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““Clinical and radiologic manifestations [of] Clinical and radiologic manifestations [of] 
infection of lower respiratory tract can infection of lower respiratory tract can 
mimic those of virtually all other lung mimic those of virtually all other lung 
diseases . . . .diseases . . . .””

̶̶ Fraser and Pare, Diagnosis of Diseases of the ChestFraser and Pare, Diagnosis of Diseases of the Chest



InfectionInfection

Is in differential diagnosis for most Is in differential diagnosis for most 
chest radiographic abnormalitieschest radiographic abnormalities
What should we know about What should we know about 
radiographic manifestations?radiographic manifestations?



ObjectivesObjectives

Recognize a broad range of potential Recognize a broad range of potential 
radiographic findings of acute infectionradiographic findings of acute infection
Recognize findings that are NOT Recognize findings that are NOT 
characteristic of communitycharacteristic of community--acquired acquired 
pneumoniapneumonia



Value of CXR?Value of CXR?

Not well establishedNot well established



CXRCXR

Outcomes not altered*Outcomes not altered*
Scant data (2 trials) of CXR v. no CXRScant data (2 trials) of CXR v. no CXR
–– 522 children522 children

No difference in clinical outcomesNo difference in clinical outcomes

–– 1502 adults1502 adults
No difference in length of illnessNo difference in length of illness

**SwinglerSwingler et al. (2008). et al. (2008). Cochrane Database of Systematic Cochrane Database of Systematic 
ReviewsReviews(1): CD001268(1): CD001268



Management not altered*Management not altered*

2706 pts hospitalized with CAP2706 pts hospitalized with CAP
–– 911 (1/3) with negative CXR911 (1/3) with negative CXR
–– Similar rates of positive sputum and Similar rates of positive sputum and 

blood cultures whether + or blood cultures whether + or –– CXRCXR
**BasiBasi et al Am J Med 2004: 305et al Am J Med 2004: 305--311.311.



Management not altered*Management not altered*

300 pts with high pretest probability300 pts with high pretest probability
–– Substantial minority no CXRSubstantial minority no CXR
–– Pts treated based on clinical suspicionPts treated based on clinical suspicion

**AagardAagard et al et al Med Dec MakingMed Dec Making 2006 26(6) 5992006 26(6) 599--
605.605.



CXR neverthelessCXR nevertheless



ATS/IDS criteriaATS/IDS criteria

““a demonstrable infiltrate by chest a demonstrable infiltrate by chest 
radiograph or other imaging radiograph or other imaging 
technique, with or without supporting technique, with or without supporting 
microbiological data, is required for microbiological data, is required for 
the diagnosis of pneumoniathe diagnosis of pneumonia””
(Moderate recommendation; level III (Moderate recommendation; level III 
evidence.) evidence.) 

Clinical Infectious Diseases 2007;44:S27–S72 



Assess for Assess for 

ComplicationsComplications
–– Pleural fluid possibly requiring drainagePleural fluid possibly requiring drainage

Severity (Severity (multilobarmultilobar involvement)involvement)
Unusual radiographic patternsUnusual radiographic patterns



Classical divisionClassical division

Lobar pneumoniaLobar pneumonia
BronchopneumoniaBronchopneumonia
Acute interstitial pneumoniaAcute interstitial pneumonia
–– Not to be confused with an inflammatory Not to be confused with an inflammatory 

noninfectious entity, AIPnoninfectious entity, AIP



Lobar pneumoniaLobar pneumonia

Airspace consolidationAirspace consolidation
Confined to one lobe or segment Confined to one lobe or segment 
–– Or group of segmentsOr group of segments
Anatomic distributionAnatomic distribution
Most common manifestation of Most common manifestation of 
bacterial pneumoniabacterial pneumonia
Particularly Particularly Strep. Strep. pneumoniaepneumoniae, , 
KlebsiellaKlebsiella



