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Abstract

Background

Despite being the leading cause of mortality from bloodstream infections worldwide,
little is known about regional variation in treatment practices for Staphylococcus
aureus bacteremia (SAB). The aim of this study was to identify global variation in
management, diagnostics, and definitions of SAB.

Methods

During a 20-day period in 2022, physicians throughout the world were surveyed on
SAB treatment practices. The survey was distributed through listservs, e-mails, and
social media.

Results

In total, 2031 physicians from 71 different countries on 6 continents (North America
[701, 35%], Europe [573, 28%],Asia [409, 20%], Oceania [182, 9%], South America [124,
6%], and Africa [42, 2%]) completed the survey. Management-based responses differed
significantly by continent for preferred treatment of methicillin-susceptible S. aureus
(MSSA) and methicillin-resistant S. aureus (MRSA) bacteremia, use of adjunctive
rifampin for prosthetic material infection, and use of oral antibiotics (P < .01 for all
comparisons). The 18F-FDG PET/CT scans were most commonly used in Europe (94%)
and least frequently used in Africa (13%) and North America (51%; P < .01). Although
most respondents defined persistent SAB as 3-4 days of positive blood cultures,
responses ranged from 2 days in 31% of European respondents to 7 days in 38% of
Asian respondents (P < .01).

Conclusions

Large practice variations for SAB exist throughout the world, reflecting the paucity
of high-quality data and the absence of an international standard of care for the
management of SAB.
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Introduction

Staphylococcus aureus is the leading cause of mortality by bloodstream infections
worldwide [1], and methicillin resistant S. aureus (MRSA) is the leading cause of
mortality attributable to antimicrobial resistance [2]. Despite its global distribution
and an incidence of approximately 30 per 100 000 person-years [3, 4], the optimal
approach to S. aureus bacteremia (SAB) is poorly understood. Despite the fact that
SAB has been a major theme in the medical literature for decades, basic treatment
elements such as the optimal antibiotic regimen, the role of adjunct and oral
antibiotics, the optimal treatment duration, and the definition of persistent SAB
remain fundamentally unknown. Even less is known about global differences in
treatment practices for SAB.

The aim of this study was to identify global variation in management, diagnostics,
and definitions of SAB. To do this, we used a variety of social media platforms
to reach a large number of clinicians throughout the world for a survey on SAB
treatment practices.

Methods

Survey development and distribution

We conducted this study on geographic practice variation in SAB by modifying a
recently developed survey that was deployed in five European countries [5]. The
modified survey was tested among an independent expert panel and adjusted where
appropriate. The survey focused on unsettled aspects of the disease in clinical
practice: first-choice antimicrobial agents, intravenous to oral switch of antimicrobial
therapy, treatment duration, the use of 18F-fluoro-deoxyglucose positron emission
tomography/computed tomography (PET/CT) (18F-FDG PET/CT) scan, and the
definition of persistent SAB (Supplementary Appendix 1). When relevant, questions
were provided separately for both methicillin-susceptible S. aureus (MSSA) and
MRSA bacteremia. The survey was anonymous and voluntary. Country of practice
was asked to determine geographic region and subsequently respondents were
grouped by continent. The survey was developed in English. Target respondents
included infectious diseases, clinical microbiology and internal medicine physicians
(both adults and pediatrics) treating SAB patients throughout the world. The survey
was distributed through a public URL link on listservs, e-mails, Twitter, and WeChat.
Respondents were asked to share the survey link with their professional network.
The link was accessible between 2 November and 22 November 2022.
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Ethical approval

Given the anonymous and voluntary aspects of the survey, a declaration of exemption
was issued by the institutional review board of Duke University.

Definitions

Uncomplicated bacteremia was defined as SAB that was not community-acquired,
with <48 hours of positive blood cultures under appropriate antibiotic treatment,
and no signs of metastatic infections. Oral switch therapy was defined as prescribing
at least part of the treatment course orally. Both definitions were provided with the
relevant questions. The estimated percentage of SAB patients in whom oral switch
therapy was used was defined as never or uncommonly (<20% of SAB patients),
sometimes (20%-60% of SAB patients) or frequently (>60% of SAB patients). All
questions concerning antibiotic treatment assumed that the isolate was susceptible
to the drug.

Data collection and management

Study data were collected and managed using Research Electronic Data Capture
(REDCap) tools hosted at Duke University [6]. Respondents who completed O
or 1 question only were removed from the analysis, as well as respondents that
did not enter their country of practice. In order to remove potential non-targeted
respondents, records were screened for straightliners (respondents that failed to
differentiate between response alternatives by, for example, answering always only
the first answer, or only the “other” option to every multiple- choice question) and
for nonsensical answers to open-ended questions. Because the survey was distributed
through different listservs and social media, the number of times the public survey
URL link was opened was used to provide the best estimation of the response rate.

