Prioritizing cefuroxime as empirical treatment in acute bacterial prostatitis: patient characteristics and outcome.
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Synopsis 
Background: Acute bacterial prostatitis (ABP) is a complicated urinary tract infection (UTI) requiring timely and appropriate antibiotic therapy. Because of growing concern over fluoroquinolone resistance, second-generation cephalosporins (C2G) such as cefuroxime may offer a viable alternative.
Objectives: This study evaluates the use of cefuroxime as an empirical first-line intravenous treatment in hospitalized patients with ABP and compares outcomes following various oral antibiotic step-down regimens.
Methods: We conducted a single-centre retrospective cohort study at Clinique Saint-Pierre Ottignies, Belgium, including male patients ≥18 years diagnosed with ABP and treated empirically with intravenous cefuroxime between January 2019 and December 2023. Patients were grouped based on their oral antibiotic step-down therapy (cefuroxime, ciprofloxacin, trimethoprim-sulfamethoxazole, or amoxicillin). The primary outcomes were bacterial failure and clinical recurrence within six months.
Results: Of 148 patients screened, 88 met inclusion criteria. No relapses were reported. E. coli was the predominant pathogen (49/88); 100% were cefuroxime-susceptible, while 4 were fluoroquinolone-resistant. Among non-E. coli isolates, resistance to cefuroxime was significantly higher (OR 8.5, p = 0.003).
Conclusions: Empirical intravenous cefuroxime followed by oral step-down appears safe and effective for ABP, especially in the absence of known risk factors for resistant pathogens. These findings support fluoroquinolone-sparing approaches in empiric UTI management, tailored to local microbiological profiles and individual comorbidities.


Introduction
Acute bacterial prostatitis (ABP), is a complicated urinary tract infection (UTI) affecting the prostate, with an incidence of approximately 6 cases per 1,000 men per year. This corresponds to category I of the NIH consensus, which defines ABP as an acute bacterial infection of the prostate, characterised by acute inflammation of the prostate gland, associated with documented bacterial infection in the urine and/or prostatic secretions.1,2 Escherichia coli is the most common causative pathogen.3 Cephalosporins were historically used in male UTIs but were largely replaced by fluoroquinolones (FQ) due to inconsistent oral absorption and resistance concerns, such as extended-spectrum beta-lactamase (ESBL) production. 4 These concerns may be overstated and warrant re-evaluation in the current context. FQs are now among the preferred oral antibiotics. However, their extensive use exerts a strong selective pressure, contributing to the emergence and spread of resistant bacteria in both human microbiota and hospital settings—a major public health concern in the coming decades.5-7 Limiting FQ use ("FQ-sparing") is considered a relevant strategy to mitigate resistance at the community level.8
Although second-generation cephalosporins (C2G), such as cefuroxime, are available as oral agents, they are no longer first-line options in many clinical guidelines. Nevertheless, studies suggest oral C2G are as effective and safe as FQ in treating pyelonephritis in women.9 The bioavailability of cefuroxime is estimated to be between 36 and 52% 17. The impact of inconsistent oral absorption may be mitigated by initiating intravenous antibiotic therapy for the first few days. Additionally, C2G achieve therapeutic concentrations in prostatic fluid, and intravenous cefuroxime is considered appropriate for ABP management.10 Furthermore, the well-documented adverse effects of fluoroquinolones, including tendon rupture, peripheral neuropathy, and confusion, should be carefully considered when selecting antibiotic therapy (+ reference à l’EMA? Fluoroquinolone antibiotics: reminder of measures to reduce the risk of long-lasting, disabling and potentially irreversible side effects | European Medicines Agency (EMA)). Some guidelines recommend TMP-SMX as an alternative oral option for the management of acute bacterial prostatitis. However, its safety profile appears less favorable than that of second-generation cephalosporins and increasing bacterial resistance has also been observed16. Thus, C2G may represent a viable and safe alternative to spare FQ in the treatment of ABP.
This study aims to evaluate the risk of bacterial or clinical failure associated with the empirical use of intravenous cefuroxime, followed by oral therapy, in selected adult male patients diagnosed with community-acquired ABP.

Patients and methods
We conducted a single-centre retrospective cohort study at Clinique Saint-Pierre Ottignies, Belgium (425 beds), a regional general hospital. Data were collected retrospectively from electronic health records and the Réseau Santé Wallon, a regional health data hub.

