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KEY POINTS

e Severe pneumonia is a life-threatening infection that requires intensive care.

e Samples from the respiratory tract and blood for cultures and molecular diagnostics ob-
tained ideally before antimicrobial initiation aid in the identification of the pathogen and in
targeted therapy.

o Antimicrobial therapy should be initiated early and tailored based on patient risk factors
and local resistance data.

e Treatment with low-dose corticosteroids is associated with improved outcomes in severe
pneumonia from bacteria, severe acute respiratory syndrome coronavirus 2, and Pneu-
mocystis jiroveci (in people living with human immunodeficiency virus [HIV]).

INTRODUCTION

Pneumonia is an infection of the pulmonary parenchyma involving one or both the
lungs. A leading cause of mortality and morbidity worldwide, severe community-
acquired pneumonia (CAP), referred to as severe pneumonia from here on, is defined
by the Infectious Diseases Society of America (IDSA) and the American Thoracic So-
ciety (ATS) as the presence of 1 major criterion (either requiring vasopressor support
for shock or mechanical ventilation) or 3 or more minor criteria (Box 1)." This article
reviews the most recent data on the epidemiology, microbiology, diagnosis, and man-
agement of severe pneumonia.

EPIDEMIOLOGY

In 2021, there were 344 million incident episodes of lower respiratory tract infections
including pneumonia and bronchiolitis globally, excluding coronavirus disease 2019
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Abbreviations
aOR adjusted odds ratio
ARDS acute respiratory distress syndrome
ATS American Thoracic Society
CAP community-acquired pneumonia
cl confidence interval
COVID-19  coronavirus disease 2019
CRP C-reactive protein
COPD chronic obstructive pulmonary disease
DBP diastolic blood pressure;
ESBL extended spectrum beta lactamase
ESICM European Society of Intensive Care Medicine
HIV human immunodeficiency virus
ICU intensive care unit
IDSA Infectious Diseases Society of America
MDR multidrug-resistant
MRSA methicillin resistant Staphylococcus aureus
NIPPV noninvasive positive pressure ventilation
PCT procalcitonin
PSI Pneumonia Severity Index
RCT randomized controlled trials
RR risk ratio
SARS-CoV-2 severe acute respiratory syndrome coronavirus 2
SBP systolic blood pressure
VAP ventilator-associated pneumonia
VILI ventilator-induced lung injury

(COVID-19).2 Of these, 2.18 million died, for an all-age mortality rate of 27.7 deaths per
100,000 population. Adults aged 70 years and older were the most affected (224.6
deaths per 100,000), followed by children younger than 5 years (76.2 deaths per
100,000).

In the United States, 23% of patients hospitalized with CAP required intensive care
unit (ICU) admission, of whom 24% required invasive mechanical ventilation and 20%

Box 1
Severe community-acquired pneumonia criteria

Major Criteria
Septic shock requiring vasopressors
Respiratory failure requiring mechanical ventilation

Minor Criteria
Confusion/disorientation
Hypotension requiring fluid resuscitation
Hypothermia <36°C
Respiratory rate >30 breaths/min
PaO,/FiO, <250
Blood urea nitrogen level >20 mg/dL
Leukopenia due to infection alone <4000 cells/uL
Thrombocytopenia <100,000 platelets/uL
Multilobar infiltrates on imaging

Data from 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-e67. https:/doi.org/10.1164/rccm.201908-1581ST.
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required noninvasive ventilation.® The incidence of CAP in the ICU was 145 cases per
100,000 population, with a mortality rate of 27% at 30 days and 47% at 1 year.®
The cost of CAP is significant, with an estimated annual cost of $17 billion.* Severe
pneumonia requiring ICU admission is associated with longer hospital stay (23.2 vs
9.1 days) and higher hospitalization cost ($21,144 vs $5785) compared with severe
pneumonia without ICU use.® Hospital readmission was 12.5% during the 30-day
postdischarge period and 42.3% during the 1-year postdischarge period.®

MICROBIOLOGY

Severe pneumonia can be caused by bacteria, viruses, or fungi. Bacterial pathogens are
often separated into “typical” and “atypical” organisms. Typical organisms include
Streptococcus pneumoniae, Haemophilus influenzae, Staphylococcus aureus, and
Gram-negative bacilli such as Pseudomonas aeruginosa and Klebsiella pneumoniae.
Atypical organisms include Legionella, Mycoplasma pneumoniae, and Chlamydia pneu-
moniae. Respiratory syncytial virus (RSV), influenza, parainfluenza, adenovirus, and hu-
man metapneumovirus are viruses that can cause severe pneumonia. As seen during
outbreaks, novel coronaviruses and influenza strains including the highly pathogenic
avian influenza remain a significant concern given their potential for pandemic. Though
less common, endemic fungi and molds can cause severe pneumonia usually in immu-
nocompromised individuals. Polymicrobial infections occur in 10% to 15% of cases.

