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Case Study

A 74-year-old man with a history of atrial fibrillation, congestive heart failure, and
mild dementia is admitted to hospital from his nursing home with confusion. He is
tachypneic, has a non-productive cough, and looks short of breath.

On exam, he is lethargic but easily arousable. Temperature 100°F (37.8°C), HR 118
irregular, BP 108/64, RR 24, Sa02 909% RA. JVP difficult to see. Possible crackles in
the bases. Mild lower extremity edema.

Labs are notable for WBC count of 10.2, hct 32, plt 240, Na 130, creatinine 1.4, liver
function tests normal. CRP 42mg/mL. PCR for influenza is positive.

Urinalysis with 4-6 WBC/hpf

Portable chest x-ray with edema +/- LLL infiltrate







Does this patient have pneumonia?



Would you start antibiotics?



Why Is Pneumonia So Difficult to Diagnose?

o Many medical conditions in hospitalized patients present
with the same clinical signs as pneumonia

o Radiographic opacities

o Fever

o Abnormal white blood cell count
o Impaired oxygenation

o Increased pulmonary secretions




Diagnostic Uncertainty in Pneumonia

Analysis of ED vs discharge diagnoses in 2,383,899 patients admitted to 118 VA hospitals, 2015-2022

ED Diagnosis of Pneumonia Discharge Diagnosis of Pneumonia

» " 36% did not W 33% did not
have a have an
l ED
discharge . .
diagnosis of diagnosis of
pneumonia pneumonia

= ED Pneumonia +, Discharge Pneumonia
+ m Discharge Pneumonia +, ED Pneumonia +

ED Pneumonia +, Discharge Pneumonia Discharge Pneumonia+, ED Pneumonia -

Uncertainty common! 51-58%, of patients’ clinical notes expressed uncertainty; 249, treated with diuretics,
389% treated with corticosteroids, 109% treated with all 3 of diuretics, steroids, and antibiotics

Jones, Ann Intern Med 2024;177:1179-1189




Predictors of Inappropriate Diagnosis

Analysis of 17,290 patients admitted to 48 Michigan hospitals, 2017-2020.
Inappropriate diagnosis defined as <2 signs or symptoms of CAP or negative chest imaging.

AOR
Measure (95% ClI)
Dementia 1.79(1.55-2.08)
Altered mental status, no dementia 1.75(1.39-2.19)
Age, per 10y 1.08 (1.05-1.11)

Home oxygen

Chronic kidney disease

Respiratory viral panel negative
Respiratory viral panel positive

>2 SIRS criteria plus end organ dysfunction
History of pulmonary cancer

0.87 (0.77-1.00)
0.87(0.76-0.99)
0.88 (0.75-1.03)
0.80 (0.66-0.98)
0.77 (0.70-0.84)
0.68 (0.53-0.88)

Inappropriate diagnosis : Inappropriate diagnosis P value
less likely : more likely

= <.001
5 = <.001
= <.001

—a— 04

—— 03

— — 11

—l— .03
- <.001

—a— .003
(5 O.IS 110 1i5 210

AOR (95% Cl)

Gupta, JAMA IM 2024,;184:548-556




Could further imaging help?
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Accuracy of Ultrasound and CXR vs Chest CT

Meta-analysis of 11 studies, 939 patients. Chest CT used as reference standard

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% CI) Sensitivity (95% CI)  Specificity (95% ClI)
Accuracy Of Ultrasound VS CT Amatya 2018 40 11 4 7 0.91[0.78, 0.97] 0.39[0.17, 0.64] —& — &

