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Learning objectives

• Relate the classical Klebsiella syndrome to host 
vulnerability and capsular polysaccharide.

• Interpret consolidation, neutrophilic pneumonia, 
necrosis and abscess as connected pathologic 
processes.

• Separate organism-specific clues from nonspecific 
bacterial pneumonia morphology.

• Use clinical context, organism identification and 
susceptibility testing in diagnostic reasoning.

Host susceptibility

Capsule + sputum

Parenchymal injury

Diagnosis



Klebsiella within acute bacterial pneumonia

• K. Pneumoniae as the most frequent cause of 
gram-negative bacterial pneumonia.

• It appears among community-acquired pathogens 
and Klebsiella spp. Among hospital-acquired gram-
negative rods.

• Clinical setting helps narrow the candidate 
pathogens; It does not establish species identity.

Community-acquired bacterial pneumonia

Gram-negative organisms

Klebsiella pneumoniae

Other causes require differential diagnosis

Schematic — not a specimen



The organism-specific Robbins phenotype

• Disproportionate occurrence in debilitated or 
malnourished patients, particularly people with 
chronic alcoholism.

• Abundant viscid capsular polysaccharide underlies 
the characteristic mucoid sputum.

• The expectorated material may be blood-tinged 
and difficult to clear.

Encapsulated bacilli — conceptual

Viscid capsular material

Thick, mucoid sputum

Schematic — not a specimen



Why the host matters

• Pneumonia develops when local lung defenses are 
impaired or systemic resistance is reduced.

• A pathogen label alone cannot explain which 
patient becomes ill or the extent of injury.

• The same bacterial agent can produce different 
anatomic patterns in different hosts.

Microbial exposure

Reduced defenses

Alveolar infection

Host response



Major pulmonary defense layers

• Mucociliary transport removes organisms 
entrapped in secretions.

• Resident alveolar macrophages ingest 
microorganisms in distal airspaces.

• Recruited neutrophils, complement, antibodies 
and T cells provide additional defense.

Mucociliary clearance

Alveolar macrophages

Neutrophils + complement

Antibodies / T cells

Schematic — not a specimen



Loss of effective coughing

• Altered sensorium, anesthesia, neuromuscular 
disorders, drugs and pain can suppress cough.

• Loss of the protective reflex increases the 
likelihood of aspirating gastric or oropharyngeal 
material.

• Aspiration is a general route to pneumonia and is 
not diagnostic of Klebsiella infection.

Suppressed cough

Aspiration risk

Microbial entry

Pneumonia



Mucociliary dysfunction

• Smoking, viral injury, irritating gases and inherited 
ciliary defects impair clearance.

• Organisms and secretions may remain in the 
airways longer when the mucociliary elevator is 
compromised.

• Retained secretions are one host-side contributor 
to lower respiratory tract infection.

Mucociliary clearance

Alveolar macrophages

Neutrophils + complement

Antibodies / T cells

Schematic — not a specimen



Accumulated secretions

• Bronchial obstruction and cystic fibrosis are causes 
of secretion retention.

• Ineffective removal changes the microbial burden 
reaching smaller airways.

• In Klebsiella infection, unusually viscid sputum 
adds an important clearance problem.

Secretion retention

Reduced clearance

Bacterial persistence

Inflammation



Alcohol and macrophage defense

• Alcohol can interfere with phagocytic and 
bactericidal activities of alveolar macrophages.

• This provides host-defense context for the 
association of K. Pneumoniae with chronic 
alcoholism.

• The clinical association is multifactorial; The 
paragraph does not quantify individual causal 
contributions.

Macrophage phagocytosis

Alcohol may impair killing

Schematic — not a specimen



Neutrophils and complement

• Defects in neutrophils and complement increase 
susceptibility to pyogenic bacterial infections.

• Complement C3b acts as an opsonin, promoting 
microbial uptake.

• Neutrophilic exudates are also the dominant 
microscopic reaction in acute bacterial 
pneumonia.

Airspace neutrophils

Bacterial-type response

Schematic — not a specimen



Humoral and adaptive defenses

• Secreted IgA can impede microbial adherence in 
upper respiratory epithelium.

• IgM and IgG in alveolar lining fluid support 
complement activation; IgG can function as an 
opsonin.

• Adaptive protection complements—rather than 
replaces—innate airway and alveolar mechanisms.