Lobar pneumoniaLobar pneumonia



BronchopneumoniaBronchopneumonia

MultifocalMultifocal
Nodules that tend to joinNodules that tend to join
Produce confluent areas of segmental Produce confluent areas of segmental 
consolidationconsolidation
Classically: Classically: Staph, S. Staph, S. pneumoniaepneumoniae, H. , H. 
fluflu



BronchopneumoniaBronchopneumonia

Nodules

Confluence

Bronchial wall
thickening



Acute interstitial Acute interstitial 
pneumoniapneumonia

Involvement of Involvement of 
–– Bronchial and bronchiolar wallsBronchial and bronchiolar walls
–– Pulmonary Pulmonary interstitiuminterstitium

Classically associated with Classically associated with 
mycoplasmamycoplasma, , chlamydiachlamydia



Interstitial pneumoniaInterstitial pneumonia



Interstitial pneumoniaInterstitial pneumonia



ProblemsProblems

Poor correlation between patterns and Poor correlation between patterns and 
agentsagents
Attributed to:Attributed to:
–– Aging populationAging population
–– Early antibiotic treatmentEarly antibiotic treatment



ProblemsProblems

Also, infrequent isolation of causative Also, infrequent isolation of causative 
agentagent
Selection bias:Selection bias:
–– Hospitalized patientsHospitalized patients
–– Patients with definitive diagnosisPatients with definitive diagnosis

CulturesCultures
–– BloodBlood
–– Pleural fluidPleural fluid



ProblemsProblems

Considerable overlap of patterns:Considerable overlap of patterns:
–– Up to 50% of Up to 50% of mycoplasmamycoplasma may have may have 

lobar consolidationlobar consolidation



ProblemsProblems

Imperfect interImperfect inter--reader agreement*reader agreement*
–– Presence/absence of abnormalities, 80%Presence/absence of abnormalities, 80%
–– Distribution, 75%Distribution, 75%

**AlbaumAlbaum et al; et al; ChestChest 110:343, 1996110:343, 1996



InterInter--reader agreementreader agreement

Decreases with portable radiographs, Decreases with portable radiographs, 
nursing home patients:nursing home patients:
IntraIntra--class correlation coefficient: 0.54 class correlation coefficient: 0.54 
or fair*or fair*

*Loeb, et al. (2006). *Loeb, et al. (2006). Journal of the American Medical Journal of the American Medical 
Directors AssociationDirectors Association 77(7): 416(7): 416--9.9.



CommonlyCommonly

Identify as pneumonia based on Identify as pneumonia based on 
–– Radiographic appearanceRadiographic appearance
–– Clinical symptomsClinical symptoms

–– Resolution over timeResolution over time



RML opacity RML opacity 



?Pneumonia?Pneumonia

Pt does not have symptomsPt does not have symptoms
Radiographic abnormality does not Radiographic abnormality does not 
change over 3 weekschange over 3 weeks



CTCT

Right middle lobe Right middle lobe 
consolidationconsolidation
Air Air bronchogramsbronchograms
No CT evidence of No CT evidence of 
bronchial bronchial 
obstructionobstruction
Diagnosis?Diagnosis?



DiagnosisDiagnosis

BronchoscopyBronchoscopy
–– Biopsy Biopsy 
–– LavageLavage

BxBx yield:yield:
–– Atypical lymphoidAtypical lymphoid

infiltrate infiltrate 
–– Final Final dxdx: : 

extranodalextranodal marginal zone Bmarginal zone B--cell lymphoma ofcell lymphoma of
mucosamucosa--associated lymphoid tissue=MALT lymphoma associated lymphoid tissue=MALT lymphoma 



FollowFollow--up up ““to resolutionto resolution””

Paucity of literature on timing Paucity of literature on timing 
288 hospitalized patients*288 hospitalized patients*
–– Little utility for Little utility for followupfollowup before 28 days before 28 days 

*Bruns et al. (2007). Clinical Infectious Diseases 45(8): 983-991.



