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To Receive Certificate of Attendance
After today’s webinar:

• A certificate of attendance available for all attendees

• Evaluation form will appear automatically

• Must complete Eval to receive Certificate link via email

• For groups: Those logged in will receive Email from 
messenger@webex.com with link to evaluation. 
Forward email to colleagues who attended with you!!! 

• Double-check email address



• Evaluation won’t appear automatically, but…
• Watch for email with link to evaluation!

Joined Using a Mobile Device?



Recording
Within a few days following today’s event, visit 

https://www.whitehatcom.com/abbott
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Objectives

• Evaluate the impact of pneumonia and risks for severe illness
• Examine gaps and potential delays in the diagnosis of pneumonia and 

quality measures to enhance patient care
• Review the identification of Legionella and S. pneumoniae with UAT
• Discuss practical examples where UAT testing supported improved 

patient outcomes through timely identification



Background on Urinary Antigen Testing



What was the need for Urinary Antigen Testing?

• High mortality 
• No practical or timely 

detection method
o Blood culture
o X-ray

• Poor sputum specimen

1. Benin AL, et al. Trends in Legionnaires Disease, 1980–1998: Declining Mortality and New Patterns of Diagnosis. Clinical Infect Dis. 2002; 35:1039–46.

• Urinary Antigen Test 
technology developed to 
diagnose Legionella

• Urine provided ease of 
collection and faster 
detection 

• Associated with reduction 
in Legionella mortality1

• Catalyst for development of 
UAT for S. pneumoniae 
detection



Examples of Urinary Antigen Testing

https://www.globalpointofcare.abbott/us/en/product-details/binaxnow-streptococcus-pneumoniae-us.html
https://www.meridianbioscience.com/diagnostics/disease-areas/respiratory/legionella/tru-legionella/?country=US
https://immuview.com/products/immuview-s-pneumoniae-and-legionella/

https://www.globalpointofcare.abbott/us/en/product-details/binaxnow-streptococcus-pneumoniae-us.html
https://www.meridianbioscience.com/diagnostics/disease-areas/respiratory/legionella/tru-legionella/?country=US
https://immuview.com/products/immuview-s-pneumoniae-and-legionella/
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President, Special Pathogens Technology

Founder, Special Pathogens Laboratory

Update on Legionellosis: 
A Not So Atypical Pneumonia
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Disclaimers
• Abbott is the program sponsor, the content of the presentation is consistent with 

applicable governing regulatory body requirements, and I was chosen by Abbott and am 
presenting the program material on Abbott’s behalf.

• No conflicts of interest to disclose
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Infectious Disease Microbiologist

• Microbiologist with more 
than 30 years studying 
Legionnaires’ disease 

 I’m a Legionellologist

• Mission: What I’ve learned 
can help you address 
risks from Legionella
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Objectives

• What is Legionnaires’ disease? It’s pneumonia and more
• Why is Legionnaires’ disease under-reported?
• Making the diagnosis of Legionnaires’ disease
• Knowing what’s in your water can inform diagnostic testing
• Some tricks of the trade
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What Is Legionellosis?

is a multi-system illness, with pneumonia, 
caused by Legionella species 
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What Is Legionellosis?

is a multi-system illness, with pneumonia, 
caused by Legionella species 

is a self-limited flu-like illness, without 
pneumonia, that is associated with Legionella 
species ... Resolves without treatment
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Council of State and Territorial 
Epidemiologists (CSTE)

Adopted in June 
2019 and put into 
effect January 1, 

2020 

Addition - Extrapulmonary 
Legionellosis
• Disease at sites outside of 

lung (endocarditis, wound 
infection, joint infection)

• Now three clinically and 
epidemiologically distinct 
forms of Legionellosis.
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CDC. Legionella (Legionnaires' Disease and Pontiac Fever). https://www.cdc.gov/legionella/clinicians/disease-specifics.html, March 25, 2021.

https://www.cdc.gov/legionella/index.html
https://www.cdc.gov/legionella/clinicians/disease-specifics.html
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Resources

Viasus D, Gaia V, Manzur-Barbur C, Carratalà J. Legionnaires' 
Disease: Update on Diagnosis and Treatment. Infect Dis Ther. 
2022 Jun;11(3):973-986. doi: 10.1007/s40121-022-00635-7. Epub 
2022 May 3. PMID: 35505000; PMCID: PMC9124264.

