Lower Respiratory Tract Infections
	Organism
	Virulence Factors
	Pathogenesis
	Clinical ID

	Streptococcus pneumoniae


	Capsule (84 serotypes)

-interferes w/ C deposition

-facilitates evasion of surfactant

-anti-caps abs = host immunity

Pneumolysin 

-creates pores in membrane of PMNs, monocytes, pulm endothelium

-aids in evasion of IR, clearance from nasopharynx

-facilitates bacteremia

(alveoli ( bloodstream

-activates C ( inflamm response

CW: teichoic acid, peptidoglycan

-strong inflamm response

(alt C pathway, IL-1, TNF-α)
	Human only (droplet)

~30% asymptomatic carriers
*most common cause – acute pneumonia

Risk factors: compromised cough reflex (stroke, alcoholism, drugs, anesthesia)

1. colonize nasopharynx

2. bypass ciliated epithel ( lung

3. resist to phagocytosis (caps)

4. inflamm response (CW)

Acute pneumonia
-productive cough (bloody/rusty sputum)

-inflamm response to infxn

* C ↑ vasc permeability ( fluid accum

* disrupted gas exchange ( suffocation

2˚ complications: bacteremia, acute purulent meningitis

-damage to endothel ( bacteremia

-breach BBB ( meningitis
	Sputum 

-contains PMNs, MONOmicrobic

-contam saliva is polymicrobic

Gram (+) lancet-shaped diplococci, end-to-end

α-hemolytic (green) on BAP

≠ Lancefield gp
Caps serotype

Quellung rxn

Optochin (P disk) sens

Bile soluble (differentiate from strep viridans)

Blood cx – bacteremia

Latex agglutt – pneumo Ags

radiology

	Haemophilus influenzae
	Capsule (PRP)

-antiphagocytic

Hib = most virulent
	Common flora in URT (nonencaps, but some encaps too)
Droplet (person-person)

H flu Pneumonia

Encapsulated ( S pneumo-like disease

Hib pneumonia

-less common 

-more virulent

-higher incidence of bacteremia

Acute epiglottitis & pneumonia (2-5yr)

Predisposing factors: chronic bronchitis, emphysema, COPD (smoking)
	Sputum
Blood cx – (+) in ~10-15%

Small gram (-) coccobacillus

Chocolate agar

Require:

Factor X (hemin)

Factor V (NAD)

	Legionella pneumophila
	Outer membrane proteins
· entry into macrophages

· binding to C3, enhance uptake into phagocytes

metalloprotease (similar to elastase)

defect in organelle trafficking (dot)

-controls phagolysosome fusion in macrophage w/ legionella

-controls recruitment of ribos to lysosome mem encasing legionella

Phospholipase C (cytolysin)

-mem damage, phagocyte escape
	Parasite – survives inside ameba (AC towers, plumbing, resp equipment) 

May OVERWINTER inside cyst of ameba

Can live outside ameba in biofilms

Aerosolized, inhaled

Acute Pneumonia
-low virulence

-NO person-person spread

Contributing factors: nosocomial infxns, immunocompromised, smoking, excessive EtOH, old age

Legionnaire’s Disease

-severe pneumonia (2-10d incubation)

-high mortality (60%), immunosuppressed

Pontiac Fever

-no pneumo, FEVER (1-2d incubation)

-self-limiting

Tropism for lung alveoli, bronchioles ( microabscesses

Intracellular parasite in monos & macros

· coiling phagocytosis

transition: extracell(intracell 30 proteins

-prevent phagolyso fusion

-induce accum of ribos & mitos 

-facilitate iron scavenging (transferrin)

Multiplication of legionella inhibited inside macrophage


	Fastidious growth requirements
Classic stains NOT useful

(Silver stain)

Thin, pleomorphic (G -) rod

Filamentous

Special media for growth

· amino acids

· L-cysteine

· Ferric ions

Cx on buffered media (pH restrictions)

SLOW growth (2-5d)

PCR

ID by Ag structure on DNA homology tests

-indirect immunofluorescence of serum

Lung aspirate, bx

	Mycoplasma pneumonia
	Adhesion
-binds sialic acid glycolipids/proteins on bronchial epith cells

**H2O2 and super-oxide radicals ( tissue damage
Autoantibodies (generated during infxn)

-homology w/ host mem glycolipids

-reactive to lymphocytes, smooth muscle, brain, lung tissue
	Acute atypical pneumonia (teens)
*walking pneumonia*

Droplet (v low OD50 = 100)

Long-term shedding possible

· 2-8d before infxn

· Up to 14 wks after

· Closed communities at risk

Colonize bronchial epithelium, interferes with ciliary action

Inflamm, exudate

Sequelae:

-cross-reactive antibodies

-potential ( hemolytic anemia, aseptic meningitis, pancreatitis
	NO gram stain!
NO cell wall

Cells bound by triple mem (sterols)

Serodx – detect circ Ag

-detect C-fixing Ab

(Ab to M pneumo Ags = dx)

