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Summary
Background We aim to compare the effect of short versus long treatment duration in Gram-negative bacteremia on
all-cause mortality in pre-specified sub-groups.

Methods Individual participant data meta-analysis of randomized controlled trials (RCTs) comparing short (≤7)
versus longer (>7 days) antibiotic treatment for Gram-negative bacteremia. Participants were adults (≥18 years),
with Gram-negative bacteremia during hospital stay. We searched PubMed, Cochrane Central Register of
Controlled Trials, and Web of Science to identify trials conducted up to May 2022. Primary outcome was 90-day
all-cause mortality. Secondary outcomes were 30-day mortality, relapse of bacteremia, length of hospital stay,
readmission, local or distant infection complications, adverse events, and resistance emergence.
Outcomes were assessed in pre-specified subgroups: women vs men; non-urinary vs urinary source; presence vs
absence of hypotension on initial presentation; immunocompromised patients versus non-immunocompromised
patients, and age (above/below 65). Fixed-effect meta-analysis model was used to estimate pooled odds ratio (OR)
and 95% confidence interval (CI). All three trials had low risk of bias for allocation generation and concealment.

Findings Three RCTs (1186 patients) were included; 1121 with enterobacterales bacteremia. No significant difference in
mortality was demonstrated between 7- and 14-days treatment (90-day mortality: OR 1.08, 95% CI 0.73–1.58; 30-day
mortality: 1.08, 0.62–1.91). Relapse (1.00, 0.50–1.97); length of hospital stay (P = 0.78); readmission (0.96, 0.80–1.22);
and infection complications (local: 1.62 0.76–3.47; distant: 2.00, 0.18–22.08), were without significant difference, and
so were adverse events or resistance emergence.
No significant difference in clinical outcomes between 7 and 14 days of antibiotics was demonstrated in the sub-
groups of gender, age, hemodynamic status, immune status, and source of infection.

Interpretation For patients hemodynamically stable and afebrile at 48 h prior to discontinuation, seven days of
antibiotic therapy for enterobacterales bacteremia result in similar outcomes as 14 days, in terms of mortality, relapse,
length of hospital stay, complications of infection, resistance emergence, and adverse events. These results apply for
any adult age group, gender, source of infection, immune status, and hemodynamic status on presentation.

Funding There was no funding source for this study.
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Introduction
Gram-negative bacteremia is common in both com-
munity and health care settings, with a significant
increase in incidence described for some Gram-
negative bacteria in recent years.1,2 Prolonged
duration of antibiotic therapy for such common
infections may lead to increased resistance emer-
gence; adverse events and secondary infections,
including Clostridioides difficile infection; prolonged
hospital-stay; and excess cost.3,4

tThough recent randomized controlled trials
(RCTs) have demonstrated the non-inferiority of
shorter antibiotic courses for Gram-negative
bacteremia,5–7 prolonged courses are still commonly
used and current guidelines still recommend the
range of 7–14 days.4,8 In addition, it is unclear
whether shorter courses of antibiotics are appropriate
for specific sub-groups of patients, such as those with
non-urinary source of bacteremia; intensive care pa-
tients, elderly, and others.

Observational design is a limited tool for evaluating
duration of therapy due to confounding by indication
and immortal time bias issues.9 Thus, RCTs are the
preferred design to answer this question. Individual
participant data (IPD) meta-analysis of RCTs is consid-
ered to be the gold standard of systematic review.10 IPD

meta-analysis advantages (among others) are narrowing
the confidence intervals, and increasing the power to
evaluate treatment effect in specific sub-groups of
patients.11

We performed an IPD meta-analysis of RCTs evalu-
ating short (≤7 days) versus longer (>7 days) antibiotic
treatment for Gram-negative bacteremia. We aimed to
explore outcomes in several pre-specified sub-groups of
patients. We hypothesized no significant difference be-
tween short and long antibiotic course for either of the
sub-groups.

Methods
This IPD systematic review and meta-analysis was
conducted and reported according to the PRISMA-
IPD Statement,12 and Cochrane instructions for
IPD-MA.13 Considering the priority of the results for
decision-making, and taking into account expected
new evidence from a large ongoing trial in the topic,
we conduct this review as a living systematic re-
view.14,15 For the living systematic review we will
repeat the search every 12 months. Updates of the
meta-analysis will be conducted when new evidence
that is likely to influence the results will be
identified.

