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a b s t r a c t 

Objectives: We investigated the effectiveness of early oral switch for treating Enterobacterales blood- 

stream infection (BSI) by performing a post hoc emulation trial of the SIMPLIFY trial. 

Methods: We conducted a post hoc analysis of a randomized controlled trial. We specified the target trial 

characteristics selecting patients who achieved clinical stability on day 5. We categorized patients into 

those who switched on day 5 and those who continued intravenously. The primary outcome was clinical 

cure at the test of cure. We set a propensity score for being switched on day 5 to reduce confounding. 

We ran simple, not-propensity-adjusted, and propensity-adjusted logistic regression models to ascertain 

the association of switch on day 5 with clinical cure. 

Results: Among 303 patients who achieved clinical stability on day 5, 110 (36.3%) were switched orally on 

day 5, and 193 (63.7%) were kept intravenously. We detected no difference in clinical cure between those 

switched on day 5 and those continued intravenously (risk ratios 1.04, 95% confidence intervals [CI] 0.98- 

1.10). Propensity-adjusted analysis did not show an association between day 5 switch and clinical cure 

(OR 2.10, 95% CI 0.96-7.41). 

Conclusion: Oral step-down therapy on day 5 was not associated with worse clinical cure for Enterobac- 

terales BSI. 

© 2025 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious 

Diseases. This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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ntroduction 

Bloodstream infections (BSI) caused by Gram-negative bacteria 

re common in both healthcare and community settings [ 1 ]. In Eu- 

ope, nearly 120 0,0 0 0 community-onset BSI episodes occur annu- 

lly [ 2 ], with hospitalization required in up to 88% of the cases 

 3 ]. To ensure adequate plasma drug concentrations and broad- 

pectrum coverage, these infections have traditionally been man- 

ged with intravenous (IV) antimicrobials for the full treatment du- 

ation. Recently, there has been growing interest in the role and 

afety of oral step-down therapy for Enterobacterales BSI [ 4 ], with 

everal studies, including a small randomized controlled trial (RCT), 

howing encouraging results [ 5–10 ]. Potential benefits of oral step- 

own therapy include shorter hospital stays, reduced use of venous 

atheters and associated complications, lower healthcare costs, and 

mproved patient comfort [ 11 , 12 ]. However, its implantation re- 

ains inconsistent [ 4 , 9 ]. 

This post hoc analysis of an RCT aimed to assess the effective- 

ess and safety of early oral switch timing in the treatment of En- 

erobacterales BSI. 

ethods 

tudy design and setting 

We conducted a post hoc analysis of the SIMPLIFY trial, an 

nvestigator-driven, open-label, multicentric, pragmatic RCT. Our 

oal was to perform a target emulation trial comparing early oral 

witch on day 5 vs continued IV therapy in patients with Enter- 

bacterales BSI. Table 1 presents the key features of the ideal trial 

nd the emulation analysis, while the full ideal trial protocol is 

vailable in the Supplementary Material (Trial Protocol in Supple- 

entary Material). This study adheres to STROBE reporting guide- 

ines (STROBE checklist in Supplementary Material). 

ata source 

Data were derived from the SIMPLIFY trial, which enrolled pa- 

ients with Enterobacterales BSI treated empirically with an an- 

ipseudomonal beta-lactam. Patients were randomized to either 
2

ontinue the antipseudomonal beta-lactam or de-escalate to alter- 

ative antibiotics based on a predefined protocol. The SIMPLIFY 

rial’s details, including eligibility criteria and treatment assign- 

ent, have been published previously [ 13 ]. Per the study proto- 

ol, patients who achieved clinical stability and could tolerate oral 

reatment were eligible for an oral switch starting from day 5. The 

tudy received ethical approval from the Hospital Universitario Vir- 

en Macarena Ethics Committee. 

ligibility criteria 

We included patients from the SIMPLIFY trial who achieved 

linical stability by day 5. Clinical stability was defined as clinical 

mprovement, being afebrile and with hemodynamically stable for 

t least 24 hours, with adequate source control and no secondary 

ctive foci. Patients who did not achieve stability by day 5 were 

xcluded. 

reatment strategy and assignment 

The index date was set to day 5 after blood culture collection, 

s this was the earliest point at which treatment group assignment 

as known per the SIMPLIFY protocol. Patients were classified into 

wo groups: those who switched to oral therapy (SOT) on day 5 

nd those who either switched later or remained on IV therapy 

or the full treatment duration (control group). A subgroup analysis 

ompared outcomes between patients who switched on day 5 to 

ither oral fluoroquinolones/cotrimoxazole or oral beta-lactams. 

ollow-up and outcomes 

Patients were followed until test of cure (TOC), conducted 3- 

 days after treatment completion, with additional follow-up ex- 

ending to 60 days. The primary outcome was clinical cure at TOC, 

efined as symptoms resolution without treatment modification. 

e analyzed this outcome in the trial’s modified intention-to-treat 

opulation (mITT), considering patients lost to follow-up at TOC 

s treatment failures. Secondary outcomes included clinical cure at 

ay 60 in the clinically evaluable population, microbiological cure 

defined as sterile follow-up blood cultures) in the microbiologi- 

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Table 1 

Features of the ideal target trial and the emulation trial. 