Long incubation

DNA hybrid, PCR

	Chlamydia pneumonia
	Elementary body (EB)
-infectious stage, carries adhesin

-attaches/induces endocytosis

Reticulate Body (RB)

-EB(RB (replicates)

-metabolically ACTIVE 

-RB multiplies(EB released at rupture
	Pharyngitis, Brochitis, Atypical Pneumonia
-walking pneumonia in kids & adults

-resembles M pneumoniae infxn

Humans only

~50% seropositive, reinfxn common
	NO cell wall (no gram stain)
Gram (-) outer membrane

Coccobacillus

Direct immunoflurorescence of omps

DNA, RNA probes – PCR

C pnemo does NOT form glycogen inclusion bodies like C trachomatis

	Staphylococcus aureus
	
	Acute pneumonia
-2˚ to another insult to lung (flu)

-patho similar to above

Empyema

-purulent infxn of pleural space

-SA gains access by contiguous spread from infxd lung

Lung abscess

-complication of acute/chronic pneumonia

-can be from aspiration of oral/gastric contents
	Sputum, lung abscess aspirate, blood cx (dissem)

Gram (+) cocci, clusters

Cat (+)

Coag (+)

Antibx susceptibility always needed

Abscess dx radiologically

	Mycobacterium tuberculosis
	Mycolic acid (cord factor) in CW
-resistance to drying, disinfectants

-promotes hypersensitivity granuloma

-pro-inflamm (TNFα), tissue damage

Lipoarabinomannan

-CW glycolipid

-suppress T cell prolif, inh macro activation

Sulfolipids

-inh phago-lyso fusion

Catalase – degrades H2O2
Ammonia production – buffers phagolysosome


	Mycobacterium spp
-tuberculosis ( TB

-bovis ( eradicated thru pasteurization

-africanum ( TB in Africa

***avium complex (MAC)

· seen in AIDS pts

· avium/intracellulare = opportunistic, TB-like disease

-leprae ( leprosy

Primary TB infxn

-usually subclinical (95%)
-localized lung lesion, DTH rxn

-Gohn (1˚) complex: lung granuloma + enlarged lymph nodes

Progressive 1˚ TB
-5% infxn doesn’t resolve

-dissem infxn, bloodborne or miliary TB

Disseminated TB

-via lymph nodes, erosion of necrotic tubercle in lung

-infxn of liver, spleen, kidney, bone, meninges possible

Reactivation TB (low %)

-incidence ↑ w/ age, EtOH, DM, ↓ immune

***reactivation risk ↑↑↑ 300-fold w/ HIV

-common site is apex regardless of 1˚ lesion site 
	Sputum, (bx)
Blood for miliary TB

Staining = impt

MycoB ~ gram (+) but stain poorly 

Acid-fast bacillus

Chemo monitored by exam for AFB counts

Cx of MTB

-decontam w/ NaOH first

-v slow growth, special agar

Rapid ID:

rRNA, DNA probe

drug susceptibility tests

	TB Skin Test

Purified protein derivative (PPD)

-protein & lipid, polysacc, nucleic acid

-injected under skin, rxn in 48 – 72h 

DTH rxn to PPD

-local induration, redness = (+) 

-rxn is (+) after 1˚ infxn

Significance of (+) PPD

-coincides w/ tubercle (hypersens granuloma) formation

-indicates exposure, not necess active (only 5% ( active TB)

-indicates exposure to MTB or cross-reactive species

Significance of (-) PPD

-no exposure 

-window period (6 wks prehypersens)

-loss of sens due to disappearance of Ag from 1˚ complex

-anergy b/c of immunocompromise
	Pathogenesis

Aerosol – 1˚ focus = lungs

Obligate aerobe

-engulfed by alveolar macros, carried to lymph

-resists innate defenses (PMNs, etc)

-humoral response (IgM) weak, no effective C-killing

CMI response

-CD4, CD8 Ts activate alveolar macros to ingest organism

-*macros can prevent MTB replication

Inadequate response ( replication in macro phagosome

-slow replication rate adds to patho

-cytokine response to org causes systemic TB sx (wt loss, fever)

Containment of pathogen in tubercle = micro granuloma

-multi-nuc giant cells, *macros, lymphos

-granulomas can become necrotic & caseous (cheesy)

-fibros & collagen accum at lesion

-tissue destruction ( chronic productive cough, bloody sputum
FATES of tubercle

-(fibrotic or calcified w/ dead bact

-tubercle bacilli dormant for yrs ( source for reactivation

-necrotic tb can erode into blood vessel ( dissem/miliary TB

DTH rxn confers long-lived memory, protection from reinfxn



	Pseudomonas aeruginosa

*Cystic Fibrosis
	Adhesins 
· bind asialoGM1 (def in CF)
Alginate (mucoid)

-CAPSULE

-aids colonization & evasion

Elastase

Multiple resistance to antibx & disinfx

-mut – loss of porin

-alteration in LPS
	Acute pneumonia, empyema, abscess
Infxn in CF (rarely beyond lungs)

CF lung

· ↑ mucus

· Defect in CFTR ( ↓ sialation of glycolipids

· More susceptible to PA

Resistant to phagocytosis

· PA in CF phenotype switch to mucoid form

· Alginate & XS mucus = no phagocytosis

· Anti-PA Abs defective

Resistance to Antibx

· alginate + XS mucus = barrier

· PA infxn common in teens

Lung tissue damage

-colonization + elastase

-PMNs release more protease ( more damage
	sputum

Gram (-) rods
Aerobic

Oxidase (+)

OF dextrose - aerobic (+)

	SPECIAL CASE – BACTERIA 

	Nocardia spp.
	
