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Case Study

o A 64 year old woman is admitted to the hospital with high fever and altered mental 
status.  She has a remote history of cardiac arrest, coronary artery disease, and 
congestive heart failure with low ejection fraction for which she had an AICD placed 
2 months ago. She also had elective cataract surgery two weeks ago.  She has a 
history of recurrent UTIs secondary to ceftriaxone-resistant E. coli.

o Your examination is notable for lethargy, anasarca, and tachycardia.

o Vitals: temp 102.3, HR 110, BP 80/60, RR 32, SaO2 88% on ambient air

o You order a CBC/diff, CMP, lactate, UA, procalcitonin, blood cultures, and CXR

o You decide to start empiric antibiotics.  

The patient is pretty sick.
Do we really need to get blood 

cultures before we give antibiotics?



Antibiotics Before Blood Cultures Lower Yield by ~50%
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Blood Cultures BEFORE Antibiotics Blood Cultures AFTER Antibiotics

Blood cultures drawn before and 30-120mins after antibiotics in 325 patients with suspected septic shock

Interval from antibiotics to blood culture draw

Ann Intern Med 2019; doi:10.7326/M19-1696

Should we start one drug or two to 
cover Gram negatives?



RCT of Mono vs Combo Rx for Sepsis
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Mono Combo

600 patients randomized to meropenem alone vs meropenem + moxifloxacin

Brunkhorst, JAMA 2012;307:2390-2399

No difference!

Mono vs Combo Rx for Pseudomonas Bacteremia

Combo Therapy

Mono Therapy

Inadequate Rx

Prospective cohort study of 674 patients with Pseudomonas bacteremia

Pena, Clin Infect Dis 2013;57:208-216

Active therapy 

matters more 

than combo vs 

mono therapy!



Does it matter what drug we use to 
treat ESBLs so long as the bacteria is 

“susceptible?”

Pip-Tazo vs Meropenem for ESBL E. coli or Klebsiella sp.

o 391 patients with ≥1 positive blood 
culture for E. coli or Klebsiella sp. 
resistant to ceftriaxone, susceptible to 
piperacillin-tazobactam

o Randomized to pip-tazo 4.5g IV q6h vs 
meropenem 1g IV q8h for 4-14d

o Primary outcome:  30d mortality

Harris, JAMA 2018;320:984-994



Pip-Tazo vs Meropenem for ESBL E. coli or Klebsiella sp.

391 patients with E. coli or Klebsiella sp. bacteremia randomized to pip-tazo vs meropenem
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JAMA 2018;320:984-994

Outcomes better with meropenem!

Case Study Continued

o You begin empiric therapy with vancomycin and meropenem

o One day later, the patient looks a little better but is still febrile. 

o Procalcitonin is 0.18.  

o You call the lab to ask if the blood cultures are growing anything?

o The answer:  “nothing yet”



Does a low procalcitonin rule out 
bacteremia?

Sensitivity / PPV of Procalcitonin for Bacteremia
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Lawandi, Crit Care Med 2023; doi 10.1097/CCM.0000000000005968



How long do I need to wait to be 
confident the blood cultures won’t grow 

Staph aureus?

Blood cultures:  Time to positivity 

Gram positive cocci identified on 
gram stain within 48 hours in 98% 
of patients whose blood cultures 
ultimately grew MRSA

85 patients with MRSA bacteremia, 5 ICUs, Vanderbilt University 

Melling, Ann Pharmacotherapy 2020;54:131-137



Do we really need to wait 2-3 days to 
get susceptibilities?  

Isn’t there a faster way?

Rapid Antimicrobial Susceptibility Testing

Kim, Clin Micro Infection 2021;27:69-75



Rapid Antimicrobial Susceptibility Testing

Kim, Clin Micro Infection 2021;27:69-75

Pilot randomized trial, 116 pts with heme malignancies and +blood cultures, Seoul National University Hospitals
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Control InterventionSusceptibilities 
~40 hours faster

Overly broad 
regimens at 72h 

reduced from 30% to 
12.5%

Ineffective regimens at 
72h reduced from 

13.3% to 7.1% No difference in 
mortality rates 

(but very small pilot)

Case Study Continued

o Just when you were about to give up hope on finding an answer, 
the lab pages you:  

o “Your patient has one positive blood culture bottle.  The Gram stain shows 

Gram positive cocci in clusters”

o You suspect Staphylococcus aureus and arrange a follow-up set 
of blood cultures to be drawn



What is the significance of a single 
positive blood culture with Staph aureus?

