JAC Antimicrob Resist
https://doi.org/10.1093/jacamr/dlae071

JAC-
Antimicrobial
Resistance

Intravenous cefuroxime as a first-line treatment for women
hospitalized for pyelonephritis

Céline Everard?, Axelle Schampaert?, Louise Doyen?, Valérie Verbelen?, Jean-Christophe Marot*
and Grégoire Wieérs () 3*

IService of Internal Medicine, Clinique Saint-Pierre, Ottignies, Belgium; *Service of Microbiology, Clinique Saint Pierre, Ottignies, Belgium;
3Faculty of Medicine, Department of Medicine, URPC, Namur Research Institute for Life Sciences (NARILIS), University of Namur, Namur,

Belgium
*Corresponding author. E-mail: gregoire.wieers@unamur.be

Received 29 January 2024; accepted 15 April 2024

Background: Empirical treatment of pyelonephritis in the emergency ward includes broad-spectrum antibiotics.
Such a strategy favours broad-spectrum antibiotic overuse. Local antibiotic stewardship teams can propose lo-
cal recommendations to adapt empirical antibiotic treatment devoted to spare precious molecules that remain
active on MDR bacteria, such as fluoroquinolones or other broad-spectrum antibiotics.

Objectives: We aimed to evaluate the incidence of urinary tract infection recurrence within 3 months after hos-
pital discharge following empirical antibiotic therapy with cefuroxime in women with pyelonephritis in the emer-
gency room.

Patients and methods: We conducted a retrospective, single-centre study. We identified 109 women treated for
pyelonephritis, 95 with cefuroxime at any time, and 14 with only other antibiotics, and divided them into sub-
groups based on antibiotic switch to other molecules. We compared the incidence of urinary tract infection re-
currence in the subgroups.

Results: In the group of patients treated with cefuroxime only, we identified five cases of recurrence (9.4%) in a
total of 53 patients, but only 1 (1.9%) case of recurrence associated with the same uropathogen. No significant
difference in clinical outcome, length of antibiotic treatment, or urinary tract infection recurrence was observed
between the subgroups.

Conclusions: Our study supports that a strategy elaborated by an antibiotic stewardship team based on local
ecology and aimed at proposing the narrowest-spectrum antibiotic upon treatment initiation in the emergency

room is safe.

Introduction

The IDSA and the ESCMID guidelines recommend oral fluoroqui-
nolones or trimethoprim/sulfamethoxazole as a first-line anti-
biotic treatment for uncomplicated pyelonephritis.** IDSA
recommends caution in the use of oral B-lactams due to concerns
about potentially inferior efficacy compared with fluoroquino-
lones and trimethoprim/sulfamethoxazole. Fluoroguinolones
are therefore used preferentially as an empirical antibiotic choice
with no consideration of the local epidemiology of antibiotic re-
sistance in uropathogens. Moreover, the fear of missing bacteria

producing an antibiotic resistance factor such as ESBL drives clin-
icians to prescribe broad-spectrum antibiotics.® Such conditions
favour broad-spectrum antibiotic overuse.

Second-generation cephalosporins (C2Gs) such as cefuroxime
are antibiotics that concentrate in the urine. With its focused
spectrum, cefuroxime minimizes microbiota disruption. In con-
trast to quinolones, it avoids potential hazards such as cardiac ar-
rythmia, tendon damage, aortic aneurysm formation, confusion
or seizures. C2Gs are bactericidal against common uropathogens
such as Escherichia coli and Proteus mirabilis.* Cefuroxime was
widely used in the 1980s. However, the emergence of resistance
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and variable bioavailability after oral administration led to a grad-
ual decline in demand.” In line with our local ecology, where 13%
of E. coli are resistant to C2Gs, we chose to maintain IV cefurox-
ime at high dosage as first-line treatment for pyelonephritis in the
emergency department to spare fluoroquinolones or broad-
spectrum antibiotics.

