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Abstract

Background

The current Infectious Diseases Society of America guidelines for the treatment of acute

uncomplicated pyelonephritis (AUP) advise caution when using oral beta-lactams due to

concern for potentially inferior efficacy compared to fluoroquinolones (FQs) and trimetho-

prim-sulfamethoxazole; however, studies specifically evaluating the efficacy of oral cephalo-

sporins (CPs) in AUP are limited.

Objective

To assess the safety and efficacy of oral CPs versus FQs for the treatment of AUP.

Design, setting and participants

This is a retrospective, chart review study conducted at a single-center, tertiary care hospital.

Measurements

The primary endpoint was treatment failure within 30 days, defined as a change in antibiotic

or return to ED or clinic due to persistent symptoms. Secondary endpoints included adverse

drug reactions (ADRs) and C. difficile infection (CDI) within 30 days.

Results

Of the 343 patients included in the study, treatment failure occurred in 54/338 (16.0%)

patients and was similar between oral CPs and FQs (35/229 [15.3%] vs. 19/109 [17.4%]). A

higher percentage of treatment failures were observed for third generation (3GC) and first

generation (1GC) CPs compared to second generation CPs (2GC) (3GC: 15/65 [23.4%];

1GC: 11/49 [22.4%]; 2GC: 9/115 [7.8%]). Documented ADRs were low (6/343 [1.7%]) and

no cases of CDI were documented.
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Conclusions

Oral CPs appear to be as safe and effective as FQs for the treatment of AUP. Fewer treat-

ment failures were noted with 2GCs as compared to 3GCs and 1GCs.

Introduction

In 2016, the National Center for Healthcare Statistics identified urinary tract infections (UTIs)

as one of the most common emergency department diagnoses among women of all ages with

the estimated incidence of pyelonephritis in the United States ranging from 459,000 to

1,138,000 cases annually [1, 2]. Acute pyelonephritis refers to inflammation of the renal pelvis

and kidney frequently caused by migration of bacteria up the urinary tract. Escherichia coli (E.

coli) and other Enterobacterales represent the overwhelming majority of pathogens isolated in

patients with pyelonephritis [3]. Clinical manifestations of the infection can range from local-

ized symptoms to sepsis or septic shock. However, acute uncomplicated pyelonephritis (AUP),

defined as pyelonephritis occurring in men or nonpregnant women without urological abnor-

malities or comorbidities, is typically not life-threatening if treated early in the disease course

[4].

The most recent update of the international practice guidelines for the treatment of acute

uncomplicated cystitis and pyelonephritis by the Infectious Diseases Society of America

(IDSA) and European Society of Clinical Microbiology and Infectious Diseases (ESCMID)

were published in 2011 and recommend fluoroquinolones (FQs) as first-line agents for pyelo-

nephritis when prevalence of resistance is known to be� 10% (level A-I recommendation)

[3]. If local resistance rates are> 10%, a single initial intravenous (IV) dose of a long-acting

antimicrobial such as ceftriaxone or a consolidated 24-hour dose of an aminoglycoside is rec-

ommended prior to starting the oral FQ course. Other therapeutic options include oral tri-

methoprim-sulfamethoxazole (TMP-SMX), also an A-I recommendation if known

susceptibility, or alternatively an oral beta-lactam (β-lactam) [3]. Consistent with the guide-

lines, and due to the expanded spectrum of activity, high bioavailability and ease of dosing,

FQs represent a significant proportion of outpatient antibiotic prescriptions with some esti-

mates ranking them as the third most commonly prescribed antibiotic class [5]. However, the

prevalence of FQ-resistant E. coli has increased to greater than 10%-30% nationally [6, 7]. At

our institution, the most recent susceptibility data for E. coli isolated from the urine indicated

27% were resistant to ciprofloxacin. Though oral β-lactams are identified as alternative agents,

the guidelines recommend caution when using them due to low quality evidence and studies

showing decreased efficacy compared to FQs or TMP-SMX. Coupled with a lack of robust

pharmacodynamic studies providing strong evidence of adequate drug concentrations in the

renal parenchyma, the rationale for using oral CPs for the treatment of pyelonephritis is weak.

