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Introduction

Biopsy of the prostate gland is frequently needed among older (generally >50 yr) men to obtain tissue samples that can be examined histologically to identify prostate cancer. Need for biopsy is suggested by an abnormal feeling prostate on digital rectal examination, a high reading of the serum tumour marker prostate-specific antigen (PSA), or changes in appearance of the prostate on imaging. It is estimated that more than 1 million men over 65 yr had a prostate biopsy under the Medicare program in the USA in 2003 with an annual prevalence of about 1600/100 000 men at risk [START_REF] Loeb | Complications after prostate biopsy: data from SEER-Medicare[END_REF]. The National Health Service in the UK recorded 49 495 men as having had a prostate biopsy in 2015, giving a biopsy prevalence of 500/100 000 men at risk/year [2]. Most of prostate biopsies are transrectal ultrasound guided [START_REF] Wagenlehner | Infective complications after prostate biopsy: outcome of the Global Prevalence Study of Infections in Urology (GPIU) 2010 and 2011. A prospective multinational multicentre prostate biopsy study[END_REF]. Thus, biopsy needles can be accurately placed in the prostate under local anaesthesia with ultrasound image guidance and a systematic sequence of tissue samples taken for examination [START_REF] Hodge | Ultrasound guided transrectal core biopsies of the palpably abnormal prostate[END_REF]. Each biopsy core requires a separate entry and passage of the needle and generally a single needle is repeatedly used to obtain a set of biopsies from each individual. Passing a needle into the prostate from the bowel risks introducing bacteria into the tissue layers, urinary system, or bloodstream causing infection ranging in severity from mild prostate inflammation to life-threatening sepsis requiring hospitalisation and intensive care. However, the risk varies between cohorts and according to differing definitions of infection. While complications of infections were only rarely evident in the past, recent evidence indicates increasing rates of postbiopsy infections. In this line, one Canadian study reported an increase from 1% in 1996 to 4.1% in 2005 and a mortality in 1 out of 1000 men following prostate biopsy [START_REF] Nam | Increasing hospital admission rates for urological complications after transrectal ultrasound guided prostate biopsy[END_REF]. A recent well-controlled study found a 7% rate of microbiologically proven infection [START_REF] Ahmed | Diagnostic accuracy of multi-parametric MRI and TRUS biopsy in prostate cancer (PROMIS): a paired validating confirmatory study[END_REF].

Two major strategies could reduce risk of infection after biopsies: (1) administration of antimicrobial drugs, and (2) technical modifications. The most frequently used strategy is administration of an antibiotic prophylaxis. The rationale is that if a sufficient concentration of antibiotic is present in the prostate during the biopsy, survival of bacteria implanted by the biopsy needle will be limited and clinical infection will not result. Other antimicrobial interventions have included washing the rectal wall with antiseptic such as povidone-iodine prior to biopsy to reduce bacterial contamination of the needle entry point. Technical modifications to the biopsy procedure such as using a clean needle for each tissue sample, using smaller gauge needles, minimising the number of tissue samples obtained, accessing the prostate through the perineal skin rather than rectum, and applying enemas to clear the rectum have been proposed to reduce infections. This narrative review follows the aim to highlight the most promising antimicrobial and technical strategies to reduce infectious complications in patients undergoing prostate biopsy.

Evidence acquisition

This narrative review summarises recent evidence on how to reduce infectious complications following prostate biopsy. The systematic reviews generally focus on specific interventions (eg, specific antibiotics, rectal preparation, or targeted antibiotic prophylaxis). Here, we report on all possible interventions also referencing recent systematic reviews. We searched for all different interventions that were looking to prevent infectious complications following prostate biopsy. A focused database search was performed in PubMed and Medline without any language or year restrictions with a focus on randomised controlled trials (RCTs) and meta-analyses using the search terms "prostate biopsy" and "infection/infectious complications." In addition, the reference lists of the identified studies were checked. There was no restriction regarding the cohort size of these studies. Non-English articles were evaluated in the corresponding languages, and if necessary, a translation in English was performed by a native urologist speaker. The aim of this narrative review is focused on selective issues being of relevance for the urologist performing prostate biopsy. In the context of a narrative review, we did not perform a risk of bias assessment.