Eligibility criteria
We included all male patients ≥18 years, admitted between January 1, 2019, and December 31, 2023, with a diagnosis of acute bacterial prostatitis (ABP) and empirically treated with intravenous cefuroxime, followed by oral antibiotic therapy. ABP was defined by: (1) Prostate-Specific Antigen (PSA) >4µg/l with prior comparison if available; (2) leukocyturia >20/mm³, urinary symptoms, and positive monomicrobial culture; (3) CRP >5 mg/l or body temperature ≥37.8°C in absence of other infections; and (4) an International Classification of Diseases, 10th Revision (ICD-10) discharge diagnosis corresponding to acute prostatitis (code N41.0) PSA elevation was used to improve specificity and exclude uncomplicated cystitis.
Antibiotic exposure
The antibiotic exposure included three phases: initial empirical intravenous cefuroxime 1.5 g three times daily; adaptation based on pathogen susceptibility; and oral step-down therapy with one of the following: cefuroxime 500 mg TID, ciprofloxacin 500 mg BID trimethoprim-sulfamethoxazole 800 mg daily or amoxicillin 1 g TID. The exposure period corresponded to the entire duration of antibiotic treatment, from diagnosis to completion of therapy.
Bacteriology 
Uropathogens were identified by MALDI-TOF MS. Antimicrobial susceptibility was tested using VITEK 2 (Enterobacteriaceae, Enterococcus spp.) or disk diffusion (non-fermenters), following EUCAST guidelines. ESBLs were confirmed by EUCAST combination disk tests. AmpC was assessed via cloxacillin inhibition, and carbapenemase production via RESIST-3 O.K.N. immunochromatographic assay.
Follow-up and outcomes measurement
Follow-up extended to six months post-treatment, until death or loss to follow-up. In this study, bacterial failure was defined as the persistence of culture-proven resistance to cefuroxime. Clinical failure included UTI relapse (≤14 days post-treatment) or recurrence (15 days to 6 months), defined by leukocyturia, positive cultures, symptoms, fever, or elevated CRP, requiring intervention, consistent with European Association of Urology guidelines Of a frequency of at least three UTIs/year or two UTIs in the last six months.11
Statistical analyses
Recurrence incidence was compared using odds ratios with Wolff confidence intervals and Fisher's exact test. Continuous variables were analyzed via ANOVA. Analyses were performed in GraphPad Prism 10.1. 
Ethics
The study protocol was approved by the institutional review board of Clinique Saint-Pierre Ottignies (IRB 045) on December 13, 2023.
Results
Of the 148 patients identified, 60 were excluded: 36 due to other initial antibiotic treatment, 8 due to the absence of biological signs consistent with the definition of ABP, 13 due to sterile culture of urine or growth of multiple bacterial strain and 3 because of an insufficient follow-up period due to death from another cause within 6 months.  The final study population comprised 88 patients, stratified according to the oral step-down antibiotic received: cefuroxime (n = 32), ciprofloxacin (n = 43), trimethoprim–sulfamethoxazole (n = 5), and amoxicillin (n = 8).
Male patients included in this study were aged between 35 and 93 years old (median age of 74 ±12 years). No significant differences in patient characteristics were observed (Table 1). 74% of all patients suffered comorbidities. The most frequent urologic comorbidity was prostate hyperplasia (42%), and the most frequent non urologic comorbidity was diabetes (35%). Fever was observed in 85%, PSA was increased by a 5-fold in 44% of the patients.  
All patients received intravenous cefuroxime at the initiation of the treatment in the emergency room for a mean duration of 3 ± 1 days, before changing to an oral antibiotic regimen and were subsequently shifted to an oral antibiotic regimen. 32 patients aged from to 35 to 94 years old received oral cefuroxime for a mean of 18±2 days; 43 patients aged from to 41 to 92 years old received oral ciprofloxacin for a mean of 19±6 days; 5 patients aged from to 68 to 89 years old received trimethoprim – sulfamethoxazole for a mean of 19±2 days and 8 patients aged from to 68 to 97 years old received Amoxicillin 1g for a total of 21±4 days. 

[bookmark: _Hlk211784756]Antibiotic choice and urine culture identification
Among the 88 identified uropathogens, E. coli was the most frequent isolate (n = 49). All E. coli isolates were susceptible to cefuroxime, while four showed resistance to ciprofloxacin.
Patients infected with non–E. coli bacteria were more frequently treated with ciprofloxacin (19/43) than with cefuroxime (23/32) (OR = 3.23 [1.21–8.58], p = 0.020). Among these non–E. coli isolates (n = 39), 12 were resistant to cefuroxime and two to ciprofloxacin. Accordingly, non–E. coli bacteria were 8.5 times more likely to be resistant to cefuroxime than to ciprofloxacin (OR = 8.5 [1.74–41.5], p = 0.003).
Most K. pneumoniae, P. mirabilis, and R. ornithinolytica isolates remained susceptible to cefuroxime, whereas resistance was mainly driven by P. aeruginosa, M. morganii, S. marcescens, and C. freundii.
Retrospectively, empirical cefuroxime therapy would have been effective in 74 of 85 cases (87.1%), compared with 80 of 85 (94.1%) for ciprofloxacin (OR = 0.42 [0.14–1.27], p = 0.117).

