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Abstract

IMPORTANCE Oral β-lactam antibiotics are traditionally not recommended to treat
Enterobacterales bacteremia because of concerns over subtherapeutic serum concentrations, but
there is a lack of outcomes data, specifically after initial treatment with parenteral antibiotics. Given
the limited data and increasing limitations of fluoroquinolones or trimethoprim-sulfamethoxazole
(TMP-SMX), oral β-lactam antibiotics may be a valuable additional treatment option.

OBJECTIVE To compare definitive therapy with oral β-lactam antibiotics vs fluoroquinolones or
TMP-SMX for Enterobacterales bacteremia from a suspected urine source.

DESIGN, SETTING, AND PARTICIPANTS A retrospective cohort study was conducted from January
1, 2007, to September 30, 2015, at 114 Veterans Affairs hospitals among 4089 adults with Escherichia
coli, Klebsiella spp, or Proteus spp bacteremia and matching urine culture results. Additional inclusion
criteria were receipt of active parenteral antibiotic(s) followed by conversion to an oral antibiotic.
Exclusion criteria were previous Enterobacterales bacteremia, urologic abscess, or chronic
prostatitis. Data were analyzed from April 15, 2019, to July 26, 2020.

EXPOSURES Conversion of therapy to an oral β-lactam antibiotic vs fluoroquinolones or TMP-SMX
after 1 to 5 days of parenteral antibiotics.

MAIN OUTCOMES AND MEASURES The main outcome was a composite of either 30-day all-cause
mortality or 30-day recurrent bacteremia. Propensity-based overlap weights were used to adjust for
differences between groups. Log binomial regression models were used to estimate adjusted relative
risks (aRRs) and adjusted risk differences (aRDs).

RESULTS Of the 4089 eligible patients (3731 men [91.2%]; median age, 71 years [interquartile range,
63-81 years]), 955 received an oral β-lactam antibiotic, and 3134 received fluoroquinolones or
TMP-SMX. The primary outcome occurred for 42 patients (4.4%) who received β-lactam antibiotics
and 94 patients (3.0%) who received fluoroquinolones or TMP-SMX (aRD, 0.99% [95% CI, −0.42%
to 2.40%]; aRR, 1.31 [95% CI, 0.87-1.95]). Mortality rates were 3.0% (n = 29) for patients receiving
β-lactam antibiotics vs 2.6% (n = 82) for those receiving fluoroquinolones or TMP-SMX (aRD, 0.06%
[95% CI, −1.13% to 1.26%]; aRR, 1.02 [95% CI, 0.67-1.56]). Recurrent bacteremia rates were 1.5%
(n = 14) among those receiving β-lactam antibiotics vs 0.4% (n = 12) among those receiving
fluoroquinolones or TMP-SMX (aRD, 1.03% [95% CI, 0.24%-1.82%]; aRR, 3.43 [95% CI, 0.42-27.90]).

CONCLUSIONS AND RELEVANCE In this cohort study of adults with E coli, Klebsiella spp, or Proteus
spp bacteremia from a suspected urine source, the relative risk of recurrent bacteremia was not
significantly higher with β-lactam antibiotics compared with fluoroquinolones or TMP-SMX, and the
absolute risk and risk difference were small (ie, <3%). No significant difference in mortality was
observed. Oral β-lactam antibiotics may be a reasonable step-down treatment option, primarily
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Abstract (continued)

when alternative options are limited by resistance or adverse effects. Further study is needed
because statistical power was limited owing to a low number of recurrent bacteremia events.

JAMA Network Open. 2020;3(10):e2020166. doi:10.1001/jamanetworkopen.2020.20166

Introduction

Enterobacterales bacteremia occurs in up to 20% of patients hospitalized with pyelonephritis or
systemic urinary tract infections (UTIs).1 Guidelines do not directly address the use of oral antibiotics
in the setting of Enterobacterales bacteremia, but several experimental and observational studies
support a “step-down” from initial parenteral therapy to definitive oral therapy, especially with
bacteremia from a urinary source.2-6 Patients in these previous oral step-down studies primarily
received fluoroquinolones or trimethoprim-sulfamethoxazole (TMP-SMX),4-6 which result in similar
serum concentrations whether given via parenteral or oral routes. Therefore, fluoroquinolones,
TMP-SMX, and parenteral antibiotics are considered the mainstays of definitive treatment.6-11 These
mainstays are increasingly limited by antibiotic resistance rates, adverse effects, cost, or decreased
patient satisfaction.12-14 Additional oral antibiotics, if effective, would be a valuable addition to step-
down treatment options.