However, when faced with limited oral treatment options, outpatient providers at our institu-

tion often elect to trial an oral β-lactam rather than admitting an otherwise clinically stable

patient to the hospital for IV therapy. The purpose of this study was to assess the outcomes of

these patients compared to those receiving first-line therapy and provide additional evidence

for the safe and effective use of oral CPs for the treatment of AUP.

Methods

A retrospective chart review was performed on all patients� 18 years of age prescribed oral

CPs or FQs for AUP upon discharge from the Emergency Department (ED) or observation
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unit at Parkland Hospital over a 12-month period from 9/1/2017 through 8/31/2018. Cases

were defined based on attending provider chart documentation of “pyelonephritis” with study

team providing further chart review to assess if the patient met criteria for AUP. For this

study, AUP was defined as pyelonephritis needing observation for less than 48 hours or not

requiring hospital admission. Additional criteria for inclusion were positive urine cultures

with a speciated gram-negative pathogen which was susceptible to the antibiotic prescribed

upon discharge from the ED or observation unit. Exclusion criteria included pregnancy, con-

current bacteremia, or presence of a urologic abnormality such as neurogenic bladder, ileost-

omy, or ileal conduit. If a patient had more than one pyelonephritis episode in the study

period, only the first episode was included. The primary endpoint was treatment failure within

30 days from initial presentation to the ED, defined as the composite outcome of one or more

of the following: return to an ED or clinic due to persistent symptoms, change in antibiotics

due to persistent symptoms, or recurrence of UTI with the same organism. The 30 day time

frame was used to differentiate treatment failure of original infection as opposed to onset of a

new urinary infection. Persistent symptoms included dysuria, flank pain, fever, urgency, fre-

quency, costovertebral angle (CVA) tenderness, and/or hematuria as documented in the chart

by a medical provider. ED and outpatient clinic visits from several major hospitals in the area

were also able to be reviewed through our electronic health record (EHR) to help assess for

treatment failure. Secondary endpoints included documented adverse drug reactions (ADRs)

and Clostridioides difficile infection (CDI) within 30 days of initial ED presentation.

Data collected included age, sex, β-lactam or FQ allergies, select non-urologic comorbidities

(diabetes mellitus, present or previous cancer, gastrointestinal disease, liver disease, and

immunocompromised status), urologic abnormalities (anatomic or functional urinary abnor-

mality, chronic kidney disease, current urinary stones, continuous or intermittent foreign

material in the urinary tract such as percutaneous nephrostomy tubes, ureteral stents, suprapu-

bic catheters, or Foley catheters), urine culture results and antimicrobial susceptibilities, IV

antibiotics administered during the ED visit, oral antibiotics prescribed at discharge, duration

of therapy (DOT) categorized by� 7 days or >7 days, treatment failure, adverse drug reac-

tions, and CDI within 30 days of hospital presentation. Antibiotic susceptibilities were deter-

mined using the MicroScan WalkAway system with susceptibilities to all oral cephalosporins

inferred from cefazolin susceptibilities per the Clinical and Laboratory Standards Institute

(CLSI) M-100 guidance [8]. Immunocompromised status was defined as having primary

immunodeficiency, autoimmune disease, or human immunodeficiency virus and/or receiving

chemotherapy, biological agents, immunosuppressants, or steroids for>2 weeks prior to pre-

sentation. This study was approved by the UT Southwestern Institutional Review Board. As

this was a retrospective study of medical records, all data were fully anonymized and the IRB

waived the requirement for informed consent.