Mucociliary clearance

Alveolar macrophages

Neutrophils + complement

Antibodies / T cells

Schematic — not a specimen



Systemic susceptibility

• Chronic illness, leukopenia, immune deficiencies 
and immunosuppressive therapy can lower overall 
resistance.

• Extremes of age, heart failure, COPD and diabetes 
feature among community pneumonia risk 
contexts.

• A pathogen’s clinical expression must be 
interpreted against this background.

Systemic vulnerability

Local clearance failure

Infection

Severity



Respiratory versus blood-borne entry

• The respiratory tract is the usual portal of entry for 
bacterial pneumonia.

• Hematogenous seeding from a remote infection 
can also involve lung tissue.

• The routes may be difficult to distinguish by 
morphology alone.

Respiratory tract 
entry

Hematogenous 
seeding

Infected lung tissue

Schematic — not a specimen



Viral infection as a predisposing event

• Bacterial pneumonia often follows a preceding 
viral upper respiratory infection.

• Virus-related epithelial damage can compromise 
local defenses and facilitate bacterial 
superinfection.

• The source does not specify that this sequence is 
uniquely characteristic of Klebsiella.

Viral illness

Barrier injury

Reduced clearance

Bacterial pneumonia



Community and hospital contexts

Community-acquired Hospital-acquired

Pathogen set includes K. Pneumoniae Gram-negative rods include Klebsiella spp.

Environment outside hospital Infection developing during hospital stay

Patient vulnerabilities still matter Ventilation and invasive devices add risk



Capsular polysaccharide and sputum

• Robbins explicitly attributes the unusually thick, 
mucoid sputum to abundant viscid capsular 
polysaccharide.

• This links a microbial product to a bedside finding.

• The finding is characteristic but does not replace 
direct microbiologic identification.

Encapsulated bacilli — conceptual

Viscid capsular material

Thick, mucoid sputum

Schematic — not a specimen



How mucoid secretions become a clinical problem

• Viscous material is more difficult for the patient to 
expectorate.

• Ineffective expectoration may compound 
preexisting airway-clearance limitations.

• Assess sputum quality as a clue, not as a stand-
alone diagnostic criterion.

Abundant capsule

Viscid sputum

Difficult expectoration

Clinical recognition



Blood-tinged sputum: Appropriate interpretation

Observation Interpretation

Thick and mucoid Characteristic clue in Klebsiella discussion

Blood-tinged Compatible, but not organism-specific

Organism isolated Stronger etiologic evidence in clinical context



From airway infection to consolidation

• Invasion of lung parenchyma provokes an acute 
inflammatory exudate within airspaces.

• When alveoli fill with inflammatory material, 
normally aerated tissue becomes consolidated.

• Clinical and radiologic abnormalities partly reflect 
the loss of alveolar air.

Parenchymal invasion

Alveolar inflammation

Exudate-filled spaces

Consolidation



Meaning of alveolar consolidation

• Consolidation is “solidification” of lung tissue by 
filling of airspaces.

• A neutrophil-rich intraalveolar response supports 
a pyogenic bacterial process.

• Consolidation is a reaction pattern—not a 
microscopic signature of Klebsiella.

Airspace neutrophils

Bacterial-type response

Schematic — not a specimen



Two anatomic patterns of bacterial pneumonia

• Bronchopneumonia: Patchy foci of consolidation 
centered around airways and adjacent 
parenchyma.

• Lobar pneumonia: Consolidation of a substantial 
portion of a lobe or an entire lobe.

• These are distributions of inflammation rather 
than distinct microbial species. Patchy foci Contiguous lobe

Schematic — not a specimen



Bronchopneumonia: Spatial organization

• Patchy areas of suppurative inflammation may be 
multilobar, bilateral and basal.

• Secretions tend to gravitate to lower lung regions.

• Foci may coalesce into extensive consolidation. Patchy foci Contiguous lobe

Schematic — not a specimen



Lobar pneumonia: Spatial organization

• Diffuse contiguous consolidation occupies most or 
all of a lobe.

• Grossly, the involved lobe can become firm and 
airless.

• The classic sequence of tissue reactions is 
congestion, red hepatization, gray hepatization 
and resolution.

Congestion
Red 

hepatization
Gray 

hepatization
Resolution

Schematic — not a specimen



Why morphology cannot identify a species

Pattern question What can be concluded?

