described below:
Techniques such as ELISA, ELFA, ICT, flow through

assays are widely used for antibody detection against most

of the viral infections, for example:

“ Anti-HBc, Anti-HBs and Anti-HBe antibodies in serum
for hepatitis B infection

% Anti-Hepatitis C antibodies in serum

% Antibodies against HIV-1 and HIV-2 antigens from serum

% Anti-Dengue IgM/IgG antibodies from serum.

Molecular Methods

Advent of molecular techniques has eased the diagnosis of

viral infections. They are more sensitive, specific and yield

quicker results than culture.

< Polymerase chain reaction (PCR) is the simplest
molecular assay; used to detect viral DNA in clinical
specimens (e.g. HSV DNA in CSF)
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» Reverse transcriptase-PCR (RT-PCR) is used for the
detection of RNA viruses (e.g. HIV RNA in blood). After
RNA extraction, the viral RNA is reverse transcribed into
DNA, which is then subjected to amplification similar to
that followed in PCR

# Multiplex PCR formats are available that can
simultaneously detect genes of common organisms
responsible for a clinical syndrome; for example,
multiplex PCR for upper respiratory syndromes
simultaneously detecting genes of adenovirus, influenza
virus, parainfluenza virus and respiratory syncytial virus
in respiratory specimen

++ BioFire FilmArray: It is an automated nested multiplex
PCR commercially available. It has various syndrome
specific panels such as respiratory, gastrointestinal,
meningitis-encephalitis; each panel comprises of
primers targeting 20-25 common pathogens infecting
the respective systems

< Real time-PCR (rt-PCR): It is revolutionized the

diagnostic virology; considered as the gold standard

method for diagnosis of several viral infections such as
influenza, COVID-19, etc. It has several advantages over
conventional PCR such as—

®m Quantifying viral nucleic acid in the samples,
hence used to monitor the treatment response and
estimating viral load, e.g., HIV, hepatitis B virus

m Takes lesser time than PCR

m More sensitive and specific than PCR.

Isolation of Virus

Viruses cannot be grown on artificial culture media. They
are cultivated by animal inoculation, embryonated egg
inoculation or tissue cultures.

% Being labor-intensive, technically demanding and
time consuming, virus isolation is not routinely used in
diagnostic virology

% The specimen should be collected properly and trans-
ported immediately to the laboratory. Refrigeration is
essential during transportation as most viruses are heat
labile. Type of specimen collected depends on the virus

suspected.

Animal Inoculation

Because of the ethical issues related to use of animals,

animal inoculation is largely restricted only for research

purpose.

< Research use: To study viral pathogenesis or viral
oncogenesis or for viral vaccine trials

% Diagnostic use: Primary isolation of certain viruses
which are difficult to cultivate otherwise; such as
arboviruses and coxsackieviruses.

Egg Inoculation

Embryonated eggs were first used for viral cultivation by
Good pasture in 1931. Subsequently, this technique was
widely used in the past. However, with the advent of better
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Fig. 4.7: Schematic diagram of embryonated egg.

diagnostic techniques, the use of egg inoculation in viral

diagnostics is greatly limited now. Embryonated hen'’s egg

has four sites that are specific for the growth of certain

viruses (Fig. 4.7).

% Yolk sac inoculation: Used for arboviruses (e.g. JE virus)
and some bacteria such as Rickettsia, Chlamydia and
Haemophilus ducreyi

< Amniotic sac: Used for the isolation of influenza virus

% Allantoic sac: Itis a larger cavity, hence is used for better
yield of viral vaccines such as influenza vaccine, yellow
fever (17D) vaccine

% Chorioallantoic membrane: Used for the isolation of
poxviruses (e.g. vaccinia and variola). They produce
visible lesions over the chorioallantoic membrane called
as pocks.

Tissue Culture

Enders, Weller, and Robbins (1949) used tissue cultures of
non-neural origin to cultivate poliovirus and that was the
turning point following which tissue culture technique was
widely used in diagnostic virology.

Tissue culture can be of three types:

1. Organ culture: It was previously used for certain
fastidious viruses that have affinity to specific organs; for
example, tracheal ring culture for isolation of coronavirus

2. Explant culture: Fragments of minced tissue can be
grown as ‘explants; e.g. adenoid explants used for
adenoviruses. This method is obsolete now

3. Cellline culture: This is the only isolation method which
is in use now. The preparation of cell lines and the types
of cell lines have been described below.

Preparation of the Cell Lines

Tissues are completely digested by treatment with

proteolytic enzymes (trypsin or collagenase), followed by

mechanical shaking so that the components are completely
dissociated into individual cells.

% Viral growth medium: The cells are then washed, count-
ed, and suspended in viral growth medium which con-
tains balanced salt solution added with essential amino
acids, vitamins, fetal calf serum and antibiotics
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Fig. 4.8: Tissue culture flask.

Tissue culture flasks: The viral growth medium containing
cells are dispensed in tissue culture flasks (Fig. 4.8)
Monolayer sheet formation: On incubation, the cells
adhere to the glass surfaces of the flask and then they
divide to form a confluent monolayer sheet of cells within
aweek covering the floor of the tissue culture flask
Incubation: Tissue culture flasks are incubated
horizontally in presence of CO,, either as a stationary
culture or as a roller drum culture. Rolling of the culture
bottle in roller drums provides better aeration which is
useful for isolation of fastidious viruses (e.g. rotavirus).

Types of Cell Lines

The cell line cultures can be classified into three types based
on their origin, chromosomal characters, and maximum
number of cell divisions that they can undergo.

Fig. 4.9: Human lung fibroblast cell line (Normal).
Source: American Type Culture Collection (ATCC), USA (with permission).

1. Primary cell lines: They are derived from normal cells

freshly taken from the organs and cultured
m They are capable of very limited growth in culture,
maximum up to 5-10 divisions
® They maintain a diploid karyosome
= Common examples include:
¢ Monkey kidney cell line—useful for isolation of
myxoviruses, enteroviruses and adenoviruses
¢ Human amnion cell line
¢ Chick embryo cell line.

. Secondary or diploid cell lines: They can divide

maximum up to 10-50 divisions before they undergo

senescence (death). They are also derived from the

normal host cells and they maintain the diploid

karyosome. Common examples include:

® Human fibroblast cell line for recovery of CMV (Fig.
4.9)

® MRC-5 and WI-38 (human embryonic lung cell
strain): Used for preparation of various viral vaccines
(rabies, chickenpox, MMR vaccines) and virus
isolation (e.g. HSV).

3. Continuous cell lines (see the box below).

Continuous Cell Lines

They are derived from cancerous cell lines, hence are immortal

(capable of indefinite growth). They also possess altered

haploid chromosome.

They are easy to maintain in the laboratories by serial

subculturing for indefinite divisions. This is the reason

why continuous cell lines are the most widely used cell

lines.

Common examples include (Figs 4.10A to C)

0 Hela cell line (Human carcinoma of cervix cell line)

O HEp-2 cell line (Human epithelioma of larynx cell line)—
widely used for RSV, adenoviruses and HSV

Q KB cell line (Human carcinoma of nasopharynx cell line)

0 McCoy cell line (Human synovial carcinoma cell line)—
useful for isolation of viruses, as well as Chlamydia

a Vero cell line (Vervet monkey kidney cell line)—used for
rabies vaccine production

0 BHK cell line (Baby hamster kidney cell line).

Figs 4.10A to C: Continuous cell lines (normal, uninfected): A. Hela cell line; B. Vero cell line; C. HEp-2 cell line.
Source: American Type Culture Collection (ATCC), USA (with permission).
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Detection of Viral Growth in Cell Cultures

Following methods are used to detect the growth of the
virus in cell cultures.

Cytopathic Effect (CPE)
It is defined as the morphological change produced by the
virus in the cell line detected by a light microscope.

Cytopathic viruses: Not all, but few viruses can produce
CPE and those are called as cytopathic viruses. The type
of CPE is unique for each virus and that helps for their
presumptive identification (Table 4.5).

Other Methods to Detect Viral Growth

Other methods to detect viruses in the cell line include:

< Detection of viral antigens on the surface of infected
cells by direct immunofluorescence assay

% Viral genes detection by using PCR

< Electron microscopy, demonstrating the viruses in
infected cell lines.

Shell Vial Technique

For viruses such as CMV which take several weeks for

cytopathic effect to develop, shell vial technique can be

followed for early growth detection (1-2 days).

< It involves centrifugation of cell culture (mixed with
the specimen) to enhance the cell contact and viral
replication, followed by

< Detection of early viral antigen in the infected cells by
direct fluorescence technique.

TREATMENT OF VIRAL DISEASES

Unlike most bacteria, viruses are obligate intracellular and
they use host machinery and enzymes for replication. Viral
chemotherapy therefore was considered impracticable, as
it was believed that it would inhibit cellular metabolism.
Nevertheless, intense research made it possible to develop
various antiviral drugs that can inhibit various steps of
viral replication by selectively targeting viral machineries
without affecting host enzymes and without being toxic
to host cells. However, the antiviral drugs are limited and
not available against most of the viral diseases. Drugs

Table 4.5: Viral cytopathic effects (CPE).
Types of cytopathic effect (CPE) _

Rapid crenation and degeneration Enteroviruses
of the entire cell sheet

Syncytium or multinucleated giant Measles,
cell formation RSV, HSV

Diffuse roundening and HSV

ballooning of the cell line

Cytoplasmic vacuolations SV 40 (Simian vacuolating

virus-40)

Large granular clumps resembling  Adenovirus
bunches of grapes

Abbreviations: RSV, respiratory syncytial virus; HSV, herpes simplex virus.

currently approved for various viral diseases are listed in
Table 4.6.

