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Objectives

• Explain the challenges of defining pneumonia
• Summarize the pathogenesis of and host response to pneumonia
• Demonstrate how to establish a clinical diagnosis of pneumonia
• Identify and classify causative agents of pneumonia 
• Recognize common syndromes and complications of pneumonia
• Describe a general approach to treatment of pneumonia
• Utilize antimicrobial stewardship tools to manage pneumonia
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Why Discuss Pneumonia

• Most common infectious cause of death globally 
– 3.8 million deaths in 2017

• Accounted for 15% of all deaths in children under 5 years old
• Most common infectious cause of admission in the US; 4th most 

common overall
• 30% of adults hospitalized for CAP in the US die within 1 year

4GBD Collaborators Lancet 2018 PMID 30496103; WHO Pneumonia Fact sheet 2019; 
McDermott KW HCUP Statistical Brief #277 2021; Ramirez JA CID 2017 PMID 29020164



What Is Pneumonia?
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“Captain of the Men of Death”
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400 BC – Hippocrates Describes πνευμονία
• “A condition caused when the lung draws to its side 

blood, or salted mucus, without egesting them”
• “Its clinical manifestation was presented with intense 

and dry cough, shaking chills and high fever, chest 
and back pain, dyspnoea, and orthopnoea” 

• “The patient could remain in the same condition for 
approximately two weeks, and then the pus could be 
spited out and the expectoration of the humours
could appear”

• “When pneumonia is at its height, the case is beyond 
remedy if he is not purged”

• Other terms: pleurisy, peripneumonia, empyema, 
pulmonary phthisis, phymatiosis

7Mackenzie G Pneumonia 2016 PMID 28702293; Tsoucalas G Gen Med Open Access 2016



1821 – René Laënnec
Treatise on the Diseases of the Chest or Mediate Auscultation

• Published after discovery of the stethoscope in 1816
• Described pneumonia pathology and pathophysiologic characteristics

• Additional terms introduced: acute lobar pneumonia, primitive diffuse 
pneumonia, sthenic pneumonia, croupous pneumonia, acute asthenic 
exudative pneumonia, pulmonia, peripnumonia vera, simple legitimate 
pneumonia, pneumonic fever

8Mackenzie G Pneumonia 2016 PMID 28702293; Laennec RTH 1838 Forbes J Translation, Wells JAMA 1889



1929 – Manual of the International List of Causes of Death

9Mackenzie G Pneumonia 2016 PMID 28702293; US Bureau of the Census 1929



2016 – International Statistical Classification of Diseases 
and Related Health Problems, 10th Revision

10ICD-10 Version 2016 WHO 



Various Current Definitions of Pneumonia

• Harrison: Infection of pulmonary parenchyma by various pathogens; not a 
single disease

• Mandell: Lower respiratory tract infection caused by various microbial agents
• WHO: In children < 5 years defined by cough and work of breathing 
• NIH: Infection of the alveoli and surrounding tissue
• Google: Infection that inflames air sacs in one or both lungs, which may fill with 

fluid
• Wikipedia: Inflammatory condition of the lung primarily affecting the small air 

sacs known as alveoli
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Lack of Consensus Definition Is Problematic

Heterogeneity in 
study populations

Limitations in 
diagnostic and 

treatment 
guidance

Misdiagnosis 
leading to 

inappropriate 
empiric 

antimicrobial 
treatment and 
worse clinical 

outcomes

12Manreet K Chest 2007 PMID 17400668; Abe T Crit Care 2019 PMID 31171006;
Welker JA Arch Intern Med 2008 PMID 18299488



Proposed Approachs

• Acute infection of the lung parenchyma by one or more pathogens, 
excluding bronchiolitis

• Incorporate clinical, radiographic, diagnostic, and/or biomarker 
measures

• Research should identify homogenous groups with respect to 
microbiology, severity, radiology, complications, age groups, and 
risk factors

• Consider vaccine probe study design

13
Mackenzie G Pneumonia 2016 PMID 28702293; Feikin DR Lancet 2014 PMID 24553294;
Dela Cruz CS Ann Am Thorac Soc 2021 PMID 34242148



Pathophysiology of Pneumonia and Host Response
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Pathogenesis of Pneumonia
• Mechanism