Research in context

Evidence before this study
Previous retrospective data has shown inconclusive results
regarding optimal treatment duration for Gram-negative
bacteremia. We performed a systematic literature search for
randomized controlled trials (RCTs) comparing treatment
duration for Gram-negative bacteremia. We used three
databases (PubMed, Cochrane Central Register of Controlled
Trials (CENTRAL), and Web of Science) and three clinical trial
registries (ISRCTN registry, Clinicaltrials.gov and the European
Union Clinical Trials Register) to search for RCTs conducted up
to May 2022. No language or publication restrictions were
applied. Search terms were ’duration OR days’ and ’antibiotic’
and ’bloodstream OR bacteremia OR bacteremia’.
We found three recent RCTs, that have all demonstrated non-
inferiority for shorter antibiotic courses for Gram-negative
bacteremia, but were underpowered for select subgroups such
as: men vs women, non-urinary source of the infection,
patients presenting with hemodynamic instability,
immunocompromised patients, and the elderly.

Added value of this study
Our individual patient data meta-analysis has combined the
largest comparison of shorter vs. longer duration of antibiotic
treatment for Gram-negative bacteremia to date. It has
reproduced the overall findings of each of the separated RCTs
showing that a 7-day treatment is non-inferior to 14-days in
terms of mortality and other clinical outcomes. Analyzing this
large database for subgroup analysis, we did not find a
significant difference in clinical outcomes between 7 and 14
days of antibiotics in the subgroups of women vs men; non
urinary vs urinary source of bacteremia; presence vs absence
of hypotension on initial presentation; immunosuppression;
and age (above/below 65).

Implications of all available evidence
Shorter courses of antibiotic therapy may be encouraged in
eligible patients and may shorten length of inpatient stay,
decrease antibiotic exposure and reduce costs without
impacting mortality or other adverse outcomes.
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We included RCTs comparing short (≤7 days) versus
longer (>7 days) antibiotic treatment for Gram-negative
bacteremia. Participants were hospitalized adults (≥18
years), with Gram-negative bacteremia, as defined in
individual trials. We included only trials evaluating pa-
tients with Gram-negative bacteremia as their target
population. Trials evaluating various infection types
(e.g., pneumonia, urinary tract infection), and reporting
bacteremic patients as a sub-group were not included.
We excluded trials addressing source of bacteremia
requiring prolonged treatment (endocarditis/endovas-
cular infections; necrotizing fasciitis; osteomyelitis;
abdominal abscesses and other unresolved abdominal
sources requiring source control (surgery/drainage);
central nervous system infections; empyema; any un-
controlled focus of infection (undrained abscess/deep
seated intra-abdominal infection, undrained moderate
to severe hydronephrosis). We also excluded patients
with intracellular pathogens including Salmonella spp.
and Brucella spp.

Interventions tested were antibiotics with in vitro
activity against the pathogen for ≤7 vs > 7 days. Any
choice and route of administration of antibiotics (oral or
intravenous) were eligible for inclusion. Any source of
bacteremia not requiring prolonged treatment (urinary
tract infection, pneumonia, etc.) and any place of
acquisition (community or hospital) were eligible for
inclusion.

Primary outcome was 90-day all-cause mortality.16

Secondary outcomes included 30-day all-cause mortal-
ity; relapse of bacteremia; length of hospital stay; read-
missions; local suppurative and distant complications;
restarting of Gram-negative-directed antibiotic therapy;
emergence of resistance to study antibiotics; functional
capacity and time to return to baseline capacity; new
clinically or microbiologically documented infection;
and adverse events: any diarrhea, C. difficile associated
diarrhea, acute kidney injury, and rash (for secondary
outcomes definitions, see Appendix).

We pre-planned to extract data regarding the
following sub-groups: men versus women; patients with
a non-urinary source of infection vs patients with uri-
nary tract infection (UTI); presence vs absence of hy-
potension on initial presentation (hypotension was
defined as systolic blood pressure of less than
100 mmHg), immunocompromised patients versus
non-immunocompromised patients, and elderly (age
≥65 years) versus younger patients.

Immunosuppression was defined as treatment with
immunosuppressive drugs (including prednisone
≥20 mg/day or equivalent, biological agents) due to any
reason, active chemotherapy, solid organ trans-
plantation, and stem cell transplantation. The following
immunosuppressive conditions were excluded: HIV
infection with CD4 cell count ≤500/μl, and neutropenia
(absolute neutrophil count ≤500/μl) in the 48 h prior to
randomization.