Recent clinical trials comparing C2Gs with fluoroquinolone
demonstrated that oral cephalosporins appear to be as safe
and effective as fluoroquinolones in the treatment of pyeloneph-
ritis.® Fewer treatment failures have been observed with C2Gs
compared with first- and third-generation cephalosporins.’

The extensive use of fluoroquinolones in human and veterin-
ary medicine has been associated with the acquisition of anti-
microbial resistance in the population.®? Increasing rates of
resistance and adverse events associated with first-line antibio-
tics warrant the reconsideration of cephalosporins for the treat-
ment of pyelonephritis. A single-centre trial over a 30 month
period compared the recurrence rates of pyelonephritis between
oral cephalosporins and first-line antibiotics in the treatment of
acute pyelonephritis; it showed no significant difference in urin-
ary tract infection (UTI) recurrence rates between oral cephalos-
porins and first-line antibiotics.'®

Oral therapies are not recommended in hospitalized patients
with signs of sepsis. IV cefuroxime has been identified as an alter-
native for treating community-onset pyelonephritis. A study
comparing C2Gs and third-generation cephalosporins as initial
therapy for women with community-onset uncomplicated pyelo-
nephritis showed a clinical cure rate of over 95% and a microbio-
logical cure rate of over 89%. Only 5% of patients had to be
treated with another IV antibiotic.!

We have purposely focused on an exclusively female popu-
lation as UTIs in women are among the most common causes
of hospitalization for bacterial infections. In 2000, the hospital-
ization rate for pyelonephritis was 11.7 per 10000 women in
the USA. Moreover, the physiopathology of UTI in women is as-
sociated with the shortness of the urethra compared with men,
favouring ascending infection due to colonization with com-
mon uropathogens equipped with adhesive pili. According to
the European Association of Urology (EAU), uncomplicated
UTIs are considered in the limited context of non-pregnant
women with no known relevant anatomical and functional
abnormalities within the urinary tract or comorbidities. UTI in
a patient with an increased chance of a complicated course
is considered complicated; these affect pregnant women
patients with relevant anatomical or functional abnormalities
of the urinary tract, indwelling urinary catheters, renal diseases
and/or with other concomitant immunocompromising dis-
eases such as diabetes. In men, all UTIs are considered
complicated.”

Complicated UTI, and also uncomplicated UTI with high fever,
inability to take oral treatment and social conditions that do not
allow a safe stay at home, are criteria for hospitalization from the
emergency department. Most of these patients are treated with
IV antibiotics.?

Pyelonephritis manifests itself as a UTI with paralumbar pain
and fever or chills. However, there is a lack of consensus on the
diagnostic criteria for pyelonephritis. Up to 20% of women with
pyelonephritis do not show the classic symptoms of a UTI, fever
or biological signs of sepsis.!?

Patients and methods

We conducted a retrospective, single-centre study to evaluate the real
risk of treatment failure or recurrent UTI following antibiotic treatment
with high-dose cefuroxime, corresponding to IV administration of 1.5 g
three times a day with oral switch to 500 mg three times a day, 20 min
after meals. Transition to oral therapy was after receipt of the uropatho-
gen antibiogram, within 3 days of admission.

Pyelonephritis was defined as a combination of clinical symptoms and
biological abnormalities compatible with upper UTI: acute paralumbar
pain or micturition and biological signs of bacterial infection (fever de-
fined as body temperature >38°C, leukocyturia >20 cells/mm?, and urin-
ary culture with bacterial growth as defined in the EAU definition of
pyelonephritis.

