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Abstract

Background: The purpose of this study was to compare the clinical outcomes of adults with 

uncomplicated streptococcal bacteremia who received either oral stepdown (PO) or continued 

intravenous (IV) therapy.

Methods: This was a retrospective, single-center, cohort study, including adults admitted 

with Streptococcal bloodstream infection between January 1, 2013, and December 31, 2020. 

Only patients with uncomplicated Streptococcal bloodstream infections were included. Patients 

transitioned to oral therapy within 5 days from bacteremia onset were compared to patients 

receiving continued IV therapy. The primary outcome was clinical failure, defined by either 

90-day hospital readmission or mortality. Secondary outcomes included hospital length of stay 

(LOS) and antibiotic-related adverse events (AAEs).

Results: Of the 264 patients included, 42% were transitioned to oral step-down therapy. Group B 

Streptococcus (22.7%) was the most common isolate. The most common sources of infection were 

skin and soft tissue (35%) and pulmonary (25%). Intensive care unit stay was more common in the 

continued IV therapy group (22.2%) compared to the step-down PO group (5.4%). The frequency 

of clinical failure was similar in continued IV therapy and step-down PO (24.2% vs 18.0%, p= 

Corresponding author: Rami Waked, MD, Electronic address: ramiwaked12@hotmail.com, Maine Medical Center, 22 Bramhall St, 
Portland, ME 04102, USA, Phone: (207) 662-0111. 

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review 
of the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered 
which could affect the content, and all legal disclaimers that apply to the journal pertain.

Competing Interests: None

Ethical Approval: The study was reviewed as exempt by the MaineHealth Institutional Review Board (1707684-1).

Credit authorship contribution statement:
Rami Waked: Writing - original draft, Methodology, Investigation
Wendy Y. Craig: Methodology, data analysis, Writing - Review & Editing
Nicholas J. Mercuro: data analysis, Writing - Review & Editing
Minkey Wungwattana: Conceptualization, Methodology, Writing - Review & Editing
Emily Wood: Methodology, Writing - Review & Editing
Kristina E. Rokas: Conceptualization, Methodology, Writing - Review & Editing

HHS Public Access
Author manuscript
Int J Antimicrob Agents. Author manuscript; available in PMC 2024 March 01.

Published in final edited form as:
Int J Antimicrob Agents. 2023 March ; 61(3): 106736. doi:10.1016/j.ijantimicag.2023.106736.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



0.23). The IV group had longer LOS (median, [IQR]) compared to the PO group (7 [5-13.5] vs 4 

[3-5] days, p< 0.001). AAEs were similar between the two groups (1.3% vs 1.8%, p=0.74).

Conclusion: Stepdown to oral therapy may be appropriate for the treatment of uncomplicated 

Streptococcal bacteremia with consideration of factors such as patient comorbidities, type of 

infection, source control and clinical progress.
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Introduction

Streptococcus species are Gram-positive aerobic organisms frequently encountered in 

invasive infections, and significantly contribute to global morbidity and mortality. 1,2 Due 

to concerns related to efficacy, bioavailability, absorption, and adherence, patients with 

Streptococcal bloodstream infections frequently complete antibiotic courses via intravenous 

(IV) route. 3 However, there is increasing interest in transitioning to oral (PO) stepdown 

therapy in bloodstream infection given the lower cost, convenience, reduced risk of line-

related complications, and potential shorter hospital length of stay (LOS). 4 The transition to 

PO antibiotic is appropriate in patients demonstrating clinical response and achieve source 

control, even for severe infections caused by other organisms. Oral step-down therapy for 

Gram-negative bloodstream infection, is considered a standard practice as many studies have 

demonstrated its efficacy without compromise of safety. 5 The most frequently studied PO 

agents for bloodstream infection have historically been fluoroquinolones in Gram-negative 

infections because of high bioavailability. 6,7 Switching to PO therapy has also been 

examined for severe Gram-positive bloodstream infections (i.e. Staphylococcus aureus) 8,9 

however, this is still not considered standard of care in the United States. 10

The use of PO antibiotic therapy as step-down therapy for uncomplicated Streptococcal 

bloodstream infections remains controversial, likely due to the diversity of streptococcal 

species, varying virulence profiles, and the heterogeneous types of infections they may 

cause. 6,11 This has led to differences in prescription practices. A recently published 

retrospective cohort study on uncomplicated streptococcal bloodstream infections showed 

no difference in clinical outcomes in patient treated with step-down oral antibiotic therapy 

compared to continued IV treatment. 12

The purpose of this study was to compare PO and IV therapies for adult patients with 

uncomplicated streptococcal bloodstream infections. We hypothesized that early switch to 

PO therapy would not have higher clinical failure compared to continued IV treatment. 

