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Abstract 

Background: This study compares treatment failure for patients who received oral beta-lactams (BLs) and 
fluoroquinolones (FQs) for stepdown treatment of Enterobacterales bloodstream infections (BSIs). 
Methods: We conducted a single-center, retrospective, age- and sex-matched, cohort study, at a Veterans 
Affairs (VA) hospital in South Texas. Eligible patients were at least 18 years of age with a monomicrobial BSI 
treated with a single oral BL or FQ antibiotic. Treatment failure was defined as recurrence or all-cause 
mortality within 90 days of documented BSI. Bivariate (chi-square, Fisher’s Exact, and Wilcoxon Rank Sum) and 
multivariate (logistic regression) statistical tests were used to compare groups.  
Results: A total of 130 patients were included in this study, with 65 patients per group. Groups were well 
balanced with respect to exact age, sex assigned at birth, Caucasian race, source control, intensive care unit 
admission, and Charlson Comorbidity Index. Importantly, 60% of patients in the BL group had cultures that 
were resistant to FQs and 71% were prescribed cefpodoxime. Patients in the BL group had higher median 
(interquartile range [IQR]) Pitt bacteremia scores than those in the FQ group: 2 (1-4) vs. 1 (1-2), p=0.04. 
Patients in the BL group also had a higher median (IQR) duration of intravenous (IV) antibiotics than those in 
the FQ group: 5 (3-7) vs. 4 (3-5), p=0.02. Treatment failure was statistically comparable for patients in the BL 
and FQ groups: 15% vs. 12%, p=0.61. This finding was consistent in a multivariate logistic regression model with 
group (BL vs. FQ) as the independent variable, treatment failure as the dependent variable, and Pitt bacteremia 
score and duration of IV antibiotics as covariates (OR: 0.76, 95% CI: 0.27-2.18). One patient in the FQ group 
experienced Clostridioides difficile infection. 
Conclusion: This study suggests that BLs may be as effective as FQs for oral stepdown treatment of 
Enterobacterales BSI without the potential associated risks. Furthermore, in the setting of FQ-resistant 
Enterobacterales BSI secondary to urinary source, third generation oral cephalosporins (i.e., cefpodoxime) may 
be reasonable alternatives. 

Keywords: beta-lactams, fluoroquinolones, bloodstream infections  

Background 
Gram-negative bloodstream infections (BSI) are 

commonly treated with an initial course of 
intravenous (IV) antibiotics followed by definitive 
oral stepdown therapy in clinically stable patients 

 
Ivyspring  

International Publisher 



Int. J. Med. Sci. 2023, Vol. 20 

 
https://www.medsci.org 

438 

with adequate source control [1-3]. Historically, oral 
antibiotics with high bioavailability (i.e., fluoroquino-
lones [FQ]) have been utilized as definitive therapy 
[4-10]. However, FQ are associated with concerning 
adverse drug events (ADEs) as well as the emergence 
of drug resistance [11,12]. Safe and effective 
alternative oral agents are needed for definitive 
treatment of Enterobacterales BSI [13]. Prior to this 
study, there was limited available data to support the 
use of oral beta-lactams (BLs) for the definitive 
treatment of BSI [14-16]. The primary concern is that 
BLs have low oral bioavailability compared to FQs 
and might require longer durations of therapy. 
Therefore, patients may have an increased risk of 
treatment failure with BSIs [14]. In reviewing the 
existing clinical literature, it is crucial to account for 
total duration of therapy [17-23].  

One retrospective cohort study by Kutob and 
colleagues demonstrated the effectiveness of oral 
antibiotics with high bioavailability for definitive 
therapy of gram-negative BSI. Additionally, they 
found that the risk of treatment failure increases as 
bioavailability of the oral regimen declines [14]. 
Another retrospective cohort study by Mercuro and 
colleagues also sought to determine if treatment 
failure rates were comparable between BLs and FQs 
[15]. Their findings suggest that oral beta-lactams 
were non-inferior to fluoroquinolones as stepdown 
therapy for Enterobacterales BSI, with fewer ADE 
[15]. In a recent multicenter cohort study of patients 
with E. coli, Klebsiella spp., or Proteus spp. bacteremia 
from urine source, Sutton and colleagues found no 
significantly higher risk of recurrent bacteremia, 
though the overall risk was small (1.5% with BL 
antibiotics vs. 0.4% with FQ) [16].  

