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TherapeuTic advances in 
infectious disease

Plain language summary

Comparing short and regular antibiotic treatment duration, for a type of blood 
infection caused by S. aureus

We investigated the optimal duration of antibiotic treatment for adults with a specific type 
of blood infection (uncomplicated Staphylococcus aureus), a condition with a significant 
global impact on mortality and costs. After a thorough search, only six trials involving 
1700 patients were identified. We therefore decided to perform a meta-analysis (a type 
of statistical analysis). The results showed that the duration of antibiotics, whether short 
or long (less or more than 14 days), did not significantly affect mortality or recurrence of 
infection within 90 days. Consequently, we suggested that shorter courses of antibiotics 
might be appropriate for less severe cases. However, we emphasized caution because of 
the limitations of the studies. We recommended further research with improved methods 
to determine the optimal approach to treating this type of infection.

Short-term versus usual-term antibiotic 
treatment for uncomplicated Staphylococcus 
aureus bacteremia: a systematic review and 
meta-analysis
Santiago Grillo Perez , Candida Diaz-Brochero , Javier Ricardo Garzon Herazo  
and Oscar Mauricio Muñoz Velandia

Abstract
Introduction: Uncomplicated Staphylococcus aureus bacteremia remains a leading cause of 
morbidity and mortality in hospitalized patients. Current guidelines recommend a minimum of 
14 days of treatment.
Objective: To evaluate the efficacy and safety of short versus usual antibiotic therapy in adults 
with uncomplicated S. aureus bacteremia (SAB).
Methods: We developed a search strategy to identify systematic review and meta-analysis of 
non-randomized studies (NRS), comparing short versus usual or long antibiotic regimens for 
uncomplicated SAB in MEDLINE, Embase, and the Cochrane Register up to June 2023. The 
risk of bias was assessed using the ROBINS I tool. The meta-analysis was performed using 
Review Manager software with a random effect model.
Results: Six NRS with a total of 1700 patients were included. No significant differences were 
found when comparing short versus prolonged antibiotic therapy as defined by the authors for 
90-day mortality [odds ratio (OR): 1.09; 95% confidence interval (CI): 0.82–1.46, p: 0.55; I2 = 0%] 
or 90-day recurrence or relapse of bacteremia [OR: 0.72; 95% CI: 0.31–1.68, p: 0.45; I2 = 26%]. 
Sensitivity analysis showed similar results when comparing a predefined duration of <14 days 
versus  ⩾14 days and when excluding the only study with a high risk of bias.
Conclusion: Shorter-duration regimens could be considered as an alternative option for 
uncomplicated SAB in low-risk cases. However, based on a small number of studies with 
significant methodological limitations and risk of bias, the benefits and harms of shorter 
regimens should be analyzed with caution. Randomized clinical trials are needed to determine 
the best approach regarding the optimal duration of therapy.
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Introduction
Bacteremia due to Staphylococcus aureus  
(S. aureus) is one of the three leading causes of 
healthcare-associated bacteremia worldwide.1,2 
Its presence is associated with mortality of up to 
10.4% at 7 days and 27% at 30 days.3 It is also 
estimated that each episode of bacteremia due to 
methicillin-sensitive S. aureus (MSSA) can cost 
approximately 10,000 euros, and up to twice that 
for methicillin-resistant S. aureus (MRSA).4

Reducing the duration of antibiotic treatment for 
bacterial infections is being evaluated in various 
clinical settings, due to its potential to decrease 
adverse events, costs, and hospitalization dura-
tion while also maintaining comparable effective-
ness regarding mortality, relapse, and infection 
complications.5–8 For example, in community-
acquired pneumonia with clinical stability, one 
study demonstrated non-inferiority of a 3-day 
versus 8-day regimen.9 Similar findings were 
reported in afebrile males with urinary tract infec-
tions, comparing 7 versus 14 days.10 Recently 
published clinical trials have evaluated the effi-
cacy of shortened antibiotic regimens for uncom-
plicated Gram-negative bacteremia, showing 
non-inferiority in efficacy-related outcomes and a 
lower incidence of adverse effects compared to 
longer antibiotic regimens.5,7,11–13