Bacterial Pathogens

Streptococcus pneumoniae is the most common bacterial cause of severe pneu-
monia.”~® Risk factors for development of severe pneumonia due to S pneumoniae
include alcohol use disorder, tobacco smoking, chronic obstructive pulmonary disease
(COPD), dementia, seizure disorders, heart failure, and cerebrovascular disorders.

Staphylococcus aureus pneumonia is more likely in persons with skin colonization or
infection with S aureus and after viral infection. During the COVID-19 pandemic, S
aureus was the most common bacterial pathogen present at the time of intubation.™®
Clinical presentation of pneumonia due to methicillin-sensitive S aureus is not different
from methicillin-resistant S aureus (MRSA) pneumonia.'' Though S aureus pneumonia
remains relatively less common, its clinical outcomes are more severe than other
types of CAP: longer hospital stay, higher ICU admission rate, more acute respiratory
distress syndrome (ARDS), septic shock, and higher mortality. "

Pseudomonas aeruginosa is intrinsically resistant to multiple antibiotics. It tends to
infect persons with structural lung disease such as cystic fibrosis, bronchiectasis, se-
vere COPD, and chronic tracheostomy. It is an individual risk factor associated with
mortality in CAP."?

Enterobacterales, an order of Gram-negative bacteria, is an important cause of se-
vere pneumonia. Compared with patients with non-severe pneumonia, Enterobacter-
ales are more frequently identified in patients with severe pneumonia. Klebsiella
pneumoniae and Escherichia coli are among the most commonly isolated species.'®
Risk factors for Enterobacterales pneumonia include previous hospitalization, recent
antibiotic use, aspiration, alcohol use disorder, heart failure, and renal failure. Known
to include potentially multidrug-resistant (MDR) organisms, Enterobacterales can be
extended-spectrum B-lactamase (ESBL)-producing or carbapenemase-resistant.

Atypical Pathogens

Atypical refers to the intrinsic resistance of these organisms to B-lactams and their
inability to be visualized on Gram stain or cultured using traditional techniques. The
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prevalence of severe pneumonia from atypical pathogens is 8.1%.'* The most com-
mon of these is Legionella pneumophila, which causes Legionnaires’ disease and is
ubiquitous in freshwater habitats. Legionella can colonize man-made water systems
and be dispersed by aerosols generated by showers, faucets, cooling towers, and
fountains, causing disease outbreaks. Risk factors for Legionella pneumonia include
malignancy, renal disease, diabetes mellitus, HIV infection, smoking, and recent hotel
stay or trip on a cruise ship. L pneumophila has at least 16 serogroups but serogroup 1
is responsible for 84% of infections.’

Viral Pathogens

It is estimated that a third of all adult causes of CAP are due to viral infection.'® Pa-
tients with severe pneumonia due to viruses are at risk for bacterial coinfection.’”

Influenza is the most common cause of severe viral pneumonia. Seasonally occurring
in the winter months, it carries a higher mortality among those in the extremes of age,
pregnant and postpartum within 2 weeks, with chronic conditions such as metabolic
disorder, neurologic conditions, and the immunocompromised. Annual influenza vacci-
nationis available to prevent infection. For those who becomeill, regardless of vaccina-
tion status, antiviral treatment with a single neuraminidase inhibitor should be
administered for hospitalized patients, outpatients with progressive disease, individ-
uals atrisk for developing severe disease, or anyone with illness <48 hours of duration.'®