Oral β-lactam antibiotics are not routinely recommended as step-down therapy for
Enterobacterales bacteremia owing to concern over subtherapeutic serum concentrations.8,15

Although potential subtherapeutic concentrations may legitimately preclude their routine or
empirical use before organism identification and susceptibility determination, their role as step-
down therapy on an individual patient basis is understudied, to our knowledge.11,16 Given the limited
available data, our objective was to compare rates of mortality and recurrent bacteremia in patients
treated with β-lactam antibiotics vs fluoroquinolones or TMP-SMX as oral step-down therapy for
Enterobacterales bacteremia from a suspected urinary source.

Methods

We conducted a retrospective cohort study of patients treated for Enterobacterales bacteremia at
Veterans Affairs (VA) hospitals from January 1, 2007, through September 30, 2015. The exposure was
oral step-down treatment with a β-lactam antibiotic compared with fluoroquinolones or TMP-SMX.
Patients were included if they met all of the following criteria: (1) had matching blood and urine
cultures with Escherichia coli, Klebsiella spp, or Proteus spp; (2) were hospitalized; (3) were aged 18
years or older; (4) received in vitro active parenteral empirical antibiotics for 1 to 5 days; and (5) had
their therapy transitioned to a single oral β-lactam antibiotic, fluoroquinolone, or TMP-SMX by the
sixth day of antibiotic treatment. Exclusion criteria were polymicrobial bacteremia, diagnosis of a
urologic abscess or chronic prostatitis in the 90 days before blood culture collection, or E coli,
Klebsiella spp, or Proteus spp bacteremia in the 365 days before blood culture collection. The study
was reviewed and approved by the University of Utah Institutional Review Board and the Research
and Development Committee of the VA Salt Lake City Health Care System, who waived patient
consent because the project relied on retrospective analysis of existing patient records. The study
followed the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting
guideline and checklist for cross-sectional studies.

Klebsiella aerogenes, which was Enterobacter aerogenes during the study period, was not
included among Klebsiella spp. Eligible urine cultures were those collected within 24 hours of blood
culture collection. Hospitalization was defined as presence in an acute care unit within 1 calendar day
of blood culture collection. Active parenteral empirical antibiotics were those received within 48
hours of blood culture collection and reported as susceptible in the medical record. Any of the
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following were eligible empirical antibiotics: aminoglycosides, β-lactam antibiotics, β-lactam and
β-lactamase inhibitors, fluoroquinolones, polymyxins, or TMP-SMX. Antibiotic day 1 was defined as
the first calendar day an in vitro active parenteral antibiotic was received.6,17 The day of oral antibiotic
step-down was the first calendar day the patient received an oral antibiotic alone, without
documented receipt of a parenteral antibiotic with gram-negative activity. This definition
corresponds to patients receiving a parenteral antibiotic on up to 5 calendar days before oral
antibiotic step-down.

Outcomes
The primary outcome was a composite of either 30-day all-cause mortality or 30-day recurrent
bacteremia starting from day 1 of oral step-down therapy. Recurrent bacteremia was defined as a
blood culture result with the same genus and species, if reported, as the initial positive blood culture
result. Secondary outcomes were 90-day mortality, 90-day recurrent bacteremia, and repeated
hospitalization with a UTI within 30 and 90 days. Repeated hospitalization with a UTI was defined as
a new hospitalization after the original discharge date in which there was a UTI diagnosis code,
receipt of gram-negative antibiotics, and a urine culture growing the same organism genus as the
initial positive blood culture result (eTable and eAppendix in the Supplement). Switching back to a
parenteral antibiotic, for any reason, after day 1 of switching to an oral antibiotic and during the initial
antibiotic treatment course and time to primary outcome were also reported as descriptive
measures.

Study Data and Data Analysis
All data were collected retrospectively from the VA’s Corporate Data Warehouse. Inpatient antibiotic
data were obtained from the barcode medication administration system. Outpatient antibiotics were
identified using pharmacy prescription fill data in the time frame after positive blood culture results.
Outpatient prescriptions were assumed to be taken as prescribed and to begin on the pharmacy fill
date or the hospital discharge date, whichever was later. If no VA outpatient antibiotic prescription
fill was recorded, discharge summaries and progress notes were manually reviewed for non-VA
outpatient antibiotics.