Current guidelines recommend a minimum of 
14 days of antibiotic treatment for uncomplicated 
S. aureus bacteremia (SAB)14; however, evidence 
supporting this recommendation is scarce and 
mainly based on small observational studies15,16 
with several methodological limitations. New evi-
dence on relevant clinical and microbiological 
outcomes of shorter antibiotic regimens is emerg-
ing and may change this recommendation.

This systematic review evaluates whether short-
ened antibiotic treatment in adult patients with 
uncomplicated SAB differs from standard ther-
apy (14 days or longer) in terms of efficacy and 
safety-related outcomes.

Methods

Protocol
The protocol was registered in the International 
Prospective Registry of Systematic Reviews: 
CRD42023440714.

Search strategy
We developed a search strategy to identify rand-
omized clinical trials (RCTs) and non-randomized 
studies (NRS), comparing short versus usual or 
long antibiotic regimens for S. aureus uncompli-
cated bacteremia in MEDLINE, Embase, and the 
Cochrane Central Register of Controlled Trials 
(CENTRAL), from inception to June 2023. It 
included controlled vocabulary and free-text 
terms using field labels, Boolean, and proximity 
operators adapted for each search engine, without 
language restrictions. Search strategies are availa-
ble in Supplemental Table 1. In addition, we 
searched for clinical trial registries in the 
International Clinical Trials Registry Platform of 
the World Health Organization; and we hand-
searched a reference list of the selected studies.

Studies selection. Two authors (CD-B and SGP) 
independently reviewed the identified studies, ini-
tially by title and abstract and later by full text. Dis-
agreements in the selection process were resolved 
by consensus or by involving a third reviewer 
(OMMV). The selection process is presented in the 
PRISMA (Preferred reporting items for systematic 
review and meta-analysis) flowchart (Figure 1).
Studies were included if they considered hospital-
ized patients older than 18 years with uncompli-
cated SAB confirmed by at least one positive 
blood culture. Studies were excluded if they 
reported on polymicrobial bacteremia, sources of 
bacteremia requiring prolonged treatment, evi-
dence of metastatic sites of infection, and pro-
longed bacteriemia.

Studies had to compare a short course with a 
longer or usual duration of antibiotic treatment, 
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*NRS; Non-randomized studies. 
** Only the abstract was found  
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Studies identified from databases. 
 (n = 4686) 
 
   EMBASE(Elsevier) (n=2629) 
   PUBMED (MedLine) (n= 1963) 
   LILACS (n= 94) 

Studies discarded prior to 
screening. 
 
  Duplicates (n=1540) 
   Other reasons (n=0) 

Screened studies (n=3146) Studies excluded by title and 
abstract (n=3125) 

Selected studies (n=21) 
Excluded studies (n=2) 
   RCT protocol (n=1)  
   Letter to journal (n=1) 

Studies analyzed for eligibility 
(n=19) 

Excluded studies (n=13) 
 Pediatric patient (n=2) 
 No S.Aureus in the study (n=1) 
 Endocarditis (n=2) 
 No comparator of interest (n=5) 
 No full article** (n=3) 
 
 Studies included for review (n=6) 

-All of them were NRS* 

Figure 1. PRISMA flowchart.
*NRS, non-randomized studies.
**Only the abstract was found.

as defined by the author, versus the standard of 
care for the treatment of uncomplicated SAB at 
the time of the study.

In addition, studies had to report at least one of 
the following outcomes: in-hospital mortality 
from any cause, outpatient mortality from any 
cause at 30/90 days, recurrence of bacteremia, 
distant relapse (defined as evidence of metastatic 
sites of infection after completion of antibiotic 
treatment before 90 days), or adverse events 
related to antibiotic therapy. Bacteremia recur-
rence was determined by the presence of a new 
bloodstream infection of S. aureus after the initial 
90-day proposed antibiotic regimen completion. 