Based on the available literature, there are an 
increasing number of studies assessing the 
effectiveness of BL therapy for the definitive oral 
treatment of Enterobacterales BSI [14-16,14-28]. 
Providers may be hesitant to prescribe oral BLs for 
this indication, but often have no other oral options 
based on susceptibilities due to increasing FQ 
resistance. There is also heterogeneity amongst prior 
studies in terms of the antibiotics included, both with 
BL selection and the comparator, as some studies 
include both FQs and trimethoprim/sulfametho-
xazole, and others only include FQs. Most of these 
studies do not report a significant number of patients 
that received cefpodoxime, and the probability of 
pharmacokinetic (PK) target attainment for 
cefpodoxime is unknown. This study aims to 
determine if treatment failure rates were comparable 
in patients who received a BL (primarily 
cefpodoxime) or FQ for oral stepdown treatment for 
Enterobacterales BSIs. 

Methods 
Study subjects and definitions 

This was a single center retrospective chart 
review at the South Texas Veterans Health Care 
System in San Antonio, Texas from January 2008 – 
December 2018 of patients with BSI due to Escherichia 
coli, Klebsiella spp., or Proteus spp. and a single 
definitive oral antibiotic therapy. Data were collected 
from the Veterans Affairs electronic health record. 
Patients with an inpatient or outpatient pharmacy 
record for receipt of an oral BL or FQ within 30 days 
of documented BSI and a positive blood culture for E. 
coli, Proteus spp., or Klebsiella spp. were assessed for 
inclusion and exclusion criteria. Patients were 
included if they were at least 18 years of age with a 
monomicrobial BSI treated with a single definitive 
oral antibiotic. Patients treated with a total antibiotic 
duration < 6 days or > 21 days were excluded. 
Patients with FQ-resistant organisms were excluded 
in the FQ group and included in the BL group. In the 
BL group, none of the organisms appeared to be 
extended-spectrum-β-lactamase (ESBL) producing 
strains based on susceptibility patterns. Cefpodoxime 
susceptibility was assessed using disk diffusion, and 
all other susceptibilities were obtained with the 
automated testing platform, Vitek 2 (bioMérieux). 
There were fewer patients available for the BL group; 
therefore, groups were matched using a 1:1 ratio 
based on exact age and sex assigned at birth from the 
BL group. No patients from the BL group were lost 
because of matching. The primary outcome was 
treatment failure defined as a composite of 
microbiological recurrence at the primary site of 
infection or all-cause mortality within 90 days. 
Microbiological recurrence was defined as the 
isolation of any organism from the same site 
regardless of symptoms.  

Data collection and statistical analysis 
Data included demographic characteristics, 

Charlson comorbidity index, Pitt Bacteremia score, 
infecting organism, type of inpatient IV antibiotic and 
duration, and definitive oral antibiotic with dose, 
frequency, and duration. Late stepdown therapy was 
defined as more than three days of IV antibiotics. 
Baseline demographics and clinical variables were 
compared between groups. Categorical data were 
analyzed using chi-square and Fisher’s exact tests, 
while numerical data were analyzed using the 
Wilcoxon Rank Sum test. For treatment failure, a 
multivariate logistic regression model was 
constructed with group (BL vs. FQ) as the 
independent variable, treatment failure as the 
dependent variable, and Pitt bacteremia score and 
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duration of IV antibiotics as covariates. Statistical 
significance was defined as p-values less than an 
alpha of 0.05. This study was approved by the 
University of Texas Health Science Center at San 
Antonio Institutional Review Board (IRB). 

Results 
A total of 130 patients were included in this 

study, with sixty-five patients per group. Groups 
were well balanced with respect to median age, sex 
assigned at birth, Caucasian race, source control, 
intensive care unit admission, and Charlson 
Comorbidity Index (Table 1). Patients in the BL group 
had significantly higher median (interquartile range 
[IQR]) Pitt bacteremia scores than those in the FQ 
group: 2 (1-4) vs. 1 (1-2), p=0.04. Though not 
statistically significant, patients in the BL group had 
more urinary tract infections (UTIs), fewer 
intra-abdominal infections (IAIs), fewer K. pneumoniae 
infections, and more P. mirabilis infections. 
Importantly, 60% of patients in the BL group had 
FQ-resistant pathogens, which suggests that drug 
resistance was a factor in the selection of the oral 
stepdown antibiotic. 