Results

A total of 439 patients were screened and 343 were ultimately included in the study. Among

these 343 patients, 229 were in the CP group and 109 in the FQ group. Patient characteristics

are shown in Table 1. Age and race distributions were numerically similar between both

groups. However, there was a higher rate of β-lactam allergies in the FQ group compared to

that in the CP group (7.3% vs. 2.2%). There were no major differences between the various

non-urologic comorbidities and urologic abnormalities in both cohorts. As expected, E. coli
was the most common organism causing pyelonephritis in both groups (91.3% in CP group

and 83.5% in FQ group). Despite there being 109 patients in the FQ group, the number of

ESBL-producing and CRE organisms was unexpectedly small in this cohort (2 and 0 isolates,
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respectively). Initial IV antibiotic use, duration of IV antibiotics, oral antibiotic regimens, and

total duration of antibiotic use is shown in Table 2. The majority of patients in both the CP

and FQ groups received initial IV antibiotics (92.5% vs. 78%, respectively) and ceftriaxone was

the predominant IV antibiotic administered. In the CP group, the most common oral antibi-

otic was cefuroxime (50.2%) followed by cefpodoxime (28.3%) and cephalexin (21.4%). Cipro-

floxacin was the predominant agent in the FQ group (95.4%). The median total DOT in the

CP group was 11 days (IQR 9–12.5 days) whereas in the FQ group it was 9 days (IQR 8–11

days). A significantly larger proportion of patients in the FQ group received� 7 days of total

antibiotic therapy (21.1% vs. 5.2%).

There was no difference in the rates of treatment failure between cohorts (CP vs. FQ: 35/

229 [15.3%] vs. 19/109 [17.4%]). When stratified by reason for treatment failure, there was no

difference between groups in the rate of ED or clinic return, change in antibiotic, or recurrent

infection within 30 days (Table 3) and the primary reason for treatment failure in both groups

was ED or clinic return (CP vs. FQ: 26/35 [74.3%] vs. 15/19 [78.9%]). Rates of treatment failure

were stratified by antibiotics used in both the CP and FQ groups (Table 4). Cefpodoxime was

associated with the highest rate of treatment failure (23.4%) in the CP group, followed closely

by cephalexin (22.4%), while the lowest rate was observed with cefuroxime (7.8%). In the FQ

Table 1. Baseline characteristics.

CP Group FQ Group

n = 229 n = 109

Age–mean (±SD) 42.41 (±14.8) 42.02 (±15.0)

Female sex–n (%) 205 (89.5) 88 (80.7)

Hispanic–n (%) 169 (73.8) 81 (74.3)

Antibiotic allergy–n (%) 9 (3.9) 13 (11.9)

β-lactam 5 (2.2) 8 (7.3)

FQ 1 (0.4) 0

Non-urologic comorbidities–n (%)

Diabetes mellitus 77 (33.6) 25 (22.9)

Current or previous cancer 16 (7.0) 8 (7.3)

GI disease 8 (3.5) 5 (4.6)

Liver disease 8 (3.5) 8 (7.3)

Immunocompromising condition 9 (3.9) 10 (9.2)

Urologic abnormalities–n (%)

Anatomic or functional urinary abnormality 8 (3.5) 9 (8.3)

CKD 11 (4.8) 3 (2.8)

Current urinary stones 24 (10.5) 10 (9.2)

Urinary tract foreign material 8 (3.5) 9 (8.3)

Organism species–n (%)

E. coli 209 (91.3) 91 (83.5)

Klebsiella species 16 (7.0) 7 (6.4)

Others� 4 (1.7) 11 (10.1)

ESBL organisms–n (%) 0 2 (1.8)

CRE organisms–n (%) 0 0

� Others include Enterobacter cloacae (n = 3), Proteus mirabilis (n = 8), Providencia rettgeri (n = 2), Pseudomonas
aeruginosa (n = 2)

Abbreviations–CP: Cephalosporin; FQ: Fluoroquinolone; GI: Gastrointestinal; CKD: Chronic kidney diseases; E. coli:
Escherichia coli; ESBL: Extended-spectrum β-lactamase; CRE: Carbapenem-resistant Enterobacteriaceae.

https://doi.org/10.1371/journal.pone.0274194.t001
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group, three out of the five patients who were treated with levofloxacin had treatment failure

(60%) compared to only 16/104 (15.4%) of the patients who received ciprofloxacin. Safety end-

points of ADRs and CDI were low and not different between groups (Table 3].