Baseline comorbidities were extracted using the Charlson Comorbidity Index–Elixhauser score
in the 365 days before blood culture collection.18 Urologic comorbidities were extracted based on
International Classification of Diseases, Ninth Revision, Clinical Modification diagnosis codes in the 90
or 365 days before blood culture collection, as specified (Table 1; eTable in the Supplement).19

Urologic procedures were defined by International Classification of Diseases, Ninth Revision, Clinical
Modification procedure codes and Current Procedural Terminology codes in the 90 days before oral
step-down therapy (eTable in the Supplement). Immunosuppression was defined as any history of
solid organ or hematopoietic stem cell transplant, any daily maximum serum leukocyte count less
than or equal to 1000 cells/μL (to convert to ×109/L, multiply by 0.001) between blood culture
collection and start of oral step-down therapy, use of immunomodulatory medication in the 90 days
before blood culture collection, or use of high-dose corticosteroids (ie, �20-mg prednisone
equivalents) for at least 14 of the 30 days before blood culture collection. Organism identification
methods, susceptibility testing, breakpoints used, and reporting were heterogeneous and at the
discretion of individual hospitals during the study period. Race/ethnicity, as self-reported by patient
or their proxy during VA enrollment, was reported for descriptive purposes. Data were extracted
from January 17, 2017, through November 29, 2019, and analyzed from April 15, 2019, through July
26, 2020. Data were accessed through the VA Informatics and Computing Infrastructure.

Statistical Analysis
We used overlap weighting, a variant of inverse probability of treatment weighting, to make
treatment groups as similar as possible.20,21 Variables included in the overlap weights model were
selected a priori using the literature and clinical judgment to identify risk factors associated with
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Table 1. Demographic, Clinical, and Treatment Characteristics

Characteristic

Patients, No. (%)

Fluoroquinolone or trimethoprim-
sulfamethoxazole (n = 3134)

β-Lactam antibiotics
(n = 955)

Age, median (IQR), y 69 (62-80) 73 (64-83)

Male 2847 (90.8) 884 (92.6)

Race/ethnicity

White 1983 (63.3) 617 (64.6)

Black 714 (22.8) 202 (21.2)

Hispanic or Latino 185 (5.9) 53 (5.5)

Native American, Alaskan, Hawaiian,
or Pacific Islander

41 (1.3) 13 (1.4)

Asian 20 (0.6) 3 (0.3)

Missing, unknown, or declined
to answer

191 (6.1) 67 (7.0)

Preexisting conditionsa

Combined comorbidity score,
median (IQR)

1 (0-2) 1 (0-3)

Chronic kidney disease 564 (18.0) 227 (23.8)

Chronic pulmonary disease 681 (21.7) 220 (23.0)

Heart failure 480 (15.3) 170 (17.8)

Diabetes with complication 402 (12.8) 130 (13.6)

Dementia 180 (5.7) 69 (7.2)

Immunosuppression 182 (5.8) 61 (6.4)

History of organ or stem cell transplant 72 (2.3) 22 (2.3)

Transplant antirejection
medications within 90 d

64 (2.0) 20 (2.1)

High-dose corticosteroids within 30 d 39 (1.2) 17 (1.8)

Other immunosuppressive
medication within 90 d

68 (2.2) 23 (2.4)

Leukopenia, leukocyte ≤1000 cells/μL 5 (0.2) 1 (0.1)

Metastatic cancer 144 (4.6) 47 (4.9)

Cirrhosis 88 (2.8) 20 (2.1)

HIV 40 (1.3) 10 (1.0)

Preexisting urologic conditionsa

History of urinary tract infection 886 (28.3) 401 (42.0)

Previous antibiotics active against
gram-negative organisms within 30 d

398 (12.7) 222 (23.2)

Prostate hypertrophy 887 (28.3) 324 (33.9)

Urinary retention, obstruction, or
other structural urologic abnormality

723 (23.1) 288 (30.2)

Urologic procedure within 90 d
before oral step-down therapy

562 (17.9) 212 (22.2)

Prostate cancer 408 (13.0) 143 (15.0)

Spinal cord injury, paraplegia,
quadriplegia, or multiple sclerosis

129 (4.1) 52 (5.4)

Urinary calculi within 30 d 138 (4.4) 35 (3.7)