CDC
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Clinical Notes

Elderly – signs not typical

40%–50% of Legionnaires' disease patients 
have neurological symptoms

Some with encephalopathy (brain inflammation) triggered by 
antibodies that target brain cells (www.legionella.org)

Anti-tumor necrosis factor (TNF)-alpha treatment 
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Legionnaires’ Disease 
In the U.S. approximately 1 million adults are 

diagnosed with community-acquired pneumonia 
requiring hospitalization annually

2 – 5% are caused by Legionella, 
at least 30,000 cases/year (minimum)
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Legionella and Healthcare Costs

Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 27, No. 1, January 2021
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Results

• 7.15 million waterborne illnesses occur annually
• 6,630 deaths
• $3.33 billion in direct healthcare costs
• $2.39 billion (72%) of those costs due to 

hospitalizations and deaths from:
Nontuberculous mycobacteria, Pseudomonas and 

Legionella
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Legionella and Disease Burden
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Legionella A Major Contribution

• Waterborne infection types accounted for 72% of 
$3.33 billion total costs

 Legionnaires’ disease for 12%
 Pseudomonas pneumonia for 14%
 NTM infection was responsible for 46%
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Mortality and Healthcare-Acquired 
Legionnaires’ Disease

Pierre DM, Baron J, Yu VL, Stout JE. Diagnostic testing for Legionnaires' disease. Ann Clin Microbiol Antimicrob. 2017 Aug 29;16(1):59. doi: 10.1186/s12941-017-0229-6. 
PMID: 28851372; PMCID: PMC5576257.
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Diagnosis of Legionnaires’ Disease

• Adopt a proactive 
approach to diagnosis of 
pneumonias and 
anticipate the possibility of 
Legionnaires’ disease.
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Something To Remember

Early Diagnosis = Better Outcome

Delayed diagnosis = Increased Mortality
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Delayed Diagnosis = Delayed Therapy
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Early Diagnosis With UAT = Better Outcome

Emerging Infectious Diseases • Vol. 9, No. 8, August 2003 915
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• 449 confirmed cases and an estimated total number of cases 
of 650. 

• The reported case-fatality rate (1%) is much lower than those 
observed in other community outbreaks
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Murcia, Spain Very Low Case-Fatality

• 449 confirmed cases and an estimated total number of cases 
of 650. 

• The reported case-fatality rate (1%) is much lower than those 
observed in other community outbreaks

• This rate can be attributed, at least partially, to the quick 
detection of the outbreak, early diagnosis of the disease with 
urine antigen testing, and appropriate treatment of patients.



©Special Pathogens Technology

Something To Remember

Legionella is the problem 
you don’t think you have until you have it

Be Proactive!
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Diagnosis: Many Cases Missed

Diagnostic tests for Legionella not routine – 
often not done
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Diagnosis: Many Cases Missed

Diagnostic tests for Legionella not routine – 
often not done

Many studies have demonstrated under 
reporting/missed diagnosis 
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Under Reporting Due to Missed 
Diagnosis 
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Results for 37 Cases

Hollenbeck, B., Dupont, I., & Mermel, L. A. (2011). 

IDSA – Infectious Disease Society of America
ATS – American Thoracic Society
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Clinical Cultures
Providers should be educated to maintain 
a high index of suspicion for diagnosis of 

healthcare-associated Legionellosis



©Special Pathogens Technology

Clinical Cultures
Providers should be educated to maintain 
a high index of suspicion for diagnosis of 

healthcare-associated Legionellosis

Should perform cultures for Legionella of 
appropriate respiratory specimen 

and urinary antigen test
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Legionella Urinary Antigen Tests (UAT)

Enzyme Immunoassay (EIA) Immunochromatographic Test (ICT)

https://www.globalpointofcare.abbott/us/en/product-details/binaxnow-legionella-urinary-antigen-eia.html
https://www.globalpointofcare.abbott/us/en/product-details/binaxnow-legionella-us.html
https://www.meridianbioscience.com/diagnostics/disease-areas/respiratory/legionella/tru-legionella/
https://immuview.com

https://immuview.com/
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Diagnostic Methods: UAT Rules!

