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Learning outcomes

Recognize the morphologic signature of suppurative inflammation.

Trace pyogenic infection to neutrophil accumulation and pus formation.

Explain the zonal architecture and evolution of an abscess.

Relate organism, tissue site, and host status to lesion pattern.



Infectious tissue responses: The larger framework

Host tissue response to infection

Mononuclear / Cytopathic / Predominant

Suppurative . . .
granulomatous proliferative necrosis

Chronic scarring



What defines suppurative inflammation?

A neutrophil-rich inflammatory reaction that produces pus.

Vascular permeability increases; Pyogenic microbes stimulate neutrophil
recruitment and tissue liquefaction.




Three linked morphologic events

Vascular
permeability —
increases

Neutrophils . Tissue undergoes Pus becomes
accumulate liguefactive necrosis apparent

An inflammatory pattern is recognized by its dominant cellular and tissue reaction.



Pus is an inflammatory exudate

N N Liquefied necrc?tlc cellular Edema fluid
debris

A mixture of inflammatory cells, dead tissue, and fluid—not simply a colony of
bacteria.



Exudate is not synonymous with pus

Serous

Fibrinous

Purulent

Pattern

Dominant contents

Serum-like fluid

Fibrin-rich exudate

PMNs + necrotic debris

Interpretive point

Usually few leukocytes

Prominent fibrin deposition

Suppuration / pus formation



What makes a bacterium pyogenic?

Pyogenic means pus-forming.

Extracellular gram-positive cocci and gram-negative rods as common triggers of the
neutrophilic pattern.




Gram-positive cocci as pyogenic pathogens

Staphylococcal infections are classic causes of suppuration.

Staphylococcus aureus may produce necrotizing pneumonia and abscesses.

Streptococcus pyogenes may produce acute pharyngitis that resolves without sequelae.

Organism identity influences tissue destruction, not just inflammatory-cell type.



Gram-negative rods and suppurative lesions

Extracellular gram-negative rods can elicit dense neutrophilic infiltrates.

Klebsiella pneumoniae can destroy alveolar walls in severe pneumonia.

Gram-negative enteric organisms may participate in polymicrobial abscesses.

Morphology alone does not establish the bacterial species.



Anaerobes are frequent abscess participants

Abscesses often contain mixed anaerobic and facultative organisms.

The flora reflect the adjacent mucosal source of infection.

Anaerobic suppuration can produce poorly demarcated, foul-smelling pus.

A purulent lesion need not contain a single bacterial species.



Microbial signals initiate leukocyte attraction

. Bacterial . . . .
Extracellular bacteria Neutrophils detect Directed migration to
. . — chemoattractants — . —~ . X
at tissue site gradients infection
released

The bacterial products help focus the inflammatory reaction spatially.



Early vascular events permit an exudate

Microbial injury /
inflammatory —
activation

Small-vessel dilation N Protein-rich fluid N Leukocytes enter
and permeability leaves vessels surrounding tissue

The vascular change supplies edema fluid and supports cellular recruitment.



Increased permeability shapes the lesion

Fluid and plasma proteins escape into the extravascular compartment.

Vascular changes coexist with neutrophil accumulation.

The resulting exudate contributes volume to the purulent focus.

Permeability alone does not establish a purulent pattern: Cell type and necrosis matter.



Leukocyte recruitment is a multistep journey

Rolling and firm . Transendothelial N Chemotaxis within

Margination — . . . .
8 adhesion migration tissue

Each step positions neutrophils where microbes are present.



Margination positions leukocytes near endothelium

Postcapillary venule
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The red-cell axial stream displaces leukocytes toward vessel walls. This enables leukocytes to contact activated

endothelium.



Rolling and adhesion precede exit

Postcapillary venule
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Inflamed endothelium expresses adhesion machinery. Leukocytes roll, become activated, and adhere firmly.



