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ABSTRACT

Objectives: To evaluate the safety and efficacy of switching from intravenous (IV) to oral antimicrobial
therapy in patients with Enterobacterales bacteraemia, after completion of 3—5 days of microbiologically
active IV therapy.
Methods: A multicentre, open-label, randomized trial of adults with monomicrobial Enterobacterales
bacteraemia caused by a strain susceptible to >1 oral beta-lactam, quinolone, or trimethoprim/sulfa-
methoxazole. Inclusion criteria included completion of 3—5 days of microbiologically active IV therapy,
being afebrile and haemodynamically stable for >48 hours, and absence of an uncontrolled source of
infection. Pregnancy, endocarditis, and neurological infections were exclusion criteria. Randomization,
stratified by urinary source of bacteraemia, was to continue IV (IV Group) or to switch to oral therapy
(Oral Group). Agents and duration of therapy were determined by the treating physicians. The primary
endpoint was treatment failure, defined as death, need for additional antimicrobial therapy, microbio-
logical relapse, or infection-related re-admission within 90 days. Non-inferiority threshold was set at 10%
in the 95% CI for the difference in the proportion with treatment failure between the Oral and IV Groups
in the modified intention-to-treat population. The protocol was registered at ClinicalTrials.gov
(NCT04146922).
Results: In the modified intention-to-treat population, treatment failure occurred in 21 of 82 (25.6%) in
the IV Group, and 18 of 83 (21.7%) in the Oral Group (risk difference —3.7%, 95% Cl —16.6% to 9.2%). The
proportions of subjects with any adverse events (AE), serious AE, or AE leading to treatment discon-
tinuation were comparable.
Discussion: In patients with Enterobacterales bacteraemia, oral switch, after initial IV antimicrobial
therapy, clinical stability, and source control, is non-inferior to continuing IV therapy. Ali S. Omrani, Clin
Microbiol Infect 2024;30:492
© 2023 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All
rights reserved.
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Introduction

Enterobacterales blood stream infections are relatively common
in hospitalized patients and are associated with considerable
morbidity and mortality, especially when caused by multi-resistant
strains [1,2]. Intravenous (IV) antimicrobial therapy has tradition-
ally been the standard of care for patients with Gram-negative
bacteraemia [3]. Oral antimicrobial therapy is associated with
several potential benefits, including the prevention of vascular line-
associated complications, facilitating early mobilization, discharge
and return to baseline activities of daily living, and reducing health
care costs [4,5].

Results from observational studies suggest that stepdown to
oral antibiotics, after an initial period of IV therapy, maybe
reasonable in selected patients with Gram-negative bacteraemia
[6—9]. A switch from IV to oral antibiotics may be safe and effective
in patients who are clinically stable and have one or more micro-
biologically active oral treatment options. However, the available
data are derived from non-randomized studies and are thus subject
to unmeasured confounding bias, even where analytical methods
to reduce bias are implemented [10]. Furthermore, the outcomes in
most of those studies were assessed after no more than 30 days of
follow-up, whereas endpoint assessment at 90 days has been rec-
ommended in definitive antimicrobial therapy studies for Gram-
negative blood stream infections [11]. The primary aim of this
randomized clinical trial was to evaluate the 90-day safety and
efficacy of switching from IV to oral antibiotic therapy in patients
with Enterobacterales bacteraemia.

Methods
Study design and eligibility criteria

This was a pragmatic, open-label, multicentre, non-inferiority,
randomized clinical trial. Patients aged 18 years or more who had
monomicrobial blood stream infection caused by Escherichia coli,
Klebsiella species, Enterobacter species, Serratia marcescens, Cit-
robacter species, or Proteus species susceptible to one or more of an
oral B-lactam, quinolone or trimethoprim/sulfamethoxazole were
eligible for inclusion if they had completed 3—5 days of active IV
antimicrobial therapy, were able to take oral medication, had been
afebrile and haemodynamically stable for at least 48 hours, and had
achieved adequate source control, if required. Exclusion criteria
were allergy to the available active oral antimicrobial agents,
pregnancy, infective endocarditis, infection of the central nervous
system, terminal underlying illness with expected survival of less
than 14 days, absolute neutrophil count of less than 1.0 x 10°/L, and
haematopoietic or solid organ transplantation within the preceding
90 days.

