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ABSTRACT Beta-hemolytic streptococci are common causes of bloodstream infection
(BSI). There is emerging data regarding oral antibiotics for BSI but limited for beta-hemolytic
streptococcal BSI. We conducted a retrospective study of adults with beta-hemolytic strepto-
coccal BSI from a primary skin/soft tissue source from 2015 to 2020. Patients transitioned
to oral antibiotics within 7 days of treatment initiation were compared to those who
continued intravenous therapy, after propensity score matching. The primary outcome
was 30-day treatment failure (composite of mortality, infection relapse, and hospital read-
mission). A prespecified 10% noninferiority margin was used for the primary outcome. We
identified 66 matched pairs of patients treated with oral and intravenous antibiotics as
definitive therapy. Based on an absolute difference in 30-day treatment failure of 13.6%
(95% confidence interval 2.4 to 24.8%), the noninferiority of oral therapy was not confirmed
(P = 0.741); on the contrary, the superiority of intravenous antibiotics is suggested by this
difference. Acute kidney injury occurred in two patients who received intravenous treat-
ment and zero who received oral therapy. No patients experienced deep vein thrombosis
or other vascular complications related to treatment. In patients treated for beta-hemolytic
streptococcal BSI, those who transitioned to oral antibiotics by day 7 showed higher rates
of 30-day treatment failure than propensity-matched patients. This difference may have
been driven by underdosing of oral therapy. Further investigation into optimal antibiotic
choice, route, and dosing for definitive therapy of BSI is needed.
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Bloodstream infection (BSI) is a common complication of skin and soft tissue infection
(1). Beta-hemolytic streptococci are among the most common pathogens causing BSI,

particularly among those with primary soft tissue infections (2, 3). Cellulitis complicated by
BSI has been associated with higher rates of infection recurrence (4). Partially on account of
this difference in outcomes, streptococcal BSI has traditionally been treated with intravenous
(i.v.) antibiotic therapy. However, i.v. therapy has been associated with adverse events,
including i.v. catheter-related complications (5, 6).

There are emerging data suggesting equivalence of clinical outcomes with the tran-
sition of i.v. to definitive oral antibiotic therapy in infectious syndromes traditionally
treated with fully i.v. regimens, such as infective endocarditis and orthopedic infections
(7, 8). Preliminary data have suggested similar outcomes between i.v. and oral therapy for
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patients with BSI with Enterobacterales (9–11). More limited data have shown similar findings
for low-risk Staphylococcus aureus BSI (12, 13). While there is a paucity of data regarding the
use of definitive oral antibiotics with streptococcal BSI, a recent survey showed a majority of
surveyed infectious diseases physicians are completing treatment of beta-hemolytic strepto-
coccal BSIs with oral agents (14).

In this study, we aimed to compare outcomes between i.v. and oral definitive ther-
apy in patients with beta-hemolytic Streptococcus BSI from a skin or soft tissue source.
We also aimed to assess factors in those with treatment failure, as well as analyze dif-
ferences in complications from antibiotic therapy.

RESULTS
Patient characteristics. Overall, 609 with beta-hemolytic streptococcal blood-

stream infection were identified in the study period, 315 of which were eligible for
inclusion. Among these, 96 were transitioned to oral antibiotic therapy within
7 days of treatment initiation. After propensity score estimation, 66 patient pairs
from the i.v. and oral treatment groups were successfully matched. Baseline char-
acteristics of the treatment groups before and after matching are presented in
Table 1.