Interferons (IFNs)

IFNs-a,  have antiviral action; produced by many cell
types such as macrophages (IFN-a) and fibroblasts (IFN-f3).
INF-y does not have antiviral action; produced by T helper
cells, which are component of CMI.
< Mechanism of action: IFNs have no direct action on
viruses; but they induce the host cells to produce
certain proteins, which in turn inhibit host cell protein
synthesis
< Innate immunity: IFNs are part of innate immunity.
Therefore, unlike antibodies they are nonspecific in
action; produced quickly following infection (within
hours) and do not have immunological memory
< Inducers: Several agents including certain RNA viruses
can induce IFN synthesis; e.g. togaviruses, vesicular
stomatitis virus, Sendai virus and New Castle disease
virus, dsRNA, bacterial endotoxin, synthetic polymers,
etc.
< Preparations of IFNs: Available in two forms.
® Human IFNs: Prepared commercially by DNA
recombinant technology
m Pegylated IFNs: They are the IFN-a linked to
polyethylene glycol. This linkage results in slower
absorption, decreased clearance, and more sustained
serum concentration; hence they can be administered
once a week.
< Application: IFN-a are used in the following clinical
conditions
m Topically—used in rhinovirus infection, genital warts
and herpetic keratitis
m Systemically—used in chronic hepatitis B, C and D
infections
® In addition to antiviral action, IFN have anti-
proliferative action; and therefore can be used to treat
cancers such as hairy cell leukemia and Kaposi’s
sarcoma and autoimmune diseases such as multiple
sclerosis.

IMMUNOPROPHYLAXIS FOR VIRAL DISEASES

Viral Vaccines (Active Immunization)

Since viral antigens are potent immunogens, viral vaccines
confer prolonged and effective immunity. Vaccines for
viral infections may be available either in live, killed or
in subunit forms. For certain viruses, both live and killed
vaccines are available (Table 4.7).

Killed Viral Vaccines

Killed vaccines are available for various viruses (Table 4.7).
< Preparation: They are prepared by inactivating viruses
with heat, phenol, formalin or beta propiolactone. Ul-
traviolet irradiation is not recommended because of the
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Table 4.6: Commonly used antiviral drugs, their mechanism of action and spectrum of action.

Anti-herpesvirus drugs

Acyclovir, valacyclovir, penciclovir
Famciclovir

Ganciclovir, valganciclovir
Cidofovir

Foscarnet

Fomivirsen

Docosanol (topical)

Trifluridine (topical)
Anti-influenza virus drugs
Oseltamivir, zanamivir
Amantadine, rimantadine
Anti-hepatitis drugs

Telbivudine, tenofovir, lamivudine, adefovir,
entecavir

Interferon alfa (2a and 2b**)
Grazoprevir, paritaprevir, simeprevir
Dasabuvir, sofosbuvir

Daclatasvir, ledipasvir, velpatasvir

Ribavirin*

Inhibit viral DNA polymerase
Inhibit viral DNA polymerase
Inhibit viral DNA polymerase
Inhibit viral DNA polymerase
Inhibit viral DNA polymerase
Inhibit mRNA of CMV

Inhibit the fusion of the human host cell with
envelope of herpes virus

Inhibits viral DNA polymerase

Neuraminidase inhibitor

Matrix protein inhibitor

Nucleoside analogues

Indirectly inhibits viral protein synthesis
NS3/4A (proteases) inhibitors

NS5B (polymerases) inhibitors

NS5A inhibitors

Nucleoside inhibitor

Anti-retroviral therapy (ART)- Refer Chapter 33, Tables 33.5 and 33.6

*Ribavirin has action against influenza, parainfluenza, respiratory syncytial virus, HCV, and HIV-1.
**Intra-lesional injection of interferon alfa-2b may be used for treatment of condylomata acuminata.

HSV1>HSV2>VZV and EBV

HSV, VZV and HBV

CMV and EBV

HSV and CMV

HSV and CMV (including resistant strains)
CMV (including resistant strains)

HSV (recurrent herpes labialis)

Herpes keratitis (eye drops)

H1N1 flu, Avian flu, Seasonal flu

Seasonal flu

For hepatitis B infection

For hepatitis B and C infection
For hepatitis C infection
For hepatitis C infection
For hepatitis C infection

For hepatitis C infection

Abbreviations: HSV, herpes simplex virus; VZV, varicella-zoster virus; CMV, cytomegalovirus; EBV, Epstein-Barr virus; NtRTI, nucleotide reverse transcriptase inhibitor;

NRTI, nucleoside reverse transcriptase inhibitors.
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risk of multiplicity reactivation. For example, rabiesvac-

cine

Advantages: They are more stable and are considered
safe when given in immunodeficiency or in pregnancy
Disadvantages: Killed vaccines are associated with more
adverse side effects due to reactogenicity, which can be
reduced to some extent by purification of viruses.

Subunit Vaccines

In subunit vaccines, only a particular antigen of the virus is
incorporated (Table 4.7).
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Preparation: Subunit vaccines are prepared by DNA
recombinant technology. The gene coding for the desired
antigen is integrated into bacteria or yeast chromosome.
Replication of the bacteria or yeast yields a large quantity
of desired antigens, e.g. hepatitis B vaccine

Unlike killed vaccines, there is no local side effects
associated with subunit vaccines.

Live Vaccines

Live vaccines are available for various viruses (Table 4.7).

Preparation: Most of the live vaccines are prepared by
attenuation by serial passages. (Exception is smallpox
vaccine where the naturally occurring vaccinia viruses
were used for vaccination)

Advantages: Live vaccines provide a stronger and long-
lasting immunity, mimicking immunity produced after
natural infection. They are administered as a single dose
(except OPV)

Disadvantages: Live vaccines are risky in immuno-
deficiency or in pregnancy. They are less stable than
killed vaccines.

Passive Immunization (Immunoglobulin)

Passive immunization is indicated when an individual is
immunodeficient or when early protection is needed (i.e.
for post-exposure prophylaxis). However, as there is no
memory cells involved, passive immunization has no role
in the prevention of subsequent infections.

°,
o

Previously used horse derived immunoglobulins
were less effective with more side effects due to local
hypersensitivity reactions; hence, they are now replaced
by human immunoglobulins
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Table 4.7: Vaccines for viral infections.
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Inactivated vaccine

Rabies neural vaccine

Rabies
Non-neural vaccine

Kyasanur Forest Disease (KFD)

Subunit vaccine
Hepatitis B
Papilloma

Semple vaccine

BPL vaccine

Infant mouse brain vaccine

PCEC (purified chick-embryo cell) vaccine
HDC (human diploid cell) vaccine
Purified Vero cell (PVC) vaccine

Killed KFD vaccine

HBsAg (Hepatitis B surface antigen)
L1 protein

Both live and inactivated vaccines

Poliovirus

Japanese B encephalitis

Influenza

Yellow fever

Hepatitis A

Live attenuated vaccine

Live Oral Polio Vaccine (OPV)

Killed Injectable Polio Vaccine (IPV)

SA 14-14-2 / Kolar- 821564XY strain (killed)
SA 14-14-2 strain (live)

Killed vaccine

Live attenuated (intranasal)

17D live attenuated

Dakar strain (killed)

Inactivated

Live attenuated

Sheep brain derived, inactivated with phenol

Sheep brain derived, beta propiolactone inactivated
Neural tissue of newborn mice

Chicken fibroblast cell line

Human fetal lung fibroblast cell line (WI-38 and MRC-5)
Vero cell line

Formalin-inactivated chick embryo vaccine

Yeast (recombinant DNA technology)
Yeast (recombinant DNA technology)

Monkey kidney cell line

Monkey kidney cell line

Vero cell culture-derived vaccine

Primary hamster kidney cell line

Embryonated chicken egg

Embryonated chicken egg

Embryonated chicken egg

Mouse brain derived

Human fetal lung fibroblast cell line (WI-38 and MRC-5)
Human diploid cell line (H2 and L-A-1)

Mumps Jeryl-Lynn strain Embryonated eggs and chicken embryo fibroblast cell line
Measles Edmonston-Zagreb Strain Chicken embryo fibroblast cell line

Rubella RA 27/3 Strain Human fetal lung fibroblast cell line (WI-38 and MRC-5)
Chickenpox Oka strain of varicella-zoster Human fetal lung fibroblast cell line (WI-38 and MRC-5)
Smallpox Live vaccinia virus Calf lymph

Rotavirus Live attenuated Vero cell line

Adenovirus Live Human fetal lung fibroblast cell line (WI-38 and MRC-5)

% Currently, human immunoglobulins are available for
many viral infections such as mumps, measles, hepatitis
B, rabies and varicella-zoster.

Combined Immunization

Simultaneous administration of vaccine and immuno-

globulin in post-exposure prophylaxis is extremely useful.

It is recommended for:

< Hepatitis B (neonates born to HBsAg positive mothers or
for unvaccinated people following exposure)

< Rabies (for exposures to severe class III bites).

OVERVIEW OF VIRAL INFECTIONS

This division of the chapter gives an overview of various
viruses infecting man, which will help to understand
the viral infections that are discussed in detail under the
respective infective syndromes (Part-II) of this book. The

DNA viruses ( herpesviruses and others) are discussed first,
followed by RNA viruses.

HERPESVIRUSES

Herpesviruses (Chapter 56) are group of DNA viruses
that possess a unique property of establishing latent
or persistent infections in their hosts and later on
undergoing periodic reactivation. Based upon the
site of latency, they can be further grouped into three
subfamilies.

% a-herpesviruses: They undergo latency in neurons.
Examples include Herpes simplex virus, Varicella-zoster
virus)

% B-herpesviruses: They undergo latency in glands and
kidneys. Example includes cytomegalovirus

< y-herpesviruses: They undergo latency in lymphoid
tissues. Example includes Epstein-Barr virus.
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Herpes Simplex Virus (Chapter 56)

Herpes simplex viruses (HSV) are of two distinct types;
HSV-1 and HSV-2.
< Pathogenesis: Infection is transmitted through
abraded skin or mucosa; oropharyngeal contact is
common for HSV-1, whereas sexual contactis common
for HSV-2. They invade the local nerve endings and
migrate to dorsal root ganglia where they undergo
latency (HSV-1 in trigeminal ganglia and HSV-2 in
sacral ganglia)
+ Clinical manifestation: HSV are extremely widespread
and can cause a spectrum of diseases—involving skin,
mucosa and various organs- oral-facial mucosal lesions
(vesicular lesions), CNS infections (e.g. encephalitis,
Chapter 74), cutaneous lesions, genital lesions (multiple
vesicular ulcers, Chapter 77), and ocular lesions (e.g.
corneal ulcers, Chapter 78). Transmission of infection
during birth can lead to neonatal herpes
% Laboratory diagnosis include:
® Demonstration of inclusion bodies in the Giemsa
staining of scrapping obtained from the lesions
(Tzanck smear preparation)

m Viral isolation in various cell lines to demonstrate
characteristic cytopathic effect

m Detection of viral antigen (direct immunofluores-
cence) or specific antibody (ELISA) or HSV DNA
(PCR).