Acute prostatitis within 30 d 15 (0.5) 7 (0.7)

Enterobacterales isolated from bloodstream

Escherichia coli 2254 (71.9) 711 (74.5)

Proteus mirabilis 189 (6.0) 116 (12.1)

Klebsiella pneumoniae 589 (18.8) 104 (10.9)

Klebsiella oxytoca 75 (2.4) 14 (1.5)

Other or unspecified Klebsiella spp 14 (0.4) 5 (0.5)

Other or unspecified Proteus spp 13 (0.4) 5 (0.5)
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either recurrent bacteremia or mortality.6,7,22-24 The included variables were as follows: year of
bacteremia, age, sex, individual comorbidities,18 immunosuppression, liver cirrhosis, history of UTI,
prostate hypertrophy, prostate cancer, urolithiasis, acute prostatitis, urologic procedures, other
structural urologic comorbidities (ie, retention, stricture, obstruction, or other major structural
abnormalities), spinal cord injury or multiple sclerosis, nosocomial bacteremia (ie, onset �48 hours
after hospital admission), intensive care unit status at blood culture collection and oral step-down,
vasopressor receipt at antibiotic initiation, and presence of an elevated serum leukocyte count or
fever at antibiotic initiation and oral step-down. Fever was defined as a temperature of 38.3 °C or
greater.3 Elevated serum leukocyte count was defined as 12 000 cells/μL or greater. The median
value was used for patients with missing values for leukocyte count or temperature. Diagnoses,
procedures, and medications were assumed to be nonmissing if they were not coded in the medical
record. Balance between groups before and after weighting was assessed using standardized mean
differences and was considered similar if less than 0.10. Overlap weighting was performed using the
PSW package and Overlap option in R, version 3.6.1 (R Foundation for Statistical Computing).25

Adjusted relative risks (aRRs) and adjusted risk differences (aRDs) for the association of treatment
group with both primary and secondary outcomes were estimated using log-binomial regression
with robust SEs to account for clustering within facilities. Both aRRs and aRDs were generated from
augmented estimation in the PSW package in R, version 3.6.1, using the binomial outcome family with
the same covariates specified in the overlap weighting model. A priori hypothesis tests were 2-sided,
and results were considered statistically significant if 95% CIs did not cross 1.00 for aRRs and 0.00

Table 1. Demographic, Clinical, and Treatment Characteristics (continued)

Characteristic

Patients, No. (%)

Fluoroquinolone or trimethoprim-
sulfamethoxazole (n = 3134)

β-Lactam antibiotics
(n = 955)

Acute characteristicsb

Time from hospitalization to bacteremia ≥48 h 159 (5.1) 28 (2.9)

Antibiotic initiation

Intensive care unit 543 (17.3) 165 (17.3)

Vasopressors 122 (3.9) 30 (3.1)

Serum leukocyte ≥12 000 cells/μL 2145 (68.4) 615 (64.4)

Temperature ≥38.3 °C 1799 (57.4) 542 (56.8)

Oral step-down therapy

Intensive care unit 84 (2.7) 22 (2.3)

Serum leukocyte ≥12 000 cells/μL 480 (15.3) 130 (13.6)

Temperature ≥38.3 °C 81 (2.6) 15 (1.6)

Weight, median (IQR), kg 85 (73-100) 86 (74-102)

Creatinine clearance while receiving oral
step-down therapy, median (IQR), mL/minc

62 (44-81) 58 (41-76)

Treatment characteristics

Time to in vitro active antibiotics, median (IQR), h 12 (6-20) 13 (7-21)

1st day of oral antibiotics alone, median (IQR), d 4 (4-5) 5 (4-5)

Day 2 138 (4.4) 32 (3.4)

Day 3 474 (15.1) 121 (12.7)

Day 4 1027 (32.8) 303 (31.7)

Day 5 893 (28.5) 302 (31.6)

Day 6 602 (19.2) 197 (20.6)

Oral antibiotic with in vitro activity 3077 (98.2) 937 (98.1)

Unknown 34 (1.1) 12 (1.3)

Antibiotic duration, median (IQR), d

Total 14 (12-16) 14 (12-16)

Oral 10 (9-13) 10 (8-12)

Abbreviation: IQR, interquartile range.