Significance of one blood culture positive for Staph aureus
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534 patients with Staph aureus bacteremia (22% single positive, 78% multiple positive bottles), 4 Mayo Clinic hospitals

3.8% of patients with a single positive 
blood culture had endocarditis

All told, 90% of single positive blood cultures were deemed clinically significant

Go, Open Forum Infect Dis 2022;ofab642



Should we get an Infectious 
Disease consult?

Care Processes and Mortality in Staph aureus Bacteremia 

36,868 episodes of Staph aureus bacteremia, 124 VA hospitals, 2003-2014

Goto, JAMA Internal Medicine 2017;177:1489-1497
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Care Processes and Mortality in Staph aureus Bacteremia 

1,784 episodes of Staph aureus bacteremia, multinational cohort, 2013-2015

Escrihuela-Vidal, Clin Micro Infection 2023;29:498-505
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What’s the best drug to treat MSSA? 
(methicillin-susceptible Staph aureus)



Vanco vs Beta Lactams

Adjusted Hazard Ratios for Death at 30 Days

McDanel, Clin Infect Dis 2015;61:361-7
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Empiric therapy with beta-lactam vs
vanco
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Definitive Therapy with 

Cefazolin or Nafcillin vs Vanco

Empiric Therapy

with a Beta Lactam vs Vanco

(N=5,784)

Retrospective analysis of all VA patients with positive blood cultures for MSSA, 2003-2010, N=16,973

Which beta-lactam should we use?  
Cefazolin or nafcillin?



Tolerability of Cefazolin vs Nafcillin
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Cefazolin Nafcillin

Retrospective analysis of 485 patients with MSSA infections

Youngster, Clin Infect Dis  2014;59:369-75

Cefazolin better tolerated

Cefazolin vs Nafcillin for MSSA Bacteremia

Weis, Clin Micro Infection 2019;25:818-827

30d all cause 
mortality

Cefazolin associated with 

lower all-cause mortality

RR 0.70 (95% CI 0.54-0.91)

Treatment 
failure or 
relapse

No difference in treatment 

failure or relapse

RR 0.84 (95% CI 0.59-1.18)

Meta-analysis of 14 observational studies, 11,760 patients



What about ceftriaxone for MSSA bacteremia?

Ceftriaxone for MSSA Bacteremia: Mixed Results

Study 1:  OPAT for MSSA bacteremia

o Retrospective analysis of 243 patients with 

MSSA bacteremia referred for OPAT

o 61% discharged on ceftriaxone

o 39% discharged on cefazolin or oxacillin

o No differences in

o Antibiotic intolerance (4.2 vs 4.1%)

o Microbiological failure (6.3 vs 6.1%)

o Readmissions for MSSA (10.5 vs 8.8%)

o 90-day mortality (7.4 vs 10.1%)

Study 2:  OPAT for MSSA bacteremia

o Retrospective analysis of 223 patients with 

MSSA referred for OPAT

o 17% treated with ceftriaxone

o 83% treated with cefazolin, nafcillin, or 

oxacillin

o Treatment failure in 11.7% overall

o Ceftriaxone: more treatment failure

o Hazard ratio 2.7 (95% CI 1.2-6.1)

Yetmar, Eur J Clin Micro Infect Dis 2023;42:423-430Hamad, Open Forum Infect Dis 2020;7(9):ofaa341

��



Case Study Continued

o The following day the patient shows further signs of improvement.  

o She is more alert, less confused, and her temperature curve is 
normalizing. 

o You review her blood cultures from admission:

o 4/4 bottles were positive for MRSA

o Yesterday’s blood cultures are negative thus far.

o Another set of blood cultures for today is pending.