Urine antigen tests (UAT) confirmed 
97% of U.S. cases

CDC. (2011). Legionellosis --- United States, 2000--2009. (MMWR) (32nd ed., Vol. 60; 1083-1086). 
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Diagnostic Methods: UAT Rules!

Urine antigen tests (UAT) confirmed 
97% of U.S. cases

Less than 10% of cases confirmed by culture – 
mostly because culture was not ordered

https://www.cdc.gov/legionella/downloads/fs-legionella-clinicians.pdf

https://www.cdc.gov/legionella/downloads/fs-legionella-clinicians.pdf
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Physicians Should Order Both Culture 
and Urine Antigen!

https://www.cdc.gov/legionella/downloads/fs-legionella-clinicians.pdf

https://www.cdc.gov/legionella/downloads/fs-legionella-clinicians.pdf
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Physicians Should Order Both Culture 
and Urine Antigen!

https://www.cdc.gov/legionella/downloads/fs-legionella-clinicians.pdf

https://www.cdc.gov/legionella/downloads/fs-legionella-clinicians.pdf


©Special Pathogens Technologyhttps://www.cdc.gov/legionella/clinicians/diagnostic-testing.html 
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Urine Antigen Sensitivity/Specificity
Duration Excretion can be long 

(weeks and sometimes months 
in immuno-compromised)

Pierre DM, Baron J, Yu VL, Stout JE. Diagnostic testing for Legionnaires' disease. Ann Clin Microbiol Antimicrob. 2017 Aug 29;16(1):59. 
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Urine Antigen Sensitivity/Specificity
Duration Excretion can be long 

(weeks and sometimes months 
in immuno-compromised)

False 
negative 
results

In confirmed cases

Pierre DM, Baron J, Yu VL, Stout JE. Diagnostic testing for Legionnaires' disease. Ann Clin Microbiol Antimicrob. 2017 Aug 29;16(1):59. 
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Urine Antigen Sensitivity/Specificity
Duration Excretion can be long 

(weeks and sometimes months 
in immuno-compromised)

False 
negative 
results

In confirmed cases

False  
positive 
results

Non-specific binding in EIA format

Proteins in urine
Pierre DM, Baron J, Yu VL, Stout JE. Diagnostic testing for Legionnaires' disease. Ann Clin Microbiol Antimicrob. 2017 Aug 29;16(1):59. 
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Early Detection And Duration of Urine Antigen Positivity

0-
10d

11-
30d 31-

60d

Stout - Personal communication
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Why Combine Urine Antigen With Culture?

Urine antigen specific for 
Legionella pneumophila (Lp), serogroup 1 only

CDC. (2011). Legionellosis --- United States, 2000--2009. (MMWR) (32nd ed., Vol. 60; 1083-1086). 
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Why Combine Urine Antigen With Culture?

Urine antigen specific for 
Legionella pneumophila (Lp), serogroup 1 only

Legionnaires’ disease has been caused by 
other serogroups and species of Legionella

CDC. (2011). Legionellosis --- United States, 2000--2009. (MMWR) (32nd ed., Vol. 60; 1083-1086). 
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Legionella pneumophila, serogroup 1:
Most virulent and cause of most infections
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Know What’s In Your Water

The urine antigen test can help detect cases of 
healthcare-acquired Legionnaires’ disease

If used to screen for healthcare-acquired LD, 
you’d better know what’s in your water!

• If Lp-6 in the water, diagnosis will be missed

CDC. (2011). Legionellosis --- United States, 2000--2009. (MMWR) (32nd ed., Vol. 60; 1083-1086). 
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Tips 

• Create an electronic ward order to prompt physicians to 
order both Legionella urine antigen and culture.
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Tips 

• Create an electronic ward order to prompt physicians to 
order both Legionella urine antigen and culture.

• If you suspect that a bloody urine or proteins in the urine 
have caused a false positive EIA urine antigen test, 
follow with an ICT test.