The International Statistical Classification of Diseases and Related
Health Problems (ICD) coding department was used to identify
women with a diagnosis of pyelonephritis, from 1 January 2019 to
31 December 2019. ICD-10 code N10, referring to acute pyelonephritis,
was selected in women. The sample of patients treated in 2019 was cho-
sen because it is a standard year, particularly compared with the two fol-
lowing years affected by COVID-19, because it allows us to provide
sufficient follow-up. At the end of this observation period, an empirical
treatment strategy with cefuroxime continued to be our standard of
care. Of the 129 patients identified, we excluded 20 due to other diagno-
ses or the absence of clinical and biological signs consistent with the def-
inition of pyelonephritis. Of these 109 patients, 14 women had
pyelonephritis but were not receiving cefuroxime treatment. We included
these patientsin a control group (No C2) (Table 1). We divided the patients
into three groups according to treatment: 53 patients received cefurox-
ime 1.5 g three times a day 1V, then switched to cefuroxime 500 mg three
times a day orally (C2iv>C20); 14 patients received another antibiotic,
then switched to cefuroxime 500 mg three times a day orally (0>C2);
28 patients received cefuroxime 1.5 g three times a day IV, then switched
to another antibiotic (C2>0) (Figure 1). The first group of 53 patients,
treated with cefuroxime all along, was compared with the other three
groups considered as internal controls. Other IV antibiotics were piperacil-
lin/tazobactam, amikacin, vancomycin or temocillin; orally administered
antibiotics were amoxicillin, amoxicillin/clavulanate, ciprofloxacin and
linezolid.

A diagnosis of UTI recurrence was defined as any new episode of
symptomatic cystitis or pyelonephritis as defined by the EAU within
3 months of hospital discharge, requiring medical intervention and with
microbiological analysis of urine showing bacterial growth. To collect
cases of UTI recurrence, we screened the electronic medical record data-
base of our hospital and the Réseau Santé Wallon, a regional health data
hub.

Bacteriology

Microorganisms growing in urinary culture or blood culture were isolated
and tested for antibiotic susceptibility. Uropathogens were identified
by MALDI-TOF MS (Bruker Biotyper, Bruker Daltonics, Germany).
Antimicrobial susceptibility testing was performed on the VITEK 2 plat-
form for Enterobacteriaceae (AST-N366 card) and Enterococcus spp.
(AST-P586 card) and on Mueller-Hinton agar plates by disc diffusion for
non-fermenting Gram-negative bacteria. The breakpoints recommmended
by EUCAST were used to assign the following clinical susceptibility
categories: susceptible or resistant.!*'> Phenotypic confirmation of
ESBL production was performed using the combination disc test
recommended by EUCAST. Phenotypic AmpC confirmation tests were
performed with the inhibition of AmpC by cloxacillin with cefotaxime+
cloxacillin Rosco tablets. Carbapenemase production was confirmed by
the immunochromatographic lateral flow test RESIST-3 O.K.N. (Coris
BioConcept, Belgium).
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Table 1. Demographics

Q2iv>C20 0>(C2 2>0 No C2

Patients, n 53 14 28 14
Age, years (mean +SD) 55425 61+18 56+25 69+17
Paralumbar pain, n (%) 29 (55) 8 (57) 16 (57) 9 (64)
Temperature >38°C, n (%) 39 (74) 10 (71) 20 (71) 11 (79)
CRP, mg/L (mean+SD) 160+90 197+138 213+106 172+119
Neutrophils, cells/mm? (mean + SD) 11303+5251 10004 + 4503 12377 +5519 12631+5897
Serum creatinine, mg/dL (mean +SD) 0.95+0.37* 1.61+1.52 1.37+0.99 1.74+1.60*
Renal failure, n (%)

Acute 11 (21) 6 (43) 10 (36) 3(21)

Chronic 4(7) 2 (14) 6 (21) 7 (50)
Iconography with signs of pyelonephritis, n (%)

Ultrasound 10/39 (26) 4/8 (50) 8/18 (44) 2/9 (22)

CT without contrast 217 (29) 1/2 (50) 4/7 (57) 3/5 (60)

CT with contrast 6/9 (67) 717 (100) 4/4 (100) 5/8 (71)

Obstructive pyelonephritis 2 2 3 0
Leucocytes in urine, cells/mm? (mean +SD) 281145907 2108 +3484 4781 +9955 2193+3280
Comorbidities

All causes, n (%) 16 (30) 3(21) 10 (36) 10 (71)

