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Atypical pneumonia
•Bacteria

• Mycoplasma, Chlamydia, Legionella, (Coxiella …)
• Mycobacterium tuberculosis

•Viral
• Respiratory virus
• HSV, CMV

• Fungus



Bacteria

•Legionella
• 1990s: 10% of nosocomial infection
• After 2010s: 10 – 15 cases / 1,000,000

• Mycoplasma, Chlamydia : rare in HAP/VAP

Nosocomial Legionnaire’s Disease, KJIM, 1992;7(1):68-72
Rolling epidemic of Legionnaires’ disease outbreaks in small geographic areas, Emerging Microbes & Infections, 2018



Legionella pneumonia
• 9,933 cases in 2018

• ~ 25%: health care-associated cases

• Portable water contamination: most common source
• Via inhalation of legionella in aerosolized water
• Shower heads, Hot water-faucets

• Investigation
• Single case of presumptive legionella HAP
• 2 cases of possible legionella HAP

Centers for Disease Control and Prevention. Legionella. 2018.
Hospital acquired Legionella pneumonia outbreak at an academic medical center: Leeson learned. American Journal of Infection Control, 2021.



Characteristics, Management, and Clinical Outcomes of Patients with HAP/VAP, TRD, 2021



Legionella pneumonia – hospital outbreaks

Year Country Source Cases Death

2001 Spain Cooling Towers 800+ 6 (0.8%)

2004 Spain Cooling tower 127 21 (16.5%)

2007 Porland Water system 4 3 (75%)

2008 United States Drinking water 6 2 (33.3%)

2012 United States Unknown 22 6 (27%)

2017 Portugal Cooling tower 56 6 (11%)



Legionella pneumonia

•Legionella pneumophilia serogroup 1
• 50 – 80% of Legionnaires’ disease
• Excrete antigen in urine
• ~ 8% of diseases: serogroup 4, 6, longbeachae, micadadei

Diagnostic testing for Legionnaires’ disease. Ann Clin Microbiol Antimicrob. 2017



Legionella pneumonia
•Diagnosis

• Urinary antigen test
• Currently 97% of clinical diagnoses

• For L. pneumophilia serogroup 1

• Sensitivity: 69 – 100% / Specificity: 99 – 100%

• Culture of respiratory tract specimen: Gold standard
• 3 days – 2 weeks

• Direct Fluorescent Antibody

Diagnostic testing for Legionnaires’ disease. Ann Clin Microbiol Antimicrob. 2017



Legionella pneumonia
•Treatment

• Macrolide / Fluoroquinolone: Treatment of choice

• Duration
• Minimum 5 days until clinically stable

• Severe pneumonia: 7 – 10 days

• Lung abscess / Empyema / Immunocompromised: extend 

Diagnostic testing for Legionnaires’ disease. Ann Clin Microbiol Antimicrob. 2017



Virus in HAP/VAP
•Mainly in immunosuppressed patients

• Underscored significance of importance in HAP/VAP?

• Respiratory virus

• Herpesviridae



Commuity-Acquired Pneumonia Requiring Hospitalization among U.S. Adults, NEJM, 2015

Respiratory virus in HAP/VAP

•Common pathogen in CAP

• 2,488 patients from 2010 - 2012

• Pathogen detected: 38%
• Virus (23%) Bacteria (11%) Both (3%) Fungal (1%)



Commuity-Acquired Pneumonia Requiring Hospitalization among U.S. Adults, NEJM, 2015

Pathogen detected No. of cases per 10,000

Viruses

Human rhinovirus 2.0 (1.7 – 2.3)

Influenza A or B 1.5 (1.3 – 1.8)

Human metapneumovirus 1.2 (1.0 – 1.4)

Parainfluenza virus 0.8 (0.6 – 1.0)

Coronavirus 0.6 (0.4 – 0.7)

Adenovirus 0.4 (0.2 – 0.5)

