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PREFACE

Integrated Clinical Pathology and Systemic Disorders has been
carefully developed to provide students, researchers, educators,
and healthcare professionals with a comprehensive understanding
of the pathological basis of human diseases and their systemic
manifestations. The field of clinical pathology continues to evolve
rapidly with advancements in diagnostic technologies, molecular
biology, and interdisciplinary healthcare practices. This book aims
to bridge foundational pathology concepts with practical clinical
applications, enabling readers to understand disease mechanisms

and their impact on different organ systems.

The chapters included in this volume present a structured
exploration of major pathological conditions affecting the human
body. Special emphasis has been placed on integrating theoretical
knowledge with clinical relevance to support academic learning
and professional practice. The contributors have combined scientific
accuracy with accessible explanations to make complex
pathological concepts easier to understand for undergraduate and
postgraduate learners in medicine, allied health sciences,

biotechnology, nursing, pharmacy, and biomedical disciplines.

The chapter titled “Introduction to Disease Mechanisms” introduces
the fundamental principles underlying the development and
progression of diseases. It provides insight into cellular injury,
inflammation, immune responses, and pathological alterations that
serve as the basis for systemic disorders. The chapter on “Cardiac
and Endocrine Disorders” examines important cardiovascular and

hormonal abnormalities, highlighting their clinical features,
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diagnostic approaches, and pathological implications. “Nutritional
and Metabolic Disorders” discusses the role of nutrition, metabolic
imbalance, and biochemical dysfunction in disease progression,
emphasizing the growing significance of lifestyle-related disorders in
modern healthcare. The final chapter, “Infectious and Parasitic
Diseases,” explores microbial and parasitic infections, their
mechanisms of transmission, pathogenesis, and clinical
management, reflecting the continuing global importance of

infectious diseases.

This book also recognizes the importance of multidisciplinary
collaboration in healthcare education and research. The
contributions of the authors reflect diverse academic expertise and
collective efforts to present updated scientific knowledge in a
coherent and meaningful manner. Each chapter has been designed
to encourage critical thinking, analytical understanding, and clinical

interpretation among readers.

The editors sincerely appreciate the dedication and scholarly
contributions of all authors, reviewers, and academic supporters
who helped shape this volume. Gratitude is also extended to
institutions and research communities that continue to encourage

innovation and excellence in pathology and healthcare sciences.

Itis hoped that Integrated Clinical Pathology and Systemic Disorders
will serve as a valuable academic resource and reference guide for
learners and professionals seeking a deeper understanding of
disease pathology and systemic disorders in contemporary medical

science.

We extend our sincere thanks to our publisher, Scientific Research

Reports, Chennai, India, for their dedicated efforts in preparing this
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book and for ensuring the inclusion of enriched and high-quality

technical content.

Wishes and" Ryam&,

Dr. BHUVANA R

Assistant Professor, Department of Biomedical Engineering
GKM College of Engineering and Technology

Chennai, India.

Dr. A. SHEELA DEVI

Professor, Department of Biotechnology

Karpaga Vinayaga College of Engineering and Technology
Madhuranthagam, Tamil Nadu, India.

Dr. R. DHANASEKARAN

Assistant Professor of Paediatrics
Madras Medical College, Chennai
Tamil Nadu, India.
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Chapter 4

Infectious and Parasitic Diseases

Ashmita G.R.!, Ashwini.V?, Rexiline Reshma.A', Elakkiya.M?3

1Assistant Professor, Department of Cardiac Care Technology, Vels
Institute of Science, Technology & Advanced Studies, Chennai,
ashmithagr.ahs@uistas.ac.in

2Assistant Professor, Department of Operation Theatre and
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3Assistant Professor, Department of Physician Assistant, Vels Institute
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1.Introduction