– Defect in host defense
– Highly virulent microorganism
– Overwhelming inoculum

• Entry 
– Aspiration of upper airway microorganisms
– Inhalation of aerosolized material
– Metastatic seeding from the blood

15



Host Defenses
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Nasopharynx
Hair, turbinates, mucociliary apparatus, IgA

Oropharynx
Saliva, cough, complement, epiglottic reflex

Filters particles > 10 μm

Trachea and Bronchi
Branching, airway surface liquid, dendritic cells, immunoglobulins

Ganz T, J Clin Invest 2002 PMID 11901174; Torres A Nat Rev Dis Primers 2021 PMID 33833230;
Van der Poll T Lancet 2009 PMID 19880020; Zemans RL Thorax 2017 PMID 27974631

Filters particles 2-10 μm

Lower Respiratory Tract
Alveolar lining, macrophages, neutrophils, 
dendritic cells, pattern recognition receptors

Bacteria 0.5-2 μm not filtered

Stimulation of 
memory and effector 
T- and B-cells



Impairment of Host Defenses
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Nasopharynx
Hair, turbinates, mucociliary apparatus, IgA

Oropharynx
Saliva, cough, complement, epiglottic reflex

Altered Consciousness

Trachea and Bronchi
Branching, airway surface liquid, dendritic cells, immunoglobulins

Lower Respiratory Tract
Alveolar lining, macrophages, neutrophils, 
dendritic cells, pattern recognition receptors

Stimulation of 
memory and effector 
T- and B-cells



Impairment of Host Defenses
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Nasopharynx
Hair, turbinates, mucociliary apparatus, IgA

Oropharynx
Saliva, cough, complement, epiglottic reflex

Cigarette Smoke

Trachea and Bronchi
Branching, airway surface liquid, dendritic cells, immunoglobulins

Sopori M Nat Rev Immunol 2002 PMID 12033743

Lower Respiratory Tract
Alveolar lining, macrophages, neutrophils, 
dendritic cells, pattern recognition receptors

Stimulation of 
memory and effector 
T- and B-cells



Impairment of Host Defenses
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Nasopharynx
Hair, turbinates, mucociliary apparatus, IgA

Oropharynx
Saliva, cough, complement, epiglottic reflex

HIV Infection

Trachea and Bronchi
Branching, airway surface liquid, dendritic cells, immunoglobulins

Gill CJ J Infect Dis 2008 PMID 18419536; Charles TP Semin Respir Crit Care Med 2016 PMID 26974294

Lower Respiratory Tract
Alveolar lining, macrophages, neutrophils, 
dendritic cells, pattern recognition receptors

Stimulation of 
memory and effector 
T- and B-cells

Increased pneumococcal 
colonization



Impairment of Host Defenses
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Nasopharynx
Hair, turbinates, mucociliary apparatus, IgA

Oropharynx
Saliva, cough, complement, epiglottic reflex

Cystic fibrosis

Trachea and Bronchi
Branching, airway surface liquid, dendritic cells, immunoglobulins

Armstrong DS BMJ 1995 PMID 7787647; Chmiel JF Clin Rev Allergy Immunol 2002 PMID 12162106

Lower Respiratory Tract
Alveolar lining, macrophages, neutrophils, 
dendritic cells, pattern recognition receptors

Stimulation of 
memory and effector 
T- and B-cells

Increased colonization 
with pathogenic bacteria



Other Factors Affecting Immunity

• Diabetes
• Transplant
• Malnutrition
• Lung cancer
• Heart failure
• Bronchial obstruction
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• Prior pneumonia

• Immotile cilia syndrome

• Immunosuppressive medications

• Other medications

• Iatrogenic manipulation



Clinical Manifestations and Diagnostic Approach 
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Clinical Evaluation of Pneumonia 

• History and exam may not reliably detect pneumonia
– Sensitivity 47-69%
– Specificity 58-75%

• High interobserver variation 
• Dependent on prevalence

23Wipf JE Arch Intern Med 1999 PMID 10335685; Schot MJC NPJ Prim Care Respir Med 2018 PMID 30367067;
Florin TA Pediatrics 2017 PMID 28835381



