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URINARY TRACT INFECTIONSO R I G I N A L   P A P E R

Cefixime versus prulifloxacin as a prophylactic treatment 
for prostate biopsy: a randomized study
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Introduction Urinary tract infections may be a severe complication after prostate biopsy. The aim of our 
study is to investigate the efficacy of cefixime versus prulifloxacin, as a prophylactic treatment in the era 
of fluoroquinolone resistance.
Material and methods In this prospective randomized trial, patients were allocated into two groups.  
In Group A, patients received cefixime 400 mg p.o./day, while in Group B, prulifoxacin 600 mg p.o./day,  
both for three days, starting the day before procedure. Eligible for the study were men with a high 
prostate-specific antigen (PSA) and/or a positive rectal examination. Exclusion criteria were allergy  
to cefixime or fluoroquinolones, low glomerular filtration rate and drug-resistance to these antibiotics. 
Patients were followed-up for seven days.
Results Finally, 120 patients were divided into 2 groups of 60 patients with a mean age of 68.6 years.  
A total of 16 (13.3%) men had already undergone another biopsy in the past, while 18 (15%) had 
received prulifloxacin and 8 (6.67%) cefixime, at least once in the last three months. During follow-up, 
hospital admission due to a severe urinary tract infection (UTI) was required in 2 of 60 (1.3%) and  
1 of 60 (1.67%) patients from Group B and A respectively. The bacterial specimens detected in those 
urine cultures were resistant to prulifloxacin or cefixime. Among the remaining 117 patients (97.5%), 
nobody presented with a UTI.
Conclusions Prophylactic cefixime could be suggested as effective in preventing severe UTIs after pros-
tate biopsy in the era of high bacterial resistance to fluoroquinolones.
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phylaxis, using various antibiotic protocols, has been 
proven to reduce prostate infection following tran-
srectal biopsy [3, 4, 5]. Because of their high bioavail-
ability, broad spectrum coverage and high concentra-
tions within the prostate, fluoroquinolones (FQs) are 
effective in decreasing the incidence of post-biopsy 
infections and are therefore considered the drugs of 
choice. However, no consensus has been reached with 
regard to the optimal prophylactic scheme duration 
[6, 7]. On the other hand, several studies have dem-
onstrated that the widespread use of ciprofloxacin is 

INTRODUCTION

Transrectal ultrasound (TRUS) guided biopsy of the 
prostate, introduced by Hodge et al. [1], is a frequent-
ly performed urological procedure in daily practice.  
It is generally considered a safe modality, nonetheless 
complications, such as anxiety, pain and anal discom-
fort, haematospermia, rectal bleeding and urinary re-
tention may occur [2, 3]. Bacterial sepsis is the most 
severe complication requiring hospitalization, sup-
portive care and intravenous antibiotics. Chemopro-
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associated with the emergence of resistant pathogens; 
this in turn is considered to be one of the main factors 
responsible for the recent increase in the incidence of 
post-transrectal biopsy infections [4, 7–11]. Given the 
constant increase in Escherichia coli strains which are 
resistant to ciprofloxacin, novel approaches for TRUS-
guided biopsy antibacterial prophylaxis are necessary 
and are currently under thorough investigation [12]. 
Prulifloxacin, an oral fluoroquinolone which is the 
lipophilic pro-drug of ulifloxacin, has been reported 
to possess a broader antimicrobial spectrum in vitro 
than that of ciprofloxacin against several Gram-posi-
tive and Gram-negative bacteria such as E. coli, Pro-
teus mirabilis, Providencia spp., Klebsiella spp., Hae-
mophilus spp., Moraxella catarrhalis and Morganella 
spp. [13, 14]. Cefixime is an orally administered third-
generation cephalosporin which, for several years, 
was considered to be an ideal alternative for patients 
with acute pyelonephritis switching from intravenous 
to oral therapy [15]. 
The aim of our study was to compare the efficacy 
and safety of cefixime with that of prulifloxacin in 
patients undergoing TRUS-guided prostate biopsy 
and to determine whether cefixime might serve as 
an alternative to prulifloxacin in the era of high fluo-
roquinolone-resistance. 