Infectious and parasitic diseases form a major group of human
disorders caused by a wide variety of pathogenic organisms. These
include bacteria, viruses, fungi, protozoa, helminths, and
ectoparasites, each capable of invading the human body and
producing tissue injury. The ability of these agents to cause disease
depends on several factors, such as their virulence, the size of the
infecting dose, route of entry, and the competence of host defense
mechanisms. Once inside the host, microorganisms may produce
damage through direct destruction of cells, release of toxins, or
induction of harmful immune responses. The resulting tissue
reactions may take the form of acute suppurative inflammation,
chronic inflammation, or granulomatous responses, depending on
the type of pathogen involved. Parasitic infections, caused by
protozoa and helminths, often lead to chronic diseases, characterized
by eosinophilia, granuloma formation, nutritional deprivation, or

mechanical effects such as obstruction. Ectoparasites, living on the
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surface of the host, may cause local irritation or act as vectors for

other infectious agents.
2.Chain in Transmission of Infectious Diseases

The chain of transmission refers to the sequence of events that allows
an infectious agent to spread from one host to another. For an
infection to occur and continue in a population, each link in this
chain must remain intact. Breaking any link effectively prevents

transmission. The chain consists of the following components:
2.1 Infectious Agent

The microorganism capable of causing disease (e.g., bacteria, viruses,
fungi, protozoa, helminths). Its ability to cause infection depends on

its virulence, infectivity, and pathogenicity.
2.2 Reservoir

The natural habitat where the pathogen normally lives, grows, and

multiplies. Reservoirs may be:

¢ Human (symptomatic, asymptomatic carriers)
e Animal (zoonotic reservoirs)

e Environmental (soil, water)
2.3 Portal of Exit

The route through which the infectious agent leaves the reservoir.

Common portals include:

e Respiratory secretions

e Blood

e Feces

e Urine

e Skin lesions

e Reproductive tract secretions
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2.4 Mode of Transmission
The mechanism by which the pathogen is transferred to a new host.
It may be:

e Direct transmission: person-to-person contact, droplets

e Indirect transmission: contaminated objects (fomites), food,

water
e Vector-borne transmission: insects like mosquitoes, ticks, fleas

e Airborne transmission: suspended particles or aerosol
2.5 Portal of Entry

The site through which the pathogen enters a new host, often similar

to portals of exit:

e Respiratory tract

e Gastrointestinal tract
e Broken skin

e Genitourinary tract

e Mucous membranes

2.6 Susceptible Host
A person who lacks effective immunity or resistance to the infectious
agent. Susceptibility increases with:

e Weak immunity

e Chronic illness

e Malnutrition

e Extremes of age

e Lack of vaccination
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3. Methods of Identification

Accurate identification of infectious agents is fundamental to
diagnosing, treating, and controlling infectious and parasitic
diseases. A wide range of laboratory techniques are used to detect
microorganisms in clinical specimens. These methods rely on visual,
biochemical, immunological, and molecular approaches. The major

methods are described below in detail:
3.1 Microscopic Examination

Microscopy is the earliest and often the first step in identifying
infectious agents. It allows direct visualization of organisms and helps

assess morphological features.
3.1.1 Light Microscopy
Used for routine examination of smears, tissue sections, and body

fluids. Key Stains

e Gram stain: Differentiates gram-positive and gram-negative

bacteria based on cell wall properties.

e Ziehl-Neelsen (AFB) stain: Detects acid-fast organisms such as

Mycobacterium tuberculosis and Mycobacterium leprae.

e Giemsa stain: Effective for parasites (e.g., malaria), some

bacteria, and inclusion bodies.

e PAS (Periodic Acid-Schiff) stain: Helps identify fungi and

organisms containing polysaccharides.

e Silver stains (GMS): Demonstrates fungal organisms like

Pneumocystis, Histoplasma.
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e Mucicarmine stain: Useful for Cryptococcus neoformans (capsule

staining).
3.1.2 Dark-Field Microscopy
Used primarily for spirochaetes, especially Treponema pallidum.
3.1.3 Fluorescence Microscopy

Employs fluorochrome-labeled dyes to detect bacteria, viruses, fungi,
and parasites. Examples: Auramine-rhodamine stain for

mycobacteria, immunofluorescence for viral antigens.
3.1.4 Electron Microscopy

Provides ultrastructural details; mainly used for certain viral particles

that cannot be visualized by light microscopy.
3.2 Culture Techniques

Culturing organisms helps in isolation, identification, and

antibiotic susceptibility testing.