Statistical analysis

Descriptive statistics were used to summarize the data. Data were presented as
percentages or proportions of the number of respondents that answered the
question for categorical variables, and as medians plus interquartile range (IQR)
for continuous variables. Pearson Chi? tests were performed to analyze differences
between continents. All analyses were carried out using SPSS statistics version
28.0.1.1 (IBM Corporation, Armonk, New York, USA).
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Results

A total of 2229 individual survey responses were obtained. The URL link was opened
5679 times (response rate 39%). Nine percent (198/2229) of records were removed
from the analyses because of completion of <1 questions (88/2229, 4%) or not entering
the country of practice (110/2229, 5%). No non-targeted responses were identified.
The remaining survey records of 2031 respondents from 71 different countries on
6 continents (North America [701, 35%], Europe [573, 28%], Asia [409, 20%], Oceania
[182, 9%], South America [124, 6%], and Africa [42, 2%]) were included in the analysis
(Figure 1). Respondents stated they were physicians in adult infectious diseases
(74%), clinical microbiology (10%), internal medicine (6%), and pediatric infectious
diseases (5%). Thirteen percent of respondents were still in training, and 44% had
been registered as a consultant for more than 10 years.

Antimicrobial management of SAB

Antibiotic treatment for SAB differed significantly between continents (Figure 2). For
MSSA bacteremia, cefazolin was the first-choice antibiotic treatment in North America
(78% of respondents), whereas anti-staphylococcal penicillins were preferred in all
other continents (51%-82%; P < .01) (Figure 2A). For MRSA bacteremia, vancomycin
was the preferred first-choice antibiotic agent in all continents, but with a broad
range of 53%-97% of respondents. Daptomycin was identified as the first-choice
antibiotic agent for MRSA bacteremia in 23% of European respondents but in <10%
of respondents of all other continents (Figure 2B; P < .01 for all comparisons above.)

Adjunctive rifampin

The practice of adding adjunctive rifampin in cases of SAB associated with infected
prosthetic material was most frequently reported in Europe: 94% of European
respondents would add it in at least 1 of the listed prosthetic material infections
(cardiac device, endovascular device, joint prosthesis, prosthetic heart valve, and/
or spondylodesis material infection). In Oceania and Africa rifampin was least often
used in SAB patients with infected prosthetic material: 26% and 38% never added
rifampin for this indication, respectively (Figure 2C).

Oral switch therapy

The estimated percentage of SAB patients in whom oral therapy was used was lowest
in North America, where 76% of physicians indicated that they never or uncommonly
used oral switch antibiotic therapy. Acceptance of oral therapy was highest in Europe,
where 55% of physicians indicated that they used it frequently in their SAB patients
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(Figure 3A). The majority of respondents from all continents except Oceania (48%)
indicated that they would use oral switch therapy in uncomplicated SAB (57%-71%).
Over half (54%-66%) of respondents from every continent identified patients with
SAB originating from skin or soft tissue infection as a suitable patient group for
safe oral switch therapy. By contrast, respondents differed widely on their views of
the acceptability of oral therapy for SAB associated with spondylodiscitis, ranging
from 19% in Africa to 60% in Oceania (Table 1). Source control and absence of a
central nervous system infection were the only criteria for oral switch therapy for
which there was broad agreement among respondents (79% and 69%, respectively)
(Supplementary Table 1).

Figure 1. Global distribution of survey respondents. Respondents per country: 71 unique countries

participated, and participation ranged from 1 to 654 respondents per country.
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Treatment duration

The most commonly identified durations of therapy between geographic regions for
SAB-associated syndromes were similar. Thus, the majority of respondents from each
continent indicated the same duration of treatment for native valve endocarditis
(6 weeks), septic arthritis (4 weeks), and spondylodiscitis (6 weeks). Despite these
similarities in practice amongst the majority of practitioners across geographic
regions, substantial “within-region” variation existed for these syndromes. For
each infectious complication of SAB, individual respondents within each continent
indicated longer and shorter durations of therapy (Figure 4).

The finding of blood cultures positive for S. aureus after 48-72 hours of appropriate
therapy was identified as the most important reason to extend therapy duration in
SAB patients beyond 2 weeks in all continents (range: 66% in South America to 90%
in North America). Immunocompromised status was identified as an indication to
extend antibiotic treatment beyond 2 weeks for most North American physicians
(72%) but less than half (43%) of European physicians. By contrast, community
acquisition of SAB was considered a reason to extend antibiotic treatment in only
20%-41% of physicians (Table 1; P < .01 for all above mentioned comparisons between
continents).