SI conversion factors: To convert leukocytes to ×109/L,
multiply by 0.001; and creatinine to micromoles per
liter, multiply by 88.4.
a Measured in the 365 days before blood culture

collection date unless otherwise specified. Other
timeframes are before blood culture collection date
unless otherwise specified.

b Antibiotic initiation refers to maximum values within
1 calendar day of the first day of active antibiotics.
Oral step-down refers to the maximum value on the
first day of oral step-down therapy or the maximum
values for the last day prior to oral step-down
therapy with a recorded measurement.

c Creatinine clearance calculated on the day of oral
switch as (140 − [age, y])/(serum creatinine, mg/dL).
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for aRDs. Data collection and analyses were preplanned, except for the time-to-event analysis, which
was performed as a descriptive analysis to explore for potential differences in time to outcomes
(eAppendix in the Supplement).

Results

Study Population
A total of 4089 patients (3731 men [91.2%]; median age, 71 years [interquartile range, 63-81 years])
were included (Figure and Table 1); 955 received a β-lactam antibiotic, and 3134 received
fluoroquinolones or TMP-SMX (2839 received fluoroquinolones and 295 received TMP-SMX).
Exposure to β-lactam antibiotics and fluoroquinolones or TMP-SMX was approximately stable during
the study period (eFigure 1 and eFigure 2 in the Supplement). Fewer than 20% of all patients were
critically ill at the start of antibiotics based on presence in an intensive care unit (708 [17.3%]) or
receipt of vasopressors (152 [3.7%]) (Table 1). In addition, patients were clinically stable at the time
of oral step-down therapy based on intensive care unit status (106 [2.6%]), presence of fever (96
[2.0%]), and elevated serum leukocyte count (610 [14.9%]). The first day of oral antibiotics alone
occurred at a median of 5 days (interquartile range, 4-5 days) for those in the oral β-lactam antibiotic
group and 4 days (interquartile range, 4-5 days) for those who received fluoroquinolones or
TMP-SMX. Overall, overlap weighting resulted in a well-balanced cohort (eFigure 3 and eFigure 4 in
the Supplement).

Outcomes
The primary outcome, a composite of 30-day mortality or recurrent bacteremia, occurred for 42
patients (4.4%) in the oral β-lactam antibiotic group and for 94 patients (3.0%) who received
fluoroquinolones or TMP-SMX (aRD, 0.99% [95% CI, −0.42% to 2.40%]; aRR, 1.31 [95% CI,
0.87-1.95]) (Table 2). Recurrent bacteremia within 30 days of switching to oral therapy occurred in
14 patients (1.5%) in the oral β-lactam antibiotic group and 12 patients (0.4%) who received
fluoroquinolones or TMP-SMX (aRD, 1.03% [95% CI, 0.24%-1.82%]; aRR, 3.43 [95% CI, 0.42-27.90]).
There were no significant differences in 30-day mortality (β-lactam antibiotics, 29 [3.0%] vs
fluoroquinolones or TMP-SMX, 82 [2.6%]; aRD, 0.06% [95% CI, −1.13% to 1.26%]; aRR, 1.02 [95% CI,
0.67-1.56]). Recurrent bacteremia within 90 days of switching to oral therapy occurred in 25 patients
(2.6%) in the oral β-lactam antibiotic group and 34 patients (1.1%) who received fluoroquinolones or
TMP-SMX (aRD, 1.38% [95% CI, 0.30%-2.47%]; aRR, 2.15 [95% CI, 0.92-5.01]). Outcomes by

Figure. Flow Diagram of Inclusion, Exclusion, and Exposure Grouping

10 045 Eligible hospitalized patients with Enterobacterales
in blood and urine cultures and receiving empiric 
parenteral antibiotics

5956 Excludeda

5584

296
77
2

With no oral or parenteral
antibiotics for <1 or >5 d
With previous bacteremia
With chronic prostatitis
With unknown age

4089 Switched to oral antibiotics after 1-5 d of treatment
with parenteral antibiotics

955 Received oral β-lactams 3134 Received oral fluoroquinolones or
trimethoprim-sulfamethoxazole a Three patients met multiple exclusion criteria.
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antibiotic are presented in Table 3. The time to primary outcome results are presented in the
eAppendix, eFigure 5, and eFigure 6 in the Supplement.