Diapedesis moves neutrophils into tissue

Postcapillary venule
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Migration occurs mainly through postcapillary venules. Neutrophils cross endothelial junctions and traverse basement

membrane.



Chemotaxis focuses the purulent infiltrate

Postcapillary venule
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Migrating cells follow the gradient toward infection. Their local concentration produces the neutrophil-rich focus.



Chemoattractants: Microbial and host-derived

Microbial

Chemokines

Complement

Lipid mediators

Origin

Representative chemoattractants

Bacterial peptides and other products

IL-8 (CXCLS)

C5a

Leukotriene B,



Recruitment is followed by activation

Microbe recognized
by leukocyte — Neutrophil activation — Phagocytosis - Intracellular killing
receptors

The protective response also creates potential for collateral tissue injury.



Phagocytosis links recognition and clearance

Form phagocytic N Destroy the ingested

Recognize microbe — Engulf particle -
& suitp compartment agent

Neutrophils and macrophages are the major phagocytes in acute inflammation.



Neutrophil weapons explain tissue injury

Protective process Potential host-tissue cost
Granule enzyme release Degradation of tissue constituents
Reactive oxygen species Oxidative injury to nearby cells

Rapid inflammatory response Accumulated dead inflammatory cells



Why protective inflammation becomes destructive

Neutrophil products can damage host tissue as well as microbes.

Proteolytic enzymes, oxidants and the necrosis of recruited leukocytes contribute to
the liquefied inflammatory focus.




Liquefactive necrosis is central to suppuration

Microbial and host- ~ Enzymatic digestion Loss of tissue N Liquefied necrotic
cell injury of tissue architecture debris

The key outcome is dissolution, rather than preservation, of tissue architecture.



Pus forms from the accumulating inflammatory focus

Mass of recruited _. Neutrophil deathand Liquefaction of . Pusoccupies the
neutrophils tissue-cell necrosis cellular material lesion

Pus is the consequence of intense neutrophilic inflammation and tissue
breakdown.



An abscess is a localized collection of pus

Abscess = pus confined within tissue, organ, or a space.

Abscess formation after seeding of pyogenic bacteria into tissue.




The abscess has a characteristic zonal structure

Central liquefied necrosis

Necrotic leukocytes and tissue cells

Reactive vascular zone

Dilated and congested vessels

Schematic: Abscess layers (not histology)

Viable neutrophil zone

Preserved PMNs surround the
focus

Fibroblastic response

Repair may lead to a fibrous wall



Abscess center: Liquefied tissue destruction

Central liquefied necrosis Viable neutrophil zone

Preserved PMNs surround the

Necrotic leukocytes and tissue cells
focus

Reactive vascular zone Fibroblastic response

Dilated and congested vessels Repair may lead to a fibrous wall

Schematic: Abscess layers (not histology)



A neutrophil-rich zone surrounds the center

Central liquefied necrosis Viable neutrophil zone

Preserved PMNs surround the

Necrotic leukocytes and tissue cells
focus

Reactive vascular zone Fibroblastic response

Dilated and congested vessels Repair may lead to a fibrous wall

Schematic: Abscess layers (not histology)



Outer vessels show inflammatory reactivity

Central liquefied necrosis

Necrotic leukocytes and tissue cells

Reactive vascular zone

Dilated and congested vessels

Schematic: Abscess layers (not histology)

Viable neutrophil zone

Preserved PMNs surround the
focus

Fibroblastic response

Repair may lead to a fibrous wall



Fibroblastic proliferation indicates repair

Central liquefied necrosis Viable neutrophil zone

Preserved PMNs surround the

Necrotic leukocytes and tissue cells
focus

Reactive vascular zone Fibroblastic response

Dilated and congested vessels Repair may lead to a fibrous wall

Schematic: Abscess layers (not histology)



An abscess can become walled off

Initial local __ Organized peripheral _ Fibrous boundary  Possible replacement
suppuration response develops by scar

The peripheral repair response may alter the long-term architecture.