MATERIAL AND METHODS

This is a prospective randomized controlled trial, in-
cluding patients undergoing transrectal ultrasound 
guided biopsy of the prostate, taking place through-
out 2019. All of the patients had an elevated serum 
prostate-specific antigen (PSA) and/or abnormal 
digital rectal examination (DRE) and completed  
an informed consent form. Patients were allocated 
into two groups using a research randomizer (www.
randomizer.org). The sample size has been estimated 
according to a specific calculator (DSS Research: Sta-
tistical Power Calculator, https://www.dssresearch.
com), using an alpha error level of 5%. The procedure 
included an initial application of local anaesthetic  
10 minutes before the biopsy, as well as a rectal 
cleansing with povidone-iodine the night before. 
Twelve systematic biopsy cores were obtained. Re-
garding patients with a prior biopsy, all previous 
biopsies had been performed in our centre under 
the same methodological process and none of the 
patients had undergone a previous biopsy in the  
6 months preceding the study. Participants in Group A  
received a prophylactic three-day regimen of oral ce-
fixime 400 mg once daily, whereas those in Group B  
received a three-day regimen of oral prulifloxacin  
600 mg once daily. Prophylaxis was initiated a day 
before the biopsy. Exclusion criteria were known 

allergy or drug-resistance to fluoroquinolones  
or cefixime and low glomerular filtration rate (GFR). 
Additionally, subjects with a known factor of a pos-
sible immunosuppression, such as diabetes mellitus, 
an indwelling catheter or ureteral stent and those 
with a medical history of repetitive urinary tract in-
fections (UTIs) or a chronic prostate inflammation 
were regarded as not eligible for the study. Patients 
were followed up for 7 days post-biopsy, obtaining  
a urine culture in the final day and all complications 
were recorded. 
A severe UTI was defined as occurrence of fever, 
chills, leukocytosis or hemodynamic instability re-
quiring hospital admission and intravenous adminis-
tration of antibiotics. Criteria for patients with sep-
siswere based on the Third International Consensus 
Definitions for Sepsis and Septic Shock, using the 
quick Sequential (sepsis-related) Organ Failure As-
sessment (qSOFA) scale for a possible evaluation. 
Patients were hospitalized in our urological depart-
ment and administered intravenous broad-spectrum 
antibiotics for at least 7 days with the support of the 
intensive care unit if needed.
The study was approved by both the Ethical Com-
mittee of our Hospital, and the Australian and 
New Zealand Clinical Trial Registry (Trial Id: AC-
TRN12616001344482). All participants were fully 
aware of the aim of the study.
The population data were tested for a parametric 
basis, following the curve of Gauss-Laplace, proven 
to be a non-parametric one. Data were analyzed 
using the statistical software SPSS v. 21.0 and the 
main analysis was performed by Wilcoxon and t-test 
statistical methods for a non-parametric sample.  
A p value less than 0.05 was regarded as statistically 
significant.

RESULTS

A total of 128 patients were regarded as eligible for 
the study, 8 of whom refused to participate. Of the 
remaining 120 patients, 60 were randomized into 
Group A and 60 into Group B (Figure 1). The mean 
age of patients was 68.6 years (range: 51–87) and 
the mean PSA was 13.8 ng/ml (range: 5.08–100). 
There was no statistically significant difference  
in the mean age and the mean PSA level of patients 
between the two groups (Group A: 65.6 years and 
15.8 ng/ml, Group B: 69.3 years and 11.9 ng/ml) 
(Table 1). Sixteen patients (13.3%) had already un-
dergone another biopsy in the past (Group A: 3,  
Group B: 13). In addition, 8 patients in Group A 
(6.67%) and 18 patients of Group B (15%) had al-
ready received cefixime or prulifloxacin respectively, 
at least once during the last three months. Dur-
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ing the follow-up period, hospital admission due to 
a severe urinary tract infection with fever >38°C, 
lower urinary tract symptoms and hematuria, was 
required for a total of 3 patients (2.78%) (Group A: 1,  
Group B: 2). Urine and blood cultures obtained from 
these patients demonstrated septicaemia to be due 
to cefixime-resistant or prulifloxacin-resistant E. coli 
isolates, while a qSOFA scale evaluation showed that 

there was no need for an intensive care unit hospital-
ization. Two of these patients (one in each group) had 
undergone prostate biopsy 6 months before but had 
to be re-biopsied due to a re-elevated PSA or atypical 
small acinar proliferation (ASAP). Interestingly, all 
3 patients who developed a UTI had received these 
medications for various reasons over the last three 
months. The difference in the appearance of a severe 

Figure 1. CONSORT Flow Diagram.
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UTI between the two groups was not statistically 
significant (p = 0.965), but it can be assumed that  
a medical history of receiving cefixime and pruliflox-
acin or a previous biopsy could be suggested as risk 
factors for a possible post-performance severe UTI 
(OR 7.0, 95%CI 0.2548 to 192.2727 and OR 5.0, 95% 
CI 0.1705 to 146.6506 respectively).
In the remaining 117 patients, no post-biopsy UTI 
had been recorded, however, minor complications 
were observed, which did not differ significantly be-
tween the two groups with a p value over 0.05 for 
each comparison (Table 2).

