Pathophysiology

Disorders of Respiratory System
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Disorders associated with pulmonary diseases

Clinical Entity

Chronic bronchitis

Bronchiectasis
Asthma
Emphysema

Small airway disease,
bronchiolitis*®

Anatomic
Site

Bronchus

Bronchus

Bronchus

Acinus

Bronchiole

Major Pathologic Changes

Mucous gland hypertrophy

and hyperplasia,
hypersecretion

Airway dilation and scarring

Smooth muscle hypertrophy
and hyperplasia, excessive
mucus, iInflammation

Air space enlargement, wall
destruction

Inflammatory scarring, partial
obliteration of bronchioles

Etiology

Tobacco smoke, air pollutants

Persistent or severe infections

Immunologic or undefined causes

Tobacco smoke

Tobacco smoke, air pollutants

Signs/Symptoms

Cough, sputum production

Cough, purulent sputum, fever
Episodic wheezing, cough,
dyspnea

Dyspnea

Cough, dyspnea




. PneuEnQrﬁalljgynob@gery broadly defined as any infection in the lung.

 The histologic spectrum of pneumonia may range from a
fiorinopurulent alveolar exudate seen In acute bacterial
pneumonias, to mononuclear interstitial infiltrates in viral and other
atypical pneumonias, to granulomas and cavitation seen in many of
the chronic pneumonias.

* Acute bacterial pneumonias can manifest as one of two anatomic
and radiographic patterns, referred to as bronchopneumonia and
lobar pneumonia.

 Streptococcus pneumoniae (the pneumococcus) is responsible for
more than 90% of lobar pneumonias.



Contrasting Features of Lobar Pneumonia and
Bronchopneumonia

Feature

Definition

Age group

Predisposing factors

Common etiologic agents

Pathologic features

Investigations

Prognosis

Complications

Lobar Pneumonia

Acute bacterial infection of a part of a lobe
of one or both lungs, or the entire lobe/s

More common in adults

More often affects healthy individuals

Pneumococci, Klebsiella pneumoniae,
staphylococeci, streptococci

Typical case passes through stages of
congestion (1-2 days) , early (2-4 days) and
late consolidation (4-8 days), followed

by resolution (1-3 weeks)

Neutrophilic leucocytosis, positive blood
culture, X-ray shows consolidation

Better response to treatment, resolution
common, prognosis good

Less common; pleural effusion, empyema,
lung abscess, organisation

Bronchopneumonia

Acute bacterial infection of the terminal
bronchioles extending into adjoining alveoli

Commoner at extremes of age—infants and old age

Preexisting diseases e.g. chronic debility, terminal
iliness, flu, measles

Staphylococci, streptococci, Pseudomonas,
Haemophilus influenzae

Patchy consolidation with central
granularity, alveolar exudation,
thickened septa

MNeutrophilic leucocytosis, positive blood culture,
X-ray shows mottled focal opacities

Response to treatment variable,
organisation may occur, prognosis poor

Bronchiectasis may occur; other complications
same as for lobar pneumonia




The Pneumon cmmsamimaseremeas s mmcated Pathogens

Streptococcus bneumoniae

Enterobacteriaceae (Klebsiella prneumonioe) and Pseudomonas spp.

Mycoplasma pneumoniae

Chlamydia spp—Chlamydia pneuomoniae, Chlamydia psittaci, Chlanvydia
trachomatis

Coxiella burnetii [ fever)

WViruses: respiratory syncytial virus, human metapneumovirus,
parainfluenza virus (children); influenza A and B (adults); adenovirus
(military recruits)

Gram-negative rods belonging to Enterobacteriaceae (Kilebsiello spp..
Serratia marcescens, Escherichia coli) and Pseudomonas spp.
5. gureus (usually methicillin-resistant)

Anaerobic oral flora (Bacteroides, Prevotella, Fusobacterium,
). admixed with aerobic bacteria (5. pneumonioe,
5 agureus, H. influenzoe, and Pseudomonas geruginesa)

MNocardia

Actinomyces

Granulomatous: Mycobacrerium twberculosis and atypical mycobacteria.
Histoplasma capsulatum, Coccidioides immitis, Blastomyces dermatitidis

Anasrobic bacteria (extremely common). with or without mixed
aerobic infection
5. aureus, . preumoniage, Strepiococcus pyogenes, and type 3

pREUMOCOCCUS (UNComnmoen)

Cytomegalovirus

Prieumocystis jiroved

Mycobacterium avium complex (MAC)

Invasive aspergillosis

Invasive candidiasis

*“Usual™ bacterial. viral, and fungal organisms (listed abowe)



Features of Pneumonia

- Before antibiotics, pneumococcal pneumonia
Involved entire or almost entire lobes and
evolved through four stages:

1.congestion
2.red hepatization,
3.gray hepatization
4.resolution.

Gross view of lobar pneumonia with gray
hepatization.



Normal lung

Features of Pneumonia ot e - e
 During the first stage, that of congestion, the affected = . : %
lobe(s) is (are) heavy, red, and boggy; histologically, = o o 1
vascular congestion can be seen, with proteinaceous fluid, =,  E=E gt
scattered neutrophils, and many bacteria in the alveoli. .. . S IRy

Within a few days, the stage of red hepatization ensues,
In which the lung lobe has a liver-like consistency; the ; -
alveolar spaces are packed with neutrophils, red cells, and & 1, 252 5o gwd o Faus

fibrin. In the next stage, gray hepatization, the lung is dry, "s& w8 m’&g\“:f‘f
gray, and firm, because the red cells are lysed, while the = 53575 s r s i ti g
fibrinosuppurative exudate persists within the alveoli. /% St SE o
Resolution follows in uncomplicated cases, as exudates * i ,“*: S

within the alveoli are enzymatically digested to produce ,ggf;sva;
granular, semifluid debris that Is resorbed, ingested by "= -

Acute pneumonia. The congested septal

macrophages, coughed up, or organized by fibroblasts -capilaries and extensive neutrophil
grOWing into |t exudation into alveoli correspond to early

red hepatization. Fibrin nets have not yet
formed.