Length of in hospital stay and antibiotic-associated adverse effects were also compared 

between the two groups.
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Material and methods

Study participants

This single-center retrospective cohort study was conducted at a tertiary teaching hospital in 

Portland, Maine, USA. The study was reviewed as exempt by the MaineHealth Institutional 

Review Board (1707684-1).

All patients aged ≥18 years admitted with a positive blood culture growing Streptococcus 
spp. drawn between January 1, 2013, and December 31, 2020, and initially treated with IV 

antibiotics were potentially eligible for inclusion in the study. Patients with polymicrobial 

bloodstream infections, unknown 90-day follow up outcome, complicated streptococcal 

bloodstream infections (endocarditis, bone, joint, spine, empyema, central nervous system, 

unattainable source control) and/or with antibiotics administered more than 24 hours of 

the time that the first positive blood culture was collected were excluded. Patients with 

blood cultures that were presumed to be contaminants by treating clinician or transitioned 

to hospice care before completion of antibiotic therapy, as well as those transitioned 

to oral antibiotic therapy >5 days after a positive blood culture were also excluded. 

Subjects receiving an entire course of IV antibiotic therapy for treatment of Streptococcal 

bloodstream infection were assigned to the IV-only group. Patients transitioned from IV to 

oral antibiotic therapy within five days of onset of bloodstream infection were included in 

the oral PO-stepdown group.

Data Collection

An automated report was generated from the electronic health record to identify patients 

with positive blood cultures for streptococci. For eligible patients, data were collected from 

the electronic medical record for demographic and clinical variables, microbiology results, 

antibiotic regimens, and outcome measures. Our primary outcome measure (clinical failure) 

was a composite of all-cause 90-day hospital readmission and 90-day mortality; secondary 

outcomes measures were hospital LOS and antibiotic-related adverse events (AAEs). Data 

were entered into and maintained in a REDCap® database.

Definitions

Stepdown was defined as a switch to an active PO antibiotic therapy following empirical IV 

antibiotics within ≤5 days from onset of bloodstream infection, whilst patients in IV group 

were not converted to any PO therapy during the course of treatment.

Total duration of therapy was calculated using the day of the first negative follow-up blood 

culture as day one, and including planned days of therapy post-discharge, if applicable. 

Repeat positive culture growing the same organism was defined as a blood culture drawn 

>24 hours after the index culture. Patients without repeat blood cultures were excluded 

from calculation of total duration of therapy. Source control was defined as completion of 

a procedure that eliminated infectious foci prior to completion of antimicrobial therapy. 

AAEs were assessed up to 90 days following discharge. Clostridioides difficile infection was 

defined by a positive C. difficile polymerase chain reaction test and provider documentation 

of diarrhea. Other AAEs were reported as documented by provider documentation. 
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Documentation of intervention by an infectious diseases (ID) physician for antibiotic 

selection was considered an ID consultation.

Data Analysis

Data were summarized using descriptive statistics; continuous data are shown as mean 

(standard deviation) or median [interquartile range], as appropriate, and categorical data are 

shown as frequency (n, %), both overall and after stratification by IV and PO subgroups 

and by the primary outcome measure (clinical failure). Differences between subgroups 

were analyzed using Chi Square Test (with or without continuity correction) or Fisher’s 

exact test (categorical variables) or two-sided Student’s T test or Mann-Whitney U test 

(continuous variables), as appropriate. Variables that differed between primary outcome 

subgroups in univariate analysis (p<0.1) were entered either separately (unadjusted analysis) 

or together (adjusted analysis) as covariates into a multivariable logistic regression model 

to identify independent predictors of the composite adverse outcome. To confirm any 

independent associations with the primary outcomes and PO-stepdown therapy, an inverse 

probability treatment weight (IPTW) was created in a multivariable regression model based 

on covariates potentially associated with either the primary outcome or assignment to 

a treatment arm. Results were presented as odds ratios (OR) and adjusted odds ratios 

(aOR) with 95% confidence intervals (CI). A p-value < 0.05 was considered statistically 

significant. All analyses were performed using SPSS statistical software, version 28 (IBM 

SPSS Inc, Armonk, NY).