Among the propensity-matched patients, the most common Streptococcus species was
S. agalactiae and the most common infectious syndrome was cellulitis. Slightly more than
half (54.5%) received an infectious diseases consult. Most factors incorporated in the pro-
pensity score were balanced between the matched groups (Fig. S1 in the supplemental
material). Only the treatment site showed residual imbalance based on a standardized
difference greater than 0.25. When comparing the matched groups on baseline variables

TABLE 1 Baseline characteristics before and after propensity score matchinga

i.v. (n = 219) Oral (n = 96) SMD i.v. (n = 66) Oral (n = 66) SMD
Characteristic Before propensity score matching After propensity score matching
Age, yr 70.6 (60.0–81.1) 72.7 (61.8–84.7) 0.127 74.5 (64.1–82.9) 71.8 (63.3–84.6) 0.088
Mayo site 0.413 0.266
Arizona/Florida 23 (10.5%) 23 (24.0%) 11 (16.7%) 17 (25.8%)
Rochester, MN 79 (36.1%) 22 (22.9%) 15 (22.7%) 17 (25.8%)
Midwest health system sites 117 (53.4%) 51 (53.1%) 40 (60.6%) 32 (48.5%)

Pitt bacteremia score 0.0 (0.0–1.0) 0.0 (0.0–1.0) 0.138 0.0 (0.0–1.0) 0.0 (0.0–1.0) 0.147
Charlson Comorbidity index 4.0 (2.0–8.0) 5.0 (2.0–9.0) 0.092 5.0 (2.0–8.0) 5.0 (2.0–9.8) 0.083
Infectious syndrome 0.419 0.036
Cellulitis 143 (65.3%) 72 (75.0%) 49 (74.2%) 48 (72.7%)
Unknown source 48 (21.9%) 22 (22.9%) 15 (22.7%) 16 (24.2%)
Otherb 28 (12.8%) 2 (2.1%) 2 (3.0%) 2 (3.0%)

Preexisting long-term i.v. accessc 12 (5.5%) 0 (0.0%) 0.341 0 (0.0%) 0 (0.0%)
Body mass index, kg/mc 33.8 (27.9–43.9) 32.4 (26.4–38.6) 0.284 32.6 (28.9–37.2) 32.1 (26.4–38.1) 0.058
ICU admission 54 (24.7%) 9 (9.4%) 0.415 4 (6.1%) 5 (7.6%) 0.060
Hospital length of stay$7 days 124 (56.6%) 17 (17.7%) 0.880 18 (27.3%) 16 (24.2%) 0.069
Infectious diseases consult 176 (80.4%) 42 (43.8%) 0.815 39 (59.1%) 33 (50.0%) 0.183
Malabsorptive disorderc 6 (2.7%) 0 (0.0%) 0.237 0 (0.0%) 0 (0.0%)
Recent chemotherapy 13 (5.9%) 7 (7.3%) 0.055 3 (4.5%) 4 (6.1%) 0.068
Immunosuppression 21 (9.6%) 9 (9.4%) 0.007 7 (10.6%) 7 (10.6%) 0.000
Beta-lactam allergy 34 (15.5%) 23 (24.0%) 0.213 10 (15.2%) 10 (15.2%) 0.000
Streptococcus species 0.253 0.158
S. pyogenes 45 (20.5%) 19 (19.8%) 15 (22.7%) 11 (16.7%)
S. agalactiae 101 (46.1%) 55 (57.3%) 37 (56.1%) 41 (62.1%)
S. dysgalactiae 73 (33.3%) 22 (22.9%) 14 (21.2%) 14 (21.2%)

Prosthetic device 50 (22.8%) 21 (21.9%) 0.023 14 (21.2%) 16 (24.2%) 0.072
Delayed admission 13 (5.9%) 4 (4.2%) 0.081 2 (3.0%) 2 (3.0%) 0.000
Propensity score 0.13 (0.06–0.31) 0.57 (0.34–0.72) 1.429 0.38 (0.30–0.62) 0.44 (0.30–0.71) 0.171
aData are median (IQR) for continuous variables and N (%) for categorical variables. Delayed admission was defined as hospitalization on a different day than initial culture
acquisition. ICU, intensive care unit; i.v., intravenous; SMD, standardized mean difference.

bOther infectious syndromes included diabetic foot infection with osteomyelitis (17), necrotizing fasciitis (6), abscess (4), and pyomyositis (3). After propensity matching, all 4
other syndromes were diabetic foot infections with osteomyelitis.

