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A positive follow-up blood culture for methicillin-resistant Staphylococcus aureus (MRSA) while on seemingly appropriate therapy 
is a common and ominous development. However, the definition and management of persistent MRSA bacteremia is 
unstandardized. In this Opinion Paper, we identify the presence of bacteremia for . 1 calendar day as a “worry point” that 
should trigger an intensive diagnostic evaluation to identify metastatic infection sites. Next, we define the duration of MRSA 
bacteremia that likely constitutes antibiotic failure and outline a potential management algorithm for such patients. Finally, we 
propose pragmatic clinical trial designs to test treatment strategies for persistent MRSA bacteremia.

Keywords. Staphylococcus aureus bacteremia; methicillin-resistance.

Methicillin-resistant Staphylococcus aureus (MRSA) blood
stream infections are common, and they carry high associated 
morbidity, mortality, and economic burdens [1]. These infec
tions have become more complicated over time, in part because 
of increasing rates of prosthetic devices and metastatic sites of 
infection [2]. Even with appropriate therapy based on in vitro 
susceptibility testing, blood cultures in patients with MRSA 
bacteremia often remain positive for multiple days on seeming
ly appropriate therapy [3]. Faced with a patient with such on
going MRSA bacteremia, clinicians must decide if, when, and 
how to change management.

Despite its frequency and severity, surprisingly little is 
known about persistent MRSA bacteremia. Key details such 
as the optimal timing and frequency of obtaining follow-up 
blood cultures, best clinical management practices, and even 
a standardized definition of the syndrome are unclear. In this 
paper, we review the current data informing these issues and 
highlight how a stepwise approach to persistent MRSA bacter
emia could inform antibiotic selection, patient stratification, 
and execution of pivotal clinical trials in this field. This presen
tation will not focus on the separate and unique scenario of 
“recurrent or relapsing” MRSA bacteremia that has recently 
been examined elsewhere [4]. Although our focus here is on 
MRSA, the proposed principles discussed are likely applicable 

to methicillin-susceptible Staphylococcus aureus bacteremia 
(SAB) as well.

Defining Persistent MRSA Bacteremia – A Changing Standard

Historical Context
In trials published in the early 1990s, patients with MRSA endo
carditis had a median duration of bacteremia of ≏7 days [3, 5]. 
On this basis, Fowler et al proposed that persistent MRSA bacter
emia be defined as≥ 7 days of positive blood cultures while the pa
tient was receiving antibiotics to which the isolate was susceptible 
in vitro [6] (Table 1). The recommendation to wait a week before 
changing the diagnostic and therapeutic approach for persistent 
MRSA bacteremia was reasonable at a time when few alternatives 
to vancomycin existed. Trimethoprim-sulfamethoxazole (with or 
without rifampin) was inferior to vancomycin for S aureus infec
tions [5], whereas the use of quinupristin/dalfopristin [7] or ad
junctive antibiotics (rifampin [3], gentamicin [8]) was associated 
with substantial toxicities without clear benefit. As a result of these 
therapeutic limitations, a majority of infectious disease consultants 
surveyed in 2005 elected to continue vancomycin in the face of . 

7 days of MRSA bacteremia, often with the addition of rifampin or 
gentamicin [9]. In this period, the primary management strategy 
for persistent MRSA bacteremia emphasized (1) adequate source 
control, (2) increased vancomycin dosing strategies with trough- 
level targeting, and (3) extending treatment duration.

In the past 2 decades, however, at least 8 antibiotics with con
firmed efficacy against MRSA have become clinically available. 
As a consequence, more than half of infectious disease practi
tioners surveyed in 2017 would discontinue vancomycin alto
gether for a patient with MRSA endocarditis and persistent 
bacteremia on day 6 of treatment [10]. During the same period, 
several studies proposed reduced durations (3–5 days) to define 
when MRSA bacteremia was “persistent” [11–14]. Thus, the 
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length of time that clinicians consider to best represent persis
tent MRSA bacteremia has shortened as the number of thera
peutic alternatives to vancomycin has increased.

MRSA Bacteremia: Duration and Outcome
A key question with persistent MRSA bacteremia is when to 
change treatment. The impact of ongoing bacteremia on patient 
outcome is clear. In a prospective observational cohort of 884 
adults hospitalized with SAB (33% with MRSA bacteremia), 
each additional day of bacteremia increased mortality risk by 
16% [15]. In another large prospective cohort, 30-day mortality 
for patients with more than 1 calendar day of SAB was more than 
double that of patients whose SAB resolved after a single calen
dar day [16]. Taken together, these 2 studies suggest that the 
identification of bacteremia even a single day beyond the initial 
day of diagnosis represents a critical “worry point” for metastatic 
infections and poor outcomes in patients with MRSA bactere
mia, and should trigger a prompt diagnostic workup for meta
static sites of infection (see the following section).