In the 30 days after starting oral step-down therapy, repeated hospitalization with UTI occurred
for 14 patients (1.5%) in the oral β-lactam antibiotic group and 22 patients (0.7%) who received

Table 2. Outcomes

Outcome

Patients, No. (%)
aRD, %
(95% CI)a

aRR
(95% CI)a

Fluoroquinolones or trimethoprim-
sulfamethoxazole (n = 3134)

β-Lactam antibiotics
(n = 955)

30-d Mortality and recurrent bacteremia 94 (3.0) 42 (4.4) 0.99 (−0.42 to 2.40) 1.31 (0.87 to 1.95)

Mortality 82 (2.6) 29 (3.0) 0.06 (−1.13 to 1.26) 1.02 (0.67 to 1.56)

Recurrent bacteremia 12 (0.4) 14 (1.5) 1.03 (0.24 to 1.82) 3.43 (0.42 to 27.90)

90-d Mortality and recurrent bacteremia 238 (7.6) 96 (10.1) 1.81 (−0.24 to 3.87) 1.23 (0.96 to 1.56)

Mortality 208 (6.6) 75 (7.9) 0.68 (−1.16 to 2.52) 1.10 (0.85 to 1.42)

Recurrent bacteremia 34 (1.1) 25 (2.6) 1.38 (0.30 to 2.47) 2.15 (0.92 to 5.01)

Repeated hospitalization with UTI

At 30 d 22 (0.7) 14 (1.5) 0.81 (−0.06 to 1.67) 2.08 (0.72 to 5.99)

At 90 d 46 (1.5) 29 (3.0) 1.46 (0.28 to 2.64) 1.94 (0.97 to 3.85)

Abbreviation: aRD, adjusted risk difference; aRR, adjusted relative risk; UTI, urinary tract infection.
a Risk difference and relative risk calculated with fluoroquinolones or trimethoprim-sulfamethoxazole as the reference group and β-lactam antibiotics as the intervention group.

Table 3. Oral Step-Down Antibiotic Distribution, Dosing Regimens, and Outcomes

Drug Patients, No. (%)
30-d Recurrent bacteremia,
No./total No. (%)

30-d Mortality,
No./total No. (%) Dose, mg/dosea Doses per day, No. Patients, No./total No. (%)

β-Lactam antibiotics (n = 955)

Amoxicillin-clavulanate
potassium

251 (26.3) 4/251 (1.6) 13/251 (5.2) 875-125 2 161/251 (64.1)

500-125 2 46/251 (18.3)

500-125 3 28/251 (11.2)

Cephalexin 245 (25.7) 0 5/245 (2.0) 500 4 115/245 (46.9)

500 2 57/245 (23.3)

500 3 47/245 (19.2)

Cefpodoxime proxetil 243 (25.4) 4/243 (1.6) 8/243 (3.3) 200 2 154/243 (63.4)

400 2 47/243 (19.3)

Cefuroxime sodium 97 (10.2) 2/97 (2.1) 0 500 2 83/97 (85.6)

250 2 12/97 (12.4)

Amoxicillin 63 (6.6) 3/63 (4.8) 1/63 (1.6) 500 3 44/63 (69.8)

500 2 9/63 (14.3)

Cefdinir 35 (3.7) 1/35 (2.9) 0 300 2 33/35 (94.3)

Cefixime 14 (1.5) 0 0 400 1 11/14 (78.6)

400 2 3/14 (21.4)

Ampicillin sodium 6 (0.6) 0 2/6 (33.3) 500 4 2/6 (33.3)

500 2 2/6 (33.3)

Cefadroxil 1 (0.1) 0 0 1000 1 1 (100)

Fluoroquinolones or trimethoprim-sulfamethoxazole (n = 3134)

Ciprofloxacin 2447 (78.1) 9/2447 (0.4) 61/2447 (2.5) 500 2 2003/2447 (81.9)

500 1 172/2447 (7.0)

250 2 130/2447 (5.3)

750 2 122/2447 (5.0)

Levofloxacin 374 (11.9) 0 13/374 (3.5) 750 1 156/374 (41.7)

500 1 154/374 (41.2)

250 1 43/374 (11.5)

Trimethoprim-sulfamethoxazole 295 (9.4) 3/295 (1.0) 7/295 (2.4) 800-160 2 259/295 (87.8)