18F-FDG PET/CT scan use

The availability, insurance coverage, and use of 18F-FDG PET/CT scans differed
significantly between geographic regions (Table 1). All were highest in Europe and
lowest in Africa. The direct availability of 18F-FDG PET/CT scans for SAB patients
ranged from 9% in Africa and 29% in South America, to 78% in Europe. 18F-FDG
PET/CT scans were used for SAB patients by 94% of European, 83% of Oceanian,
61% of South American, 57% of Asian, and 51% of North American physicians (P <
.01 for both above mentioned comparisons between continents). Survey respondents
indicating that they ordered 18F-FDG PET/CT scans in patients with SAB were asked
to specify for which indications they did so. Globally, the most important and most
agreed upon indication for 18F-FDG PET/CT scan in SAB was persistent bacteremia:
62%-70% of physicians in every continent ordered 18F-FDG PET/CT scans for this
indication (Supplementary Table 2; P = .66).

Persistent S. aureus bacteremia

The clinical definition of persistent SAB varied widely between continents. The most
frequent definition of persistent SAB was a duration of at least 3-4 days of positive
blood cultures despite appropriate treatment, identified by >33% of physicians in
every continent. However, in Europe (31%) and South America (24%), a significant
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minority of survey respondents indicated that persistent SAB was present after
only 2 or more days of positive blood cultures. By contrast, 38% of Asian physicians
indicated that seven or more days of positive blood cultures were required to
constitute persistent SAB (Figure 3B). Almost all physicians indicated that they would
order additional diagnostic testing in the setting of persistent SAB (79% in Africa, >
90% in all other continents), and a majority of physicians would also change their
medical management (range 64% in Europe to 84% in North America; P < .01 for all
above mentioned comparisons between continents) (Table 1).

Figure 2. Antibiotic treatment preferences for S. aureus bacteremia per continent. Percentage of total
respondents of the question per continent, and count of respondents per continent. *Listed prosthetic

materials: cardiac device, endovascular device, joint prosthesis, heart valve, and spondylodesis material.
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B. MRSA bacteremia — first choice antibiotics B Glycopeptide (vancomycin)
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Figure 3. Oral switch therapy in SAB. Percentage (count) of total respondents of the question per
continent. A, Estimated percentage of SAB patients per physician that are treated orally for at least part
of the treatment course. B, Days of positive blood cultures while receiving adequate treatment to define

persistent bacteremia, in S. aureus bacteremia. Abbreviation: SAB, S. aureus bacteremia.
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Table 1. Regional practice patterns for S. aureus bacteremia

North
Total America  Europe
N =2031 N =701 N =573
Cefazolin vs ASP in MSSAB
Regarded equally 557 416

1470 (81.4)

effective (85.2) (78.8)

Reasons to extend therapy from 2 weeks to 4 weeks or more

ersarabe 12486400 G,y
lcrgnr::rnoor;'nised 873 (59.5) (47121.0) (1537.2)
ol gy g5 e
cavsiton 0B G Gy

Oral switch therapy in different infection foci*

Skin/soft tissue 330 305
infection 922(59.3) (56.2) (66.3)
Osteomyelitis 840 (54.0) (fog) ?60514)
Spondylodiscitis 659 (42.4) (125654) (257958)
Prosthetic joint 144 260
septic arthritis 610(39.2) (24.5) (56.5)
Prosthetic valve 24 54
endocarditis 130(84) (4.1) (11.7)
All of the above 120 (7.7) (2327) ?946)
18F-FDG PET/CT for SAB

PET/CT readily 278 341
available 820(556)  (439) (780
Covered by 177 332
insurance for SAB 610 (42.2) (33.2) (77.4)
PET/CT use in 293 409
some/all patients 1009 (67.8) (51.1) (93.8)
Never use PET/CT 281 27

in SAB patients 479(322) (49.0) (6.2)

Available, but 63 5
never use in SAB? 101(12.2) (22.7) (1.5)

Actions following diagnosis of persistent SAB

Additional 605 484
diagnostic testing 1610 (95.8) (97.0) (96.6)
Change antibiotic 523 316
management 1246 (74.7) (83.5) (63.8)

Asia

N =409

235
(76.5)

169
(76.1)

134
(62.9)
102
(48.1)
94
(45.4)
44
(20.4)

140
(58.8)
106
(44.5)
84
(35.3)
75
(31.5)
14
(5.9)

30
(12.6)

106
(46.7)

41
(18.2)
125
(57.0)
9%
(43.0)

24
(23.1)

242
(92.0)
207

(80.2)

Oceania

N =182

148
(85.5)

132
(86.8)

94
(63.1)

87
(58.0)

