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Best Practices in the Diagnosis and 
Treatment of Bacteremia 
Acute Care 
 
SAY: 
 
This presentation will address best practices in the 
diagnosis and management of bacteremia. 
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Objectives  
 
SAY:  
 
By the end of this presentation, participants will be 
able to: 
 

 Review recommendations for appropriate 
blood culture collection 

 Develop organism-specific management 
recommendations for bacteremia 

 Discuss opportunities for de-escalation of 
antibiotic therapy for bacteremia 

 Discuss reasonable durations of antibiotic 
therapy for common organisms causing 
bacteremia 
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The Four Moments of Antibiotic Decision 
Making 
 
SAY: 
 
In the presentation titled “Best Practices in the 
Diagnosis and Management of Sepsis,” moments 1 
and 2 of the Four Moments of Antibiotic Decision 
Making are reviewed. That presentation reviews 
when clinicians should have a high pretest 
probability of bacteremia, when to order blood 
cultures, and empiric antibiotic therapy 
considerations. The current presentation focuses 
on moments 3 and 4 — antibiotic decision making 
in response to positive blood cultures.  
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Obtaining Appropriate Blood Cultures 
 
SAY: 
 
Before we focus on specific organisms, it is 
important to review indications for blood culture 
collection.  
 
Blood cultures should not be obtained 
indiscriminately because this increases the number 
of contaminated blood cultures, leading to 
unnecessary antibiotic therapy. Rather, specific 
criteria should be met to warrant obtaining blood 
cultures. 
 
Blood cultures should be obtained for patients 
presenting with severe sepsis or septic shock, 
specifically those meeting systemic inflammatory 
response syndrome, or SIRS, criteria plus suspected 
infection with organ dysfunction or a lactate 
greater than 2 mmol/L, or meeting other more 
recent definitions for severe sepsis.  
 
Additionally, blood cultures are recommended for 
infectious processes commonly associated with 
bacteremia, including: cholangitis, meningitis, 
pyelonephritis, severe pneumonia, suspected 
endocarditis or endovascular infections, vertebral 
osteomyelitis or discitis, severe skin and soft-tissue 
infections, vertebral osteomyelitis or discitis, 
systemic infection in the setting of asplenia, or 
suspected catheter-related bloodstream infections.  
 
Finally, blood cultures should be obtained for 
patients with a new fever with a temperature 
greater than or equal to 38.5 degrees Celsius or 
101.2 degrees Fahrenheit and at least one other 
sign or symptom of infection, in the absence of a 
known alternative diagnosis, for patients who have 
not had blood cultures obtained in the previous 48 
hours.  
 
Two sets of peripheral blood cultures should be 
obtained, with each set consisting of an aerobic 
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and anaerobic bottle. Cultures from central lines 
are always discouraged, as these are more likely to 
yield contaminants. The diagnostic yield increases 
with increasing numbers of blood cultures. In one 
study including 351 episodes of bacteremia with at 
least 4 blood cultures obtained during a 24-hour 
period, 73 percent of bacteremic episodes were 
detected with one blood culture, 94 percent were 
detected with two blood cultures, 97 percent were 
detected with three blood cultures, and greater 
than 99 percent were detected with four blood 
cultures.  
 
For patients with a new infectious process not 
meeting the above criteria (for example, a low-risk 
patient admitted to the general wards with 
community-acquired pneumonia) blood cultures 
are generally not recommended as the yield is low.  
 
For patients with persistent fevers with two sets of 
negative blood cultures within the past 48 hours, 
blood cultures are generally not warranted. 
Similarly, for patients with isolated vital sign 
changes, it is important to monitor patients first 
and consider other contributing factors, such as 
dehydration leading to tachycardia, before 
deciding to obtain blood cultures.   
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Interpretation of Positive Blood Cultures 
 
SAY:  
 
Certain organisms should never be considered 
contaminants when recovered from blood 
cultures. Namely, Staphylococcus aureus, Gram-
negative rods, and Candida species.  
 
