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Objectives

• Describe how diagnostic testing influences antibiotic use
• Identify non-infectious syndromes which mimic infection
• Define evidence-based diagnostic testing strategies for common 

hospital infections



Case
• 50 yo female with history of DVT and recurrent pharyngitis over last 3 

months treated with multiple courses of antibiotics
• Presented to ED with 36 hours of progressively worsening right neck 

and throat pain with swelling in neck and fever to 103.  
• Tonsils enlarged, red, with exudate
• WBC 13.8, CRP 3.3, procalcitonin <0.05, POC strep testing negative
• CT Neck – diffuse edema and phlegmonous change right peritonsillar, 

parapharyngeal, and retropharyngeal space.  No abscess or fluid.  
Reactive LAD.  

• ENT evaluated and no surgical intervention
• Started on vancomycin and ampicillin-sulbactam
• ID consulted next day – some improvement in symptoms, fever down, 

changed vancomycin to linezolid, recommend throat culture



The Next Day

• Fever overnight to 39.1 and complaining of headache in AM
• Team very concerned and asking about escalating to pip-tazo
• Why is she “worse?!”  
• What to do in this situation?  

• More imaging? 
• More cultures?
• Change antibiotics? 
• More clinical data?  



More Data

• Patient reports moderate headache but neck pain and swelling 
seems further improved (although not a huge amount)

• WBC 7.2
• BP normal, not tachycardic
• No neck stiffness on exam nor any signs of meningismus
• Elected to monitor, not obtain additional testing and next day 

substantially improved



Things to 
consider when 
patients are not 
improving or 
worsening

Is this the typical course of the disease

Have I achieved source control
• Abdominal infection – do we need to drain 

something
• Pneumonia – is there a parapneumonic 

effusion
• SSTI – did they develop an abscess 
• UTI – is there a stone obstructing things
• Device-associated infection – did you remove 

the infected device



Impact of Timing of Source Control on 
Mortality in Sepsis and Septic Shock
Population Definition of Early 

Source Control
Impact on Mortality

ICU patients with IAI (N=1077) 2-6 hours Early source control: OR 0.50 
(95% CI 0.34-0.73)

Community-acquired sepsis requiring 
source control (N=4962)

<6 hours Early source control: aOR 0.71 
(95%CI 0.63-0.80)

ICU patients with sepsis requiring 
surgical source control (N=1595)

NA Septic shock patients aOR 1.01 
(95%CI 1.01-1.07) per hour delay

Patients with septic shock in ED (N=524) <6 hours Delated source control aOR 1.42
(95%CI 0.72-2.8)

“For adults with sepsis or septic shock and a specific anatomical diagnosis or source of infection 
that requires source control, we “suggest” early source control over late source control, ideally 

within 6 hr of diagnosis of sepsis or septic shock requiring source control.”

De Waele JJ.  J Intensive Med.  2024;4:281-6.
Prescott HC, et al.  Crit Care Med.  2026;54:725-812.  



Things to 
consider when 
patients are not 
improving or 
worsening

Is this the typical course of the disease

Have I achieved source control

Am I giving the right drug at the right dose for 
the site of infection?
• Is this the right drug for this site
• Could there be resistance to this antibiotics?
• Am I giving an adequate dose to the patient

Cephalexin Recommended 
Adult Dosing

https://www.cdc.gov/obesity/adult-obesity-facts/index.html 

Average US BMI = 26 with 42% obese, 9% severe obesity (BMI 40+)

https://www.cdc.gov/obesity/adult-obesity-facts/index.html
https://www.cdc.gov/obesity/adult-obesity-facts/index.html
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Things to 
consider when 
patients are not 
improving or 
worsening

Is this the typical course of the disease

Have I achieved source control

Am I giving the right drug at the right dose 
for the site of infection?

Do I have the right diagnosis?



• Evaluated 500 inpatient antimicrobial courses
• Judged accuracy of initial provider diagnosis and appropriateness 

of antibiotics 
Reasons that Antimicrobial Courses Were Not Appropriate According to 

Accuracy of Provider Initial Diagnosis

Infect Control Hosp Epidemiol.  2015;36:949-56.  