% Treatment: Specific antiviral drugs such as acyclovir are
effective for HSV infections.

Varicella-zoster Virus (Chapter 56)

Varicella-zoster virus (VZV) produces vesicular eruptions
(rashes) on the skin and mucous membranes in the form
of two clinical entities:

1. Chickenpox: It is characterized by generalized diffuse
bilateral vesicular rashes which occur following primary
infection, usually affecting children. Infection during
pregnancy can cause congenital malformations in fetus
(Chapter 79)

2. Zoster or shingles: It occurs following reactivation of
latent VZV, present in the trigeminal ganglia that occurs
mainly in adult life. Vesicular rashes are unilateral and
segmental (confined to the skin innervated by a single
sensory ganglion). Laboratory diagnosis and treatment
are similar as for HSV.

Cytomegalovirus (Chapter 79)

Cytomegalovirus (CMV) causes an array of clinical

syndromes such as congenital and perinatal infections,

severe infection in immunocompromised and transplant

recipients. It can also cause mononucleosis like syndrome

in adults following blood transfusion.

% Laboratory diagnosis include detection of inclusion
bodies (with owl’s eye appearance), virus isolation

in human fibroblasts cell line, antibody detection
(by ELISA), antigen detection (e.g.pp65 antigen) and
molecular methods (by PCR)

% Treatment: CMV does not respond to acyclovir. Drugs
such as ganciclovir, valganciclovir and foscarnet and
cidofovir are used for the treatment of CMV infections.

Epstein-Barr Virus (Chapter 68)

EBV is transmitted by oropharyngeal contact through
infected salivary secretions.
< Pathogenesis: They infect the B-lymphocytes, infected

B cells become immortalized and produce large number

of polyclonal immunoglobulins. In response to this, the

bystander CD8 T lymphocytes are stimulated and appear
atypical
# Clinical manifestations:

m Infectious mononucleosis: It is characterized by
pharyngitis, cervical lymphadenopathy and atypical
lymphocytosis

m EBV associated malignancies such as Burkitt’s
lymphoma and nasopharyngeal carcinoma,
Hodgkin’s and non-Hodgkin’s lymphoma (Chapter
80).

% Laboratory diagnosis:

m Detection of nonspecific heterophile antibody to
sheep RBC antigens (by Paul Bunnell test)

m Detection of specific anti-EBV antibodies.

Less Common Herpesviruses (Chapter 56)

< Human herpesvirus (HHV) 6 and 7 infect T-lymphocytes.
HHV-6 produce an exanthematous disease called as sixth
disease, (exanthem subitum or roseola infantum)

% Human herpesvirus 8 infect B-lymphocytes, can cause
Kaposi’s sarcoma in immunocompromised individuals
(Chapter 80).

OTHER DNA VIRUSES

Parvoviruses (Chapter 56)

Parvoviruses are the smallest animal viruses infecting
humans, responsible for a common childhood exanthema
called erythema infectiosum (fifth disease); characterized
by rashes on the face, described as slapped cheek
appearance. They infect RBC precursors to cause non-
immune hydrops fetalis and aplastic anemia.

Papillomaviruses (Chapter 80)

Human papillomavirus (HPV) produces an array of
infections ranging from benign lesions (e.g. warts,
epidermodysplasia verruciformis) to malignant neoplasia
(e.g. carcinoma of cervix and other genital mucosa, larynx
or esophagus). It has several serotypes, of which 16 and 18
have high malignant potential. Nine valent and bivalent
vaccines are available for prevention of HPV infections.
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Polyomaviruses

Family Polyomaviridae have several genera infecting
animals; the important human pathogens being JC virus
and BK virus. Both are named after the initials of the
patients in whom they were described first. They have
oncogenic potential in vitro, but rarely in vivo.

% JC (John Cunningham) virus: Causes Progressive
Multifocal Leukoencephalopathy (PML); a slow virus
disease infecting brain (Chapter 74)

+ BKvirus: Causes nephropathy in transplant recipients. It
differs from JC virus, by its ability to grow in a wide range
of cell lines and is less oncogenic (Chapter 76)

< Merkel cell virus: Causes Merkel cell carcinoma, a rare
but highly aggressive skin cancer

% SV40 virus (Simian vacuolating 40 virus): It is not
pathogenic to man.

Adenoviruses (Chapter 68)

Adenoviruses infect and replicate in the epithelial cells
and produce various infections - for example, infection
of respiratory tract (upper respiratory tract infection,
pneumonia), intestine (infantile diarrhea), eyes
(conjunctivitis) and bladder (cystitis).

Poxviruses (Chapter 56)

Poxviruses are the largest among all the viruses infecting
man. They are the only DNA viruses that possess double
stranded DNA and replicate in the cytoplasm.

< Smallpox virus (Variola): It is the agent of a highly
contagious severe exanthematous disease ‘smallpox’;
which was the first infectious disease to be eradicated
from the world. The rashes were typically deep seated,
appeared in one stage and centrifugally distributed
(extremities were affected first). The introduction of live-
attenuated Vaccinia vaccine was one of the reasons of its
successful eradication

+» Mulloscum contageosum virus is another poxvirus that
infects human. It produces pink pearly wart-like lesions,
umbilicated with characteristic dimple at the center.

Bacteriophages

Bacteriophages are the viruses that infect bacteria. It was
first described by Twort and d’Herelle (1917).
Morphology

Bacteriophages are tadpole-shaped; measure about 28-
100 nm in size. They possess a hexagonal head (capsid)
with tail ending with tail fibers and a dsDNA enclosed
inside capsid (Fig. 4.11A).

Life Cycle

Bacteriophages exhibit two different types of life cycles—(i)
virulent or lytic cycle and (ii) temperate or lysogenic cycle.
Lytic Cycle (seen in Virulent Phages)

It resembles with the replication of other DNA viruses;
consists of the following steps (Fig. 4.11B).
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Figs 4.11A and B: A. Morphology of bacteriophage; B. Life cycle of a bacteriophage (Lytic and lysogenic cycles).
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% Adsorption: The phages come into contact with bacterial
cells by random collision and attach to specific receptors
on bacterial cell wall by means of tail fibers
% Penetration: Phage acts as a syringe, injects the dsDNA
into the bacterial cell
®m Lysozyme present on tail tip makes a hole on the
bacterial cell wall

= The empty phages remain outside, attached to
bacterial cell wall as ‘ghosts, hence there is no
uncoating step needed, as seen with other viruses.

% Biosynthesis: Phage components such as dsDNA and
capsid proteins are synthesized

% Maturation and assembly: Phage DNA, head and tail
proteins are assembled to form infective daughter virions

% Release of the daughter phages occurs by lysis of the
bacterial cell which is mediated by phage enzymes

“ Duration of eclipse phase is about 15-30 minutes. It

is the interval between entry of phage DNA and the

appearance of first infectious phage particle inside the
host cell. During this period, phages are not detected.

Lysogenic Cycle (seen in Temperate Phages)

After the entry into bacteria, the temperate phage DNA gets

integrated into the bacterial chromosome (Fig. 4.11B).

% The integrated phage genome is called the prophage

% The bacterium that carries a prophage is known as a
lysogenic bacterium

% Lysogeny: The prophage behaves like a segment of the
host chromosome and replicates synchronously with it.
This phenomenon is called lysogeny

 Lysogenic conversion: During the integrated state, the
phage DNA confers certain new properties to the bacteria
(e.g. provides gene for toxin synthesis)

% Lysogenic to lytic interconversion: Temperate phages
remain integrated into the bacterial chromosome. But
when they want to come out, they get excised from
bacterial chromosome, then transform to lytic phages,
multiply in the cytoplasm and are released by lysis.

Significance/Uses of Bacteriophages

Bacteriophages have been used for various purposes.

% Phage typing: It was previously used for classifying
bacteria beyond species level (e.g. for S. aureus). Now
with advent of better methods, phage typing is less
commonly used

< Used in treatment (Phage therapy): Lytic phages can
kill the bacteria, therefore may be used for treatment
of bacterial infections such as post-burn and wound
infections

< Used as a cloning vector: Bacteriophages have been
used as cloning vectors in recombinant DNA technology

% Transfer drug resistance: Temperate phages can
transfer bacterial genes from one bacterium to another
by transduction (e.g. transfer of plasmids coding for
B-lactamases)

% Code for toxins: The phage genomes code for the
following bacterial toxins—diphtheria toxin, cholera
toxin, shiga toxin, botulinum toxin C and D and
streptococcal pyrogenic toxin A and C.

MYXOVIRUSES

Myxoviruses (Chapter 66) are a group of viruses that bind

to mucin receptors on the surface of RBCs. They are divided

into two families:

< Orthomyxoviridae: They possess segmented RNA; e.g.
influenza virus

< Paramyxoviridae: They possess non-segmented RNA;
e.g. parainfluenza virus, mumps, measles, Nipah, Hendra
and respiratory syncytial virus.

Influenza Virus

Influenza viruses are one of the major cause of morbidity

and mortality and have been responsible for several

epidemics and pandemics of respiratory diseases in the

last two centuries, caused by various serotypes; of which

the latest pandemic was caused by HIN1 serotype in

2009.

< Types: Based on hemagglutinin (HA) and neuramini-
dase (NA) antigen, Influenza comprises of four types
(A to D). Influenza type A is further divided into various
subtypes

% Antigen variation: Influenza virus has a unique property
of undergoing frequent antigen variations; which may
be either a minor genetic variation (antigenic drift) or a
major genetic change (antigen shift). This accounts for
occurrence of its pandemics, frequent epidemics and
seasonal outbreaks

% Seasonal flu: The currently circulating strains causing
seasonal flu are influenza A/H1N1, A/H3N2 and
influenza B

% Clinical manifestations: Majority of individuals develop
mild flu-like symptoms such as chills, headache, and
dry cough, followed by high-grade fever, myalgia and
anorexia. Minor cases can develop secondary bacterial
pneumonia

% Laboratory diagnosis includes detection of viral RNA in
nasopharyngeal swabs by real-time reverse transcriptase
PCR

< Treatment: Specific antiviral agents given for treatment of
influenza are neuraminidase inhibitors (e.g. oseltamivir)
or matrix protein M2 inhibitor (e.g. amantadine)

% Vaccine: Both live attenuated and injectable vaccines
are available for influenza.