Incidence of MRSA steadily decreasing
Incidence of Staph aureus infections in hospitalized patients, 130 VA hospitals, 2005-2017

MMWR 2019;68:1-6



What’s the best drug for MRSA?

www.hospira.com



Vanco MIC and Mortality

Clin Infect Dis 2012;54:755-71

MIC ≥1.5 MIC <1.5

MIC <1.5 MIC ≥1.5

Mortality

Meta-analysis #1 

OR for Death: 1.64 

(95% CI 1.14-2.37)

Vanco MIC and Mortality

Meta-analysis #2 

JAMA 2014;312:1552-1564

MIC ≥1.5MIC <1.5

No difference!



Vanco MIC and Outcomes for MSSA

266 patients with MSSA bacteremia (8 hospitals), all treated with flucloxacillin
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Holmes, J Infect Dis 2011;204:340-7

Higher mortality if vanco MIC ≥1.5 even though patients treated with B-lactam!

Vancomycin vs Daptomycin

Randomized trial of daptomycin vs standard therapy for Staph aureus bacteremia & endocarditis, N=124
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Fowler, N Engl J Med 2006:355:653-665

No difference!



What about Ceftaroline?
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0% !!!

40 patients with MRSA bacteremia randomized to vancomycin or daptomycin versus daptomycin + ceftaroline; 

trial stopped early due to unexpected high mortality rate in vanco/dapto arm

Important
Caveats

Tiny sample size

Important imbalance 
between groups: 

vanco/dapto group with 
more diabetes, ESRD, 

and cancer

Is the benefit (if real) 
due to dapto, 

ceftaroline, or both?

Geriak, Antimicrobial Agents & Chemotherapy 2019;63(5):e02483-18

Ceftaroline vs Daptomycin: Observational Data
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Zasowski, Open Forum Infect Dis 2022; doi.org/10.1093/ofid/ofab606

Retrospective analysis of 270 patients with MRSA bacteremia, 83 treated with ceftaroline, 187 with daptomycin, 

outcomes compared using inverse probability of treatment weighting, 10 hospitals, 2010-2017



What about Ceftobiprole?*
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Ceftobiprole Daptomycin

Ceftobiprole 
non-inferior to daptomycin

390 patients with complicated Staph aureus bacteremia randomized to ceftobiprole vs daptomycin.  
Complicated = bacteremia for ≥3d, hemodialysis, bacteremia secondary to soft-tissue infection, abdominal abscess, osteoarticular

infection, septic thrombophlebitis, septic pulmonary embolus, epidural or cerebral abscess, or right-sided endocarditis

Holland, NEJM 2023;389:1390-1401

*not yet FDA approved

Would it help if we added rifampin?



Adjunctive Rifampicin for Staph aureus Bacteremia
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758 patients with Staph aureus bacteremia randomized to standard therapy + rifampicin or placebo

Notes

• 94% had MSSA infections

• Standard therapy was 

flucloxacillin for 82% of 

patients

• Adverse events leading to 

changes in antibiotics more 

common in the rifampicin 

group 

(GI intolerance and AKI)

Thwaites, Lancet 2018;391:668-678

No difference!

Do we need to get a 
transesophageal echocardiogram?



Endocarditis Prediction Rules

POSITIVE
Cutoff: >4

PREDICT
Cutoff: ≥2

VIRSTA
Cutoff: ≥3

Time-to-positivity <9h (5)
Time-to-positivity 9-11h (3)
Time-to-positivity 11-13h (2)
IV drug use (3)
Emboli (6)
Predisposing ht dz (5)

ICD (2)
Pacer (3)
Community-acquired (2)
Healthcare-acquired (1)
>72h bacteremia (2)

Emboli (5)
Meningitis (5)
ICD or hx endocarditis (4)
Native valve disease (3)
IV drug use (4)
>48h bacteremia (3)
Community or healthcare-acq (2)
Sepsis or septic shock (1)
CRP >190 (1)

Sensitivity: 78%

NPV: 93%

Sensitivity: 85%

NPV: 95%

Sensitivity: 99%

NPV: 99%

van der Vaart, Clin Infect Dis 2022;74:1442-9

Nosocomial Staph aureus Bacteremia

o Does the patient have any of the following?

o Bacteremia persisting for >4 days

o Permanent intracardiac device

o Hemodialysis dependence

o Spinal infection

o Osteomyelitis

o If no, then TEE unnecessary

(Derived from retrospective analysis of 2 multicenter cohorts of patients with 
nosocomial Staph aureus bacteremia, N=706)

Clin Infect Dis 2011;53:1-9



Should we get a FDG-PET/CT scan?