cAs no patients in the oral therapy group had a preexisting long-term i.v. access or a malabsorptive disorder, these patients were excluded from data set before propensity
score matching.
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not incorporated in the propensity score, the i.v. group had slightly higher propor-
tions with a history of cellulitis (19.7% versus 12.1%) but comparable rates of diabe-
tes mellitus (51.5% versus 45.5%), chronic kidney disease (34.8% versus 31.8%),
chronic extremity edema (39.4% versus 37.9%), chronic soft tissue ulceration (18.2%
versus 21.2%), and sex (female 33.3% versus 31.8%). There were no reported cases of
i.v. drug use in either group. Four patients received secondary cellulitis prophylaxis
with penicillin following primary therapy: three in the i.v. group and one in the oral
group. From 120 patients in the propensity-matched patients with follow-up nega-
tive blood cultures, 20 34.5% had a duration of bacteremia .2 days. The median du-
ration of bacteremia was 2.0 (interquartile range [IQR], 2.0 to 3.0) days overall and for
both treatment groups.

Antibiotic therapy. Details of antibiotic therapy for the matched groups are pre-
sented in Table 2. The median total duration of antibiotic therapy was 16 days in the i.v.
group and 15 days in the oral group from the first initiation of an active antibiotic.
Ceftriaxone was the most common i.v. antibiotic while amoxicillin and amoxicillin-clavu-
lanate were the most common oral antibiotics. Twelve patients in the i.v. group were
transitioned to oral antibiotic therapy after more than 7 days of i.v. therapy. In the oral
group, most patients received the usual dosing (n = 49, 74.2%), nine (13.6%) received
low dosing and eight (12.1%) received higher than usual dosing after considering renal
function at the time of transition to an oral antibiotic. Further details about antibiotic
dosing are included in Table S2.

Outcomes. Seventeen of 132 (12.9%) patients experienced treatment failure within
30 days of completing therapy, and 27 (20.5%) failed within 90 days. This included 10 patients
with infection relapse, 2 of whom had recurrent BSI. None of these relapses resulted in compli-
cations such as osteomyelitis or infective endocarditis. The oral group had a higher incidence
of treatment failure at both time points, with absolute differences of 13.6% and 10.6%,
respectively (Table 3). Formal testing of the primary outcome, 30-day treatment failure,
did not meet the criteria for noninferiority (P = 0.741) and the confidence interval for the
treatment difference suggested superiority of i.v. therapy (95% confidence interval, 2.4%

TABLE 2 Antibiotic treatment details after propensity score matchinga

Characteristic i.v. (n = 66) Oral (n = 66)
i.v. Antibiotic
Ampicillin 1 (1.5%) 5 (7.6%)
Ampicillin-sulbactam 2 (3.0%) 3 (4.5%)
Cefazolin 4 (6.1%) 5 (7.6%)
Cefepime 1 (1.5%) 5 (7.6%)
Ceftriaxone 52 (78.8%) 41 (62.1%)
Daptomycin 1 (1.5%) 0 (0.0%)
Penicillin 1 (1.5%) 0 (0.0%)
Piperacillin-tazobactam 1 (1.5%) 4 (6.1%)
Vancomycin 3 (4.5%) 1 (1.5%)
Vancomycin1 cefepime 0 (0.0%) 2 (3.0%)

Duration of i.v. antibiotics, days 16.0 (15.0–17.0) 4.5 (4.0–5.8)
Oral antibiotic transition 12 (18.2%) 66 (100.0%)
Oral antibiotic agent
Amoxicillin 1 (8.3%) 17 (25.8%)
Amoxicillin-clavulanate 4 (33.3%) 17 (25.8%)