Information sources and search strategy
We searched PubMed, Cochrane Central Register of
Controlled Trials (CENTRAL), and Web of Science to
identify trials conducted up to May 2022. Search term
combined the Cochrane filter for RCTs17 with the terms
’duration OR days’ and ’antibiotic’ and ’bloodstream OR
bacteremia OR bacteraemia’, restricted to adults by
PubMed filter. We applied no language or publication
restrictions. References of all included trials were
searched for additional relevant trials. The investigators
of eligible trials were contacted to ask for acquaintance
with similar trials. We also searched relevant conference
proceedings, as well as ongoing trial databases for un-
published trials.

Data collection and analysis
Studies were fully reviewed (titles, abstract and full texts)
and appraised by two investigators independently.
Conflicts were resolved by consultation with an inde-
pendent third reviewer. First authors of the trials iden-
tified were invited to share their trials’ data through
email, and consenting authors were asked to participate
and send their data anonymized in an encrypted table.
Each participating site received the permission of the
local ethics committee to transfer the data according to
local regulations. Queries regarding data were resolved
by communication with the authors of each trial and
discrepancies between published and raw data were
checked with them.

Risk of bias of included trials was assessed by two
review authors independently using domain-based
evaluation as recommended in the Cochrane Hand-
book for Systematic Reviews of Interventions.17

Statistical analysis
Baseline characteristic of included trials are presented
as frequencies (percentages) for categorical variables,
and interquartile range (IQR, 25–75 percentiles) for
non-normally distributed continuous variables.

Difference in outcomes rate between 7 and 14 days
of antibiotic therapy for Gram-negative bacteremia were
examined. An analysis of outcomes by several pre-
specified sub-groups of patients was also performed.
Generalized linear models (GLM) were used for the
comparison of continuous variables between trials. For
categorical variables, the fixed-effect meta-analysis
model (Mantel-Haenszel method) was used to estimate
pooled odds ratio and associated 95% confidence inter-
val. The Breslow–Day test for homogeneity of odds ra-
tios was performed to test for between trials differences.
The analysis was performed following the intention-to-
treat principle, including all patients according to the
treatment group assigned at the time of randomization.
We also performed a per-protocol analysis for the pri-
mary outcome.
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Statistical analyses were performed using IBM SPSS
Statistics, version 27.

Role of the funding source
There was no funding source for this study.

Results
The study flow chart is presented in Fig. 1. Three trials
met our inclusion criteria, all were investigator-initiated,
and compared an antibiotic duration of seven versus
fourteen days for Gram-negative bacteremia.5–7 One of
these three trials included a C-reactive protein (CRP)-
based duration arm that was excluded from the anal-
ysis,6 leaving overall 1186 randomized patients (1182
evaluable patients; Yahav et al. 604 patients5; von Dach
et al. 334 patients6; and Molina et al. 248 patients7).
Trials’ characteristics are detailed in Table 1. The most
common source of bacteremia in the original trials was
UTI (411/604, 68%; 213/334, 64%, and 136/248, 55% of

patients in the different trials). Accordingly, the vast
majority of causative bloodstream isolates were enter-
obacterales (95%, 1125/1186), with two trials including
only patients with enterobacterales bacteremia,6,7 and a
third trial allowing other Gram-negatives.5 In the three
included trials, choice and route of administration of
antibiotics was at the discretion of the treating physi-
cian. Risk of bias assessment of the included trials is
detailed in Fig. 2. All three trials had low risk of bias for
allocation generation and concealment; all three were
open-label.

Overall, 592 patients were included for evaluation in
the short (7 days) arm and 590 in the long (14 days) arm.
The Breslow–Day test showed no heterogeneity of odds
ratios between trials. For the outcome of mortality, no
significant difference was demonstrated for either 90- or
30-day mortality between arms (90 days mortality 7 days:
60/592 (10.1%), 14 days: 56/590 (9.5%) - OR 1.08, 95%
CI 0.73–1.58; 30d mortality 7 days: 26/592 (4.4%), 14
days: 24/590 (4.1%) - OR 1.08, 95% CI 0.62–1.91 (with
OR > 1 favoring 14 days).
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Fig. 1: Study flowchart.
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Yahav et al. (2018) von Dach et al. (2020) Molina et al. (2021)

Trial characteristics

Design Investigator-initiated randomized controlled trial Investigator-initiated randomized controlled trial Investigator-initiated randomized controlled trial

Study period 2013–2017 2017–2019 2014–2016

Inclusion criteria Adults with growth of Gram-negative bacteria in one or
more blood cultures, hemodynamically stable and
afebrile for at least 48 h.