Findings Associated with Pneumonia
History Exam Imaging Laboratory

Cough Fever Modality
• Chest radiograph
• CT scan
• Ultrasound

Positive respiratory
gram stain and cultureSputum production Tachycardia

Dyspnea Tachypnea Positive blood culture

Chest pain Hypoxia Findings
• Infiltrates
• Pleural effusion
• Cavitation

Urinary antigens

Fever, sweats Crackles Elevated inflammatory 
markersFatigue Decreased breath sounds

Altered mental status Egophony Leukocytosis

Myalgia Asymmetrical chest movement Renal impairment

GI symptoms Dullness to percussion

24

Absence of any vital sign 
abnormalities has high 
negative predictive value

Presence of these 
uncommon findings has high 
positive predictive value

Metlay JP JAMA 1997 PMID 9356004, Marchello CS J Am Board Fam Med 2019 PMID 30850460

Micro data does not confirm 
diagnosis of pneumonia, but 
is helpful to guide treatment 
if diagnosis is suspected



Suggested Approach
History Exam Imaging Laboratory

Cough Fever Modality
• Chest radiograph
• CT scan
• Ultrasound

Positive respiratory gram stain 
and culture

Sputum production Tachycardia

Dyspnea Tachypnea Positive blood culture

Chest pain Hypoxia Findings
• Infiltrates
• Pleural effusion
• Cavitation

Urinary antigens

Fever, sweats Crackles Elevated inflammatory markers

Fatigue Decreased breath sounds

Altered mental status Egophony Leukocytosis

Myalgia Asymmetrical chest movement Renal impairment

GI symptoms Dullness to percussion

25

Proceed from Left to Right



Clinical Diagnosis by Smartphone Algorithm
• Cohort of 322 hospitalized patients age > 12 years
• Excluded COPD, restrictive lung disease, contraindication to coughing

Patient-reported symptoms
– Fever in past week
– Acute or productive cough
– Age

• ~86% positive and negative predictive agreement
• Severity and age group did not affect accuracy

26Porter P Br J Gen Pract 2021 PMID 33558330

Mathematical analysis of 
5 cough-associated audio 
segments

+



Pneumonia Mimics

• Pulmonary edema
• Pulmonary embolism
• Mucous plugging
• Aspiration pneumonitis
• Hypersensitivity pneumonitis

27Black AD Pneumonia 2016 PMID 28702282; Alves dos Santos JW Respir Med 2004 PMID 15191032

• Drug-induced pneumonitis
• Acute respiratory distress 

syndrome
• Diffuse alveolar hemorrhage
• Acute leukemia



Microbiologic Diagnostic Methods 
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Diagnostic Testing Recommendations 
• Respiratory Gram stain and culture and blood culture indications

– Not indicated for outpatients or mild inpatients with no MDR risk
– Patients hospitalized with severe CAP or with MDR risk factors
– All patients with HAP or VAP
– Noninvasive sampling with semiquantitative cultures recommended 

• Pneumococcal and Legionella urine antigens indicated for severe CAP
– Legionella antigen may also be tested based on epidemiologic risk
– Legionella culture should be sent if antigen is sent
– Not indicated for HAP or VAP

29Metlay JP Am J Respir Crit Care Med 2019 PMID 31573350; Kalil AC CID 2016 PMID 27521441

Have I established 
a clinical diagnosis 
of pneumonia?



Sputum Specimens and Gram Stain

• 40-60% of hospitalized patients cannot produce sputum
• 40-60% of collected samples have oropharyngeal contamination
• Good-quality specimen Gram stain results are specific, not sensitive

– 60-69% sensitive and 87-91% specific for S. pneumoniae
– 76-78% sensitive and 96-97% specific for H. influenzae
– Bacterial pathogens identified in 73% of good-quality specimens

• Cannot detect atypical pathogens
• Antibiotics prior to sampling drastically reduces diagnostic yield

30Rosón B CID 2000 PMID 11049763; Ogawa H CID 2020 PMID 31504334; 
Del Rio-Pertuz G BMC Infect Dis 2019 PMID 31077143; Wong LK J Clin Microbiol 1982 PMID 7153311



Expectorated sputum with gram-positive, lancet-shaped diplococci from 
a patient with pneumococcal pneumonia Mandell 8th Ed 2015