FollowFollow--up radiographsup radiographs

81 non81 non--immunoimmuno--compromised patientscompromised patients
Serial Serial CXRsCXRs q 2 wk x 8 wkq 2 wk x 8 wk
then q 4 wk until then q 4 wk until 
–– 24 wk had passed24 wk had passed
–– or or nlnl CXR CXR 

50.6% normal at 2 wk 50.6% normal at 2 wk 
66.7% normal at 4 wk66.7% normal at 4 wk

Mittl et al Am. J. Respir. Crit. Care Med., 1994, 630-635. 



FollowFollow--up radiographsup radiographs

More rapid clearingMore rapid clearing
–– Single lobeSingle lobe
–– Younger patientsYounger patients



FollowFollow--up radiographsup radiographs

Persistent symptoms and signsPersistent symptoms and signs
Risk of bronchial neoplasm Risk of bronchial neoplasm 
In severe pneumonia, according to In severe pneumonia, according to 
clinical judgmentclinical judgment
–– Increase in area of opacity by > Increase in area of opacity by > ½½

indicates poor prognosisindicates poor prognosis

Woodhead et al Eur Respir J 2005; 26:1138-1180



Additional manifestation Additional manifestation 
of acute pneumoniaof acute pneumonia



Acute respiratory Acute respiratory 
symptomssymptoms



Three days laterThree days later



Round pneumoniaRound pneumonia

Classically described in childrenClassically described in children
–– Attributed to incomplete development of Attributed to incomplete development of 

collateral air pathwayscollateral air pathways



Round pneumoniaRound pneumonia

Also occurs in adultsAlso occurs in adults
–– Uncommonly reportedUncommonly reported

Agents:Agents:
–– Strep. Strep. pneumoniaepneumoniae
–– KlebsiellaKlebsiella pneumoniaepneumoniae
–– Q feverQ fever

**DurningDurning et al. et al. ChestChest 124 (1): 372. (2003)124 (1): 372. (2003)



Round pneumoniaRound pneumonia

Consider diagnosis in adult Consider diagnosis in adult 
–– With pulmonary massWith pulmonary mass
–– Respiratory tract infection symptomsRespiratory tract infection symptoms
–– Particularly if young nonsmokerParticularly if young nonsmoker

In context of recent normal chest In context of recent normal chest 
radiograph, virtually radiograph, virtually pathognomonicpathognomonic
for round pneumonia for round pneumonia 



ObjectivesObjectives

Recognize a broad range of potential Recognize a broad range of potential 
radiographic findings of acute infectionradiographic findings of acute infection
Recognize findings that are NOT Recognize findings that are NOT 
characteristic of communitycharacteristic of community--acquired acquired 
pneumoniapneumonia



Atypical radiographsAtypical radiographs

LymphadenopathyLymphadenopathy and pulmonary and pulmonary 
opacities opacities 
Multiple pulmonary nodulesMultiple pulmonary nodules
Apical Apical cavitationcavitation
Diffuse lung diseaseDiffuse lung disease



History withheldHistory withheld



LymphadenopathyLymphadenopathy

Underlying diseaseUnderlying disease
–– NeoplasmNeoplasm
–– SarcoidosisSarcoidosis

Few specific infectionsFew specific infections



November 2001 March 2002



Specific infectionsSpecific infections

Primary tuberculosisPrimary tuberculosis
Endemic fungal infectionEndemic fungal infection
TularemiaTularemia
AnthraxAnthrax



Young woman with feverYoung woman with fever



Multiple pulmonary Multiple pulmonary 
nodulesnodules

Differential diagnosis:Differential diagnosis:
–– AVMsAVMs
–– WegenerWegener’’ss
–– SarcoidSarcoid
–– MetastasesMetastases
–– Traumatic hematomasTraumatic hematomas
–– Silicosis, coalSilicosis, coal--workerworker’’s pneumoconiosiss pneumoconiosis
–– A few infectionsA few infections