Adults with growth of Gram-negative fermenters in at
least one blood culture and treatment with a
microbiologically efficacious antibiotic.

Adults with a diagnosis of enterobacterales bloodstream
infections with appropriate source control.

Exclusion criteria Sources of infection requiring prolonged treatment,
fever or hemodynamic instability in the 48 h prior to
randomization, uncontrolled focus of infection,
polymicrobial growth involving Gram-positive bacteria,
specific pathogens (Brucella, Salmonella), or specific
immunosuppression (human immunodeficiency virus,
neutropenia).

Fever or hemodynamic instability in the 24 h prior to
recruitment, severe immunosuppression, bacteremia
with nonfermenting bacilli or polymicrobial, gram-
positive growth, recurrent bacteremia, or complicated
Infections.

Pregnancy, noncontrolled source of infection and no
expectation of being controlled in the subsequent 24 h,
patients undergoing chemotherapy with neutropenia
<500 cells/mm3 expected for more than 7 days,
infections requiring prolonged antibiotic treatment,
infections caused by a carbapenemase producing
member of the Enterobacterales, polymicrobial
bacteraemia, and expectation of survival <48 h.

Timing of randomization At least 48 h without fever and hemodynamically stable
and until day 7 from positive culture

Day 5 from first positive culture <48 h since pathogen identification

Number randomized 604 504 248

Primary outcome of the original study Composite at 90 days of mortality, relapse,
complications, and readmission or extended
hospitalization

Composite at 30 days of mortality, relapse, distal
complications, and the restarting of antibiotics for
suspected relapse

Number of days of antibiotic treatment required at the
end of follow-up.

Patient characteristics

Age (median, interquartile range) 71 (61–80) 79 (68–86) 67 (53–77)

Gender- women 319/604 (53%) 306/504 (61%) 118/248 (48%)

Immunocompromised patientsa

Malignancy 159/604 (26%) NR 64/248 (26%)

Immunosuppressive drugs 150/604 (25%) None 31/248 (12.5%)

Solid-organ transplant 51/604 (8.5%) None 11/248 (4.5%)

Stem-cell transplant 5/604 (0.8%) None NR

Infection characteristics

Source of infection

Urinary tract 411/604 (68%) 335/504 (66%) 136/248 (55%)

Abdominal 71/604 (12%) 80/504 (16%) 34/248 (14%)

Respiratory 24/604 (4%) 25/504 (5%) 15/248 (6%)

Central venous catheter 38/604 (6%) 8/504 (2%) 30/248 (12%)

Skin and soft tissue 9/604 (2%) 4/504 (1%) 3/248 (1%)

Unknown 51/604 (8%) 52/504 (10%) 29/248 (12%)

Presence of hypotension on initial presentation
(SBP<100)

186/604 (31%) 169/504 (34%) 63/244 (26%)

Hospital acquired 176/604 (29%) 135/504 (27%) 81/247 (33%)

(Table 1 continues on next page)
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Overall, 1041 patients (88%) were included in the
per-protocol analysis. For the primary outcome of 90-day
mortality, no significant difference was demonstrated
between arms (OR 1.26, 95% CI 0.81–1.95).

Other components of the primary outcomes from the
trials were without significant difference between arms
(Table 2). These included relapse of bacteremia, length
of hospital stay, readmissions at 30 days; and distal
complications and local suppurative complications at 90
days (Table 2). Other components of the primary out-
comes were reported by individual trials, including
restart of targeted antibiotics until 90 days by von Dach
et al., without difference between arms (7-days: 9/169,
56% vs 14-days: 9/165, 56%)6; and absence of clinical
cure (i.e. no resolution of signs and symptoms) by
Molina et al., with no significant difference between
arms (7-days: 8/110, 7.3% vs 14-days: 12/122, 9.8%).7

Emergence of resistance to study antibiotic was re-
ported from two trials for a follow up of up to 90 days,
reporting 36/592 cases (6%) in the short arm and 29/
590 cases (5%) in the long arm, without significant
difference (OR 1.23, 95% CI 0.74–2.04). New clinically
or microbiologically documented infection and func-
tional capacity were reported from only one trial. This
trial reported no difference in new infections between
arms, and significantly shorter time to return to baseline
functional capacity in the 7 days arm.5 As expected,
duration of antibiotic therapy for the index bacteremia
was significantly shorter in the seven-day arm. Adverse
events that were reported from at least two trials
included diarrhea, C. difficile associated diarrhea, rash
and acute kidney injury. All were without significant
difference between short and long therapy (Table 2).