78
(52.0)

71
(46.4)

85
(54.5)

105
(67.3)

94
(60.3)

89
(57.1)

32
(20.5)

16
(10.3)
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(51.3)
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(24.3)
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(82.8)
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(17.2)

(10.3)
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(97.6)
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(64.6)

South
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(65.9)
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(44.4)
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(36.4)
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(17.9)

47
(54.0)
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(69.0)

46
(52.9)

37
(42.5)

(5.7)

(5.7)
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(28.6)
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N = the total number of respondents of the survey. Values are counts (%). Not all respondents answered
every question, therefore the percentages represent the percentage of the total respondents of the
continent who answered this question. Abbreviations: ASP, anti-staphylococcal penicillin; BC, blood
culture; h, hours; MSSAB, methicillin-susceptible Staphylococcus aureus; PET/CT, positron emission
tomography/computed tomography; SAB, Staphylococcus aureus bacteremia. 2Results are still significant
with P < .01 when continents with n < 5 were excluded from analysis. "This represents the number and
percent of respondents that indicated that PET/CT is readily available but still never use PET/CT in SAB

patients.

Figure 4. Treatment duration for S. aureus bacteremia. Percentage (count) of total respondents of the

question per continent. P < .01 for comparison between continents for all categories (x2 test).
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Discussion

This study shows that even the most basic aspects of treating patients with SAB
differ profoundly between geographic regions. This variation was most marked in
fundamental aspects of decision-making for SAB treatment, including antibiotic
choice for MSSA bacteremia, addition of rifampin for prosthetic device infections,
and route of administration. An anti-staphylococcal penicillin was treatment of
choice for MSSA bacteremia in Europe and Oceania but a distant second to cefazolin
in North America. The evidence for superiority of either of the 2 is limited to cohort
studies with conflicting results and with underrepresentation of complicated disease
[7, 8], emphasizing the need for randomized trials.

The role of adjunctive rifampin in patients with prosthetic material infections also
differed by continent. This controversy persists despite the availability of published
society guidelines that recommend the use of rifampin in S. aureus infections
involving prosthetic valves and arthroplasties [9, 10]. However, the recommendation
to use rifampin for prosthetic valve infective endocarditis has a very limited evidence
base [11]. Thus, well-designed randomized trials are needed to define any potential
role of adjunctive rifampin in prosthesis-associated SAB. Importantly, the wide
range of practices regarding the use of rifampin in this survey demonstrates the
presence of the global equipoise necessary to ethically conduct such a trial. The
practice of prescribing part of the treatment course for SAB with oral antibiotics
was well accepted in all continents except North America, where only a minority
of physicians would consider its routine use. This infrequent use of oral therapy
in the United States may be due in part to a high prevalence of MRSA, the presence
of a well-organized outpatient parenteral antimicrobial therapy system, or concerns
related to medical malpractice. This lack of global consensus on the role of oral
switch therapy is also reflected by the lack of consensus on which setting in which
it should be considered. In fact, only the criteria of “source control” and “absence
of central nervous system infection” were considered essential for oral switch by
a clear majority. By contrast, all other listed criteria were regarded as essential by
approximately half of the respondents—which implies that these were considered
non-essential by the other half. Because oral switch therapy has potential to decrease
the number of adverse drug events, catheter-associated problems and costs, and the
fact that the survey respondents are in equipoise on the question, the need for a well-
designed randomized trial seems clear. Current studies such as SABATO and SNAP
might provide answers in the future [12, 13].

124



Global differences in SAB management

Broader global consensus existed for treatment duration of SAB. The worldwide
similarity of respondents’ views on treatment duration for SAB is noteworthy given
that the data for this aspect of SAB is at least as limited as that for the treatment-
related aspects outlined above for which there is significant controversy [14,
15]. Although the majority of surveyed physicians throughout the world treat
complications of SAB such as endocarditis and osteoarticular infection for a similar
duration, a portion of physicians in each continent will treat substantially longer or
shorter. This finding suggests that factors influencing treatment duration decision-
making may be provider-based and situational rather than simply geographical in
nature.

18F-FDG PET/CT use

Our findings also indicate significant geographic variability in the use of 18F-FDG PET/
CT as diagnostic tool in SAB, with broad use in Europe and Oceania being balanced by
infrequency in other continents. Observational studies have reported that 18F-FDG
PET/CT may impact management and reduce mortality in patients with SAB because
of higher detection of metastatic foci [16, 17], although the reduced mortality may
have been confounded by immortal time bias related to including patients dying
before undergoing 18F-FDG PET/CT [18]. Obviously, the associated costs could be
a reason to refrain from using 18F-FDG PET/CT in low- and middle-income regions,
but this does not explain its highly variable use in high-income regions. Recently, a
call to action was published in the United States, advocating for insurance coverage
of 18F-FDG PET/CT use in SAB patients [19]. In order to reach that goal, high-quality
studies including randomized trials of 18F-FDG PET/CT are warranted.