If you have the wrong diagnosis, it his highly likely 
you will treat inappropriately



Case

• A 57 yo female is transferred to the ICU from her small-town 
hospital after developing severe headache and confusion

• Imaging shows a SAH and she is intubated and has an EVD placed
• Developed fever 72 hours after admission

• What evaluation for infection is appropriate? 
• Is this from her CNS event?



Case
CSF Cx, BCX, Sputum Cx, 
Pneumonia Panel, Urine 

studies ordered

No ABX

Redo Craniotomy 
with clipping

Ceftriaxone



• Critical care practitioners are important causes and potential solutions to the crisis of antibiotic 
resistance.
• Antibiotic stewardship should be a core competency of critical care practitioners.

• Antibiotic stewardship must address the fear of inadequate empirical treatment to be effective.

• The adverse effect of excessive antibiotic treatment on individual patients needs greater emphasis.

• A shift in emphasis to an individualized approach to antibiotic therapy is needed.

Ann Am Thorac Soc Vol 17, No 5, pp 531–540, May 2020

Up to 70% of patients in the ICU receive antibiotics with 30-60% of 
those antibiotics being considered inappropriate or unneeded



Cognitive Errors Lead to Antibiotic Misuse

• We think everything is infection



Causes of Fever in the Hospital



Evaluating Fever or  
Change in Status

The first step is a through patient 
assessment including an exam

• Evaluate for symptoms/signs of 
infection as well as other causes

• Examine all IV catheter sites 
• Look at trends  temperature, 

oxygenation, WBC, procalcitonin
• Look at recent events  procedures, 

blood products



• Neurologic ICU patients with T>38.3 for 2 days (N=526)
• 47% were determined to be central

• Predictors of central fever 
• SAH, IVH, tumor present (strongest predictor)
• Persistent (>6 hours for 2+ days), occurred within 72 hours of admission
• Blood transfusion
• No infiltrate on CXR

• Longer time fever free before developing a fever and longer 
duration mechanical ventilation predicted against central fever

JAMA Neurology.  2013;70:1499-1504.



Cognitive Errors Lead to Antibiotic Misuse

• We think everything is infection
• We assume antibiotics are the “safe” option

• “It looks like heart failure, but I will antibiotics to cover my bases”



Antibiotics Aren’t the “Safer” Option

• Patients admitted with clear decompensated heart failure (N=144)
• Compared those treated with IV Abx (N=56) and not treated (N=88)

• Antibiotic arm received additional 1381 mg/d of sodium

Variable No Antibiotics Antibiotics P

Mean Length of Stay 3.0 days 6.6 days <.001

Readmission Rate 10.1% 22.2% .043

Furosemide Given 320 mg 930 mg <.001

Frisbee J, et al.  Open Forum Infect Dis.  2019;6(6):ofz220.



Sodium Content of Various Antibiotic 
Preparations

Antibiotic (usual dose)
Sodium per Dose in 50 mL 

NS (mg)
Daily Sodium Load 

(mg/day)
Penicillin G potassium 4 MU 213 2,340
Ampicillin 2 g* ~486 2,910
Ampicillin-sulbactam 3 g* ~584 2,340
Oxacillin 2 g 376 3,320
Piperacillin-tazobactam 3.375 g 392 2,280
Cefazolin 1 g 225 1,200
Ceftriaxone 2 g 411 1,180
Cefepime 2 g 212 1,170
Ertapenem 1 g 349 530
Meropenem 1 g 267 1,330
Ceftaroline 600 mg 247 1,270
Daptomycin 500 mg 212 390
Levofloxacin 280 280

Wang N, et al.  Open Forum Infect Dis.  2019;6(12)ofz508.



Cognitive Errors Lead to Antibiotic Misuse

• We think everything is infection
• We think antibiotics are the “safe” option

• “It looks like heart failure, but I will antibiotics to cover my bases”
• We think broader spectrum antibiotics are better

• “This patient with community-acquired pneumonia is really sick.  I 
better start vancomycin/linezolid and 
cefepime/meropenem/piperacillin-tazobactam.”