If genetic testing was available, it had to confirm 
that the microorganism was identical to the initial 
one. Otherwise, it was classified as a reinfection 
after the 90-day threshold. Adverse events associ-
ated with antibiotics for MRSA and MSSA 
included acute kidney injury (as defined by 
KDIGO criteria), hypersensitivity reactions, infu-
sion-related reactions, gastrointestinal symptoms, 
rash, phlebitis, chills, and less frequently neutro-
penia (<500/mm3).

Risk of bias assessment
We planned to assess the risk of bias for RCT 
using the ROB 2 tool17 and for NRS using the 
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ROBINS I tool18 proposed by the Cochrane 
Collaboration. This assessment was performed by 
two investigators (CD-B and SGP) in parallel and 
independently, with discrepancies resolved by a 
third investigator (OMMV).

The NRS were categorized as having low, moder-
ate, high, or critical risk of bias according to seven 
domains: bias due to confounding, bias in the 
selection of participants for the study, bias in the 
classification of interventions, bias due to devia-
tions from the intended interventions, bias due to 
missing data, and bias due to the measurement of 
outcomes.17

Data extraction
The following information was extracted for each 
study: author, country in which the study was 
conducted, study date, baseline characteristics of 
the population (including sex, age, prevalence of 
diabetes, intravenous drug use, immunosuppres-
sion, the presence of a catheter, hemodialysis, 
and patients with recent surgery), intervention 
and comparators, percentage of MRSA, most 
commonly used antibiotic, and the frequency of 
outcomes. If necessary, the corresponding authors 
were contacted to obtain missing data; if not 
available, the study was discarded.

Analysis
Meta-analysis was carried out using Review 
Manager software 5.4 version.19 A random effects 
model was used, as proposed by Valentine for 
meta-analyses including NRS because it takes 
into account the unexplained heterogeneity of 
results associated with different sources of bias 
between studies.20 For dichotomous outcomes, 
results are presented as odds ratio (OR) with their 
95% confidence intervals (CIs), displayed in for-
est plot figures.

However, we recognize that in these circum-
stances, the CI around a summary meta-analytic 
estimate represents only the identifiable statisti-
cal variation and does not fully reflect the uncer-
tainty due to the unknown direction and 
magnitude of bias in each study. Therefore, we 
choose not only to perform the meta-analysis but 
also to include a description of possible con-
founding to allow the reader to make their assess-
ment of heterogeneity.20

Clinical heterogeneity was assessed by analyzing 
the variability between studies due to differences 
in the characteristics of the participants, the inter-
ventions, the comparators, and the way the out-
comes were measured. Statistical heterogeneity 
was assessed by visual inspection of the forest plot 
and the χ2, I2, and TAU2 statistical tests. A publi-
cation bias analysis was planned in case there 
were at least 10 studies evaluating a certain out-
come, but it was not executed as this criterion was 
not fulfilled.21 We planned a subgroup analysis 
differentiating short versus long according to the 
definition of the studies, and according to our 
definition of < or ⩾14 days. Likewise, a sensitiv-
ity analysis was performed excluding those with a 
high risk of bias.

Results
A total of 3146 individual studies were identified, 
of which 6 non-RCTs22–27 with a total of 1700 
patients were finally included. No RCTs met the 
inclusion criteria. Of the selected studies, four 
were retrospective cohorts22,25–27 conducted in 
Switzerland, Denmark, the Netherlands, and the 
United States. Another study was a prospective 
cohort23 from South Korea, and finally one was a 
post hoc analysis24 from the United Kingdom. 
Zeylemaker et al.25 included three different 
cohorts with different moments of data collec-
tion, assessment of comorbidities, and sample 
size. A table with the inclusion and exclusion cri-
teria for the individual studies has been addressed 
in Supplemental Table 2. The selection process is 
shown in the PRISMA diagram28 (Figure 1).