Expectorated sputum with gram-negative coccobacillary forms (arrows) 
from a patient with Haemophilus influenzae pneumonia Mandell 8th Ed 2015



Sputum Culture
• Poor sensitivity
• Sensitivity decreases with prior exposure to antibiotics

– Common CAP pathogens are more fastidious
– Rare pathogens representing common colonizers are easily 

isolated

Translation: 
 Staph aureus and gram-negative bacilli in 

respiratory specimens often represent colonization

 Failure to grow is strong evidence against their 
presence

33Harris AM OFID 2017 PMID 28480285

GNB examples:
Pseudomonas spp.
ESBL-producing GNB



Endotracheal Aspirate

• Non-invasive sampling method for 
mechanically ventilated patients

• Subject to similar contamination 
issues as sputum

• High contamination rate may be 
improved by sampling within 24 
hours of intubation

34El-Ebiary M Am Rev Respir Dis 1993 PMID 8256899; McCauley LM Ann Am Thorac Soc 2016 PMID 26793950;
Ranzani OT Crit Care 2019 PMID 30777114; Metlay JP Am J Respir Crit Care Med 2019 PMID 31573350



Invasive Sampling

• Includes bronchoalveolar lavage and protected specimen brush
• Sensitivity and specificity generally higher
• Not indicated for routine workup of pneumonia
• Potential indications:

– Immunocompromised hosts
– Suspicion for fungal or mycobacterial disease
– Persistent process not responsive to antibiotics

• Biopsy uncommonly performed for infectious workup

35Kalil AC CID 2016 PMID 27521441; Morton C J Thorac Dis 2019 32030281;
Van der Eerden MM Eur J Clin Microbiol Infect Dis 2005 PMID 15902529



Blood cultures

• Positive rate ~5-15% may not change management for mild 
disease

• More useful for severe disease or concern for resistance
– May be able to deescalate broader spectrum therapy
– May suggest an alternate diagnosis
– Implications for morbidity and mortality

36Van der Eerden MM Eur J Clin Microbiol Infect Dis 2005 PMID 15902529; Chalasani NP Chest 1995 PMID 7555163;
Agbaht K Crit Care Med 2007 PMID 17581489



Pneumococcal and L. pneumophila Urine Antigen Tests

• 66-100% sensitive and 94-100% specific
• Do not appear to be affected by prior exposure to antibiotics
• L. pneumophila antigen only detects serogroup 1
• Indications

– Recommended for severe CAP
– Benefits less clearly defined for mild disease

• May be an underutilized antimicrobial stewardship tool

37Harris AM OFID 2017 PMID 28480285; Schimmel CID 2020 PMID 31587039; Murdoch CID 2003 PMID 12491204;
Bellow S CID 2019 PMID 30265290; Falguera M Thorax 2009 PMID 19703825; Marcos MA Eur Respir J 2003 PMID 12608431 



Additional Diagnostic Methods
• PCR tests

– Nasal screen for MRSA
– Viruses
– Multiplex PCR 
– Pneumocystis

• Biomarkers
– CRP and procalcitonin
– Fungal biomarkers

38

Imaging studies represent a major 
component of diagnostic testing

• Serology
• Cryptococcal antigen
• Pleural fluid analysis



Pneumonia Syndromes
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Major Causative Agents of Acute Pneumonia
CAP – Typical CAP – Atypical CAP with MDR Risk HAP/VAP

S. pneumoniae Viruses: influenza, 
adenovirus, HMPV, 
RSV, parainfluenza, 
rhinovirus, coronavirus

S. aureus S. aureus

H. influenzae P. aeruginosa Gram-negative bacilli: 
P. aeruginosa, Klebsiella
spp., E. coli, Enterobacter
spp., A. baumannii

± ESBL or CRE
Klebsiella spp. M. pneumoniae Gram-negative bacilli

± ESBL or CRE
M. catarrhalis C. pneumoniae

Group A 
Streptococcus

L. pneumophila Pneumonia with Additional Risk Factors
Zoonotic: tularemia, Q fever,
psittacosis, pasteurella

Immunocompromised: 
TB, pneumocystis, CMV

Travel: endemic mycoses, 
melioidosis, epidemic viruses, 
paragonimus, other parasites