The study was conducted in full conformance with the princi-
ples of the Declaration of Helsinki and was approved by the
research ethics committees in each of the participating centres. An
independent Data Safety and Monitoring Board, comprised of two
independent infectious disease physicians and an independent
statistician, provided oversight. The protocol was registered at
clinicaltrials.gov (NCT04146922).

Study population, stratification, and randomization

Patients were screened for enrolment in 11 sites in four coun-
tries (Bahrain, Kuwait, Qatar, and Tiirkiye). After obtaining written
informed consent, eligible subjects were randomized to continue IV
therapy (IV Group) or to switch to oral therapy (Oral Group).
Randomization was by permuted blocks of 4—8 and was stratified
by urinary source of bacteraemia. Castor EDC (Amsterdam, the

Netherlands) was used for the randomization and for electronic
data entry.

The intention-to-treat (ITT) population included all subjects
who were randomized, whereas the modified ITT (mITT) popula-
tion was limited to those who received at least one dose of the
assigned treatment, and had documented outcomes at the end of
follow-up.

Outcomes and procedures

The primary endpoint was treatment failure, defined as a
composite of (a) death of any cause, (b) need for additional anti-
microbial therapy with one or more microbiologically active agents,
(c) microbiological relapse, and (d) infection-related re-admission;
all within 90 days of initiation of microbiologically active antimi-
crobial therapy (definitions are provided in the data supplement
file). Secondary endpoints included the individual components of
the composite, hospital length of stay, and desirability of outcome
ranking (DOOR) at 14 days.

The trial was intended to simulate routine clinical practice. The
protocol did not require the collection of any specific clinical
samples. The choice of antimicrobial agents, before and after
randomization, the overall duration of therapy, the clinical assess-
ments, and the laboratory investigations were all determined by
the treating physicians, with or without consulting a specialist in
infectious diseases. The decisions were guided by the causative
pathogens' susceptibility testing reports and the subjects' clinical
characteristics. However, the use of oral B-lactams in subjects with
bacteraemia caused by extended spectrum B-lactamase-producing
Enterobacterales was not permitted [12]. Furthermore, switch to
oral agents after a minimum of 14 days of active IV therapy was
permitted in participants who were randomized to the IV Group
and had underlying infections that conventionally require pro-
longed antimicrobial therapy (e.g. bone and joint infections).

Sample size estimation

The assumptions for sample size estimation were indirectly
derived from one randomized controlled trial and four cohort
studies involving patients with Enterobacterales bacteraemia
[7,8,13—15]. Using an estimated primary outcome rate of 16%, it was
estimated that the inclusion of 438 evaluable subjects in the pri-
mary endpoint analysis would result in 80% power to demonstrate
non-inferiority of oral switch within a 10% margin of a 95% CI, with
a two-sided Type I error rate of 5%.

Statistical analysis

Descriptive results for quantitative variables are presented as
mean and standard deviation or median with interquartile range
(IQR), depending of data distribution. Numbers (percentages) are
reported for qualitative variables. For the primary outcome, the
group difference was compared by expressing the percentage of
patients with treatment failure in the Oral Group minus the per-
centage in the IV Group. A corresponding two-sided 95% CI for the
percentage difference, adjusted using a generalized linear model
for urinary source of bacteraemia, was constructed. Switch to oral
therapy would be considered non-inferior to continuing IV therapy
if the upper bound of the CI for the difference in the mITT popu-
lation was <10%. The 10% non-inferiority threshold was selected
based on recent randomized clinical trials in patients with Gram-
negative bacteraemia, and the US Food and Drug Administration's
recommendations for clinical trials in complicated urinary tract
infection [15,16]. A pre-planned interim analysis was to be per-
formed once the first 50% of the target sample have completed
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90 days of follow-up, with early discontinuation rules for futility or
demonstrated benefit.