On the opposite end of the spectrum, organisms 
such as coagulase-negative Staphylococcus and 
Gram-positive rods like Corynebacterium or 
Diphtheroids usually do not require treatment 
because they are common skin contaminants. 
However, they may represent endovascular 
infections in patients with indwelling hardware 
(e.g., catheters, prosthetic valves) who have signs 
and symptoms of infection. In these cases, bacteria 
are usually growing in more than one blood culture 
set. Additional blood cultures should be obtained 
before starting antibiotics if there is clinical 
uncertainty.  
 
Some organisms may represent either true 
infection or contamination. These include viridans 
group streptococci and Enterococcus species. 
These organisms can be found as normal 
inhabitants of the gut, and in hospitalized patients 
they can contaminate the skin and subsequently 
grow in blood cultures. On the other hand, they 
can also cause true infection. It is important to 
evaluate the clinical picture of the patient when 
making treatment decisions. Look for a possible 
source—gastrointestinal pathology, oral pathology, 
endocarditis—along with signs and symptoms of 
infection. Patients with endovascular infections will 
generally have persistently positive blood cultures. 
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Enterobacteriaceae Bacteremia: Diagnosis 
 
SAY:  
 
Let’s shift focus to discuss common organisms 
causing bacteremia, beginning with the 
Enterobacteriaeceae. The most common 
Enterobacteriaceae are E. coli, Klebsiella species, 
Enterobacter species, Serratia species, and 
Citrobacter species. Most will be identified as 
lactose-fermenting Gram-negative organisms by 
the microbiology lab before they are speciated. 
Identifying the source of bacteremia is critical so 
that appropriate approaches to source control can 
be undertaken. The most common sources of 
Enterobacteriaceae in hospitalized patients are 
urine, intra-abdominal, and pulmonary. 
Enterobacteriaceae bacteremia can also occur via 
translocation from the gut due to gut disruption or 
procedures like the placement of biliary stents.  
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Enterobacteriaceae Bacteremia: Antibiotic 
Therapy 
 
SAY:  
 
When treating Enterobacteriaceae bacteremia, 
narrow therapy based on antibiotic susceptibility 
results. For example, if the organism is susceptible 
to a narrow agent such as ampicillin or cefazolin 
and intravenous or IV therapy is still needed, 
switch to these agents preferentially over broader 
spectrum agents. 
 
Additionally, consideration should be given as to 
whether patients may be eligible to transition to 
oral therapy. A multicenter observational study 
including 739 patients with Enterobacteriaceae 
bacteremia from a variety of sources who 
remained on IV therapy for their entire treatment 
duration versus 739 patients who were 
transitioned to oral step-down therapy showed 
similar clinical outcomes of mortality and recurrent 
bacteremia within 30 days for both groups. To be 
eligible for oral step-down therapy, patients had to 
have an appropriate clinical response to therapy by 
day 5 and had to have appropriate source control, 
which was defined as removal of infected 
hardware, drainage of infected fluid collections, or 
resolution of obstruction for biliary or urinary 
sources.  
 

When considering oral step-down therapy, 
antibiotics with high bioavailability like 
fluoroquinolones or 
trimethoprim/sulfamethoxazole are 
recommended, if the organism is susceptible in 
vitro. 
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Enterobacteriaceae Bacteremia: 
Treatment Duration 
 
Ten to 14 days has traditionally been used for the 
treatment of Gram-negative bacteremia. However, 
a randomized controlled trial including 604 
patients with Gram-negative bacteremia 
randomized to receive either 7 days or 14 days of 
treatment—most of which were 
Enterobacteriaceae—found that for patients who 
were afebrile and hemodynamically stable and had 
achieved appropriate source control, 1 week of 
antibiotic therapy was sufficient. Similar results 
were seen in a multicenter cohort study; this study 
is discussed in the “Best Practices in the Diagnosis 
and Treatment of Diverticulitis and Biliary Tract 
Infections” presentation. 
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Enterobacteriaceae Bacteremia: 
Management  
 
SAY:  
 