Skip Phenomenon
Occasionally, patients with SAB have blood cultures that are in
termittently positive over the course of several days. The 

significance of this occurrence, termed the skip phenomenon, 
is unknown. One theoretical concern is that the skip phenome
non could lead to treatment errors based on the erroneous as
sumption that a patient’s bacteremia had cleared. Alternatively, 
the skip phenomenon may simply represent a decreasing bacte
rial load that is clinically irrelevant. Thus, intermittently positive 
cultures may be a sign of progressively resolving bacteremia and 
extending the duration of treatment could be unnecessary.

The skip phenomenon was originally described in 4%–13% 
of patients in 2 retrospective SAB cohorts [17, 18]. In the first, 
among 1071 patients in an Australian health system, the skip 
phenomenon was more common with MRSA than with 
methicillin-sensitive S aureus and was associated with subse
quent relapse . 14 days after the initial episode. A single neg
ative blood culture 1 day after a positive blood culture had a 
negative predictive value of 87% for excluding intermittent bac
teremia; 5% of all SAB cases would have been misclassified as 
“uncomplicated” infections if there were no additional blood 
cultures collected after the first negative one. The second study 
used a case-control design to compare 29 patients (12 with 
MRSA) who experienced the skip phenomenon with 87 con
trols matched for sex, age, and duration of bacteremia. 
Mortality was nominally higher among patients with the skip 
phenomenon. The study found that the skip phenomenon 
occurred predominately among older men, with a predilection 
for those receiving immunosuppressive therapy and with a lon
ger initial duration of bacteremia.

Considered together, it appears that the skip phenomenon 
occurs in a relatively small proportion of MRSA bacteremia 
patients. Its presence should prompt the clinician to consider 
treatment-emergent resistance (especially when using dapto
mycin), an occult focus of infection, or even a new infection 
altogether. When previous blood cultures are positive for 
MRSA, clinicians should obtain follow-up blood cultures at 
least 24–48 hours apart to document clearance of bacteremia. 
Until the significance and optimal management of the skip 
phenomenon are better understood, such patients should not 
be considered for short course or oral step-down therapy.

Take-home Points for Duration of MRSA Bacteremia

A key clinical message of this narrative is the critical impor
tance of follow-up blood cultures in patients with MRSA bac
teremia. The finding of a positive follow-up blood culture for 
S aureus, even a single day after initiating therapy, identifies 
probable complicated bacteremia. Patients with a positive 
follow-up blood culture should undergo a thorough evaluation 
for occult foci of infection and receive a longer treatment dura
tion than would be used for uncomplicated bacteremia.

Whether changing or intensifying antibiotic therapy can im
prove outcomes for patients with persistent MRSA bacteremia 
is unknown. Adding new antibiotics confers both potential 
harm and benefit [19–22]. Although multiple trials and cohort 

Table 1. Clinical Definitions and Ongoing Questions Related to MRSA 
Bacteremia

Term Definition Unresolved Issues

MRSA bacteremia Growth of MRSA from a 
blood culture specimen

Should detection of 
cell-free microbial DNA 
in blood be considered 
evidence of ongoing 
bacteremia in patients 
with negative blood 
cultures?

Uncomplicated 
MRSA 
bacteremia

Per consensus IDSA 
guidelines: 

• Exclusion of 
endocarditis

• No implanted 
prostheses

• Follow-up blood 
cultures obtained 2–4 
days after the initial set 
do not grow MRSA

• Defervescence within 
72 h of initiating 
effective therapy

• No metastatic sites of 
infection

Is transesophageal 
echocardiography or 
other advanced cardiac 
imaging required to 
exclude endocarditis?

Persistent MRSA 
bacteremia

Positive follow-up blood 
culture . 1 day after 
initiation of seemingly 
appropriate antibiotic 
therapy based on in vitro 
susceptibility testing

Can an early intensified 
diagnostic strategy 
improve outcomes?

Skip phenomenon Intermittently positive 
blood cultures over 
several days

What are the clinical 
implications of the skip 
phenomenon?