Parainfluenza Viruses

Human parainfluenza viruses are one of the major cause
of respiratory tract disease in young children; producing
various infections such as mild common cold syndrome,
croup (laryngotracheobronchitis), pneumonia or
bronchiolitis.
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Mumps Virus

Mumps virus is the most common cause of parotid gland
enlargement in children. In severe cases, it can also cause
orchitis and aseptic meningitis. It is transmitted through
the respiratory route via droplets, saliva, and fomites.
Live attenuated vaccine is available for the prevention of
mumps.

Respiratory Syncytial Virus

Respiratory syncytial virus (RSV) is a major respiratory
pathogen of young children and is the most common cause
of bronchiolitis in infants.

Measles Virus (Chapter 56)

Measles is an acute, highly contagious childhood disease,
characterized by fever and respiratory symptoms, followed
by, appearance of Koplik’s spots on buccal mucosa and
maculopapular rash. Rarely, post measles complications
may occur such as giant cell pneumonitis, subacute
sclerosing panencephalitis (SSPE, Chapter 74). It can be
prevented by administration of a live attenuated vaccine,
given at nine months of birth.

Nipah and Hendra Viruses (Chapter 74)

They cause an emerging viral infection (encephalitis); may
be transmitted to humans after direct contact with infected
bats, pigs, or persons. Latest outbreak of Nipah encephalitis
occurred in Kerala, India in 2018.

RUBELLA VIRUS

Similar to measles, rubella (Chapter 56) is another
important agent of childhood exanthema. In addition, it is
highly teratogenic and can cause congenital malformations
affecting organs such as eye, ear and heart in fetus
(congenital rubella syndrome, Chapter 79). Live attenuated
vaccine is available for rubella; recommended for children
and young women.

CORONAVIRUSES

Human coronaviruses (Chapter 67) are widespread and
produce mild upper respiratory tract infection. Three
exceptions are SARS-CoV (severe acute respiratory
syndrome coronavirus), MERS-CoV (Middle East
respiratory syndrome coronavirus) and SARS-CoV-2;
which are geographically restricted, transmitted from man
to man and have produced outbreaks of severe respiratory
disease with higher mortality.

COVID-19 (Chapter 67)

SARS-CoV-2 has emerged in 2019-2020 in China and

then rapidly spread to other part of the World causing

a catastrophic global pandemic known as COVID-19

(coronavirus disease-2019).

% Epidemiology: Till August 2020, over 2.5 crore cases
have been reported worldwide with >8.5 Lakh deaths.

Although >200 countries were effected, the worst affected
are USA, India, Brazil and Russia

% Clinical manifestations: It produces milder respiratory
illness with lower mortality (5%) than SARS-CoV and
MERS-CoV. However, occasionally it can proceed to
pneumonia, acute respiratory distress syndrome and
death

< Diagnosis: Definitive diagnosis is made by detection
of viral RNA by real time RT-PCR in throat swab or
nasopharyngeal swab

% Treatment: There is no effective drug or vaccine has
been developed yet, although intense research is ongoing

%+ Control measures: Many countries have implemented
control measures such as social distancing, lockdown,
hand hygiene and use of mask.

PICORNAVIRUSES

Picornaviruses include two major groups of human

pathogens: enteroviruses and rhinoviruses.

% Enteroviruses are transmitted by feco-oral route. They
include polioviruses, coxsackieviruses and others
(Chapter 73)

% Rhinoviruses are transmitted by respiratory route and
cause common cold (Chapter 68).

Poliovirus

Poliovirus, the causative agent of polio (also known as

poliomyelitis).

% Pathogenesis: It is transmitted by feco-oral route and
then spreads to CNS/spinal cord by hematogenous route

% Clinical manifestation: Majority of infections are
asymptomatic; rarely progresses to aseptic meningitis
and paralytic poliomyelitis

% Vaccine: Killed injectable and live oral polio vaccines
are available for use

% Eradication: Poliomyelitis is now at the verge
of eradication. This is attributed to the extensive
immunization program being conducted globally.

Coxsackievirus

Coxsackieviruses produce a variety of clinical illnesses
in humans, such as aseptic meningitis, hand-foot-and-
mouth disease, conjunctivitis, myocarditis, pericarditis and
pancreatitis.

ARBOVIRUSES

Arboviruses (arthropod-borne viruses) are a diverse group
of RNA viruses that are transmitted by blood-sucking arthro-
pods (insect vectors) from one vertebrate host to another.

% There are several hundred arboviruses that exist in the
world and all are believed to be endemic in animals.
However, only about 100 are human pathogens

< They cause various type of manifestations such as
hemorrhagic fever (Chapter 34) and encephalitis
(Chapter 74).
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India: The following are the important arboviruses

prevalent in India.
< Dengue virus (Chapter 34): Dengue is the most common
arboviral infection prevalent in India
m Aedes aegypti is the principal vector followed by
Aedes albopictus

m It presents in three clinical stages: dengue fever,
dengue hemorrhagic fever and dengue shock
syndrome

m It is diagnosed by detection of NS1 antigen, IgM
antibody by ELISA and viral RNA by reverse
transcriptase PCR.

+ Chikungunya virus (Chapter 34): It is transmitted by
Aedes aegyptimosquito. Itis a re-emerging viral infection;
mainly presents as fever and arthritis; rarely hemorrhagic
fever

< Kyasunar forest disease (KFD) virus: It is transmitted
by ticks. It causes hemorrhagic fever. The disease is
rare, confined to the Shimoga and nearby districts of
Karnataka (Chapter 34)

< Japanese B encephalitis (Chapter 74): It is transmitted
by Culex tritaeniorhynchus. Pigs are the amplifier host. It
is theleading cause of viral encephalitis in Asia, including
India. Both live-attenuated and inactivated vaccines are
available for human use.

Abroviruses outside India: The arboviral infections

prevalent in other countries, but not in India are enlisted

in Chapter 34. The important ones are discussed in

detail.

< Yellow fever virus: Endemic in West Africa; transmitted
by Aedes aegypti. It causes hepatitis (Chapter 48)

% Zika virus: Endemic in Brazil; transmitted by Aedes
aegypti. It causes mild febrile illness in adults and also
can cause congenital infection (Chapter 79).

RABIES VIRUS

Rabies virus causes a rapidly progressive, acute infectious
disease of the CNS in humans and animals (Chapter 74).
< Transmission: Rabies is transmitted from another
infected animal bite (most common being dog)
% Clinical manifestation: From the site of bite, it spreads to
CNSvianeuronal route. It produces an acute neurologic
phase, which may be either an encephalitic or paralytic
type
m The encephalitic type presents as hyperexcitability,
autonomic dysfunction and hydrophobia

m Patients gradually develop coma and eventually
leads to death. Recovery and survival are extremely
rare.

% Laboratory diagnosis includes detection of rabies viral
antigen from hair follicles at the nape of the neck by direct
IF test, antibody detection and viral RNA detection by
RT PCR. Postmortem diagnosis of rabies can be done
by detection of characteristic inclusion bodies (Negri
bodies) in histopathological staining of brain tissue

“ Management: Post-exposure prophylaxis can be
provided by local wound care and administration of anti-
rabies immunoglobulin and vaccine.

HUMAN IMMUNODEFICIENCY VIRUS (HIV)

Human immunodeficiency virus (HIV) is the etiologic

agent of acquired immunodeficiency syndrome (AIDS); the

biggest threat to mankind in last three decades (Chapter

33).

< Transmission: HIV is transmitted by sexual route (most
commonly); vertical (mother to fetus), parenteral (blood
transfusion) and percutaneous (needle prick injury)

< Pathogenesis: Following transmission, HIV infects
CDA4 T cells and where the unique viral enzyme ‘reverse
transcriptase’ converts viral RNA to DNA, which then
integrates with host DNA and undergoes latency

# Clinical manifestations: The typical course of HIV
infection includes the following stages—acute retroviral
syndrome, followed by asymptomatic stage (clinical
latency), then progresses into persistent generalized
lymphadenopathy, and symptomatic HIV infection.
Finally, the patients move towards the advanced end stage
called AIDS, where a number of opportunistic infections
set in secondary to profound immune suppression

% Laboratory diagnosis includes detection of antibodies
(by rapid tests or ELISA), p24 antigen (by ELISA), or viral
RNA (by RT-PCR). In India, the strategy recommended
by national AIDS control organization (NACO) is used
for HIV diagnosis

< Treatment: Antiretroviral Therapy (ART) is advocated
for treatment of HIV infected patients. The NACO
recommended first-line ART regimen in adults includes
combination of tenofovir, lamivudine and efavirenz (TLE
regimen). Refer Tables 33.5 and 33.6.

HEPATITIS VIRUSES

Hepeatitis viruses (Chapter 48) are heterogeneous group of
viruses that are taxonomically diverse (belong to different
families) but all are hepatotropic; and produce similar
clinical illness such as fever, nausea, vomiting, and jaundice.
There are five important hepatitis viruses (A to E); all are
RNA viruses except HBV which is a DNA virus. They can be
divided into two groups based on the route of transmission.
% Hepatitis A and E viruses: They are transmitted by feco-
oral route. The clinical course has an abrupt onset. The
disease is self-limiting with a good prognosis. They do not
have carrier stage, or chronicity or oncogenic potential
% Hepatitis B, C and D viruses: They are transmitted by
percutaneous, sexual or vertical routes. The clinical
course has an insidious onset and variable prognosis. The
disease may progress to carrier stage, chronic hepatitis,
cirrhosis or hepatocellular carcinoma
< Laboratory diagnosis of viral hepatitis includes
detection of various viral markers such as:
® Detection of viral antigens (e.g. HBsAg for HBV) or
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m Detection of antibodies [anti-HAV, anti-HBc and
anti-HBs (for HBV), anti-HCV and anti-HEV] or
m Detection of viral nucleic acid (by PCR).