Amoxicillin-clavulanate1 trimethoprim-sulfamethoxazole 1 (8.3%) 0 (0.0%)
Cefadroxil 1 (8.3%) 12 (18.2%)
Cefdinir 1 (8.3%) 10 (15.2%)
Cephalexin 1 (8.3%) 5 (7.6%)
Clindamycin 1 (8.3%) 2 (3.0%)
Doxycycline 0 (0.0%) 1 (1.5%)
Levofloxacin 1 (8.3%) 0 (0.0%)
Linezolid 1 (8.3%) 0 (0.0%)
Penicillin 0 (0.0%) 2 (3.0%)

Duration of oral antibiotics, days 11.5 (6.5–15.0) 10.0 (8.0–12.0)
Total duration of antibiotics, days 16.0 (15.0–17.0) 15.0 (12.0–16.0)
aData are median (IQR) for continuous variables and n (%) for categorical variables; i.v., intravenous.
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to 24.8%). Kaplan-Meier curves of treatment failure are shown over the 90 days after therapy
completion in Fig. 1.

Details of the 17 patients who developed 30-day treatment failure are shown in Table S3.
The four failures in the i.v. antibiotic group had received either cefazolin (2) or ceftriaxone (2).
The 13 failures in the oral group received cefdinir (4), amoxicillin-clavulanate (4), cefadroxil (2),
penicillin, clindamycin, and cephalexin. Patients that received low dosing had the highest rate
of 30-day treatment failure (n = 4/9, 44.4%). Those that received the usual dosing had a rate
of 30-day treatment failure (n = 8/49, 16.3%) comparable to the high-dose group (n = 1/8,
12.5%). Further details about antibiotic dosing are included in Table 4.

Two patients in the i.v. group developed acute kidney injury during the treatment pe-
riod, compared to zero in the oral antibiotic group. No patients in either group developed a
deep vein thrombosis or other vascular complications during therapy.

DISCUSSION

This study found that transitioning to oral antibiotic therapy within 7 days of
treatment initiation for beta-hemolytic streptococcal BSI from the skin and soft tis-
sue sources was not noninferior to continued i.v. therapy. On the contrary, our data
suggest that the transition to oral therapy was associated with a higher risk of 30-
day treatment failure. Rates for the other complications studied were low in both
treatment groups.

There are multiple potential factors that could explain the higher rate of treatment
failure in the oral antibiotic group. One is the bioavailability of the commonly used oral
agents. This has been evaluated in the treatment of BSI from Enterobacterales, where
treatment with an oral antibiotic with low or moderate bioavailability has been associated
with higher rates of treatment failure (15). Agents with high bioavailability in these studies
were primarily fluoroquinolones, which were scarcely used in the present study. However, a
recent study of streptococcal BSI that compared oral therapy with fluoroquinolone to oral
beta-lactam agents found similar rates of treatment success, with oral beta-lactams being
found to be noninferior (16). Additionally, existing data pertaining to oral therapy in other
Gram-positive BSIs have commonly employed highly bioavailable non-beta-lactam agents,
such as linezolid, clindamycin, levofloxacin, or trimethoprim-sulfamethoxazole (13, 17–19).
Our study cohort primarily received oral beta-lactam agents. Of the commonly used oral
agents, cefdinir had a disproportionate rate of treatment failure (40%). Cefdinir has a low
bioavailability of 21% (20), and it is possible this is a suboptimal choice for treatment of BSI.
Amoxicillin-clavulanate also represented a large proportion of treatment failures. Interestingly,
patients who received amoxicillin without clavulanate did not have any episodes of treatment
failure, although the number of those patients was small.