Results

Between January 1, 2013, to December 31, 2020, 709 patients were admitted for 

Streptococcal bloodstream infection, among whom 264 were eligible for inclusion in the 

study (Figure 1). Deep seated infection (215/427, 50.4%) was the most frequent reason 

for exclusion. The majority of eligible patients (58%) were treated with continued IV 

antibiotics. The most frequent isolates identified were Group B Streptococcus (22.7%), 

Streptococcus pneumoniae (17%) and alpha-hemolytic Streptococci (17%). Group C/F/G 

Streptococcus were combined as well as group A Streptococcus accounted for 27% and 13% 

of cases, respectively.

The mean (SD) patient age was 64.4± 17.2 years and 62.5% were male (Table 1). The 

rate of intensive care unit (ICU) admission was 15.2%. Hypertension (59.8%), diabetes 

(34.5%) and cancer (14.4%) were frequent comorbidities. The quick sepsis related organ 

failure assessment (qSOFA) score was <2 in 84.8% of cases at the time of diagnosis 

with bacteremia. The most common sources of infection were skin and soft tissue (35%), 

pulmonary (25%) and gastro-intestinal (13.6%). Among patients in the PO-stepdown group, 

54/111(48.6%) were changed within 3 days and 57/111 (51.4%) patients were deescalated 

between day 4 to 5 of the initial positive blood culture. While demographic characteristics 

were similar between the PO-stepdown and IV-only groups, there was variation among 

clinical characteristics. Patients in the IV-only group were significantly more likely to have 

ICU admission (34/153 (22.2%) versus 6/111 (5.4%), p<0.001), hypertension (101/153 

(66.6%) versus 57/111 (51.4%), p=0.016), or presence of intravascular device (17/153 
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(11.1%) versus 2/111 (1.8%), p=0.003), while those in the PO stepdown treatment group 

were more likely to have received outpatient steroids (15/111 (13.5%) versus 8/153 (5.2%), 

p=0.02). Gastrointestinal infections were significantly more frequent in the IV-only group 

(27/153 (17.6%) versus 9/111 (8.1%), p=0.025).

Compared with those in the PO-stepdown group, patients in the IV-only group were more 

likely to undergo a transthoracic echocardiography (TTE) (108/153 (70.6%) versus 40/111 

(36%), p<0.001) or a transesophageal echocardiography (TEE) (43/153 (28.1%) versus 

4/111 (3.6%), p<0.001), as well as to receive a consult from an infectious disease specialist 

(89/153 (58.2%) vs 11/111 (9.9%), p<0.001) (Table 2). The median (IQR) duration of 

inpatient antibiotic treatment was 6 (4-10) days for the IV-only group, compared to 3 (3-4) 

days for the PO-stepdown group (p<0.001). Estimated total duration of antibiotic therapy 

was comparable in the two groups of IV-only versus PO-stepdown therapy (14 (13-14) 

versus 13 (10-14) days).

The IV-only group was more likely to complete their antibiotic course in the hospital 

(41/153, 26.8% versus 2/111 (1.8%) respectively, p<0.001). Consistent with this, patients 

in the PO-stepdown group were more likely to be discharged with antibiotic than those in 

the IV-only group (109/111, 98.2% versus 112/153, 73.2%, respectively, p<0.001). The most 

commonly used targeted antibiotics in the outpatient setting among those discharged with IV 

antibiotics was ceftriaxone (92/112, 82.1%). For those in the PO group, the most frequent 

targeted PO antibiotics at discharge were cefdinir (27/109, 24.7%) and amoxicillin (25/109, 

22.9%). (Supplementary Tables)

There was no significant difference in clinical failure between the IV-only and PO-stepdown 

treatment groups (37/153 (24.2%) versus 20/111 (18.0%), respectively, p=0.23) or its 

components (Table 3). Median (IQR) LOS was longer in the IV-only group compared with 

the PO-stepdown group (7 [5-13.5] days versus 4 [3-5] days, respectively, p< 0.001) and 

discharge to home was more frequent in the PO-stepdown group (94/111 (84.7%) versus 

98/153 (64.1%), respectively, p =0.001).