1
Bitar 2019 31 1 1 5  097[0.84,1.00]  0.83[0.36, 1.00] —= —
Bourcier 2014 23 0 0 O 1.00 [0.85, 1.00] Not estimable —= |
Corradi 2015 30 1 14 19  068[052 0.81]  0.95[0.75, 1.00] —a— | rl
Sensitivity: 959%, Cortallero 2012 25 1 1 3  096[0.80,1.00]  0.75[0.19, 0.99] _.l—h '
Dhawan 2022 74 0 10 1 0.88[0.79,0.94]  1.00[0.03, 1.00] , L —m
cer s Fares 2015 28 2 6 2 082065093  0.50[0.07, 0.93] —a -—
. 1
Specificity: 75% Gibbons 2021 79 9 2 20  098[0.91,1.00]  0.69[0.49, 0.85] - —a
Karimi 2019 232 0 48 0  0.83[0.78, 0.87] Not estimable - | :
Liu 2014 106 1 6 66  0.95[0.89,0.98  0.99[0.92, 1.00] - o
Taghizadien2015 29 1 0 0  1.00[0.88,1.00]  0.00[0.00,097, , . | —T

A:é.

0 02 04 06 08 1

Accuracy Of Chest X_Ray VS Study TP FP FN TN Sensitivity (95% CI) Specificity (95% CIl) Sensitivity (95% CI)  Specificity (95% CI)
Amatya 2018 32 12 0.73[0.57, 0.85] 0.50[0.26, 0.74]

0 0.2 0.4 0.6 0.8

9 9 — —r—
§ 1 1
Bitar 2019 5 5 27 1 0.16 [0.05, 0.33] 0.17 [0.00, 0.64] —®— I ——
@ ; — 1 1
Bourcier 2014 12 0 11 0 0.52[0.31, 0.73] Not estimable i I
o Corradi 2015 28 4 16 16 0.64 [0.48, 0.78] 0.80 [0.56, 0.94] —— —a—
Sens|t|v|ty: 70% Cortallero 2012 18 1 8 3 0.69 [0.48, 0.86] 0.75[0.19, 0.99] —— -
Dhawan 2022 58 1 26 0 0.69 [0.58, 0.79] 0.00 [0.00, 0.97] —4- B :
P IPTR. Fares 2015 24 3 6 5 0.80 [0.61, 0.92] 0.63 [0.24, 0.91] —+— ——
SpeCIfICIty. 55% Gibbons 2021 57 13 24 16 0.70 [0.59, 0.80] 0.55 [0.36, 0.74] — —p—
Karimi 2019 263 0 17 0 0.94 [0.90, 0.96] Not estimable | = !
Liu 2014 87 4 25 63 0.78 [0.69, 0.85] 0.94 [0.85, 0.98] - : =
Taghizadieh 2015 27 1 2 0 0.93 [0.77, 0.99] 0.00[0.00,097] _, , |7 #F—F———J——

0 0204060810 02040608 1

ATS 2025 CAP Guidelines (PMID 40679934)




Chest X-Ray vs CT Scan

319 patients with clinically suspected community-acquired pneumonia
referred for immediate CT chest to confirm or rule out pneumonia, 4 tertiary emergency departments, France

Pneumonia Pneumonia Pneumonia
150
Pneumonia certainty after CT:
120 ——
2
[
Excluded 2 90 -
o
Possible =
o- 60 N
Probable Z
H Definite 30 4
O _ -

Claessens, AJIRCCM 2015;192:974-982




Chest X-Ray vs CT Scan

319 patients with clinically suspected community-acquired pneumonia
referred for immediate CT chest to confirm or rule out pneumonia, 4 tertiary emergency departments, France

Final Pneumonia Probable

Classification:

Possible

Definite Excluded

Claessens, AJIRCCM 2015;192:974-982




CT vs CXR for Suspect Pulmonary Disease in the ED

2,418 ED patients with suspected pulmonary disease randomized to ultra-low dose CT vs CXR, Netherlands, 2017-8
B Chest X-Ray Ultra Low Dose CT

100% 6
80%
2 4
5 " 259 fewer
& % patients @
Y— . @®
S randomized to Q
3 CT diagnosed
©  40% th
$ with 5
pneumonial
209%
0% 0

Admitted to Hospital Diagnosed with Pneumonia Length of Stay

van den Berk, Thorax 2023;78:515-522
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Our patient tested positive for influenza.
Does he need antibiotics?
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“For adult inpatients with clinical and imaging
evidence of non-severe CAP who have a positive

test result for a respiratory virus, we suggest
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based clinical practice guidelines on four key questions
for the diagnosis and management of adult patients

o, b wre o8 Ly Cl - ) o
respiratory virus is positive, antibiotic duration, and the use of
systemic corticosteroids.