An analysis of outcomes by subgroups, including
gender, source of infection (UTI vs non-UTI), blood
pressure at presentation (Systolic blood pressure
≥100 mmHg or <100 mmHg), immune status, and age
(≥65 years vs < 65) is presented in Table 3. Overall, 1182
(100%) patients were included in the subgroup analysis
according to gender, infection source, and age; 1180
(∼100%) patients were included in the subgroup anal-
ysis according to hemodynamic status; and 850 (72%)
patients were included in the subgroup analysis ac-
cording to immune status. For the outcomes of 90- or
30-day mortality, relapse of bacteremia, and read-
missions at 30 days, no significant difference was
demonstrated between 7 and 14 days among any of the
subgroups (gender, source of infection, hemodynamic
status, immune status, and age).

Discussion
In this individual patient data meta-analysis of three
RCTs, evaluating overall 1182 patients, we found no
significant difference in 90- or 30-day mortality between
7 and 14 days of antibiotic therapy for Gram-negative
bacteremia. Other patient related outcomes, such as
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relapse of bacteremia, length of hospital stay, read-
mission, and local or distant complications, were also
demonstrated to be without significant difference. No

difference in emergence of resistance or adverse events
was either demonstrated between short and long ther-
apy arms, though the number of events was low and the
follow up duration limited to 90 days.

Analyzing this large database for subgroup analysis,
we also did not find a significant difference in clinical
outcomes between 7 and 14 days of antibiotics in the
subgroups of women vs men; non urinary vs urinary
source of bacteremia; presence vs absence of hypoten-
sion on initial presentation; immunocompromised pa-
tients vs non-immunocompromised patients; and age
(above/below 65).

Shorter antibiotic therapy for Gram-negative bacter-
emia has been demonstrated to have similar outcomes
to longer duration in several observational studies,
mostly comparing 5–10 days to longer regimens.18–30

Mortality, relapse/recurrence, clinical success, and su-
perinfection rates were similar between longer and
shorter therapy in most studies, though some demon-
strated higher rates of superinfection18,27 or resistance
emergence23 with longer therapy; while others reported
higher rates of re-initiation of antibiotics and C. difficile
with shorter regimen.28

Concomitantly, three RCTs demonstrated non-
inferiority of 7 vs 14 days of antibiotic therapy for
hemodynamically stable patients with mainly enter-
obacterales bacteremia. The strength of this individual
patient data meta-analysis is by allowing a larger sample
size to test the effect of duration of therapy for specific
subgroups of patients. In this meta-analysis, short
versus long therapy had similar outcomes among 425
patients with non-urinary source of infection, 801
elderly patients (aged ≥65) and 359 patients with low

Variable Yahav et al. von Dach et al. Molina et al. Mantel-Haenszel OR
(95% CI)

Breslow–Day
P value

7 days
(n = 306)

14 days
(n = 298)

7 days
(n = 169)

14 days
(n = 165)

7 days
(n = 117)

14 days
(n = 127)

90-d mortality 36 (11.8) 32 (10.7) 14 (8.3) 9 (5.5) 10 (8.5) 15 (11.8) 1.08 (0.73–1.58) 0.41

30-d mortality 16 (5.2) 12 (4.0) 6 (3.6) 4 (2.4) 4 (3.4) 8 (6.3) 1.08 (0.62–1.91) 0.40

Relapse of bacteremia −30d 8 (2.6) 8 (2.7) 2 (1.2) 3 (1.8) 7 (5.9) 6 (4.7) 1.00 (0.50–1.97) 0.82

Readmissions - 30d 74 (24.2) 79 (26.5) 14 (8.3) 9 (5.5) 11 (9.2) 12 (9.3) 0.98 (0.73–1.33) 0.49

Hospital length of stay, Median (IQR) 1 (0–4) 1 (0–4) 4 (1.3–10) 4 (1–11) 4 (0–9) 3 (0–8) – 0.71*

Duration of antibiotic therapy, Median (IQR) 5 (4–13) 12 (10–16) 7 (6–9) 13 (9–14) 7 (7–14) 14 (14–16) – 0.39*