RSV is the second most common cause of viral pneumonia in adults. It typically
causes acute upper respiratory tract infection; nevertheless, infants under 6 months
of age and children with the following risk factors can develop severe RSV pneumonia:
prematurity, immunocompromised, neuromuscular disorders, congenital abnormal-
ities, and severe cystic fibrosis. Adults at least age 75 years or 60 to 74 years with
the following conditions are at increased risk for severe RSV pneumonia: cardiovascu-
lar disease, pulmonary disease, end-stage renal disease, liver disease, hematologic
conditions, diabetes mellitus with end-organ damage or requiring insulin and/or
sodium-glucose cotransporter-2 inhibitor, a body mass index >40 kg/m?, moderate
to severe immunocompromised state, a neurologic condition that affects airway clear-
ance or respiratory muscle use, and residence in a congregate living facility. Though
treatment is largely supportive, in patients who are severely immunocompromised
particularly hematopoietic stem cell transplant recipients with severe RSV pneumonia,
ribavirin may be considered.'® Three vaccines to prevent severe lower respiratory
tract disease caused by RSV in adults are approved by the United States Food and
Drug Administration. For infants and children, a prenatal vaccine for the mother or
RSV antibody given to the child can prevent RSV pneumonia.?®

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a novel virus that
causes COVID-19. It is estimated that the pandemic resulted in 15 million excess
deaths globally in 2020 to 2021.2" Risk factors for severe COVID-19, defined as having
hypoxemia (oxygen saturation <94% on room air) including those on supplemental
oxygen or ventilatory support,?? include age >65 years, chronic lung disease, diabetes
mellitus, malignancy, cardiovascular disease, obesity, and immunosuppression.
Remdesivir, tocilizumab, barcitinib, and corticosteroids are therapies for severe
COVID-19 pneumonia. Before the SARS-CoV-2 pandemic, 2 other coronaviruses—
severe acute respiratory syndrome coronavirus 1 and Middle East respiratory syn-
drome coronavirus—caused severe viral pneumonia.

Fungal Pathogens

Aspergillus, Cryptococcus, Pneumocystis, and endemic fungi (Histoplasma capsula-
tum, Blastomyces dermatiditis, Coccidioides immitis) are the major pathogens of
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severe fungal pneumonia. Candida very rarely causes pneumonia because invasion of
pulmonary tissue is rare; its isolation in respiratory cultures typically represent coloni-
zation. Fungal pneumonia tends to occur in immunocompromised hosts, particularly
those with CD4+ T-cell deficiencies. This includes people living with HIV, those with
prolonged and profound neutropenia, bone marrow and organ transplant recipients,
individuals with hematologic malignancies, or conditions requiring immunosuppres-
sive medications such as corticosteroids. Those with chronic organ dysfunction
such as cirrhosis, end-stage renal disease, and chronic lung disease are also at
risk. Fungal pneumonia can be a complication of severe COVID-19. Amphotericin B
is used for treatment of endemic mycoses and resistant fungi. Azole antifungals
such as voriconazole, isavuconazole, or posaconazole are used for Aspergillus
infections.

CLINICAL MANIFESTATIONS

Severe pneumonia usually presents with constitutional findings and signs and symp-
toms attributable to the lungs and associated structures. Patients can have high fever,
intense chills, sweats, and/or cough productive of mucoid, purulent, or blood-tinged
sputum. They can feel short of breath and/or pleuritic chest pain. Other systemic
symptoms may include fatigue, headache, myalgia, or arthralgia. Particularly in older
adults, confusion or changes in mental status can be seen.

On physical examination, patients can have tachycardia, tachypnea, and hypoten-
sion. Hypoxia is usually severe. Temperature can be extremes: very high or very low.
Septic shock and evidence of end-organ failure are common. Crackles and bronchial
breath sounds may be heard.

DIAGNOSIS

Sputum or lower respiratory tract cultures and blood cultures should be obtained in
patients with severe pneumonia, ideally before antimicrobial initiation. Early acquisi-
tion of these specimens ensures optimal sensitivity. Comprehensive metabolic panel
and complete blood count are used in the case definition and risk stratification of po-
tential severe pneumonia. Legionella urinary antigen test, which only detects
serogroup 1, may especially be useful in cases where relevant epidemiologic factors
are present. Chest radiographic findings may show multifocal consolidation, infil-
trates, and/or pleural effusion. Cavitation and multilobar involvement may suggest
increased severity. Computed tomography of the chest may be helpful in cases
when chest radiograph results are uncertain.

Molecular Diagnostics

Nucleic acid amplification tests of respiratory samples provide rapid results with
excellent sensitivity. Polymerase chain reaction (PCR) assays that detect SARS-
CoV-2, influenza A and B, RSV, and other respiratory viruses inform isolation precau-
tions and initiation of therapy for severe COVID-19 and other viruses treatable with an-
tivirals. Though bacterial superinfection may be difficult to distinguish from primary
severe viral pneumonia, a positive viral detection in the absence of a bacterial infection
could help in antibiotic de-escalation.