Abbreviations: IDSA, Infectious Diseases Society of America; MRSA, methicillin-resistant 
Staphylococcus aureus.
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studies have demonstrated that adding an adjunctive antibiotic 
to standard monotherapy can reduce the duration of SAB, none 
has shown improved clinical outcomes [23–26]. As recently re
viewed by Rose et al, a one-size-fits-all approach with combina
tion antibiotic therapy risks overtreating patients at low risk of 
poor outcomes, as well as diluting our ability to demonstrate 
benefit (if any) among higher risk patients [27]. Definitive clin
ical trials are thus needed to evaluate the optimal strategies for 
persistent MRSA bacteremia.

Implications for Definitive Randomized Clinical Trials for Persistent MRSA 
Bacteremia

Questions around the most effective treatment strategies for 
persistent MRSA bacteremia should ideally be addressed by 
pragmatic randomized clinical trials. Potential points of inter
vention include (1) selection of initial diagnostic or therapeutic 
strategies, (2) time-dependent clearance of follow-up blood 
cultures, and (3) optimal interventions for persistent MRSA 
bacteremia (Figure 1).

Prognostic Biomarkers to Guide Clinical Trials in Persistent MRSA 
Bacteremia
A growing number of biological analytes have been identified 
as promising biomarker candidates to identify ultimate clinical 
outcomes in patients with MRSA bacteremia. In 1 recent pro
spective cohort, 8 serum proteins, including levels of the circu
lating cytokines, interleukin-17A and interleukin-10, as well as 
sE-selectin levels, discriminated between patients who went on 
to develop persistent SAB at 5 days from those who cleared 
their blood cultures by that timepoint [28]. In a subsequent co
hort of . 200 patients with SAB, metabolomic and proteomic 
analyses of samples collected on the day of initial presentation 

were used to identify biomarkers predictive of mortality [29]. If 
ultimately validated in randomized trials, these biomarkers 
might one day identify patients (1) at highest risk of persistent 
MRSA bacteremia, (2) who are most likely to benefit from com
bination therapy, and 3) who require an initial intensive diag
nostic evaluation for metastatic foci (eg, using positron 
emission tomography/computed tomography [PET/CT]).

Other assays might one day help to guide the duration of an
tibiotic therapy in patients with MRSA bacteremia. For exam
ple, next-generation sequencing can now identify and quantify 
the presence of DNA of infecting pathogens from the plasma of 
patients with a variety of infectious syndromes [30]. This mi
crobial cell-free DNA (mcfDNA) can identify the causative 
pathogen for significantly longer durations than conventional 
blood cultures. In a recent series of patients with bacterial 
bloodstream infection, mcfDNA identified S aureus almost 2 
weeks longer than conventional blood cultures (median 15 
days vs. 2 days; P , .0001). Importantly, each additional day 
of detectable mcfDNA was associated with increased odds of 
metastatic infection (odds ratio, 2.89; 95% confidence interval, 
1.53–5.46; P= .0011) [31]. Ultimately, such mcfDNA assays 
might be used to individualize duration of antibiotic therapy 
in patients with MRSA bacteremia by harmonizing the clear
ance of bacterial DNA from patients’ bloodstream to the dis
continuation or deescalation of antibiotic therapy.

Stratification on Persistent MRSA Bacteremia in Clinical Trials
The occurrence of persistent MRSA bacteremia in patients en
rolled in randomized trials represents an appropriate timepoint 
to assess the value of receipt of an adjunctive therapy as com
pared with standard monotherapy. For example, the potential 

Figure 1. Potential pragmatic MRSA bacteremia trial designs. Abbreviations: CT, computed tomography; MRSAB, methicillin-resistant Staphylococcus aureus bacteremia; 
PET, positron emission tomography; TEE, transesophageal echocardiography.
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role of adjunctive treatment was evaluated in a recent phase 2, 
double-blind randomized, control trial (RCT) featuring the ad
dition of Exebacase, a bacteriophage-derived lysin versus place
bo to standard anti-staphylococcal treatment in patients with 
complicated SAB or endocarditis [32]. Patients in the subgroup 
of MRSA bacteremia who received Exebacase were more likely 
to be clinically improved at day 14 than those receiving stan
dard of care alone (74.1% vs. 31.3%; difference 42.8; 90% con
fidence interval, 14.3–71.4; P= .01). If this finding is confirmed 
in an ongoing phase 3 trial, Exebacase might represent an im
portant future adjunctive therapy for patients with persistent 
MRSA bacteremia. Other adjunctive antibiotics, such as cef
taroline, would also ideally be studied in similar pragmatic 
RCTs. Bacteriophage treatments have demonstrated promise 
in preliminary studies [33, 34], and their adjunctive use is an
other potential strategy to improve outcomes in persistent 
MRSA bacteremia.