Multiple pulmonary Multiple pulmonary 
nodulesnodules

Differential diagnosis does not include Differential diagnosis does not include 
communitycommunity--acquired pneumoniaacquired pneumonia
Infections:Infections:
–– Invasive Invasive aspergillosisaspergillosis
–– HistoplasmosisHistoplasmosis
–– ParagonimiasisParagonimiasis
–– Septic emboliSeptic emboli



Five days laterFive days later



Nigerian pt with fever, nausea, Nigerian pt with fever, nausea, 
vomiting, hyperglycemiavomiting, hyperglycemia



CavitaryCavitary diseasedisease

Differential diagnosis:Differential diagnosis:
–– Broad array of bacterial infections:Broad array of bacterial infections:

StaphylococcusStaphylococcus
KlebsiellaKlebsiella
PseudomonasPseudomonas
AnaerobesAnaerobes
MycobacteriaMycobacteria



CavitaryCavitary diseasedisease

Other infectionsOther infections
–– PneumocystisPneumocystis
–– HistoplasmaHistoplasma
–– CoccidioidesCoccidioides
–– CryptococcusCryptococcus
–– AspergillusAspergillus
–– ParagonimusParagonimus
–– EchinococcusEchinococcus



CavitaryCavitary diseasedisease

Noninfectious:Noninfectious:
–– WegenerWegener’’ss
–– ((SarcoidSarcoid))
–– MalignancyMalignancy
–– Septic emboliSeptic emboli
–– BullaeBullae
–– Traumatic Traumatic pneumatocelespneumatoceles



Always consider TBAlways consider TB

Isolated anterior segment Isolated anterior segment postprimarypostprimary TB TB 
classically considered rareclassically considered rare
Series of 142 pts: 6% had isolated anterior Series of 142 pts: 6% had isolated anterior 
segment disease*segment disease*
–– More common in diabetesMore common in diabetes——statistically statistically 

significant differencesignificant difference

*Spencer et al *Spencer et al ChestChest 1990: 97; 3841990: 97; 384--8888



5151--yearyear--old male for VQ old male for VQ 
scanscan



Clinical presentationClinical presentation

2 weeks dry cough2 weeks dry cough
HypoxiaHypoxia
No past medical historyNo past medical history



5151--yearyear--old male for VQ old male for VQ 
scanscan



Diffuse lung diseaseDiffuse lung disease

Differential diagnosis:Differential diagnosis:
–– Diffuse alveolar hemorrhageDiffuse alveolar hemorrhage
–– Hydrostatic edemaHydrostatic edema
–– Permeability edema/ARDSPermeability edema/ARDS
–– NearNear--drowningdrowning
–– Extrinsic allergic Extrinsic allergic alveolitisalveolitis
–– Some infectionsSome infections



Diffuse lung diseaseDiffuse lung disease

Infectious:Infectious:
–– CMVCMV
–– InfluenzaInfluenza
–– PneumocystisPneumocystis



ConclusionsConclusions

CommunityCommunity--acquired pneumonia has a acquired pneumonia has a 
broad range of manifestationsbroad range of manifestations
Clinical presentation is an important Clinical presentation is an important 
factor in diagnosis factor in diagnosis 
Consider CAP in pt with massConsider CAP in pt with mass



ConclusionsConclusions

Usual recommendation is to follow all Usual recommendation is to follow all 
infections to exclude underlying neoplasminfections to exclude underlying neoplasm
Think of alternate diagnoses in presence of:Think of alternate diagnoses in presence of:
–– LymphadenopathyLymphadenopathy——think primary TBthink primary TB
–– Multiplicity of nodulesMultiplicity of nodules
–– Diffuse lung diseaseDiffuse lung disease

Consider Consider postprimarypostprimary TB when disease is TB when disease is 
cavitarycavitary