After adjusting for covariates associated with clinical failure in the univariate analysis (see 

Supplementary Tables), only receipt of dialysis was independently associated with clinical 

failure (adjusted OR (95% CI), 11.5 [2.1-61.9], p=0.004) (Table 4). Compared with the 

IV-only group, treatment with PO-stepdown was not associated with clinical failure in the 

unadjusted (OR (95% CI), 0.7 [0.4-1.3], p=0.23), covariate-adjusted (OR (95% CI), 0.8 

[0.4-1.6], p= 0.54) (Table 4), or IPTW adjusted (aOR (95% CI), 0.6 [0.3-1.1], p=0.10) 

analyses.

Discussion

In this study, there was no association between clinical failure and PO-stepdown treatment 

for uncomplicated Streptococcal bloodstream infections. The two groups had similar rates of 

90-day mortality, hospital readmission, recurrence, and AAEs. Readmission due to recurrent 

Streptococcal bacteremia was overall low in this study, reflecting the low risk of treatment 
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failure in uncomplicated Streptococcal bloodstream cases. The LOS was shorter in the 

PO-stepdown group compared to the IV-only group.

Recent studies have demonstrated the safety of PO antibiotic therapies for treatment of 

certain bloodstream infections. In a retrospective cohort study published by Tamma el al., 

patients with uncomplicated Enterobacterales bloodstream infection that were switched to 

PO-stepdown therapy within five days of initiation of parenteral therapy had similar 30-day 

mortality and recurrence rates compared to continuation of IV therapy for the duration 

of the course. 5 A meta-analysis compared outcomes in patients transitioned to either 

PO fluoroquinolones or trimethoprim-sulfamethoxazole versus ß-lactams after an initial IV 

course for Gram-negative bloodstream infection; most commonly used ß-lactam antibiotic 

regimens were amoxicillin/clavulanic acid, amoxicillin, and cephalexin. 13 While there was 

no difference in mortality, patients transitioned to PO ß-lactams had higher rates of infection 

recurrences compared to fluoroquinolones. The authors explained these findings by the 

lower bioavailability of some ß-lactam antibiotics, concentration of antibiotic necessary to 

inhibit an organism, and frequent dosing required for ß-lactam antibiotics, which could have 

led to lower compliance. 13 In our study, the most common PO-stepdown agents were also 

ß-lactams (81.6%) mostly comprised of cefdinir and amoxicillin. While serum concentration 

of these oral beta-lactams does not reach those of their IV counterparts, such as ceftriaxone 

and ampicillin, the wild-type MIC distributions of ß-streptococci and S. pneumoniae likely 

remain attainable in respect to reaching concentrations at target sites. 14,15

A common practice of treatment of Gram-positive bloodstream infection is parenteral 

antibiotics. A large, randomized trial examining treatment-related outcomes in endocarditis 

(consisting of mostly streptococci) found those with PO stepdown (dual agents) therapy after 

a two-week IV lead-in had similar outcomes to IV-only. 16 Ghandi et al assessed 308 patient 

treated for non-Staphylococcal Gram-positive bloodstream infections and demonstrated 

that PO antibiotic step-down therapy was non-inferior to IV antibiotic therapy. 17 Some 

additional recent studies showed conflicting data about the safety of switching to PO 

therapies in Staphylococcus aureus bloodstream infections. 18-20

While streptococci and enterococci are also Gram-positive bacterium, data for PO-stepdown 

in S. aureus infections may not be applicable, for a number of reasons. Each Streptococcal 

species has different virulence factors and may cause different types of infections. 21,22 

Prevalence of infective endocarditis in Streptococcal bloodstream infections is dependent 

on Streptococcal species, with S mutans, S gordonii, S sanguinis, S gallolyticus, and S 
mitis/oralis being most common. 23 This shows the spectrum of diversity of Streptococcal 

infections. Specific Streptococcal spp. was unable to be determined based on diagnostic 

platforms utilized at our institution. In addition, bloodstream infections with S aureus are 

associated with higher rates of ICU admission, as well as persistently positive blood cultures 

for several days on targeted antibiotics compared to Streptococcus bloodstream infections. 24 

The findings in our study may not be generalizable for all adult patients with uncomplicated 

Streptococcal bloodstream infections.