Clinical Infectious Diseases _@I D S Q
VIEWPOINTS OXFORD

Infectious Diseases Society of America (IDSA) Position
Statement: Why IDSA Did Not Endorse the Community-
Acquired Pneumonia Guidelines 2025 Update

Michael Klompas,"*® Majdi Al-Hasan,>*® Mayar Al Mohajer,>® Robert Colgrove,”®® Shira Doron,> Thomas File,'"'"® Natasha N. Pettit,'>®
Michael Pulia,”*® and Sharon Weissman®*®

"Harvard Pilgrim Health Care Institute and Harvard Medical School, Boston, Massachusetts, USA; “Brigham and \Women's Hospital, Boston, Massachusetts, USA; *University of South Carolina School
of Medicine, Columbia, South Carolina, USA; *Prisma Health Midlands, Columbia, South Carolina, USA; ®Baylor College of Medicine, Houston, Texas, USA; ®Baylor St. Luke's Medical Center,
Houston, Texas, USA; ’Mount Auburn Hospital, Cambridge, Massachusetts, USA; ®Harvard Medical School, Boston, Massachusetts, USA; “Tufts Medical Center and Tufts University School of
Medicine, Boston, Massachusetts, USA; ""Summa Health, Akron, Ohio, USA; ""Northeast Ohio Medical University, Rootstown, Ohio, USA; "University of Chicago Medicine, Chicago, lllinois, USA;
and "*BerbeeWalsh Department of Emergency Medicine, University of Wisconson-Madison, School of Medicine and Public Health, Madison, Wisconsin, USA

The American Thoracic Society recently released updated community-acquired pneumonia (CAP) guidelines. The Infectious
Diseases Society of America (IDSA) agreed with 8 of the 10 recommendations in the guidelines but declined to endorse the
guidelines because they include recommendations for use of antibiotics in outpatients with comorbidities and inpatients with
nonsevere CAP who test positive for respiratory viruses. It is noted in the guidelines that bacterial coinfections are common
and that delaying antibiotics may be harmful. IDSA notes, however, that nondiscriminatory use of antibiotics for patients with
CAP and positive viral assays confers more risks than benefits. Most patients do not have bacterial coinfections, and briefly
withholding antibiotics for patients with nonsevere illness to clarify the diagnosis is safe. In this era of precision medicine, IDSA
instead recommends individualized, dynamic decision-making that takes into account each patient’s evolving trajectory,
severity of illness and balance of clinical features for and against coinfection.
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IDSA Agreed IDSA Disagreed IDSA Agreed

ATS CAP Guidelines 2025




BE
ANTIBIOTICS
AWARE

SMART USE, BEST CARE

Antibiotics do not
work on viruses such
as colds and flu.
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Antibiotics fight bacterial infections, not the flu or
the common cold. Misusing antibiotics makes them
@ less effective against future bacterial infections.
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American Thoracic Society Rationale

Empiric antibiotics hinge on the “risks and consequences of viral-bacterial coinfection”

Risk of missed or delayed treatment in

Risks of unnecessary antibiotics for both

patients with bacterial coinfection
(adverse outcomes, death)

individuals (side effects, microbiome
harm, costs) and the public (antibiotic

T W W W W w7 W e
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Two Key Questions

1. What is the probability of bacterial co-
infection?

2. What is the risk of harm if occult co-infection
Is present and treatment is delayed?




Two Key Questions

1. What is the probability of bacterial co-
infection?

2. What is the risk of harm if occult co-infection
Is present and treatment is delayed?




ATS on Probability of Co-Infection

“A systematic review of epidemiologic studies evaluating the etiology of
pneumonia ... reported that in studies in which ... a respiratory virus was
identified ... bacteria were detected in 25-359%, of these cases”

