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Respiratory Pathology

m Respitatdry diease imf or.anf in ul f ecles
B Economic importance

1 1 - : 3
B w' D carl L D tar CF

m Liagnccis is a chullenyge, Lot ainucdl and
motrphologic



Pathology of Respiratory System

m Respiratory injury and response - Outline
I Gereral
& Upper respiracory tract
m Lower respiratory tract

® Pleura and thoracic cavity



Injury

B Type: ¢ aninry
® Primary or secondary
B O]l exac fir crrori-sp cific
B [mportance 1n repair process

m Are stem cells injured?



Causes of Injury: Cell Specific

m Ciliated cell injury
B Dattoaua g Dud®00u, Ny ple sma srp
B Viuocc e.g. induenzs, paciiayscharue
= Air pollutants (NO, , SO, , O;, O,)
m Clara cell injury

m Metabolically activated xenobiotics (3 methylindole)



Clara Cell Necrosis

NOT-1O BE




Clara Cell Necrosis




Causes of Injury: Non-specific

B Some viruses
B _nc1oied s C st aye i)

m roreign bodies



NOTJT)BE

At:ute rNesp

REPRODUCED

repalr )
Resolution Chronic response or
persistent:e of inciting agent

v

Imeversible chronic disease




Response to Injury is Limited

m But can vaty somewhat depcading ot
m Causative agent
I 20U e of Shpeod e
m Severity of exposure

m Host defense



Diagnostic Aids

m Type of inflammatory response

B Piessnce Orcvisa®T €« g

m Presence of a specific agent-inaucea change €.g
inclusion bodies

m Special stains

® Immunohistochemistry (IHC)

m Hlectron microscopy



Response to Injury

® Edem

m Necrosis

m [t n snaticu

m Cell proliferation
m Fibrosis

B Granuloma formation



Consequences of Airway Injury

m Harly M o1halogic Chan ges
® [nflammation
m i hclin] wre nlosiy—evenctative or du s £o rritnt
etfects e.g. mucous cells

m Epithelium metaplasia — effect on mucociliary escalator
e.g.
m Mucous

. Squamous



esponse to Injury - Proliferation




Mucous Hyperplasia




Consequences of Airway Injury

m Adverse 1i.tec:s
® Alrway hyper-reactivity and bronchoconstriction
v DCuieC i us 9F ou'C 1o
i D>cersed maccantary denrases
® [nflammation
m Epithelial proliferation
® Obstruction — complete or incomplete
® Predisposition to infection

m Fibrosis



Chronic Effects of Airway
Injury

m Fibros s
® Mural - fibrosing bronchiolitis
= Tatrzlonrzzal - bro<chicl+s nblitersas

1 Cat leac to a elociasic (or.up.ete 0 stu top ) o
emphysema

B Destruction of surrounding tissue

m Bronchiectasis

m Abscess formation/empyema if infected
m Fxtension of infection e.g. pneumonia

® Neoplasia



ronic Effects of Airway Injury




Chronic Effects of Airway Injury




Consequences of Lung
Parenchymal Injury

Edema

Jerr fasec suact re(=> iteictasss)
Jecreasca defense nacinanioms
Epithelial proliferation/neoplasia
Inflammation

Fibrosis

Predisposition to infection

Immune mediated disease



Repair of Injury to the Lung

m Repait ¢ 1ocrur if
m Stem cells are available
1 Brsimertnenbaaer ntact
m [ntlammation is not too sevete

® Inciting agent is removed



Consequences of Basement
Membrane Damage

m Chronic disease: fibrosis

m S verc destrt c 101 of (1s suc
= Emphysema
m Abscess

B Sequestration



Consequences of Basement
Membrane Damage - Lung




Diagnosis of Respiratory Disease

Clinical disease, individual and group/herd
D- ]fn(*t“_?_“y broction
_411 llC ,l Pdt] .U_L\)g'

Anatomic pathology — gross, microscopic, electron
microscopy, 1HC

Bacteriology - culture, PCR, serology
Virology — as bacteriology, virus isolation
Parasitology