% Treatment: HAV and HEV infections are self-limiting,
do not require specific treatment. Antiviral drugs are
available for HBV and HCV infections; for example,

m Tenofovir and telbivudine for HBV
m Interferon, ribavirin for HCV
% Vaccine: Vaccines are available for HAV and HBV.

MISCELLANEOUS RNA VIRUSES
Rodent-borne Viruses (Chapter 34)

Rodent-borne viruses are transmitted from rodents to man
by contact with infected body fluids or excretions. Major
rodent-borne viruses include:

% Hantaviruses: They cause two categories of manifes-
tations—hemorrhagic fever with renal syndrome and
hantavirus pulmonary syndrome

% Arenaviruses: They cause various diseases such as South
American hemorrhagic fever.

Filoviruses (Chapter 34)

Filoviruses are the long filamentous viruses; example
include Ebola virus and Marburg virus. They cause

hemorrhagic fever, associated with very high mortality.
They are transmitted by close contact with blood or
other body fluids or secretions of infected animals or
man.

Slow Viruses and Prions (Chapter 74)

Slow virus diseases and prions are a group of neuro-

degenerative conditions affecting both humans and

animals, characterized by: long incubation period,

predilection for CNS and a strong genetic predisposition.

% Conventional slow viruses: Examples include—
subacute sclerosing panencephalitis, progressive
multifocal leukoencephalopathy

% Unconventional transmissible agents—termed as
‘prion disease, characterized by spongiform encepha-
lopathies due to deposition of abnormal prion proteins
in neural tissues.

Viral Gastroenteritis (Chapter 44)

Viral etiology accounts for the most of the acute infectious
gastroenteritis worldwide; most commonly occurs
among children. Several enteric viruses can cause acute
gastroenteritis in humans, most common being rotavirus.
Others include adenovirus (type 40 and 41), calicivirus and
astrovirus.

[ EXPECTED QUESTIONS ]

I. Write essay on:
1. Discussin detail laboratory diagnosis of viral infections.

Il. Write short notes on:

1. Replication of viruses.
2. Methods of detecting viral growth in cell cultures.
3. Interferons.
4. Inclusion bodies.
5. Viral vaccines.
lll. Multiple Choice Questions (MCQs):
1. Which of the following virus is enveloped?
a. Poliovirus b. Adenovirus
c. Herpesvirus d. Parvovirus B19
2. All of the following are RNA viruses, except:
a. Enterovirus b. Human adenoviruses
c. Coxsackievirus d. Hepatitis A virus

3. All of the following viruses are transmitted by
respiratory route, except:
a. Influenza virus
b. Rotavirus

c. Hepatitis B virus d. Poliovirus
6. Allofthefollowingareintracytoplasmicinclusion
bodies, except:
a. Negribodies
b. Molluscum bodies
c. Cowdry type A inclusions
d. Guarnieri bodies
7. Which of the following vaccine is a killed vaccine?
a.  Mumps vaccine b. Measles vaccine

c. Rubella vaccine d. IPV
8. The largest virus in size is:
a. Herpes simplex virus
b. Hepatitis B virus
c. Poxvirus
d. Adenovirus
9. The smallest virus in size is:
a. Picornaviruses b. Parvovirus

c. HepatitisDvirus  d. Adenovirus
10. Which of the following DNA virus is single-

. S stranded?
< Re§p|ra.tory syl elive a. Parvovirus b. Hepatitis B virus
€L Galnesi . . . c¢. Adenovirus d. Poxvirus
4. Allofthe followlng are contlnuoys celllines, excgpt: 11. Which of the following RNA virus has double
a. Helacellline b. Chick embryo cell line stranded RNA?
¢ H.Ep—2 c_eII g2 d. . W2 C?“ line a. Retroviruses b. Hepatitis C virus
5. Suckling mice are used for isolation of: ¢ Rotavirus d. Influenza virus
a. Coxsackievirus b. HIV
Answers
1.c 2.b 3.b 4.b 5.a 6.C 7.d 8.c 9.b 10.a 11.c
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GENERAL PARASITOLOGY

Parasite is a living organism, which lives in or upon another
organism (host) and derives nutrients directly from it,
without giving any benefit to the host. Medical Parasitology
deals with the study of animal parasites, which infect and
produce diseases in human beings. Parasites may be
classified as:

< Ectoparasites: They inhabit the surface of the body of the
host without penetrating into the tissues (e.g. fleas, mites
orticks). They serve as important vectors transmitting the
pathogenic microbes. The infection produced by these
parasites is called as infestation (e.g. scabies)

< Endoparasites: These are the parasites, that live within
the body of the host (e.g., Leishmania). Invasion by the
endoparasite is called as infection.

The endoparasites are further classified into protozoans

and helminths.

% Protozoa: They are unicellular eukaryotic cells that
perform all the physiological functions. Although like
bacteria they are unicellular, they are considered as
lower eukaryotes, as they possess cellular organelles and
metabolic pathways, similar to that of eukaryotes

<+ Helminths: They are elongated flat or round worm-like
parasites measuring few millimeters to as long as few
meters. They are eukaryotic multicellular and bilaterally
symmetrical.

Medically important protozoans and helminths are

listed in Table 5.1.

LIFE CYCLE OF PARASITES

The life cycle of parasites depends upon three factors: host,
mode of transmission and infective form (Tables 5.2 and 5.3)
< Host: It is as an organism, which harbors the parasite
and provides the nourishment and shelter (Tables 5.2
and 5.3)
® Hosts can be classified into definitive host (where the
parasite undergoes sexual cycle) or intermediate host
(where the parasite undergoes asexual cycle)

m Overview of Parasitic Infections
e Protozoan infections
e Helminthic infections

Table 5.1: Medically important protozoans and helminths.

Medically important protozoans

Amoeba
e Entamoeba histolytica
e Free-living amoebae: Naegleria, Acanthamoeba, Balamuthia

Flagellates

o Intestinal Flagellate: Giardia

e Genital Flagellate: Trichomonas

o Hemoflagellates: Leishmania and Trypanosoma

Apicomplexa

o Malaria parasites and Babesia

e Opportunistic coccidian parasites : Toxoplasma, Cryptosporidium,
Cyclospora, Cystoisospora and Sarcocystis

Miscellaneous Protozoa : Balantidium coli, Blastocystis and
Microsporidia*

Medically important helminths

Cestodes
Diphyllobothrium, Taenia, Echinococcus, Hymenolepis, Dipylidium
and others

Trematodes or Flukes
Schistosoma, Fasciola, Clonorchis, Opisthorchis, Fasciolopsis,
Paragonimus and others

Intestinal Nematodes
Trichuris, Enterobius, Hookworm, Strongyloides, Ascaris and others

Somatic Nematodes
Filarial nematodes, Dracunculus and Trichinella

*Microsporidia are now considered to be evolved from fungi.
Note: Ectoparasite infestation (scabies); discussed in Annexure 7.

®m Depending upon the number of hosts involved, the
life cycle of the parasite may be direct (simple) or
indirect (complex) (Tables 5.2 and 5.3)
¢ In direct/simple life cycle, the parasite requires
only one host to complete its development
¢ Inindirect/complex life cycle, the parasite requires
two/three hosts (one definitive host and another
one or two intermediate host/s) to complete its
development.
% Infective form: It is the morphological form of the
parasite which is transmitted to man
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Table 5.2: Life cycle of various protozoan parasites.

Protozoa Mode of transmission Infective form
m Intermediate

Entamoeba and Giardia Man Ingestion Cysts (quadrinucleated)
Trichomonas vaginalis Man - Sexual Trophozoites

Leishmania species Man Sandfly Vector-borne Promastigotes

Trypanosoma cruzi Man Reduviid bugs Vector-borne Trypomastigotes

Trypanosoma brucei Man Tsetse fly Vector-borne Trypomastigotes

Plasmodium spp. Anopheles Man Vector-borne Sporozoites

Toxoplasma gondii Cat Man Ingestion, blood transfusion, vertical ~ Tissue cysts, oocysts, tachyzoites
Cryptosporidium Man - Ingestion, autoinfection Oocysts (sporulated)

Cyclospora, Cystoisospora ~ Man - Ingestion Oocysts (sporulated)

Table 5.3: Life cycle of various helminthic parasites.

“ Mode of transmission Infective form
m Intermediate

Cestodes

Taenia solium (intestinal taeniasis)  Man Pig

Taenia solium (cysticercosis) Man Man

Taenia saginata Man Cattle

Echinococcus granulosus Dog Man*

Hymenolepis nana Man =

Diphyllobothrium latum Man 1%%- Cyclops, 2" Fish
Trematodes

Schistosoma species Man Snail

Fasciola hepatica Man 1st- Snail
Fasciolopsis buski 2nd- Aquatic plants
Paragonimus spp. Man 1st- Snail, 2nd- Crab
Clonorchis spp., Opisthorchis spp. Man 1st- Snail, 2nd - Fish
Intestinal nematodes

Ascaris, Trichuris Man -

Enterobius spp. Man -

Hookworm Man =

Strongyloides stercoralis Man -

Somatic nematodes

Filarial worms Man Mosquito and flies
Dracunculus medinensis Man Cyclops

Trichinella spiralis Man/Pig =

Ingestion
Ingestion, autoinfection
Ingestion
Ingestion
Ingestion, autoinfection
Ingestion

Skin penetration
Ingestion

Ingestion
Ingestion

Ingestion

Ingestion, autoinfection

Skin penetration

Skin penetration, autoinfection

Vector-borne
Ingestion
Ingestion

Cysticercus larvae
Embryonated eggs
Cysticercus larvae
Embryonated eggs
Embryonated eggs
Plerocercoid larvae

Cercaria larvae

Metacercaria larvae

Metacercaria larvae
Metacercaria larvae

Embryonated eggs
Embryonated eggs
L, filariform larvae
L, filariform larvae

L, filariform larvae
L, larvae
L, larvae

*Man acts as an accidental intermediate host for Echinococcus granulosus.

< Mode of transmission: Parasites may be transmitted
by various modes such as ingestion, skin penetration,
vector-borne, sexual, vertical, blood transfusion, and
autoinfection.

LABORATORY DIAGNOSIS OF PARASITIC
DISEASES
Laboratory diagnosis plays an important role in establishing

the specific diagnosis of various parasitic infections. Following
are the techniques used in the diagnosis of parasitic infections.