• Do not discard sputum if epithelial cells present.
• If urine antigen test is positive, retrieve the sputum that 

was ordered for routine work-up.
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Save the Sputum!
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End Legionnaires’ Disease
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Know what’s in your 
water so you can 
respond, not react
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Janet E. Stout, PhD 
President, Special Pathogens Technology

Founder, Special Pathogens Laboratory

E: jstout@specialpathtech.com

W: SpecialPathogensTechnology.com

THANK YOU!
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PNEUMONIA

S. pneumoniae



S. pneumoniae

~150,000 
hospitalizations 

annually in the U.S.2

~$1.3 billion in direct 
medical costs

~$4 billion in           
total costs

~6,000 deaths 
annually

Most common pathogen for community-acquired pneumonia (CAP)1

Most common secondary infection with influenza diagnosis3

1. Dion CF, Ashurst JV. Streptococcus Pneumoniae. [Updated 2022 Aug 8]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2022 Jan.
2. CDC. Pneumococcal Disease. Fast Facts. https://www.cdc.gov/pneumococcal/about/facts.html, updated January 27, 2022. 
3. Morris et al. Secondary Bacterial Infections Associated with Influenza Pandemics. Frontiers in Microbiology. 2017; 8:1041. 

https://www.cdc.gov/pneumococcal/about/facts.html


Jain S, et al. Community-Acquired Pneumonia Requiring Hospitalization among U.S. Adults. N Engl J Med. 2015;373(5):415-427.

Etiology of Community-Acquired Pneumonia



Jain S, et al. Community-Acquired Pneumonia Requiring Hospitalization among U.S. Adults. N Engl J Med. 2015;373(5):415-427.

Etiology of Community-Acquired Pneumonia



Streptococcus pneumoniae Drug Resistance

Antibiotic Resistance Threats in the United States, 2019 (cdc.gov)  Accessed October 17, 2023

https://www.cdc.gov/drugresistance/pdf/threats-report/2019-ar-threats-report-508.pdf


Drug-resistant Streptococcus pneumoniae

CDC. COVID-19: U.S. Impact on Antimicrobial Resistance, Special Report 2022. Atlanta, GA: U.S. Department of Health and Human Services, CDC; 2022. https://www.cdc.gov/drugresistance/covid19.html 



Symptoms of Pneumococcal Pneumonia Can Vary

“Older adults with pneumococcal pneumonia may experience confusion or low alertness, 
rather than the more common symptoms listed above.” CDC

Symptoms and Complications of Pneumococcal Disease | CDC  Accessed October 24, 2023

https://www.cdc.gov/pneumococcal/about/symptoms-complications.html#:%7E:text=Older%20adults%20with%20pneumococcal%20pneumonia,outer%20lining%20of%20the%20heart)


* Sensitivity and specificity data are retrospective for urine only.

1. BinaxNOW™ S. pneumoniae Urinary Antigen Card Package Insert.
2. Schrag SJ, et al. Resistant Pneumococcal Infections, WHO/CDS/CSR/DRS/2001.6.
3. Musher D, et al. Diagnostic Value of Microscopic Examination of Gram-Stained Sputum and Sputum Cultures Inpatients with Bacteremic Pneumococcal Pneumonia; CID: 2004:39.
4. Stralin K, et al. Etiologic Diagnosis of Adult Bacterial Pneumonia by Culture and PCR Applied to Respiratory Tract Samples, J Clin Micro, Feb. 2006, 643-645. 
5. Garcia-Vazquez E, et al. Assessment of the Usefulness of Sputum Culture for Diagnosis of Community-Acquired Pneumonia Using the PORT Predictive Scoring System, Arch Inter Med/Vol. 164, Sept. 13, 2004, 1807-1811.
6. Reed, W, et al. Sputum Gram’s Stain in Community Acquired Pneumococcal Pneumonia – A Meta-analysis; West J. Med 1996; 165:197-204.

METHODOLOGY TURNAROUND 
TIME SENSITIVITY SPECIFICITY SAMPLE TYPE COMPONENT 

DETECTED

UAT1 15 minutes 86%* 94%* urine antigen

Sputum Gram Stain6 15 minutes 15% - 100% 11% - 100% sputum organism

Blood Culture 24 - 48 hours 10% - 30%2 N/A blood organism

Sputum Culture 24 - 48 hours 29% - 94%3 66%4 - 94%5 sputum organism

Diagnostic Tests for S. pneumoniae



ATS/IDSA CAP Clinical Practice Guidelines, 2019

In adults with CAP
Legionella and 
pneumococcal urinary 
antigen testing should be 
performed at the time of 
diagnosis

Recommendation
S. pneumoniae and 
Legionella antigen 
testing
• Adults with severe CAP

• Where indicated by 
epidemiological factors 
(Legionella)

o i.e., known outbreaks or 
recent travel

ConditionalC

Metlay JP, 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.