Definition of persistent SAB

The results of our survey suggest that the identification of persistent SAB may be
therapeutically important, as it triggers additional diagnostic testing and changes
in medical management for the majority of respondents. However, respondents
generally disagreed on how to define it. Although 3-4 days was the most common
identified definition of persistent SAB overall, all options in the range of 2-7 or
more days were selected by respondents from each continent. Roughly one third of
European respondents defined persistent SAB as only 2 days of bacteremia, although
a similar portion of Asian respondents indicated that it occurred after 7 or more days.
The prognostic significance of persistent SAB has been previously demonstrated [20-
22]. Identifying a broadly accepted definition of persistent SAB would thus be helpful
to optimize clinical decision-making, as well as to harmonize the terminology used
in clinical research.
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Perspective

The current study suggests that there is no global standard of practice for SAB.
Striking differences were noted, both between and within continents, in what
antibiotics were prescribed, and by what route. The lack of a global standard in the
management of SAB stands in stark contrast to treatment of other syndromes of
comparable lethality. For coronary artery disease, management has been largely
standardized by guidelines based on data from randomized controlled trials [23-25].
Coincident with establishing these best treatment practices, the annual US mortality
rate from coronary artery disease declined by 17.7% from 2005 to 2015 [26]. By
contrast, the 1-month mortality for patients with SAB only decreased by 2.8% over
the same time period [27]. The results of this study underscore one key fact: a global
standard of care for SAB will be difficult to develop pending more definitive clinical
trials data. Indeed, fewer than 3500 patients have been enrolled in published SAB
randomized trials over the past 20 years (Supplementary Table 3). Factors other than
robust clinical data, such as cultural differences, costs and availability of resources
also influence management choices. However, without consensus on best practice,
normative and cultural factors gain influence on for example antibiotic prescription
behavior [28]. Multinational clinical trials such as the Staphylococcus aureus Network
Adaptive Platform (SNAP) [13] are thus essential to standardize clinical definitions,
identify treatment strategies, and improve patient outcomes of this common and
frequently lethal infection.

Strengths and limitations

The current study illustrates the potential of using social media to understand global
treatment practices and decision making. Although previous studies on physicians’
management of SAB have been conducted [5, 29, 30], none were as extensive and on
a global scale as this current study. Our study has several limitations. There were
relatively low participation rates from South America and Africa. The respondents
were not questioned about their local guideline and adherence to it, and for many
countries no national guidelines were available. This made it impossible for us to
consider the role of national guidelines in the present study. Given the fact that
71 countries were included in the survey, comparing differences between each of
these countries was methodologically infeasible. Therefore, we limited the analyses
to continents. We were unable to evaluate spatial clustering of infections. The survey
was only available in English, which might have dissuaded non-English speaking
physicians. Because the survey was distributed through listservs and social media,
the exact number of recipients or proportion of physicians per country is unknown.
Therefore, the true response rate is uncertain and could only be estimated by the
ratio of the reported surveys and the number of times the URL link was opened.
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Finally, because it was impossible to control who filled out the survey, respondents
theoretically could have been non-physicians or could have completed the survey
multiple times. However, because there was no incentive in responding, and we did
not discover any nonsensical answers, this seems unlikely. Overall, the advantage of
receiving feedback from over 2000 specialists from all over the world outweighs the
potential disadvantages of the use of social media platforms.

Conclusion

Large practice variations for SAB exist throughout the world, reflecting the absence
of an international standard of care for the management of patients with SAB. This
article sets the stage and the agenda for multinational or global clinical trials and
networks, to address the unresolved aspects of this devastating disease.
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Supplementary data

Appendix 1. Survey questions
In which country do you currently practice?

Which of the following best describes your primary area of medical specialty?

Clinical microbiology
Infectious diseases (adults)
Infectious diseases (pediatric)
Internal medicine

Other

O O O O O

How many years have you been registered as a consultant (i.e. medical specialist)?

Still in training for consultant
0-10 years

11-20 years

21-30 years

More than 30 years

OO O O O

The following question refers to MSSA bacteremia

What is your first-choice initial antibiotic regimen in patients with confirmed monobacterial
MSSA bacteremia without implanted prosthetic material provided the isolate is susceptible to
the drug?