3.2.1 Bacterial Culture

e Solid media (e.g., nutrient agar, blood agar): Colony morphology,

hemolysis patterns, pigment production.

o Selective media (e.g., MacConkey agar): Helps isolate specific

groups such as enteric bacteria.

e Anaerobic culture: For organisms requiring oxygen-free

environments.

3.2.2 Fungal Culture

e Sabouraud dextrose agar is commonly used.
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e Growth characteristics help differentiate yeasts and molds.

3.2.3 Viral Culture

e Performed in cell lines or embryonated eggs, since viruses require
living cells to replicate.

e Cytopathic effects (CPE) aid identification.

3.2.4 Parasitic Culture
e Limited to certain parasites.
e Used for organisms such as Leishmania or Entamoeba histolytica

in specialized media.

Culture is considered a gold standard for many infections but may

require time and specific growth conditions.
3.3 Serological (Immunological) Tests

Serology detects antibodies (host response) or antigens (microbial

components) in clinical samples.

3.3.1 Antibody Detection

e Agglutination tests

e ELISA (Enzyme-linked Immunosorbent Assay)
e Indirect immunofluorescence

e Complement fixation tests

3.3.2 Antigen Detection

Rapid tests for:

e Viral infections (e.g., influenza, RSV)

e Parasitic diseases (e.g., malaria rapid tests)
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e Bacterial antigens (e.g., pneumococcal antigen in CSF)
Advantages: quick, simple, and highly specific.

3.4 MolecularDiagnostic Methods

Modern, advanced techniques for identifying microbial nucleic acids.
3.4.1 Polymerase Chain Reaction (PCR)

e Detects minute quantities of DNA or RNA

e Useful for early diagnosis when culture is difficult

e Used in tuberculosis, viral infections (HIV, hepatitis), and

parasitic diseases
3.4.2 Real-Time PCR
e Quantifies pathogen load (e.g., viral load in HIV)
3.4.3 Nucleic Acid Probes
e Hybridize with specific microbial genetic sequences
e Provide high specificity
3.4.4 Gene Sequencing
e Used in epidemiological tracing
e Identification of novel pathogens
e Detection of drug-resistance genes
Molecular methods offer rapid, accurate, and sensitive detection.
3.5 Immunohistochemistry (IHC)

Uses labeled antibodies to detect specific microbial antigens in

tissue sections. Helpful for:
e Viral inclusions
e Fungal organisms in tissues
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e Difficult-to-culture bacteria

e Confirming organisms seen on routine stains

It bridges morphology with immunology for precise identification.
3.6 Antimicrobial Susceptibility Testing

Determines which antimicrobial agents are effective against isolated

organisms. Methods include:
o Disk diffusion (Kirby-Bauer)
e MIC (Minimum Inhibitory Concentration)

e Automated systems (e.g., VITEK)

Essential for guiding appropriate therapy, especially in antibiotic

resistance

3.7 Parasitological Identification Methods

3.7.1 Direct Smear Examination

e Detection of motile trophozoites in stool

e Thick and thin blood smears for malaria

3.7.2 Concentration Methods

Increase detection in stool samples (e.g., flotation, sedimentation).
3.7.3 Egg and Larval Identification

Used for helminths based on characteristic morphology.
3.7.4 Imaging Techniques

Helpful in parasitic cysts (e.g., hydatid cysts, cysticercosis).

Helpful in parasitic cysts (e.g., hydatid cysts, cysticercosis).
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4. Diseases Caused by Bacteria, Spirochaetes and Mycobacteria

Bacteria, spirochaetes, and mycobacteria constitute major groups of
pathogenic microorganisms responsible for a wide variety of human
infectious diseases. These organisms differ in their morphology,
staining properties, modes of transmission, and the nature of the
tissue reactions they produce. The diseases caused by them range
from mild, localized infections to severe, life-threatening systemic

illnesses.
4.1 Bacterial Diseases

Bacteria are unicellular prokaryotes that may cause disease by
invading tissues, producing toxins, or triggering intense
inflammatory responses. They commonly produce acute suppurative
(neutrophilic) inflammation, but may also induce chronic

inflammation in some conditions.
Important Bacterial Diseases

4.1.1 Enteric Infections

o Typhoid (Enteric Fever) — Salmonella typhi

Systemic disease with ulceration of Peyer’s patches, rose

spots, hepatosplenomegaly, and typhoid nodules.