Algorithm for the Definition and Management of Persistent MRSA 
Bacteremia

The intuitive appeal of initial combination therapy for MRSA 
bacteremia is offset by both the absence of high-quality evi
dence supporting its efficacy [19, 20, 35] and the documented 
risk of additional toxicity [8, 19, 20]. For this reason, we believe 
that current initial standard of care should remain monother
apy with either vancomycin (dosed by area under the curve: 
minimum inhibitory concentration ratios) [36, 37] or dapto
mycin (8–10 mg/kg/d), plus source control as appropriate 

(Figure 2). After selection of initial therapy, follow-up blood 
cultures should then inform the next diagnostic and therapeu
tic decisions.

The First 24–48 Hours of Therapy: Documenting Persistent MRSA 
Bacteremia
Blood cultures should be drawn 24–48 hours after the initiation 
of appropriate antibiotic therapy. Obtaining follow-up blood 
cultures on separate days will enable detection of the skip phe
nomenon. If any are positive, these follow-up blood cultures 
define a worry point and designate the patient a priori as having 
(1) persistent MRSA bacteremia, (2) complicated MRSA bac
teremia, and (3) a higher risk for poor outcomes. This event 
should trigger a thorough diagnostic workup (Table 2) to 
find and address metastatic sites of infection. The evidence 
base of appropriate diagnostic evaluations is strongest for 
transesophageal echocardiography, which can diagnose under
lying endocarditis even in cases in which it is not clinically sus
pected. In addition, PET/CT is promising for evaluating 
periannular complications of endocarditis (especially in pa
tients with prosthetic cardiac valves in place), as well as meta
static foci of endocarditis [49]. In many parts of the world, 
however, the use of PET/CT is limited by availability and 
cost. Persistent MRSA bacteremia, which is associated with 
high rates of metastatic foci of infection, is likely the most cost- 
effective group in which to obtain PET/CT. We propose that 
patients with persistent MRSA bacteremia should be evaluated 
with PET/CT if (1) there is diagnostic uncertainty about 

Initial Blood 
Culture Positive 
Draw follow-up 
blood cultures 
24–48h apart.

Follow-up Blood 
Culture Positive 

Worry Point 
Persistent MRSAB 

repeat follow-up 
blood cultures

Follow-up 
Blood Cultures 

at 3–5 days 
still positive?

Antibiotic Failure 
• Source control
• Consider changing 

antibiotics
• Treat for complicated 

MRSAB*

Treat for 
complicated 

MRSAB

Treat for 
14 days

* Options include:1) Add ceftaroline 600mg IV q8h; 2) If vancomycin was 
the initial drug, switch to daptomycin 10mg/kg/d PLUS a second antibiotic

Complicating Clinical Factors 
(e.g. immune suppression,

metastatic foci)

Patient with MRSA 
bacteremia:Treat with 
vancomycin (AUC:MIC) 
or daptomycin (8–10 mg/kg/d)

Days10 2 3 4 5

Yes

Yes

YesNo

No

No

Initial blood 
culture drawn

Figure 2. Suggested management algorithm for MRSA bacteremia. Abbreviations: AUC, area under the curve; MIC, minimum inhibitory concentration; MRSAB, methicillin- 
resistant Staphylococcus aureus bacteremia.
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possible metastatic sites of infection, especially with prosthetic 
material in-place (eg, vascular graft), (2) there is a contraindi
cation to transesophageal echocardiography, (3) there is ongo
ing bacteremia despite source control procedures for known 
sites of infection. Finally, an abdominal-pelvic CT scan may 
identify other occult foci, such as visceral abscesses, aortic or 
mycotic aneurysms, pseudoaneurysm (especially in sites of 
femoral vascular cannulation), or pelvic septic thrombophlebi
tis. After completion of the above diagnostic evaluation, clini
cians should then select a treatment duration for complicated 
MRSA bacteremia.