Shoar 2020 cites 3 studies: Source study: Shoar 2020

 Musher 2013: 11/42 (26%) co-infection
« Jain 2015: 59/589 (10%) co-infection —

* Musher 2020: 14/40 (35%) co-infection— luded pts with purulent sputa per gram

“A separate study that evaluated all patients hospitalized for CAP found to
have a viral illness reported an 18-399, rate of bacterial detection”

| _ Source study: Falsey 2013
Falsey 2013 analyzed 348 pts with CAP and +virus:

Bacteria identified: 64/348 (18%)
« Bacteria identified OR procalaitomim =0.2%: 136/348 839%)




Etiology of Community-Acquired Pneumonia

CDC prospective analysis of the etiology of CAP, 2320 adults, 5 hospitals in Chicago & Nashville, 2010-2012

Viral pathogen(s) only 59/589 (10%)
Single Virus (22%) (N=530) of patients with
+viral assay
also tested
positive for a
No pathogen Virus-virus (2%) bacterium
identified Virus-bacteria (29%) | Virus and bacteria (N=59)

(62%)

Bacteria (119%)

Fungus or mycobacteria (1%)

Jain, N EnglJ Med 2015;373:415-427




Not every positive test indicates pneumonia...

199 elderly patients started on antibiotics for suspected pneumonia; pneumonia then ruled in or out by chest CT

60% Pneumonia Ruled In (N=127) Pneumonia Ruled Out (N=72)

509%

40%

30%

20%

109

Percent of Patients with Positive Results

0
% Viral Bacterial Routine Viral Bacterial Routine

PCR+ PCR+ Culture+ PCR+ PCR+ Culture+

Prendki, Eur Respir J 2018; 51:1702375




Two Key Questions

1. What is the probability of bacterial co-
infection?

2. What is the risk of harm if occult co-infection
Is present and treatment is delayed?




What is the Risk of Harm with Antibiotic Delay?

% who died

Community Acquired Pneumonia Ventilator Associated Pneumonia

Bordon et al®® (overall P = .254) Kollef et al*’ (overall P = .025)

Community acquired pneumonia

Ventilator-associated pneumonia

<2 > 2-4 > 4-8 > 8 < |2 12-24 24-48 > 48
Duration of delay (hours) Duration of delay (hours)

Zasowski, Chest 2020;158:929-938




What is the Risk of Harm with Treatment Delay?

Retrospective analysis of the association between time-to-antibiotics and 30-day mortality amongst 2/3,255
patients with community-onset sepsis, 173 US hospitals, 2013-2018

Septic shock - rapid & immediate rise in mortality

Sepsis without shock - gradual rise after 6-12 hours

Probability 30-day mortality

1 I

0 3 6 9 12
Time-to-antibiotics (hr)

—

Hechtman, Am J Resp Crit Care Med 2024:7:852-860




But what does the literature say on
antibiotics vs no antibiotics for patients with
CAP and a positive viral assay?

“No published studies were identified to inform the
committee’s recommendations”




Impact of Antibiotics in Patients Hospitalized with Covid

Retrospective comparison of 160,482 Covid patients treated with antibiotics versus 359,923 treated without antibiotics,
1,053 US hospitals, April 2020 — December 2023

259

m Antibiotics No Antibiotics
20% Outcomes slightly worse amongst
those who received antibiotics.
Results consistent across multiple
15% adjusted analyses
10%
5%
0%

Hospital Death Deterioration ICU Admission Readmission

Pulia, JAMA Network Open 2025;8(5):e2511499




Empiric Antibiotics and Outcomes in Flu and RSV

Associations between early antibiotic use and outcomes amongst 986 patients with RSV or influenza
admitted to 2 Danish tertiary care hospitals, Mar 2017- Apr 2020. 622/986 (63%) received antibiotics.

High flow oxygen . Patients who received
| early antibiotics had
worse outcomes.