e Cholera — Vibrio cholerae

Profuse rice-water diarrhea leading to severe dehydration;

toxin-mediated.

o Shigellosis — Shigella dysenteriae and others

Bloody diarrhea with mucosal ulceration and

inflammation of the colon.
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4.1.2 Respiratory Infections
Lobar Pneumonia — Streptococcus pneumoniae

Characterized by classical four stages: congestion, red hepatization,

gray hepatization, and resolution.
Bronchopneumonia — Staphylococci, Streptococci, H. influenzae

Patchy consolidation around bronchioles; common in extremes of

age.
4.1.3 Organ-Specific and Systemic Infections
e Diphtheria — Corynebacterium diphtheriae

Formation of a pseudomembrane in the throat; toxin causes

myocarditis and neuropathy.

e Whooping Cough (Pertussis) — Bordetella pertussis

Severe paroxysmal cough; lymphocytosis; airway epithelial necrosis.
e Gonorrhoea — Neisseria gonorrhoeae

Purulent urethritis, pelvic inflammatory disease, neonatal

conjunctivitis.

e Brucellosis — Brucella spp.

Zoonotic infection with undulating fever, hepatosplenomegaly,

granulomas.

4.1.4 Clostridial Diseases

e Gas Gangrene — Clostridium perfringens

Rapid tissue destruction with gas formation; foul-smelling discharge.

e Tetanus — Clostridium tetani

Spastic paralysis due to tetanospasmin toxin.
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e Botulism — Clostridium botulinum

Flaccid paralysis from neurotoxin blocking acetylcholine release.

e Clostridial Food Poisoning / Enterocolitis
Severe diarrheal illnesses due to enterotoxins.
5. Diseases Caused by Spirochaetes

Spirochaetes are thin, flexible, spiral-shaped bacteria with unique
motility. They are not easily seen on routine stains and often require

dark-field microscopy or silver staining for identification.
Major Spirochaetal Diseases

5.1 Syphilis — Treponema pallidum

A chronic systemic infection presenting in three stages:

e Primary syphilis:

Painless chancre at site of inoculation.

e Secondary syphilis:

Rash, mucocutaneous Ilesions, condyloma lata, generalized
lymphadenopathy.

o Tertiary syphilis:

Gummas, aortitis, neurosyphilis.

5.2 Leptospirosis — Leptospira interrogans

Zoonotic infection transmitted through contaminated water.

Causes fever, jaundice, renal involvement ("Weil disease"), and

hemorrhages.
5.3 Lyme Disease — Borrelia burgdorferi
Tick-borne infection.
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Presents with erythema migrans, arthritis, cardiac involvement, and

neurological manifestations.
6. Diseases Caused By Mycobacteria

Mycobacteria are acid-fast bacilli (AFB) due to high lipid content in
their cell walls. They commonly cause chronic granulomatous

inflammation.

6.1 Tuberculosis — Mycobacterium tuberculosis

A major global health problem with distinctive pathology.
Forms:

Primary Tuberculosis

Ghon focus + lymph node involvement (Ghon complex)

Caseating granulomas

Secondary (Post-primary) Tuberculosis

Apical lesions

Cavitation

e Hematogenous spread (miliary TB)
6.2 Leprosy — Mycobacterium leprae

A chronic infection primarily involving skin, peripheral nerves, and

mucosa.
Two Polar Forms:

Tuberculoid Leprosy
e Strong cell-mediated immunity

o Few lesions, well-formed granulomas
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e Sensory loss in affected areas

Lepromatous Leprosy
e Poor immunity
e Numerous lesions

o Foamy macrophages filled with bacilli (globi)

6.3 Atypical / Non-tuberculous Mycobacterial Infections
e Include M. avium, M. kansasii, M. marinum, etc.
e Often occur in immunocompromised individuals.