Broader Isn’t Recommended

IDSA/ATS CAP Guidelines:
“We recommend clinicians 
only cover empirically for 
MRSA or P. aeruginosa in adults 
with CAP if locally validated 
risk factors for either pathogen 
are present (strong 
recommendation, moderate 
quality of evidence).” 

Metlay JP, et al.  Am J Resp Crit Care Med.  2019;200:e45-67.  
https://www.idsociety.org/globalassets/idsa/practice-guidelines/community-acquired-pneumonia-in-adults/cap-
clinical-pathway-final-online.pdf 
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• Retrospective cohort >88,000 
patients hospitalized VA with 
pneumonia

• Compared those who received 
anti-MRSA therapy (38%) with 
standard therapy to standard 
therapy alone

• Used propensity adjustment
Also increased risk of kidney injury, CDI, VRE, and 

secondary GNR infection

2020;180:552-60.

Broader Isn’t 
Better





Why Talk About Testing?

If we want to improve antibiotic use, we must focus on the 
drivers of inappropriate treatment

Testing drives treatment

Positive tests result lead to
Treatment initiation

Treatment adjustment

Additional interventions



Diagnostic Stewardship

Modifying the ordering, performing, or 
reporting of diagnostic tests to improve the 

diagnosis of and treatment of infections 
and other conditions.

Fabre V, et al.  Infect Control Hosp Epidemiol.  2023;44:178-85. 



Case
• You are called to an RRT where a 68 yo patient admitted for 

diabetic foot infection developed new onset atrial fibrillation with 
hypotension

• The primary surgical team was not responding to nursing pages and so 
RRT was called

• Temp 37.7, P 140-155, RR 22, BP 80s/50s

• Patient has been on ceftriaxone and metronidazole for 36 hours
• Large wound with drainage but no increasing erythema
• WBC this morning was 15

• The phlebotomists asks if you want blood cultures with the other 
labs they are drawing???



Blood Culture 
Stewardship



Why is BCX Stewardship Important
• BCX are overused

• Most blood cultures are negative and 
• Obtained when likelihood of contamination (2-3%) is equivalent to bacteremia

• Contaminated BCX results represent 20-40% of all positive results
• False positive BCX are harmful 

• Unnecessary antibiotic use (+ 1.5 days antibiotic)
• Increased hospital LOS (+1-3 days)
• Further testing (+0.6 BCX) and cost (+$3-6,000)
• Unnecessary CVC/device removal, consultations
• Cancelled surgical procedures
• Iatrogenic anemia/blood transfusion
• Diagnostic delay via anchoring bias
• NHSN-defined CLABSI

Fabre V et al. Blood Culture Utilization in the Hospital Setting: a Call for Diagnostic Stewardship. J Clin Microbiol. 2022
Doern GV et al. Practical Guidance for Clinical Microbiology Laboratories: A Comprehensive Update on the Problem of Blood Culture 
Contamination and a Discussion of Methods for Addressing the Problem. Clin Microbiol Rev. 2019.



Common Inappropriate Blood Culture 
Reasons
• Clinicians order them when bad things happen that make you sick 

• GI bleed, Cardiac event, Seizure

• To evaluate isolated findings without other signs of infection
• Hypotension, leukocytosis, or fever

• Obtained when BCX have recently been sent



Do NOT

Reflexively order 
based on change in 
status

Consider

Is bacteremia likely 
and will its 
detection change 
management?
When were BCX 
last obtained?

Follow

BCX guidance
Obtain 2 BCX 
Avoid line BCX 
except when 
infection concern
Obtain before 
antibiotics

Use

Site specific 
cultures which 
have higher yield
• UTI = urine culture 
• Pneumonia = 

respiratory culture
• IAI and SSTI = abscess 

drainage

Blood cultures are for evaluating life threatening infections
If a patient is sick enough to consider BCX they should be evaluated clinically

Order BCX based on clinical assessment and likelihood of infection







• Prospective QI collaborative 14 PICUs
• Local QI work to improve BCX use
• Median monthly BCX per 1000 PD 

decreased from 146 to 99 (-33%)

• Antibiotic use decreased 13%

• Broad-spectrum antibiotic starts decreased 8%

• CLABSI decreased 36%

• No change mortality, LOS, readmissions

• Reviewed 792 bacteremias and one may have 
had a slight delay in detection

2022;176:690-98. 