Two retrospective cohorts demonstrated the safety of treating uncomplicated Streptococcal 

bloodstream infection with PO antibiotics. Kang et al assessed 244 patients and concluded 
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that patients treated with PO-stepdown had significantly shorter LOS compared with 

continued IV therapy with similar 30-day recurrence of bloodstream infection, 30-day 

readmission, 30-day all-cause mortality, and catheter-related or drug-related adverse events. 
12 Ramos-Otero et al included 98 patients and resulted in similar outcomes in IV-to-PO 

compared to IV-only antibiotic therapy for treatment of uncomplicated Streptococcal 

bloodstream infection. 25 Our study has comparable findings. However, these publications 

included slightly different definitions of clinical success and only a 30-day follow up period. 

In addition, exclusion criteria, and outcomes differed significantly. The overall rate of 

hospital readmission was 20.1% in our study, which is comparable to the rate report by Kang 

et al. 12 This is likely caused by higher patient comorbidities. Hospital LOS was shorter 

in the PO-stepdown group compared to IV-only group, which is a common finding in the 

previous studies. 12,25

The optimal timing to switch to PO stepdown antibiotic therapy for uncomplicated 

Streptococcal bloodstream infections remains unclear. This study demonstrated that 

switching to PO antibiotic as early as 3 to 5 days from start of parenteral therapy did not 

compromise the clinical outcome. We chose five days as the cut off for maximum duration 

of IV antibiotic therapy in the PO-stepdown group because seven days of antibiotics may 

be sufficient treatment in some bloodstream infections. 26 Some studies have evaluated 

the switch from IV to PO antibiotic therapy in patients with clinical stability and have 

reported no compromise in clinical outcomes. 3,27 The decision to switching from IV 

to PO antibiotic therapy may be reasonable in patients with uncomplicated Streptococcal 

bloodstream infection, depending on the patient, causative pathogen, and the PO antibiotic. 6

Antibiotic associated adverse events were rarely reported in this study. No complications 

from IV therapy were reported such as infection or thrombosis. This is comparable to a 

previous similar study by Kang et al. 12

This study has several limitations. This is a single center, retrospective cohort study with 

data collected from chart review. This limits the ability to assess clinical outcomes in a 

homogeneous way or evaluate cause and effect. Strict exclusion criteria as well as qSOFA 

scores were used to account for selection bias. The baseline demographic analysis confirms 

that the two groups of patients had comparable comorbidities. However, the IV-only 

group of patients had more ICU stays, ID consult involvement, TTE/TEE performed and 

completion of antibiotic courses in the hospital compared to the PO group of patients, 

indicating a possible sicker population. In attempt to mitigate these differences in the 

populations, multivariable regression and IPTW analyses were applied. The only variable 

associated independently with the primary outcome was dialysis. This could also be refuted 

by the small dialysis population included and the wide confidence interval, although patients 

with end-stage renal disease are generally at high risk for mortality and readmission. 28 

Outpatient antibiotic adherence was not feasible to assess and AAEs were only identified 

when documented in the EMR. Readmissions to other hospitals beyond the capacity of 

the health system EMR would not have been captured. Patients without known clinical 

outcome were not included in the analysis because the 90-day follow up outcome could 

not be determined. This could have excluded some patient who had the outcome during 

the follow up period. Patients transferred to hospice care during antibiotic treatment were 
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excluded from this study, which may have contributed to exclusion of sicker patients. 

Moreover, antibiotic adverse events were collected from patients’ charts as documented by 

the providers in the EMR. There may have been AAEs that were not documented. This 

study excluded complicated Streptococcal bloodstream infection, and the clinical failure rate 

was expected to be similar in the two groups of IV versus PO stepdown therapy given the 

low risk of failure. The results of this study cannot be generalized to more complicated or 

deep-seated Streptococcal bloodstream infections.

Conclusion

In conclusion, this study showed no difference in clinical failure rates in adult 

patients receiving PO-stepdown antibiotic therapy compared to full course IV therapy 

for uncomplicated Streptococcal bloodstream infection. LOS was shorter in the PO 

group compared to the IV group. Although randomized prospective studies are needed 

to confirm the results of this study, stepdown to PO therapy for the treatment of 

uncomplicated Streptococcal bloodstream infection may be a reasonable option with 

appropriate consideration of factors such as patient comorbidities, type of infection, source 

control, and clinical response.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Glossary

PO Oral stepdown

IV intravenous

LOS length of stay

AAEs antibiotic-related adverse events

ID infectious diseases

IPTW inverse probability treatment weight

OR odds ratios

aOR adjusted odds ratios

CI confidence intervals
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Highlights:

• The frequency of clinical failure was similar in continued IV therapy and 

step-down PO (24.2% vs 18.0%, p= 0.23).