Urological, n 69 2b 5¢ 74

Incontinence, n 2 0 1 0

Diabetes mellitus, n 3 1 3 4

Pregnancy, n 1 0 0 0

Relapsing UTL, n 6 1 3 2

Dementia, n 5 1 2 0
Antibiotic treatment, days (mean+SD) 12.4+2.4 13.2+2.7 12.1+3 15.7+7.7
Cefuroxime shift to/from

Amoxicillin 14

Amoxicillin/clavulanic acid 1 2

Piperacillin/tazobactam 1

Ceftriaxone 3

Temocillin 5 2

Ciprofloxacin 4 8

Aztreonam 1 1

Linezolid 1

Trimethoprim/sulfamethoxazole 1

"ANOVA P=0044 between C2iv>C20 and No C2. Other antibiotics were amoxicillin, amoxicillin/clavulanate, piperacillin/tazobactam, ciprofloxacin,

amikacin, or a bacteriology-based antibiotic selection such as vancomycin, linezolid or temocillin.

“Urological comorbidities were one unique kidney, two neurological bladder, one ureteropelvic junction obstruction, one partial nephrectomy, one ve-

sicoureteral reflux.

PUrological comorbidities were urostomy, urethral catheter.
“Urological comorbidities were one ureteropelvic junction obstruction, one renal cell cancer, one pyelolithotomy, one vesicoureteral reflux, one urethral

catheter.

dUrological comorbidities were three unique kidney, two ureteral catheter, one pyelolithotomy, one urostomy.

Statistics

For each treatment group, the incidence of relapse was compared
using the exact Fisher’s test for small groups. The groups described
in this study were compared with a historical group of patients de-
scribed by Bleidorn et al.'® using the chi-squared test. In a cohort of
386 women aged 18 to 65 years who suffered uncomplicated cystitis,
Bleidorn et al.*® documented 80 patients who suffered a UTI recur-
rence within 6 months of the first episode.'® The definition of recur-
rence corresponds to a new episode of cystitis, pyelonephritis or

hospitalization. The incidence of 20.7% described by Bleidorn et al.'®
was considered to be the incidence of recurrent UTI after effective
treatment due to host or pathogen characteristics.?” This observation
is consistent with the incidence of 19% to 24% reported in the
literature.®

One-way ANOVA was used to compare continuous data such as bio-
logical parameters and time to recurrence. Survival curves were plotted
using the Kaplan-Meier method. Statistics were generated with GraphPad
Prism 10.1.
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Recurrence analysis
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C2iv>C20 0>C2 C2>0

Figure 1. Flow chart of the female patients included in the study.

Table 2. Microbiology of upper UTI at inclusion

C2iv>C20 0>C2 C2>0 No C2
E. coli C2S 42/42 8/9 19/23 6/7
K. pneumoniae C2S 0 1/2 1/2 1/3
P. mirabilis C2S Ll4 11 0/1 0
S. dysgalactiae 0 0 1 0
A. urinae 0 0 2 0
C. freundii 0 0 0 1
E. faecalis 0 0 2 1
E. faecium 1
E. hirae 1
Positive blood culture 4/43 8/14 8/25 3/12
E. coli C2S A 717 7/8 12
K. pneumoniae C2S 1
E. faecalis mn

Results of microbiology analysis of urine and blood collected upon from
patients with upper UTI at the time of admission in the emergency
room. C2S, antibiogram demonstrating C2G susceptibility of S. dysgalac-
tiae, A. urinae, C. freundii. Enterococcus spp. were considered resistant
to C2G.

Ethics

The protocol of this retrospective, non-interventional study was accepted
by the ethical committee of the Clinique Saint-Pierre in Ottignies on 13
December 2023.

Results

Observations on demographics and choice of antibiotics

The women included in this study were between 17 and 93 years
old. No significant differences were observed between groups, ex-
cept for serum creatinine, which was higher in the control group
‘No C2’ (mean creatinine 1.74 +1.60 mg/dL) compared with group
C2iv>C20 (mean creatinine 0.95+0.37 mg/dL, P=0.044). Elevated
creatinine in the No C2 group is associated with an internal protocol
recommendation to consider temocillin in urinary obstruction or

sepsis with signs of shock, two conditions that may be associated
with elevated creatinine. The mean duration of the antibiotic treat-
ment was 13.5 days.