There is a minimal role for followup blood cultures 
in patients with Gram-negative bacteremia. In a 
study of 500 episodes of bacteremia that did not 
include contaminants, 77 percent had at least one 
followup blood culture. Of these, only eight grew 
Gram-negative rods. In contrast to patients with 
Staph aureus bacteremia, followup blood cultures 
should not be obtained routinely for 
Enterobacteriaceae bacteremia; consider followup 
cultures if there are persistent symptoms despite 
source control or if there is suspicion for an 
endovascular infection. 
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Extended-Spectrum Beta-Lactamases 
(ESBLs) 
 
SAY: 
 
It’s important to be aware of some common 
resistance mechanisms seen in Enterobacteriaceae. 
Extended-spectrum beta-lactamase or ESBL 
production is most commonly seen in E. coli, 
Klebsiella species, and Proteus species. Some 
laboratories perform ESBL confirmatory testing, 
and it may be noted in the microbiology report if 
an organism is an ESBL producer.  
 
The agents of first choice for ESBL bacteremia are 
carbapenems. This is based on the results of a 
multicenter randomized controlled trial comparing 
the use of meropenem versus 
piperacillin/tazobactam for the treatment of ESBL 
bacteremia. These data are generally extrapolated 
to any invasive ESBL infection. Fluoroquinolones 
and trimethoprim/sulfamethoxazole could be 
considered for ESBL cystitis or as step-down 
therapy, if the organism is susceptible.  
 
Ceftriaxone, cefepime, and aztreonam are not 
recommended, even if susceptible, as they are 
associated with a higher risk of failure than 
carbapenems.  
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AmpC Beta-Lactamases 
 
SAY:  
 
Another type of resistance mechanism we see with 
Enterobacteriaceae is production of AmpC beta-
lactamases. These are most commonly seen in 
Enterobacter species (and less commonly with 
Serratia marcescens and Citrobacter species). They 
are induced by exposure to third-generation 
cephalosporins like ceftriaxone or ceftazidime. 
 
Third-generation cephalosporins are not 
recommended for the treatment of Enterobacter 
species even if reported as susceptible because 
resistance during therapy is anticipated to occur in 
about 20 to 30 percent of cases. Microbiology 
laboratories do not test for AmpC beta-lactamases. 
For invasive Enterobacter species infections, 
consider treating with cefepime or carbapenems. 
Fluoroquinolones or 
trimethoprim/sulfamethoxazole can also be 
considered, if the organism is susceptible.  
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Carbapenem-Resistant Enterobacteriaceae  

 
SAY: 
 
Carbapenem-resistant Enterobacteriaceae or CRE are 
Enterobacteriaceae resistant to at least one 
carbapenem, such as ertapenem, meropenem, 
imipenem/cilastatin, or doripenem. About half the time 
they are carbapenem-resistant because they produce 
carbapenemase enzymes. Carbapenemase enzymes 
hydrolyze the beta-lactam ring of beta-lactam 
antibiotics, causing them to become inactive. The most 
common carbapenemases encountered in the United 
States are KPCs or Klebsiella pneumoniae 
carbapenemases. These can be produced by any 
Enterobacteriaceae and are not just limited to Klebsiella 
pneumoniae. Microbiology laboratories may or may not 
test for carbapenemase production and may or may not 
be able to specifically identify KPCs. Regardless, if you 
are taking care of a patient growing a CRE, an infectious 
diseases consult is recommended.  
 
There are some general rules to consider with treating 
CRE infections. Some antibiotic agents that became 
commercially available after 2015, such as the beta-
lactam/beta-lactamase inhibitor combinations 
ceftazidime/avibactam, meropenem/vaborbactam, and 
imipenem-cilastatin/relebactam appear to have good 
activity as single agents against CRE. Empiric use of 
these agents should be considered if patients are 
known to be colonized with CRE, have clear 
epidemiologic risk factors for a CRE infection (e.g., part 
of a known outbreak or travel to an endemic area), or if 
there is strong clinical concern for severe CRE infection 
(e.g., new hemodynamic instability in the setting of 
prolonged carbapenem therapy). Routine empiric use 
should be discouraged to avoid the emergence of 
resistance to these agents, which has already been 
observed. Thus, susceptibility testing should always be 
obtained when using these agents.  
 