Bacterial failure
Among the 88 urine cultures showing the growth of a single bacterial strain, 14 were inadequately treated with cefuroxime. Of these, 11 were switched to ciprofloxacin, one to trimethoprim-sulfamethoxazole, and three to amoxicillin. Moreover, six additional isolates, independent of these 14 cases, demonstrated resistance to fluoroquinolones. 

UTI Relapse and recurrences
We observed no relapses in all groups. We observed 9 recurrences across all groups. Recurrences were observed in 6/32 patients in the group treated with cefuroxime. Among these six, 3 were associated with the same bacterial strain, E. coli, but with a different antibiogram when compared with the previous infection, 1 of these expressed an ESBL phenotype. The 3 other recurrences were associated with other bacterial strain: a Proteus mirabilis, Klebsiella oxytoca and Klebsiella aerogenes. Among the six patients who experienced recurrence in the group treated with cefuroxime, four patients suffered a benign prostatic hyperplasia, 1 an urolithiasis, and 1 diabetes. In the group treated with ciprofloxacin, all 3 recurrences were due to an infection with E coli, 1 was shared the same antibiogram as the first infection, 1 another antibiogram and 1 was different from the previous infection due to a Klebsiella aerogenes. 


Discussion 
Antibiotic resistance poses a critical public health challenge, with fluoroquinolone (FQ)-resistant Escherichia coli among the leading multidrug-resistant pathogens.13 Reducing unnecessary FQ use is a cornerstone of antimicrobial stewardship. In this context, our study evaluated relapse and recurrence rates of ABP in hospitalized men treated with intravenous cefuroxime, followed by oral step-down therapy with one of the following antibiotics: cefuroxime, ciprofloxacin, trimethoprim–sulfamethoxazole, or amoxicillin.
No relapse was observed among the 88 patients, suggesting the initial narrow-spectrum approach is effective when guided by clinical and microbiological assessment. Nonetheless, the sample size is underpowered to definitively compare recurrence rates between oral cefuroxime and other groups. Therefore, the observed similarity in recurrence rates cannot establish non-inferiority of cefuroxime step-down therapy.
Confounding by indication must also be considered. Some patients may have sought follow-up care outside our facility—especially with general practitioners—or were misdiagnosed at discharge, potentially leading to underreporting of relapses or recurrences. Additionally, clinician reluctance to de-escalate therapy despite microbiological evidence remains a key barrier to stewardship efforts.
Our findings suggest cefuroxime is a safe empirical option in male patients without risk factors for resistance, provided local resistance rates remain low. At our center, E. coli resistance to C2G and FQ was 14% and 18%, respectively, supporting selective use of FQ in high-risk cases.15
While encouraging, these results should be interpreted with caution given the study's retrospective design, limited power, and potential follow-up losses.
Conclusion:
In selected patients, intravenous cefuroxime with targeted oral step-down therapy is effective and may reduce unnecessary FQ exposure. Cefuroxime may represent an appropriate therapeutic option for ABP in regions with low resistance rates, thereby contributing to limiting fluoroquinolone consumption. 


Tables 
Table 1. General characteristics of the cohort 
	 
	Total
N=88
	C2
N=32
	FQ
N=43
	TS
N=5
	A
N=8

	Age years (mean±SD)
	
	74±13
	74±12
	75±11
	77±10

	T°≥37,8°C
	
	26 (67%)
	33 (70%)
	5 (83%)
	6 (75%)

	CRP mg/l (mean±SD)
	
	172±68
	195±88
	155±64
	152±63

	Neutrophils /mm3 (mean±SD)
	
	14156±7348
	14980±5981
	10683±2861
	11681±4024

	Serum creatinine mg/dl (mean±SD)
	
	1,31±0,68
	1,54±1,06
	1,21±0,13
	1,51±1,08

	PSA µg/l (mean±SD)
	
	25,7±23,9 
	21,8±14,1
	13,5±6,9
	11,3±3,4

	Renal failure (%) 
	
	
	
	
	

	Acute
	
	2 (5,1%)
	2 (4,6%)
	0
	1 (12,5%)

	Chronic
	
	3 (7,7%)
	6 (13,9%)
	0
	2 (25%)

	
	Iconography 
	
	
	

	US
	
	15 (38,5%)
	16 (37,2%)
	4 (80%)
	3 (37,5%)