Hospital length of stay is presented as median (IQR), and the
group difference for length of stay is presented as a ratio, along with
corresponding 95% CI. For the DOOR analysis at 14 days, outcomes
were ranked from the most to the least desirable as being home and
not on any antimicrobial therapy, home on oral antibiotics, home
on IV antibiotics, in hospital but not on active antimicrobial therapy,
and in hospital and on active therapy. The likelihood of achieving a
higher ranked outcome in the Oral Group, relative to the IV Group,
is expressed as OR with 95% CI, adjusted for urinary source of
bacteraemia. For the primary outcome in the ITT population, pa-
tients with missing outcome data were assumed to have a treat-
ment failure. When only observed data were analysed, missing data
were assumed to be missing at random. All data analyses were
performed using Stata Statistical Software, Version 15.1 (StataCorp,
College Station, Texas).

Results
Screening and enrolment

Between 20 October 2019 and 31 March 2020, a total of 69
subjects were enrolled (median 12 subjects per month). Thereafter,
the COVID-19 pandemic resulted in severe disruption of clinical
research and service delivery, resource allocation, and personnel
deployment in all the study sites. Hence, during the period between
1 April 2020 and 27 May 2022, only an additional 105 subjects were
enrolled (median 4 subjects per month) (Fig. S1). Given the severe
and persistent impact on recruitment, and in consultation with the
study's Data Safety and Monitoring Board, the Study Steering
Committee decided to close the trial for further enrolment. Thus,
the total number of subjects in the IV Group and the Oral Group

were 85 and 89 in the ITT population, and 82 and 83 in the mITT
population, respectively (Fig. 1).

Demographic and clinical characteristics of the enrolled subjects

Approximately half (89, 51%) of the enrolled subjects were fe-
males, and the mean age (+standard deviation) was 56.6 years
(+16.7). Diabetes (99, 57%) and chronic kidney disease (28, 16%)
were the most frequent underlying co-morbidities (Table 1). Me-
dian (IQR) Pitt Bacteraemia Score was 1 (0—1). The urinary tract
(105, 60%) was the most common source of bacteraemia, and E. coli
(116, 67%) and Klebsiella species (42, 24%) were the most frequent
causative pathogens. Extended spectrum B-lactamase production
was documented in 28 (16% of the tested isolates), and carbapenem
resistance in 2 (3% of the tested isolates) (Tables S2 and S3). Post-
randomization, oral cephalosporins, and B-lactam/p-lactamase in-
hibitor combinations were the most frequent agents used in the
Oral Group, whereas parenteral cephalosporins and carbapenems
predominated in the IV Group. The overall median duration of
active antimicrobial therapy was 12 days (IQR 10—15) (Tables 2, S4
and S5).

Outcomes

In the mITT population, treatment failure was documented in 21
(25.6%) subjects in the IV Group and 18 (21.7%) in the Oral Group,
with an absolute risk difference of —3.7% (95% CI —16.6% to 9.2%).
Similarly, the upper bound of the 95% CI around the absolute risk
difference for treatment failure in the ITT population was below
10% (Table 3). There was no statistically significant differences be-
tween the two groups in the incidence of the individual compo-
nents of the composite, though need for additional active
antimicrobial therapy and microbiological relapse were more

Assessed for eligibility (n = 1,476)

Not eligible for enrollment (n = 1,040)"

4

Unmet i ion criteria

+ Patients age 218 years (n = 3)

* Mono-microbial bacteremia (n = 4)

* Susceptible to 21 oral agent (n = 340)

* Able to take oral medication (n = 106)

« Afebrile for >48 hours (n = 364)

+ Hemodynamically stable for 248 hours (n = 383)
* Adequate source control (n = 261)