Recurrent UTI, defined as a new episode of cystitis or pyelo-
nephritis with the demonstration of bacterial growth in the urine
within 3 months, was noted in 10 of the 95 patients treated with
cefuroxime. Recurrent UTIs did not influence the preference for
broad-spectrum antibiotic therapy over cefuroxime treatment
on arrival at the emergency department. However, antibiotics
that cover ESBLs, such as piperacillin/tazobactam, ciprofloxacin,
amikacin and temocillin, or previous bacteriology-based antibiot-
ic selection such as vancomycin or linezolid was the first empirical
choice in complicated scenarios such as patients with urological
comorbidities (Table 1). Urinary cultures showed 81 E. coli,
8 Klebsiella pneumoniae, 6 P. mirabilis, 2 Streptococcus dysgalactiae,
3 Enterococcus faecalis, 1 Enterococcus faecium, 2 Enterococcus hirae,
2 Aerococcus urinae and 1 Citrobacter freundii. Antibiograms showed
resistance to cefuroxime in 3 E. coli (3.8%), 5 K. pneumoniae (62.5%)
and 1 P. mirabilis (16.7%). Patients suffering from urological comorbid-
ities harboured five out of the eight (62.5%) uropathogens resistant
to C2Gs.

Blood cultures were obtained from 94 patients. Bacteraemia
was detected in 23 patients (24.4%). Twenty-one isolates were
E. coli, of which 2 had an ESBL phenotype, 1 was K. pneumoniae
and 1 was E. faecalis. In three blood cultures, the antibiogram
showed resistance to cefuroxime: two E. coli and the E. faecalis.
Two of these three patients were suffering from comorbidities:
diabetes mellitus and nephrolithiasis (Table 2).

Adaptation of the cefuroxime treatment following
bacteriology

We considered as failure the proportion of patients initially trea-
ted with cefuroxime, in whom microbiological analysis justified
broadening the antibiotic spectrum. Failure of the cefuroxime-
based antibacterial therapy occurred in 4 out of 81 patients
(4.9%). The clinical outcome for these patients was similar to
others.

The proportion of patients initially treated with cefuroxime for
whom microbiological analysis justified a narrowing of the anti-
biotic spectrum to amoxicillin was 14 out of 81 (17%). The per-
centage of patients who were initially prescribed cefuroxime
and who were later switched to ciprofloxacin was 8 out of 81
(9.8%). This decision was not influenced by microbiological evi-
dence of cefuroxime resistance, but by considerations of allergy,
patient comfort, presence of abscesses, and severity of the initial
clinical condition.

Recurrence after the antibiotic treatment

We identified 15 cases of recurrence (13.8%), as defined before,
out of a total of 109 patients (Table 3). Of these patients, 5 out
of 53 (9%) were treated with cefuroxime (C2iv>C20), 4 out of
14 (28%) received an initial antibiotic regimen that was later
changed to cefuroxime (0>C2), 3 out of 28 (11%) started with
cefuroxime as primary treatment and later changed to another
antibiotic (C2>0), and 3 out of 14 (21%) in the control group re-
ceived an antibiotic regimen other than cephalosporins (no C2).
Of these 15 recurrences, 10 (66%) occurred within 33 days of dis-
charge from the hospital. No significant differences were
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Table 3. UTI recurrences

Civ> 0> 2>
C20 C2 0 No C2
Number of patients relapsing 5/53 4114 3/28  3/14
Same bacteria 1 3(2) 2 1(1)
Acquisition of antibiotic resistance 2(1) 1
Other bacterial species 2 1(1) 2 (2)

Recurrences of UTI following a first event treated with antibiotics in hos-
pital. The numbers in brackets represent the number of patients with a
history of urological ailments. None of these patients showed more
than one recurrence within 3 months following the first event.
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Figure 2. Timelapse to recurrence in number of days since release from
hospital for pyelonephritis. The bars represent medians; ANOVA P=not
significant.
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Figure 3. UTI recurrence after pyelonephritis. Kaplan-Meier P=0.2.

observed between these incidences, even when compared with
the 80/386 (20.7%) recurrence after a first episode of cystitis de-
scribed in the Bleidorn et al. cohort,*® or the time elapsed to re-
currence (Figure 2). It was also possible to superimpose the
survival curves for recurrence (Figure 3).