Focal abscess and diffuse purulence differ in extent

Focal abscess Diffuse suppurative involvement
Localized purulent collection Broad contiguous tissue involvement
Central liquefied focus Widespread inflammatory exudation

May acquire a wall Extent follows organ architecture



Hematogenous infection can create microabscesses

Colonized cardiac Bacteria enter . Seeding of multiple N Multiple tiny
valve circulating blood organs microabscesses

This pattern in bacterial sepsis arising from an infected valve.



Pulmonary suppuration spans a wide scale

. Numerous Necrotizing Extensive lobar
Small focal lesions — ) - ) - )
microabscesses pneumonia involvement

Size and distribution vary with the microorganism and the infected tissue.



Pneumococcal pneumonia may preserve alveolar walls
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Schematic — preserved alveolar septal outlines



Staphylococcus and Klebsiella may destroy alveoli
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Schematic — alveolar-wall destruction and cavity



Two contrasting outcomes of bacterial pneumonia

Typical S. Pneumoniae example S. Aureus / Klebsiella example
Alveolar walls usually spared Alveolar walls may be destroyed
Lobar pneumonia may resolve Abscess formation may develop

Complete architectural recovery possible Healing may leave a scar



Location modifies the consequences of pus

The same inflammatory pattern has different outcomes in different organs.

Tissue architecture determines what is lost when suppuration occurs.

Destruction of alveolar walls may cause permanent pulmonary scarring.

Untreated bacterial inflammation within a joint can cause rapid destruction.



Bacterial pharyngitis may resolve fully

Suppurative bacterial inflammation is not always permanently
destructive.

S. Pyogenes pharyngitis that can resolve without sequelae with destructive
infection elsewhere.




An acutely infected joint can be destroyed rapidly

Untreated acute bacterial joint inflammation can destroy the joint
within days.

The critical variable is the vulnerability of the involved structure—not merely the
presence of neutrophils.




Acute appendicitis is a classic purulent example

Acute appendicitis as a common example of acute suppuration.

An intense neutrophilic response can accompany tissue injury.

The diagnosis requires organ-specific findings beyond identifying pus.

Use the inflammatory pattern to describe the reaction, not to infer a single pathogen.



The microbiota source predicts abscess organisms

Adjacent mucosal  Introductioninto Mixed bacterial N Local abscess
flora tissue / sterile space growth formation

Anatomic site and indigenous microbiota influence the organism mixture.



Head and neck abscesses reflect oral flora

Anaerobic gram-negative bacilli may include Prevotella and Porphyromonas.

These organisms may coexist with S. Aureus or S. Pyogenes.

Fusobacterium necrophorum can cause a lateral pharyngeal-space infection.

That infection may be associated with septic jugular-vein thrombosis (Lemierre
syndrome).



Abdominal abscesses retlect gut flora

The gastrointestinal microbiota provides anaerobes and facultative organisms.

Bacteroides fragilis and Escherichia coli as examples.

Peptostreptococcus and Clostridium species may also participate.

Mixed infection is expected; Morphology need not reveal the exact species.



Genital-tract abscesses can be polymicrobial

Examples include Bartholin gland and tubo-ovarian abscesses.

Prevotella species may coexist with facultative bacteria.

E. Coli and Streptococcus agalactiae as possible partners.

The location guides likely microbiologic contributors.



Anaerobic abscesses can have distinctive gross features

Gross feature

Discolored pus

Foul odor

Poorly defined boundary

Mixed bacteria on smear

Pathologic implication

Necrotic, purulent material

May accompany anaerobic infection

Not all abscesses are sharply walled off

Polymicrobial process is plausible



Gram-stained abscess material may be polymicrobial

Mixed bacterial forms among neutrophils — schematic



Neutropenia can mask an expected reaction

Pyogenic infection may show little leukocyte exudation in severe
neutropenia.

The organism may still cause rapid tissue necrosis; The host’s cell supply changes
the histologic appearance.