Exclusion criteria present

+ Allergy to the available oral agents (n = 8)

* Pregnancy (n =8)

+ Infective endocarditis (n = 8)

« Central nervous system infection (n = 31)

+ Terminal underlying illness with expected survival of <14 days (n = 85)

v

Eligible for enroliment (n = 436)

+ Absolute neutrophil count <1.0x10%/L (n = 14)
* Hematopoietic or solid organ transplantation within <90 days (n = 10)

4

Not enrolled (n = 262)
+ Declined by primary physician (103)
* Declined to participate (78)
* Incapacitated, no next of kin available (13)
« Early hospital discharge (65)

‘ Randomized (n = 174)

‘ * Missed randomization window (3)

ITT population ITT population
IV Group (n = 85) Oral Group (n = 89)
« Did not receive the assigned intervention and
does not have a documented outcome (n = 1) —

* Does not have a documented outcome (n = 2)
v

> Did not receive the assigned intervention (n = 2)
* Does not have a documented outcome (n = 4)

v

mITT population
IV Group (n = 82)

mITT population
Oral Group (n = 83)

Fig. 1. Patient recruitment, randomization, and flow through the study. *Did not meet >1 inclusion criterion (n = 390), has >1 exclusion criterion (n = 28), both >1 inclusion, and

>1 exclusion criterion (n = 124).
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Table 1
Baseline characteristics at the time of Enterobacterales bacteraemia