Toxicology — analytical, feed microscopy



Pathology of Respiratory System

m Respitatary in'ar - and 1espop se
m Upper Respiratory Tract

I >velop nelta s Faor T an'e

L Not. wacections PiScase

B [nfectious Disease

m [ ower Respiratory Tract

m Pleura and thoracic cavity



Upper Respiratory System
Developmental Abnormalities

m | xa71ples
o Maxuary sinus cysts - horse
m Ciliary dyskinesis - dog
® Tracheal hypoplasia - dog
m Fpiglottal hypoplasia - horse



Upper Respiratory System:
Noninfectious Disease

m Tracheal collapse (dogs, horses)
B [ aavnpeal patiaysic (dogs, aorses,

® Idiopathic laryngeal hemiplasia (roarer)
m [aryngeal edema

B Smoke inhalation



Noninfectious Disease:
Differentials for Epistaxis

®m Trauma

B Svaave ounnsillesion
® Fungal infection
® Neoplasia

m Bleeding disorder — genetic, infectious, or
tOXIC Origin

m Fxercise induced pulmonary hemorrhage
(EIPH) - horses




Proliferative Lesions
of Nasal Cavity

m Nasal polyps (cats, horses)
m Ethmoid hematoma
1 as)pnad.yaug qa pOlyp - ca's
®m Granulomatous rhinitis

m Neoplasia
m Carcinoma

B Sarcoma



Proliferative Lesions
of Nasal Cavity




Neoplasia of the Nasal Cavity:

m Mainly' dcgs, 2.s0 cats aad ho ses
m 30% malignant
m Clinc il St me
= Ununarteral or bilaterar mucoid or bloody aischarge
B Intermittent sneezing
m Obstruction of nasolacrimal duct
® Facial swelling
= Bony erosion

® Neurologic signs occasionally



Neoplasia of the Nasal Cavity




Noninfectious Diseases of Upper
Respiratory System

B Smok¢ 1. 10laror

® Thermal injury

» [ iryng :aly tt ichy ' nec o317t 2 fil 17 4

E A130 cuemicar inulced puuNotiary eucMa



Infectious Upper Respiratory
Disease

m Balance of microbial flora upset
_ISXEPIRY '_Lal, c. P 2ct Y BT Ip i VIT aSes
m Bacterial disease secondary

m Possible sequella — osteomyelitis,
meningitis, otitis



Infectious Upper Respiratory
Disease

m Catle

m *Infectious bovine rhinotracheitis (IBR)
= dczces

B *Equine rhinopneumonitis

m Strangles (S#ep equi)
m Pigs

m *Pseudorabies

m Atrophic rhinitis (Past multocida)

*Herpes viruses



Infectious Upper Respiratory

Disease
B Dogs

= Canine distemper virus
=m0 ceuC as T e oh o0 C nn
m . \c~=+91 Josis

m Cats
m *Heline viral rhinotracheitis
m Calicivirus

= Cryptococcosis

*Herpes viruses



Pathology of Respiratory
System

®m Upper Respiratory I'ract
m Lower Respiratory Tract

" T.ar 2 12s a» d <*~.p itiot

= Developmental Abnormalities
® Non Infectious Disease

® Pneumonias

= Neoplasia

m Pleura and thoracic cavity



Gross Lung Exam

B [ esior o't ibr.ticn
m Diffuse
1 L cillv e cte 1t tve

m Focal/multifocal



Diffuse Pulmonary Disease

® Edema

B anclocrasts

® intersttial pneumonia
m Mineralization

m Emphysema




Normal and Pulmonary Edema




Locally Extensive Pulmonary
Disease

B Cranio et l
bronchopneumonia

r 2retoial
1 Arp ratio) )
B Granulomatous pneumonia

B Other: lobe torsion




Locally Extensive Pulmonary
Disease — Lobe Torsion - Dog

. .‘-




Focal/Multifocal Pulmonary
Disease

m Abscess
B Crarsloma
m 3 rterg ]
® Mycotic
m Parasitic

m Particulates
m [Infarct

m Neoplasia




Developmental Lung Anomalies

B Ju.mnar rhyroplasia - - cattle

Pulmonary cyst

Surfactant deficiency — horses

Melanosis — pigs, cattle, sheep

Bronchial hypoplasia with lobar emphysema— dogs



Developmental Lung Anomalies
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Developmental Abnormalities

m Pulmc n.1y hvoylasia
= Genetic
' Prnary, e.o ) virsl: ‘bo cer i eas 3, swin * infl 1er za,
Metianyle virus.
® Secondary, e.g., to diaphragmatic hernia.
m Surfactant deficiency - diffuse atelectasts.
® Prematurity, e.g., lambs.