Environment: anthrax, 
brucellosis, plague, 
hantavirus, leptospirosis

40Sievert DM ICHE 2013 PMID 23221186; Mandell 8th Edition 2015



Community-Acquired Pneumonia
• Classic presentation:

– Sudden onset of fever/chills
– Followed by pleuritic chest pain, productive cough, malaise
– Older populations may have less apparent symptoms

• Most common causative agents by severity
– Outpatients: S. pneumoniae, M. pneumoniae, viruses
– Inpatients: S. pneumoniae, viruses
– S. pneumoniae prevalence has decreased likely due to vaccination

• Risk factors for MRSA or P. aeruginosa
– Prior identification in culture
– Hospitalization and antibiotic administration in last 90 days

41Cillóniz C Thorax 2011 PMID 21257985; Jain S NEJM 2015 PMID 26172429

There is no 
HCAP



Hospital-Acquired and Ventilator-Associated Pneumonia

• Definitions
– HAP refers to pneumonia occurring ≥ 48 hours after admission
– VAP refers to pneumonia occurring ≥ 48 hours after intubation

• Accounts for the largest proportion of all HAIs in the US at 28%
• VAP occurs in 9-40% of intubated patients
• Associated with higher attributable mortality rate, prolonged 

hospitalization and mechanical ventilation, increased costs of care

42
Magill SS NEJM 2018 PMID 30380384; Melsen WG Lancet Infect Dis 2013 PMID 23622939; 
Stone PW Am J Infect Control 2009 PMID 19111366; Barbier F Curr Opin Pulm Med 2013 PMID 235244477



Aspiration Pneumonia
• Distinct from chemical pneumonitis and obstruction 
• Historically thought that anaerobes had a dominate role
• More recent studies show similar flora to non-aspiration pneumonia
• Oral anaerobes and streptococci generally covered by standard coverage

Translation: 
 Do not add anaerobic coverage to standard CAP or 

HAP/VAP treatment for suspected aspiration pneumonia
 Maintain coverage based on setting and other risk factors

43McCauley LM Ann Am Thorac Soc 2016 PMID 26793950; Marin-Corral J Chest 2021 32687909; 
Gon Son Y J Dent Anesth Pain Med 2017 PMID 28879323



Complications of Pneumonia

• Parapneumonic pleural effusion and empyema
• Lung abscess
• Bronchiectasis
• Bronchopleural fistula
• Chronic infection

44

Oral health plays a major role in 
development of complications 
related to pneumonia

Sharma N AIMS Microbiol 2018 PMID 31294203



Acute Pathogens Causing Chronic Infection

• Diabetes
• Thoracic malignancy
• Chronic alcohol use
• COPD
• Chronic ventilation
• Recurrent aspiration
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• S. aureus

• P. aeruginosa

• Streptococci
• Anaerobes
• H. influenzae

• K. pneumoniae

• Burkholderia pseudomallei

Pathogens Risk Factors

Armstrong DS BMJ 1995 PMID 7787647; Chmiel JF Clin Rev Allergy Immunol 2002 PMID 12162106



Major Causative Agents of Chronic Pneumonia
Immunocompetent Host Immunocompromised Host Geographic

Nontuberculous Mycobacteria All immunocompetent host 
pathogens esp. tuberculosis, 
cryptococcus, nocardiosis

Endemic mycoses:
talaromyces, paracoccidioides, 
emergomycosisTuberculosis

Cryptocococcus Mold: aspergillus, 
scedosporidum, mucormycosis

Parasites: echinococcus,
filariasis, paragonimus

Endemic mycoses: histoplasma,
blastomyces, coccidioides, 
sporothrix

HIV: pneumocystis, rhodococcus

Actinomycosis Nocardiosis
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Principles of Pneumonia Treatment
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Approach to Antimicrobial Treatment
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Coverage Required Preferred Agents Alternative Agents
Typical ceftriaxone, amoxicillin, amoxicillin-

clavulanate, ampicillin-sulbactam
levofloxacin

Atypical azithromycin, doxycycline levofloxacin

MRSA vancomycin linezolid, ceftaroline

Pseudomonas cefepime, piperacillin-tazobactam meropenem, levofloxacin

HAP/VAP with 
MDRO risk factors

Add amikacin Add tobramycin

ESBL ertapenem meropenem, levofloxacin

Influenza oseltamivir peramivir

Mold voriconazole, micafungin amphotericin



Duration of Treatment
• Most CAP adequately treated with 5 days 

– Only 3 days high-dose azithromycin required
– Stop treatment if normal vitals, normal mentation, able to eat