DISCUSSION

TRUS-guided biopsy of the prostate is a common 
procedure performed on an outpatient basis and 
antibiotic prophylaxis with various drug protocols 
to reduce the biopsy-related risk of genitourinary 
tract infection is a well-established and indicated 
practice [16]. Several professional organizations rec-
ommend routine antibiotic prophylaxis for TRUS-
guided prostate biopsy [17]. Recent research sug-
gests that obtaining rectal cultures, in order  
to identify the Enterobacteriaceae resistant to fluoro-
quinolones, could be effective so as to select an appro-
priate prophylaxis [18]. Additionally, in order to ac-
quire the cleanest possible way through the rectum, 
AUA guidelines and a Cochrane Database systematic 
review have investigated the use of enema alone or 
with antibiotics before the prostatic biopsy [17, 19].
The rate of emergency hospital admissions follow-
ing prostate biopsy varies in the literature from  
0.8 to 6.9% [2, 20, 21]. Currently, there is no consen-
sus on the optimal duration of antibiotic prophylaxis 
for TRUS-guided biopsy with several investigators 
suggesting a scheme of over 24 hours [22]. According 
to the EAU guidelines, the one-day scheme is recom-
mended while regional and local antibiotic resistance 
patterns should be considered when deciding on the 
choice of antibiotic. We follow a three-day protocol due 
to our local conditions of antibiotic resistance [23].
Cefixime is a third-generation cephalosporin, with 
the special characteristic of oral use that allows  

a more comfortable way of treatment administra-
tion. Considering its pharmacokinetics, it is known 
that about 20% of the drug is excreted by the kid-
neys. Consequently, this antibiotic may be a good al-
ternative for the treatment of acute pyelonephritis 
and prostatitis [24].
Fluoroquinolones have been the most commonly 
used antimicrobial agents for antibiotic prophylax-
is prior to TRUS-guided prostate biopsy for many 
years, due to their broad-spectrum activity against 
most Gram-negative microorganisms [25]. The effi-
cacy and safety of fluoroquinolones has been dem-
onstrated in several randomized controlled studies 
[26, 27, 28], nonetheless, fluoroquinolone-resistant 
E. coli strains are constantly increasing. As men un-
dergoing TRUS-guided prostate biopsy have a 2.26-
fold risk for hospitalization [2], the need for develop-
ing novel approaches to prevent biopsy-related UTIs 
becomes mandatory. Until now, several alternative 
prophylactic regimens have been tested, including 
fluoroquinolones and other treatments, in order to 
avoid urinary tract infections and sepsis after pros-
tate biopsy [19, 29]. 
In the present study, we focused on the role of cefix-
ime in this field, as it remains the only third genera-
tion cephalosporin without the need of intravenous 
administration and could be suggested as an effec-

Table 1. Baseline characteristics for the randomized patients

Table 2. Complications after prostate biopsy

Age (years)
(mean, range)

PSA (ng/ml)
(mean, range) Previous biopsy Previous antibiotics

Group A (cefixime) 65.6 
51–85 

15.8 
8.1–100 3 8 

Group B (prulifloxacin) 69.3 
55–87 

11.9 
5.08–85 13 18 

p value 0.744 0.612 n/a n/a 

PSA – prostate-specific antigen

Group A  
(cefixime)