Table 2
Infection and antimicrobial therapy variables

Variable IV Group (n = 85)  Oral Group (n = 89) Variable IV Group (n = 85) Oral Group (n = 89)
Female sex 38 (45%) 51 (57%) Pitt bacteraemia score® 1(0-1) 1(0-1)
Age (y)* 55.5 (+17.9) 57.6 (x15.5) Source of bacteraemia
Hospital location at the time of bacteraemia Urinary tract 51 (60%) 54 (61%)
Emergency department 38 (45%) 42 (47%) Intra-abdominal 14 (16%) 8 (9%)
Hospital ward 40 (47%) 39 (44%) Biliary 4 (5%) 8 (9%)
Intensive care unit 5(6%) 6 (7%) Primary bacteraemia 8 (9%) 7 (8%)
Outpatient 2 (2%) 2 (2%) Respiratory tract 2 (2%) 8 (9%)
Functional capacity before the index bacteraemia Skin and soft tissue 2 (2%) 0 (0%)
Independent 67 (80%) 74 (84%) Vascular line 1(1%) 2 (2%)
Needs assistance with 4 (5%) 8 (9%) Other 3 (4%) 2 (2%)
activities of daily living Enterobacterales species
Dependent for activities 13 (15%) 6 (7%) E. coli 55 (65%) 61 (69%)
of daily living Klebsiella species 22 (26%) 20 (22%)
Underlying co-morbidities Enterobacter species 6 (7%) 6 (7%)
Diabetes 46 (54%) 53 (60%) Citrobacter species 1(1%) 0 (0%)
Chronic liver disease 6 (7%) 7 (8%) Proteus species 0 (0%) 1(1%)
Chronic kidney disease 11 (13%) 17 (19%) Serratia marcescens 1(1%) 1(1%)
Cardiovascular disease 10 (12%) 10 (11%) ESBL-producing organism” 17/84 (20%) 11/88 (13%)
Cerebrovascular disease 9(11%) 3(3%) Device in place at the time of bacteraemia
Dementia 3 (4%) 2 (2%) None 67 (80%)° 66 (75%)"
Active malignant disease 8 (9%) 8 (9%) Urinary device 13 (15%) 12 (14%)
Chronic lung disease 1(1%) 3(3%) Central venous access 2 (2%) 5 (6%)
Connective tissue disease 1(1%) 2 (2%) Biliary stent or drain 1(1%) 5 (6%)
HIV infection 1(1%) 0 (0%) Tracheostomy 1(1%) 0 (0%)
Charlson co-morbidity score® 3(1-6) 3(1-5) Source control required? 18 (21%) 28 (31%)
Immune suppressive therapy Days of pre-randomisation active [V 4 (3—5) 4 (3-5)
None 82 (96%) 84 (94%) antimicrobial therapy®
Prednisolone 3 (4%) 2 (2%) Pre-randomization antimicrobial therapy?
Adalimumab 0 (0%) 1(1%) B-lactam/B-lactamase inhibitor 19 (22%) 27 (30%)
Infliximab 0 (0%) 1(1%) combination
Mycofenolate 0 (0%) 1(1%) Carbapenem 40 (47%) 27 (30%)
Weight (kg)* 74.5 (+19.2) 75.6 (x17.4) Cephalosporin 26 (31%) 34 (38%)
Temperature (°C)* 38.3 (+1.0) 38.1 (+1.1) Fluoroquinolone 0 (0%) 1(1%)
Heart rate (per min)? 102 (+£22) 105 (+23) Trimethoprim/sulfamethoxazole 0 (0%) 0 (0%)
Systolic blood pressure (mmHg)* 110 (+18) 109 (+19) Post-randomization antimicrobial therapy!
Mechanical ventilation 1(1%) 2 (2%) B-lactam/B-lactamase inhibitor 15 (18%) 27 (30%)
Vasopressors 2 (2%) 3(3%) combination
Peripheral white cell 12.8 (+6.2) 13.3(+7.2) Carbapenem 23 (27%) 0 (0%)
count (x10%/L)* Cephalosporin 44 (52%) 31 (35%)
Haemoglobin (g/dL)? 11.3 (x2.4) 11.3 (£1.9) Fluoroquinolone 2 (8%) 17 (19%)
Platelets (x10°/L)" 200 (148—-284) 207 (153—282) Trimethoprim/sulfamethoxazole 1 (1%) 14 (16%)
Serum creatinine (umol/L)® 89 (72—132) 91 (66—154) Total duration of antimicrobial 11 (8—14) 14 (11-16)
Urea (mmol/L)" 6.1 (4.3—10.1) 6.7 (4.2—11.3) therapy (d)*
B a
gotgssnum (mmolﬁL) 40 (+06) 41(20.7) ESBL, extended spectrum B-lactamase; IV, intravenous.
odium (mmol/L) 134 (+5) 135 (+4) A . .
Alanine transaminase (IU/L)® 19 (12-55) 21 (13-43) . Median (interquartile range). o
Aspartate transaminase (IU/L)” 26 (17-59) 25 (18—41) ‘ Expressed as the number of the ESBL-producing isolates over the total number
Alkaline phosphatase (IU/L)” 105 (75—151) 114 (86-152) of isolates tested.
Albumin (g/L)° 30.3 (+7.4) 30.0 (+6.3) , One missing value.
Total bilirubin (umol/L)’ 14 (8-22) 14 (7—24) Tables S$3—55.

2 Mean =+ standard deviation.
> Median (interquartile range).

frequent in the IV Group, and infection-related re-admission in the
Oral Group (Tables 3 and S6).

In the mITT population, the median hospital length of stay was
significantly shorter in the Oral Group (6 days, IQR 5—8) compared
with the IV Group (9 days, IQR 6—14); ratio 0.74 (95% CI 0.58—0.94,
p 0.01). Only one subject, in the IV Group, had documented Clos-
tridioides difficile infection. DOOR analysis did not indicate a
significantly higher likelihood of achieving a higher ranked
outcome at 14 days in the Oral Group compared with the IV Group
(OR 0.93, 95% CI 0.53—1.70; p 0.86) (Fig. 2).

Adverse events
The incidence of adverse events, including those that were

serious or led to treatment discontinuation, was not significantly
different between the two study groups (Tables 4 and S7).