Feature Ideal target trial Emulation trial 

Inclusion criteria – Age ≥18 years As ideal target trial 

– Monomicrobial bacteremia due to Enterobacterales needing at least 5 days of 

IV therapy 

– Receipt of active monotherapy with IV beta-lactam or fluoroquinolone, both 

empirical (started < 24 h after blood cultures were taken) and targeted 

– Clinical stability on day 5 of therapy 

– Source control realized within day 5 if required 

– Able to take oral drugs 

– Negative pregnancy test was required for women of childbearing age 

Exclusion criteria – Life expectancy less than 30 days As ideal target trial 

– Pregnancy/breastfeeding 

– Isolation of carbapenemase-producing Enterobacterales 

– Neutropenia less than 500 cells per μL at randomization 

– Planned duration of treatment of more than 28 days 

Treatment strategies a) Oral switch at day 5 with one of the allowed oral antibiotic options 

b) Continue intravenous therapy with oral switch after day 5 

As ideal target trial 

Treatment assignment Randomization in a 1:1 allocation ratio to a treatment strategy on day 5 from 

therapy commencement 

Exposure assigned according to the 

treatment administration as performed in 

the SIMPLIFY trial 

Follow-up Starts when randomization is performed and ends at day 30 As ideal target trial 

Outcome Clinical cure at test of cure (3-5 days after therapy completion) As ideal target trial 

Casual contrast Modified intention-to-treat analysis Modified intention-to-treat population 

from the SIMPLIFY trial 
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ally evaluable population, BSI recurrence by day 60, all-cause mor- 

ality at day 60 in the mITT population. 

tatistical analysis 

We described continuous variables with median and interquar- 

ile ranges and categorical variables with frequencies and percent- 

ges. Basal features of SOT and control group patients were com- 

ared. We used the Wilcoxon rank-sum for continuous variables 

nd Fisher’s exact test for categorical variables. A P- value < 0.05 

as considered statistically significant. Crude risk differences (RD) 

nd risk ratios (RR) with 95% confidence intervals (CI) between 

OT patients and the control group were calculated. If missing data 

ere present for the outcomes, we considered them as event oc- 

urrence. 

Because patients were not randomized for SOT, we set a 

ropensity score (PS) for being switched on day 5 including all 

vailable, potentially relevant exposures before day 5 using a gen- 

ralized boosted model due to the large variety of response vari- 

bles and the absence of formal distributional assumptions. The 

ovariates to include in the PS were chosen by investigator con- 

ensus. We verified the PS performance by visually inspecting the 

alance of variables and verifying the standardized mean differ- 

nces (SMD) in the pseudo-populations created after applying the 

nverse probability of treatment weighting (IPTW). Subsequently, 

e conducted bivariate analyses of all variables with an SMD > 0.10 

n comparing the two switch time groups to predict clinical cure 

t TOC. We developed non-PS and PS-adjusted logistic regression 

odels to evaluate the association between early oral switch on 

ay 5 and the clinical cure at TOC. To have reliable standard errors 

nd CIs for the PS-adjusted model, we performed 10 0 0 bootstrap 

esamples of the data, recalculating the PS and refitting the logistic 

egression model for each sample. From each fitted model, we then 

xtracted the regression coefficients and examined the distribution 

f these to calculate the 95% CIs for each regression variable. 

Sensitivity analysis was performed by comparing patients SOT 

n days 5 or 6 vs all other patients. We also performed a sen-

itivity analysis considering the oral switch as a time-dependent 

ariable in non-PS and PS-adjusted Cox regression models. 

We conducted the statistical analyses with R software v4.2.2 

nd RStudio v2023.06.0 + 421 https://www.R-project.org/ [accessed 

n 8 March 2024]). 
3

esults 

articipants and descriptive analysis 

Of the 331 patients included in the SIMPLIFY mITT population, 

8 were excluded due to lack of clinical stability by day 5, leaving 

03 patients for analysis. Among them, 110 (36.3%) were SOT on 

ay 5, while 193 (63.7%) were continued IV therapy beyond day 5 

control group) ( Figure 1 ). All patients requiring source control had 

t performed before day 5. The number of patients in the control 

roup who switched to oral per day is reported in Supplementary 

aterial (Table S1). Among the control group, 122 patients (63.2%) 

ere switched after day 7 or were never switched. The clinically 

valuable and microbiologically evaluable populations included 99 

nd 85 patients in the SOT on day 5 group, and 191 and 167 pa-

ients in the control group, respectively. 