Discussion

The use of intravenous cephalosporins for community-onset acute pyelonephritis as initial

treatment followed by an appropriately targeted oral antibiotic such as a FQ or TMP-SMX for

a total duration of 7–14 days has demonstrated high clinical cure rates of�95% in several stud-

ies [9–11]. As rates of resistance to both FQs and TMP-SMX continue to increase, oral β-lac-

tams are often the only remaining therapeutic option for pyelonephritis which might avoid

hospital admission and allow for outpatient treatment of an otherwise clinically stable patient.

Table 2. Antibiotic dose and duration of therapy.

CP Group FQ Group

N = 229 N = 109

Initial IV antibiotics–n (%)

Yes 212 (92.5) 85 (78.0)

Initial IV antibiotic choice–n(%)

Ceftriaxone 210 (91.7) 82 (75.2)

Piperacillin/tazobactam 2 (0.8) 0

Ciprofloxacin 0 3 (2.8)

Duration of IV antibiotics, days–n (%)

1 122 (53.3) 62 (56.9)

2 77 (39.3) 23 (21.1)

Oral antibiotics and dosing–n (%)

Cephalexin 49 (21.4)

500mg QID 16 (7.0)

500mg TID 25 (10.9)

500mg BID 6 (2.6)

250mg QID 2 (0.9)

Cefuroxime 115 (50.2)

500mg BID 106 (46.3)

250mg BID 9 (3.9)

Cefpodoxime 64 (27.9)

400mg BID 27 (11.8)

200mg BID 30 (13.1)

100mg BID 7 (3.1)

Cefdinir 300mg BID 1 (0.4)

Ciprofloxacin 104 (95.4)

500mg BID 104 (95.4)

Levofloxacin 5 (4.6)

750mg QD 4 (3.7)

500mg QD 1 (0.9)

Duration of total antibiotics, days–n (%)

�7 12 (5.2) 23 (21.1)

>7 217 (94.8) 86 (78.9)

Abbreviations–CP: Cephalosporin, FQ: Fluoroquinolone, QID: Four times daily, TID: Three times daily, BID: Two

times daily, QD: Once daily

https://doi.org/10.1371/journal.pone.0274194.t002
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One of the primary concerns with using oral β-lactam agents is that despite being primarily

eliminated via the kidneys, many of the agents in this class have limited bioavailability, poten-

tially impeding the achievement of adequate renal tissue concentrations. For example, cefurox-

ime, cefpodoxime, and cefdinir have a bioavailability of 37%-52%, 50%, and 16%-21%,

respectively [12–14]. In addition, few studies have explored the feasibility of oral cephalospo-

rins for the treatment of Enterobacterales from a pharmacokinetic/pharmacodynamic (PK/

PD) perspective. The pharmacodynamic target for efficacy of cephalosporins is the fraction of

time above the organisms minimum inhibitor concentration (ƒT>MIC) with the goal %

ƒT>MIC of 40–50%. Cattrall et al. sought to determine if there was a PK/PD basis for using

oral antibiotics in the treatment of pyelonephritis, however the only cephalosporin evaluated

was cephalexin [15]. Using a PK model to assess efficacy and minimum effective dose, the

investigators found that achieving a 90% cumulative fraction of response (CFR) based on the

European Committee on Antimicrobial Susceptibility Testing (EUCAST) breakpoint required

cephalexin to be dosed at 3500mg every 6 hours which far exceeds the recommended daily

maximum of 4000mg per day [15]. In a similar study by Rodriguez-Gascon et al., PK/PD anal-

ysis of cefuroxime and cefixime were conducted using Monte Carlo simulations to estimate