m Hyaline membrane disease ('barkers") in foals, pigs



Pulmonary Mineralization

m Diffuse lesion (pumice lung)
= Htiology
m TTean 12
B Primary hyperparathyroidism
m Hypercalcemia of malignancy
m Vitamin D toxicosis
m Gross and microscopic — interstitial pneumonia
m Other organs affected

®m [ocal microlithiasis — old dogs



Pulmonary Mineralization -Dog




Abnormalities of Inflation —
Emphysema

Alrin t s w s
Alveolar emphysema

= FU,] LS L'V ula“ §opre - a1

L ]:quinc pulmouary emthSuua ((,QPD, llCaVCb)
Interstitial emphysema (cattle)

= Air in the interlobular septae and subpleurally

Focal: secondary to atelectasis, scarring, incomplete
obstruction of airways, or pneumonia.

Senile "emphysema‘- aged dogs, cats, horses



Alveolar Emphysema

_ELASTASE - ] .
- -2W: . TELASTIC FIBER
Lo

ALVEOLAR MACROPHAGES | =




Abnormalities of Inflation — Alveolar
Emphysema - Horse




Abnormalities of Inflation —
Interstitial Emphysema - Cow
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Atelectasis

m Diffuse vr v tif cal
m Congenital atelectasis
B ACTdl Cu i toe sl

® Compression collapse

B Obstructive (focal)

® Congestive or hypostatic atelectasis



Aquired Atelectasis - Dog




Circulatory Disturbances

Diffus: pr.mczary elema
Hemorrhage

m ¢ erhipg ecch mesis

m EIPH
Embolism, thrombosis, infarction

Pulmonary hypertension



Pulmonary Edema — Cow




Cardiogenic Edema—Dog




Cardiogenic Edema—Dog




Mechanisms of
Pulmonary Edema

m Altered hemodynamics

B LornceC S lary 1 ydj O stat C PLress wic
m Decreased plasma oncotic pressure

® Increased permeability of air-blood barrier
(noncardiogenic)

® Lymphatic obstruction

m Note normal location of lymphatics

B Airway obstruction



Pulmonary Edema - Increased
Capillary Hydrostatic Pressure

m Cardiogenic — most common
B [ ypsivolunt - n'trogt 1c
B Acuie CiNo injary

- epinephrine release

- direct or via cardiac injury (brain-heart
syndrome)



Pulmonary Edema - Increased
Capillary Hydrostatic Pressure

Cardiogenic
» JToxiu—eo. famy usias, g3 ,8ypol

mNutritional — e.g. vitamin E/selenium
deficiency

mDegenerative
m Cardiomyopathy

m Congenital heart defects



Pulmonary Edema — Pig




Increased Permeability
of Air-Blood Barrier

® Endothelial/epithelial injury —

*ﬂ Lcud.t] oLy /l VL ”H‘ D11 € CAPO s UL1°¢

m Toxi c.g. 1M ke, H2_a(1a*, 0.7vo _n
m Viral

m Bacterial
B [nflammation
® Anaphylaxis

= Hypoxemia



Embolism, Thrombosis,

T. - —aS -
J ﬂfﬁu o

B Embolism/Thromboembolism
1 I fe ctio s
® Neoplastic
B Aseptic

®m Thrombosis

m [nfarction rare due to dual blood supply



Embolism, Thrombosis - Cow




Hemorrhage

m Petect 1a' h>mHrr1age
B Septicemia

B Erclymot e xmyirhay:
® Coagulation defects

B Other

® Trauma

® Method of euthanasia



Inflammation of the Lung:
Pneumonia

m Limited types of response
m Diocaccic /Fealnzy
i Polpatiog
® Distribution of lesions
m Pathology

® Ancillary information (clinical, laboratory)