The characteristics of the studies and the patients 
included in each study are shown in Table 1. The 
median age was between 50 and 70 years, and the 
proportion of male patients was more than 60%. 
The proportion of patients with diabetes ranged 
from 12% to 30%, and the proportion of patients 
with immunosuppression was variable, ranging 
from 5% to 40% related to different definitions in 
each study. Hemodialysis and surgery were pre-
sent in <10% of patients in most studies.

The duration of the shortened treatment group 
was <14 days in most studies, but two counted as 
14 days in this group25,27 and one counted as 
short <10 days.24 The same study classified 
medium duration as 10–18 days and long dura-
tion as >18 days. The most commonly used 
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Figure 2. (continued)
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Figure 2. Risk of bias assessment.
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Figure 3. (continued)
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Figure 3. Forest plot.

antibiotic in both groups was vancomycin for 
MRSA and Flux for MSSA, except in one study23 
where cefazolin was the most commonly used 
treatment.

Risk of bias
Some studies22–25 did not evaluate confounding 
factors like patients’ clinical status or comorbidi-
ties. In addition, there were clinical and statisti-
cally significant differences in basal characteristics 
between groups, which could have resulted in 
selection bias. In the study by Taupin et al.,22 
there were no differences in variables such as age, 
sex, sensitivity to oxacillin, and community ori-
gin, but there were differences in terms of immu-
nosuppression and the presence of valvular heart 
disease, which were greater in the long-course 
group. In the study by Chong et al.,23 no differ-
ences were found in both comparisons regarding 
age, sex, community origin, antibiotic treatment, 

MRSA isolation, and comorbidities such as dia-
betes mellitus (DM), immunosuppression, hemo-
dialysis dependence, liver cirrhosis, prosthetic 
device, among others. The only difference was 
found in peripheral catheter-related infection, 
which was greater in the short-course arm. In the 
study by Evans et al.,24 baseline characteristics 
were broadly similar between groups using stand-
ardized mean differences (SMD) to quantify dis-
parities. The only variables for which the SMD was 
greater than 10% were estimated glomerular filtra-
tion rate (better renal function in patients in the 
short-course group) and source of infection (more 
often skin and soft tissue or uncertain in the short-
course group). In the study by Zeylemaker et al.,25 
comorbidities such as DM, renal failure, and neo-
plasm were greater in the long-course group.

Some cases of complicated SAB could potentially 
have been misclassified as low-risk SAB in one 
study.26 Two studies22,25 had a risk of bias due to 
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missing data, where 7.8% and 12.3% of the partici-
pants, respectively, were excluded because of lack of 
available data. Finally, the risk of bias associated 
with the selection of the reported result was observed 
in one study, where 11 patients were excluded from 
analysis due to mortality during antibiotic therapy, 
with some having serious comorbidities.23

One study was assessed as low risk,27 four studies 
as moderate risk,22–24,26 and one as serious risk of 
bias.25 The results of the risk of bias assessment 
are presented in Figure 2.

Mortality at 90 days
Five trials evaluated this outcome in a total of 
1409 patients. An initial meta-analysis was per-
formed using the authors’ definition of abbrevi-
ated versus standard therapy (Figure 3) and 
showed no statistical difference (OR: 1.09, 95% 
CI, 0.82–1.46, p: 0.55; I2 = 0%). Subsequently, a 
subgroup analysis was performed defining short-
ened therapy as <14 days versus ⩾ 14 days, for a 
total of 3 studies with 1039 patients, also showing 
no statistical difference (OR: 0.84, 95% CI: 0.59–
1.22, p = 0.36; I2 = 0%). Finally, a sensitivity anal-
ysis excluding those with a high risk of bias was 
consistent with the results above (OR: 1.08, 95% 
CI: 0.80–1.45, p: 0.62; I2 = 0%).