e Cause lung disease, lymphadenitis, or disseminated infections
7.Plague

Plague is an acute, highly infectious zoonotic disease caused by
Yersinia pestis, a gram-negative, bipolar-staining bacillus. It is
primarily a disease of rodents, transmitted to humans through the
bite of infected fleas, especially Xenopsylla cheopis. The organism
multiplies within the flea and is introduced into human skin during
feeding. Plague is characterized by sudden onset, high fever, severe
toxaemia, and rapid progression, often leading to life-threatening
complications if untreated. After entering the body, Y. pestis
proliferates in macrophages and spreads to regional lymph nodes,
producing marked lymphadenitis and necrosis. Depending on the
route of infection and the extent of spread, the disease manifests in
several forms—bubonic, pneumonic, septicaemic, and typhoidal
plague. Bubonic plague presents with painful, swollen lymph nodes
(buboes), while pneumonic plague causes severe, contagious

hemorrhagic pneumonia. Septicaemic plague results from massive
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bacteraemia and endotoxin-mediated shock. Typhoidal plague

resembles enteric fever with predominately systemic symptoms.
7.1 Pathogenesis

The pathogenesis of plague begins when Yersinia pestis enters the
human body, most commonly through the bite of an infected flea.
After inoculation into the skin, the bacilli are rapidly taken up by
tissue macrophages, where they not only survive but multiply due to
their ability to resist intracellular killing. Once their numbers
increase, the organisms break out of host cells and spread via the
lymphatics to the regional lymph nodes. Here they multiply
explosively, producing intense inflammatory reactions, tissue
necrosis, and the characteristic swollen, painful lymph nodes called
buboes. From the lymph nodes, the bacilli frequently enter the
bloodstream, leading to high-grade bacteraemia and dissemination to
various organs. The release of lipopolysaccharide endotoxin and other
virulence factors triggers severe toxaemia, disseminated
intravascular coagulation (DIC), hemorrhages, and multi-organ
failure. Depending on the route of infection, the organisms may also
reach the lungs, producing a fulminant hemorrhagic pneumonia that
facilitates person-to-person spread through respiratory droplets.
Thus, the disease progresses rapidly due to the organism’s virulence,
ability to evade phagocytosis, and tendency for widespread systemic

dissemination.
7.3 Morphologic Features

The general morphologic features of plague are dominated by
extensive inflammation, hemorrhage, and tissue necrosis resulting
from the rapid multiplication of Yersinia pestis and the effects of its

endotoxin. The most characteristic lesions occur in the lymph nodes,

Page | 87




Dr. Bhuvana R, Dr. 4. Sheela Devi, Dr. R, Dhanasekaran, Dr. Hemalatha R, 9,

which become markedly enlarged, congested, and softened due to
widespread hemorrhagic necrosis, forming the typical buboes.
Microscopically, the normal lymphoid architecture is replaced by
areas of necrosis admixed with fibrin, neutrophils, macrophages, and
sheets of mononuclear inflammatory cells, along with numerous
bacilli visible in the sinusoids and necrotic zones. The surrounding
soft tissues often show acute cellulitis and edema. In severe or
septicaemic cases, similar hemorrhagic necrosis and congestion may
be seen in the spleen, liver, adrenal glands, and other organs due to
disseminated intravascular coagulation. The bloodstream may
contain abundant organisms, contributing to widespread
hemorrhages, petechiae, ecchymoses, and multi-organ involvement.
Overall, the morphologic picture reflects a fulminant, necrotising, and

hemorrhagic infection with extensive systemic spread.

7.4 Types Of Plague
e Bubonic plague

e Pneumonic plague
e Septicaemic plague
e Typhoidal plague
8.Anthrax

8.1 Introduction

Anthrax is an acute, zoonotic, toxin-mediated disease caused by
Bacillus anthracis, a large, gram-positive, spore-forming bacillus. It
primarily affects grazing animals such as sheep, cattle, and goats,
and humans acquire the infection through contact with contaminated
carcasses, hides, wool, soil, or by inhalation or ingestion of spores.