Predisposing factors contributing to recurrent infection were
identified in 7 of the 15 UTI recurrences (47%). These factors

included four patients with a ureteral catheter, one patient with
a urostomy, one patient with lithiasis and one patient who was
in the post-partum period. Of these recurrences, 10 were
associated with the same bacteria as in the initial UTIL. All were
E. coli, and one of these showed an ESBL phenotype. Three
E. coli acquired resistance to amoxicillin, amoxicillin/clavulanate
or trimethoprim/sulfamethoxazole; two of them had an ESBL
phenotype. The other five recurrences were associated with bac-
teria different from during the first occurrence. Two cultures
showed growth of more than two bacteria and the others
showed Pseudomonas aeruginosa or K. pneumoniae.

Discussion

Urological comorbidities, local epidemiology and recommenda-
tions determine the choice of empirical antibiotics for pyeloneph-
ritis in women in the emergency department. For uncomplicated
pyelonephritis, our internal guidelines suggest cefuroxime as first-
line empirical treatment. In the absence of signs of sepsis, this
empirical treatment with cefuroxime has not been associated
with adverse outcomes, even among the 4.9% of patients who
were infected with C2G-resistant bacteria.

We considered a recurrent infection to be any UTI occurring
within 3 months after discharge from the hospital. Ten of the
15 recurrent UTI were associated with the same bacteria as in
the first episode. All were E. coli. Recurrence caused by the
same inadequately treated bacteria cannot be distinguished
from recurrence due to pathological events favouring ascending
infection or uropathogen pathogenicity. Nevertheless, we can as-
sume that a relapse should occur in the few days following dis-
continuation of antibiotic treatment. This was not observed.

Our observation supports the safety and efficiency of empirical
cefuroxime treatment for pyelonephritis in hospitalized women.
Most patients infected with a uropathogen resistant to cefuroxime
showed a urological history or previous hospitalization, as reported
in a global prevalence of infections in urology, as high as 44%.°
For these patients, antibiotic adjustments were performed subse-
quent to the identification of the uropathogen and antibiogram.
None of them progressed to an adverse event.

This study suffers limitations. Data collection spanned from
1 March 2023 to 1 July 2023, 4 years following the studied UTI epi-
sode. This time gap could induce bias due to incomplete informa-
tion, particularly in 27 cases out of 109 where the ‘Réseau Santé
Wallon’ database was inaccessible due to death or lack of network
affiliation. For these patients, we could only refer to internal re-
cords. This cohort exclusively comprised a female population, limit-
ing result generalizability. Evaluating the risk of UTI recurrence in
men treated with C2Gs would be insightful. Additionally, given
the study’s restricted patient count, further analyses through pro-
spective randomized studies with a larger sample size are
mandatory.

Conclusions

Pyelonephritis in women is a major cause of antibiotic prescrip-
tion worldwide. A reduction in the consumption of antibiotics
that remain effective against B-lactam resistant bacteria, such
as fluoroquinolones or other broad-spectrum antibiotics, would
offer multiple individual and collective advantages: reduction of
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side effects associated with gut microbiota disturbances such as
diarrhoea or diseases associated with gut microbiota dysbiosis;
extended hospital stay due to side effects of fluoroquinolones
such as confusion in the elderly; or selection of bacteria resistant
to antibiotics. Our study supports that a strategy elaborated by an
antibiotic stewardship team based on local ecology and aimed at
proposing the narrowest-spectrum antibiotic as quickly as at
treatment initiation in the emergency room is safe.
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