30-Day mortality
Only one study23 evaluated 30-day mortality in a 
total of 291 patients. Compared with the extended 
regimens, the shortened course antibiotic had 
higher mortality (OR: 7.82, 95% CI: 2.10–29.17) 
but the intermediate course (OR: 1.37, 95% CI: 
0.38–4.97) did not reach statistical significance.

Relapse 90 days
This outcome was reported in five of the selected 
studies, with a total of 864 patients. The initial 
meta-analysis using the authors’ definition of 
shortened versus standard therapy (Table 1), 
yielded an OR of 0.72 (95% CI: 0.31–1.68, p: 
0.45; I2 = 26%). Subgroup analysis with a prede-
fined length of therapy <14 days versus ⩾14 days, 
with three studies and a total of 820 patients 
found OR 1.03 (95% CI: 0.24–4.41, p: 0.97; 
I2 = 45%). The sensitivity analysis without the 
high-risk study showed a similar result (OR: 1.03, 
95% CI: 0.24–4.41, p: 0.97; I2 = 45%).

Adverse events
Only one study reported associated adverse 
events.22 In the shortened treatment group 
(<14 days), 5 adverse events occurred in 21 
patients, 4 of which were due to Clostridium  
difficile infection, and 1 was not specified, while  
in the usual or long therapy group (⩾14 days),  
7 events were documented in 43 patients,  
1 Clostridium difficile infection and 6 not specified, 
with no statistically significant differences.

Discussion
The objective of this systematic review was to 
assess whether shortened versus standard antibi-
otic treatment differs in terms of mortality, recur-
rence of bacteremia, or occurrence of adverse 
events in adults with uncomplicated S. aureus 
bacteremia. In the six NRS included, we did not 
find significant differences in the odds of 90-day 
mortality or 90-day relapse or recurrence of bac-
teremia with the administration of shorter versus 
longer regimens. Only one study22 reported 
adverse events at follow-up, with no significant 
differences between the two comparisons. No 
serious adverse events were reported in the 
included study.

To our knowledge, this is the first systematic 
review assessing the safety and efficacy of short-
ened versus extended antibiotic therapy in adults 
with uncomplicated S. aureus bacteremia. 
Regarding 30- and 90-day mortality, our results 
support the findings of a retrospective cohort 
study29 in which there was no difference in sur-
vival rate between patients with S. aureus bactere-
mia treated for more than 14 days compared to 
those receiving shorter antibiotic courses: That 
study was not included in our review because it 
did not differentiate between complicated and 
not complicated bacteremia but the results were 
similar. Similarly, in terms of relapse of bactere-
mia, our findings are in line with evidence from a 
previous study30 in which treatment for less than 
14 days among patients with a short duration of 
bacteremia (less than 3 days) did not show an 
increase in relapse rate of bacteremia where also 
uncomplicated bacteremia was not well differen-
tiated. It is worth noting that Abbas et al.’s27 study 
also evaluated mortality rates by comparing short 
versus usual duration antibiotic treatments for 
complicated S. aureus bacteremia. A mortality 
reduction was observed in the antibiotic 
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treatment regimen lasting >14 days (hazard ratio: 
0.32, 95% CI: 0.16–0.64). This finding implies 
that shorter therapy time may only be suitable for 
uncomplicated bacteremia.

We could identify a moderate statistical heteroge-
neity among the studies for the outcome of 90-day 
relapse of bacteremia (I2 = 45%), with non-signifi-
cant results (p: 0.97). We believe that these findings 
may be explained in part by the differences in the 
proportion of included patients with MRSA, DM 
status, and hemodialysis requirement in shortened 
compared to prolonged antibiotic therapy groups 
among the summarized studies.