Local suppurative complications 90d 16 (5.2) 10 (3.4) 2 (1.2) 1 (0.6) – – 1.62 (0.76–3.47) 0.87

Distal complications 90d 2 (0.7) 1 (0.3) 0 (0.0) 0 (0.0) – – 2.00 (0.18–22.08) –

Emergence of resistance to study antibiotic −90d 33 (10.8) 29 (9.7) 3 (1.8) 0 (0.0) – – 1.23 (0.74–2.04) 0.11

Diarrhea 18 (5.9) 24 (8.1) – 2 (1.7) 3 (2.3) 0.73 (0.40–1.33) 1.00

Clostridioides difficile infection 2 (0.7) 2 (0.7) 2 (1.2) 4 (2.4) – – 0.65 (0.18–2.31) 0.60

Rash 2 (0.7) 4 (1.3) – – 1 (0.8) 4 (3.1) 0.37 (0.10–1.41) 0.67

Acute kidney injury 14 (4.6) 12 (4.0) – – 3 (2.5) 1 (0.8) 1.33 (0.64–2.77) 0.37

Data are presented as no. (%). OR – odds ration; CI – confidence interval; IQR - interquartile range. *P value by General linear models.

Table 2: The association between study arm and outcomes, stratified by trial (For categorical variables, fixed-effect meta-analysis model, Mantel-Haenszel method. Homogeneity
of odds ratios between trials was evaluated with the Breslow–Day test).

Fig. 2: Risk of bias assessment.
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Yahav et al. Von Dach et al. Molina et al. Mantel-Haenszel
OR (95% CI)

Breslow–Day
P value

7 days
(n = 306)

14 days
(n = 298)

7 days
(n = 169)

14 days
(n = 165)

7 days
(n = 117)

14 days
(n = 127)

90-d
mortality

All patients 36/306 (11.8) 32/298 (10.7) 14/169 (8.3) 9/165 (5.5) 10/117 (8.5) 15/127 (11.8) 1.08 (0.73–1.58) 0.41

Gender Women 16/156 (10.3) 14/163 (8.6) 10/107 (9.3) 5/94 (5.3) 6/59 (10.2) 5/59 (8.5) 1.34 (0.77–2.34) 0.64

Men 20/150 (13.3) 18/135 (13.3) 4/62 (6.5) 4/71 (5.6) 4/58 (6.9) 10/68 (14.7) 0.88 (0.51–1.50)

Source of infection Non UTI 11/86 (12.8) 6/107 (5.6) 5/68 (7.4) 5/53 (9.4) 8/48 (16.7) 9/63 (14.3) 1.37 (0.73–2.56) 0.12

UTI 25/220 (11.4) 26/191 (13.6) 9/101 (8.9) 4/112 (3.6) 2/69 (2.9) 6/64 (9.4) 0.94 (0.58–1.52)

SBP SBP≥100 22/215 (10.2) 18/202 (8.9) 5/106 (4.7) 5/117 (4.3) 8/88 (9.1) 8/93 (8.6) 1.15 (0.70–1.90) 0.64

SBP<100 14/91 (15.4) 14/95 (14.7) 9/63 (14.3) 4/47 (8.5) 2/29 (6.9) 7/34 (20.6 0.96 (0.53–1.74)

Age Age<65 5/98 (5.1) 12/102 (11.8) 0/28 (0.0) 1/39 (2.6) 4/57 (7.0) 5/57 (8.8) 0.52 (0.23–1.18) 0.20

Age≥65 31/208 (14.9) 20/196 (10.2) 14/141 (9.9) 8/126 (6.3) 6/60 (10.0) 10/70 (14.3) 1.33 (0.85–2.07)

Immunosuppression No 27/237 (11.4) 22/217 (10.1) / / 6/100 (6.0) 12/113 (10.6) 0.95 (0.57–1.57) 0.64

Yes 9/69 (13.0) 10/81 (12.3) / / 4/17 (23.5) 3/14 (21.4) 1.12 (0.49–2.58)

30-d
mortality

All patients 16/306 (5.2) 12/298 (4.0) 6/169 (3.6) 4/165 (2.4) 4/117 (3.4) 8/127 (6.3) 1.08 (0.62–1.91) 0.40

Gender Women 7/156 7/163 (4.3) 4/107 (3.7) 2/94 (2.1) 3/59 (5.1) 2/59 (3.4) 1.26 (0.56–2.82) 0.49

