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General Pathology of the Respiratory General Pathology of the Respiratory 
System: System: 

Structure and Cell BiologyStructure and Cell Biology
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Respiratory SystemRespiratory System

Conducting SystemConducting System
Nasal passagesNasal passages
ParanasalParanasal sinusessinuses
Larynx, pharynx, tracheaLarynx, pharynx, trachea
BronchiBronchi

Transitional SystemTransitional System
BronchiolesBronchioles

Gas exchangeGas exchange
AlveoliAlveoli

Respiratory system has many other functionsRespiratory system has many other functions
Lymphoid systemLymphoid system
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Conducting Airway FunctionConducting Airway Function

Conduct, humidify and warm airConduct, humidify and warm air
SmellSmell--find food, protection, pheromonesfind food, protection, pheromones
Absorption of water soluble gases (SO2, O3)Absorption of water soluble gases (SO2, O3)
"Filter" out all particles "Filter" out all particles 10 10 µµmm in nasal in nasal 
cavity,  particles cavity,  particles 3 3 µµmm lunglung
MucociliaryMucociliary clearance of particles including clearance of particles including 
viruses and bacteriaviruses and bacteria
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Conducting Airway Function (cont)Conducting Airway Function (cont)

Protective reflexes:  sneeze, cough reflex, Protective reflexes:  sneeze, cough reflex, 
bronchobroncho--constriction constriction 
XenobioticXenobiotic metabolism metabolism –– detoxification e.g. detoxification e.g. 
olfactory epithelium, Clara cells olfactory epithelium, Clara cells 
Immune functionImmune function
Nonspecific defenses Nonspecific defenses -- interferon, interferon, lysozymelysozyme, , 
lactoferrinlactoferrin
Normal flora Normal flora -- prevents colonization by prevents colonization by 
pathogenspathogens
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Nasal EpitheliumNasal Epithelium
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Comparative Respiratory Comparative Respiratory 
Anatomy/Physiology Anatomy/Physiology 

Dichotomous Dichotomous 
Symmetrical Symmetrical 

MonopodialMonopodialMonopodialMonopodialBranching Pattern of AirwaysBranching Pattern of Airways

1717--21211212--20201313--1717Airway GenerationsAirway Generations

AbsentAbsentPresentPresentAbsentAbsentSerous Cells in the Respiratory Serous Cells in the Respiratory 
Epithelium Epithelium 

Less AbundantLess AbundantAbundantAbundantAbundantAbundantClara Cells Clara Cells 
(bronchi/bronchioles)(bronchi/bronchioles)

PresentPresentAbsentAbsentAbsentAbsent
Cartilage and Submucosal Cartilage and Submucosal 
Glands in Intrapulmonary Glands in Intrapulmonary 
BronchiBronchi

ExtensiveExtensiveAbsentAbsentAbsentAbsentRespiratory BronchiolesRespiratory Bronchioles

HumanHumanRat Rat Mouse Mouse Airway FeaturesAirway Features
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BronchiBronchi
EpitheliumEpithelium

PseudostratifiedPseudostratified ciliated ciliated 
columnar cellscolumnar cells
Basal cellsBasal cells
Ciliated  cellsCiliated  cells
SecretorySecretory cellscells

Lamina Lamina propriapropria mucosamucosa
Elastic fibersElastic fibers

Lamina muscularis mucosaLamina muscularis mucosa
Smooth muscle fibersSmooth muscle fibers

PropriaPropria -- submucosasubmucosa
Hyaline cartilageHyaline cartilage
Smooth muscleSmooth muscle
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Bronchial/Bronchiolar Bronchial/Bronchiolar 
EpitheliumEpithelium

•• Ciliated  cellsCiliated  cells
•• SecretorySecretory cellscells

••Serous and mucous cells Serous and mucous cells 
decrease distally and decrease distally and Clara cells Clara cells 
increase distallyincrease distally

 
 

NOT TO BE 
REPRODUCED 

 
 

NOT TO BE 
REPRODUCED 



BronchiolesBronchioles

EpitheliumEpithelium
Simple columnar or Simple columnar or 
cuboidalcuboidal
Ciliated cells Ciliated cells 
Clara cellsClara cells
NO mucous cellsNO mucous cells

Respiratory bronchiolesRespiratory bronchioles
In some species In some species 
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Bronchioles Bronchioles –– Clara CellsClara Cells

Non ciliated, columnarNon ciliated, columnar
SecretorySecretory
CytochromeCytochrome P450 enzyme richP450 enzyme rich