 

Table 1. Baseline Characteristics 

Characteristic Beta-lactam 
Group (n = 
65) 

Fluoroquinolone 
Group (n = 65) 

P-value 

Age – median (IQR), years 66 (60-78) 66 (60-78) 1.00 
Male sex (assigned at birth) – no. (%)  61 (94) 61 (94) 1.00 
Caucasian – no. (%)  50 (77) 48 (74) 0.68 
Source control – no. (%) 57 (88) 54 (83) 0.46 
Intensive care unit (ICU) admission – 
no. (%) 

16 (25) 10 (15) 0.19 

Charlson Comorbidity Index – median 
(IQR) 

6 (4-8) * 5 (3-8) % 0.48 

Pitt bacteremia score – median (IQR) 2 (1-4) 1 (1-2) 0.04 
Source of infection – no. (%)     
        Urinary tract (UTI) 52 (80) 45 (69) 0.16 
        Intra-abdominal (IAI) 6 (9) 14 (22) 0.05 
        Skin and soft tissue (SSTI) 5 (8) 5 (8) 1.00 
        Central line associated (CLABSI) 1 (2) 0 (0) 1.00 
        Pneumonia 0 (0) 1 (2) 1.00 
        Unknown 1 (2) 0 (0) 1.00 
Blood culture pathogen – no. (%)    
        E. coli 45 (69) 41 (63) 0.46 
        K. pneumoniae 11 (17) 20 (31) 0.06 
        P. mirabilis 9 (14) 4 (6) 0.14 
Fluoroquinolone resistance – no. (%) 39 (60) - N/A 

no. = number; IQR = interquartile range; SD = standard deviation 
* Includes 62/65 patients 
% Includes 64/65 patients 

 
 
Groups were well balanced with respect to IV 

antibiotics, duration of oral therapy, and total 
duration of therapy (Table 2). Patients in the BL group 
had a significantly higher median (IQR) duration of 
IV antibiotics than those in the FQ group: 5 (3-7) vs. 4 
(3-5), p=0.02 (Table 2). Though not statistically 

significant, patients in the BL group were more likely 
to have late (> 3 days) stepdown therapy. Patients in 
the BL group were most frequently stepped down to 
cefpodoxime (71%), amoxicillin/clavulanate (14%), 
cephalexin (12%), and amoxicillin (3%). Patients in the 
FQ group were most frequently stepped down to 
ciprofloxacin (85%) and levofloxacin (15%).  

Treatment failure was statistically comparable 
for patients in the BL and FQ groups: 15% vs. 12%, 
p=0.61. This finding was consistent in a multivariate 
logistic regression model with group (BL vs. FQ) as 
the independent variable, treatment failure as the 
dependent variable, and Pitt bacteremia score and 
duration of IV antibiotics as covariates (OR: 0.76, 95% 
CI: 0.27-2.18). 90-day recurrence (BL: 9%, FQ: 5%, 
p=0.49) and 90-day all-cause mortality (BL: 6%, FQ 
8%, p=1.00) were statistically comparable. One patient 
in the FQ group experienced Clostridioides difficile 
infection. 

 
 

Table 2. Antibiotic Therapy 

Treatment Beta-lactam 
Group (n = 
65) 

Fluoroquinolone 
Group (n = 65) 

P-value 

Intravenous (IV) antibiotic – no. (%)     
        Beta-lactam 62 (95) 61 (94) 1.00 
        Fluoroquinolone 2 (3) 4 (6) 0.68 
        Aminoglycoside 1 (2) 0 (0) 1.00 
Duration of IV therapy – median (IQR), 
days 

5 (3-7) 4 (3-5) 0.02 

Oral (PO) antibiotic – no. (%)    
        Beta-lactams    
                    Cefpodoxime 46 (71) -- N/A 
                    Amoxicillin/clavulanate 9 (14) -- N/A 
                    Cephalexin  8 (12) -- N/A 
                    Amoxicillin 2 (3) -- N/A 
         Fluoroquinolones    
                    Ciprofloxacin -- 55 (85) N/A 
                    Levofloxacin -- 10 (15) N/A 
Duration of PO therapy – median (IQR), 
days 

10 (7-11) 10 (7-12) 0.32 

Stepdown therapy (IV to PO)    
         Early (< 3 days) – no. (%) 22 (34) 32 (49) 0.08 
         Late (> 3 days) – no. (%) 43 (66) 33 (51) 0.08 
Total duration of therapy – median 
(IQR), days  

14 (13-16) 14 (13-16) 0.41 

no. = number; IQR = interquartile range; SD = standard deviation 
 

Discussion 
This retrospective study found comparable rates 

of treatment failure with oral BLs compared to FQs for 
definitive treatment of Enterobacterales BSI— 
primarily due to urine source. During the time period 
since this study was completed, a growing body of 
evidence to support oral BL treatment for this 
indication has been published [14-16,25-28]. Our 
study is unique because it primarily compares the use 
of cefpodoxime vs. ciprofloxacin and reports the rates 
of FQ resistance (60%) within the BL group. 
Additionally, our study includes a 90-day follow-up 
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period for the primary outcome, which differs from 
most studies conducted both prior to and after our 
study.  