Discussion

Our results demonstrate that switching to oral antimicrobial
therapy in patients with Enterobacterales bacteraemia, subject to
source control and clinical stability, is non-inferior to continuing IV
antibiotic therapy. All-cause, 90-day mortality was very low in both
study groups. Moreover, oral switch was very well-tolerated and
was associated with a significantly shorter hospital stay.

As widely experienced, the impact of the COVID-19 pandemic on
clinical research resulted in the study's closure before reaching its
target sample size [17]. Nevertheless, the enrolled sample was
adequate to demonstrate non-inferiority of switching to oral ther-
apy, compared with continuing IV treatment. One likely explana-
tion for this is that the observed primary outcome rate of 24% is
considerably higher than the original estimate of 16%. Furthermore,
had recruitment continued, the pre-planned interim analysis at
50% of the target sample size would have probably resulted in early
study termination for demonstrated benefit.
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Table 3
Primary and secondary outcomes

Outcome Population IV Group Oral Group Difference (95% CI)*
Treatment failure within 90 d T’ 24 (28.2%) 22 (24.7%) —3.7% (—16.6% to 9.3%)
mITT® 21 (25.6%) 18 (21.7%) —3.7% (—16.6% to 9.2%)
90-d all-cause mortality T’ 6(7.1%) 7 (7.9%) 0.8% (—7.0% to 8.6%)
mITT® (3 7%)" 3 (3.6%)° —0.04% (—5.8% to 5.7%)
Additional antimicrobial therapy ITT" 3(15.3%) 8 (9.0%) —6.8% (—16.1% to 2.6%)
mITT® 0 (12.2%) 4 (4.8%) —7.1% (—15.5% to 1.3%)
Microbiological relapse T’ 3(15.3%) 10 (11.2%) —4.1% (—14.1% to 5.9%)
mITT® 0(12.2%) 6 (7.2%) —4.8% (—14.0% to 4.3%)
Infection-related re-admission ITT" 2 (14.1%) 19 (21.3%) 7.2% (—4.0% to 18.3%)
mITT® 9 (11.0%) 15 (18.1%) 7.5% (—3.1% to 18.1%)

ITT, intention-to-treat; IV, intravenous; mITT, modified intention-to-treat.

2 Group differences expressed as the Oral Group minus the IV Group, adjusted for urinary source of bacteraemia.

> ITT IV Group (n = 85), Oral Group (n = 89).

€ mlITT IV Group (n = 82), Oral Group (n = 83).

4 Gastrointestinal bleeding (n = 1), COVID-19 (n = 1), and cancer (n = 1).
€ End-stage liver disease (n = 1), and COVID-19 (n = 2).

41 (50%) 30 (36%)
home, not on antibiotics
home, on oral antibiotics
home, on IV antibiotics

2% Py M hospital, not on antibiotics

hospital, on antibiotics

14(17%)

« 0 —

11(13%)

o 3(a%)
101%)
5 (6%)

IV Group Oral Group

Fig. 2. Desirability of outcome ranking analysis at day 14 (mITT population). OR for a
higher-ranking outcome with switch to oral antimicrobial therapy is 0.93 (95% CI
0.53—1.70; p = 0.86). mITT, modified intention-to-treat.

Table 4
Adverse event summaries

Category IV Group (n = 85) Oral Group (n = 89) p*

Any adverse events 36 (42.4%) 32 (36.0%) 0.44
Grade 3—5 adverse events 18 (21.2%) 21 (23.6%) 0.72
Serious adverse events 16 (18.8%) 19 (21.3%) 0.71
Adverse events leading to 2 (2.4%)° 1 (1.1%)¢ 0.61

treatment discontinuation

@ Fisher's exact test.
b Elevated liver enzymes (n = 1), injection site reaction (n = 1).
¢ Vomiting (n = 1).