Mechanical ventilation .L » |
Treated patients sicker
5 (probable residual
Length-of-stay ;. confounding by
: indication).
30d mortality e
i ! |
0.1 1 10 100
0Odd Ratio™

*adjusted for age, no. of comorbidities,

pneumonia on imaging, and type of virus Karlsen, Open Forum Infectious Disease 2025; ofaf/778




Impact of Antibiotics in Viral CAP

Propensity-weighted retrospective analysis of 2088 patients with possible CAP & a positive respiratory viral assay.
1190 patients treated with O days antibiotics vs 894 treated with 5-/ days of antibiotics

0 vs 5-7 days of antibiotics

_ _ No significant
In-hospital mortality = } *——i differences in any
ICU admission after 48 hours = —— outcomes
Hospital length of stay = l-o-l
30-day hospital-free days = Ill
C. difficile infection (90-day)= : - !

Acute kidney injury (14-day)= —e——

] 1 I I !

0.2 0.5 1 2 5

Favors shorter course Odds ratio* Favors longer course

*propensity weights incorporated age, sex, race, comorbidities,
vital signs, oxygen support, lab values, vasopressors, ICU, steroids Biebelberg, Clin Infect Dis 2026;82:630-638




American Thoracic Infectious Disease
Society Society of America

Treat all hospitalized patients with  Use your judgement.

possible CAP and a positive test

for a respiratory virus with Reserve antibiotics for patients
antibacterials with severe illness or clinical signs

suggestive of co-infection

 High WBC, positive sputum gram stain,
+ molecular assays, high
procalcitonin...

ATS’s rationale:

« Bacterial coinfection is common and IDSA’s rationale:
potentially deadly « Most patients with +viral assays do not
o De|ay5 in antibiotics may lead to worse have bacterial coinfection. The vast

majority will not benefit.

« Retrospective analyses show similar
outcomes in patients who do and don’t
get antibiotics

outcomes




Should we give steroids?
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Steroids for Non-Viral Severe Community Acquired Pneumonia

Meta-analysis of 30 randomized trials of corticosteroids for suspected or probable CAP, N=/519 patients

Test of 8, = B;: Q(23) =32.37, p = 0.09

0.80 (959 Cl 0.71-0.90)

Corticosteroids Control Risk ratio Weight

Study Yes No Yes No Py with 95% CI (%)
Angus et al. 2024 (REMAP-CAP) 45 292 9 107 o 172[0.87, 341 2.30 i i i
Annane et al. 2006 49 36 62 30 0.86[ 068, 1.08] 16.45 5 t e[‘OIds ass OC[at ed w/ t h
Confalonieri et al. 2005 o 23 7 15 0.06[0.00, 1.06] 0.14 . . f. I I
Dequin et al. 2023 (CAPE COD) 25 375 47 348 - 053[0.33, 0.84] 4.81 S Ig nificant y ower
El-Ghamrawy et al. 2006 3 14 6 " —_— 050[ 0.15, 1.68] 0.75 Short- term morta/it
Fernandez Serrano et al. 2011 22 1 21 096 [ 0.06, 14.37] 0.15 y
Gang et al. 2016 6 29 6 29 — - 1.00[0.36, 2.80] 1.03
Heming et al. 2024 85 198 115 164 | 073[ 058 091] 17.00
Keh et al. 2016 1 2 2 2 — =  061[006, 630] 020
Marik et al. 1993 13 3 13 — 038[ 004, 326] 024 ; ;

SR (904 i0iz0) Also associated with
Meduri et al. 1998 2 14 5 3 ——— 020[0.05 081 0.56
Meduri et al. 2007 15 48 12 16 — 056[0.30, 1.03] 2.82 less need for
Meduri et al. 2022 (ESCAP 47 250 50 237 - 091[ 063, 131] 7.57 . . :

S AR C) ; : mechanical ventilation,
Nafae et al. 2013 56 6 14 - 022[007, 0.71] 0.81
Rezk et al. 2013 18 3 6 0.08[0.00, 1.32] 0.13 shorter ICU /ength-of-
Sabry et al. 2011 38 6 34 —_— 0.33[0.07, 155 0.46