Table 2 compares patient characteristics between the two 

roups. They were similar in age, underlying conditions, exposure 

o invasive procedures, acquisition type, infection severity, and eti- 

logy. However, patients in the day 5 switch group were more 

requently fully dependent for basic activities and had a higher 

revalence of urinary tract or unknown-source infections. They 

lso more commonly received oral beta-lactams, while cotrimox- 

zole and fluoroquinolones were more frequently used in the con- 

rol group. 

utcomes analysis 

In the mITT population, clinical cure at the TOC visit was 

chieved in 95.4% (105/110) of patients switched on day 5 and 

1.7% (177/193) in the control group (RR: 1.04; 95% CI: 0.98-1.10). 

mong those who did not reach clinical cure, four patients in the 

ontrol group died, while no deaths occurred in the early switch 

roup. In the clinically evaluable population, the rates were 97.0% 

nd 92.6%, respectively (RR: 1.04; 95% CI: 0.99-1.10). No significant 

ifferences were observed for clinical cure at day 60, mortality, or 

icrobiological cure ( Table 3 ). However, recurrence was less fre- 

uent in SOT group (10.9% vs 24.3%; RR 0.45, 95% CI 0.24-0.80). 

A PS for switching on day 5 was developed using a generalized 

oosted model. The variables included are shown in Supplemen- 

ary Material, Table S2. The PS model showed a balanced distri- 

ution of baseline variables (Figure S1, Table S3). PS-adjusted bi- 

https://www.R-project.org/
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Figure 1. Study diagram. 
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ariate analyses of all variables resulted in an SMD > 0.10 when 

omparing the two groups to predict clinical cure at TOC are re- 

orted in Table S4. Since none of the variables altered the direc- 

ion of the association between the early switch and clinical cure, 

e performed both non-IPTW and IPTW-adjusted logistic regres- 

ion models. The non-PS-adjusted model yielded an OR for clinical 

ure of 1.90 (95% CI, 0.72-5.94), while the PS-adjusted one yielded 

n OR of 2.10 (95% CI, 0.96-7.41). 

Eight patients among those who were switched on day 5 expe- 

ienced adverse events, while there were 19 adverse events in the 

V group. 

In a sensitivity analysis, we compared patients SOT on days 5 

nd 6 with those who switched after day 6 or never switched. 

he first had higher clinical cure rate at TOC compared with those 

ho continued intravenously (143/149 [96%] vs 139/154 [90%] (Ta- 

le S5). The non-IPTW-adjusted model yielded an OR of 2.57 (95% 

I, 1.01-7.39), and the IPTW-adjusted one yielded an OR of 2.85 

95% CI, 1.33-8.01). 

We analyzed the variable oral switch as time-dependent. In this 

nalysis, we did not find an association of oral switch with clinical 

ure in the non-PS-adjusted model (HR, 1.40 [95% CI 0.98-1.99]). 

onversely, we found an association in the PS-adjusted model (HR, 

.40 [95% CI 1.03-1.89]). 

ral switch on day 5 with beta-lactams vs cotrimoxazole or 

uoroquinolones 

Among patients SOT on day 5, we compared those receiving 

eta-lactams to those receiving cotrimoxazole or fluoroquinolones. 

scherichia coli as BSI etiology was more frequent among those re- 

eiving oral beta-lactams (44/57 [77.0%] vs 34/53 [64.0%]). Regard- 

ng outcomes, we found similar clinical outcomes. Clinical cure at 

OC was reached by 54/57 (95.0%) and 51/53 (96.0%) with beta- 

actams and oral cotrimoxazole or fluoroquinolones, respectively 

RR 0.98; 95% CI 0.91-1.07); clinical cure data at day 60 were 56/57 

98.0%) vs 50/53 (94.0%], RR 1.04 [95% CI 0.97-1.12]), recurrence at 

ay 60 (2/57 [3.5%] vs 2/53 [3.7%], RR 0.93 [95% CI 0.14-6.37]), mi- 

robiological cure at TOC (51/57 [89.5%] vs 48/53 [90.6%], RR 0.99 

95% CI 0.87-1.12]), and death at day 60 (1/57 [1.8%] vs 2/53 [3.8%], 

R 0.46 [95% CI 0.04-4.98). 