The pragmatic study design allowed closer resemblance of
routine clinical practice and may hence enhance the generaliz-
ability of its findings. Although the emphasis was on switching to
oral antimicrobial therapy as a broad strategy, in vitro susceptibility
testing, selection of therapeutic agents, and dosing regimens were
not standardized. Some observational studies suggested that in
patients with Gram-negative bacteraemia, switching to agents with
relatively higher oral bioavailability, such as fluoroquinolone, may
be superior to f-lactams [18]. In this study, the majority of patients
in the Oral Group were transitioned to oral B-lactam/B-lactam in-
hibitor combinations or cephalosporins, and this did not seem to
result in excess failures. This, and related important questions,
would be best addressed in dedicated randomized clinical trials
that compare outcomes based on specific oral switch protocols,
including standardized susceptibility testing, agent selection, and
dosing regimens, and pharmacokinetic monitoring [19,20].

Given the evidence that 7 days of effective therapy may be
adequate in selected patients with Gram-negative bacteraemia, the

subjects in this study were randomised after receiving no more
than 5 days of active IV antimicrobial therapy [15]. On the other
hand, receipt of at least 3 days of active IV antimicrobial therapy
was required. It is not presently clear if earlier switch to oral agents,
or even upfront oral therapy, for Enterobacterales bacteraemia is as
effective as IV treatment [21]. Interestingly, DOOR analysis did not
indicate a significantly higher likelihood of achieving a higher
ranked outcome at 14 days in the Oral Group compared with the IV
Group. This appears to be largely because patients who were
switched to oral therapy were more likely to be discharged from
hospital earlier, but received significantly longer courses of anti-
microbial treatment. This may be a reflection of a lower threshold
to prescribe longer courses of oral therapy and lower confidence in
its effectiveness. Stewardship efforts to maximize potential benefits
of IV to oral switch should, simultaneously, minimize unnecessary
prolongation of oral antimicrobial therapy.

More than 70% of the patients who were screened for enrolment
in this study were not eligible, suggesting that switch to oral
therapy may not be feasible in a majority of patients with Enter-
obacterales bacteraemia. Approximately 23% of those who were
screened were excluded because of a lack of an active oral anti-
microbial agent for the blood culture isolate. Fosfomycin trometa-
mol, which retains activity against some multidrug resistant
Enterobacterales, was recently shown to be a reasonable oral
switch option for patients with bacteraemic urinary tract infections
[22]. Oral options for the treatment of multidrug resistant Enter-
obacterales may expand further with the potential future avail-
ability of oral carbapenems (e.g. tebipenem) and newer oral B-
lactam/B-lactamase inhibitors (e.g. ceftibuten/avibactam) [23,24].
To enhance their clinical utility, clinical development programmes
for such agents should ideally incorporate their assessment as po-
tential treatment options for patients with Gram-negative
bacteraemia.

Other groups which were excluded in this study were those
with infective endocarditis or central neurological infections, as
well as neutropoenic patients. Whereas current evidence suggests
that transition to oral antibiotics is a safe and effective option for
selected patients with infective endocarditis caused by Gram-
positive bacteria, the evidence is extremely limited for those
involving Enterobacterales [25]. For neurological infections,
ongoing randomized trials are investigating whether oral stepdown
therapy is feasible, although it is likely that only a minority of such
infections would be caused by Enterobacterales [26]. In haematol-
ogy patients with neutropoenic fever, even in the absence of
documented bloodstream infection, current evidence suggests that
early switch to oral antimicrobial therapy is not non-inferior to
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continuing IV treatment [27]. For the foreseeable future, such pa-
tients will probably continue to be excluded from clinical pathways
that promote IV to oral switch in Gram-negative bacteraemia.

In addition to the above limitations, the open-label nature of the
study and the extreme impact of COVID-19 on clinical capacity and
service delivery may have influenced some of the treating physi-
cians' clinical decision making, including earlier switch for
perceived clinical failure and earlier hospital discharge.

Conclusion

In patients with Enterobacterales bacteraemia, oral switch after
initial IV antimicrobial therapy, clinical stability, and source control,
is non-inferior to continuing IV therapy.
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