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Objectives

• Interpret the results of blood cultures including gram stains and rapid 
pathogen diagnostic tests

• Make recommendations regarding antimicrobial therapy based on 
interpretation of blood culture data



Ferrer R, et al.  Crit Care Med.  2014;42:1749-55.
Rhodes A, et al.  Crit Care Med.  2017;45:486-552. 

Predicted hospital mortality and 95% CIs for 
time to first antibiotic administration

(N=28,150 severe sepsis, septic shock patients)

Early Initiation of Active Therapy is Essential

Surviving Sepsis Guidelines
• Administer IV antimicrobials 

within one hour of presentation 
(strong)

• Initiate empiric, broad-spectrum 
therapy with one or more 
agents to cover all likely 
pathogens (strong)



De-escalation Also is Important

Surviving Sepsis Guidelines
• Narrow empiric antibiotics once pathogen identified and/or clinical 

improvement

De-escalation Benefit
• De-escalation in severe sepsis, septic shock (N=712)

• Mortality OR 0.54 (95% CI 0.33-0.89, P=.016)

• De-escalation in community-onset gram-negative bacteremia (N=189)
• Mortality OR 0.37 (0.14-0.96, P=.04)

Garnarcho-Montero J, et al.  Intensive Care Med.  2014;40:32-40.
Lee C, et al.  Diag Micro Infect Dis.  2015;82:158-64.  



Issues with Treatment of Sepsis/Bacteremia

Under-treatment
• May die (mortality)
• May not get better as quickly (LOS, cost)
• May develop complications (LOS, cost)

Overtreatment
• May develop toxicities (cost, LOS)
• May develop C. difficile (cost, LOS, readmission)
• May develop resistance (downstream cost, mortality, public health issues)

Too 
Broad

Too 
Narrow

Pathogen 
Directed



What’s Available to Help Us?

• Gram Stain and Initial Culture Result

• Catalase test for Gram positive cocci
• Positive = Staph

• Negative = Strep

• Coagulase test for Staph
• Coagulase + = Staph aureus

• Coagulase - = Coag Negative Staph

• Oxidase test for non-lactose fermenting gram negative rods
• Positive = Pseudomonas

• Negative = Other stuff (Proteus, Salmonella, Acinetobacter, etc.)



What’s Available to Help Us?
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Gram positive cocci

Clusters = Staph
Pairs and Chains = 

Strep/Enterococcus



Gram Negative Rods
Lactose Fermenting:
E. Coli
Klebsiella
Enterobacter
Citrobacter
Serratia

Non-Lactose Fermenting:
Oxidase + = Pseudomonas
Oxidase - = Proteus, 
Salmonella, Acinetobacter



What’s New?
Numerous new rapid diagnostic technologies 
currently approved and near approval

14-20 hours 12-24 hours 24-48 hours
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MALDI-TOF
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Latex agglutination
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Decreased mortality with Rapid Diagnostics
• OR 0.66 (95% CI .54-.80)

• Significant decrease in 
• Gram positives (OR 0.73; .55–.97)
• Gram negatives (OR 0.51; .33–.78)
• With stewardship (OR 0.64; .51–.79)

• Non-significant without stewardship

Shortened time to effective therapy 5 hours and LOS 2.5 days

Timbrook TT, et al.  Clin Infect Dis. 2017;64:15–23

N=31 studies with 5920 bloodstream infections



Rapid S. aureus and Methicillin-Resistance

• PCR-based test that determines
• Staph aureus vs. Coag-neg Staph

• Methicillin-resistance (mecA)

• How to react to the data
• MRSA = Use vancomycin

• Daptomycin, linezolid alternatives

• MSSA = Use oxacillin/nafcillin or 
cefazolin

• Coagulase Negative Staph
• Only single BCX = do nothing

• Two positive BCX = vancomycin vs. 
oxacillin/cefazolin



What to do with Staph



Gram Positive Gram Negative Resistance

Enterococcus Acinetobacter baumannii mecA

Listeria Pseudomonas aeruginosa vanA/B

Staphylococcus H. Influenzae kpc

S. aureus Neisseria meningitides

Streptococcus Enterobacteriaceae

S. agalactiae Enterobacter cloacae

S. pyogenes E. Coli

S. pneumoniae Klebsiella pneumoniae

Klebsiella oxytoca

Proteus

Serratia marcescens

Gram Positive Gram Negative

Staphylococcus E. Coli

Staphylococcus aureus Klebsiella pneumoniae

Staphylococcus epidermidis Klebsiella oxytoca

Staphylococcus lugdunensis Pseudomonas aeruginosa

Streptococcus Serratia marcescens

Streptococcus angionosus Acinetobacter

S. agalactiae Citrobacter

S. pyogenes Enterobacter

S. pneumoniae Proteus

Enterococcus faecalis CTX-M (ESBL)

Enterococcus faecium KPC (carbapenemase)

Micrococcus NDM (carbapenemase)

Listeria OXA (carbapenemase)

mecA VIM (carbapenemase)

vanA/B IMP (carbapenemase)

Multiplex PCR Panels









Case

• 78 yo with DM, ESRD who started HD in December through fistula.  