iscussion 

In this post hoc analysis of the SIMPLIFY trial, which included 

atients with Enterobacterales bacteremia requiring at least 5 days 

f IV treatment at recruitment, we investigated whether early 
4

witch to oral therapy was associated with worse clinical cure. To 

mulate a randomized trial, we included only patients who had 

chieved a clinical response by day 5. In the adjusted analysis, we 

ound no evidence that switching to oral therapy at day 5 was 

armful. A previous target trial emulation on uncomplicated Gram- 

egative BSI reported similar results, strengthening the evidence 

or this approach in clinical practice [ 14 ]. Additionally, a recent 

mall RCT found oral switch noninferior to continued IV therapy 

n Enterobacterales BSI when performed after 3-5 days of IV treat- 

ent [ 10 ]. In an observational study comparing oral step-down 

herapy with beta-lactams vs fluoroquinolones or cotrimoxazole 

n Gram-negative BSI from urinary source (where 30-day mortal- 

ty rates were 3% and 2.6%, respectively), the median switch time 

as between 4 and 5 days [ 15 ], meaning that 50% of the patients

ere switched after 5 days. Despite focusing on urinary-source BSI, 

hese results are comparable to ours, with a mortality rate of 2.8% 

n the oral switch group at day 5. Similarly, an RCT on cholangitis- 

ssociated BSI found no difference in 30-day microbiological eradi- 

ation between patients switched on day 6 vs day 10 [ 6 ]. Although

he study had a small sample size, the microbiological eradication 

f 93.3% in the early switch group was similar to the 96% microbi- 

logical cure observed in our group switched at day 5. A key inclu- 

ion criterion in our study was the requirement for at least 5 days 

f IV therapy. While our findings support switching to oral therapy 

o later than day five in clinically stable patients, an earlier switch 

ay be equally safe for those improving sooner. 

There is ongoing debate regarding the efficacy of beta-lactams 

s fluoroquinolones or cotrimoxazole for oral step-down ther- 

py. Some observational studies, particularly those using high-dose 

eta-lactams, found no significant differences [ 15–17 ], while others 

uggested inferior outcomes with beta-lactams [ 18 , 19 ]. Although 

ur study lacked the power for definitive conclusions, we observed 

imilar 60-day recurrence rates between beta-lactams and other 

ral options (3.5% vs 3.7%) [ 20 ]. Randomized trials are needed to 

larify these differences. 

Our study has several limitations. First, patients were not ran- 

omized to oral switch at day 5, so residual confounding cannot 

e ruled out. Second, trial screening processes, particularly clini- 

ian discretion, may limit generalizability [ 21 ]. However, the prag- 

atic trial design and switch criteria likely reflect real-world prac- 

ice. Third, low event rates for recurrence and microbiological fail- 

re reduced statistical power, preventing firm conclusions on these 

utcomes. Additionally, these low rates raise the question of how 

any patients need to be treated to prevent clinical harm with 

oth strategies. This issue may be particularly relevant when plan- 

ing future RCTs on this topic. Fourth, given RCT evidence support- 
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Table 2 

Comparison between patients switched on day 5 vs those either kept intravenously or switched later. 

Oral switch at 

day 5, N = 110 

Control group, 

N = 193 

P -value 

Age, median years (IQR) 72 (64-79) 73 (65-80) 0.68 

Female sex 37 (34.0) 87 (45.0) 0.053 

Charlson index, median (IQR) 3 (1-4) 2 (1-5) 0.94 

Underlying conditions 

Congestive heart failure 13 (12.0) 24 (12.0) > 0.99 

Chronic pulmonary disease 19 (17.0) 25 (13.0) 0.31 

Solid-organ cancer 33 (30.0) 60 (31.0) 0.90 

Hematological cancer 1 (0.9) 4 (2.1) 0.66 

Diabetes mellitus 40 (36.0) 71 (37.0) > 0.99 

Chronic kidney disease 27 (25.0) 42 (22.0) 0.57 

Obstructive uropathy 13 (12.0) 17 (8.8) 0.43 

Chronic liver disease 12 (11.0) 21 (11.0) > 0.99 

Obstructive biliary tract disease 18 (16.0) 44 (23.0) 0.24 

Immunosuppressive drug use 14 (13.0) 29 (15.0) 0.61 

Dependent for basic activities 4 (3.6) 24 (12.0) 0.012 

Invasive procedures 

Nephrostomy 4 (3.6) 6 (3.1) > 0.99 

Biliary stent 4 (3.6) 16 (8.3) 0.15 

Ureteral stent 2 (1.8) 7 (3.6) 0.50 

Central venous catheter 5 (4.5) 19 (9.8) 0.12 

Nosocomial acquisition 22 (20.0) 40 (21.0) 0.88 

Severe sepsis/septic shock 27 (25.0) 46 (24.0) 0.89 

Source of bacteremia 

Urinary tract 51 (46.0) 65 (34.0) 0.028 

Biliary tract 35 (32.0) 83 (43.0) 0.054 

Intra-abdominal infection, other than biliary tract 6 (5.5) 21 (11.0) 0.14 

Unknown 10 (9.1) 5 (2.6) 0.020 

Others 8 (7.2) 19 (9.8) 0.53 

Nonurinary source 59 (54.0) 128 (66.0) 0.37 

Etiology of bacteremia 

Escherichia coli 78 (71.0) 123 (64.0) 0.25 

Klebsiella spp. 16 (14.5) 44 (22.8) 0.11 

Others 16 (14.5) 26 (13.2) 0.93 

Pitt score, median (IQR) 0 (0-1) 0 (0-1) 0.66 

Total duration of antibiotic therapy, median days (IQR) 10 (9-13) 11 (9-14) < 0.001 