CFR based on standard dosing regimens for these antibiotics. Results of their modeling

showed that using a 90% probability of target attainment with %ƒT>MIC 40% was achieved

only when cefuroxime was dosed at 500mg every 8 hours for Enterobacterales with a MIC�1

mg/L (CLSI breakpoint�4 mg/L, EUCAST breakpoint�16 mg/L) and cefixime 400mg every

12 hours for a MIC�1 mg/L [16]. While the CLSI does not make specific comments on the

utility of oral cephalosporins, it outlines that the urinary cefazolin breakpoint for Enterobac-

terales should be used as a surrogate to predict activity for most oral cephalosporins, including

cephalexin, cefuroxime, and cefdinir. Moreover, while specific breakpoints exist for some oral

Table 3. Primary outcome and safety endpoints.

CP Group FQ Group

N = 229 N = 109

30-Day treatment failure—n (%) 35 (15.3) 19 (17.4)

ED or clinic return 26 (11.4) 15 (13.8)

Change in antibiotic 6 (2.6) 6 (5.5)

Recurrent infection 9 (3.9) 4 (3.7)

ADR—n (%) 3 (1.3) 3 (2.8)

CDI—n (%) 0 0

Abbreviations–CP: Cephalosporin, FQ: Fluoroquinolone, ADR: Adverse drug reaction, CDI: Clostridioides difficile
infection.

https://doi.org/10.1371/journal.pone.0274194.t003

Table 4. Treatment failure by antibiotic.

CP Group–n/N (%)�

Cephalexin Cefuroxime Cefpodoxime Cefdinir

11/49 (22.4) 9/115 (7.8) 15/64 (23.4) 0/1 (0)

FQ Group–n/N (%)

Ciprofloxacin Levofloxacin

16/104 (15.4) 3/5 (60)

� Percentages of treatment failure are relative to the proportion of each antibiotic in the corresponding group

Abbreviations–CP: Cephalosporin; FQ: Fluoroquinolone.

https://doi.org/10.1371/journal.pone.0274194.t004
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cephalosporins and Enterobacterales, these may not be routinely available on standard suscep-

tibility testing platforms.

The 2011 IDSA guidelines stated that evidence supporting the use of oral β-lactams follow-

ing IV therapy for the treatment of pyelonephritis is limited [3]. A randomized, controlled

trial comparing oral ampicillin to TMP-SMX for the treatment of acute pyelonephritis which

found higher rates of recurrence in the ampicillin arm, thus concluding that TMP-SMX was

preferred to oral β-lactams [17]. Another randomized trial by Cronberg et al. compared oral

ceftibuten to norfloxacin for pyelonephritis and found significantly higher clinical failure rates

and less complete cure with ceftibuten [18]. Since the release of the IDSA guidelines in 2011,

no additional randomized trials have directly compared oral β-lactams to oral FQs. However,

several randomized trials have demonstrated high rates of favorable clinical outcomes with

oral CPs following initial IV CPs which can be compared to historically reported outcomes

using oral FQs. Sanchez et al. evaluated the effectiveness of a 10-day course of oral cefixime

400 mg daily following a single dose of ceftriaxone for acute pyelonephritis and found no dif-

ference in clinical cure when compared to IV ceftriaxone alone (92% vs. 91%) [19]. Similarly, a

2012 prospective, double-blind, randomized trial compared the clinical efficacy of IV ceftriax-

one for an average of 3 days followed by oral cefditoren pivoxil to IV ceftriaxone alone. After a

total of 10 days of therapy in each group, no significant difference in clinical cure was observed

between patients in the IV and oral therapy group compared to only IV therapy group (100%

vs. 95.1%, 95% CI –0.12 to 0.02) [20]. Finally, Sutton et al. conducted a large, retrospective

cohort study demonstrating the success of oral β-lactams for the treatment of Enterobacterales

bacteremia secondary to a urinary source [21]. The investigators compared 955 patients who

received an oral β-lactam to 3134 patients who received a FQ or TMP-SMX and found similar

30-day all-cause mortality or 30-day recurrent bacteremia between each group (4.4% vs. 3.0%,

adjusted RR 1.31 [95%CI, 0.87–1.95]]. Both groups received IV antibiotics for a median dura-

tion of 3 days prior to oral step-down and were treated for a median total duration of 14 days.