Case

• A 54 yo with paraplegia is admitted for decubitus ulcer and 
possible UTI.  They are treated with ceftriaxone, wound 
debridement and remain in the hospital for wound care.  

• Hospital day 7 they have an episode of witnessed aspiration and 
become hypoxic, tachycardic, tachypneic

• CXR shows new bilateral lower lobe infiltrates – atelectasis vs developing 
consolidation 

Should you start antibiotics?
Should you obtain a sputum culture or other pneumonia 

microbiologic diagnostic testing? 



Case

• You started Zosyn
• Sputum culture growing E. coli and MRSA two days later
• Patient off 02 within 24 hours of event, CXR shows improved 

infiltrates, no other findings of infection

Should you have started antibiotics?  
Should you continue antibiotics?



Antibiotics in Aspiration
• NO clinical benefit on mortality, 

need for ICU care
• Increase subsequent antibiotic use

• No need to add “anaerobic 
coverage”

• Only increases CDI risk
• If started and oxygenation rapidly 

improves  it isn’t pneumonia 
• STOP the antibiotics

0
1
2
3
4
5
6
7
8
9

Need for Critical Care Antibiotic Escelation
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Antibiotic Prophylaxis in Aspiration 
Pneumonitis

Antibiotic Prophylaxis (N=76)
No Antibiotics (N=124)

P = 
.7

P = .002

Bai AD, et al.  Chest.  2024;166;:39-48.
Dragan V, et al.  Clin Infect Dis.  2018;67:513-8.



Case

• Same patient but you didn’t start antibiotics.  Patient improved 
within 24 hours and off O2 with improved but not normal CXR. 

• 3 days later patient reports increased cough and sputum and 
requiring 2L of oxygen

• Temp 38.4, P 110s, RR 20-24, BP 118/78
• WBC is 19 with mild left shift, PCT 3.74
• CXR – resolution left sided infiltrate but RLL infiltrate is increased

Should you start antibiotics?
Should you obtain a sputum culture or other pneumonia 

microbiologic diagnostic testing? 



What Microbial Diagnostics Are Available?



What is the Role  of Microbiologic Testing in 
Pneumonia Diagnosis?

• Pneumonia diagnosed based on clinical and imaging findings
• Microbiologic tests define the etiology

Microbiologic tests do not diagnose pneumonia!!



What is the Role  of Microbiologic Testing in 
Pneumonia Diagnosis?

• Positive microbiologic testing is common in ventilated patients
• >70% chronic tracheostomy
• >40% endotracheal tube, increases the longer on ventilator

• More cultures associated with more antibiotics given
• Do not treat positive respiratory tract cultures (or pneumonia panels) in 

patients without clinical evidence of pneumonia
• Stop antibiotics in patients where another diagnosis is more likely than 

pneumonia

Only order testing when patients have clinical 
evidence of pneumonia!!

Morrison JM, et al.  Pediatr Pulmonol.  2025;59:2761-71.
Jeng M, et al.  Crit Care Explor.  1012;5:e1008.
Prinzi A, et al.  JAMA Netw Open 212;4:e2140378.



Why do testing for the etiology of pneumonia?

CAP/HAP/VAP guidelines recommend antibiotics in all patients

De-escalation of therapy is poorly 
implemented

Only 13% on broad spectrum antibiotics for 
pneumonia had them stopped by hospital at day 4 

Positive microbiologic results are associated with increased de-escalation 
(improved outcomes too!)

Stewardship feedback is associated with de-escalation

Magill SS, et al.  JAMA Network Open. 2021;4:e212007  Abelenda-Alonso G, et al.  Clin Micro Infect.  2022;28:1602.
Deshpande A, et al.  Clin Infect Dis.  2021;72:1314-22.   Schweitzer VA, et al.  Lancet Infect Dis.  2022;22:274-83.  



When to Use a Respiratory Tract Diagnostic Testing in 
Pneumonia

Patient with 
Pneumonia Needing 
Microbial Diagnostic 
Testing (Severe CAP, 

HAP, VAP)

Can they 
produce 
sputum?

