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Accumulating evidence from randomized controlled trials (RCTs) supports 7 days treatment for uncomplicated
Gram-negative bacteraemia. However, some patient populations were not well represented in these RCTs, in-
cluding critically ill patients, immunocompromised patients and those with MDR bacteria. In this debate docu-
ment, we discuss the pros and cons for treating patients with Gram-negative bacteraemiawith a 7 day antibiotic
course. We surmise that the patients who were not well represented in the RCTs are probably those who have
most to lose from the drawbacks of prolonged antibiotic courses, including adverse events, superinfections and
resistance development. Treatment durations among these patients can bemanaged individually, with C-react-
ive protein or procalcitonin guidance or by clinical measures, and with care to discontinue antibiotics as soon as
the patient recovers clinically from the infection.

Introduction
Gram-negative bloodstream infections are increasingly frequent
in both community and hospital settings, with Escherichia coli the
leading pathogen in many countries.1 These infections, more fre-
quent in elderly and comorbid patients, lead to lengthy and re-
peated antibiotic courses, which in turn select for MDR
bacteria.2 With increasing resistance, more patients require IV
treatment for Gram-negative bloodstream infections, requiring
hospitalization or home-care arrangements, further exposing pa-
tients to infections. In the context of the ongoing antimicrobial
resistance (AMR) crisis, determining the minimal treatment dur-
ation necessary for clinical curewithout later relapse has become
an important step in the larger effort to preserve antibiotic effi-
cacy. Historically, patients with Gram-negative bacteraemia
were treated for at least 2 weeks, even when clinical recovery
was apparent within a few days.3 Reasons for continuing antibio-
tics beyond clinical recovery included the treatment of presumed
residual infection and prevention of resistance development by
completing a treatment course. The practice of prolongation of
treatment is not evidence-based, however, and physicians began
to prescribe shorter durations.4 In adults, though shortening of
antibiotic treatment to ≤7 days is becoming common practice,
there is still substantial heterogeneity in treatment duration

among infectious diseases providers.5 Here we explore argu-
ments for and against shorter antibiotic courses in patients
with Gram-negative bloodstream infections.

Pros
Routine clinical experience and the current AMR pandemic argue
in favour of shortening antibiotic durations for Gram-negative
bloodstream infections. In the clinic, we know that most
Gram-negative pathogens—certainly those most frequently
causing bacteraemia—do not behave like Staphylococcus aur-
eus. They do not tend to seed distal anatomical sites and thereby
lead to recurrence of bacteraemia, abscess, endocarditis or
other complications after initial, successful therapy has been
discontinued. If clinical failure occurs, it is more likely to be non-
response rather than later relapse after initial resolution. Most
antibiotics concentrate in the urine, reaching high bactericidal
levels at the site of infection for the most common
Gram-negative bacteraemia source.6 Indeed, clinical failure typ-
ically occurs when source control is not achieved, which is less
common with a urinary source. In addition, it should be noted
that bacteraemia is not a prognostic factor in urinary tract infec-
tion (UTI); thus positive blood cultures should not lead to pro-
longation of therapy.7
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Shortening antibiotic treatment courses is also an important
antibiotic stewardship strategy. Antibiotic consumption is by far
the most important driver of antibiotic resistance.8

Gram-negative bloodstream infections are becoming increasing-
ly frequent as populations age and grow more comorbid and
more complex, with prolonged states of immunosuppression
and critical illness. They require increasingly broad-spectrum
therapy with the rising prevalence of ESBL producers in the com-
munity, especially if the IDSA guidance on carbapenem treat-
ment for such infections is adopted.9,10 These infections drive
an increasing share of current antibiotic consumption and are
thus a natural—and necessary—target for stewardship interven-
tions. The historical adage that completing the antibiotic treat-
ment course will prevent resistance development is not based
on evidence. With any treatment duration, we remain with sur-
viving bacteria in various microbiota that have been exposed to
the antibiotic. In a recent study from Sweden, a country with
low background ESBL carriage, a 3 to14 day course of a third gen-
eration cephalosporin resulted in cephalosporin-resistant
Enterobacterales or toxin-producing Clostridioides difficile car-
riage among almost half of 75 treated patients.11 Longer courses
of antibiotics are associated with patients’ risk for colonization
with MDR microorganisms.12 Antibiotic therapy has been sug-
gested to increase the risk of UTI by MDR uropathogens in wo-
men, following vaginal colonization with these pathogens.13

Thus, reducing antibiotic use for such infections is not only in
the interest of society as a whole; it is also for the individual pa-
tient’s direct benefit, to avoid possible subsequent infection
with a more difficult-to-treat pathogen.