Autoinfection

Few intestinal parasites may infect the same person by contam-
inated hand (external autoinfection) or by reverse peristalsis
(internal autoinfection). It is observed in some parasitic infec-
tions such as Cryptosporidium parvum, Taenia solium, Enterobius
vermicularis, Strongyloides stercoralis and Hymenolepis nana.

Examination of Feces

As many parasites inhabit in the intestinal tract, stool
examination is the most common diagnostic technique
used for the diagnosis of parasitic infections.
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Specimen Collection

Stool specimens should be collected in a wide-mouthed,

clean, leak-proof, screw capped containers and should

be handled carefully to avoid acquiring infection from

organisms present in the stool (Fig. 5.1).

% Timing: Specimen should be collected before starting
anti-parasitic drugs and closer to the onset of symptoms

% Frequency: At least three stool specimens collected on
alternate days (within 10 days) are adequate to make
the diagnosis of intestinal parasitic diseases (except for
intestinal amoebiasis, for which six specimens may be
recommended)

%+ When to examine: Liquid stool specimens should be

examined within 30 minutes, semisolid stools within
1hr (as on storage, trophozoites may disintegrate or
become non-motile) and formed stools up to 24 hours
after collection

< For monitoring response to therapy: Repeat stool

examination can be done 3 to 4 weeks after the therapy
for intestinal protozoan infection, and 5-6 weeks for
Taenia infection

% If delay in transport: Fecal specimens should be kept

at room temperature; preservatives (e.g. 10% formalin)
can be used to maintain the morphology of the parasitic
cysts and eggs

% Specimens other than stool:

® Perianal Swabs (cellophane tape or NIH swab): Useful
for detecting eggs of Enterobius vermicularis deposited
on the surface of perianal skin. It is also used for eggs
of Schistosoma mansoni and Taenia species

® Duodenal Contents: It is very useful for the detection
of small intestine parasites like, Giardia intestinalis
and larva of Strongyloides stercoralis. Duodenal fluid
can be collected by endoscopy or by Entero-test.

Macroscopic Examination

Macroscopic examination of stool may provide clue about
various parasitic infections.
% Mucoid bloody stool: Found in acute amoebic dysentery,

intestinal schistosomiasis, and invasive balantidiasis

Fig. 5.1: Sample container for stool.

% Color: Dark red stool indicates upper gastrointestinal
tract (GIT) bleeding and a bright red stool is suggestive
of bleeding from lower GIT

< Frothy pale offensive stool (containing fat) is usually
found in giardiasis.

Stool Consistency

In liquid stool, trophozoites are usually found; whereas in

semi-formed stool both trophozoites and cysts are found

and the cysts are mainly found in formed specimens (Fig.

5.2). Exceptions to this general statement include:

% Coccidian oocysts, microsporidian spores, helminths
eggs that can be found in any type of fecal specimen

+ In cryptosporidiosis, oocysts load is higher in liquid stool

% Tapeworm proglottids and adult worms of Enterobius
and Ascaris are occasionally found in the stool.

Microscopic Examination

Microscopic examination includes direct wet mount
examination and permanent staining methods.

Direct Wet Mount (Saline and lodine Mount)

Drops of saline and Lugol’s iodine are placed on left and

right halves of the slide respectively (Fig. 5.3).

% A small amount of feces (~2 mg) is mixed with a stick
to form a uniform smooth suspension. If more or less
fecal material has been taken for the stool wet mount,
the chance of finding stool parasites decreases

Farmsd ! [}
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YR Traphozoites

Fig. 5.2: Relative frequency of trophozoites and cysts in stool
specimens with various consistencies.

Fig. 5.3: Saline and iodine wet mount.

Source: Department of Microbiology, JIPMER, Puducherry (with permission).
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Fig. 5.4: Method of screening of slide during wet mount
examination of stool.

% Cover slip is placed on the mount and examined under
low power objective (10X) for detection of helminths eggs
and larvae; followed by high power objective (40X) for
protozoan cysts and trophozoites

< Screening area: The entire coverslip preparation should
be examined in a zigzag fashion, first under low power
and then under high power objective, before reporting
a negative result (Fig. 5.4)

< Motility: If a finding is suspected to be a trophozoite,
then examination for at least 15 seconds should be
allowed to detect motility. Motility can be stimulated
by—application of heat by placing a hot penny on the
edge of a slide or tapping on the coverslip or increasing
the intensity of the light source.

The following are the structures that can be visualized
by microscopic examination of stool specimen, which may
be confused with various protozoan trophozoites, cysts or
helminthic eggs and larvae (Fig. 5.5).

“ Normal constituents: These include plant fiber, starch
cells (stains blue-black with iodine), muscle fibers,
animal hair, pollen grains, yeast cells, bacteria, epithelial
cells, fat globules, and air bubbles, etc.

Figs 5.5A to Y: Normal constituents and artifacts found in the stool in wet mount examination: A and B. Yeast cell resembling: (A)
Giardia cyst; (B) Cryptosporidium oocyst; C to E. Fungal spore resembling: (C) Cyst of Entamoeba; (D and E) Cystoisospora oocyst; F
to K. Pollen grain resembling: (F) Blastocystis (Trichrome staining); (G) Blastocystis (saline mount); (H) Protozoan trophozoite; (I)
Ascaris egg; (J) Clonorchis egg; (K) Taenia egg; L and M. Plant cell resembling: (L) Helminth eggs; (M) Hookworm egg; N. Plant hair
resembling Strongyloides larva; O. Diatoms; P. Mite egg resembling hookworm egg; Q to S. Crystals: (Q and R) Pineapple juice crystals
and kiwi crystals; (S) Charcot-Leyden crystals; T to W. Human cells resembling trophozoites: (T) White blood cells; (U) Macrophages;

(V and W) Epithelial cell; X. Air bubbles; Y. Fat globules.

Source: Ato E, | to V. DPDx Image Library, Centers for Disease Control and Prevention (CDC), Atlanta; F to H, W. Swierczynski G, Milanesi B. Atlas of Human Intestinal
Protozoa Microscopic Diagnosis; X and Y. Department of Microbiology, JIPMER, Puducherry (with permission).
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< Cellular elements: Like pus cells (in inflammatory diar-
rhea), red blood cells (RBC) (in dysentery) may be present

< Charcot-Leyden crystals (diamond-shaped): They are
the breakdown products of eosinophils and may be seen
in the stool or sputum of patients with parasitic diseases
such as amoebic dysentery, ascariasis, and allergic
diseases like bronchial asthma (sputum).

Saline Mount

Saline mount is useful in the detection of trophozoites and

cysts of protozoan parasites, and eggs and larvae of hel-

minths. It has the following advantages than iodine mount.

% Motility of trophozoites and larvae in acute infection can
be demonstrated

+ Bile staining property can be appreciated—bile stained
eggs appear golden brown and non-bile stained eggs
appear colorless

% In stool specimen with preservatives, directly the wet
mount can be prepared without using saline.

lodine Mount

% Advantages: Nuclear details of protozoan cysts, helmin-
thic eggs and larvae are better visualized, compared to
saline mount

% Disadvantages: (i) Iodine immobilizes and kills the para-
sites, hence motility of the trophozoites and helminthic
larvae cannot be appreciated, (ii) Bile staining property
cannot be appreciated.

Non-bile Stained Eggs

Eggs of most of the intestinal parasites when they pass through
intestine are stained by bile. The exceptions being Enterobius,
hookworm and Hymenolepis nana; these eggs are non-bile
stained.

Permanent Stained Smear

Permanent stained smears are required for accurate

detection of protozoan cysts and trophozoites by staining

their internal structures. Commonly used methods are:

% Iron-hematoxylin stain

% Trichrome stain

% Modified acid-fast stain—this is useful for coccidian
parasites such as Cryptosporidium, Cyclospora and
Cystoisospora.

Concentration Techniques

If the parasite output is low in feces (egg, cysts, trophozoites
and larvae) and direct examination may not be able
to detect the parasites, then the stool specimens need
to be concentrated. These methods are also useful in
epidemiological analysis and for assessing the treatment
response. The eggs, cysts and larvae are recovered after
concentration procedures; however, the trophozoites get
destroyed.
Commonly used concentration techniques are:
% Sedimentation techniques: The eggs and cysts settle
down at the bottom of the tube because they have

greater density than the suspending medium following

centrifugation. Example includes formalin-ether

concentration technique

= The sensitivity of detecting ova or cysts increases by
8-10 folds

= The size and shape of the parasitic structures are
maintained.

» Flotation techniques: It involves suspending the
specimen in a medium (e.g. saturated salt solution)
of greater density, so that the helminthic eggs and
protozoan cysts float on the surface of the solution. The
disadvantage is, it cannot be used for concentration of the
parasites that do not float in saturated salt solution such
as—unfertilized eggs of Ascaris, larva of Strongyloides,
Taenia eggs and operculated eggs of trematodes.

Other flotation methods are:
= Zinc sulphate flotation concentration technique
m Sheather’s sugar flotation technique (useful for
Cryptosporidium, Cystoisospora and Cyclospora)
Various morphological forms of parasites seen in stool
specimens are enlisted in Table 5.4.

0

Egg Counting (Egg Quantification) Methods

The intensity of intestinal helminthic infection (especially
Trichuris, Ascaris and hookworm) can be estimated by egg
counting in feces; which can be perfomed by various egg
counting methods:

% Direct smear counting method of Beaver

% Kato-Katz thick film method

% Stoll's method or dilution egg counting method

Examination of Blood

Blood examination is useful in the diagnosis of infection
caused by blood parasites like Plasmodium, Trypanosoma,
Leishmania, Babesia, Wuchereria bancrofti, Brugia malayi,
Loa loa and Mansonella.

Table 5.4: Morphological forms of parasites seen in stool
specimens.