A prior 2016 retrospective cohort study suggests 
there is an inverse relationship between 
bioavailability of definitive oral antibiotics and risk of 
treatment failure in patients with gram-negative BSI, 
although only one patient in this study received 
cefpodoxime [14]. In 2018, a retrospective 
observational cohort study was the first to compare 
BLs to FQs for oral stepdown therapy for Entero-
bacterales BSI. BLs were found to be non-inferior to 
FQs for the primary outcome of clinical success; 
microbiological success and 30-day readmissions 
were comparable between groups. Notably, patients 
were more likely to complete their BL therapy 
without experiencing ADEs compared to those 
treated with FQ therapy [15]. In contrast, a recent 2022 
retrospective matched cohort study found that 
patients receiving less bioavailable antibiotics 
compared to highly bioavailable antibiotics for gram 
negative BSI were associated with worse clinical 
outcomes [27]. Recurrent BSI at 90 days was the 
primary factor driving the composite outcome. No 
data was provided on rates of FQ resistance in these 
two studies [14,15,27]. Most BL patients were treated 
with either amoxicillin/clavulanate, amoxicillin, or 
cephalexin; cefpodoxime was not included. 

Given practical challenges in microbiology labs, 
such as lack of updated susceptibility testing panels to 
reflect current CLSI breakpoints, some hospitals may 
need to rely on cefpodoxime over other more highly 
bioavailable oral BLs. For example, during the time 
period of this study, our lab was unable to routinely 
report cefazolin susceptibilities for this reason, and 
our automated susceptibility testing panel also did 
not include amoxicillin/clavulanic acid. Therefore, 
use of cefpodoxime was high despite agents like 
cephalexin and amoxicillin/clavulanic acid having 
more optimal serum concentrations and pharmaco-
dynamic target attainment [14].  

More recently, a large Veteran cohort study by 
Sutton and colleagues found no difference in risk of 
recurrent bacteremia between FQs and BLs for 
bacteremia with suspected urine source. Interestingly, 
though there was no statistically significant 
difference, recurrent bacteremia was three times more 
likely in the BL group (1.5% vs 0.4%). The authors 
concluded that even if this result had met statistical 
significance, in the setting of such infrequent events, 
this is not a clinically meaningful difference. 
Recurrence rates in our cohort were higher, which 
may be due to the longer 90-day follow-up period 
[16]. None of the prior literature focused primarily on 
BSI due to urinary source. Saad and colleagues 

conducted a multicenter retrospective cohort study 
comparing clinical cure in patients with urinary tract 
and BSI who were stepped down to oral BLs 
compared to FQs. Of the 207 patients included, results 
suggest comparable clinical cure rates between 
groups at 30 days and none of the patients received 
cefpodoxime like other studies [28].  

Robust PK studies have not been performed for 
cefpodoxime; therefore, a consensus guidance for 
treatment of gram-negative BSI recommends against 
routine use of cefpodoxime due to lack of data on PK 
target attainment [29]. This study is one of the first to 
describe cefpodoxime use in the setting of 
Enterobacterales BSI. It could be a reasonable 
alternative to ciprofloxacin, especially in patients with 
adequate source control and urinary source of 
infection. Mogle and colleagues investigate the 
clinical considerations of prescribing BLs as 
step-down therapy for Enterobacterales BSI. Their 
primary concern is the uncertainty of BL dosing 
required to attain specific pharmacodynamic targets, 
especially in the setting of unknown minimum 
inhibitory concentrations (MICs) [24]. At our 
institution, we are unable to obtain MICs for 
cefpodoxime, as susceptibility is reported based on 
Kirby-Bauer testing. The majority of cefpodoxime 
patients in our study (70%) received 200 mg by mouth 
(PO) twice daily (BID). To overcome the low oral 
bioavailability of cefpodoxime, higher doses (i.e., 400 
mg PO BID) could be utilized as there are no major 
concerns for ADEs. In a recent meta-analysis of 
patients with Enterobacterales BSI, FQs may reduce 
the chances of recurrence compared to BLs. However, 
the authors noted that this may be attributed to the 
suboptimal dosing of BL regimens [25]. Although 
lower cefpodoxime dosing was used in our study, 
outcomes appear to be comparable to those patients 
who received more highly bioavailable agents. 
Further clinical investigation is warranted to confirm 
if the high dose cefpodoxime regimen provides 
additional benefit over traditional dosing and to 
determine the adequate treatment duration.  