Types of Pneumonia

m Bronchopneumonia
m [ te.g 1t1q] pr.enm.cnia
m Embolic pneumonia

m Granulomatous pneumonia



Bronchopneumonia

® Inflammation of airways and adjacent parenchyma
B ala dg c11’S
B Jacicild
B Generally suppurative
B Anteroventral

n Aspiration



Broncho-
pnetyvoma -

Pig




Bronchopneumonia: Bacterial

m Genetahv young, stress :d i nal .
m Predisposition

1S 5o
m Viral infection

® [mmune deficiency/suppression



Bronchopneumonia

m Classuoid strges
m Hyperemia plus edema (mins-hrs)
= o nceatzodon (23 cays)
m Gray hepatization (5-7 days)
m Resolution (7 days to 4 weeks)



Bronchopneumonia

B Comtnon scequelac
® Death (hypoxemia, toxemia)
m ) eHticeria
B ) lcurads
m Chronic bronchopneumonia
m Abscesses
m Bronchiectasis

m Atelectasis



Interstitial Pneumonia

m Inflan n.-tion Of nterst itiv m- gen :ra’l »without
alrway involvement

m[ifticediitrbating
= Non-suppurative

m Exposure via blood or inhalation



Interstitial
Pneuraonpria -
Horse




Interstitial Pneumonia - Foal




Etiology of
Interstitial Pneumonias

BV ira

m Bacterial
= Mycot c

m Protozoal

® Other parasitic
m Toxic

m Hypersensitivity



Interstitial Pneumonia

m [ esior Looks edol ogic sHecitic.ty
m Acute exudative phase (ARDS)
B S :tacaic proliTratve paase (3 1ys)

m Chronic phase (7-14 days)



1a -

1al Pneumon

1t

Interst

Subacute

Cow




Interstitial Pneumonia

m Possikle <e wria
m Resolution
1 P ool

m Persistence

m Bacterial bronchopneumonia



Bronchointerstitial Pneumonia

B Microscop.< diagnosis only
= Components
m Inter itits Ul pne 11 20m 1 (no. - upg u ative)
B C.onchiolids
= Ftiology

m Some viruses e.g. herpesvirus, BRSV

m Mycoplasma



Multifocal Lesions

B Abscess

= Bronchogenic
B eotic(m)cli

B Aspiration
m Foreign body
m Granuloma

m Neoplasia



Multifocal
Abscess2s -
Haotce




Embolic Pneumonia

m Ftiology

m Bacterial (abscesses)
B Vegetative endocarditis
¥ S htice mir
A Ropated liver avsecss
® Mycotic (granulomas)
® Rumen ulcers
m Gl ischemia

® Foreign body (e.g. iv injection, hair)



Pulmonary Emboli

artery _Jugular
.~ thrombosis

' Cranial #
Valvular Vena cava

endocarditis




Granulomatous Pneumonia

m Inhaled or blood-borne agents

B a0 ai€ w M afeacd vo. pulnn 0Gary
. ]
Jsra lam ag

m Multifocal to locally extensive distribution

B Agent persists and incites granulomatous
response

m Ftiology: mycotic, bacterial, particulates



Granulomatous Pneumonia - Dog




Tuberculosis - Cow




Tuberculosis - Cow

REPRODUCEI




Phneumoconiosis

B Anthricosis
B Asbestosis

i P P -
. S Ll\ \_)E Lo



Pneumoconiosis - Anthracosis

m Spe i s 1o,
humans, etc, living

1N C [TIeS

m Disease: benign

accumulation of
carbon




Pneumoconiosis - Asbestosis

B Specie: raan. do x, cattl

m [ esions

W\ [esor helic m.

m Pathogenesis: macrophage and epithelial injury



Pneumoconiosis - Silicosis

- Specizs: avmans horsi:s, ¥ildlifc a+.c 7m0
animals

- C'=ivqrom nes, ceadlbles 1ng ) sar ¢ flovacir g
- Pathology: progressive granulomatous disease

- Pathogenesis: cytotoxicity to macrophages



Silicosis — Rat (Exp)




1COS1S

il

1S - S

10818

Pneumocon




Aspiration Pheumonia

m Etiology, t rcdisr 0s ng fact ors
m Jatrogenic
# Cleft nalate
! ~ne thes a
m CNS disorder
m White muscle disease
= Improper force feeding

m Prenatal stress



Aspiration Pneumonia cont.