Importance of Flu Testing During Respiratory Season
S. pneumoniae: A Secondary Complication to Influenza

• 2009 pandemic Influenza A (H1N1) & Spanish flu 1918

• Many deaths were attributed to the flu combined with the secondary 
complication of pneumonia1

• Testing for S. pneumoniae and Influenza helps inform the appropriate use 
of antibiotic therapy2

• Is it flu (viral)? 

• Is it pneumonia (bacterial or viral)? 

• Is it both?

1. Bacterial Coinfections in Lung Tissue Specimens from Fatal Cases of 2009 Pandemic Influenza A (H1N1) — United States, May–August 2009: CDC MMWR,  September 29, 2009; Vol. 58.
2. Metlay JP, 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.



ATS/IDSA Clinical Practice Guidelines Recommend 
Influenza Testing in Patients with Pneumonia

In adults with CAP,
test for Influenza at the 
time of diagnosis1

Test for influenza with a 
rapid influenza molecular assay,
i.e., influenza nucleic acid amplification test; 
preferrable to a rapid antigen test1Strong 

RecommendationS

1. Metlay JP, 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.

2. Uyeki TM, Bernstein HH, Bradley JS, et al. Clinical Practice Guidelines by the Infectious Diseases Society of America: 2018 Update on Diagnosis, Treatment, Chemoprophylaxis, and 
Institutional Outbreak Management of Seasonal Influenzaa. Clin Infect Dis. 2019 Mar 5;68(6):e1-e47. 

Clinicians should test for influenza in 
patients with pneumonia2

In outpatients (including 
emergency department) 
and hospitalized patients2



CLINICAL, ECONOMIC AND OPERATIONAL

Improved Outcomes Associated With UAT



Greenfield A, et al. Impact of Streptococcus pneumoniae Urinary Antigen Testing in Patients With Community-Acquired Pneumonia Admitted Within a Large Academic Health System. Open 
Forum Infect Dis. 2021 Oct 22;9(1):ofab522.

“We observed earlier de-escalation in the PUAT-positive group. 
… due to discontinuation of atypical rather than anti-MRSA or 
antipseudomonal coverage.”



Shorter Duration of Antibiotic Therapy with Positive UAT Result

Greenfield A, et al. Impact of Streptococcus pneumoniae Urinary Antigen Testing in Patients With Community-Acquired Pneumonia Admitted Within a Large Academic Health System. Open 
Forum Infect Dis. 2021 Oct 22;9(1):ofab522.



More Rapid Antibiotic De-escalation and Discontinuation 
with Positive UAT Result

Greenfield A, et al. Impact of Streptococcus pneumoniae Urinary Antigen Testing in Patients With Community-Acquired Pneumonia Admitted Within a Large Academic Health System. Open 
Forum Infect Dis. 2021 Oct 22;9(1):ofab522.



Improved Antibiotic Use and Length of Stay Achieved

OBJECTIVE CRITERIA USED FOR SWITCHING 
TO ORAL ANTIBIOTIC THERAPY

Pneumonia order set included:
• Legionella UAT
• S. pneumoniae UAT 

RANDOMIZED TRIAL RESULTS: 

• Median duration of IV antibiotic therapy 
reduced 50% (2.0 vs 4.0 days)

• Fewer patients experienced adverse drug 
reactions

• Median LOS decreased 22% (3.9 days 
vs 6.0 days)

LOS, Length of stay
Carratalà J, Garcia-Vidal C, Ortega L, et al. Effect of a 3-step critical pathway to reduce duration of intravenous antibiotic therapy and length of stay in community-acquired pneumonia: a 
randomized controlled trial. Arch Intern Med. 2012 Jun 25;172(12):922-8. 



Key Takeaways for UAT



Guidelines Supporting UAT
SU M M A RY

Adults with severe 
CAP

Metlay JP, 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.