Aminoglycoside, e.g. gentamicin
Anti-staphylococcal penicillin, e.g. flucloxacillin dicloxacillin
Carbapenem, e.g. meropenem

Clindamycin

First-generation cephalosporin, e.g. cefazolin
Second-generation cephalosporin, e.g. cefuroxime
Third-generation cephalosporin, e.g. ceftriaxone
Fourth-generation cephalosporin, e.g. cefepime
Fifth generation cephalosporin, i.e. ceftaroline
Fluoroquinolone, e.g. levofloxacin

Glycopeptide, e.g. vancomycin

Linezolid

Lipopeptide, e.g. daptomycin
Piperacillin/tazobactam

Rifampicin

Trimethoprim/sulfamethoxazole

Other

Oooooooooooooooaoao
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Do you consider first-generation cephalosporins (e.g. cefazoline) to have equivalent clinical
effectiveness for MSSA bacteremia without central nervous system infection as anti-
staphylococcal penicillins ( e.g. flucloxacillin, dicloxacillin)?

o Yes
o No

Do you treat patients with Staphylococcus aureus bacteremia and the following types of
infected prosthetic material which will not be removed with rifampicin as part of combination
antibiotic therapy provided the isolate is susceptible to the drug? Mark all that apply.

Cardiac device
Endovascular graft
Joint prosthesis
Prosthetic heart valve
Spondylodesis

All of the above

None of the above

O0O0Ooooao

The following question refers to MRSA bacteremia

What is your first-choice initial antibiotic regimen in patients with confirmed monobacterial
MRSA bacteremia without implanted prosthetic material provided the isolate is susceptible to
the drug?

Tetracycline, e.g. doxycycline
Trimethoprim/sulfamethoxazole
Other

Combination therapy

o Aminoglycoside, e.g. gentamicin
o Clindamycin

o Fifth generation cephalosporin, i.e. ceftaroline
o Fluoroquinolone, e.g. levofloxacin
o Fosfomycin

o  Glycopeptide, e.g. vancomycin

o Linezolid

o Lipopeptide, e.g. daptomycin

o Rifampicin

O

O

O

O

The following questions refer to persistent bacteremia.

After how many days (-or more) of positive blood cultures with S. aureus despite adequate
antibiotic therapy would you consider it a ‘persistent bacteremia’?
o 2days
3 days
4 days
5 days
6 days
7 days
>7 days
Do not know

O O O 0O O O O
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Would you order additional diagnostic testing in persistent bacteremia and if yes, after how
many days of positive blood cultures?

o Yes, after ... days of adequate antibiotic therapy and persistent positive blood cultures

o No, | would not order additional diagnostic testing in case of persistent bacteremia

What kind of additional diagnostic testing would you order? Mark all that apply.
o Transthoracic echocardiography
o Transesophageal echocardiography
o CT-scan
o PET-CT scan
o MRIscan
o Other: .....

Would you change medical management (e.g., change antibiotics, increase dose or duration
of antibiotics; add 2™ antibiotic) in case of persistent bacteremia and if yes, after how many
days of positive blood cultures?

o Yes,after........... days of adequate antibiotic therapy and persistent positive blood
culture

o No, I would not change medical management in case of persistent bacteremia

In case of MSSA persistent bacteremia: what would you change in terms of medical
management? Mark all that apply.

o Change antibiotic agents

o Increase dose of antibiotics

o Add 2" (or 3) antibiotic agent
o Prolong treatment

o Other: .......

In case of MSSA persistent bacteremia: to what antibiotic regimen would you change?

Aminoglycoside, e.g. gentamicin
Anti-staphylococcal penicillin, e.g. flucloxacillin, dicloxacillin
Carbapenem, e.g. meropenem

Clindamycin

First-generation cephalosporin, e.g. cefazolin
Second-generation cephalosporin, e.g. cefuroxime
Third-generation cephalosporin, e.g. ceftriaxone
Fourth-generation cephalosporin, e.g. cefepime
Fifth generation cephalosporin, i.e. ceftaroline
Fluoroquinolone, e.g. levofloxacin

Glycopeptide, e.g. vancomycin

OO0OO0Do0ODo0ooDooooao
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Oo0ooooao

Linezolid

Lipopeptide, e.g. daptomycin
Piperacillin/tazobactam
Rifampicin
Trimethoprim/sulfamethoxazole
Other

In case of MRSA persistent bacteremia: what would you change in terms of medical
management? Mark all that apply.

@]

@]

[©]

o

Change antibiotic agents
Increase dose of antibiotics
Add 2 (or 3") antibiotic agent
Other: .......

In case of MRSA persistent bacteremia: to what antibiotic regimen would you change?