B Respo.ise 0 acpira.ed matzria.
m [ .esion
I'b 'C AchC po 2t M P.a
1 Lis~Fudon
m Anteroventral /locally extensive
m Multifocal
m Severity
m Identification of foreign material



- Mouse

14

Pneumon

iration

Asp
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L. 4%



Fetal Aspiration Pneumonia

m Fetal I ypy.1a - mnc acide sis (feal st ss)

m Relaxation of anal sphincter with release of

T cuet Liuﬂf iL to u;T]‘_lipfi ) ﬂ‘ljd

B 0SS o1 glussa, redea allows auopitanots vr
amniotic fluid containing squames and
meconium

m May also aspirate pathogens if placentitis
present

m [nflammation results — easily missed



Viral Pneumonias

m [esiors
m [nterstitial pneumonia
I Pycaca dntertdt@l pnieu x on a

m Rarely kill without bacterial infection

m Diagnosis



Viral Infection

m Can lea © se:ot dary 1afectinn
m Depress macrophage function
I I0f aw  DLC STuliry ol 2ar uice
m Allow bacterial multiplication

m Can lead to airway hyperreactivity



Major Viral Diseases

m Hspec avr .mr ot ant
m Herpesviruses
(oo rmog o eat ti ] stress oc ts
m Can remain cartier
m Influenza

m Avian influenza — also felids, humans affected

m Canine influenza — equine mutation

m Paramyxoviruses



Bacterial Pneumonia

B Alr-borne (ac.0geaous)
= Bronchopneumonia (AV)
B Jen togeno 1c: dvif ase, nwalt'f ycal (aters itial or
CMOCuC PAEUN.ON.A)
m Secondary to
= [nfection: virus, mycoplasma, chlamydia
m Stress e.g. shipping

m Other e.g. environmental conditions



Bacterial Pneumonia (cont)

B Bacteftas uyuty
m Hstablishment by evasion of host defense
Sy recll

B Endotoxins

® Exotoxins
m ctc

B Diagnosis



Mycobacterial Disease

B /.00t Ol : ruscasc , LCPuLI tabic

B Mycovaci.riw:: tuborenlosss (tuceculesis)
® Man, cattle, dog, primate

T hos
® Man, cattle, swine, elephant, lion

m M. avinm
® Avian, swine, primate, dog

®m Recent concerns in deer, elk



Mycobacteriosis

m Most :yrtains car be af ‘ected
® Ruminants: primary pulmonary
1 D canyesdsr, can 1ssenun: t: to b
a L ve 1L | )vu 4 N ] « L o L«Lllg
m Pathology: granulomas

m Pathogenesis



Mycotic Pheumonia

m Htiolo e ajep s
m Cryptococeus neoformans, C. gatts
VDS vpea v s laty v
m _Aspergillus spp.

m Blastomycosis dermatiditis

m Coccidiodes 1mmitis



Aspergillosis

m Canire
m Nz sa
m Disseminated if immunosuppressed
B Aval—pultainir,art iac
dNVasive, NOMNVAaSyc)
m FEquine - gutteral pouch infection

m Pulmonary granulomas (embolic)

m Bovine — secondary to rumenal ulcers
® Pulmonary granulomas (embolic)

m Placental leading to abortion



Mycotic/Protozoal Pneumonias
Secondary to Immunosuppression

m Tonghlosprz opndi
B Cut dog raar:, CH (Z000LSS)

m Frequently associated with distemper,

AIDS
m Preumocystis spp

m Foals, pigs. man, laboratory animals



Parasitic (Verminous)

Pneumonia

m Hffect o lcst
= Obstruct airways
CERCN ITEIS) s >, I e fe \,'ctl> C - lor: al
1 Noec2eis eadit g tyices ot Fraci~s
m Secondary bacterial bronchopneumonia
= Hypersensitivity reaction

= Often see eosinophils



Muellerius spp - Sheep
NO T 1O B

REPRODUCED

By | -3
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Toxic Lung Injury



Cell Specific Toxic Injury

m Cilia*ed c=li= - MO, , SO, , O,

B Mucous c2ls - smok.ng, S0,

m Nonciliated (Clara) cells/olfactory
er.thelitm - metbo icall 7 act vated 2o=1 ts
e.g. o methylinaole

m Endothelial cells — pyrrolizidine alkaloids,
oxygen, endotoxin

m Epithelial type I cells — paraquat

m Macrophages - silica



Mechanisms of Toxicity

m Direc:a-ting :g, oxyg:n ‘hizh conz
m [ndirect acting
1 Necholercivedon e g, 3 reth 1 ndol
m Cyclic oxidation of parent compound eg, paraquat