It has also been noted that transition to oral therapy before day 3 and utilization of
low-dose oral therapy may be associated with higher odds of treatment failure (16). It should
be noted that the prior study analyzed all Streptococcus species from multiple sources, and it
is possible that species or source-specific differences could have influenced outcomes. For

TABLE 3 Summary of study outcomesa

Outcome i.v. (n = 66) Oral (n = 66)
Treatment difference
(95% confidence interval)

30-day treatment failure 4 (6.1%) 13 (19.7%) 13.6% (2.4%, 24.8%)b

30-day mortality 0 (0.0%) 3 (4.5%) 4.5% (20.5%, 9.6%)
30-day relapse 2 (3.0%) 5 (7.6%) 4.5% (23.1%, 12.2%)
30-day readmission 3 (4.5%) 6 (9.1%) 4.5% (24.0%, 13.1%)

90-day treatment failure 10 (15.2%) 17 (25.8%) 10.6% (23.0%, 24.2%)
90-day mortality 1 (1.5%) 4 (6.1%) 4.5% (21.9%, 11.0%)
90-day relapse 4 (6.1%) 6 (9.1%) 3.0% (26.0%, 12.0%)
90-day readmission 7 (10.6%) 9 (13.6%) 3.0% (28.1%, 14.2%)

Acute kidney injury during treatment 2 (3.0%) 0 (0.0%) 23.0% (27.2%, 1.1%)
aTreatment difference is the outcome frequency in the oral group minus the outcome frequency in the i.v. group
(in percentage points), with a corresponding 95% confidence interval.

bTest for noninferiority of oral therapy based on a preestablished margin of 10 percentage points: P = 0.741.
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example, that study included 34% with S. pneumoniae bloodstream infection, which likely
has differences from beta-hemolytic streptococci in terms of source of infection and poten-
tial for infection relapse. However, this finding regarding dosing is similar to our study,
where patients that received low-dose oral therapy had the highest rate of treatment failure
(44.4%). Thus, the difference in outcomes may be driven by suboptimal dosing of primarily
oral beta-lactam therapy.

Other recent studies evaluating the transition from i.v. to oral therapy in Gram-positive BSIs
have suggested factors unrelated to therapy may impact rates of treatment failure. A cohort
study of uncomplicated streptococcal BSI did not find a difference in 30-day outcomes in uni-
variable analysis (21). This study found diabetes mellitus and hospitalization within 3 months
before the index BSI episode to be associated with readmission. However, it should be noted
that definitive therapy with i.v. or oral antibiotics was not included in the multivariable analysis
and the described associations with readmission were not balanced between groups.

FIG 1 Kaplan-Meier curves showing cumulative incidence of treatment failure (A) and difference in
cumulative incidence of treatment failure (B) between the intravenous and oral antibiotic groups. The vertical
dashed line indicates day 30 of posttreatment follow-up. The numbers under the x axis are number of
patients at risk at the respective time points.
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This study did show a very low rate of therapy-related complications regardless of
the route of antibiotic administration. This may have been influenced by the specific anti-
biotics used in the outpatient setting and the relatively short duration of therapy. A recent
study examining catheter-related complications of outpatient parenteral antibiotic therapy
for a median of 29 days found the receipt of vancomycin or daptomycin to be associated
with catheter complications (22), which very few patients received in our study. The rate of
acute kidney injury was also similar to a study including patients receiving outpatient par-
enteral antibiotic therapy for a variety of infections (23). It should be noted that patients
who received oral antibiotic therapy likely underwent less frequent toxicity monitoring,
which may have influenced the rate of detected complications.

Our study was not able to evaluate social and economic factors that could have influ-
enced outcomes. There are data that socioeconomic status is associated with a higher rate
of infectious complications (24). Certain social factors such as occupation and less social sup-
port may be associated with receiving oral antibiotics for definitive treatment after hospital
discharge given the greater burden continued i.v. therapy places on individuals. As such,
lower socioeconomic status may be a source of confounding in the present study, which
requires further evaluation. Additionally, we were unable to evaluate oral drug adherence. It
is possible that oral regimens may have poorer adherence rates compared to structured out-
patient parenteral therapy.