Oo0oo0ooDoooooooao

Aminoglycoside, e.g. gentamicin
Clindamycin

Fifth generation cephalosporin, i.e. ceftaroline
Fluoroquinolone, e.g. levofloxacin
Fosfomycin

Glycopeptide, e.g. vancomycin
Linezolid

Lipopeptide, e.g. daptomycin
Rifampicin

Tetracycline, e.g. doxycycline
Trimethoprim/sulfamethoxazole
Other
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The following questions refer to oral step-down therapy in MSSA/MRSA bacteremia.

Do you consider oral step-down antibiotic therapy in patients with uncomplicated
Staphylococcus aureus bacteremia?

O
O

Yes
No

Do you consider oral step-down antibiotic therapy in patients with Staphylococcus aureus
bacteremia and the following foci of infection? Mark all that apply.

Oo0oo0ooDoooooogoao

Brain abscess

Central line infection

Epidural abscess

Native joint septic arthritis
Native valve endocarditis
Osteomyelitis

Prosthetic joint septic arthritis
Prosthetic valve endocarditis
Skin- and soft tissue infection without abscess
Urinary tract infection
Vertebral osteomyelitis

None of the above

In your opinion, which of the following criteria must a patient with Staphylococcus aureus
bacteremia who is able to take oral medication fulfill to be eligible for oral step-down
antibiotic therapy? Mark all that apply.

134
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Oo0oo0ooaog

Absence of central nervous system infection

Absence of endovascular infection focus other than endocarditis

Blood culture negativity 48-72 hours after initiation of adequate antibiotic treatment
Blood culture negativity for at least 72 hours

Defervescence within 72 hours after initiation of adequate antibiotic treatment
Afebrile for at least the past 72 hours

Hospital acquired bacteremia

Initiation of adequate antibiotic treatment within 48 hours of blood culture collection
PET-CT without signs of endocarditis and metastatic infections

No evidence of metastatic foci (on clinical of radiologic examination, but radiological
imaging is not required if not clinically indicated)

Primary infection focus was line related or skin/soft tissue related

Source control is achieved

Transesophageal echocardiography (TEE) without signs of endocarditis
Transthoracic echocardiography (TTE) without signs of endocarditis

None of the above
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If oral drugs are acceptable in your opinion, what is your most commonly prescribed
antibiotic regimen for oral step-down therapy in patients with confirmed MSSA bacteremia
without implanted prosthetic material provided the isolate is susceptible to the drug? Choose
only one answer, unless you routinely prescribe combination therapy. In that case mark all
that apply.

Anti-staphylococcal penicillin, e.g. flucloxacillin, dicloxacillin
Oral cephalosporin (e.g., cefalexin, cefadroxil)

Clindamycin

Fluoroquinolone, e.g. levofloxacin

Fusidic acid

Linezolid

Macrolide, e.g. erythromycin
Penicillin, e.g. amoxicillin
Rifampicin

Tetracycline, e.g. doxycycline
Trimethoprim/sulfamethoxazole
Probenicid

Other

Ooo0oooooooooaoao

If oral drugs are acceptable in your opinion, what is your most commonly prescribed
antibiotic regimen for oral step-down therapy in patients with confirmed MRSA bacteremia
without implanted prosthetic material provided the isolate is susceptible to the drug? Choose
only one answer, unless you routinely prescribe combination therapy. In that case mark all
that apply.

Clindamycin

Fluoroquinolone, e.g. levofloxacin
Fusidic acid

Linezolid

Macrolide, e.g. erythromycin
Rifampicin

Tetracyclin, e.g. doxycycline
Trimethoprim/sulfamethoxazole
Other

Oo0o0oo0oooogao

In what estimated percentage of the patients you treat for Staphylococcus aureus
bacteremia, do you prescribe at least part of the treatment course orally (instead of
prescribing 1V antibiotics during the entire treatment course)?

0% (I never treat patients with SAB with oral antibiotics, also not temporarily)
1-20%

21-40%

41-60%

61-80%

81-100% (I treat almost every patient with SAB for at least part of the treatment
with oral antibiotics)

O O O O O O
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The following questions refer to treatment duration.

How many weeks of antibiotic treatment (includes both 1V and oral) would you prescribe in
a patient with Staphylococcus aureus bacteremia without implanted prosthetic material and
the following foci of infection?

2 weeks 4 weeks 6 weeks >6 weeks
Arthritis o o o e}
Native valve endocarditis o o o o
Long bone osteomyelitis o o o o
Pneumonia without abscess o o o o
Septic thrombophlebitis o o o o
Spondylodiscitis without abscess o o o o

Would the following factors make you consider extending antibiotic therapy from 2 weeks
to 4 weeks in a patient with Staphylococcus aureus bacteremia? Assume transesophageal
echocardiography (TEE) does not show signs of endocarditis.