Though these studies had several limitations, they provide additional evidence suggesting that

short course IV therapy (1–3 days) followed by oral β-lactams are likely effective for the treat-

ment of AUP, as outlined in our study [19–21].

The overall rate of treatment failure in our study (54/338 [16.0%]) is similar in comparison

to previous trials, which reported failure rates between 0%-37% [14–17, 22]. A retrospective

study by Vogler et al. evaluated oral CPs for pyelonephritis in discharged patients from a com-

munity hospital ED [23]. The primary endpoint was treatment failure within 30 days defined

as either a repeat healthcare visit or antibiotic changes based on susceptibilities and was signifi-

cantly higher in the FQ or TMP-SMX group compared to the CP group (23% vs. 0), mostly

due to resistance [23]. More recently, Fosse et al. evaluated 30-day UTI recurrence rates in out-

patients diagnosed with pyelonephritis and treated with either an oral CP, FQ or TMP-SMX

[24]. The recurrence rates of 16% among patients receiving oral CP and 17% among patients

receiving first-line therapy are nearly identical to those observed in our study. Our research

serves as one of only a handful of studies directly comparing oral β-lactams to FQs for treat-

ment of AUP and adds to the growing evidence that oral CPs may be an equally efficacious

alternative to FQs.

Reported rates of ADRs in previous research on this topic ranged from 0% to 47% depending

on the study definition and trial design [16, 18, 19, 22]. The observed frequency of ADRs in our

study was 1.7% overall and no CDIs were documented. Given the retrospective nature of this

study, assessment of safety events was difficult and relied on patient follow-up and provider

documentation, possibly underestimating the true rates of ADRs. With increasing recognition

of adverse effects associated with FQ use such as tendonitis, mental status changes, and CDI,

the oral CPs are a potentially appealing alternative due to their lower risk of severe of ADRs.
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The conclusion of this study is promising yet limited in several ways. The retrospective

design introduces inherent bias into the selection of patients for inclusion. Due to the smaller

sample size, differences between groups may not have been adequately captured and thus we

did not specify confounders or perform subgroup analyses as we felt the study would be most

helpful in a primarily observational capacity. The antibiotic dosing, frequency, and duration of

therapy were not standardized and compliance to oral therapy could not be assessed. In addi-

tion, as the infections were uncomplicated, it is plausible that the initial doses of IV therapy

may have been adequate in and of themselves to cure the infection and that any additional oral

therapy did not greatly impact cure rates. Furthermore, the population included in the study

may not be generalizable to more complicated cases which require hospitalization, have signif-

icant comorbid conditions or urologic abnormalities, or have a history of multidrug-resistant

pathogens. Although the primary outcome pooled the results of patients receiving any oral CP,

we did not find all oral CPs to be equivalent. Safety endpoints occurred infrequently in both

groups and may be underestimated due to the retrospective nature. However, the design of

our study helps eliminate certain potential confounding elements such as clinical failures due

to drug resistance and can more directly address clinical efficacy. Furthermore, our ability to

access medical records from other major hospitals in the city may help to capture a more accu-

rate rate of ED returns, clinical failures, and safety events.

Based on our study’s findings, oral CPs appear to be as safe and effective as oral FQs for the

treatment of acute uncomplicated pyelonephritis. There were significantly less treatment fail-

ures with 2GCs as compared to 3GCs and 1GCs. Although oral CPs are not strongly recom-

mended by guidelines for the treatment of AUP, there appears to be a growing consensus

among practitioners that oral CPs and other β-lactams are a reasonable choice for uncompli-

cated cases given their tolerability and increasing resistance to first-line agents. Additional

studies would be helpful in clarifying optimal oral CP agent selection and dosing for AUP.
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