The spores are highly resistant and may survive in the environment
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for decades. Human anthrax occurs in three major clinical forms
depending on the route of entry—cutaneous anthrax, inhalational
(pulmonary) anthrax, and gastrointestinal anthrax. Cutaneous
anthrax is the most common and typically presents as a painless
papule that transforms into a vesicle and then a black necrotic
eschar. Inhalational anthrax is the most severe and often fatal form,
presenting with severe respiratory distress and hemorrhagic
mediastinitis. Gastrointestinal anthrax results from ingestion of
contaminated meat and produces ulcerative lesions in the intestines.
The organism produces powerful exotoxins that cause edema,
necrosis, vascular injury, and systemic toxicity. Because of its rapid
progression, high mortality in systemic forms, and potential as a
bioterrorism agent, anthrax remains a disease of considerable

medical importance.
8.2 Pathogenesis

Anthrax begins when spores of Bacillus anthracis enter the body
through the skin, respiratory tract, or gastrointestinal tract. Once
inside, the spores germinate into vegetative bacilli, which produce
three major exotoxins: protective antigen, edema factor, and lethal
factor. Protective antigen facilitates the entry of the other toxins into
host cells; edema factor increases intracellular cyclic AMP, producing
profound edema; and lethal factor disrupts signaling pathways in
macrophages, leading to cell death, cytokine release, and shock. The
bacterial capsule composed of poly-D-glutamic acid protects the
organism from phagocytosis, enabling rapid multiplication at the site
of entry and regional lymph nodes. Bacilli spread via lymphatics and
blood, resulting in hemorrhagic lymphadenitis, septicemia, and
widespread toxin-mediated injury. Inhalational anthrax is notable for

spores being transported by macrophages from the lungs to
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mediastinal nodes, causing hemorrhagic mediastinitis.
Gastrointestinal anthrax follows ingestion of spores, and toxin
production leads to ulceration, edema, and hemorrhage in the
intestinal mucosa. Advanced disease results in severe sepsis,

vascular collapse, and multi-organ failure.

8.3 Types of Anthrax
e Cutaneous Anthrax
e Inhalational (Pulmonary) Anthrax

e Gastrointestinal Anthrax
8.3.1 Cutaneous Anthrax
Morphologic Features

Cutaneous anthrax begins as a small, painless, pruritic papule at the
site of spore entry, most often on exposed areas such as hands, arms,
or face. This papule enlarges and becomes a vesicle filled with serous
or serosanguinous fluid. Within a few days, the vesicle ruptures to
form a central black necrotic eschar surrounded by marked non-
pitting edema and erythema—this lesion is called the malignant
pustule. Microscopically, the lesion shows extensive dermal edema,
hemorrhage, and necrosis. The inflammatory infiltrate includes
neutrophils, macrophages, and lymphocytes, with large numbers of
gram-positive bacilli present in the lesion and surrounding tissues.
Regional lymph nodes may show reactive or hemorrhagic
lymphadenitis. The degree of edema is often disproportionately severe
relative to the superficial lesion, reflecting the potent action of edema

factor.
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8.3.2 Laboratory Diagnosis

Diagnosis is based on identifying B. anthracis in material obtained
from vesicular fluid, exudate, or eschar scrapings. Gram-stained
smears reveal large, gram-positive bacilli arranged in chains with a
characteristic bamboo stick appearance. Culture on blood agar
produces non-hemolytic, grey-white colonies with irregular edges,
often described as having a medusa-head appearance. PCR assays
can detect genes encoding the capsule and toxins, confirming the
diagnosis. Immunofluorescence and immunohistochemistry may be
used in tissue samples to identify anthrax antigens. Serology may

detect antibodies in later stages but is not useful for early diagnosis.
9.Staphylococcal Infections
9.1 Introduction