Similar to Similar to hepatocyteshepatocytes in liverin liver
Species dependentSpecies dependent
Also present in some alveolar cellsAlso present in some alveolar cells
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Gross Anatomy of the LungGross Anatomy of the Lung

Basic anatomy:Basic anatomy:
Right sideRight side

CranialCranial
MiddleMiddle
CaudalCaudal
AccessoryAccessory

Left sideLeft side
Cranial (divided in most Cranial (divided in most 
species)species)
CaudalCaudal

Cat Dog Pig

L R
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Comparative Respiratory Comparative Respiratory 
Anatomy/PhysiologyAnatomy/Physiology

IncompleteIncompletePoorPoorGoodGoodSecondary Secondary LobulationLobulation

ThickThickThickThickThickThickMuscular layer of Muscular layer of 
pulmonary blood vesselspulmonary blood vessels

ThickThickThickThickThickThickPleura Pleura 

GoodGoodPoorPoorCollateral VentilationCollateral Ventilation

PoorPoorGoodGoodGoodGoodLobationLobation

Horses, Horses, 
HumansHumans

Sheep, GoatsSheep, GoatsCattle, Pigs Cattle, Pigs Lung FeaturesLung Features
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BirdsBirds

Air sacsAir sacs
ParabronchiParabronchi and and 
air capillariesair capillaries
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ReptilesReptiles

ReptilesReptiles
FaveoliFaveoli
Smooth muscle in the Smooth muscle in the 
lung wallslung walls
Classified according to Classified according to 
chamberschambers

UnicameralUnicameral
PaucicameralPaucicameral
MulticameralMulticameral
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Pulmonary Region Pulmonary Region -- MammalianMammalian

AcinusAcinus
Branching Branching 
respiratory respiratory 
bronchiolebronchiole
Alveolar ductAlveolar duct
Alveolar sacAlveolar sac
AlveoliAlveoli

Smooth muscle

Alveolar wall
Alveolar duct

Alveolar sac
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Lung StructureLung Structure
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Lung Cell Types Lung Cell Types –– about 36 about 36 

Alveolar cell types Alveolar cell types 
EpitheliumEpithelium--Type I and Type II Type I and Type II pneumocytespneumocytes
Capillary endothelium (Capillary endothelium (nonfenestratednonfenestrated))
MacrophagesMacrophages

Interstitial cellsInterstitial cells
FibroblastsFibroblasts
Contractile cells (Contractile cells (myofibroblastsmyofibroblasts))
Interstitial macrophagesInterstitial macrophages
DendriticDendritic cells (antigen presenting)cells (antigen presenting)
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AlveoliAlveoli

Pulmonary alveolar Pulmonary alveolar 
macrophagesmacrophages
BloodBlood--air barrierair barrier

At minimalAt minimal
SurfactantSurfactant
Type 1 Type 1 pneumocytepneumocyte
Fused basal laminaFused basal lamina
Capillary endothelial cellCapillary endothelial cell

NO NO lymphaticslymphatics
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Alveolar Epithelial CellsAlveolar Epithelial Cells
Type 1 Type 1 pneumocytespneumocytes
(membranous)(membranous)

Flat/Flat/squamoussquamous
Nucleus protrudes into the Nucleus protrudes into the 
alveolar lumenalveolar lumen
97% of the alveolar surface97% of the alveolar surface
Do not divideDo not divide

Type 2 Type 2 pneumocytespneumocytes (granular)(granular)
CuboidalCuboidal
MicrovilliMicrovilli
Secrete surfactant Secrete surfactant –– lamellar lamellar 
bodies bodies --
Progenitor cellProgenitor cell

Are Are phagocyticphagocytic
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Proliferating Type II CellProliferating Type II Cell
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Endothelial CellsEndothelial Cells

Gas exchange functionGas exchange function
Attenuated, large surface areaAttenuated, large surface area

Highly susceptible to injury, e.g. oxygen, radiation, Highly susceptible to injury, e.g. oxygen, radiation, 
endotoxinendotoxin

Metabolism of endogenous and exogenous Metabolism of endogenous and exogenous 
compounds compounds 
Progenitor  cellsProgenitor  cells
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MacrophagesMacrophages

AlveolarAlveolar
Interstitial Interstitial 
Intravascular Intravascular –– pigs, ruminants, cats, horses, pigs, ruminants, cats, horses, 
marine mammals marine mammals –– similar to similar to KupfferKupffer cells in cells in 
liverliver
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MacrophagesMacrophages

Play important roles in Play important roles in 
Host defense Host defense –– phagocytosisphagocytosis –– can eliminate bacteria without can eliminate bacteria without 
inflammationinflammation
Inflammation Inflammation –– cytokines release, etccytokines release, etc

Specific receptors Specific receptors 
FcFc for antibodyfor antibody
ComplementComplement
TNFTNF
CD40CD40
TollToll--like  like  -- recognition of microbial componentsrecognition of microbial components
FAS FAS –– for apoptotic cellsfor apoptotic cells
““ScavengerScavenger””
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MacrophagesMacrophages

AlveolarAlveolar
Live for a few daysLive for a few days
Can increase in a few hours by cell division and Can increase in a few hours by cell division and 

recruitment from recruitment from interstitiuminterstitium
Removed by Removed by mucociliarymucociliary escalatorescalator

Interstitial Interstitial 
From bone marrow/blood From bone marrow/blood monocytesmonocytes
Live for weeks/monthsLive for weeks/months
Enter alveolus or removed via Enter alveolus or removed via lymphaticslymphatics

 
 

NOT TO BE 
REPRODUCED 

 
 

NOT TO BE 
REPRODUCED 



Immune SystemImmune System

TT--lymphocytes in respiratory epitheliumlymphocytes in respiratory epithelium
T and B cells in mucosal lamina T and B cells in mucosal lamina propriapropria
Plasma cells in mucosa produce Plasma cells in mucosa produce IgAIgA
DendriticDendritic and other APC cells and other APC cells 
Organized lymphoid tissue (MALT: BALT and Organized lymphoid tissue (MALT: BALT and 
NALT) NALT) –– covered by Mcovered by M--cells (modified cells (modified 
epithelial cells)epithelial cells)
Draining lymph nodesDraining lymph nodes
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Immune SystemImmune System

Airways Airways -- IgAIgA –– prevents attachment and prevents attachment and 
absorption of antigens (immune exclusion)absorption of antigens (immune exclusion)
Lung Lung -- IgGIgG (also (also IgEIgE and and IgMIgM) ) –– promotes promotes 
uptake and destruction of inhaled pathogens by uptake and destruction of inhaled pathogens by 
phagocyticphagocytic cells (immune elimination)cells (immune elimination)

IgGIgG –– acts as acts as opsonizingopsonizing antibody for alveolar  antibody for alveolar  
macrophages and macrophages and neutrophilsneutrophils
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Additional Components of the LungAdditional Components of the Lung

Other cell typesOther cell types
Mast cellsMast cells
NeuroendocrineNeuroendocrine cells (airway epitheliumcells (airway epithelium

CollagenCollagen
Type IV Type IV –– basement membranebasement membrane
Type III Type III –– increases early after injuryincreases early after injury
Type I Type I –– increased late after injuryincreased late after injury

Elastic fibersElastic fibers
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Vulnerability of Respiratory TractVulnerability of Respiratory Tract

AerogenousAerogenous exposure exposure 
Extensive surface area exposed (human Extensive surface area exposed (human -- 200 m200 m2)2)

Large volume of air (human Large volume of air (human –– 9,000 l/day)9,000 l/day)
High concentration of noxious agents in airHigh concentration of noxious agents in air

BloodborneBloodborne exposureexposure
Entire cardiac output of right ventricleEntire cardiac output of right ventricle
Extensive surface area of capillary bed (human Extensive surface area of capillary bed (human ––70 70 
mm22))
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Particle Deposition and ClearanceParticle Deposition and Clearance

Deposition Deposition –– particle trappingparticle trapping
ImpactionImpaction

> 10 um > 10 um -- nasal mucosanasal mucosa
22--10 um 10 um -- tracheal and bronchial bifurcationtracheal and bronchial bifurcation

Sedimentation/diffusion Sedimentation/diffusion –– < 2 um < 2 um –– bronchobroncho--
alveolar regionalveolar region

Clearance Clearance –– sneezing, coughing, sneezing, coughing, mucociliarymucociliary
clearance and clearance and phagacytosisphagacytosis most importantmost important
Retention = deposition Retention = deposition -- clearanceclearance
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Factors Important in Factors Important in 
Particle Deposition/ClearanceParticle Deposition/Clearance

Particle characteristicsParticle characteristics
Size Size 

Infective aerosols Infective aerosols –– particles < 2umparticles < 2um
ShapeShape

Some long slender particles, e.g. asbestos, bypass normal clearaSome long slender particles, e.g. asbestos, bypass normal clearance nce 
mechanismsmechanisms