Group B  
(prulifloxacin) p value

Major

Severe UTI 1 (1.67%) 2 (3.3%) 0.965 

Minor

Low fever (<37.5°C) without LUTS 6 (10%) 7 (11.7%) 0.317 

Rectal bleeding, recovered  
in <24 hours 4 (6.7%) 2 (3.3%) 0.157 

Hematuria, recovered in <24 hours 9 (15%) 5 (8.3%) 0.146 

Mild to moderate LUTS 14 (23.3%) 10 (16.7%) 0.146 

Severe LUTS, recovered in  
<24 h hours 2 (3.3%) 1 (1.7%) 0.965 

LUTS – lower urinary tract symptoms, UTI – urinary tract infection
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tive alternative against Enterobacteriaceae in the 
urine, particularly in case of ciprofloxacin-resistance 
pathogens [30].
In a study by Minamida et al., fecal cultures obtained 
1 month prior to prostate biopsy revealed that the 
incidence of fluoroquinolone-resistant E. coli was 
13%; thirty-one percent of these patients developed 
acute bacterial prostatitis compared to none of those 
with fluoroquinolone-sensitive strains [31]. Hence, 
antibiotic prophylaxis for transrectal biopsy could 
theoretically be based on pre-biopsy stool cultures; 
however, this is not a common practice worldwide. 
Similarly, in our study, severe UTI occurred only 
in patients with either cefixime or prulifloxacin re-
sistant strains; although the incidence was lower 
(2.5%). These findings may imply that prior use  
of antibiotics may be a risk factor for post-biopsy se-
vere UTI and/or sepsis, potentially through the de-
velopment of resistant strains. Risk factors for fluo-
roquinolone-resistant strains seem to be a previous 
TRUS-guided biopsy, current indwelling catheter, 
urogenital infection, international travel and hospi-
tal admission during the past 6 months. In our study, 
2 out of 3 patients who developed severe UTI had 
undergone a prostate biopsy in the past and this is 
in accordance to the results of a study by Shigehara 
et al., who reported significantly increased incidence 
of post-biopsy prostatitis in patients undergoing re-
biopsy, compared to those having biopsy for the first 
time. This was deemed to be due to the development 
of fluoroquinolone-resistant strains following ad-
ministration of levofloxacin [32].
In addition to prior antibiotic therapy with fluoro-
quinolones appearing to be a well-established factor 
for a UTI associated with a prostatic biopsy, there is 
evidence that a pre-existence of colonized microor-
ganisms in the prostate has a possible role, especially 
in those patients with biopsy-related local inflamma-
tion. In the study by Sfanos et al., where prostatic 
specimens have been obtained after transurethral 
prostatectomy, most of the samples contained bacte-
rial DNA, without those micro-organisms to be ‘cul-
turable’ [33]. In another study, Propionibacterium 
acnes, a prominent member of the skin microbiota, 
was found to invade prostate epithelial cells and was 
detectable intracellularly 7 days post prostatic infec-
tion. Researchers concluded that this invasion may be 
associated with and persistence of local infection and 
chronic prostatic inflammation. However, the contri-
bution of the human microbiota to prostatic disease is 
still poorly understood [34]. Also, strategies for mini-
mizing antimicrobial resistance should be considered 
evaluating the resistance mechanism, microorgan-
isms, antimicrobial drugs, host and context [35]. 
Apart from fluoroquinolones and cephalosporins, 

there are studies suggesting other alternatives  
as prophylactic treatment for prostate biopsy. More 
specifically, and despite that there are only a few data 
in the literature about the preventive role of fosfo-
mycin in the urological procedures, some authors 
investigated its efficacy as a prophylactic treatment 
before prostatic biopsy, suggesting fosfomycin as an 
effective alternative [36]. Additionally, a post-biopsy 
infection with bacteria resistant to cephalosporins, 
such as Enterococcus faecalis, has to be considered 
with ampicilin and gentamycin suggested as appro-
priate treatments [37].
However, acute prostatitis is not the only kind of UTI 
that may appear as a complication after prostatic bi-
opsy, as acute pyelonephritis could occur through the 
infection spreading to the upper urinary tract and kid-
neys. In these cases, antimicrobial resistance seems to 
also be an issue, with fluoroquinolones becoming less 
effective than more wide-spectrum antibiotics, such 
as carbapenems, linezolid or daptomycin [38, 39].
Considering the side effects of the antibiotics used 
in our study, cefixime could cause stomach pain, di-
arrhea, nausea, headache, or dizziness, while pruli-
floxacin may induce abnormal liver function tests, 
stomach pain, nausea, and diarrhea. In our study, 
there have been no references for any kind of these 
side effects. The selection of prulifloxacin instead of 
any other fluoroquinolone has been made due to its 
routine use as a prophylactic treatment for prostate 
biopsy in our country and because the comparable 
price to cefixime. 
The main limitation of our study is that the use  
of prulifloxacin and cefixime as comparative pro-
phylactic antibiotics for prostatic biopsies has very 
few literature references to our knowledge and the 
values assumed for the sample calculation promoted  
a rather smaller sample than a maybe ideal. How-
ever, this is a prospective randomized controlled trial 
with results that may show a preliminary trend for 
future research with bigger recruitment.
In our study, investigating cefixime for prostate bi-
opsy prophylaxis, this antibiotic proved to be safe 
and associated with a low rate of post-biopsy urinary 
tract infections. It can, therefore, serve as another 
effective prophylactic measure in this field. 

CONCLUSIONS

In the era of emerging E. coli resistance to fluoro-
quinolones, our study results suggest cefixime to be 
an effective and safe alternative for TRUS-guided 
biopsy prophylaxis. 
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