Bacteria

S. pneumoniae 1.2 (1.0 - 1.4)

S. aureus 0.4 (0.3 – 0.6)

L. pneumophila 0.4 (0.2 – 0.5)



Viral Infection is Not Uncommon in Adult Patients with Severe Hospital-Acquired Pneumonia, PlosONE, 2014

Mechanical ventilated: 
251 (95.8%)

(22.5%)
Immunocompromised: 36.4%
Immunocompetent: 11.1%



Viral Infection is Not Uncommon in Adult Patients with Severe Hospital-Acquired Pneumonia, PlosONE, 2014



Viruses are prevalent in non-ventilated hospital-acquired pneumonia, Respiratory Medicine, 2016

Respiratory virus in Non-ventilated HAP

Variable Undetermined 
(55%)

Virus isolated 
(22.7%)

Bacteria isolated 
(23.8%)

P value

Age 59.9 ± 14.5 54.5 ± 14.4 56.3 ± 15.9 0.234

Co-morbidities

Collagen Vascular Disease 14.1% 5.1% 9.3% 0.120

Metastatic malignancy 7.4% 15.4% 12.2% 0.153

HIV 1.1% 0% 2.4% 0.454

Hospital mortality 16.0% 15.4% 14.6% 0.905



Commuity-Acquired Pneumonia Requiring Hospitalization among U.S. Adults, NEJM, 2015

Meaning of espiratory virus in HAP/VAP

• Specific treatment
• Conservative care – most of RVs
• Influenza virus – oseltamivir, peramivir …
• Adenovirus – cidofovir …

• Risk of co-infection
• Bacteria, Fungus (IPA) …

• Antibiotics de-escalation



Radiographic and CT Features of Viral Pneumonia, 2018, RadioGraphics

Influenza

•CT pattern
• Multiple consolidations along bronchovascular bundle

• Diffuse GGO

• Interlobular septal thickening

• Usually seasonal



Invasive aspergillosis in patients admitted to the intensive care unit with severe influenza: a retrospective cohort study. Lancet Respir Med, 2018.

Influenza

•Co-infection
• Streptococcus pneumoniae
• Staphylococcus aureus 
• Invasive aspergillosis (- 19%)

• Treatment
• Oseltamivir, Peramivir, zanamivir …



Radiographic and CT Features of Viral Pneumonia, 2018, RadioGraphics
Characteristics of Adenovirus Pneumonia in Korean Military Personnel, 2012-2016. 2017. JKMS 

Adenovirus

•Military trainees

•Psychiatric care facility …

•CT pattern
• Bilateral multifocal GGO with patchy consolidation

• Lobar / segmental distribution

• Resembles bacterial pneumonia



Adenovirus

•Poor outcome
• Monocytopenia
• Multi-lobar infiltration
• Pleural effusion

• Treatment
• Cidofovir / Ribavirin in severe adenoviral pneumonia

Radiographic and CT Features of Viral Pneumonia, 2018, RadioGraphics
Characteristics of Adenovirus Pneumonia in Korean Military Personnel, 2012-2016. 2017. JKMS 



Respiratory syncytial virus infection in adults. BMJ, 2019
Radiographic and CT Features of Viral Pneumonia, 2018, RadioGraphics

Respiratory Syncytial Virus (RSV)

•Most common cause of acute respiratory tract infection
• Severe infection at childhood / immunocompromised
• Old age with underlying lung / heart disease
• Major cause of COPD / Asthma AE

• CT pattern
• Multifocal patchy consolidation
• GGO
• Centrilobular nodule



Respiratory syncytial virus infection in adults. BMJ, 2019

Respiratory Syncytial Virus (RSV)

•Treatment
• Ribavirin (inhaled form)
• FDA approved in infants & young children
• Adults – lack of efficacy data but commonly used

• Monocloncal Antibodies (palivizumab)
• IVIG

• Asceniv (IVIG with high RSV titer)



Viral Ventilator-Associated Pneumonia/Hospital Acquired Pneumonia, Semin Repir Crit Care Med 2022