The Next 3–5 Days of Therapy: Defining Monotherapy Failure
We propose that ongoing bacteremia 3–5 days after initiation 
of appropriate therapy (with adequate source control) repre
sents a reasonable timepoint to define an inadequate response 
to monotherapy, and to consider alternative therapeutic steps. 
These alternative approaches will usually involve adding a sec
ond antibiotic or switching to a different anti-MRSA drug. In 
patients with persistent MRSA bacteremia, switching from van
comycin to daptomycin monotherapy carries risk for 
treatment-emergent resistance to daptomycin [50, 51]. This is 
particularly true among S aureus isolates with intermediate sus
ceptibility to vancomycin [52]. For this reason, we do not gen
erally favor a monotherapy switch between vancomycin and 
daptomycin. Instead, a reasonable alternative in this scenario is 
the addition of ceftaroline (600 mg intravenously every 8 hours) 
to either vancomycin or high-dose daptomycin (8–10 mg/kg), 
with renal dose-adjustments as appropriate [53, 54]. Potential 
future options, currently under evaluation in clinical trials, 

include the following: ceftobiprole (a novel cephalosporin 
with anti-MRSA activity) [55]; anti-staphylococcal phage lysins 
as described previously [32, 56]; step-down therapy with oral 
anti-MRSA antibiotics such as linezolid [57]; or treatment 
with long half-life parenteral lipoglycopeptide agents, such as 
dalbavancin (NCT04775953).

CONCLUSIONS

MRSA bacteremia is associated with high mortality rates that 
have not changed appreciably over several decades. Duration 
of bacteremia is an important prognostic factor; patients with 
even 1 additional day of MRSA bacteremia on therapy are at 
higher risk of poor outcomes, compared with cohorts that rap
idly clear MRSA bacteremia. In the current era, therefore, the 
worry point for persistent MRSA bacteremia should be moved 
earlier, and “the clock” for defining this syndrome and modify
ing therapy regimens appropriately turned back. Those patients 
with follow-up blood cultures positive after even 1–2 days of 
appropriate antibiotic therapy should be carefully evaluated 
for metastatic sites of infection, screened for 
treatment-emergent antibiotic resistance; receive aggressive 
source control, and be considered for antibiotic modifications 
as indicated. Although the clinical significance of the skip phe
nomenon is unknown, repeating blood cultures on separate 
and successive calendar days can help to ensure unambiguous 
clearance of bacteremia.

Pragmatic, investigator-initiated clinical trials offer the clin
ical community the most rigorous path forward toward an
swering important questions about the management of 
persistent MRSA bacteremia. These trial questions include 

Table 2. Diagnostic Workup for Patients with Persistent MRSA Bacteremia

Diagnostic Test Recommended? Evidence Base Comments

TTE For all patients with MRSA 
bacteremia

Endocarditis is common among patients with 
persistent MRSA bacteremia and affects 
prognosis and treatment [38–40]

Noninvasive and readily available

TEE For patients with negative TTE, or in 
all patients with prosthetic valve in 
place.

Better sensitivity than TTE for detection of 
vegetations, particularly involving 
prosthetic valves [41–43]

Clinical prediction rules such as VIRSTA and 
PREDICT can help quantify endocarditis 
risk and need for TEE [43]

PET/CT For: 

• prosthetic valve endocarditis
• prosthetic vascular grafts
• native valve endocarditis to rule out 

extracardiac metastatic foci

PET/CT at 7–14 days after SAB diagnosis 
associated with lower mortality in 
observational cohorts [36, 44, 45]

May be limited by availability; costs; false 
positive results in the first several months 
after prosthetic device placement

CT or MRI spine For patients with back pain or sciatica 
syndromes

S aureus is the most common cause of 
vertebral osteomyelitis and merits 
prolonged antibiotic therapy [46, 47]

Ultrasound of vascular 
catheter sites

For patients suspected of septic 
thrombophlebitis (eg, indwelling 
vascular catheters)

Persistent bacteremia is a cardinal clue [48] Readily available

Abdominal-pelvic CT May identify occult intra-abdominal 
abscess (eg, renal, splenic)

Especially for patients with symptoms/signs 
referable to these anatomic sites

Readily available

Abbreviations: CT, computed tomography; MRI, magnetic resonance imaging; MRSA, methicillin-resistant Staphylococcus aureus; PET/CT, Positron emission tomography/computed 
tomography; SAB, Staphylococcus aureus bacteremia; TEE, transesophageal echocardiography; TTE, transthoracic echocardiography.
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(1) the optimal diagnostic evaluation, (2) choice of initial anti
biotic therapy, (3) response to positive follow-up blood cul
tures, and (4) salvage treatment options for persistent MRSA 
bacteremia. Encouragingly, clinical trial platforms such as 
SNAP (SNAPtrial.com.au) are beginning to address these crit
ical questions. Rigorously conducted RCTs that yield definitive 
answers will ultimately improve outcomes for our patients with 
MRSA bacteremia.
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