This study has multiple limitations of note. It was performed retrospectively and is
susceptible to multiple sources of bias, including treatment selection bias. For this purpose,
we used propensity score matching to minimize baseline differences between groups and
facilitate fair comparisons of study outcomes. However, there are likely other possible sour-
ces of confounding that were not completely accounted for, such as socioeconomic status.
Also, the reduced sample size after propensity score matching was relatively small, and
event rates were generally too low to pursue statistical testing. Our outcome definitions,
such as readmission, may not necessarily reflect direct effects from the route of antibiotic
therapy. However, these were chosen to avoid subjectivity surrounding allocating an out-
come as infection-related or unrelated. The epidemiology and risk factors for different beta-
hemolytic streptococci are also not completely overlapping (25), and these differences
should be considered. Superficial soft tissue infections were largely documented as cellulitis;
however, it is possible that some may have been other forms of soft tissue infection such as
erysipelas. Finally, most relapsed infections were not confirmed through microbiologic test-
ing, and some may have been due to different bacteria than their primary episode.

In conclusion, these data could not establish the transition of i.v. to definitive oral ther-
apy as noninferior to continued i.v. treatment in patients with beta-hemolytic streptococcal

TABLE 4 Outcomes of patients in the oral antibiotic group, stratified by relative antibiotic
dosing

Characteristic Usual (n = 49) Low (n = 9) High (n = 8) Total (n = 66)
Oral antibiotic agent
Amoxicillin 12 (24.5%) 0 5 (62.5%) 17 (25.8%)
Amoxicillin-clavulanate 16 (32.7%) 1 (11.1%) 0 17 (25.8%)
Cefadroxil 7 (14.3%) 3 (33.3%) 2 (25.0%) 12 (18.2%)
Cefdinir 9 (18.4%) 0 1 (12.5%) 10 (15.2%)
Cephalexin 1 (2.0%) 4 (44.4%) 0 5 (7.6%)
Clindamycin 1 (2.0%) 1 (11.1%) 0 2 (3.0%)
Doxycycline 1 (2.0%) 0 0 1 (1.5%)
Penicillin 2 (4.1%) 0 0 2 (3.0%)

30-day treatment failure 8 (16.3%) 4 (44.4%) 1 (12.5%) 13 (19.7%)
30-day mortality 1 (2.0%) 2 (22.2%) 0 3 (4.5%)
30-day readmission 5 (10.2%) 1 (11.1%) 0 6 (9.1%)
30-day relapse 3 (6.1%) 1 (11.1%) 1 (12.5%) 5 (7.6%)

90-day treatment failure 11 (22.4%) 4 (44.4%) 2 (25.0%) 17 (25.8%)
90-day mortality 2 (4.1%) 2 (22.2%) 0 4 (6.1%)
90-day readmission 7 (14.3%) 1 (11.1%) 1 (12.5%) 9 (13.6%)
90-day relapse 3 (6.1%) 1 (11.1%) 2 (25.0%) 6 (9.1%)
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BSI from a skin or soft tissue source rather suggested a worse 30-day outcome. This differ-
ence in outcomes may be related to the choice of oral antibiotics, specifically the use of pri-
marily oral beta-lactam agents with limited bioavailability. Patients who received low-dose
oral therapy had the highest rate of treatment failure, and dose optimization of oral beta-
lactam therapy may improve outcomes. Further study analyzing more optimal oral antibiotic
agents and dosing strategies is needed.

MATERIALS ANDMETHODS
Study design. We performed a retrospective, multicenter, propensity score-matched case-control

study of adults with beta-hemolytic Streptococcus species bloodstream infections from a skin or soft tissue
source at our centers in Arizona, Florida, Minnesota, and Wisconsin from January 2015 through December
2020. Inclusion criteria were age$18 years at the time of diagnosis, isolation of a beta-hemolytic Streptococcus
species from a blood culture, and the bloodstream infection originating from a skin or soft tissue source.
Patients were excluded if they had a polymicrobial bloodstream infection, a nonskin or soft tissue primary
source of infection, a metastatic focus of infection such as infective endocarditis or hematogenous osteomyeli-
tis, hospice enrollment before completing antibiotic therapy, or if they lacked research authorization per state
statutes. Patients with diabetic foot osteomyelitis who underwent an appropriate source-controlling procedure
within 7 days of antibiotic initiation, such as amputation, were eligible for inclusion as their remaining antibiotic
course would be primarily aimed at resolving their bloodstream infection rather than osteomyelitis. Those
without a defined primary focus of infection were eligible for inclusion if they underwent thorough investiga-
tion for occult sources of infection, as these were presumed to be related to unrecognized soft tissue infection.