- ; : stay, and shorter

Snijders et al. 2010 43 5 40 — e 0.94[ 029, 3.02] 0.80 -
Steinberg et al. 2006 26 63 26 65 - 1.02[ 065 162] 4.94 /70$pl tal | eng. th-of-sta y
Tongyoo et al. 2013 2 76 271 712 - 0.82[ 050, 1.34] 4.38
Torres et al. 2015 6 55 9 50 ‘ 064[ 024, 170] 1.16
Venkatesh et al. 2018 (ADRENAL) 99 320 108 313 092[0.73, 1.17] 15.82
Villar et al. 2020 (DEXA-ARDS) 13 62 19 53 | 066035 123] 272
Wittermans et al. 2021 3 74 5 74 062[0.15, 2.49] 0.56
Gordon et al. 2016 (VANISH) 18 38 13 35 i—-— ) 119[ 065, 2.16] 296 . . .
Heterogeneity: 1° = 0.01, I = 7.98%, H = 1.09 | d"’ 0.80[0.71, 0.90] | Mortal Ity Risk Ratio

Testof 8=0:z=-3.81, p=0.00

Pitre, Intensive Care Med 2025;51:917-929




High CRP Levels Predict Steroid Responsiveness

Machine learning used to identify predictors of steroid responsiveness with patient-level data from 8 randomized trials

All Patients Stratify by Severity Stratify by CRP

m Placebo Steroids m Placebo Steroids m Placebo Steroids

15% Steroids beneficial Differences still seen in both groups No difference Big difference
129,
9%
6%
3%
0%

PSI<90 PSI>90 CRP<205mg/mL  CRP>205mg/mL

Smit, Lancet Respir Med 2025;13:221-233
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How long should we treat for?
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Ventilator Associated Pneumonia

401 patients with ventilator-associated pneumonia randomized to 8 vs 15 days of antibiotics

m 38 Da
yS 15 Days NS
30
wn
>
©
a
©
S 20 —
Z
S
B
I
S
E .
O T I I I ]
All Cause Ventilator-Free Organ Failure ICU
Mortality Days Free Days Length-of-Stay

Chastre, JAMA 2003;290:2588-2598




VAP Recurrence (cumulative incidence)

What about Pseudomonas???

186 patients with VAP due to non-fermenting gram negatives randomized to 8 vs 15 days of antibiotics

Recurrent Pneumonia

0.5

0.4+

0.3 1

0.2 H

0.1

0.0 1
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Is less than 8 days feasible?



5 vs 10 Days for Community Acquired Pneumonia
Randomized controlled trial, 312 patients, 4 hospitals in Spain
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Is less than 5 days feasible?
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3 vs 8 Days for Community Acquired Pneumonia
Randomized double-blind multicenter trial, 310 patients, 20 hospitals in France
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AMERICAN THORACIC SOCIET

DOCUMENTS

Diagnosis and Management of Community-acquired Pneumonia
An Official American Thoracic Society Clinical Practice Guideline
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Typical Discharge Prescription Durations

6,481 patients treated for pneumonia in 43 Michigan hospitals

Discharge Prescription Duration

689 Overtreated. Discharge antibiotics accounted for 939, of unnecessary antibiotic days
Each additional day of treatment associated with 5% increase in risk of adverse events
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Vaughn, Ann Intern Med 2019;171:153-163




Take Home Points

Diagnosing pneumonia is challenging. We’re often wrong. Ultrasound is
a reasonable alternative to x-ray. CT can be helpful in uncertain cases.

Many pneumonias are caused by viruses. Test for them.
Most patients with viruses are NOT do not have bacterial co-infection and
do not benefit from antibiotics but use your judgement.

Consider steroids in patients with severe CAP (ICU-level) with elevated
CRP within 24h of arrival

Short course regimens (3-5 days) usually adequate.
Don’t reset the clock at discharge!
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