Yes – Obtain Pneumonia Panel with 
Respiratory Tract Culture

No – Obtain Blood Cultures, Respiratory 
Pathogen Panel, Urine Antigens for Legionella 

and Pneumococcus

Where pathogen identification is most likely to provide benefit:  
• Very sick  Patients with severe CAP (admitted to ICU, respiratory failure, etc.)
• Using broad spectrum therapy  

• CAP patients on expanded-spectrum therapy (vancomycin, cefepime, etc.)
• Patients with hospital-acquired or ventilator-associated pneumonia

• Not getting better  Patients not responding to typical therapy

Metlay JP, et al. Am J Respir Crit Care Med 2019;200:e45-e67.   Kalil AC, et al.  Clin Infect Dis.  2016;63:e61-111. 



How to Improve Respiratory Tract Testing

Guidance 
• When to use 

• HAP/VAP, severe CAP, etc.

• In whom to use 
• What to obtain and how

• Limited vs extended viral testing
• Pneumonia panel
• Urine antigens
• Blood cultures
• Sputum vs. tracheal aspirate vs. 

BAL

BrighT STAR Guidelines on Obtaining Endotracheal 
Aspirate Cultures

Sick-Samuels A, et al.  Pediat Crit Care Med.  2025;26:e569-82.  





The urine has pyuria.  We 
should start Cipro.

You fool!
UTI diagnosis requires 

more than urine!

UTI is simple to 
diagnose.

You fool!
UTI has no gold standard, 
vague symptoms and lab 
testing is often useless! 



How Useful are Urinalysis Findings for UTI 
Diagnosis?

Great for ruling out; pretty useless for ruling in

Stovall RT, et al.  J Am Coll Surg. 2013;217:162-6.
Latour K, et al.  BMC Geriatrics.  2022;22:187.

• Pyuria is highly prevalent in elderly 
patients, especially women

• Positive predictive value of abnormal 
UA (positive LE or nitrites) 5-14% 

Abnormal UA ≠ UTI
Normal UA = NO UTI



Presenting Features Suggestive of UTI

Woodford HJ et al. J Am Geriatr Soc 57:107–114, 2009



Non-Specific Signs and Symptoms are Not Diagnostic for UTI

Woodford HJ et al. J Am Geriatr Soc 57:107–114, 2009



Performance of Sign/symptoms, Urine 
dipstick, and CRP for diagnosing UTI

Latour K, et al.  BMC Geriatrics.  2022;22:187.



UTI is a 
Clinical 

Diagnosis

Signs/symptoms

Exam findings

Urine studies 
(urinalysis and 
culture)

Urine studies 
cannot rule in 
UTI but can 
rule it out



Reflex Urine Cultures Can Be Useful

Monthly rates of urine cultures before and after 
implementation of reflex UC Nebraska Medicine

(<100 Squamous cells and >10 WBC required)

Goal of reflex urine culture is to only perform culture in patients where it will 
grow something and mean something (hopefully)

Urine Cultures per Month, Pre- vs. Post-
Reflex Culture Change

Claeys KC, et al.  Infect Control Hosp Epidemiol.  2021;42:176-81.
Torres C, et al. Infect Control Hosp Epidemiol.  2025;46:377-83.  



If You Use it Correctly

• Only preform conditional 
urine culturing when UTI is 
suspected

• Evaluate the criteria you are 
using to trigger testing

• Pyuria preferred• Measured UCX and  Antibiotic use for 3 
years after dropping reflex testing

• 42% reduction in urine specimens 
undergoing culture and sensitivity testing

• Significant reduction in ciprofloxacin use, 
increase in nitrofurantoin use

Frontiers Cell and Infect Microbiol.  2025;15:1572936.



Use Common Sense When Evaluating for Infection

Don’t assume everything is infection.  Evaluate clinically before testing.  

Utilize microbiologic testing based on patient assessment

BCX are for evaluating life threatening illness

Respiratory diagnostic testing should be performed only when pneumonia is present

Urine studies should only be ordered when symptoms/signs of UTI are present

It is safe and appropriate to withhold antibiotics in clinically stable 
patients pending your investigation



Questions, Comments 
and Critiques?
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