Lobar or patchy? Distribution of the lung response

Neutrophils in airspaces? Acute bacterial-type reaction

Klebsiella or another bacterium? Requires microbiologic attribution



Bronchopneumonia: Gross features

• Typical foci are gray-red to yellow, granular and 
relatively poorly delimited.

• Well-developed lesions may appear slightly 
elevated and dry.

• Foci represent acute suppurative consolidation, 
not necessarily a single organism. Patchy foci

Discontinuous airway-centered consolidation

Schematic — not a specimen



Bronchopneumonia: Microscopy

• The bronchi, bronchioles and surrounding alveoli 
can all contain neutrophil-rich exudate.

• The distribution explains the patchy airway-
centered appearance.

• Extensive coalescence can resemble a lobar 
distribution. Neutrophils in bronchioles and alveoli

Schematic — not a specimen



Lobar pneumonia: Stage 1 — congestion

• The lung is heavy, boggy and red at this stage.

• Congested vessels and intraalveolar edema 
predominate, with relatively few neutrophils.

• Bacteria may already be numerous within the 
involved spaces.

Engorgement + edema

Early sparse neutrophils

Schematic — not a specimen



Lobar pneumonia: Stage 2 — red hepatization

• Neutrophils, red cells and fibrin accumulate in the 
alveoli.

• The lobe becomes red, firm and airless, 
resembling liver in consistency.

• The term hepatization refers to gross texture, not 
liver tissue within lung.

Neutrophils + red cells

Fibrinous exudation

Schematic — not a specimen



Lobar pneumonia: Stage 3 — gray hepatization

• Intraalveolar red cells progressively break down.

• A fibrinosuppurative exudate persists while the 
lobe becomes gray-brown.

• The color change reflects evolution of the exudate 
rather than a change of pathogen.

Red-cell breakdown

Persistent fibrinopurulence

Schematic — not a specimen



Lobar pneumonia: Stage 4 — resolution

• Enzymatic digestion reduces alveolar exudate to 
debris.

• Material is resorbed, engulfed by macrophages or 
expectorated.

• Some exudate may instead organize through 
fibroblast ingrowth.

Exudate clearance

Macrophages + digestion

Schematic — not a specimen



The four stages at a glance

• The stages describe a classical progression of 
tissue reactions.

• Antibiotic therapy can modify or interrupt the 
expected sequence.

• Do not require all four stages in an individual 
specimen.

Congestion
Red 

hepatization
Gray 

hepatization
Resolution

Schematic — not a specimen



Exudate is not the same as permanent scarring

Clearance Organization / destruction

Macrophage removal of debris Fibroblast ingrowth into exudate

Airspaces can reopen Architecture may remain altered

Potential restoration Fibrosis or scarring possible



Pleuritis during peripheral consolidation

• Inflammation extending to the lung surface may 
elicit a pleural fibrinous reaction.

• Pleuritic pain and a friction rub can accompany 
pleural involvement.

• Pleural inflammation is related to anatomic extent, 
not uniquely to Klebsiella.

Pleural surface

Inflammation can extend to pleura

Pleuritis → adhesions or empyema
Schematic — not a specimen



How pleural adhesions arise

• A pleural fibrinous reaction may clear with 
resolution of pneumonia.

• Organization can leave fibrous pleural thickening 
or permanent adhesions.

• This is distinct from empyema, which refers to 
purulent infection in the pleural space.

Surface inflammation

Fibrinous pleuritis

Organization

Pleural adhesions



Klebsiella and destructive inflammation

• K. Pneumoniae with lung abscess formation as a 
pneumonia complication.

• An earlier general pathology chapter contrasts 
destructive staphylococcal/Klebsiella infection 
with pneumococcal pneumonia that often 
preserves alveolar walls.

• Necrosis creates a risk of architectural loss and 
residual scarring. Necrotic, suppurative center

Schematic — not a specimen



Necrosis versus alveolar exudation

Alveolar exudation Destructive pneumonia

Airspaces filled with inflammation Parenchymal tissue destroyed

Potential clearance of exudate Cavity or residual scar may result

Consolidation is the dominant sign Abscess reflects localized necrosis



Pathogenesis of pulmonary abscess

• A pulmonary abscess is a focal suppurative process 
with necrosis of lung tissue.

• Klebsiella belongs among the important 
postpneumonic causes.

• Aspiration, septic emboli, obstruction and other 
processes are alternative abscess pathways.