• Developed weakness, low grade fever 

• Swelling at AVF site and CXR with opacities atelectasis vs pneumonia

• WBC 11.6 and PCT 1.7

• Started on Vancomycin and cefepime for HCAP

• 2 of 2 BCX positive Gram positive cocci in clusters at  10 and 13 hours

• What is the most likely pathogen?  



Rapid Testing 

• Gene Xpert
• Staphylococcus aureus +

• mecA negative

• What does that mean?  
• Methicillin-susceptible Staphylococcus aureus (MSSA)

• What should you do with the antibiotics?
1. Stop vancomycin, continue cefepime

2. Stop cefepime, continue vanco

3. Stop both and change to daptomycin

4. Stop both and change to oxacillin



Case

• 58 yo with COPD and alcohol abuse with increasing cough and SOB

• Also vomiting blood 

• Develops hypoxic respiratory failure requiring intubation

• Afebrile , WBC 24.6, PCT 1.2

• CXR bilateral patchy opacities

• BCX 2 of 2 positive GPC in pairs and chains at 11 hours

• Started on cefepime and flagyl



Rapid Testing
• Luminex Nanosphere Gram Positive Panel

• Positive Streptococcus and Streptococcus pneumoniae

• Other results all negative

• What do you do with the antibiotics?
• Stop flagyl, continue cefepime

• Stop cefepime and flagyl, start high dose ampicillin

• Add vancomycin to cefepime, flagyl

• Add azithromycin to cefepime, flagyl

• Does he have meningitis?  How bad is his pneumonia?
• Meningitis concern = High dose ceftriaxone + vancomycin

• No meningitis concern = PCN or ampicillin or ceftriaxone +/- azithromycin 
depending on severity



Rapid Testing
• Luminex Nanosphere Gram Positive Panel

• Positive Streptococcus and Streptococcus pneumoniae

• Other results all negative

• What do you do with the antibiotics?
• Stop flagyl, continue cefepime

• Stop cefepime and flagyl, start high dose ampicillin

• Add vancomycin to cefepime, flagyl

• Add azithromycin to cefepime, flagyl

• Does he have meningitis?  How bad is his pneumonia?
• Meningitis concern = High dose ceftriaxone + vancomycin

• No meningitis concern = PCN or ampicillin or ceftriaxone +/- azithromycin 
depending on severity



Case

• 76 yo female admitted from home with cough and fever.   Bilateral 
infiltrates on CXR.  Requiring 6L O2.  WBC 18, PCT 4.2.  Diagnosed 
with influenza 4 days ago and on Tamiflu.  Was improving, now worse.

• Started on ceftriaxone and azithromycin for CAP

• BCX 1 of 2 growing GPC in clusters at 10 hours

• Rapid Test Results 
• Staph aureus +

• mecA +

• Antibiotic changes?

• Staph aureus +
• mecA +

• Staph aureus –
• mecA +vs



Case

• 84 yo female sent to ED from LTCF due to fever.  Found to be confused 
and hypoxic.  CXR with atelectasis vs. pneumonia.  UA with pyuria.  
WBC 16, PCT 1.8.  

• Admitted and started on vancomycin, cefepime, azithromycin

• BCX 2/2 GNR at 13 hours

• Rapid ID positive for 
• Enterobacteriaceae and E. coli



Case 

• What do you do with the antibiotics
• Stop vancomycin only

• Stop vancomycin and azithromycin

• Stop all three antibiotics and start levofloxacin

• Stop all three antibiotics and start ceftriaxone

• Stop vancomycin and azithromycin and add levofloxacin



Cases

• 41 yo male with ALL on chemotherapy admitted with leukocytosis 
and hypotension.  Blood cultures are drawn and he is started on 
piperacillin/tazobactam and vancomycin.  Next day he is feeling a bit 
better.

• BCX 1/2 positive for Gram Negative Rods in aerobic and anaerobic 
bottles at 11.5 hours.  

• What do you do with his antibiotics?  

• Rapid Blood Panel Results





What is Enterobacteriaceae?

Need to know what is covered 
and what isn’t in your panels

Vancomycin stopped.  

Grew Citrobacter freundii
susceptible to amp/sul