® Immune mediated e.g., asthma

m Xenobiotic interaction e.g., with oxygen



Mechanisms of Toxicity

Metabolic Activation

Blo Lug Aar
Parcval rallhie g rdicuc
Compound ™= Compound Compound
Activation Detoxification

Reactive Metabolite

\ Nonreactive
Metabolite
Toxicity GSH Conjugation



Chemically Induced (Toxic)
Pulzonesy Injrsy

m Ftiology
= 2-mrcthylindcelc: cartlz sheep, gorts
1 4 4f ome nol: ca“tle
m Perilla frutescens ketone: cattle, horses

m Pyrrolizidine alkaloids: cattle, horses
swine, sheep (mainly hepatic)

® Paraquat: dogs, cats, man
® Chemotherapeutic agents e.g. bleomycin

m Pathology: interstitial pneumonia



Smoke Inhalation

B [njury duo: "o
® Thermal injury (URT)

RGN CETITS RETIL § IRV DI

B | .csiots
m [aryngeal/tracheal necrosis with fibtin
® Delayed pulmonary edema

® Soot particles often seen



Immune-Mediated Diseases

m Type |l hvp-ars.ns tivity: Ig™ ried ated
m Asthma or anaphylaxis

T e Shycerccasitiver: ¢BE razdiatia
u Hypersens1t1v1ty ‘pneumonitis’

m Type IV hypersensitivity : cell mediated

m Granulomatous disease



Anaphylaxis

B Spect:s (atle, 10 ses, ca s

m Type I hypersensitivity

| P,fiolngy
= (af fogel 1e: a1 w0 IC 17 ¢ Ctic 1 var € natio 1
= Ruptured liver abscess, etc

m Pathology
® Pulmonary edema with eosinophils

m Airway constriction



Hypersensitivity Pneumonias

®m Hquin: \llergrc I neum dn.tis Ch -or 1
Obstructive Pulmonary Disease (COPD) — types

—

[ nd ankypzsensanity

B Type 111 hypetrsensitivity to organic antigens €.g.
humans, cattle

m Drug hypersensitivity



Parasitic Hypersensitivity

m Parasi ic inec’io1. 1n ca tle
m Dictyocanlus vivaparous
B Pistac it foeticy ndois

m Dirofilaria immitis larvae



Primary Lung Neoplasia

m Rathe: t. ¢ in do nestic ar.'m-Is
m Generally in old animals

m Voo path 2la

m Generally solitary

m Clinical signs

® Diagnosis



Neoplasia

® Prima y e pl st
m Epithelial - carcinomas
1 Me Ccac il umo s

m Lymphomatoid granulomatosis



Table 9-5 Classification of Pulmonary Neoplasms
HA % U THL. TR TR
PRIMARY EPITHELIAL ORIGIN

Benign

Malignant

EPRODUCED

Bronchlolar-alveolar carcinoma

Small cell and large cell carcinomas
Anaplastic (undifferentiated) carcinoma
Carcinold tumor (neuroendocrine)
Ovine (retroviral) pulmonary carcinoma

From Lopez (2000)



Neoplasia - Carcinoma




Neoplasia — Carcinoma - Dog
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Neoplasia

m Secondary (metastatic) neoplasia
= More :oonmen
B Adenocarcinoma (mammary, tnyroid)
m Osteosarcoma /chondrosarcoma

m Hemangiosarcoma

m . ymphosarcoma

m Histiocytic sarcoma



Pathology of Respiratory System

m Respiratory injury and response
B Jpprresp ritosy trac:
m [ ower respiratory tract (lung)

m Pleura and thoracic cavity



Diseases of the Pleura and
Thoracic Cavity

m Pleurits/ Pyothorax

B [dee | Chelg  Hemo-thoarpx
m Paeur.:cthoras.

m Mineralization

m Neoplastic - mesothelioma



Uremic Mineralization




Pleuritis /Pyothorax

® Primary

m Secondary
1 Fitacioaraf snumot &
® Ruptured lung abscess

® Traumatic penetration
m Bite wound

m Awn



10s1s - Cat

Nocard