FDG-PET/CT for Staph aureus bacteremia
149 patients with 151 episodes of Staph aureus bacteremia referred for FDG-PET and 

compared to 151 matched controls with Staph aureus bacteremia who did not go for PET   
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Ghanem-Zoubi, Clin Infect Dis 2021;73:e3859-66



FDG-PET/CT for Staph aureus bacteremia
149 patients with 151 episodes of Staph aureus bacteremia referred for FDG-PET and 

compared to 151 matched controls with Staph aureus bacteremia who did not go for PET   

FDG-PET/CT

No FDG-PET/CT

90-day Survival with PET vs No PET

Median 11 days until 

FDG-PET obtained

Ghanem-Zoubi, Clin Infect Dis 2021;73:e3859-66

Case Study Continued

o A transthoracic echocardiogram shows decreased ejection 
fraction, moderate mitral regurgitation, but no vegetations on 
either the AICD leads or valves.

o A transesophageal echocardiogram, however, does confirm a 
1.2cm vegetation on the mitral valve.  No vegetations are seen on 
the AICD leads.

o The AICD generator and leads are removed.



How long should 
we treat for?

Depends on the Syndrome & Pathogen

o Some syndromes require longer courses:

o Endocarditis

o Osteomyelitis

o Septic arthritis

o Undrainable abscess

o Unremovable prosthetic device infection

o Severe immunosuppression (e.g. ANC <500 cells/mm3)

o Some pathogens often require longer courses:

o Staphylococcus aureus 

o 4 weeks default, 2 weeks if uncomplicated, 6 weeks if endovascular infection



Duration of Abx for Gram Negative Bacteremia:  RCT 1
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Yahav, Clin Infect Dis 2019;69:1091-1098

No difference!

Duration of Abx for Gram Negative Bacteremia:  RCT 2
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504 patients randomized to 7 days vs 14 days vs CRP-guided antibiotics for Gram negative bacteremia

CRP group:  abx stopped when CRP dropped 75% from peak and patient afebrile ≥48h

von Dach, JAMA 2020;323:2160-2169

7-day and CRP strategies non-inferior to 14 days



Duration of Abx for Pseudomonas bacteremia: Propensity Analysis
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Propensity-matched analysis of 249 patients from 5 hospitals with Pseudomonas bacteremia

Fabre, Clin Infectious Dis 2019;69:2011-2014
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Should we get follow-up 
blood cultures?



Follow-up Blood Cultures for Gram-Negative Bacteremia

Association between OBTAINING
follow-up blood cultures and mortality 

Association between POSITIVE
follow-up blood cultures and mortality 

Thaden, JAMA Network Open 2022;5(9):e2232576

Meta-analysis of 15 observational studies assessing association between follow-up blood cultures and mortality 

in patients with gram-negative bloodstream infections, N=3495 patients

Obtaining follow-up cultures 
associated with 44% lower 

hazard ratio for death 
(95% CI 0.45-0.71)

Positive follow-up cultures associated with a 
2.3-fold higher odds of death (95% CI 1.54-3.34)

Should we place a PICC line?



MAGIC Guidelines

<5 days 6 to 14 days >14 days

Peripheral IV Midline PICC Line

Annals Intern Med 2015;163:S1-S39

PICC Line Complications

No 
Complication

70%

Obstruction
19%

Thrombosis
2%

Infection
9%

Prospective Surveillance of 222 PICC Lines Placed by IR in a 

French Hospital.  Median Duration 17 days.