Multiplex PCR panels can also detect bacterial pathogens and resistance genes
such as atypicals, MRSA, MDR and non-MDR Pseudomonas, ESBL-producing and
carbapenem-resistant Enterobacterales, and Acinetobacter. They can particularly
be useful in the presence of new or worsening lung infiltrates, receipt of empiric anti-
biotics prior to obtaining cultures, and/or if there is concern for MDR organism or
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polymicrobial infection. Antimicrobial therapy can be rapidly adjusted for unsuspected
antibiotic-resistant pathogens, decreasing the duration of inappropriate antimicrobial
use.?® Single-target or multiplex PCR assays for detection of mecA gene which con-
fers methicillin-resistance can exclude MRSA pneumonia. Given the excellent nega-
tive predictive value of MRSA nasal swab for MRSA pneumonia,®* anti-MRSA
therapy can be safely discontinued even in critically ill patients with severe pneumonia.

Biomarkers

Procalcitonin (PCT) and C-reactive protein (CRP) are 2 commonly used biomarkers in
severe pneumonia. As acute-phase reactants, their levels rise in the presence of an
inflammatory response, particularly to bacterial pathogens: PCT at day 1 after symp-
tom onset while CRP at day 3 after symptom onset.?® Nevertheless, they should not be
used to decide initiation of antibiotics, regardless of initial level. In conjunction with
clinical judgment, PCT can be measured serially to guide reduction in antibiotic ther-
apy duration,?5-2% which is associated with decreased mortality.>®

Severity Stratification

Validated clinical prediction tools are used in the evaluation of patients presenting with
pneumonia. Developed to predict mortality, they help in the determination of illness
severity together with clinical judgment. Pneumonia Severity Index (PSI) and the
CURB-65 are the most frequently used tools. PSI stratifies patients into 5 tiers based
on patient age, comorbidities, physical examination findings, laboratory abnormalities,
and imaging findings (Fig. 1 and Table 1).3° CURB-65 is simpler and based on 5

. | Yes
‘ Patient >50 years old ‘ >
No Risk.class II—Y
according to points
- ¥ assigned (Table 2)

Does the patient have any of the Yes
following comorbidities? g
e Cancer

Congestive heart failure
Cerebrovascular disease
Renal disease
Liver disease

No

A4

Are there any of the following on

physical exam?

¢ Altered mental status

e Pulse >125/minute Yes

. Respiratory rate >30/minute

e Systolic blood pressure <90
mm Hg

¢ Temperature <35°C or 240°C

No
Risk class |

Fig. 1. Initial algorithm for Pneumonia Severity Index for a patient with a diagnosis of pneu-
monia. (Data from Fine MJ, Auble TE, Yealy DM, et al. A prediction rule to identify low-risk
patients with community-acquired pneumonia. N Engl J Med 1997;336(4):243-250. https:/
doi.org/10.1056/NEJM199701233360402.)
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Table 1
Point scoring system for prediction rule for assignment to risk classes II, IlI, IV, and V and the
risk category based on total points
Points
Characteristic Assigned
Demographic
Age
Men Age (y)
Women Age (y)-10
Nursing home resident +10
Comorbidities
Cancer (excluding basal or squamous cell carcinoma of the skin) +30
Liver disease +20
Congestive heart failure +10
Cerebrovascular disease +10
Chronic kidney disease +10
Physical Examination Findings
Altered mentation +20
Respiratory rate >30 breaths/min +20
Systolic blood pressure <90 mm Hg +20
Temperature <95°F or >104°F +15
Pulse >125 beats/min +10
Laboratory and Radiographic Findings
Arterial pH <7.35 +30
Blood urea nitrogen >30 mg/dL +20
Sodium <130 mmol/L +20
Glucose >250 mg/dL +10
Hematocrit <30% +10
Partial pressure of arterial oxygen <60 mm Hg +10
Pleural effusion +10
Risk Class and Mortality Based on Cumulative Number of Points®
30-
Cumulative d Mortality
Class Points Risk"”
I N/A 0.10%
1] <70 0.60%
I} 71-90 0.90%
[\ 91-130 9.3%
\Y >130 27%

a

Data from Fine M, Auble T, Yealy D, et al. A prediction rule to identify low-risk patients with
community-acquired pneumonia. N Engl J Med 1997;336(4):243-250. https://doi.org/10.1056/
NEJM199701233360402.

b Data from Seymann G, Barger K, Choo S, et al. Clinical judgment versus the Pneumonia Severity
Index in making the admission decision. J Emerg Med 2008;34(3):261-268. https://doi.org/10.1016/].
jemermed.2007.05.050.