Evidence synthesis

Antimicrobial regimens

Antibiotic therapy to decrease PSA values

Although PSA is specific for prostate tissue, it is not only increased in prostate cancer, but also in urogenital tract infections [START_REF] Pilatz | Acute epididymitis revisited: impact of molecular diagnostics on etiology and contemporary guideline recommendations[END_REF]. Various studies investigated the impact of antibiotic therapy to normalise PSA values and thus possibly to reduce the number of unnecessary prostate biopsies. A meta-analysis including six RCTs involving 656 patients showed that PSA levels neither did not decrease significantly [mean difference = 0.15, 95% confidence interval (CI): -0.50 to 0.81, p = 0.6] nor did the cancer rates differ significantly [relative risk (RR) = 0.85, 95% CI: 0.48-1.50, p = 0.57] [START_REF] Yang | Antibiotics may not decrease prostate-specific antigen levels or prevent unnecessary prostate biopsy in patients with moderately increased prostate-specific antigen levels: a meta-analysis[END_REF]. In summary, a several weeks lasting empiric antibiotic therapy-also in view of developing antibiotic resistance-cannot be recommended.

Antibiotic prophylaxis

Antibiotic prophylaxis to reduce infectious complications was evaluated for the first time in a randomised study published in 1979 [START_REF] Ruebush | A double-blind study of trimethoprimsulfamethoxazole prophylaxis in patients having transrectal needle biopsy of the prostate[END_REF]. Many more studies followed and were comprehensively analysed in a Cochrane review 2011 [START_REF] Zani | Antibiotic prophylaxis for transrectal prostate biopsy[END_REF]. For all investigated parameters [bacteriuria, bacteraemia, urinary tract infection (UTI), fever, and hospitalisation] the antibiotic prophylaxis was superior compared with the control/placebo groups (in all cases p < 0.05). In 2015 another updated systematic review and meta-analysis was published including nine trials analysing antibiotics versus placebo/no treatment. Comparably, the authors could show the clinical benefit of antibiotic prophylaxis compared with control/no prophylaxis regarding the primary end points bacteriuria, bacteraemia, fever, UTI, and hospitalisation (in all cases p < 0.05) [START_REF] Yang | Prophylactic antibiotics in prostate biopsy: a meta-analysis based on randomized controlled trials[END_REF]. Interestingly, the rate of adverse events due to antibiotic prophylaxis was not increased in the antibiotic intervention group (p = 0.63) [START_REF] Zani | Antibiotic prophylaxis for transrectal prostate biopsy[END_REF]. Thus, antibiotic prophylaxis is currently the gold standard worldwide [START_REF] Wagenlehner | Infective complications after prostate biopsy: outcome of the Global Prevalence Study of Infections in Urology (GPIU) 2010 and 2011. A prospective multinational multicentre prostate biopsy study[END_REF].

Duration of antibiotic prophylaxis

The duration of antibiotic prophylaxis is a matter of debate. The currently available RCTs include single shots, 1-, 3-, 5-, and 7-d regimes. The Cochrane analysis of 2011 compared a 3d regimen with a single-shot/1 d prophylaxis and in all analysed end points no significant differences were detected (for all p > 0.05); only postoperative bacteriuria was reduced in the 3-d intervention (p = 0.01) [START_REF] Zani | Antibiotic prophylaxis for transrectal prostate biopsy[END_REF]. However, the Cochrane analysis from 2011 excluded studies with patients being at risk for infective complications (eg, indwelling catheters, diabetes) and mixed up a single-shot prophylaxis without full 24-h duration of action and full 1-d regimens.

In an updated meta-analysis from 2015, again, no substantial differences between long-course versus short-course treatment were detected regarding the clinical outcomes fever, UTI, and hospitalisation (in all cases p > 0.05) [START_REF] Yang | Prophylactic antibiotics in prostate biopsy: a meta-analysis based on randomized controlled trials[END_REF]. To summarise, future meta-analyses will have to include studies with patients being at risk for infectious complications to represent the real clinical situation.

Augmented antibiotic prophylaxis

Combination of multiple antibiotics was proposed to overcome increased infectious complications caused by antibiotic resistance. Most studies report infectious complications in a retrospective arm and compare the data with a prospective arm recorded after the introduction of a combination therapy [START_REF] Yang | The augmented prophylactic antibiotic could be more efficacious in patients undergoing transrectal prostate biopsy: a systematic review and meta-analysis[END_REF].