Staphylococcal infections are caused primarily by Staphylococcus
aureus, a gram-positive, catalase-positive, coagulase-positive coccus
arranged in grape-like clusters. It is one of the most common human
pathogens and is capable of producing a wide range of diseases, from
minor skin infections to life-threatening systemic illnesses. S. aureus
is part of the normal flora of the skin, nose, and mucous membranes,
yet it becomes pathogenic under conditions such as breaks in skin
integrity, immunosuppression, foreign bodies, or altered host
defenses. The organism produces numerous virulence factors
including enzymes, toxins, adhesins, and a polysaccharide capsule,
enabling it to invade tissues, evade immunity, and cause severe
inflammation. Other species, such as Staphylococcus epidermidis and
Staphylococcus saprophyticus, also cause infections in specific
settings. Staphylococcal infections are notable for their tendency to

produce suppuration, abscess formation, and rapid tissue
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destruction, and they remain an important cause of hospital-
acquired infections and antibiotic resistance, especially with the

emergence of MRSA (methicillin-resistant S. aureus).
9.2 Pathogenesis

The pathogenesis of staphylococcal infections involves a combination
of adhesion, invasion, toxin production, and immune evasion. S.
aureus adheres to host tissues using surface proteins that bind to
extracellular matrix components such as fibronectin and collagen.
The organism evades phagocytosis through its polysaccharide
capsule and Protein A, which binds the Fc portion of
immunoglobulins, preventing opsonization. Enzymes such as
coagulase, hyaluronidase, and staphylokinase facilitate tissue
invasion and abscess formation. Hemolysins and leukocidins lyse red
and white blood cells, contributing to tissue damage and impaired
immunity. Several exotoxins play critical roles in disease:
enterotoxins cause food poisoning; toxic shock syndrome toxin-1
(TSST-1) induces cytokine storm and shock; exfoliative toxins
produce blistering skin lesions in scalded skin syndrome. Once the
organism breaches epithelial barriers, it triggers an intense
neutrophilic response leading to pus formation and abscesses,
hallmark features of staphylococcal infections. Spread through the

bloodstream may lead to metastatic abscesses in multiple organs.
9.3 Morphologic Features

Staphylococcal infections are characterized by suppurative
inflammation, with prominent neutrophil accumulation, tissue
necrosis, and abscess formation. A typical lesion shows a central area
of liquefactive necrosis filled with pus, surrounded by a wall of viable

neutrophils, fibrin, and granulation tissue. In skin lesions, the
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epidermis may show pustules, crusting, and ulceration, while deeper
tissues exhibit cellulitis and abscess formation. In systemic
infections, metastatic abscesses may occur in the liver, kidneys,
lungs, brain, and bones. Pneumonia caused by staphylococci shows
patchy or confluent areas of necrotising inflammation with abscesses.
In osteomyelitis, there is destruction of bone trabeculae,
subperiosteal abscesses, and sequestrum formation. In toxin-
mediated diseases such as scalded skin syndrome, there is
intraepidermal splitting at the granular layer without significant

inflammation.
9.4 Important Clinical Forms
9.4.1 Skin and Soft Tissue Infections

Staphylococci commonly cause superficial and deep skin infections.
Folliculitis involves small pustules around hair follicles. Furuncles
(boils) are deeper infections with painful nodules containing pus.
Carbuncles are larger, multiloculated abscesses resulting from the
coalescence of multiple furuncles, often associated with fever and
systemic symptoms. Impetigo, especially the bullous type, is caused
by exfoliative toxins leading to superficial vesicles and crusts.
Cellulitis and abscesses in deeper tissues exhibit extensive
neutrophilic infiltration and tissue destruction. These lesions are
highly contagious and may spread rapidly in immunocompromised

individuals.
9.4.2 Respiratory Infections

Staphylococcal pneumonia usually follows viral respiratory infections
such as influenza. It is often severe, producing multiple necrotising
foci and lung abscesses, sometimes leading to empyema. The

pneumonia is characterized histologically by destruction of alveolar
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walls, hemorrhage, and purulent exudate filling alveoli. Neonatal
pneumonia and ventilator-associated pneumonia are also significant
clinical forms. Some strains cause hemorrhagic, fulminant

pneumonia associated with high mortality.
9.4.3 Bone and Joint Infections

Staphylococcus aureus is the most common cause of osteomyelitis.
Infection reaches bone hematogenously or from adjacent tissues,
leading to acute inflammation, destruction of bone trabeculae, and
formation of abscesses. The bone marrow is infiltrated by
neutrophils, and necrotic bone fragments (sequestra) form. Chronic
cases develop granulation tissue and periosteal new bone formation
(involucrum). Staphylococci also causes septic arthritis, particularly
affecting large joints, presenting with acute joint pain, swelling, and