Bacterial pneumonia

Local tissue necrosis

Suppurative cavity

Possible scar



Abscess morphology: Center and periphery

• The core contains destroyed lung parenchyma and 
neutrophil-rich debris.

• A cavity may contain suppurative material or air 
after communicating with an airway.

• This editable schematic is a structural explanation, 
not a micrograph. Necrotic, suppurative center

Schematic — not a specimen



Why an abscess can cavitate

• Liquefied necrotic material may drain into an air 
passage.

• Drainage leaves an air-containing space within the 
destroyed region.

• Cavitation is a complication, not a required 
defining feature of every Klebsiella pneumonia. Necrotic, suppurative center

Schematic — not a specimen



Anatomic distribution of lung abscesses

Postpneumonic Aspiration-associated

Often multiple and basal More often single and right-sided

Follows parenchymal infection Follows inhaled infective material

Multiple pathogens possible Often mixed flora



Abscess healing is not synonymous with restoration

• With antimicrobial therapy most lung abscesses 
resolve.

• Healing commonly leaves a scar where 
parenchyma has been destroyed.

• Persistent infection may stimulate a fibrous wall 
around a chronic cavity.

Necrotic cavity

Treatment + clearance

Fibroblast response

Residual scar



Empyema: Spread beyond the lung

• Pneumonia can extend into the pleural cavity.

• Intrapleural fibrinosuppurative reaction is termed 
empyema.

• Klebsiella pneumonia can be complicated by 
empyema, but this outcome is not unique to that 
species.

Pleural surface

Inflammation can extend to pleura

Pleuritis → adhesions or empyema
Schematic — not a specimen



Bacteremic dissemination

• Organisms may enter the bloodstream from 
infected lung parenchyma.

• Distant organ complications, including abscesses, 
endocarditis, meningitis and suppurative arthritis.

• Dissemination signals more than a localized 
alveolar process.

Infected lung parenchyma

Bacteremia

Heart valves

Brain

Kidney / spleen

Joints

Schematic — not a specimen



Three major complication pathways

• Tissue destruction and necrosis → pulmonary 
abscess.

• Extension into pleural space → empyema.

• Bloodstream spread → distant suppurative foci.

Infected lung

Abscess Empyema Bacteremia



Typical acute bacterial pneumonia syndrome

• Abrupt high fever, rigors and productive cough are common presenting features.

• Mucopurulent sputum and occasional hemoptysis may occur.

• These findings support a bacterial pneumonia syndrome but not a specific organism.



Klebsiella-specific bedside emphasis

• Consider marked host vulnerability alongside the 
respiratory symptoms.

• Characteristically thick, mucoid, sometimes blood-
tinged sputum is the hallmark.

• The clinical clue should prompt investigation 
rather than determine the final microbiologic 
label.

Encapsulated bacilli — conceptual

Viscid capsular material

Thick, mucoid sputum

Schematic — not a specimen



Pleuritic pain has an anatomic basis

• Peripheral pneumonia can inflame the adjacent 
pleural surface.

• Pleuritis produces sharp pleuritic pain and may 
cause an audible friction rub.

• The sign indicates pleural involvement rather than 
organism identity.

Pleural surface

Inflammation can extend to pleura

Pleuritis → adhesions or empyema
Schematic — not a specimen



What the radiograph represents

• Lobar consolidation generally causes opacity of 
much or all of an affected lobe.

• Bronchopneumonia more often produces 
multifocal or patchy opacities.

• Radiographic distribution cannot establish 
Klebsiella without etiologic testing. Patchy foci Contiguous lobe

Schematic — not a specimen



Clinical and imaging findings have limits

Evidence Primary information

Clinical history Host risk and infectious syndrome

Chest imaging Distribution and extent of involvement

Microbiologic testing Potential etiologic identification



Why organism identification matters

• An inflammatory pattern describes tissue 
response, not species identity.

• Identification of the causative organism is a central 
therapeutic priority.

• The clinical setting helps choose tests and 
interpret culture results.

Syndrome

Specimens + tests

Agent identified

Susceptibility



Susceptibility guides antimicrobial choice

Source provides Source does not provide

Need to identify the organism A Klebsiella-specific antibiotic algorithm

Need to determine antibiotic sensitivity A resistance rate or MIC breakpoint

Clinical response depends on effective therapy An isolate-specific susceptibility result



Hospital-acquired Klebsiella: Interpret the context

• Klebsiella spp. Appear among gram-negative 
pathogens of hospital-acquired pneumonia.