Intravenous therapy duration, median days (IQR) 5 (5-5) 8 (7-11) < 0.001 

Oral therapy duration, median days (IQR) 4 (3-7) 2 (0-4) < 0.001 

Source control in first 72 h a 77/80 (96.2) 113/122 (92.6) 0.54 

Oral drug used 0.048 

Ciprofloxacin 48 (44.0) 60 (61.0) 

TMP/SMX 5 (4.5) 3 (3.0) 

Cefuroxime 24 (22.0) 17 (17.0) 

Cefixime 6 (5.5) 6 (6.1) 

Amoxicillin/clavulanate 12 (11.0) 7 (7.1) 

Amoxicillin 15 (14.0) 4 (4.0) 

Ertapenem 

b 0 (0.0) 2 (2.0) 

Not switched to oral drugs 0 (0.0) 94/193 (48.7) 

Oral antibiotic class 0.036 

β-lactams 57 (52.0) 36 (36.0) 

TMP/SMX or fluoroquinolones 53 (48.0) 63 (64.0) 

IQR, interquartile range; TMP/SMX, trimethoprim/sulfamethoxazole. 
a Only patients in whom source control was needed are included in this variable. 
b Ertapenem was considered an oral drug according to trial protocol. 

Table 3 

Outcome of patients who were switched to oral therapy at day 5 and control group. 

Outcomes Oral switch at day 5 Control group RD (95% CI) RR (95% CI) 

Modified intention-to-treat population N = 110 N = 193 

Clinical cure at TOC 105 (95.4) 177 (91.7) 0.04 (–0.02, 0.09) 1.04 (0.98, 1.10) 

Clinical cure at day 60 106 (96.3) 164 (84.9) 0.11 (0.05, 0.17) 1.13 (1.06, 1.21) 

Death at day 60 3 (2.7) 10 (5.2) 0.02 (–0.02, 0.07) 1.02 (0.98, 1.07) 

Recurrence until day 60 12 (10.9) 47 (24.3) –0.13 (–0.21, –0.05) 0.45 (0.24, 0.80) 

Clinically evaluable population N = 99 N = 191 

Clinical cure at TOC 96 (97.0) 177 (92.6) 0.04 (–0.01, 0.09) 1.04 (0.99, 1.10) 

Microbiologically evaluable population N = 85 N = 167 

Microbiological cure at TOC 82 (96.5) 152 (91.0) 0.05 (–0.01, 0.11) 1.06 (0.99, 1.13) 

RD, risk difference; RR, relative risk; TOC, test of cure. 
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ng 7-day regimens for Gram-negative BSI, switching before day 5 

ay be feasible for many patients [ 22–24 ]. Fourthly, this post hoc 

nalysis did not reach the estimated sample size of 112 patients 

er group, limiting statistical power. However, we believe these 

ata may contribute for future meta-analysis on this topic. Finally, 

lthough we found no evidence that a switch on day 5 either pro- 

ected against or posed a risk for clinical failure, the broad CI high- 

ight the limited precision of our estimates. Indeed, the CI sug- 

ested a potential positive association between early oral switch 

nd clinical cure, possibly indicating residual confounding. 

Our study also has several strengths. Firstly, it leverages high- 

uality data from a previous RCT population. Secondly, it includes 

 larger number of patients who switched to oral antibiotics on 

ay 5 compared to previous studies. Thirdly, we employed a rig- 

rous methodology within the emulation trial framework to mini- 

ize potential bias. Although the SIMPLIFY trial was not an obser- 

ational study, we designed this post hoc analysis as a target trial 

mulation to account for the loss of randomization benefits and to 

mprove the applicability of our finding to real-world observational 

ata. 

In conclusion, our study provides evidence supporting the 

afety of oral step-down therapy in patients with Enterobacterales 

SI after 5 days of IV treatment, provided their clinical condition 

llows it. Ideally, future research should focus on RCT with larger 

ample sizes and tailor oral switch timings to patients’ clinical sta- 

us rather than to rigid time points. These studies could help estab- 

ish best practices for safely transitioning patients to oral therapy. 

unding 

The study was funded by the Plan Nacional de I + D + i 2013-2016

nd Instituto de Salud Carlos III, Subdirección General de Redes y 

entros de Investigación Cooperativa, Ministerio de Ciencia, Inno- 

ación y Universidades, Spanish Network for Research in Infectious 

iseases (REIPI RD16/0016/0001; 0002; 0003; 0005; 0007; 0008; 

 0 09; 0 011; 0 012; 0 015); Spanish Clinical Research and Clinical

rials Platform, (SCReN, PT13/0 0 02/0 010 and PT17/0 017/0 012, and 

I15/00439), co-financed by European Union; European Develop- 

ent Regional Fund “A way to achieve Europe,” Operative Program 

ntelligence Growth 2014-2020. 