Morphological form

Trophozoite and cyst Entamoeba histolytica

Giardia lamblia

Ascaris lumbricoides
Enterobius vermicularis

Adult worm

Adult worm segments Taenia species

Diphyllobothrium latum

Diphyllobothrium latum
Taenia species
Hymenolepis nana
Schistosoma species
Fasciola hepatica
Fasciolopsis buski
Ascaris lumbricoides
Hookworm

Enterobius vermicularis
Trichuris trichiura

Egg

Larva Strongyloides stercoralis
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Various methods of examination of blood include:

1. Direct wet mount examination: It is useful for detection
of malaria parasites and microfilariae in lymphatic
filariasis

2. Examination of blood smears: Thin smear and thick
smears are examined after staining with various
Romanowsky stains such as Leishman'’s stain, Giemsa
stain, Field’s stain and Jaswant Singh and Bhattacharjee
(JSB) stain. This is the most common method of
microscopic examination of peripheral blood, useful for
most of the blood parasites

3. Quantitative buffy coat (QBC): This involves collection
of the blood in a capillary tube coated internally
with acridine orange stain, centrifugation and then
examination of the buffy coat region under fluorescence
microscopy. This is extremely useful for the detection of
the malaria parasites and microfilariae

4. Concentration of blood: This is useful for detection of
microfilariae from the blood specimen.

Various concentration methods are:

m Sedimentation technique

m Cytocentrifugation (cytospin)
= Knott concentration

m Gradient centrifugation

® Membrane filtration.

Microscopic Examination of Other Specimens

Microscopic examination of various specimens (other
than stool) can also be performed to demonstrate different
morphological forms of the parasites (Table 5.5).

Immunodiagnostic Methods

Immunodiagnostic methods involve detection of parasite

specific antibodies in serum, and detection of circulating

parasitic antigen in the serum. These methods are useful

when:

% Parasites are detected only during the early stages of the
disease

% Parasites occur in very small numbers

+ Parasites reside in the internal organs and morphological
identification is not possible

% When other techniques like culture are time consuming.

Antibody Detection Tests

Antibodies are detected in various parasitic infections;

mainly from serum, sometime from other specimens such

as CSF (neurocysticercosis) or pleural fluid (paragonimi-

asis). The parasitic diseases where antibody detection

methods are useful are:

< Amoebic liver abscess: ELISA, detecting antibodies in
serum against 170 kDa of lectin antigen

% Visceral leishmaniasis: Detecting antibodies in
serum to rK-39 antigen by immunochromatographic
test (ICT)

< Toxoplasmosis: (i) Sabin-Feldman dye test—a
complement mediated neutralization test, which detects

Table 5.5: Various morphological forms of parasites seen in

different specimens other than stool.

Peripheral blood  Ring form, schizont, Plasmodium spp.

smear gametocyte
Amastigote Leishmania spp.
Trypomastigote Trypanosoma spp.

Microfilaria Filarial nematodes*
Bone marrow, Tachyzoite Toxoplasma gondii
liver, lymph node, - Amastigote Leishmania donovani
splenic aspirate
Liver aspirate Trophozoite Entamoeba histolytica
Lymph node Trypomastigote Trypanosoma spp.
aspirate
Lymph node Adult worm Wuchereria bancrofti
biopsy Brugia malayi
CSF Trophozoite Naegleria fowleri
Acanthamoeba spp.
Trypomastigote Trypanosoma spp.
Urine Trophozoite Trichomonas vaginalis
Microfilaria Wuchereria bancrofti
Egg Schistosoma
haematobium
Sputum Adult worm Paragonimus spp.
Egg Paragonimus spp.
Larva (migrating) Ascaris lumbricoides
Strongyloides spp.
Hookworm
Trophozoite Entamoeba histolytica
Duodenal Trophozoite Giardia lamblia
aspirate Larva Strongyloides stercoralis
Corneal scrapings Trophozoite Acanthamoeba spp.
Skin Amastigote Leishmania spp.
Microfilaria Onchocerca volvulus
Larva in skin ulcer Dracunculus medinensis

fluid

Muscle tissue Encysted larva Trichinella spiralis

Cysticercus cellulosae  Taenia solium
Egg

*Filarial nematodes found in the peripheral blood smears are Wuchereria
bancrofti, Brugia malayi, Loa loa, Mansonella spp.

Perianal area Enterobius spp.

antibodies, (ii) Detection of specific IgM or IgA or IgG
antibodies by ELISA

< Cysticercosis: (i) ELISA, detecting antibodies against
purified glycoprotein antigens, (ii) Western blot,
detecting antibodies against highly specific 50-13 kDa
lentil lectin-purified seven glycoprotein (LLGP) antigenic
fractions

< Hydatid disease: (i) ELISA, detecting antibodies against
B2t or 2B2t antigen, (ii) DIGFA (Dot immunogold
filtration assay)

< Lymphatic filariasis: (i) Flow-through assay, detecting
antibodies against recombinant filarial antigen
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(WbSXP-1), (ii) Brugia Rapid, detecting antibodies
against Recombinant B. malayi antigen (Bm-14).

Antigen Detection Tests

The antigen detection methods are available for various
parasitic diseases.
% Amoebiasis: ELISA, detecting 170 kDa of lectin antigen
in blood and stool
# Triage parasite panel: It is an ICT, that simultaneously
detects three antigens in stool:
® Giardia (alpha-1 giardin antigen)
m E. histolytica/E. dispar (29 kDa Ag)
m Cryptosporidium (isomerase Ag).
% Malaria: ICT format available detecting:
m Histidine rich protein-2 (Pf. HRP 2)— P. falciparum
specific
m Parasite lactate dehydrogenase (pLDH) and
aldolase—common to all species.
< Lymphatic filariasis: ELISA and ICT formats are
available detecting filarial antigens by using monoclonal
Ab against Og4C3 and AD12 antigens.

Molecular Methods

Molecular methods most frequently used in diagnostic

parasitology include:

+ Polymerase chain reaction (PCR) and real time PCR have
been developed for most of the parasitic infections

< LAMP assay: It has been developed for visceral
leishmaniasis and malaria

++ BioFire FilmArray: It is an automated multiplex nested
PCR. The gastrointestinal panel can simultaneously
detect 22 enteric pathogens, including 4 parasites—E.
histolytica, G. lamblia, Cryptosporidium, Cyclospora.

Other Diagnostic Modalities

% Culture techniques: The culture techniques have
been described for various parasites such as amoeba,
Trichomonas, malaria parasite, Leishmania and
nematode larvae. They are not routinely done in
diagnostic parasitology; but useful in research and
teaching purposes

< Imaging techniques: Being noninvasive methods,

imaging techniques such as the X-ray, ultrasound (USG),
computed tomography (CT) and magnetic resonance
imaging (MRI) are extensively used for various space
occupying parasitic infections such as amoebic liver
abscess, cysticercosis and hydatid disease

» Intradermal skin tests: Positive intra-dermal skin tests

are suggestive of past exposure. As they remain positive

for longer duration, they cannot differentiate between

old and recent infection

m Skin tests showing immediate hypersensitivity—
available for hydatid disease (Casoni’s test), filariasis,
schistosomiasis, ascariasis, strongyloidiasis and
trichinellosis (Bachman test)

0’0

m Skin tests showing delayed hypersensitivity—
available for leishmaniasis (Montenegro test),
trypanosomiasis and toxoplasmosis

* Xenodiagnostic technique: Here the arthropod
vectors are fed on infected patients; 2-4 weeks
following which the vectors are examined for presence
of parasites. This test is seldom used for the diagnosis
of Chagas’ disease

» Animal inoculation methods: Mainly useful for
research purpose; not routinely used in diagnosis of
parasitic infections. The animal models are specific for
different parasites; for example, mice for Toxoplasma,
and Trypanosoma, hamsters for Leishmania and rats for

Toxoplasma, Trypanosoma and Trichinella.

TREATMENT OF PARASITIC DISEASES

Treatment of parasitic diseases primarily is based on

chemotherapy and in some cases by surgery.

% Anti-parasitic drugs: Various chemotherapeutic agents
are used for the treatment and prophylaxis of parasitic
infections (Table 5.6)

% Surgical management: It is useful for the management
of parasitic diseases like cystic echinococcosis,
neurocysticercosis, etc.

OVERVIEW OF PARASITIC INFECTIONS

This division of the chapter gives an overview of various
parasites infecting man, which will help to understand the
parasitic infections that are discussed in detail under the
respective infective syndromes (Part-II) of this book.

PROTOZOAN INFECTIONS

The protozoa are though unicellular, they belong to
lower eukaryotes as they possess cellular organelles and
metabolic pathways, similar to that of eukaryotes.

% More than two lakhs protozoa are named, but only about
80 species belonging to nearly 30 genera infect human
beings, out of which majority are harmless

% Only few are considered as human pathogens such as
amoebae, flagellates (Giardia, Trichomonas, Leishmania
and Trypanosoma), Plasmodium, coccidian parasites
and others (Table 5.1).

Classification

Various classification schemes were used for protozoans.
% The traditional classification of Levine et al., (1980): It
was popular before, now not in use
% Molecular Classification (2000): This is the current
method followed to classify protozoa. It is based on
ribonucleic acid and protein sequences of the parasites
m Also called as Cavalier and Smith’s six kingdoms
classification, where all living creatures are classified
into six kingdoms
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Table 5.6: Anti-parasitic agents.

Entamoeba histolytica Metronidazole, tinidazole
Diloxanide furoate

Giardia species Metronidazole, tinidazole

Trichomonas Metronidazole, tinidazole
Trypanosoma cruzi Benznidazole, nifurtimox
Trypanosoma brucei Pentamidine, suramin

Leishmania donovani Amphotericin B, Antimonials

Paromomycin, Miltefosine

Plasmodium species Chloroquine, Quinine,
Artemisinin derivative
Primaquine, Mefloquine
Sulfadoxine-pyrimethamine

Lumefantrine

Cryptosporidium Nitazoxanide

Cyclospora Cotrimoxazole
Cystoisospora Cotrimoxazole
Toxoplasma Cotrimoxazole, spiramycin

Microsporidia Albendazole

Balantidium coli Tetracycline

Cestodes Praziquantel
Niclosamide, Albendazole
Trematodes Praziquantel

Triclabendazole for Fasciola hepatica

Mebendazole, albendazole
Pyrantel pamoate
Ivermectin (for Strongyloides)

Intestinal nematodes

Filarial nematodes Diethylcarbamazine (DEC)

Albendazole, lvermectin

®m Protozoans belong to Kingdom Protozoa, which
comprises of 11-13 phyla, of which six phyla contain
parasites that infect man (Table 5.7)

= Microsporidia, previously considered as protozoa are
now classified under the Kingdom Fungi.