For hospitals that do not readily have access to these 
agents, other regimens can be considered while CRE-
active beta-lactam agents are being obtained. For 
example, another option for the treatment of CRE 
infections is the use of extended-infusion meropenem 
or imipenem/cilastatin if the organism’s meropenem or 
imipenem minimum inhibitory concentration, or MIC, is 
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≤8 mcg/mL PLUS a second agent such as an 
aminoglycoside or a polymixin as determined by in vitro 
susceptibility data. This approach of the addition of an 
aminoglycoside or polymixin in combination with an 
extended-infusion carbapenem has a higher association 
with nephrotoxicity, and a growing number of studies 
indicate that these regimens are less effective than the 
more recently Food and Drug Administration-approved 
beta-lactams that target CRE. Therefore, use of more 
recently approved CRE-active agents is preferred for the 
treatment of CRE infections, when available.  
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Pseudomonas Bacteremia 
 
SAY: 
 
When Pseudomonas species are growing in 
cultures, the microbiology lab initial report may 
indicate that blood cultures are growing with an 
oxidase positive, non-lactose-fermenting Gram-
negative rod.  
 
As usual, it is important to determine the source, 
commonly pulmonary, catheter/hardware, urine, 
or wound, and obtain source control whenever 
possible. There are a limited number of commonly 
tested agents with activity against Pseudomonas: 
piperacillin/tazobactam, cefepime, ceftazidime, 
carbapenems (not ertapenem), fluoroquinolones 
(not moxifloxacin), and aminoglycosides.  
 
Data do not support the use of combination 
therapy over monotherapy for the treatment of 
Pseudomonas bacteremia when susceptibilities are 
available. There is no difference in cure rates or 
mortality in patients receiving beta-lactam 
monotherapy compared with combination therapy. 
However, except for pseudomonal urinary tract 
infections, aminoglycosides should not be used as 
monotherapy given evidence that aminoglycoside 
monotherapy is associated with worse outcomes 
than beta-lactam monotherapy. Consider obtaining 
an infectious diseases consult for assistance in 
managing infections caused by Pseudomonas 
isolates that are resistant to both beta-lactams and 
anti-pseudomonal fluoroquinolones.  
 
Most patients with pseudomonal bacteremia can 
be treated with 10–14 days of antibiotics. Oral 
options for Pseudomonas are ciprofloxacin and 
levofloxacin. If these agents are used for 
susceptible isolates, remember to use higher doses 
(750 orally twice daily for ciprofloxacin and 750 
orally daily for levofloxacin in patients with normal 
renal function). 
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Staphylococcus aureus Bacteremia: 
Diagnosis 
 
SAY:  
 
Let’s move on to Gram-positive bacteria, beginning 
with Staph aureus. Because Staph aureus has very 
different risk factors, clinical presentations, 
treatment approaches, and outcomes in children 
versus adults, unlike all the other organisms 
discussed in this presentation, we will limit 
discussion of Staph aureus to the adult population. 
 
Determining the source of Staph aureus 
bacteremia and whether there has been metastatic 
spread are of critical importance. Based on history 
and physical exam, imaging should be obtained 
with particular emphasis on the spine exam, as 
concomitant vertebral osteomyelitis, discitis, 
and/or epidural abscesses are not uncommon.  
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Staphylococcus aureus Bacteremia: 
Diagnosis 
 
SAY: 
 
All adult patients with S. aureus bacteremia should 
have echocardiography to assess for endocarditis. 
Transesophageal echo or TEE is more sensitive 
than transthoracic echo or TTE in detecting smaller 
vegetations; thus, most patients should have a TEE 
if the initial TTE does not show vegetations or if 
further definition of the cardiac anatomy is 
needed. TEE is particularly important in patients at 
low risk for endocarditis in whom short-course 
therapy is desired and patients at high risk for 
cardiac complications (e.g., prosthetic valves, 
permanent cardiac devices, cardiac conduction 
abnormalities, prolonged bacteremia or fevers) in 
whom surgical management may be required. 
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Staphylococcus aureus Bacteremia: 
Management 
 
SAY:  
 