Chemical nature e.g. inert Chemical nature e.g. inert vsvs reactivereactive
Host characteristicsHost characteristics

Species differencesSpecies differences
Nasal cavity complexityNasal cavity complexity
Bronchial branching and cells distributionBronchial branching and cells distribution

Individual statusIndividual status
Prior damagePrior damage
Immune systemImmune system
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Comparative Nasal Airway Structure and FunctionComparative Nasal Airway Structure and Function

0.40.4881616--1919
VolumeVolume
(cm(cm3)3)

NasalNasalOronasalOronasalOronasalOronasalBreathingBreathing

LargeLarge
50%50%

ModerateModerate
2020--30%30%

SmallSmall
<10%<10%

OlfactoryOlfactory
EpithelialEpithelial
Surface Surface 
AreaArea

ComplexComplexSimpleSimpleSimpleSimple
TurbinateTurbinate
AnatomyAnatomy

RatRatMonkeyMonkeyHumanHuman
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Normal FloraNormal Flora

Normal bacterial flora present in Normal bacterial flora present in extrathoracicextrathoracic
respiratory tractrespiratory tract
Varies by speciesVaries by species
Includes those that are considered pathogens e.g. Includes those that are considered pathogens e.g. P. P. 
multocidamultocida, M. , M. haemolyticahaemolytica, B. , B. bronchisepticabronchiseptica
PiliPili of normal flora adhere to receptors of normal flora adhere to receptors -- prevent prevent 
colonization by pathogens (competitive inhibition)colonization by pathogens (competitive inhibition)
Cleared from Cleared from intrathoracicintrathoracic respiratory system by respiratory system by 
defense mechanismsdefense mechanisms
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Acknowledgment: this and subsequent tables from Acknowledgment: this and subsequent tables from 
A. Lopez (2006) Respiratory system. In: A. Lopez (2006) Respiratory system. In: Special PathologySpecial Pathology. . 

22ndnd EdnEdn. . McGavinMcGavin and Zachary, and Zachary, EdsEds, In press. , In press. 
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Defense Mechanisms Defense Mechanisms ––
MucociliaryMucociliary ClearanceClearance
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Impairment of Defense MechanismsImpairment of Defense Mechanisms

ViralViral--bacterial synergismbacterial synergism
Impair Impair phagocyticphagocytic function 5function 5--7 days post7 days post--infectioninfection
MucociliaryMucociliary effects effects 

Toxic gases Toxic gases –– ammonia, hydrogen sulfideammonia, hydrogen sulfide
Immunodeficiency/suppression Immunodeficiency/suppression –– genetic, infectious, genetic, infectious, 
toxictoxic
Effect on cilia Effect on cilia –– anesthesia, anesthesia, ciliaryciliary dyskinesiadyskinesia
Effect on mucous Effect on mucous –– dehydration dehydration –– increase viscosityincrease viscosity
Hypoxia and pulmonary edema Hypoxia and pulmonary edema ––

Impair Impair phagacytosisphagacytosis
Alter surfactant productionAlter surfactant production
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Respiratory Evaluation MethodsRespiratory Evaluation Methods

Functional evaluationFunctional evaluation
Respiratory rate, compliance, diffusion capacity, etcRespiratory rate, compliance, diffusion capacity, etc

ImagingImaging
Radiography, MRI,  etcRadiography, MRI,  etc

EndoscopyEndoscopy
Tracheal aspirates and Tracheal aspirates and bronchobroncho--alveolar alveolar lavagelavage (BAL)(BAL)
Whole lung biochemistryWhole lung biochemistry
MorphologyMorphology

BiopsyBiopsy
Necropsy Necropsy –– gross and microscopic evaluationgross and microscopic evaluation
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Aspirate/Aspirate/LavageLavage EvaluationEvaluation

MicrobiologyMicrobiology
CytologyCytology

Cell number and differentialCell number and differential
MicroorganismsMicroorganisms
ParticulatesParticulates

BiochemistryBiochemistry
Enzymes e.g. LDH, Enzymes e.g. LDH, ββ glucouronidaseglucouronidase, , sialicsialic acidacid
Protein contentProtein content
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Gross Examination of the Gross Examination of the 
Respiratory SystemRespiratory System

External evaluation of the head, External evaluation of the head, naresnares
Cut diaphragmCut diaphragm
Remove rib cageRemove rib cage
Visually evaluate lung (color, size, etc) and Visually evaluate lung (color, size, etc) and 
thoracic contentsthoracic contents
Sample for bacteriology if neededSample for bacteriology if needed
Remove pluck and examineRemove pluck and examine
Evaluate lung Evaluate lung 
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Gross Examination of Gross Examination of 
Respiratory TractRespiratory Tract