Amoeba

Amoebae (meaning “change”) are a single-celled protozoa
that constantly change their shape; which is due to presence
of an organ of locomotion called as “pseudopodium”. They
comprise of intestinal amoebae and free-living amoebae.

Intestinal amoebae (Chapter 45)

Entamoeba histolytica is the most important pathogenic
intestinal amoeba. Most other species of Entamoeba are
harmless commensals in human intestine; e.g. Entamoeba
coli.

Entamoeba histolytica

E. histolytica is worldwide in distribution, but more

common in tropical and subtropical countries.

< Morphological forms: E. histolytica has three stages—
(1) trophozoite, (2) precyst and (3) cyst

% Life cycle: Man is the only host. Infection is transmitted
by ingestion of contaminated food or water containing
the infective form; mature quadrinucleated cysts. Cysts
develop into trophozoites which are the pathogenic form;
invade the intestinal mucosa. Trophozoites transform
back into cysts in the large intestine and are liberated
in feces

% Clinical manifestations: Majority of the infected
patients are asymptomatic carriers. In few cases, they
produce amoebic dysentery; which may further lead to
extraintestinal invasion of trophozoites into liver leading
to amoebic liver abscess

Table 5.7: Molecular classification of protozoans (2000).

Protozoa  Archezoa Metamonada Trepomonadea
(|nt¢?st|nal and Retortamonadea
genital flagellates)

Trichomonadea
Neozoa Amoebozoa Archamoebea
(amoebae) Amoebaea
Percolozoa Heterolobosea

(flagellated amoeba)

Euglenozoa (blood
and tissue flagellates)

Kinetoplastidea

Apicomplexa Coccidea
(sporozoan parasites)
Ciliophora (ciliates) Litostomatea

Diplomonadida Giardia, Enteromonas

Retortamonadida  Retortamonas, Chilomastix

Trichomonadida Trichomonas, Pentatrichomonas, Dientamoeba

Euamoebida Entamoeba, Endolimax, lodamoeba
Acanthopodida Acanthamoeba, Balamuthia
Schizopyrenida Naegleria
Trypanosomatida  Leishmania

Trypanosoma

Eimeriida Eimeria, Toxoplasma, Cryptosporidium

Cyclospora, Cystoisospora, Sarcocystis

Haemosporida Plasmodium
Piroplasmida Babesia
Trichostomatia Balantidium

Adapted from: Topley and Wilson’s Microbiology and Microbial Infections, 10th edition and Patrick Murray’s Manual of Clinical Microbiology, 11th Edition, ASM Press.
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< Laboratory diagnosis: Amoebic dysentery can
be diagnosed by stool microscopy demonstrating
characteristic cysts and trophozoites. Amoebic liver
abscess can be diagnosed by antibody detection or
molecular diagnosis by PCR

% Treatment: Metronidazole is the drug of choice for both
intestinal and extraintestinal amoebiasis.

Free-living amoebae (Chapter 75)

Free-living amoebae are small, freely living, widely

distributed in soil and water and can cause opportunistic

infections in humans. Important human pathogenic free-
living amoebae are:

% Naegleria fowleri: It is the causative agent of primary
amoebic meningoencephalitis (PAM)

% Acanthamoeba species: It causes granulomatous
amoebic encephalitis (GAE) and amoebic keratitis in
contact lens wearers

% Balamuthia species: It also causes GAE.

Flagellates

This group of parasites bear flagella as the organ of
locomotion. Flagella are slender, long and thread-like
extension of cytoplasm. Its intracellular portion is called
as axoneme. Flagella arise from kinetoplast (made up of
copies of mitochondrial DNA).

Intestinal Flagellates (Chapter 45)

Giardia lamblia is a flagellated parasite that harbors in
duodenum and jejunum. It is worldwide in distribution,
considered as one of the most common parasite causing
intestinal disease and diarrhea. It causes malabsorption
of fats and frothy diarrhea in children. Diagnosis includes
detection of oval shaped cysts and pear shaped motile
trophozoites in stool microscopy. Metronidazole is the
drug of choice.

Dientamoeba fragilisis an intestinal flagellate, differs from
others as it bears internal flagellum (therefore considered as
ameobo-flagellate). Itis a harmless commensal, occasionally
has been reported in association with mucous diarrhea

Genital Flagellates: Trichomonas vaginalis (Chapter 77)

Trichomonas vaginalis is the most common parasitic
cause of sexually transmitted infection (STI). It produces
vulvovaginitis; characterized by thin profuse foul smelling
purulent vaginal discharge, strawberry appearance of
vaginal mucosa and vaginal pH >4.5. Laboratory diagnosis
includes detection of jerky motile pear shaped trophozoites
in saline wet mount examination of freshly collected
specimens such as vaginal secretions and urethral
discharge. Metronidazole is the preferred agent of choice.
Both the sexual partners must be treated simultaneously.

Hemoflagellates (Chapter 36)

Flagellated protozoa that are found in peripheral blood
circulation include Leishmania and Trypanosoma (Fig. 5.6).
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Fig. 5.6: Hemoflagellate (schematic diagram).

Leishmania (Chapter 36)

Leishmania donovani causes visceral leishmaniasis or

kala-azar. It is transmitted by sand fly.

% Clinical manifestations: Kala-azar is characterized
by pentad of fever, hepatosplenomegaly, weight loss,
and hypergammaglobulinemia and pancytopenia.
Hyperpigmentation may be seen in Indian cases

% Laboratory diagnosis includes demonstration of
Leishman Donovan (LD) bodies in the stained specimens
such as splenic and bone marrow aspirate, detection
antibodies against rk39 antigen by ICT

% Treatment: Liposomal amphotericin B and pentavalent
antimonials are the agents given for kala-azar.

Other human pathogenic species of Leishmania can

cause old world cutaneous leishmaniasis and new world

leishmaniasis (Chapter 57).

Trypanosoma (Chapter 36)

There are two medically important Trypanosoma species

infecting humans. Both are not found in India.

% Trypanosoma cruzi is the agent of Chagas’ disease;
a disease prevalent in South America, transmitted by
reduviid bug

% Trypanosoma brucei is the agent of African sleeping
sickness; transmitted by tsetse fly.

Malaria Parasite (Chapter 35)

Malaria is the most lethal parasitic disease of humans—

caused by different species of Plasmodium; such as P.

falciparum (the most common and most lethal species

worldwide), P. vivax, P. ovale, and P. malariae.
% Life cycle: Humans are the intermediate host and female
Anopheles mosquitoes are the definitive host. Man gets
infection by the bite of the vector, transmitting the
sporozoites (infective form)
% Clinical manifestations: Comprise of benign malaria
and malignant tertian malaria
® Benign malaria is milder in nature, can be caused
by all species. It is characterized by a triad of febrile
paroxysm, anemia and splenomegaly. The febrile
paroxysms are intermittent and depending on the
infecting species every fourth day (72 hour cycle for
P. malariae) and every third day (48 hour cycle for
other three species)

® Malignanttertianmalariais caused exclusively by P.
Jalciparum, characterized by various complications,
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such as cerebral malaria, black water fever, pernicious
malaria, etc.

% Laboratory diagnosis includes detection of various
parasitic forms (ring forms, schizonts and gametocytes)
in peripheral blood smear examination, quantitative
buffy coat examination (QBC) and detection of malaria
parasite antigens by ICT

< Treatment: Chloroquine is given for vivax malaria;
whereas falciparum malaria is treated with artemisinin,
lumefantrine or sulfadoxine/pyrimethamine.
Primaquine is given for prevention of relapse of malaria.

Opportunistic Coccidian Parasites

Opportunistic coccidian parasites include Toxoplasma,
Cryptosporidium, Cyclospora, and Cystoisospora; all
can cause opportunistic infections in HIV (human
immunodeficiency virus) infected patients

Toxoplasma (Chapter 75)

Toxoplasma gondiiis an obligate intracellular parasite that
causes opportunistic infections in immunocompromised
persons and congenital infection in fetus.

% Life cycle: Definitive hosts are cat and other felines;
whereas man acts as intermediate host. Man gets
infection by ingestion of tissue cysts from uncooked meat
(common route), or ingestion of sporulated oocysts from
contaminated food or water, or by blood transfusion or
transplacental route

% Clinical manifestation: In immunocompetent host,
it causes lymphadenopathy; whereas, in immuno-
compromised host, it can cause encephalitis. Intrauterine
infection can lead to congenital toxoplasmosis in fetus

<+ Laboratory diagnosis includes detection of tachyzoites
in blood and tissue cysts in tissue biopsy. Specific
antibodies can be detected by various methods, such as
Sabin-Feldman dye test and ELISA

< Treatment: Pyrimethamine plus sulfadiazine (immuno-
competent patients) or co-trimoxazole (AIDS patients)
or spiramycin (in pregnancy) are used for treatment of
toxoplasmosis.

Other Coccidian Parasites (Chapter 45)

Other coccidian parasites such as Cryptosporidium,
Cyclospora, and Cystoisospora can cause opportunistic
infections in HIV infected patients producing profuse
watery diarrhea. They can be diagnosed by detection of
acid fast oocysts in stool microscopy.

HELMINTHIC INFECTIONS

Helminths are elongated flat or round worm-like parasites
measuring few millimeters to meters. They are eukaryotic
multicellular and bilaterally symmetrical. They belong to
two phyla:
1. Platyhelminths (flat worms)— include cestodes
(tapeworms) and trematodes (flukes)
2. Nemathelminths— include intestinal and tissues
nematodes.
In general, helminths exist in three morphological
forms—(1) adult form (or the worm), (2) larvae and (3) eggs.
Differences between cestodes, trematodes and
nematodes have been depicted in Table 5.8 and classification
of helminths based on habitat is given in Table 5.9.

Cestodes (Chapter 46)

Cestodes are long, segmented, flattened dorsoventrally,
tape like worms hence also called as tapeworms. Medically
important cestodes are grouped into intestinal and tissue/
somatic cestodes (Table 5.9).

Diphyllobothrium latum (Chapter 46)

Diphyllobothrium latum is the longest tapeworm infecting
man.

Table 5.8: Differences between cestodes, trematodes and nematodes (Refer Table 5.9 for examples).

Shape Tape-like and segmented Leaf-like and unsegmented Elongated, cylindrical and unsegmented
Head end Suckers present, some have attached Suckers 