	Chronic pneumonia & abscess
	Gram (+) rods

	Oral anaerobes
	
	Acute pneumonia
Empyema, abscess
	Gram (-) rods


Fungal Infections
	Organism
	Virulence Factors
	Pathogenesis
	Clinical ID

	Aspergillus spp.
	Infxs conidia – germ to mold form

Hyphae bind fibrinogen & C cmpnts

( invasive!!

Aflatoxin (A flavus) on peanuts(CA
	Nosocomial pneumonia

*opportunistic pathogen*

Predisposing: asthma, c bronchitis, TB, immunosuppression

Acute pneumonia, lung abscesses

-env mold

-requires freq inhalation of infxs spores (Farmer’s Lung)


	Lung aspirate, bronch lavage, bx

Mold grows rapidly, easy ID

Typical septate hyphae w/ conidia 

Radiology – fungus ball

	Histoplasma capsulatum
	Dimorphic growth

Able to grow in macros

- survive oxidative burst
	Env growth – bird & bat poop
Ohio, Mississippi  river valleys

Inhalation of spores (in lungs convert to pathogenic yeast)

NOT person-person

Chronic pneumonia

*grows inside macros

-resembles pulmonary TB

-granulomatous inflamm, necrosis

-dissem possible

IR ( Tcell *macros = inh of growth

Long-lasting immunity
	Chest radiograph = granulomas like TB
Blood cx or bx (NO sputum)

BIOPSY = best dx

Slow growth on BAP

Dimorphic

Mold ( tuberculate macroconidia (fingers)

Serotyping

-cross reacting

DNA probes, etc

	Blastomyces dermatitidis
	Sim to histo
Dimorphic growth

EXTRACELLULAR (too large)
	Middle/south US
10x more in ♂ than ♀

Inhalation of spores ( pulm infxn w/ yeast

· neutrophil infiltration & granuloma formation ( chronic pneumonia

· mimics tumor or TB

dissem possible 

· chronic infxn of skin & bone

· disfigurement

· dissem to UG 

IR ( Tcells & cytokines, large yeasts resistant to oxidative & nonox killing mechs
	Bx samples ( large yeasts w/ buds
V v slow growth (4wks)

Ag cross-reactivity w/ other fungi

No skin test

RID & C fixation – not sens

	Coccidiodes immitis 
(Valley Fever)
	Dimorphic
Mold ( infxs conidia

Spherule = invasive


	SW US, gen mild disease
Valley Fever = acute pulm infxn w/ cough, chest pain, myalgia

Chronic pneumonia (can develop)

· immunosuppression (AIDS, chemo)

inhalation of spores, ( spherule

spherule grows too large for phagocytosis

release endospores ( inflamm response

inflamm response accom by granuloma form,

IR to infxn

-CMI to endospores

-Chronic/progress infxn

* T cell anergy

* ↑ B cell response = poor prognosis

* ↑ T cell + little Abs = good prognosis
	Detect spherules = best dx
Cx not recomm b/c v infxs

C-fixing Abs indicates progress
- low titers = 1˚ pulm disease

- high titers = dissem

Skin test ltd value

· (+) 1-4wk post-onset

· (+) for life

· (-) = too soon

· (-) = anergy

RID & DNA probe

	Pneumocystis carinii
	V common organism
Low virulence

     75% have Abs by age 4
	Pneumocystosis in immunocompromised
**presenting manifest of AIDS

         High risk when CD4 below 200

Acute pneumonia, lethal pneumonitis

Progressive pneumo follows:

· corticosteroids & leukemia

· AIDS onset (lesions outside lungs too)

Concurrent infxns common

Alveoli filled w/ crap
( foamy appearance

Dx by Sx

· low grade fever

· nonproductive cough

· SOB & tachypnea

· Cyanosis & hypoxia

· Death by asphyxiation
	Fungus vs protozoa?
Fungus(rRNA seq 

Protozoa

· morphology & drug susceptibility

· cysts ( trophos

· antiprotozoals

sputum w/ hypertonic saline

( 50% AIDS pts  (+)

bronchoalveolar lavage, bx

( 90% (+) AIDS

Dx by histology = definitive

EXTRACELL cysts & trophs

· giemsa, gram, wright stain

· IFA

· PCR