Herpesviridae
• Herpes simplex virus (HSV)

• Cytomegalovirus (CMV)

• Ebstein-Barr virus (EBV)

• Reactivation after primary infection
• Immunoparalysis due to proinflammatory response

• Relatively common in immunocompetent patients



HSV

Viral Ventilator-Associated Pneumonia/Hospital Acquired Pneumonia, Semin Repir Crit Care Med 2022



Viral Ventilator-Associated Pneumonia/Hospital Acquired Pneumonia, Semin Repir Crit Care Med 2022

HSV
• HSV bronchopneumonitis

• Aspiration / Hematogeneous spread
• No definite diagnostic criteria
• Clinical deterioration with
• HSV detection (PCR, culture, nuclear inclusion) in BAL or biopsy

• HSV viral load > 105 copies/million cells

• Oral / Labial herpetic lesion

• Treatment: acyclovir



CMV

Viral Ventilator-Associated Pneumonia/Hospital Acquired Pneumonia, Semin Repir Crit Care Med 2022



Viral Ventilator-Associated Pneumonia/Hospital Acquired Pneumonia, Semin Repir Crit Care Med 2022

CMV
• CMV pneumonia

• Clinical deterioration with
• Definite: surgical lung biopsy
• Probable: intranuclear inclusion, virus culture (+)

• Negative DNA at BAL: negative predictive value = 100%
• High viral load → High CMV pneumonia likelihood

• Probable disease + proven extra-pulmonary disease



Viral Ventilator-Associated Pneumonia/Hospital Acquired Pneumonia, Semin Repir Crit Care Med 2022

CMV
• CT findings

• Diffuse ill defined patchy GGO
• Interlobular septal thickening

• Treatment
• First line: Ganciclovir, Foscarnet
• Second line: Cidofovir



Pulmonary Tb in HAP/VAP

•Rare study about Tb in HAP/VAP

•Activation of LTBI
• Old age, Comorbidities …

•Exposure to unrecognized Pul Tb patient

Concomitant Pulmonary Tuberculosis in Hospitalized HCAP in a Tb Endemic Area, PlosONE, 2012



Characteristics, Management, and Clinical Outcomes of Patients with HAP/VAP, TRD, 2021



Pulmonary Tb in HAP/VAP

•Taiwan, 2012, multicenter retrospective
• HCAP (n = 701) vs CAP (n = 934)
• Tb in HCAP: 3% (n = 21) in CAP: 2.7% (n = 25)

• Risk factors of pulmonary Tbc in HCAP
• Previous anti-Tb treatment, High PSI score

Concomitant Pulmonary Tuberculosis in Hospitalized HCAP in a Tb Endemic Area, PlosONE, 2012



Pulmonary Tb in HAP/VAP

Estimating the burden of nosocomial exposure to tuberculosis in South Korea, KJIM, 2020

Especially in ICU2,236 pts in ICU



COVID-19 in HAP/VAP

•Nosocomial infection: relatively common

• Sx monitoring / Visitor restrictions / Cohort wards …

•Hospital-Onset patients / Visitors / HCW



Association of Omicron vs Wild-type SARS-CoV-2 Variants With Hospital-Onset SARS-CoV-2 Infections in a US Regional Hospital System



COVID-19 in HAP/VAP

• Increase risk of HAP/VAP (- 50%)
• High incidence of MDR (- 35%)

•Deep sedation, Prolonged MV, Steroids, Anti IL-6 …

Hospital-Acquired Infections in Critically Ill Patients With COVID-19. 2021, Chest
Ventilator-associated pneumonia. 2022, ICM





Summary
•Atypical pneumonia

• Relatively common pathogen in HAP/VAP

•Viruses
• Respiratory virus, CMV, HSV

•High incidence of HAP/VAP in COVID-19 patients

Hospital-Acquired Infections in Critically Ill Patients With COVID-19. 2021, Chest
Ventilator-associated pneumonia. 2022, ICM



Thank you for your attention!