vailability of data and materials 

Luis Eduardo López-Cortés and Jesús Rodríguez-Baño had full 

ccess to the data in the study, verified the data in the study, and

ere responsible for the decision to submit for publication. Indi- 

idual, anonymized data would be shared after a signed agree- 

ent with Fundación Pública Andaluza para la Gestión de la In- 

estigación en Salud de Sevilla if requested with the objective of 

erforming a meta-analysis with individual patients’ data. Requests 

hould be submitted to the corresponding author. Interested re- 

earchers should obtain the approval of the Ethic Committee CEIM 

rovincial de Sevilla. A database in SPSS file with the requested 

ata and a dictionary of terms would be provided. 

uthor contributions 

Study design and funds proposal: JR-B, LEL-C, PR-G. Critical re- 

iew of study design: all other authors. Study coordination: LEL- 

, JR-B, CR-F, JB-F. Monitoring coordination: CR-F, EM-M. Microbio- 

ogical studies: MD-V; all other authors: recruitment of patients, 

ollow-up, and collection of patients’ data. Analyses of data: ER, 

RB, LEL-C. Drafting of the manuscript: ER, LEL-C, JR-B. Critical re- 

iew of manuscript: all other authors. 
6

ther SIMPLIFY study group authors 

Marina de Cueto (Hospital Universitario Virgen Macarena), Irene 

orreguero (Unidad de Investigación Clínica y Ensayos Clínicos), 

eyre Lopez Soria, Javier Nieto Arana, Gorane Euba Ugarte (Hos- 

ital Universitario de Cruces), Claudia González-Rico, Adrián Sousa 

omínguez (Hospital Universitario de Vigo), María Carmen Far- 

ñas (Hospital Universitario Marqués de Valdecilla-IDIVAL), María 

uisa Fernández Ávila, Alberto Romero Palacios (Hospital Univer- 

itario de Puerto Real), Francisca María Guerrero Sánchez (Hos- 

ital Universitario Puerta del Mar), Marta Rúa Gómez, Idoia Bil- 

ao del Olmo (Clínica Universidad de Navarra), Esther Calbo, Beat- 

iz Dietl (Hospital Universitario Mutua de Terrassa), Maialen Ibar- 

uren Pinilla, Marta Gómez-Ruiz de Arbulo (Hospital Universi- 

ario de Donostia), Isabel Torres Beceiro (Hospital Universitario 

ucus Augusti), Isabel Machuca, Ángela Cano (Hospital Universi- 

ario Reina Sofía), Livia Giner Oncina, Héctor Pinargote Celorio 

Hospital General Universitario Dr. Balmis), Emilio Cendejas, María 

omero Gómez (Hospital Universitario de la Paz), José Manuel 

uerra Laso (Hospital de León), José María Reguera (Hospital Uni- 

ersitario Regional de Málaga), María Dolores Díaz-López (Hospi- 

al de Orense), José Ramón Paño (Hospital Clínico Universitario 

ozano Blesa), Guillermo Cuervo (Hospital Universitario de Bel- 

vitge), Adrian Argüelles Curto (Hospital Universitario de León), An- 

onio Plata (Hospital Universitario Regional de Málaga), Salvador 

érez Cortés (Hospital de Jerez), Pablo López Mato (Hospital de 

rense), José Luis Sierra Monzón (Hospital Clínico Universitario 

ozano Blesa). 

eclarations of competing interest 

The authors declare that they have no known competing finan- 

ial interests or personal relationships that could have appeared to 

nfluence the work reported in this article. 

cknowledgments 

Scren (Spanish Clinical research network, funded by Instituto 

e Salud Carlos III (PT17/0017/0012 and PT20/00123)). We thank 

rofessor Carlo Torti for his valuable contribution to revising the 

anuscript and offering insights to improve its quality. We also 

hank Doctor Maya Gross for her contribution and help in the 

anuscript language revisions. 

upplementary materials 

Supplementary material associated with this article can be 

ound, in the online version, at doi:10.1016/j.ijid.2025.107917 . 

eferences 

[1] McNamara JF, Righi E, Wright H, Hartel GF, Harris PNA, Paterson DL. Long- 

term morbidity and mortality following bloodstream infection: a systematic 
literature review. J Infect 2018; 77 :1–8. doi: 10.1016/j.jinf.2018.03.005 . 

[2] Goto M, MN Al-Hasan. Overall burden of bloodstream infection and nosoco- 

mial bloodstream infection in North America and Europe. Clin Microbiol Infect: 
Off Publ Eur Soc Clin Microbiol Infect Dis 2013; 19 :501–9. doi: 10.1111/1469-0691. 

12195 . 
[3] Laupland KB, Pasquill K, Parfitt EC, Naidu P, Steele L. Burden of community- 

onset bloodstream infections, Western Interior, British Columbia, Canada. Epi- 
demiol Infect 2016; 14 4 :24 40–6. doi: 10.1017/S09502688160 0 0613 . 

[4] Davar K, Clark D, Centor RM, Dominguez F, Ghanem B, Lee R, et al. Can the
future of ID escape the inertial dogma of its past? The exemplars of shorter is

better and oral is the new IV. Open Forum Infect Dis 2023; 10 :ofac706. doi: 10.