Medecine et Maladies Infectieuses 2013;43:350
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Pulmonary embolism

Deep vein thrombosis

Cathether occlusion

Primary bloodstream infection

Any major complication

PICC WorsePICC Better

Swaminathan, JAMA IM 2022;182:50-58

Adjusted Odds Ratio

PICC lines vs Midlines
Complication rates in 5758 patients with PICCs vs 5105 with midlines, all placed for difficult venous access 

or short-term intravenous antibiotics, 48 Michigan hospitals, Dec 2017-Jan 2020

Can we treat with orals?



The Lancet 1989;8671:1071

o 14 IV drug users with right-sided Staph aureus
endocarditis treated with ciprofloxacin + rifampin

o Cipro given IV x 1 week then 750mg PO x 3 weeks

o Rifampin 300mg PO bid x 4 weeks

o 10 completed therapy – all were cured

Early switch to orals for Staph aureus bacteremia
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213 patients with uncomplicated Staph aureus bacteremia randomized to orals vs IV abx after 5-7 days of IV abx. 

All patients treated for a total of 14 days.  Most common orals were TMP-SMX (58%) and clindamycin (32%).

Uncomplicated = no signs or symptoms of deep-seated focus (e.g. endocarditis, pneumonia, infected 

implant, osteomyelitis, empyema, etc.), septic shock within 4 days before randomization, fever within 2 days 

before randomization, intravascular catheter in place for >4 days after first positive blood culture, recurrent 

Staph aureus bacteremia, IVDU, prosthetic valve or vascular graft, or severe immunosuppression 

Kaasch, SABATO Trial, medRxiv 2023; doi.org/10.1101/2023.07.03.23291932



Partial Oral vs IV Antibiotics for Endocarditis

o Multicenter, randomized trial from Denmark

o 600 patients with left-sided endocarditis
o Streptococcus 48%, Rx amox + rifampin, amp + moxifloxacin

o Enterococcus faecalis 24%, Rx amox + moxifloxacin

o Staph aureus 22%, Rx diclox-rif or amox-rif

o Coag-negative Staph 6%, Rx linezolid + fusidic acid or rifampin

o 27% with prosthetic valves, 9% with pacemakers

o All patients received at least 10d IV antibiotics then 
randomized to continue IV antibiotics vs switch to oral 
antibiotics

o Primary outcome: composite of all-cause mortality, 
unplanned cardiac surgery, embolic events, or relapse 
of bacteremia

o Doses high:  amox 1g PO qid, diclox 1g PO qid

Iversen, N Engl J Med 2019;380:415-424

Partial Oral vs IV Antibiotics for Endocarditis
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400 patients randomized to IV vs oral antibiotics for left-sided endocarditis following 10d IV Rx
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No difference in either the 
composite or component outcomes

Iversen, N Engl J Med 2019;380:415-424



Orals for complicated Staph aureus bacteremia: real world

238 patients who inject drugs hospitalized with complicated Staph aureus bacteremia 
(endocarditis, vertebral osteomyelitis, septic arthritis, epidural abscess), Barnes Jewish Hospital, 2016-2021

Standard of care: IV abx

Partial IV abx, no orals 

Partial IV abx, partial orals 

Wildenthal, Clin Infect Dis 2023;76:487-496

TMP/SMX vs Vanco for Serious MRSA Infections
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Paul, BMJ 2015;350:h2219

252 patients with MRSA infections randomized to TMP/SMX 320/1600mg q12h (PO or IV) vs vanco 1g IV q12h



Summary

o One drug sufficient for Pseudomonas bacteremia once susceptibilities known

o Carbapenems preferred for ESBL bacteremia

o Cefazolin is the drug of choice for MSSA bacteremia

o Vancomycin & daptomycin are the drugs of choice for MRSA bacteremia

o High vanco MIC variably associated with worse outcomes; 
not clear if switching to another drug will make a difference

o TEE if community onset Staph aureus bacteremia, ≥2-3 days of positive blood cultures, 
pacer/ICD, structural heart disease, IVDU, hemodialysis, or embolic phenomena 

o Treat uncomplicated gram-negative bacteremia for 7 days, Staph aureus for 2-6 weeks

o Oral agents for endocarditis seem to be okay after 1-2 weeks IV Rx

o 20-30% complication rate for PICCs; avoid if possible.  

Thank You!

mklompas@bwh.harvard.edu