ATS/IDSA CAP GUIDELINES1

S. pneumoniae 
and Legionella

Where indicated by 
epidemiological 
factors

Legionella

UAT recommended in:



Evidence Supporting UAT | Reported Outcomes 
SU M M A RY

See Appendix

• 57% reduced odds of in-hospital mortality2

• 25% reduced odds of 30-day mortality in UAT patients3Reduced mortality1,2,3

• 125.9% increase in narrowed therapy4

• 57% of patients de-escalated antibiotic therapy1

• 15% of patients changed antibiotic therapy2

Improved 
antibiotic stewardship 

with positive UAT

• 57.8% reduction1Shorter Hospital 
Length of Stay (LOS)

Fewer adverse drug reactions

Avoidance of Legionella outbreaks5



Why UAT for S. pneumoniae and Legionella?

1. Metlay JP, et al. Am J Respir Crit Care Med. 2019;200(7):e45-e67.
2. West, et al. ERJ Open Res 2016; 2: 00011-2016.
3. Schimmel JJ, et al. Clin Infect Dis. 2020 Sep 12;71(6):1427-1434.
4. Costantini E, et al. Intern Emerg Med. 2016;11(7):929-940.
5. Uematsu H, et al. 2014;26(1):100-107.
6. Puri S, et al. 2020;17(2):533. Published 2020 Jan 15. 

Non-invasive, ease of urine sample collection2

No instrument required, easy to use2,3

Rapid results2,3

Low cost per test2,3

UAT IS A COST-EFFECTIVE, REQUIRES 
NO INSTRUMENT TO MINIMIZE MOLECULAR 

WORKFLOW DISRUPTION AND OPTIMIZE 
UTILIZATION OF LIMITED RESOURCES

Guideline-concordant testing1

Guide for antibiotic de-escalation2,3

Demonstrated clinical utility and 
associated with mortality outcomes2-6

CLINICAL RATIONALE LABORATORY RATIONALE

UAT IS SUPPORTED BY THE ATS/IDSA, 
ENHANCES ANTIBIOTIC STEWARDSHIP 

AND IS ASSOCIATED WITH 
IMPROVED CLINICAL OUTCOMES

SU M M A RY



Summary
• High mortality rates, particularly Legionella

• S. pneumoniae is most likely bacterial cause of CAP

• Guidelines support the use of UAT

o In severe CAP (S. pneumoniae and Legionella)

o In cases of outbreak or recent travel (Legionella) 

• Demonstrated clinical outcome improvements include

o Reduction in in-hospital and 30-day mortality

o De-escalation of broad-spectrum antibiotic treatment

• Shorter time to optimizing therapy associated with additional improved outcomes

o Fewer adverse drug reactions

o Shorter hospital length of stay

o Reduced risk of C. difficile infection

o Reduced cost of care



Thank You!



Appendix – Additional Citations
EVIDENCE SUPPORTING UAT – REPORTED OUTCOMES

1. West DM, et al. Pneumococcal urinary antigen test use in diagnosis and treatment of pneumonia in seven Utah hospitals. ERJ Open Res. 
2016 Oct 19;2(4):00011-2016.

2. Costantini E, Allara E, Patrucco F, Faggiano F, Hamid F, Balbo PE. Adherence to guidelines for hospitalized community-acquired 
pneumonia over time and its impact on health outcomes and mortality. Intern Emerg Med. 2016;11(7):929-940.

3. Uematsu H, Hashimoto H, Iwamoto T, Horiguchi H, Yasunaga H. Impact of guideline-concordant microbiological testing on outcomes 
of pneumonia. Int J Qual Health Care. 2014;26(1):100-107.

4. Schimmel JJ, Haessler S, Imrey P, Lindenauer PK, Richter SS, Yu PC, Rothberg MB. Pneumococcal Urinary Antigen Testing in United 
States Hospitals: A Missed Opportunity for Antimicrobial Stewardship. Clin Infect Dis. 2020 Sep 12;71(6):1427-1434.

5. Puri S, Boudreaux-Kelly M, Walker JD, Clancy CJ, Decker BK. Clinical Presentation of Community-Acquired Legionella Pneumonia 
Identified by Universal Testing in an Endemic Area. Int J Environ Res Public Health. 2020;17(2):533. 
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