• The IV group had longer length of stay compared to the PO group (7 [5-13.5] 

vs 4 [3-5] days, p<001).

• Antibiotic adverse events were similar between the two groups (1.3% vs 

1.8%, p=0.74).
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Figure 1: 
Study inclusion and exclusion
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Table 1:

Demographic and Clinical Characteristics

Variable
1 Overall IV only PO stepdown P value

N 264 153 111

Age at admission (years) 64.4 ± 17.2 63.8 ± 16.4 65.1 ± 18.3
0.54

2

Body mass index (kg/m2) 28.4 [23.9-34.9] 28.5 [24.0-34.0] 28.1 [23.8-35.9] -

Male sex 165 (62.5) 95 (62.1) 70 (63.1)
0.87

3

Admitted to ICU 40 (15.2) 34 (22.2) 6 (5.4)
<0.001

3

Comorbidities

Diabetes 91 (34.5) 59 (38.6) 32 (28.8)
0.10

3

Cancer (active) 38 (14.4) 26 (17.0) 12 (10.8)
0.16

3

Neutropenia (ANC<500 at admit) 9 (3.4) 8 (5.2) 1 (0.9)
0.08

4

Dialysis 7 (2.7) 5 (3.3) 2 (1.8)
0.7

4

IV drug use 6 (2.3) 0 (0.0) 6 (5.4) -

Transplant 6 (2.3)
3 (2.0)

5
3 (2.7)

6
0.7

4

Hypertension 158 (59.8) 101 (66.0) 57 (51.4)
0.016

3

Prior procedures

Heart valve replacement history 18 (6.8) 14 (9.2) 4 (3.6)
0.088

4

Intravascular device 19 (7.2) 17 (11.1) 2 (1.8)
0.003

4

PICC line placement 93 (35.2) 92 (60.1) 1 (1.1) -

qSOFA score:

At the time of diagnosis with bacteremia

0 135 (51.1) 75 (49.0) 60 (54.1)
0.42

3

1 89 (33.7) 48 (31.4) 41 (36.9)
0.34

3

2 36 (13.6) 26 (17.0) 10 (9.0) -

3 4 (1.5) 4 (2.6) 0 (0.0) -

Steroid use 23 (8.7) 8 (5.2) 15 (13.5)
0.02

4

Outpatient immunosuppression treatment 7 25 (9.5) 17 (11.1) 8 (7.2)
0.39

4

Serum Lactate at admission (mmol/L) 2.3 [1.7-3.4] (n=210) 2.4 [1.7-3.6] (n=118) 2.2 [1.6-2.9] (n=92) -

Source of infection identified

Cellulitis/wound 93 (35.2) 51 (33.3) 42 (37.8)
0.45

3

Respiratory 66 (25.0) 29 (19.0) 37 (33.3)
0.08

3

Gastrointestinal 36 (13.6) 27 (17.6) 9 (8.1)
0.025

3

Dental 11 (4.2) 9 (5.9) 2 (1.8)
0.12

4
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Variable
1 Overall IV only PO stepdown P value

Urinary tract 8 (3.0) 3 (2.0) 5 (4.5)
0.28

4

Catheter-associated 3 (1.1) 3 (2.0) 0 (0.0) -

Other 11 (4.2) 4 (2.6) 7 (6.3) -

Abbreviations: ANC, absolute neutrophil count; ICU, Intensive care unit; IV, Intravenous; N, number of patients; PO, per os; QSOFA, quick 
sequential organ failure assessment

1
Data presented as n (%), mean ± standard deviation, or as median (interquartile range).

2
t test,

3
Chi square test with continuity correction,

4
Fisher’s exact test,

5
Includes: n=2 heart, n=1 liver,

6
Includes n=2 kidney, n=1 heart and lung

7
Includes biologies and calcineurin inhibitors
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Table 2:

Management of Patients with Streptococcal Infection, Stratified by Treatment with IV Only versus PO 

Stepdown Antibiotics.