1093/ofid/ofac706 . 
[5] Tamma PD, Conley AT, Cosgrove SE, Harris AD, Lautenbach E, Amoah J, et al. 

Association of 30-day mortality with oral step-down vs continued intravenous 
therapy in patients hospitalized with Enterobacteriaceae bacteremia. JAMA In- 

tern Med 2019; 179 :316–23. doi: 10.1001/jamainternmed.2018.6226 . 

https://doi.org/10.1016/j.ijid.2025.107917
https://doi.org/10.1016/j.jinf.2018.03.005
https://doi.org/10.1111/1469-0691.12195
https://doi.org/10.1017/S0950268816000613
https://doi.org/10.1093/ofid/ofac706
https://doi.org/10.1001/jamainternmed.2018.6226


E. Rando, M. Delgado-Valverde, J.G. Aguirre et al. International Journal of Infectious Diseases 156 (2025) 107917

 

 

[

 

[

[

[

[  

[

[6] Park TY, Choi JS, Song TJ, Do JH, Choi S-H, Oh H-C. Early oral antibi-
otic switch compared with conventional intravenous antibiotic therapy for 

acute cholangitis with bacteremia. Dig Dis Sci 2014; 59 :2790–6. doi: 10.1007/ 
s10620- 014- 3233- 0 . 

[7] Rieger KL, Bosso JA, MacVane SH, Temple Z, Wahlquist A, Bohm N. Intravenous- 
only or intravenous transitioned to oral antimicrobials for Enterobacteriaceae- 

associated bacteremic urinary tract infection. Pharmacotherapy 2017; 37 :1479–
83. doi: 10.1002/phar.2024 . 

[8] Amodio-Groton M, Madu A, Madu CN, Briceland LL, Seligman M, McMas- 

ter P, et al. Sequential parenteral and oral ciprofloxacin regimen versus par- 
enteral therapy for bacteremia: a pharmacoeconomic analysis. Ann Pharma- 

cother 1996; 30 :596–602. doi: 10.1177/1060 028096030 0 0605 . 
[9] Al-Hasan MN, Rac H. Transition from intravenous to oral antimicrobial therapy 

in patients with uncomplicated and complicated bloodstream infections. Clin 
Microbiol Infect 2020; 26 :299–306. doi: 10.1016/j.cmi.2019.05.012 . 

[10] Omrani AS, Abujarir SH, Ben Abid F, Shaar SH, Yilmaz M, Shaukat A, et al.

Switch to oral antibiotics in gram-negative bacteraemia: a randomized, open- 
label, clinical trial. Clin Microbiol Infect 2024; 30 :492–8. doi: 10.1016/j.cmi.2023. 

10.014 . 
[11] Jensen KM, Paladino JA. Cost-effectiveness of abbreviating the duration of in- 

travenous antibacterial therapy with oral fluoroquinolones. PharmacoEconomics 
1997; 11 :64–74. doi: 10.2165/0 0 019053-199711010-0 0 0 08 . 

12] Keren R, Shah SS, Srivastava R, Rangel S, Bendel-Stenzel M, Harik N, et al. 

Comparative effectiveness of intravenous vs oral antibiotics for postdischarge 
treatment of acute osteomyelitis in children. JAMA Pediatr 2015; 169 :120–8. 

doi: 10.1001/jamapediatrics.2014.2822 . 
[13] López-Cortés LE, Delgado-Valverde M, Moreno-Mellado E, Goikoetxea Aguirre J, 

Guio Carrión L, Blanco Vidal MJ, et al. Efficacy and safety of a structured 
de-escalation from antipseudomonal β-lactams in bloodstream infections due 

to Enterobacterales (SIMPLIFY): an open-label, multicentre, randomised trial. 

Lancet Infect Dis 2024; 24 :375–85. doi: 10.1016/S1473- 3099(23)00686- 2 . 
[14] Tingsgård S, Bastrup Israelsen S, Jørgensen HL, Østergaard C, Benfield T. Early 

switch from intravenous to oral antibiotics for patients with uncomplicated 
gram-negative bacteremia. JAMA Netw Open 2024; 7 :e2352314. doi: 10.1001/ 

jamanetworkopen.2023.52314 . 
[15] Sutton JD, Stevens VW, Chang N-CN, Khader K, Timbrook TT, Spivak ES. Oral 

β-lactam antibiotics vs fluoroquinolones or trimethoprim-sulfamethoxazole for 

definitive treatment of Enterobacterales bacteremia from a urine source. JAMA 
Netw Open 2020; 3 :e2020166. doi: 10.1001/jamanetworkopen.2020.20166 . 
7

[16] Geyer AC, VanLangen KM, Jameson AP, Dumkow LE. Outcomes of high- 
dose oral beta-lactam definitive therapy compared to fluoroquinolone or 

trimethoprim-sulfamethoxazole oral therapy for bacteremia secondary to a 
urinary tract infection. Antimicrob Steward Healthc Epidemiol 2023; 3 :e148. 

doi: 10.1017/ash.2023.435 . 
[17] Bjork L, Hopkins T, Yang L, Teng C, Jones X, Cadena J, et al. Comparative-

effectiveness of oral beta-lactams and fluoroquinolones for stepdown therapy 
in patients with Enterobacterales bloodstream infections: a retrospective co- 

hort study. Int J Med Sci 2023; 20 :437–43. doi: 10.7150/ijms.80621 . 