Potentially eligible patients were identified from our internal microbiologic lab blood culture data-
base. These patients were then manually screened and data from included patients were manually
extracted into a prespecified data collection form. Abstracted data included demographics, preexisting
comorbidities, infection-related characteristics, treatment characteristics, and outcomes. Study data
were collected and managed using REDCap electronic data capture tools hosted at Mayo Clinic (26, 27).

Treatment characteristics included choice and duration of an initial i.v. antibiotic agent. For applicable
patients, this also included the choice and duration of a subsequent oral antibiotic agent. Patients were included
in the oral group if they received 7 or less days of initial i.v. therapy. The i.v. group received more than 7 days of
i.v. therapy. These groups were compared for the outcomes of interest. The primary outcome was 30-day treat-
ment failure, defined as a composite of mortality, infection, and/or bacteremic relapse, and all-cause hospital
readmission. Infection relapse was defined as the recurrence of clinical signs or symptoms of bacteremia or soft
tissue infection. Bacteremic relapse required repeat isolation of the same streptococcal species, while relapsed
soft tissue infection did not require microbiologic confirmation. Secondary outcomes were 90-day treatment fail-
ure and individual components of treatment failure at 30 and 90 days. Antibiotic agents were defined as those
received for at least 50% of i.v. or oral therapy, respectively. After considering creatinine clearance (incorporating
adjusted body weight for patients whose weight was .120% of ideal body weight), oral antibiotic doses were
classified as usual or high- or low-dose relative to the usual reference doses listed in Table S1. Patients whose
adjusted doses were above the usual dose were classified as “high” and those below were classified as “low.”
Delayed admission was defined as admission to the hospital on a later date than when the initial positive blood
culture was drawn. This was defined to capture patients who may have presented to the emergency department
and were discharged but were called back for admission once blood cultures returned positive. The Pitt bactere-
mia score and Charlson comorbidity index were calculated as previously described (28, 29).

Propensity scoring. Propensity score matching was used to facilitate comparisons between the two
treatment groups. For propensity score estimation, a multivariable logistic regression model was constructed to
predict the actual treatment received using 15 of 17 prespecified baseline variables thought to be relevant to
treatment selection (Table 1). Because the other two variables were too sparse for statistical modeling (zero
counts in the oral group), we removed those individuals with either exposure from entry into the matching pro-
cedure to avoid potential imbalance. Next, we used a nearest neighbor matching algorithm to sample the oral
antibiotic-treated patients and an equal number of i.v.-treated patients, matching them on propensity score
within a tolerance of 0.2 standard deviations of the logit-transformed scores (i.e., predicted log odds for receiving
oral treatment). Covariate balance before and after matching was evaluated with standardized mean differences.

Statistical analysis. Continuous and categorical variables are summarized using median (IQR) and
frequency (percentage), respectively. Treatment differences in all 30-day and 90-day outcomes between
the matched groups were estimated along with 95% confidence intervals. The primary outcome of 30-
day treatment failure was formally tested for noninferiority in the oral versus i.v. therapy group, based
on a prespecified noninferiority margin set at 10%. This noninferiority margin was chosen as a clinically
relevant difference in effectiveness between oral and i.v. therapy based on previously published studies
(12, 15, 16). Kaplan-Meier curves were also constructed to illustrate group differences in the cumulative
incidence of treatment failure as a function of time since treatment completion. All analyses were per-
formed using R version 4.0.3 (R Foundation for Statistical Computing, Vienna, Austria).

Data availability. The data that support the findings of this study are available from the correspond-
ing author upon reasonable request.
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