In contrast to the management of most Gram-
negative bloodstream infections, followup blood 
cultures should always be obtained to 
demonstrate clearance of Staph aureus 
bacteremia. Source control is essential. All 
removable devices should be removed and all 
abscesses should be debrided. Infectious diseases 
consultation has been demonstrated to improve 
outcomes in patients with Staph aureus 
bacteremia and should be obtained routinely.  
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Staphylococcus aureus Bacteremia: 
Management 
 
SAY:  
 
Uncomplicated Staph aureus bacteremia is defined 
as endocarditis excluded with a TEE (in select cases 
a very good quality TTE may suffice), no implanted 
prostheses, followup blood cultures are negative, 
the patient defervesces within 72 hours of 
initiating effective therapy, and the patient has no 
evidence of metastatic staphylococcal infection.  
Some clinicians always consider MRSA to indicate 
complicated infection because it can be more 
challenging to treat, although there are likely a 
subset of patients with MRSA bacteremia who can 
receive a 2-week course. All cases of Staph aureus 
bacteremia that do not meet this uncomplicated 
definition should be considered complicated. 
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MSSA Bacteremia: Management 
 
SAY:  
 
Methicillin-susceptible Staph aureus or MSSA 
should be treated with anti-staphylococcal 
penicillins (such as oxacillin or nafcillin) or 
cefazolin. Cefazolin is associated with fewer side-
effects, but patients with deep-seated infections 
may develop resistance. Vancomycin is associated 
with a higher failure rate than anti-staphylococcal 
beta-lactams and should not be used for 
convenience of dosing. Note that cefazolin can be 
dosed after hemodialysis without requiring a 
central catheter. Strongly consider desensitization 
for patients with serious penicillin allergies who 
cannot tolerate cephalosporins.  
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MRSA Bacteremia: Management 
 
SAY:  
 
Methicillin-resistant Staph aureus or MRSA should 
be treated with vancomycin or daptomycin. 
Vancomycin is still considered by many experts to 
be the agent of first choice. Daptomycin can be 
considered in patients with renal toxicity due to 
vancomycin or if the vancomycin MIC is > 1.5 
mcg/mL. Although the U.S. Food and Drug 
Administration–approved dose of daptomycin for 
S. aureus bacteremia is 6 mg/kg, some infectious 
disease clinicians opt to use higher doses. If 
bacteremia persists despite source control for 
more than 5 to 7 days or if the patient is 
deteriorating clinically, salvage regimens may be 
required and should be determined in consultation 
with infectious diseases.  
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S. aureus Bacteremia: Management 
 
SAY:  
 
The addition of gentamicin is not recommended 
for Staph aureus bacteremia or native-valve 
endocarditis. It is associated with nephrotoxicity in 
the absence of clinical benefit. The routine addition 
of rifampin is not recommended for Staph aureus 
bacteremia or native valve endocarditis. A 
randomized controlled trial showed no overall 
benefit with the addition of rifampin. Rifampin can 
be considered in consultation with infectious 
diseases specialists when the source of bacteremia 
is a prosthetic joint or spinal hardware. It should 
not be added until after blood cultures have 
cleared to reduce the risk of emergence of 
resistance. The addition of gentamicin and 
rifampin is recommended for prosthetic valve 
endocarditis due to Staph aureus. 
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S. aureus Bacteremia: Duration of Therapy 
 
SAY:  
 
All durations of therapy for Staph aureus 
bacteremia should be calculated from the day of 
the first negative blood culture or obtainment of 
source control, whichever is later. Uncomplicated 
Staph aureus bacteremia can be treated for 14 
days. Complicated Staph aureus bacteremia should 
be treated for at least 28–42 days (42 days is the 
minimum for osteomyelitis). Right-sided 
endocarditis can be treated for 14 days in 
intravenous drug users with MSSA and minimal 
comorbidities, no hardware, no embolic disease 
other than septic pulmonary emboli, and if oxacillin 
or nafcillin is used.  All other patients with right-
sided infective endocarditis should receive 28–42 
days. Left-sided endocarditis should be treated for 
42 days (or more). 
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Enterococcal Bacteremia: Diagnosis 
 
SAY:  
 
The two most common species of Enterococci are 
E. faecalis and E. faecium. Of these two, E. faecalis 
is more common. E. faecalis is a community-
acquired pathogen, and is almost universally 
susceptible to ampicillin, which is the agent of 
choice. E. faecium is more often seen in hospital-
acquired infections, is often resistant to ampicillin, 
and can be vancomycin-resistant, referred to as 
VRE. Enterococci are of relatively low virulence but 
have two features that contribute to their 
pathogenicity. They can be difficult to treat due to 
intrinsic and acquired resistance to several 
antibiotic classes and have the ability to form 
biofilms that can persist on catheters and 
prosthetic material.  