Yet randomized controlled trials (RCTs) are needed to define
and confirm best practices, especially when considering halving
the treatment duration for an infection. Recently, three trials

were conducted demonstrating non-inferiority of 7 day to
14 day courses for Gram-negative bacteraemia. These trials ad-
dressed uncomplicated bacteraemia at time of antibiotic discon-
tinuation,meaning patients that were haemodynamically stable,
afebrile and source controlled. Yahav et al.14 randomized 604 pa-
tients with any Gram-negative bacteraemia to 7 or 14 antibiotic
days, demonstrating non-inferiority of the short treatment arm
for the composite outcome at 90 days of mortality, relapse, com-
plications, and readmission or extended hospitalization. von
Dach et al.15 randomized 504 patients with non-pseudomonal,
Gram-negative bacteraemia to fixed durations of 7 or 14 days
or to a C-reactive protein (CRP)-guided duration. Of note, patients
randomized to CRP-guided durations could receive as few as
5 days of antibiotics. Ultimately the median duration in this
arm was 7 days. Non-inferiority of the 7 day and CRP-guided
durations was demonstrated for the composite outcome at
30 days of mortality, relapse, distal complications and the re-
starting of antibiotics for suspected relapse by the initially infect-
ing organism. Molina et al.16 randomized 248 patients with
Enterobacterales bacteraemia to either 7 or 14 day durations,
demonstrating non-inferiority of the short treatment arm in
terms of mortality, clinical cure and relapse at 28 days after
end of treatment. In the Molina trial, relapse of bacteraemia
was rare (roughly 5%) and occurred equally among patients re-
ceiving 7 or 14 days of antibiotics. While non-response (‘absence
of cure’) was more frequent, it occurred at roughly the same fre-
quency in both groups (7.3% versus 9.8%, respectively).
Recurrent bacteraemia in the von Dach trial was evenmore infre-
quent, with only 1/166 (0.6%) and 2/163 (1.2%) episodes in the
7 day and 14 day arms, respectively. The Yahav trial’s results
are remarkably consistent, with recurrent bacteraemia occurring
in only 2.6% and 2.7% of patients receiving 7 and 14 days of

Table 1. Summary of inclusion/exclusion criteria influencing generalizability of results

Molina et al.16 von Dach et al.15 Yahav et al.14

Patient characteristics
Immunocompromised patients Excluded only prolonged neutropenia Excluded severe

immunosuppressiona
Excluded less
broadlyb

Pregnancy Excluded Not excluded Not excluded
Infection characteristics
Non-fermenting bacilli Excluded Excluded Not excluded
Recurrent bacteraemia (previous
60 days)

Not excluded Excluded Not excluded

Complicated bacteraemiac Excluded Excluded Excluded
Polymicrobial growth Excluded Excluded Excluded
Clinical instability or fever
24–48 h prior to randomization

Not excluded Excluded Excluded

MDR bacteria Excluded carbapenem-resistant enterobacteria Not excluded Not excluded

aThe following were excluded: HIV infection with CD4 cell count ≤500 cells/mm3, haematopoietic stem-cell transplantation in the first month after
transplantation and at any time before engraftment, neutropenia in the 48 h prior to randomization, receipt of high-dose steroids (.40 mg prednisone
or its equivalent) daily for .2 weeks, in the 2 weeks prior to randomization.
bSimilar exclusion criteria, but patients on high-dose steroids were included.
cIncluding endovascular infections without a removable focus, osteomyelitis and septic arthritis, necrotizing fasciitis, prostatitis, undrainable abscess/
source, central nervous system infection, empyema.
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antibiotic therapy, respectively. Importantly, mortality at end of
follow-up was not affected by shortening the treatment duration
in all three trials. Subgroup analyses for urinary tract/non-urinary
tract infections; UTIs in men; wide- versus narrow-spectrum em-
pirical antibiotic treatment; and MDR versus susceptible
Gram-negative bacteria revealed no significant differences be-
tween short and long treatment armswith respect to the primary
composite outcome.14,17

Cons
The principal counterargument to short treatment duration for
Gram-negative bacteraemia is that certain patient populations
were excluded from the existing randomized trials, as were
some common pathogens. Though all three trials were pragmat-
ic, investigator-initiated trials, entry criteria and consent require-
ments still separated, to some extent, the trials’ population from
‘real-life’ populations treated for Gram-negative bacteraemia.