Moxifloxacin hydrochloride 18 (0.6) 0 1/18 (5.6) 400 1 18 (100)
a Specific dosing regimens accounting for 10% or more of each dose per drug are listed. All other unlisted doses were less than 10%. Each patient’s most common dosing regimen

during index treatment course is reported.
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fluoroquinolones or TMP-SMX (aRD, 0.81% [95% CI, −0.06% to 1.67%]; aRR, 2.08 [95% CI,
0.72-5.99]) (Table 2). During the initial antibiotic treatment course, 70 patients (7.3%) in the oral
β-lactam antibiotic group and 228 patients (7.3%) who received fluoroquinolones or TMP-SMX were
switched back to a parenteral antibiotic, for any reason, after day 1 of oral step-down therapy. The
median time to switch back to parenteral antibiotics after day 1 of oral step-down therapy was 3 days
(interquartile range, 1-8 days) for patients in the β-lactam antibiotic group and 3 days (interquartile
range, 1-7 days) for those who received fluoroquinolones or TMP-SMX.

Discussion

In this study of 4089 patients with E coli, Klebsiella spp, or Proteus spp bacteremia from a suspected
urine source, step-down treatment with oral β-lactam antibiotics was not associated with a
statistically significant higher relative risk of recurrent bacteremia compared with fluoroquinolones
or TMP-SMX, and the absolute risk and risk difference were small (ie, aRD, 1.03% [95% CI, 0.24%-
1.82%] at 30 days and 1.38% [95% CI, 0.30%-2.47%] at 90 days). There were no significant
differences in mortality between the groups. These data suggest that oral β-lactam antibiotics are a
reasonable step-down treatment option in the setting of Enterobacterales bacteremia from a urine
source after initial parenteral antibiotics, primarily when alternative treatments are limited by
antibiotic resistance or potential adverse effects.

Although there were 4089 patients, there were only 26 recurrent bacteremia events at 30 days
and 59 at 90 days, limiting statistical power, as evidenced by the wide 95% CIs. All estimates suggest
a higher risk of mortality or recurrent bacteremia with β-lactam antibiotics; these results would likely
meet traditional thresholds for statistically significant differences given additional events. Our
interpretation is then based on our assessment that a 1% to 3% risk difference in recurrent
bacteremia, in the context of less than 3% overall risk, is not a clinically meaningful difference, even
if these estimates met traditional thresholds for statistical significance. This assessment warrants
further discussion. To our knowledge, there is no clear precedence to define a clinically meaningful
difference from the infectious diseases literature, especially related to gram-negative bacteremia.
The US Food and Drug Administration recommends a 10% noninferiority margin for clinical trials
assessing drugs for complicated UTIs26; this effect size has been used in 2 recent trials comparing
different antibiotic durations for gram-negative bacteremia.27,28 Some authors believe that adequate
power to detect smaller effect sizes would be more appropriate for gram-negative bacteremia.29

Other published and ongoing trials used effect sizes of 5% and 4% to define noninferiority.30,31 Our
estimates are below these thresholds, which we highlight for context, acknowledging differences in
the study questions and designs. Individual clinicians may or may not accept this risk depending on
the clinical context, but the estimates may help clinicians assess the risk of an undesirable outcome
and inform decision-making.

To our knowledge, this is the largest cohort comparing oral step-down antibiotic selection for
treatment of Enterobacterales bacteremia. We are not aware of any randomized clinical trials
evaluating the role of oral β-lactam antibiotics as step-down therapy specifically for bacteremia. Oral
β-lactam antibiotics alone without preceding parenteral antibiotics have been shown to be
associated with higher clinical recurrence rates in UTI trials with or without bacteremia.2,32,33 In UTI
trials in which β-lactam antibiotics were used as step-down therapy after initial intravenous
antibiotics, clinical cure rates were either greater than 90% or did not differ between patients with
and patients without bacteremia, but this observation was limited by the small number of patients
with bacteremia.34-41 Several retrospective studies have more directly compared oral β-lactam
antibiotics with established treatments for step-down therapy. Punjabi and colleagues16 performed
a meta-analysis of 8 retrospective studies comparing β-lactam antibiotics with fluoroquinolones or
TMP-SMX as step-down therapy in 2889 patients. Consistent with our results, there were no
significant differences in mortality, but there was a nonstatistically significant higher odds of
recurrent bacteremia with β-lactam antibiotics (1.9%) vs fluoroquinolones or TMP-SMX (1.0%; odds
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ratio, 2.12 [95% CI, 0.92-4.87]). Punjabi and colleagues16 also found that oral β-lactam antibiotics
were associated with higher odds of any recurrent infection compared with fluoroquinolones or
TMP-SMX (5.5% vs 2.0%; odds ratio, 2.06 [95% CI, 1.18-3.61]).16