LungLung
Size Size -- collapse? collapse? –– in situ evaluationin situ evaluation
ColorColor
Texture on palpationTexture on palpation
Lesion distribution Lesion distribution 
Cut surface Cut surface 
AirwaysAirways

Surface of lung and rib cageSurface of lung and rib cage
Contents of thoracic cavityContents of thoracic cavity
Evaluate air sacs in birdsEvaluate air sacs in birds
Head Head –– evaluate nasal passages, sinuses as neededevaluate nasal passages, sinuses as needed

LongitudonalLongitudonal vsvs transverse sectionstransverse sections
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Lung Palpation Lung Palpation -- TextureTexture

Consistency of whole lung and of lesionsConsistency of whole lung and of lesions
Spongy Spongy -- normalnormal
Firm Firm -- pneumoniapneumonia
Nodular Nodular -- abscesses, abscesses, granulomasgranulomas, , neoplasianeoplasia
Rubbery Rubbery -- interstitial pneumonia, edemainterstitial pneumonia, edema
CrepitantCrepitant -- emphysema, emphysema, overinflationoverinflation
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Gross Lung ExamGross Lung Exam

Lesion distributionLesion distribution
DiffuseDiffuse
Locally extensiveLocally extensive
Focal/Focal/multifocalmultifocal

Estimate of lesion extent  e.g. % lung affectedEstimate of lesion extent  e.g. % lung affected
ArtifactsArtifacts

AutolysisAutolysis
EdemaEdema
AtelectasisAtelectasis

RumenalRumenal fluid/food  in lungsfluid/food  in lungs
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Tissue Preparation for Microscopic Tissue Preparation for Microscopic 
ExaminationExamination

Selection of tissues (affected Selection of tissues (affected vsvs normal)normal)
Fixation Fixation 

ImmersionImmersion
IntratrachealIntratracheal/intranasal /intranasal –– always in rats, micealways in rats, mice
Whole body vascular perfusionWhole body vascular perfusion
Artifact inductionArtifact induction

FixativesFixatives
Neutral buffered 10% formalin (light microscopy)Neutral buffered 10% formalin (light microscopy)
TellyesniczkyTellyesniczky/Feke/Feke’’s (light microscopy, tumor counts)s (light microscopy, tumor counts)
GlutaraldehydeGlutaraldehyde ±± paraformaldehydeparaformaldehyde ((electron microscopy)electron microscopy)
4% 4% paraformaldehydeparaformaldehyde (electron and (electron and confocalconfocal microscopy, microscopy, in situ in situ 
hybridization)hybridization)

Decalcification Decalcification –– for examination of nasal passagesfor examination of nasal passages
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Morphologic EvaluationMorphologic Evaluation

QualitativeQualitative
Structural or cellular changesStructural or cellular changes
Light, electron, and Light, electron, and confocalconfocal microscopymicroscopy
Special stains and Special stains and immunohistochemistryimmunohistochemistry
In situIn situ hybridizationhybridization

QuantitativeQuantitative
Morphometry/stereologyMorphometry/stereology

Number or volume of cells/organelles/matrixNumber or volume of cells/organelles/matrix

Cell kinetics Cell kinetics -- cell proliferationcell proliferation
ImmunohistochemistryImmunohistochemistry-- BrDUBrDU, PCNA, etc., PCNA, etc.
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Cell KineticsCell Kinetics
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Useful Histochemical StainsUseful Histochemical Stains

ElastinElastin
WeigertWeigert, , VerhoeffVerhoeff--hematoxylinhematoxylin, , GomoriGomori methodsmethods

Connective tissueConnective tissue
MassonMasson’’s trichrome, Van s trichrome, Van GiesonGieson’’ss, Sirius Red, Sirius Red
SnookSnook’’s s reticulinreticulin (type III collagen)(type III collagen)

MucopolysaccharidesMucopolysaccharides (goblet cells) and (goblet cells) and glycosaminoglycansglycosaminoglycans
PeriodicPeriodic--acidacid--Schiff (PAS), Schiff (PAS), AlcianAlcian blue, blue, toluidinetoluidine blue, blue, 
and ruthenium red (for EM) and ruthenium red (for EM) 

Basement membraneBasement membrane
GomoriGomori’’ss methenaminemethenamine silver (GMS) and PAS silver (GMS) and PAS 
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