¢ Age <50y; no cancer, congestive heart failure, renal, liver, or cerebrovascular disease with normal
vital signs and mentation.
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Table 2
CURB-65

Criterion

Confusion
Urea >19.6 mg/dL
Respiratory rate >30 breaths/min

Blood pressure SBP <90 mm Hg or DBP <60 mm Hg

Age >65y

Score Mortality Risk

0-1 1.5% (low)

2 9.2% (intermediate)
>3 22% (high)

Each criterion is assigned a score of 1.

Abbreviations: DBP, diastolic blood pressure; SBP, systolic blood pressure.

Data from Lim W, van der Earden M, Laing R, et al. Defining community acquired pneumonia
severity on presentation to hospital: an international derivation and validation study. Thorax.
2003;58(5):377-382. https://doi.org/10.1136/thorax.58.5.377.

criteria: confusion, blood urea nitrogen, respiratory rate, blood pressure, and age
(Table 2).%

The PSl is preferred over the CURB-65. Though it may underestimate illness severity
in younger populations, the PSI has a higher discriminative power in predicting mor-
tality compared with CURB-65.%2 In general, patients in PSI classes I-lll have a pre-
dicted 30-day mortality of <1% and thus can be managed as outpatient unless
contraindications are present.®® Factors such as cognitive status, impaired function-
ality, severe comorbid conditions, psychiatric illness, and substance use disorder
are considered in determining the need for hospitalization.®**® The CURB-65 and
the PSI were not designed to assist in determining the level of care for a hospitalized
patient. Patients who require vasopressors or mechanical ventilation should be
directly admitted to the ICU. For remaining hospitalized patients, clinical judgment
and the type of minor criteria met should be considered (see Box 1). Late admission
of patients with severe pneumonia to the ICU is associated with increased mortality.®®

MANAGEMENT

The management of severe pneumonia involves both antimicrobial and nonantimicro-
bial therapies. While antimicrobials are the mainstay of therapy, adjunctive nonantimi-
crobial therapies are associated with better survival.

Antimicrobial Therapy

Antimicrobial treatment for patients hospitalized with severe pneumonia should be
tailored based on risk factors and local resistance data. Generally, the empiric therapy
is a combination of a B-lactam and a macrolide. B-lactam covers S. pneumoniae and
other common respiratory pathogens while macrolide covers atypical pathogens. The
2019 IDSA/ATS guidelines recommend either a macrolide or a fluoroquinolone for
atypical coverage,’ whereas the 2022 European Respiratory Society, European Soci-
ety of Intensive Care Medicine (ESICM), European Society of Clinical Microbiology and
Infectious Diseases, and Latin American Thoracic Association suggest macrolides
over fluoroquinolones. Though there are no randomized controlled trials (RCTs)
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comparing macrolides and fluoroquinolones, observational studies showed more
frequent mortality reduction in patients who received macrolides instead of fluoroqui-
nolones. In a meta-analysis of 28 observational studies including 9850 patients, mac-
rolide use was associated with lower mortality compared with nonmacrolide use (risk
ratio [RR] 0.82, 95% confidence interval [CI] 0.70-0.97).2” A prospective cohort study
of hospitalized patients with CAP showed a combination of B-lactam and macrolide
reduced mortality in patients with pneumococcal CAP and high inflammatory
response (CRP >15 mg/dL) (adjusted odds ratio [aOR] 0.28, 95% CI 0.09-0.93).%8
Macrolides not only have antibacterial properties but also have anti-inflammatory ac-
tivity which could be beneficial in patients with severe pneumonia.