There were notable differences between our study and prior studies. Nearly all of the previous
studies included patients with several sources of bacteremia. We limited the likely source of
bacteremia to urine and limited the organisms to select Enterobacterales against which oral β-lactam
antibiotics typically have some in vitro activity. The urine source of bacteremia was associated with
lower mortality and recurrent bacteremia rates in previous studies; therefore, our results may not
apply to other sources of bacteremia and do not apply to other Enterobacterales species.6,24 Our
population comprised nearly all older men, which represents a group at increased risk of recurrent
infection because of functional and structural urologic abnormalities.42 However, the findings may
not be applicable to younger patients in whom β-lactam antibiotics may result in subtherapeutic
concentrations owing to higher renal clearance.15 Some authors recommend a 90-day outcome
period, and the comparative considerations of different outcome windows have been discussed
elsewhere.43-45

There are additional considerations for interpreting and applying our results. Existing
breakpoints for oral β-lactam antibiotics are not intended to guide the treatment of gram-negative
bloodstream infections.46 Even when reported as susceptible, oral β-lactam antibiotics given at
traditional doses may result in subtherapeutic serum concentrations when organism minimum
inhibitory concentrations are at the upper range of susceptibility.8,15 Therefore, individual patient
characteristics associated with oral β-lactam pharmacokinetics, measured or predicted organism
minimum inhibitory concentrations, and limitations of alternative treatments should be considered
before the selection of an oral β-lactam antibiotic. Involvement of infectious diseases and
antimicrobial stewardship programs should be considered to optimize patient selection.47 Another
important consideration is that the shortest effective treatment duration is unknown, as durations
shorter than 7 days have not been systematically studied, to our knowledge.27,28 Therefore, we may
have overestimated the association of oral antibiotics with outcomes because it is plausible that
some patients were adequately treated before initiating oral step-down therapy.27,28 Given these
considerations, a better understanding of patient factors associated with recurrence is important, as
patient-specific factors, rather than definitive antibiotic selection or route, may be the primary
factors associated with suboptimal outcomes.

Limitations
This study has some limitations. As previously discussed, our results are limited by inadequate
statistical power so further study is warranted to validate these results. The VA health system is an
integrated health system, so missing mortality data were likely minimal.48 Recurrent bacteremia or
repeated hospitalizations with UTIs at non-VA hospitals would not have been captured. Rates of
recurrent Enterobacterales bacteremia were similar to the 1.2% reported in recent observational
studies but lower than the 3% in experimental studies, which also included nonurinary
sources.16,27,30 Our definition of repeated hospitalization with UTI was different than recurrent
infection without bacteremia in other studies.16 We were not able to verify the presence of urinary
symptoms, so we included only hospitalized patients with microbiologic evidence and antibiotics
targeting Enterobacterales to increase the likelihood of capturing the most clinically significant
recurrences. This definition will miss recurrent UTIs without bacteremia outside the hospital and will
capture treatment of asymptomatic bacteriuria.49 We do not expect the loss to follow-up or
misclassification of the above end points to differ between exposure groups.

We assumed that matching results of urine and blood cultures indicated a urine source of
bacteremia, which may have led to the inclusion of patients with nonurinary sources of bacteremia.
Susceptibility testing was not always directly performed on the oral β-lactam antibiotics, so we used
reported susceptibilities from agents with the same or narrower spectrum to make assumptions as
to whether the oral β-lactam antibiotic had any potential in vitro activity. Last, we were not able to
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account for the presence or replacement of indwelling urinary catheters because there are no
structured data on their use.3

Conclusions

In this cohort study of adults with E coli, Klebsiella spp, or Proteus spp bacteremia from a suspected
urine source, β-lactam antibiotics vs fluoroquinolones or TMP-SMX were not statistically significantly
associated with a higher relative risk of recurrent bacteremia, and there was no difference in
mortality. The absolute risk difference for recurrent bacteremia was small (ie, <3% at 30 and 90
days), suggesting that oral β-lactam antibiotics are a reasonable step-down treatment option on an
individual patient basis, primarily when alternative options are limited by resistance or adverse
effects. Additional research is needed given our statistical power limitations to identify the relative
association of definitive antibiotic selection, as opposed to patient-specific factors, with outcomes.
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