	CT 
	
	10 (25,6%)
	16 (37,2%)
	1 (20%)
	0 

	Abces 
	
	0
	1 (2,3%)
	0 
	0

	Lithiasis
	
	2 (5,1%)
	0
	0
	1

	Urinary tract dilatation
	
	1 (2,5%)
	0
	0
	1

	Pyelonephritis
	
	0
	1 
	0 
	1

	Leucocyturia > 100/mm3 (cases)
	
	37 (94,8%)
	45 (95%)
	5(83%)
	8 (100%)

	Comorbidities
	
	
	
	
	

	All causes 
	
	31 (79,5%)
	35 (74,5%)
	5 (83%)
	4 (50%)

	Relapsing Prostatitis 
	
	6
	4
	1
	2

	Benign Prostate Hyperplasia
	
	18
	14
	4
	1

	Prostate carcinoma
	
	0
	0
	1          
	0

	Bladder catheterisation
	
	1
	3
	0
	0

	Diabetes melitus
	
	11
	18
	2
	0

	Antibiotic treatment (days)
	
	
	
	
	

	Intravenous cefuroxime
	
	3±1
	3±1
	4±1
	3±1

	oral
	
	18±2
	19±6
	19±2
	21±4

	Hospital stay (days)
	
	6±5
	6±4
	7±5
	5±4

	
	
	
	
	
	




Legend to table 1 : demographic characteristics and comorbidities into groups based on their oral antibiotic switch into four groups: cefuroxime (C2), ciprofloxacin (FQ), trimethoprim–sulfamethoxazole (TS), or amoxicillin (A). No significant differences were observed between the group cefuroxime and the group ciprofloxacin. 


Table 2. Uropathogens and antibiotic susceptibility among treatment groups 
	 
	C2- treated 
N=32
	
	FQ-treated N=43
	
	TS-treated N=5
	
	A-treated N=8

	
	C2 S
	FQ S
	
	C2 S
	FQ S
	
	C2 S
	FQ S
	
	C2 S
	FQ S

	E coli
	23/23
	19/23
	
	19/19
	19/19
	
	4/4
	4/4
	
	3/3
	3/3

	Klebsiella spp
	7/7
	6/7
	
	5/7
	7/7
	
	
	
	
	
	

	Proteus mirabilis
	1/1
	1/1
	
	6/6
	6/6
	
	
	
	
	1/1
	1/1

	Raoultella Ornithinolytica
	1/1
	1/1
	
	
	
	
	
	
	
	
	

	Enterobacter cloacae
	
	
	
	0/1
	1/1
	
	
	
	
	
	

	Citrobacter spp
	
	
	
	1/2
	2/2
	
	
	
	
	
	

	Serratia marcescens
	
	
	
	1/3
	3/3
	
	0/1
	0/1
	
	
	

	Morganella morganii
	
	
	
	0/3
	3/3
	
	
	
	
	
	

	Pseudomonas aeruginosa
	
	
	
	0/2
	2/2
	
	
	
	
	
	

	Enterococcus faecalis
	
	
	
	
	
	
	
	
	
	NT/3
	NT/3

	Aerococcus urinae
	
	
	
	
	
	
	
	
	
	1/1
	1/1



Legend to table 2 : antibiotic susceptibility of uropathogens isolated from urine culture. These uropathogens were categorized based on oral antibiotic switch into four groups: C2G second generation cephalosporin cefuroxime, FQ fluoroquinolone ciprofloxacin, TS trimethoprim–sulfamethoxazole, or A ampicillin. For each treatment group, antibiotic susceptibility is defined as susceptible to cefuroxime (C2 S) or susceptible to ciprofloxacin (FQ S). No significant differences were observed between groups. 








Table 3. Statistical comparisons and odds ratios for antibiotic choice and bacterial susceptibility
	Comparison
	OR
	95% CI
	p-value


	Non-E coli isolates vs E coli isolates for being treated with ciprofloxacin rather than cefuroxime

	3.23
	1.21 – 8.58
	0.020

	Non-E coli vs E coli isolates for resistance to cefuroxime 

	8.5
	1.74 – 41.5
	0.003

	Predicted treatment failure (empiric cefuroxime vs ciprofloxacin) for E coli, K pneumoniae, P mirabilis or R ornithinolytica

	0.38
	0.07 – 2.01
	0.235

	Overall predicted empiric treatment success with cefuroxime vs ciprofloxacin (entire population)

	0.42
	0.139 – 1.266
	0.117


Legend: Summary of odds ratios (OR) and statistical comparisons between antibiotic choice and bacterial susceptibility in patients with ABP. OR = odds ratio; CI = confidence interval. Statistical significance was defined as p < 0.05.
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