If there are risk factors for P aeruginosa infection, antipseudomonal B-lactam such
as piperacillin-tazobactam, cefepime, ceftazidime, or meropenem should be started.
If MRSA pneumonia is considered, the regimen should include an anti-MRSA agent
such as vancomycin. Risk factors for respiratory infection with P aeruginosa or
MRSA are prior isolation of these organisms, hospitalization, and parenteral antibiotic
exposure in the last 90 days.” Empiric treatment of hospital-acquired pneumonia or
ventilator-associated pneumonia (VAP) should include antipseudomonal and anti-
MRSA coverage. Adjustment of antimicrobial therapy based on microbiologic data re-
duces exposure to antimicrobials, length of stay (risk-adjusted ratio of means 0.76,
95% CI 0.75-0.78), and hospitalization cost (risk-adjusted ratio of means 0.74, 95%
Cl 0.72-0.76).%°

Nonantimicrobial Therapies

Nonantimicrobial therapies for severe pneumonia are directed to the host response
rather than the microorganism. These interventions improve clinical outcomes and
include systemic corticosteroids and lung-protective ventilation strategy.

Systemic corticosteroids

Corticosteroids mitigate the regional and systemic immune and inflammatory
response to severe pulmonary infection. Though previous RCTs*%*' showed that
high-dose corticosteroids were not beneficial for treatment of critically ill patients
with septic shock, more recent studies involving lower doses of corticosteroids (less
than or equal to hydrocortisone 400 mg equivalent daily) suggest otherwise.

In patients with severe bacterial pneumonia, low-dose corticosteroids are benefi-
cial. In a meta-analysis including 17 RCTs involving 2264 patients, low-dose cortico-
steroids were associated with reduced mortality in adults with severe CAP (RR 0.58;
95% CI 0.40-0.84).*> Majority of the trials used doses equivalent to hydrocortisone
160 to 200 mg daily, started between 12 and 36 hours after hospital admission for 5
to 10 days. In an individual patient data meta-analysis of 6 studies with 1506 patients,
low-dose corticosteroids typically initiated within 36 hours of admission reduced time
to clinical stability (—1.03 days; 95% Cl —1.62 to —0.43) and length of hospital stay
(—1.15 days; 95% Cl —1.75 to —0.55) but were not associated with mortality reduction
(aOR 0.75; 95% CI 0.46-1.21).%% It was based on these data that the 2019 IDSA/ATS
guidelines recommended against corticosteroids.” However, a recent meta-analysis
of 7 RCTs of 1689 patients with severe CAP who received hydrocortisone dose equiv-
alent <400 mg daily for <8 days demonstrated a decreased 30-day mortality in the
low-dose corticosteroid group compared to the placebo group (RR 0.61; 95% CI
0.44-0.85).** Low-dose corticosteroids were also associated with a lower risk of
requirement of mechanical ventilation (RR 0.57; 95% CI 0.45-0.73) and shorter length
of ICU stay (mean difference —0.8; 95% Cl —1.4 to —0.1) and hospital stay (mean dif-
ference —1.1; 95% Cl, —2.0 to —0.1).** Additionally, in a prespecified subgroup
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analysis of an RCT of patients with CAP and septic shock, hydrocortisone plus fludro-
cortisone reduced mortality compared with placebo (OR 0.60; 95% CI 0.43-0.83).%°
According to these data, low-dose corticosteroids are recommended for patients
with severe community-acquired bacterial pneumonia.

Patients with COVID-19 requiring supplemental oxygen benefit from low-dose cor-
ticosteroids. A meta-analysis including 7 RCTs involving 1703 critically ill patients with
COVID-19 showed a decline in mortality among those who received dexamethasone
(OR 0.64; 95% CI 0.50-0.82).6 However, since corticosteroids did not decrease mor-
tality in patients with COVID-19 who did not require supplemental oxygen,*”-*¢ they
are not recommended for outpatients and those who are hospitalized but do not
require supplemental oxygen.

Low-dose corticosteroids are beneficial to people living with HIV and moderate to
severe Pneumocystis jiroveci pneumonia (arterial oxygen partial pressure <70 mm
Hg or an alveolar-arterial gradient >35 mmHg on room air). A meta-analysis including
6 RCTs with 489 patients showed that use of low-dose corticosteroids decreased
mortality at 1 month (RR 0.56; 95% ClI, 0.32-0.98) and at 3 to 4 months of follow-up
(RR 0.59; 95% ClI, 0.41-0.85).%°