• Most HAP/VAP adequately treated with 7 days
• Potential indications for prolonged treatment

– Complications of bacterial pneumonia
– Immunocompromised status
– Chronic or non-bacterial pneumonia

• Consider complications or alternate pathogen if no response

49Dinh Lancet 2021 33773631



Pneumonia Prevention and Resources
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Pneumococcal Vaccination
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Routine High-Risk Groups
Pediatrics PCV13 4-dose series PPSV23 1-2 doses

Adults 19-64 years Not indicated PPSV23 single dose

PCV13 single dose
PPSV23 2 doses

Adults ≥ 65 years PPSV23 single dose PCV13 single dose

Routine PCV13 vaccination of adults ≥ 65 years no longer required

Matanock A MMWR 2019



Other Preventative Strategies

• Inpatient strategies
– Hand hygiene
– Oral hygiene
– Semirecumbent position
– Lung expansion
– Early mobilization

52

• Health maintenance
– Dental care
– Smoking cessation
– Chronic disease management



UH Antimicrobial Stewardship Tools for Pneumonia

• CAP and HAP/VAP guidelines 
– Antimicrobial stewardship website on DWP
– UH Provider App
– Antimicrobial stewardship pocket guide

• Inpatient and ED pneumonia order set
• Upcoming MRSA PCR screening program
• Pneumonia discharge bundle 
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Additional Resources 
• Mackenzie G. The definition and classification of pneumonia. Pneumonia (Nathan). 2016;8:14.
• Torres, A., Cilloniz, C., Niederman, M.S. et al. Pneumonia. Nat Rev Dis Primers 7, 25 (2021).
• Metlay JP, Kapoor WN, Fine MJ. Does This Patient Have Community-Acquired 

Pneumonia? Diagnosing Pneumonia by History and Physical Examination. JAMA. 1997;278(17):1440–
1445.

• CAP Guidelines: Metlay JP, Waterer GW, Long AC, et al. Diagnosis and Treatment of Adults with 
Community-acquired Pneumonia. An Official Clinical Practice Guideline of the American Thoracic 
Society and Infectious Diseases Society of America. Am J Respir Crit Care Med. 2019;200(7):e45-67.

• HAP/VAP Guidelines: Kalil AC, Metersky ML, Klompas M, et al. Management of Adults With Hospital-
acquired and Ventilator-associated Pneumonia: 2016 Clinical Practice Guidelines by the Infectious 
Diseases Society of America and the American Thoracic Society. Clin Infect Dis. 2016;63(5):e61-e111.

• Vaccines: Advisory Committee on Immunization Practices Child and Adolescent Immunization Schedule 
and Adult Immunization Schedule, 2021 
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Summary and Main Points
• There is a lack of consensus regarding the definition of pneumonia
• The pathogenesis of pneumonia may be related to defects in host defense, 

overwhelming inoculum, or a highly virulent organism
• Pneumonia is a clinical diagnosis, though high interobserver variability is present
• Semiquantitative sputum or endotracheal sampling is the recommended approach 

to determining a microbiologic etiology
• The causative agent of pneumonia is dependent on setting and risk factors, which 

drives choice of empiric treatment
• Acute pneumonia can be treated with 5-7 days of antibiotics, while complications of 

acute pneumonia or chronic pneumonia require prolonged treatment
• Strategies for pneumonia prevention and antimicrobial stewardship resources are 

available

55

Have I established 
a clinical diagnosis 
of pneumonia?

• There is no HCAP
• Anaerobic coverage is not 

needed for aspiration
• Failure to grow S. aureus 

and GNB is strong evidence 
against their presence



Thank You!
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Leila.Hojat@UHhospitals.org
LeilaSHojat

November 15-19, 2021
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