In our cohort, total duration of therapy was 
approximately 14 days. A recent randomized 
controlled trial demonstrated that 7 days was 
non-inferior to 14 days for uncomplicated gram- 
negative bacteremia [23]. However, oral BLs were 
underrepresented in this study (< 20% of overall 
cohort), which limits the ability to apply these 
findings when oral BLs are used as stepdown therapy. 
A desirability of outcome ranking (DOOR) analysis 
including this study suggests that short course (7 
days) of antibiotics has comparable clinical outcomes 
to conventional course (14 days) in this patient 
population [30]. Given the limited data for shorter 
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durations of therapy when oral BLs are used, the 
14-day duration of therapy used in our study may still 
be clinically applicable. In addition of total treatment 
duration, the average duration of IV therapy was 
comparable to other studies at approximately 5 days 
[17-23,28,30]. It is important to note that IV duration 
in our study was on average one day shorter in the FQ 
group (4 days vs. 5 days). The clinical significance of 
this difference in IV duration is unknown. 

Strengths of this study were that the groups 
were matched based on exact age and sex assigned at 
birth. Despite the retrospective design, groups were 
well balanced overall regarding baseline 
characteristics. The two areas where the groups 
differed most were the source of infection (more IAI 
in the FQ group) and infecting pathogen (more K. 
pneumoniae in the FQ group and more P. mirabilis in 
the BL group). Secondly, source control was obtained 
in most patients. Third, these data add to our limited 
knowledge in utilizing oral third generation 
cephalosporins in this patient population, which are 
known to achieve lower serum concentrations than 
more commonly used oral BLs. Lastly, rates of 
treatment failure were consistent with prior 
publications [14,15].  

Limitations include the retrospective design, 
small sample size, and inadequate study power. We 
did a sample size calculation before the study, but did 
not find enough patients in the BL group to meet the 
sample size requirements. We screened and included 
all patients in the BL group (n=65) that met study 
criteria, plus an equal number of matched patients 
from the FQ group (n=65), so this was a population- 
based study versus a sample-based study for the BL 
group. The effect sizes were very small (< 5%) for all 
comparisons; these effect sizes were below the limit of 
detection for this study; therefore, it is possible to 
have type II error (failure to detect a statistically 
significant difference when one exists).  

We did not know the source of infection at the 
time of group assignment. We determined the source 
of infection later, during the chart review. Also, with 
so few patients available for the BL group, we did not 
want to impose too many matching criteria as it 
would drop our BL group size even more. We could 
not include source of infection in the final 
multivariate model, because so many different 
sources made the model unstable. We recommend 
that if someone were to repeat this study in a larger 
health system, they should limit the study to only 
patients with urinary tract infections, because that 
was the source of infection for 80% of the patients in 
our BL group. 

To account for potential confounders and any 
selection bias, Pitt Bacteremia Scores, Charlson 

Comorbidity Indexes, and ICU admission were 
collected and reported. These were found to be 
comparable between groups, although Pitt Bacteremia 
Score was higher in the BL group. This could 
potentially put the BL patients at higher risk of 
mortality. In addition to source and severity of illness, 
there was potential for changes in prescribing 
practices over the 10-year period studied. This is 
unlikely to impact our results, as the two groups were 
well balanced by date of positive blood culture. 
Another limitation of the retrospective design was the 
inability to closely monitor and identify ADEs. The 
safety endpoint of C. difficile only occurred in one 
patient. Since the VA is a closed system, patients 
would have returned to the VA for further 
management and follow-up, although it is possible 
some ADEs were not captured. Additionally, since 
microbiological recurrence was defined as the 
isolation of any organism from the same site 
regardless of symptoms, we could have included 
asymptomatic patients. Lastly, this study included 
primarily elderly Caucasian males and may not be 
generalizable to other patient populations. 

Conclusion 
Additional prospective research is needed to 

determine the optimal oral BL stepdown agents, 
including both dosing and treatment duration. This 
study suggests that BLs may be as effective as FQs for 
oral stepdown treatment of Enterobacterales BSI 
without the potential associated risks.  
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