Lung-protective ventilation strategy

Severe pneumonia is a major cause of ARDS. Ventilator-induced lung injury (VILI) is
one of the most common complications of mechanical ventilation. It activates sys-
temic inflammation, induces multiorgan failure, and increases mortality. Lung-
protective ventilation strategy which includes using lower tidal volumes, lower inspira-
tory pressures (plateau pressure <30 cm H,0), and prone positioning may alleviate
VILI and improve clinical outcomes. A meta-analysis of 11 RCTs including 1795 pa-
tients showed that use of lower tidal volume (4-8 mlL/kg predicted body weight)
reduced mortality risk in patients with ARDS compared with higher tidal volumes
(>8 mL/kg predicted body weight) (RR 0.79; 95% Cl 0.66-0.94).°° Prone positioning
for >12 hours/d reduced mortality in a subgroup of 1002 patients with moderate to se-
vere ARDS from 5 trials (RR 0.74, 95% CIl 0.56-0.99) included in a meta-analysis.®’
The ATS, ESICM, and Society of Critical Care Medicine recommend lung-protective
ventilation strategy in adult patients with ARDS, including those with severe
pneumonia.®?

PREVENTION

In the community, pneumonia in its severe form can be prevented by vaccination and
avoidance of tobacco smoke. Pneumococcal, influenza, and COVID-19 vaccines as
well as vaccines for Haemophilus influenzae type B, pertussis, varicella, and measles
can all help prevent pneumonia and other complications of these infections. Exposure
to tobacco smoke is associated with increased risk of pneumonia. Compared to those
who never smoked, current smokers (pooled OR 2.17; 95% CI 1.70-2.76) and previ-
ous smokers (pooled OR 1.49; 95% CI 1.26-1.75) are more likely to develop pneu-
monia.>®> On the other hand, 5 years of smoking cessation was associated with
50% reduction in the risk of pneumonia.®*

Hospitalized patients are especially at high risk for pneumonia. The following are
essential practices in hospitals recommended by expert societies to prevent severe
pneumonia that require mechanical ventilation.®®> Semirecumbent position—elevating
the head of the bed to 30° to 45° (up to 60°) —decreases the risk of VAP compared to a
supine position.>® Daily toothbrushing is associated with lower VAP rates,>”°® shorter
duration of mechanical ventilation, and shorter ICU stay.>® Though the impact of
routine oral care with chlorhexidine on VAP rates remains unclear, meta-analyses of
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RCTs%%%" and a cohort study®® show increased mortality with chlorhexidine oral care
and it is not recommended. Early enteral nutrition showed a reduction in hospital-
acquired pneumonia and shorter ICU and hospital stay compared to early parenteral
nutrition.®®

Use of high-flow nasal oxygen or noninvasive positive pressure ventilation (NIPPV)
as appropriate may avoid intubation and reintubation in critically ill patients.
Compared to standard oxygen therapy, NIPPV is associated with decreased risk of
VAP®%* and mortality.®5-% Sedation should be minimized as much as possible in venti-
lated patients without contraindication. Protocols for minimizing sedation, daily seda-
tion interruptions, and ventilation liberation are associated with shorter ICU stay.®%"°
Favoring the use of multimodal strategies and nonbenzodiazepine medications such
as reassurance for anxiety, analgesics for pain, and dexmedetomidine and/or propofol
for agitation are also associated with shorter time to extubation and ICU stay.”! Main-
tenance and improvement of physical conditioning through early exercise and mobi-
lization are associated with lower risk of VAP”%7® and shorter duration of mechanical
ventilation.5%:72.74

SUMMARY

Severe pneumonia is a lung infection associated with high morbidity and mortality. It
occurs more commonly in older adults with chronic comorbidities, impaired airway
protection, tobacco use disorder, and alcohol use disorder. Caused by bacteria, vi-
ruses, or fungi, it is diagnosed based on clinical presentation and radiologic findings.
Intensive care and early initiation of antibiotics are required as delays and inade-
quacies in care lead to poor outcomes. Rapid and accurate diagnostic tests that
detect pathogens and antimicrobial resistance aid in targeted therapy. Adjunctive cor-
ticosteroids are associated with decreased mortality and should be considered.

CLINICS CARE POINTS

e Molecular diagnostics such as PCR testing yield rapid results and are highly sensitive. Caution
must be exercised in interpreting results as they could represent colonization and not
infection.

e Pneumonia scoring systems such as PSI and CURB-65 were developed to estimate mortality
risk and not to determine the level of care for a hospitalized patient. They must always be
used with clinical judgment.

Procalcitonin and C-reactive protein, regardless of level, are never used to determine
initiation of antimicrobial therapy for pneumonia.

e Fungal pneumonia should be a consideration if there is unresolved pneumonia despite
antibacterial therapy.

Radiologic improvement often lags behind clinical improvement in pneumonia.
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