Entry criteria for specific patient and infection characteristics
in the existing RCTs are provided in Table 1. The trials mostly ex-
cluded patients with severe immunosuppression, non-
fermenting pathogens (e.g. Pseudomonas aeruginosa and
Acinetobacter baumannii) or complicated infection (suspicion of
endocarditis, etc.). Actual representation of populations and bac-
teria are presented in Table 2. UTIs were the dominant infection
source in 55%–69% of patients in the three RCTs (55% Molina

et al.,16 68% Yahav et al.,14 69% von Dach et al.15), leaving other
infection sources less well represented. Bacteraemia with MDR
Gram-negative organisms was not well-represented. Subgroup
analyses for these patient populations in the Yahav trial were
not powered to prove non-inferiority. Critically ill patients in
ICUs were mostly not included in these RCTs.

Formal evaluation of two of the trials revealedmoderate to poor
external validity. In the von Dach et al. trial, patients excluded by in-
eligibility or inability or refusal to grant informed consent were
found to have higher Charlson scores and were more likely to
have healthcare-associated bacteraemia. The clinical success rate
was significantly lower among excluded compared with included
patients.18 Similarly, 613 patients excluded from the Yahav et al.
study were more likely to have functional or cognitive decline and
acquire their infection in the hospital. The primary composite out-
come occurred significantly more commonly among excluded pa-
tients in this study as well (D. Yahav andM. Paul, unpublished data).

It should also be stated that none of these RCTs demonstrated
significantly lower rates of adverse events, resistance emergence or
superinfections with shorter therapy. Duration of hospital stay was
not significantly shorter either. In a metagenomic study nested
within the von Dach trial, shorter antibiotic durations did not lead
to significantly fewer antibiotic-resistance genes in the intestinal
microbiome at 1, 2 and 3 months post-inclusion.19 Additional
data are needed to prove the assumed benefits of shorter antibiotic
duration for all patient populations. Meta-analyses compiling cur-
rent data may shed light on specific patient subgroups. In the
meantime, duration of therapy should be individually tailored.

Additional RCTs, and possibly individual patient-level
meta-analysesofexistingRCTs,mayshedmore lightonpatientsub-
groups. The ongoing BALANCE trial, recruiting intensive-care pa-
tients with bacteraemia to receive either 7 or 14 days of antibiotic
therapy, will provide evidence for critically ill patients.20 In order to
represent real-world bacteraemia patients in RCTs, ethics commit-
teesshouldacknowledge thegrowingpopulationofpatientsunable
to consent, evenmore so during acute infection, and provide strat-
egies for surrogate consent processes.21 In addition, studies are
needed to evaluate personalized duration of therapy, using CRP or
procalcitonin guidance in addition to clinical measures.22

Summary
Current evidence supports treatment of 7 days for patients who
achieve clinical resolution of infection by that time or so-called
‘uncomplicated’ Gram-negative bacteraemia. Although not all
patient populations were represented in these RCTs, there is no
evidence that short treatment durations will harm them.
Critically ill patients and those with MDR Gram-negative bacter-
aemia have the most to lose from further resistance develop-
ment. Treatment durations among patients under-represented
in the current trials can bemanaged individually, with CRP or pro-
calcitonin guidance or by clinical measures, and with care to dis-
continue antibiotics as soon as the patient recovers clinically from
the infection.

Funding
This study was carried out as part of our routine work.

Table 2. Actual representation of specific populations in the three
randomized controlled trials

Molina
et al.,16

n/N (%)

von Dach
et al.,15

n/N (%)

Yahav
et al.,14

n/N (%)

Patient characteristics
Immunocompromised
patients
Malignancy 64/248 (26) NR 159/604

(26)
Immunosuppressive
drugs

31/248
(12.5)

None 150/604
(25)

Solid-organ transplant 11/248 (4.5) None 51/604 (8.5)
Stem-cell transplant NR None 5/604 (0.8)

Pregnancy None NR NR
Infection characteristics
Non-fermenting bacilli None None 6/604 (10)
Recurrent bacteraemia
(previous 60 days)

NR None NR

Complicated
bacteraemia

NR NR NR

Polymicrobial growth NR NR NR
Clinical instability or fever
24–48 h prior to
randomization

NR NR NR

MDR bacteria 41/248
(16.5)

40/504 (8) 109/604
(18)

NR, not reported.
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