An important finding of our review was the differ-
ences in the definitions used to classify shortened 
or prolonged duration of antibiotic therapy 
between studies. While the definition of standard 
treatment was more homogeneous among the 
included studies (14 days or longer) in all included 
studies except the study by Evans et al.24 (defined 
as 10–18 days), in the case of a shortened regi-
men, it was as short as 7–14 days of antibiotic 
treatment, with one study26 being 8–9 days. The 
fact that there is no uniform and universally 
accepted definition of what is considered a short 
or prolonged regimen underscores the need to 
standardize these definitions in further clinical tri-
als to reduce the heterogeneity of the interven-
tions and comparators evaluated and to draw 
more precise conclusions on this topic. There is a 
novel proposal for the classification and manage-
ment of patients with S. aureus bacteremia to sys-
tematically identify those patients at high risk of 
developing infectious complications and treat 
them accordingly rather than classifying patients 
as having complicated or uncomplicated bactere-
mia.31 It consists of four steps: an initial risk strat-
ification for the presence of metastatic infection, a 
diagnostic work-up in search of these infections 
based on the initial risk assessment, a final clinical 
diagnosis, and finally a general direction for treat-
ment that can be individualized according to 
favorable clinical features.

The results of this systematic literature review 
provide interesting data on the prescription of 
shorter antibiotic regimens compared with stand-
ard therapy in adults with uncomplicated S. 
aureus bacteremia. However, there are some con-
siderations regarding our findings: First, only one 
study was assessed as overall low risk of bias. To 

mitigate this concern, a sensitivity analysis was 
performed including only low and moderate risk 
of bias studies, with similar findings. Second, the 
number of total events was limited, presented in 
77 out of 864 patients for relapse of bacteremia at 
90 days and in 266 out of 1409 patients for 90-day 
mortality. This could explain a potential insuffi-
cient precision of the analyzed outcomes, which 
implies the need to generate studies with a greater 
sample size to corroborate our results. Third, 
among the included studies, we could identify lit-
tle representation of patients with chronic and 
debilitating diseases such as DM, chronic renal 
failure, and immunosuppressive states, which 
may contribute to the prognosis of bacteremia, It 
is important to mention that in some studies,22–25 
there were differences in basal clinical character-
istics (DM, immunosuppression, renal failure) 
that could have contributed to selection bias. The 
difficulties in the lack of appropriate description 
of these variables could be explained by the retro-
spective nature of the included studies.

A limitation was that relatively few studies were 
available to be included in this meta-analysis, and 
some outcomes could only include a subset of 
these, which may limit our conclusions. Future 
studies are needed to overcome this limitation. 
Currently, there is an ongoing randomized, non-
blinded interventional study (NCT03514446) that 
aims to evaluate if 7 days of antibiotic treatment in 
patients with uncomplicated S. aureus bacteremia is 
non-inferior to 14 days of treatment, which results 
may contribute to determining the best time dura-
tion of antibiotic therapy in these population. 
Nowadays, there is an urgent need for well-
designed, controlled clinical trials with a robust 
sample size, evaluating clinical and microbiologic 
outcomes associated with S. aureus uncomplicated 
bacteremia to elucidate the best course of action 
regarding the optimal duration of therapy.

Conclusion
In summary, considering that no differences were 
found in the outcomes of 90-day mortality, 
90-day relapse or recurrence of bacteremia, or the 
frequency of adverse events according to the 
length of therapy comparing shorter regimens 
with prolonged antibiotic therapy, shorter dura-
tion regimens could be considered as an alterna-
tive option in individual low-risk cases. Some of 
the included studies had important limitations 
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regarding bias due to confounding factors and 
showed an imbalance in basal clinical characteris-
tics such as DM, immunosuppression, and renal 
failure. This population remains underrepre-
sented in the studies, which limits the generaliza-
bility of the results in these conditions. Because of 
the risk of bias, imprecision for several of the out-
comes analyzed, and the few studies taken into 
account in this study, the benefits and harms of 
using shorter treatment regimens for uncompli-
cated S. aureus bacteremia should be analyzed 
with caution and on an individual basis.
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