[18] Mponponsuo K, Brown KA, Fridman DJ, Johnstone J, Langford BJ, Lee SM, 
et al. Highly versus less bioavailable oral antibiotics in the treatment of gram- 

negative bloodstream infections: a propensity-matched cohort analysis. Clin 
Microbiol Infect 2023; 29 :490–7. doi: 10.1016/j.cmi.2022.10.004 . 

[19] Punjabi C, Tien V, Meng L, Deresinski S, Holubar M. Oral fluoroquinolone or 
trimethoprim-sulfamethoxazole vs ß-lactams as step-down therapy for Enter- 

obacteriaceae bacteremia: systematic review and meta-analysis. Open Forum 

Infect Dis 2019; 6 :ofz364. doi: 10.1093/ofid/ofz364 . 
20] Mogle BT, Beccari MV, Steele JM, Fazili T, Kufel WD. Clinical considerations 

for oral beta-lactams as step-down therapy for Enterobacteriaceae bloodstream 

infections. Expert Opin Pharmacother 2019; 20 :903–7. doi: 10.1080/14656566. 

2019.1594774 . 
21] Tabah A, De Bus L, Leone M. Antibiotic de-escalation: finally, some action and 

not only words. Lancet Infect Dis 2024; 24 :331–3. doi: 10.1016/S1473-3099(23) 

00749-1 . 
22] Yahav D, Franceschini E, Koppel F, Turjeman A, Babich T, Bitterman R, et al. 

Seven versus 14 days of antibiotic therapy for uncomplicated gram-negative 
bacteremia: a noninferiority randomized controlled trial. Clin Infect Dis: Off

Publ Infect Dis Soc Am 2019; 69 :1091–8. doi: 10.1093/cid/ciy1054 . 
23] von Dach E, Albrich WC, Brunel A-S, Prendki V, Cuvelier C, Flury D, et al. Ef-

fect of C-reactive protein-guided antibiotic treatment duration, 7-day treat- 

ment, or 14-day treatment on 30-day clinical failure rate in patients with 
uncomplicated gram-negative bacteremia: a randomized clinical trial. JAMA 

2020; 323 :2160–9. doi: 10.1001/jama.2020.6348 . 
24] Molina J, Montero-Mateos E, Praena-Segovia J, León-Jiménez E, Natera C, 

López-Cortés LE, et al. Seven-versus 14-day course of antibiotics for the 
treatment of bloodstream infections by Enterobacterales: a randomized, con- 

trolled trial. Clin Microbiol Infect: Off Publ Eur Soc Clin Microbiol Infect Dis 

2022; 28 :550–7. doi: 10.1016/j.cmi.2021.09.001 . 

https://doi.org/10.1007/s10620-014-3233-0
https://doi.org/10.1002/phar.2024
https://doi.org/10.1177/106002809603000605
https://doi.org/10.1016/j.cmi.2019.05.012
https://doi.org/10.1016/j.cmi.2023.10.014
https://doi.org/10.2165/00019053-199711010-00008
https://doi.org/10.1001/jamapediatrics.2014.2822
https://doi.org/10.1016/S1473-3099(23)00686-2
https://doi.org/10.1001/jamanetworkopen.2023.52314
https://doi.org/10.1001/jamanetworkopen.2020.20166
https://doi.org/10.1017/ash.2023.435
https://doi.org/10.7150/ijms.80621
https://doi.org/10.1016/j.cmi.2022.10.004
https://doi.org/10.1093/ofid/ofz364
https://doi.org/10.1080/14656566.2019.1594774
https://doi.org/10.1016/S1473-3099(23)00749-1
https://doi.org/10.1093/cid/ciy1054
https://doi.org/10.1001/jama.2020.6348
https://doi.org/10.1016/j.cmi.2021.09.001

	Effectiveness of oral step-down therapy and early oral switch for bloodstream infections caused by Enterobacterales: A post hoc emulation trial of the SIMPLIFY trial
	Introduction
	Methods
	Study design and setting
	Data source
	Eligibility criteria
	Treatment strategy and assignment
	Follow-up and outcomes
	Statistical analysis

	Results
	Participants and descriptive analysis
	Outcomes analysis
	Oral switch on day 5 with beta-lactams vs cotrimoxazole or fluoroquinolones

	Discussion
	Funding
	Availability of data and materials
	Author contributions
	Other SIMPLIFY study group authors
	Declarations of competing interest
	Acknowledgments
	Supplementary materials
	References