Men 9/150 (6.0) 5/135 (3.7) 2/62 (3.2) 2/71 (2.8) 1/58 (1.7) 6/68 (8.8) 0.93 (0.42–2.09)

Source of infection Non UTI 7/86 (8.1) 5/107 (4.7) 2/68 (2.9) 2/53 (3.8) 3/48 (6.3) 3/63 (4.8) 1.35 (0.57–3.18) 0.40

UTI 9/220 (4.1) 7/191 (3.7) 4/101 (4.0) 2/112 (1.9) 1/69 (1.4) 5/64 (7.8) 0.94 (0.44–2.00)

SBP SBP≥100 13/215 (6.0) 11/202 (5.4) 3/106 (2.8) 2/117 (1.7) 2/88 (2.3) 3/93 (3.2) 1.14 (0.57–2.27) 0.76

SBP<100 3/91 (3.3) 1/95 (1.1) 3/63 (4.8) 2/47 (4.3) 2/29 (6.9) 5/34 (14.7) 0.96 (0.35–2.62)

Age Age<65 7/98 (7.1) 2/102 (2.0) 0/28 (0.0) 0/39 (0.0) 2/57 (3.5) 2/57 (3.5) 2.51 (0.76–8.29) 0.29

Age≥65 9/208 (4.3) 10/196 (5.1) 6/141 (4.3) 4/126 (3.2) 2/60 (3.3) 6/70 (8.6) 0.81 (0.42–1.56)

Immunosuppression No 11/237 (4.6) 12/217 (5.5) / / 3/100 (3.0) 7/113 (6.2) 0.71 (0.35–1.44) 0.06

Yes 5/69 (7.2) 0/81 (0.0) / / 1/17 (5.9) 1/14 (7.1) 7.05 (0.83–59.80)

Relapse of
bacteremia
-30d

All patients 8/306 (2.6) 8/298 (2.7) 2/169 (1.2) 3/165 (1.8) 7/117 (5.9) 6/127 (4.7) 1.00 (0.50–1.97) 0.82

Gender Women 2/156 (1.3) 6/163 (3.7) 2/107 (1.9) 3/94 (3.2) 4/59 (6.8) 2/59 (3.4) 0.71 (0.28–1.78) 0.33

Men 6/150 (4.0) 2/135 (1.5) 0/62 (0.0) 0/71 (0.0) 3/59 (5.1) 4/68 (5.9) 1.53 (0.54–4.37)

Source of infection Non UTI 1/86 (1.2) 3/107 (2.8) 1/68 (1.5) 2/53 (3.8) 2/48 (4.2) 3/63 (4.8) 0.54 (0.16–1.83) 0.88

UTI 7/220 (3.2) 5/191 (2.6) 1/101 (1.0) 1/112 (0.9) 5/70 (7.1) 3/64 (4.7) 1.37 (0.58–3.24)

SBP SBP≥100 6/215 (2.8) 8/202 (4.0) 1/106 (0.9) 2/117 (1.7) 5/88 (5.7) 3/93 (3.2) 0.93 (0.42–2.06) 0.61

SBP<100 2/91 (2.2) 0/95 (0.0) 1/63 (1.6) 1/47 (2.1) 2/29 (6.9) 3/34 (8.8) 1.21 (0.32–4.57)

Age Age<65 3/98 (3.1) 2/102 (2.0) 0/28 (0.0) 1/39 (2.6) 4/57 (7.0) 4/57 (7.0) 1.09 (0.37–3.16) 0.91

Age≥65 5/208 (2.4) 6/196 (3.1) 2/141 (1.4) 2/126 (1.6) 3/61 (4.9) 2/70 (2.9) 0.96 (0.39–2.32)

Immunosuppression No 7/237 (3.0) 7/217 (3.2) / / 7/101 (6.9) 3/113 (2.7) 1.38 (0.61–3.16) 0.10

Yes 1/69 (1.4) 1/81 (1.2) / / 0/17 (0.0) 3/14 (21.4) 0.27 (0.03–2.44)

Readmissions
−30d

All patients 74/306 (24.2) 79/298 (26.5) 14/169 (8.3) 9/165 (5.5) 11/117 (9.2) 12/127 (9.3) 0.98 (0.73–1.33) 0.49

Gender Women 39/156 (25.0) 38/163 (23.3) 6/107 (5.6) 5/94 (5.3) 4/59 (6.8) 5/59 (8.5) 1.00 (0.65–1.54) 0.51