Yes No

Community-acquisition o o
Delay of 48 hours between sampling first positive blood culture o o
and initiation of adequate antibiotic treatment

Fever at 72 hours after first positive blood culture o o
Positive blood cultures after 72 hours of adequate antibiotic o o
treatment

Unknown portal of entry o o
Methicillin resistant Staphylococcus aureus o o
Age > 75 years o o
Immunocompromised patient o o
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The following questions refer to PET-CT scan.

Is PET-CT readily available in your setting for investigation of SAB?

o Yes
o No

Is PET-CT covered by insurance / reimbursed for the indication of SAB?

o Yes
o No

In which situations do you use PET-CT in patients with Staphylococcus aureus bacteremia?
Mark all that apply.

o | never use PET-CT in patients with SAB

o In all patients with SAB

o When SAB is community acquired

o In patients with MRSA bacteremia

o In patients with persistent fever >48h after adequate therapy
o In patients with persistent fever >72h after adequate therapy
o In patients with persistent bacteremia

o In patients >75 years old

o In patients with prosthetic joint material

o In patients suspected of endocarditis

o In patients with clinical signs of metastatic infection

o  Other, please clarify: .....
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Table S1. Criteria that must be fulfilled for oral switch therapy in S. aureus bacteremia

North South
Total America Europe Asia Oceania America Africa

N=1156 N=399 N=372 N=177 N=120 N=70 N=18 P
Source control 914 325 307 125 13

87 (72.5 57 (81.4 <0.01
achieved (79.1) (81.5) (82.5) (70.6) ( ) ( ) (72.2)
Absence
of central 793 289 248 123 13

67 (55.8) 53 (75.7) 0.01
nervous system  (68.6) (72.4) (66.7) (69.5) (72.2)
infection

Negative blood
culture 48-72h 652 247 217 85 12

52 (43.3) 39(55.7 <0.01
after start (56.4) (61.9) (58.3) (48.0) ( ) ( ) (66.7)
antibiotics
/::ZZ:::czflar 258 202 173 %3 45 (37.5) 31 (44.3) 14 oo
(48.3) (50.6) (46.5) (52.5) ’ ' (77.8) '
focus
Afebrile for at 644 206 224 91 10
64 (53.3) 49 (70.0) 0.02
least 72h (55.7)  (51.6)  (60.2)  (51.4) (55.6)
No evidence of 573 217 167 101 5
41(34.2) 42(60.0 <0.01
metastatic foci (49.6) (54.4) (44.9) (57.1) ( ) ( ) (27.8)
Negative blood
602 220 182 99 7
culture for at 63 (52.5) 31 (44.3) 0.2
(52.1)  (55.1)  (48.9)  (55.9) (38.9)

least 72h

Legend. Values are counts (% of respondents of region who answered the question). N = number of

respondents that answered this question. p value refers to difference between continents.
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Table S2. Indications for 18F-FDG PET/CT use in S. aureus bacteremia patients

Total North South
America Europe Asia Oceania  America
N=993 N=292 N=398 N=125 N=124 N=50 p
Persistent
) 666 (67.1) 203 (69.5) 269 (67.6) 84(67.2) 78(62.9) 31(62.0) 0.66
bacteremia
Signs of

metastatic  518(52.2) 115(39.4) 247(62.1) 75(60.0) 41(33.1) 38(76.0) <0.01
infection

Persistent

367 (37.0) 95(32.5) 169 (42.5) 43 (34.4) 38(30.6) 22 (44.0) 0.03
fever 48-72h

Prosthetic
joint 279 (28.1) 60(20.5) 144 (36.2) 32(25.6) 25(20.2) 18 (36.0) <0.01
material

Suspected
. 311(31.3) 52(17.8) 172 (43.2) 34(27.2) 33(26.6) 18(36.0) <0.01
endocarditis

Legend. Values are counts (% of respondents of region who answered the question). N = number of
respondents that answered this question. p value refers to difference between continents. Africa was

excluded here because 18F-FDG PET/CT was almost never used.
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Table S3. Randomized controlled trials on S. aureus bacteremia patients in the past 20 years

Study Year Number of patients
Fowler NEJM 2006 246
Weems AAC 2006 63
Ruotsalainen J Int Med 2006 381
Rupp AAC 2007 40
Stryjewski BMC 2014 60
Paul BMJ 2015 91
Davis CID 2016 60
Xbiotech 2016 52
Thwaites Lancet 2017 758
Holland JAMA 2018 116
Pericas CMI 2018 15
Geriak AAC 2019 40
Fowler JCI 2020 116
Tong JAMA 2020 352
Cheng CID 2021 104
Pujol CID 2021 155
Kaasch ECCMID 2022 213
Holland IDWeek 2022 390
Total 3252
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