purulent synovial fluid.
9.4.4 Endocarditis

Staphylococcal endocarditis, often caused by S. aureus, is a rapidly
destructive infection affecting previously healthy heart valves or
prosthetic valves. It produces large, friable vegetations composed of
fibrin, inflammatory cells, and abundant organisms. These
vegetations are prone to embolization, causing abscesses in other
organs. Intravenous drug users frequently develop right-sided

endocarditis involving the tricuspid valve.
9.4.5 Toxin-Mediated Conditions

Staphylococcal toxins produce distinctive clinical syndromes. Food
poisoning results from ingestion of preformed enterotoxins, causing
rapid-onset vomiting and diarrhea without fever. Toxic Shock
Syndrome (TSS) is caused by TSST-1 acting as a superantigen,

triggering massive cytokine release, fever, hypotension, rash, and
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multiorgan failure. Staphylococcal Scalded Skin Syndrome (SSSS)
is due to exfoliative toxins that cleave desmoglein-1, leading to

widespread epidermal peeling, particularly in infants.
9.4.6 Laboratory Diagnosis

Diagnosis of staphylococcal infections depends on isolation and
identification of the organism from pus, blood, sputum, wound
swabs, urine, or sterile body fluids. Gram stain shows gram-positive
cocci in clusters. Cultures on blood agar yield yellow or golden
colonies for S. aureus and white colonies for coagulase-negative
staphylococci. S. aureus is coagulase-positive, which differentiates
it from other species. Catalase testing distinguishes staphylococci
(catalase-positive) from streptococci (catalase-negative). Molecular
tests such as PCR can detect toxin genes or methicillin-resistance
genes (mecA). For MRSA, susceptibility testing using cefoxitin disc or
molecular methods is essential. In toxin-mediated diseases, toxin
assays may assist in diagnosis. Blood cultures are crucial in systemic

infections such as endocarditis and osteomyelitis.
10. Clostridial Diseases

Clostridial diseases are caused by pathogenic species of the genus
Clostridium, a group of large, gram-positive, anaerobic, spore-forming
bacilli widely distributed in soil, dust, animal feces, and decaying
matter. These organisms produce a broad spectrum of diseases
ranging from local wound infections to severe, rapidly fatal toxemias.
Their pathogenicity stems mainly from potent exotoxins and enzymes
responsible for necrosis, hemolysis, edema, and neurotoxicity.
Human diseases caused by clostridia include gas gangrene
(myonecrosis), tetanus, botulism, and clostridial food poisoning

and enterocolitis. Spores enable these bacteria to survive harsh
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environmental conditions, germinating when anaerobic
environments are created by trauma, devitalized tissue, foreign
bodies, or impaired circulation. Clostridial infections are
characterized by rapid progression, extensive tissue destruction,
putrid discharge, and systemic toxicity. In many forms, especially gas
gangrene and tetanus, the disease may rapidly become life-

threatening without early diagnosis and intervention.
10.1 General Pathogenesis

Clostridial diseases begin when spores or vegetative bacilli gain
access to the body through contaminated wounds, ingestion of toxins,
or colonization of devitalized tissues. Under anaerobic conditions,
spores germinate and produce powerful exotoxins and enzymes.
These include alpha toxin (lecithinase), which causes massive tissue
destruction, hemolysis, and vascular injury; theta toxin, which
induces hemolysis and cardiotoxic effects; and various proteases and
hyaluronidases that break down connective tissue, allowing rapid
spread. In tetanus, the organism remains localized in a wound, but
the tetanospasmin neurotoxin spreads via peripheral nerves to the
CNS, blocking inhibitory neurotransmitters and causing spastic
paralysis. In botulism, the preformed botulinum neurotoxin blocks
acetylcholine release at neuromuscular junctions, causing flaccid
paralysis. Clostridial enterocolitis occurs when toxins produced in
the intestine cause severe mucosal necrosis. Overall, clostridial
diseases are dominated by toxin-mediated injury, rapid progression,

and severe systemic effects.
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