Tuberculosis

* Tuberculosis Is a communicable chronic granulomatous disease
caused by Mycobacterium tuberculosis, usually affecting the lungs,
but virtually any extrapulmonary organ can be involved in isolated
Infection.

* Infection with M. tuberculosis typically leads to the development of
delayed hypersensitivity, which can be detected by the tuberculin
(Mantoux) test.

« The pathogenesis of tuberculosis In the previously unexposed
Immunocompetent person is centered on the development of a
targeted cell-mediated Immunity that confers resistance to the
organism and results in development of tissue hypersensitivity to
tubercular antigens. The pathologic features of tuberculosis, such as
caseating granulomas and cavitation, are the result of the destructive
tissue hypersensitivity that Is part and parcel of the host immune
response.



Pathogenesis of Tuberculosis

A. PRIMARY PULMON¥AY TUBERCULOSIS (0-3 weeks)
AP0 ®

; r Mannose-capped glycolipid Possible NBAMP1
Macrophage mannose receptor polymaorphism

Unchecked bacilliary proliferation

"Endosomal manipulation®
* Maturation arrest
s Lack of acid pH
* [neffective phagolysosome

_ formation Bacteremia with seeding
Mycobacteria Alveolar macrophage of multiple sites
B. PRIMARY PULMONARY TUBERCULOSIS (>3 weeks)
Alveolar IL12 "Activated"
macrophage » macrophage Caseous
Necrosis s
TNF, .
chemokines ' D
Monocyte s 7
ﬁ .
recruitment e ‘
Nitric oxide and Sensitized /@ Wt @ @
Class I T-cell free radicals T cell
MHC receptor Epithelioid
: granuloma
MTB antigen s &3 g K% 4 ("hypersensitivity")
Tuberculin positivity Bactericidal activity

("hypersensitivity") ("immunity")



Pathogenesis of Tuberculosis

* Once a virulent strain of mycobacteria gains entry into the macrophage endosomes (a process
mediated by several macrophage receptors, including the macrophage mannose receptor and
complement receptors that recognize several components of the mycobacterial cell walls), the
organisms are able to inhibit normal microbicidal responses by preventing the fusion of the
lysosomes with the phagocytic vacuole. The prevention of phagolysosome formation allows
unchecked mycobacterial proliferation. Thus, the earliest phase of primary tuberculosis (in the first
3 weeks) in the nonsensitized patient is characterized by bacillary proliferation within the
pulmonary alveolar macrophages and air spaces, with resulting bacteremia and seeding of
multiple sites. Despite the bacteremia, most persons at this stage are asymptomatic or have
a mild flu-like illness.

 The development of cell-mediated immunity occurs approximately 3 weeks after exposure.
Processed mycobacterial antigens reach the draining lymph nodes and are presented to CD4 T
cells by dendritic cells and macrophages. Under the influence of macrophage-secreted IL-12,
CD4+ T cells of the TH1 subset are generated that are capable of secreting IFN-y. The
development of resistance to the organism is accompanied by conversion to a positive result on
tuberculin skin testing.



Pathogenesis of Tuberculosis

* IFN-y released by the CD4+ T cells of the TH1 subset is crucial in activating
macrophages. Activated macrophages, in turn, release a variety of mediators and
upregulate expression of genes with important downstream effects, including (1) TNF, which
Is responsible for recruitment of monocytes, which in turn undergo activation and
differentiation into the “epithelioid histiocytes” that characterize the granulomatous response;
(2) expression of the inducible nitric oxide synthase (INOS) gene, which results in
elevated nitric oxide levels at the site of infection, with excellent antibacterial activity; and
(3) generation of reactive oxygen species, which can have antibacterial activity. Nitric oxide
Is a powerful oxidizing agent that results in generation of reactive nitrogen intermediates and
other free radicals capable of oxidative destruction of several mycobacterial constituents,
from cell wall to DNA.

» Defects in any of the steps of a TH1 response (including IL-12, IFN-y, TNF, or nitric oxide
production) result in poorly formed granulomas, absence of resistance, and disease
progression. Persons with inherited mutations in any component of the TH1 pathway are
extremely susceptible to infections with mycobacteria.



. T%@@tw @ﬁe@lfagﬂuml@]rgulsglaal&w spaces of the

lower part of the upper lobe or the upper part of the lower lobe,
usually close to the pleura. As sensitization develops, a 1- to 1.5-
cm area of gray-white inflammatory consolidation emerges, the
Ghon focus. In most cases the center of this focus undergoes E=
caseous necrosis. Tubercle Dbacill, either free or within §
phagocytes, travel in lymph drainage to the regional nodes, which
also often caseate. This combination of parenchymal lesion
and nodal involvement is referred to as the Ghon complex.
During the first few weeks, there is also lymphatic and ;.
hematogenous dissemination to other parts of the body. In |
approximately 95% of cases, development of cell mediated |
Immunity controls the infection. Hence, the Ghon complex
undergoes progressive fibrosis, often followed by radiologically
detectable calcification (Ranke complex), and despite seeding of
other organs, no lesions develop.

« On histologic examination, sites of active involvement are marked
by a characteristic granulomatous inflammatory reaction that forms = & -
both caseating and noncaseating granulomas, which consist of Primary pulmonary tuberculosis, Ghon

complex. The gray-white parenchymal

epithelioid histiocytes and multinucleate giant cells. focus (arrow) is under the pleura in the

lower part of the upper lobe.