Variable
1 Overall

(n=264)
IV only
(n=153)

PO stepdown
(n=111)

P value

TTE done 148 (56.1) 108 (70.6) 40 (36.0)
< 0.001

2

Time from admit to TTE (days) 1.0 (1-3) 1 (1-3) 1 (1-2) -

TEE done 47 (17.8) 43 (28.1) 4 (3.6)
< 0.001

2

Time from admit to TEE (days) 4 (3-5) 4 (3-5) (2.5-18.2) -

ID consult ordered by primary team 100 (37.9) 89 (58.2) 11 (9.9)
< 0.001

2

Time to ID consult (days) 2 (1-4) 2 (1-4) 1 (1-2) -

Number of positive bottles of blood culture prior to starting antibiotic

1 97 (36.7) 51 (33.3) 46 (41.4)
0.36

2

>1 167 (63.3) 102 (66.7) 65 (58.6)
0.18

2

Number of patients with repeat blood cultures 254 (96) 151 (98) 103 (92) -

Duration of bacteremia (hours) 3 27.6 (21.8-42.6) 28.7 (22.6-42.7) 26.8 (21.7-42.5) -

Duration of inpatient antibiotics (days) 4 (3-7) 6 (4-10) 3 (3-4) -

Total duration of antibiotics (days) 14 (11-14) 14 (3-14) 13 (10-14) -

Abbreviations: ID, infectious disease; IV, intravenous; N, number of patients; PO, per os; Strep, streptococcus; TTE, transthoracic 
echocardiography; TEE, transesophageal echocardiography

1
Data presented as n (%) or as median (interquartile range).

2
Chi square test with continuity correction

3
Calculated based on 254 patients where repeat blood culture data was available
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Table 3:

Clinical Outcome of Patients with Streptococcal Infection, Stratified by Treatment with IV Only versus PO 

Stepdown Antibiotics.

Variable
1 Overall

(n=244)
IV only
(n=153)

PO stepdown
(n=111)

P value

Primary outcome

Clinical failure 2 57 (21.6) 37 (24.2) 20 (18.0)
0.23

3

90-day mortality 7/262 (2.7) 4/152 (2.6) 3/110 (2.7)
1.00

3

Readmission within 90 days 53 (20.1) 35 (22.9) 18 (16.2)
0.18

3

Readmission due to recurrent strep bacteremia 6/53 (11.3) 5/35 (14.3) 1/18 (5.6)
0.65

3

Secondary outcomes

Length of stay (days) 5 (4-9) 7 (5-13.5) 4 (3-5)
< 0.001

4

Discharge home 192 (72.7) 98 (64.1) 94 (84.7)
0.001

3,5

Antibiotic-associated adverse events 6 4 (1.5) 2 (1.3) 2 (1.8)
0.74

3

Abbreviations: IV, intravenous; N, number of patients; PO, per os

1
Data presented as n (%) or as median (interquartile range).

2
Composite of 90-day mortality and/or 90-day readmission

3
Chi square test with continuity correction,

4
Mann Whitney U test

5
Comparison used between home versus skilled nursing plus rehabilitation facility, plus self-directed discharge,

6
Types of antibiotic associated with adverse events included Clostridium difficile infection (n=2), leukopenia (n=1), and skin rash (n=1).

Int J Antimicrob Agents. Author manuscript; available in PMC 2024 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Waked et al. Page 17

Table 4:

Independent predictors of 90-day any-cause death or readmission among 264 patients admitted with 

uncomplicated streptococcal infection

Variable Reference OR (95%CI) for primary outcome)
1

Unadjusted p-value Adjusted
1 p-value

PO Stepdown IV group 07 (0.4-1.3) 0.23 0.8 (0.4-1.6) 0.54

Cancer none 2.8 (1.4-5.9) 0.005 2.0 (0.84.8) 0.14

Dialysis none 9.8 (1.8-52.2) 0.007 11.5 (2.1-61.9) 0.004

Neutropenia none 8.0 (1.9-33.1) 0.004 3.3 (0.6-18.1) 0.17

>1 positive BC sets 1 positive BC set 1.6 (0.9-3.1) 0.13 1.6 (0.8-3.1) 0.19

Steroid/immunosuppressant None 2.6 (1.2-5.5) 0.01 1.6 (0.74.0) 0.30

Abbreviations: BC, blood culture; CI, confidence interval; IV, intravenous; OR, odds ratio; PO, per os

1
Variables were entered into the logistic regression model as covariates if they were associated (p≤0.1) with the primary outcome measure in 

univariate analysis. IV vs stepdown was also included in the model, to explore whether adjustment altered its relationship with 90-day any-cause 
death or readmission. N=264 cases had complete data for all variables and were included in both the adjusted and unadjusted analysis.
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