• Mechanical ventilation and serious underlying 
illness make hospital pneumonia particularly 
consequential.

• This setting changes the diagnostic differential; It 
does not prove a Klebsiella etiology.

Hospital exposure

Host + device risks

Pneumonia

Culture-guided workup



Klebsiella versus pneumococcus

K. Pneumoniae S. Pneumoniae

Gram-negative pathogen; Viscid capsule 
emphasized

Gram-positive lancet-shaped diplococci

Debility/malnutrition; Chronic alcoholism
Most common community-acquired acute 
bacterial pneumonia

Abscess can complicate pneumonia Lobar consolidation often emphasized



Klebsiella versus Staphylococcus aureus

Klebsiella Staphylococcus

Host debility and alcohol association Post-viral pneumonia emphasized

Thick viscid capsular sputum Abscess / empyema association

Gram-negative cause Gram-positive coccus



Klebsiella versus Pseudomonas

Klebsiella Pseudomonas

Viscid capsule linked to sputum Vascular invasion emphasized

Debility, malnutrition and alcoholism Cystic fibrosis and neutropenia

Can form postpneumonic abscess Can cause fulminant sepsis



Acute bacterial versus viral lung reaction

Acute bacterial Viral

Neutrophilic airspace exudate Interstitial lymphocytic response

Lobar or patchy consolidation Variable interstitial changes

Klebsiella is among possible agents Viral epithelial infection may precede bacteria



Clinical exercise: Sputum and susceptibility

• Hypothetical: A malnourished patient with 
longstanding heavy alcohol use develops fever and 
a productive cough.

• Sputum is markedly thick, mucoid and blood-
tinged.

• Question: What organism is suggested by the 
textbook phenotype, and what must confirm 
etiology?

Hypothetical teaching vignette

Interpret — do not overdiagnose

Organism clue ≠ organism proof

Schematic — not a specimen



Exercise interpretation: A clue is not confirmation

• Klebsiella pneumoniae is a defensible leading 
consideration from the described textbook 
pattern.

• Other bacterial pneumonias remain in the 
differential despite suggestive sputum.

• Obtain organism identification and susceptibility 
information as clinically indicated.

Suggestive phenotype

Working differential

Microbiologic testing

Etiologic attribution



Clinical exercise: Evolving cavitation

• Hypothetical: A patient treated for acute bacterial 
consolidation later develops a lung cavity 
containing purulent material.

• Question: Which pathologic process explains the 
cavity?

• Which complication pathways should be 
considered beyond the local parenchymal lesion?

Hypothetical teaching vignette

Interpret — do not overdiagnose

Organism clue ≠ organism proof

Schematic — not a specimen



Exercise interpretation: Destructive complication

• A cavitary suppurative lesion suggests pulmonary 
abscess due to tissue necrosis.

• Inspect for pleural spread (empyema) and possible 
bacteremic dissemination.

• Although Klebsiella is a recognized cause, 
cavitation does not prove the organism. Necrotic, suppurative center

Schematic — not a specimen



Clinical exercise: Reading a consolidation

• Hypothetical: A chest study shows near-complete 
opacity of one pulmonary lobe.

• Question: What anatomic pneumonia pattern is 
illustrated?

• Can this pattern identify Klebsiella pneumoniae 
without microbial evidence?

Hypothetical teaching vignette

Interpret — do not overdiagnose

Organism clue ≠ organism proof

Schematic — not a specimen



Exercise interpretation: Pattern versus cause

• A large contiguous lobar opacity supports the 
anatomic term lobar pneumonia.

• The same organism can produce different 
anatomic distributions in different hosts.

• Pattern and etiologic attribution should be 
documented separately. Patchy foci Contiguous lobe

Schematic — not a specimen



Integrated diagnostic reasoning

• Start with syndrome and patient susceptibility, 
including alcohol-related debility and pulmonary 
defenses.

• Use morphology and imaging to define the extent 
and complications of pneumonia.

• Use microbiology and antibiotic susceptibility to 
establish an actionable etiologic diagnosis.

Host + syndrome

Distribution + injury

Organism testing

Treatment selection



High-yield distinctions

Attribution Use in interpretation

Klebsiella clue Classic host and viscid-sputum phenotype

Pneumonia morphology Distribution and intensity of injury

Complications Abscess / pleural infection / spread

Etiology Microbiology + susceptibility
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