Men 35/150 (23.3) 41/135 (30.4) 8/62 (12.9) 4/71 (5.6) 7/59 (11.9) 7/70 (10.0) 0.98 (0.63–1.50)

Source of infection Non UTI 23/86 (26.7) 23/107 (21.5) 9/68 (13.2) 4/53 (7.5) 4/48 (8.3) 3/63 (4.8) 1.40 (0.82–2.36) 0.46

UTI 51/220 (23.2) 56/191 (29.3) 5/101 (5.0) 5/112 (4.5) 7/70 (10.0) 9/66 (13.6) 0.82 (0.56–1.19)

SBP SBP≥100 50/215 (23.3) 50/202 (24.8) 8/106 (7.5) 7/117 (6.0) 9/88 (10.2) 7/93 (7.5) 1.07 (0.73–1.55) 0.67

SBP<100 24/91 (26.4) 29/95 (30.5) 6/63 (9.5) 2/47 (4.3) 2/29 (6.9) 5/34 (14.7) 0.82 (0.49–1.40)

Age Age<65 28/98 (28.6) 27/102 (26.5) 1/28 (3.6) 1/39 (2.6) 3/58 (5.2) 4/59 (6.8) 1.11 (0.65–1.89) 0.82

Age≥65 46/208 (22.1) 52/196 (26.5) 13/141 (9.2) 8/126 (6.3) 8/61 (13.1) 8/70 (11.4) 0.93 (0.64–1.35)

Immunosuppression No 53/237 (22.4) 51/217 (23.5) / / 9/102 (8.8) 10/115 (8.7) 0.99 (0.67–1.47) 0.98

Yes 21/69 (30.4) 28/81 (34.6) / / 2/17 (11.8) 2/14 (14.3) 0.79 (0.42–1.51)

OR – odds ration; CI – confidence interval; SBP – systolic blood pressure; UTI – urinary tract infection.

Table 3: The association between study arm and outcomes from included studies, stratified by age group, gender, hemodynamic status, immune status, and source of infection.
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systolic blood pressure. Nevertheless, sample size of
each sub-group may not be sufficient to draw conclu-
sions. Moreover, findings from subgroup analyses are at
risk of bias given loss of randomization when consid-
ering only subgroups.

Additional limitations of this meta-analysis stem
mainly from the inherent limitations of included trials
and their external validity. These trials included patients
that had ‘uncomplicated bacteremia’ – these were
mainly immunocompetent patients, hemodynamically
stable and afebrile at time of antibiotic discontinuation,
with a controlled infection. For these patients our results
are valid. Regarding non-fermenters Gram-negative
uncomplicated bacteremia, the number of patients
included was limited. Two retrospective studies evalu-
ating therapy duration for uncomplicated Pseudomonas
aeruginosa bacteremia demonstrated no significant dif-
ference in mortality or relapse between short and long
courses,29,30 however in a recent RCT, 8 versus 15 days of
antibiotics for P. aeruginosa ventilator associated pneu-
monia resulted in higher recurrence rate.31 Further
studies are needed in order to define optimal duration of
therapy for P. aeruginosa and other non-fermenters
bacteremia.

Von-Dach et al. included in their trial a CRP-based
duration arm. For patients included in this arm it was
allowed to discontinue antibiotics when CRP declined
by 75% from peak. Median antibiotic duration in this
arm was 7 days (interquartile range, 6–10 days), and all
outcomes were non-inferior compared to the 14 days
arm.6 Future studies should examine biomarker-guided
strategy for defining antibiotic duration.

We planned this systematic review as a living sys-
tematic review and meta-analysis in light of a large
ongoing trial that may provide important additional data
on the topic. This trial is currently recruiting patients;
and includes patients any bacteremia for the compari-
son of 7 versus 14 days of antibiotic therapy.15 Two pilot
RCTs were performed to evaluate the feasibility of this
trial in ICU and ward patients. These were not included
in our meta-analysis, since no relevant outcomes per
study arm were reported.32,33

In conclusion, for patients with uncomplicated and
controlled Gram-negative bacteremia, 7 days of anti-
biotic therapy for enterobacterales bacteremia result in
similar outcomes as 14 days, in terms of mortality,
relapse, complications of infection, resistance emer-
gence, and adverse events. These results apply for any
adult age group, gender, source of infection, immune
status, and hemodynamic status on presentation. Future
RCTs should address the duration of therapy for Gram-
negative non-fermenters bacteremia.
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