Slide 22 

 
 



 
19 

19 Bacteremia AHRQ Safety Program for Improving Antibiotic Use – Acute Care 

Slide Title and Commentary Slide Number and Slide 

Enterococcal Bacteremia: Diagnosis 
 
SAY:  
 
Enterococci growing in the blood fall into four 
general categories. First, they can be contaminants 
(likely from the skin). Treatment is not needed for 
contaminants. Second, they can cause bacteremia 
from translocation in a patient post-procedure 
(usually a biliary procedure or urinary procedure) 
or from gut disruption (such as with mucositis). 
These reasons for enterococcal bacteremia 
generally lead to transient bacteremia and can be 
treated with a short course of therapy (4–5 days).  
 
Third, Enterococcus bacteremia can also be the 
result of an infected source, commonly a urinary 
tract infection, prostatitis, or a biliary tract 
infection. These may require a longer course of 
therapy to address the primary source (at least 7 
days; longer for prostatitis). Finally, enterococci 
can cause endocarditis which requires prolonged 
therapy (4–6 weeks). Consider endocarditis in 
settings of persistent bacteremia, prosthetic 
valves, or in patients with other presentations 
consistent with endocarditis such as persistent 
fevers, fatigue, and malaise.  
 
Unless endocarditis is suspected, the patient has 
endovascular hardware, or signs and symptoms 
persist, there is a limited role for followup blood 
cultures if the source is known. 
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E. faecalis Bacteremia: Management 
 
SAY:  
 
First-line therapy for E. faecalis is ampicillin. 
Vancomycin is used for patients with severe 
penicillin allergy. Neither of these agents are 
bactericidal for this organism; however, 
combination therapy with either gentamicin or 
ceftriaxone is bactericidal. Combination therapy is 
clearly needed for endocarditis; failure rates reach 
up to 40 percent without it. However, there is no 
evidence that combination therapy is needed for 
other infections including bloodstream infections 
or prosthetic joint infection. Infectious diseases 
consultation is strongly recommended for the 
management of endocarditis due to E. faecalis. 
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E. faecium Bacteremia: Management 
 
SAY: 
 
Treatment of E. faecium bacteremia can be 
challenging. If susceptible, ampicillin is the agent of 
first choice (or vancomycin for severe penicillin 
allergy). However, many isolates are resistant to 
both ampicillin and vancomycin. Linezolid and 
daptomycin are the most commonly used agents 
for bacteremia due to VRE. Infectious diseases 
consultation is strongly recommended for 
management of VRE bacteremia or endocarditis to 
assist with optimal antibiotic selection. 
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Summary 
 
SAY:  
 
In conclusion, the diagnosis and treatment of 
bacteremia varies based on causative organism. It 
is important that appropriate blood culture 
collection criteria are used. Always identify the 
likely source of bacteremia and proceed with 
source control whenever possible if a lingering 
source has been identified. Finally, select the 
narrowest spectrum agents and the shortest 
duration of therapy that has been shown to be 
efficacious. 
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Disclaimer 
 
SAY:  
 
The findings and recommendations in this 
presentation are those of the authors, who are 
responsible for its content, and do not necessarily 
represent the views of AHRQ. No statement in this 
presentation should be construed as an official 
position of AHRQ or of the U.S. Department of 
Health and Human Services. Any practice described 
in this presentation must be applied by health care 
practitioners in accordance with professional 
judgment and standards of care in regard to the 
unique circumstances that may apply in each 
situation they encounter. These practices are 
offered as helpful options for consideration by 
health care practitioners, not as guidelines. 
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