Inflammatory morphology rarely identifies one microbe

Different pathogens may provoke similar reaction patterns.

The same pathogen can generate different patterns in different hosts.

Mixed infections can produce overlapping histologic features.

Interpret the microscopic reaction with host status and microbiologic context.



Purulence versus granulomatous inflammation

Suppurative Granulomatous
Neutrophils predominate Activated macrophages aggregate
Pus / liquefaction may occur Epithelioid cells and giant cells may occur

Typical pyogenic bacteria Often persistent organisms resistant to eradication



Purulence versus cytopathic viral reactions

Suppurative Cytopathic / cytoproliferative
Neutrophilic exudate Cellular necrosis or proliferation
Pus is characteristic Viral inclusions or multinucleation may occur

Often extracellular bacteria Frequently viral infection



Purulence versus dominant toxin-mediated necrosis

Suppurative Predominant necrosis
Numerous neutrophils Inflammatory cells may be scant
Liquefaction with pus Extensive tissue destruction dominates

Pyogenic microbial stimuli Some exotoxin-mediated infections



Several inflammatory patterns may coexist

. . . . Concurrent . . .
Primary infectious Host response in . Mixed histologic
i ~> . - inflammatory -
insult tissue phenotype
components

Robbins cautions that these textbook patterns are guides—not mutually exclusive
diagnoses.



Case 1: A localized purulent cavity

A tissue lesion contains a central liquefied focus, a surrounding dense
neutrophilic rim, and an outer zone of reactive blood vessels.

DISCUSSION PROMPTS

e What is the morphologic diagnosis?
e Which finding represents tissue destruction?

e Which finding suggests an evolving repair response?



Case 1: Interpretation of the abscess

The localized purulent collection is an abscess.

Central necrotic leukocytes and tissue cells account for liquefaction.

The neutrophil rim reflects active acute inflammation.

Outer vascular and fibroblastic changes may progress to fibrosis.



Case 2: Divergent pulmonary outcomes

Two bacterial pneumonias show neutrophil-rich inflammation. One retains
alveolar septa; The other develops destructive cavities.

DISCUSSION PROMPTS

e Which architecture predicts potential full resolution?
e What process explains a persistent postinfectious scar?

e Can the histology alone determine the causative organism?



Case 2: Architecture predicts repair

Preserved alveolar walls allow the possibility of complete resolution.

Destruction of alveolar walls creates abscesses and may heal with scars.

S. Pneumoniae with S. Aureus and Klebsiella.

Pathogen assignment still requires clinical and microbiologic evidence.



Case 3: Few neutrophils despite serious infection

A severely neutropenic patient has rapid destructive bacterial infection, but
the biopsy contains surprisingly few recruited neutrophils.

DISCUSSION PROMPTS

e Does this exclude a pyogenic organism?
e What host factor explains the discrepancy?

e Why is pattern recognition alone insufficient here?



Case 3: Host context changes morphology

Profound neutropenia can prevent a robust neutrophil exudate.

Pyogenic bacteria may still cause rapid tissue injury.

Absence of classical suppuration does not exclude severe bacterial infection.

Integrate immune status with microscopic and microbiologic findings.



Synthesis: What to recognize and explain

Vascular exudation +
neutrophil -
recruitment

Pyogenic infection / .
tissue context

Liquefactive tissue _, Abscess, resolution,
necrosis / pus or scar

Interpret the lesion with organism, location and host immune status—not
morphology alone.



Primary Robbins source map

Core infectious-pattern section
Ch. 8, pp. 311-312 | Suppurative inflammation; Table 8.3

Abscess morphology and purulent exudate

Ch. 3, p. 84 | Purulent inflammation and abscess

Inflammatory recruitment and mediators
Ch. 3, pp. 69-84 | Leukocytes, chemotaxis, tissue injury

Site-specific clinical correlations
Ch. 8, p. 345 | Anaerobic abscesses; Ch. 15 | Lung abscess
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