A meta-analysis published in 2016 identified three RCTs with 659 patients and five case-control studies with 3404 patients on this issue [START_REF] Yang | The augmented prophylactic antibiotic could be more efficacious in patients undergoing transrectal prostate biopsy: a systematic review and meta-analysis[END_REF]. Similar to the Cochrane review of Zani et al [START_REF] Zani | Antibiotic prophylaxis for transrectal prostate biopsy[END_REF], patients with heart disease, prosthesis, prebiopsy bacteriuria, and indwelling catheters were excluded. The authors evaluated bacteriuria, bacteraemia, fever, UTI, hospitalisation, and drug-resistant bacteria isolated in urine and blood. All seven end points significantly favoured the augmented antibiotic use (in all cases p < 0.05). The authors also concluded that the addition of an antibiotic agent to the basic antibiotic prophylaxis can contribute to the reduction in severe infection and drug resistance. They point out that this might be beneficial for high-risk patients, although exactly those were excluded in these studies. In addition, it has to be considered that the case-control studies usually compare data from a retrospective cohort (with usually high infection rates) with a prospective arm recorded after the introduction of an intervention using a combination therapy. Thus, a significant bias is present.

The augmented prophylaxis can lead to questionable dimensions in terms of antimicrobial stewardship: In the most recent study performed in Iran, the authors randomised 450 patients to a combination of four different antimicrobials (ceftriaxone plus amikacin plus ciprofloxacin plus metronidazole) or the standard prophylaxis (ciprofloxacin plus metronidazole) [START_REF] Izadpanahi | Addition of ceftriaxone and amikacin to a ciprofloxacin plus metronidazole regimen for preventing infectious complications of transrectal ultrasound-guided prostate biopsy: a randomized controlled trial[END_REF]. The incidence of infectious complications in the intervention group was reported to be significantly lower than that in the control group (4.6% vs 0.9%, p = 0.017).

However, the long-term complications regarding the development of antimicrobial resistance must be considered.

Choice of antibiotic class

Several studies investigated the most suitable antibiotic for prophylaxis in men undergoing prostate biopsy. Because of their valuable pharmacokinetic properties in prostatic tissue, fluoroquinolones have been widely evaluated. However, in the analysis of available RCTs no antibiotic class was shown to be clearly superior. This was also shown in the Cochrane review by Zani et al [START_REF] Zani | Antibiotic prophylaxis for transrectal prostate biopsy[END_REF]. Specifically, the fluoroquinolones have been in discussion in recent years because of increasing fluoroquinolone resistance in the faecal flora. Currently, fosfomycin is in focus as a good alternative. However, from the three available RCTs, only one RCT showed a significant reduction of infectious complications compared with standard prophylaxis with fluoroquinolones [START_REF] Fahmy | Fosfomycin antimicrobial prophylaxis for transrectal ultrasoundguided biopsy of the prostate: a prospective randomised study[END_REF][START_REF] Lista | Efficacy and safety of fosfomycin-trometamol in the prophylaxis for transrectal prostate biopsy. Prospective randomized comparison with ciprofloxacin[END_REF][START_REF] Sen | The use of prophylactic single-dose fosfomycin in patients who undergo transrectal ultrasound-guided prostate biopsy: a prospective, randomized, and controlled clinical study[END_REF] (Table 1). Nevertheless, a recent meta-analysis that included those three RCTs and two retrospective cohorts reported significantly lower infectious complications in the fosfomycin cohort compared with the fluoroquinolone-based prophylaxis (RR = 0.20, 95% CI = 0.58-5.23, p = 0.00001) [START_REF] Noreikaite | Fosfomycin vs. quinolone-based antibiotic prophylaxis for transrectal ultrasound-guided biopsy of the prostate: a systematic review and metaanalysis[END_REF], but the local resistance percentages of the most common causative microorganisms have to be taken into account to make an optimal choice. Nevertheless, these results could encourage the use of fosfomycin in case of fluoroquinolones contraindications, or in patients treated with quinolones in the last 6 mo. In patients with renal failure (glomerular filtration rate <50 ml/min) a 50-75% dose reduction should be done. In cases of high risk of infections with renal failure <10% quinolones should not be used.

Targeted antibiotic prophylaxis

Considering the increase in fluoroquinolone resistance in faecal isolates, the use of a rectal swab with subsequent bacterial culture for prebiopsy screening could offer individual targeted antimicrobial therapy. Recently, a systematic review was performed on this issue and included 15 studies (only one RCT) with 12 320 patients [START_REF] Scott | The effectiveness of targeted relative to empiric prophylaxis on infectious complications after transrectal ultrasound-guided prostate biopsy: a metaanalysis[END_REF]. Targeted antibiotic prophylaxis resulted in significantly less infectious complications (0.81%) compared with standard antibiotic prophylaxis (3.40%). This translates to an estimated number needed to treat of 39 with targeted antibiotic prophylaxis compared with standard antibiotic prophylaxis to prevent one postbiopsy infection [START_REF] Scott | The effectiveness of targeted relative to empiric prophylaxis on infectious complications after transrectal ultrasound-guided prostate biopsy: a metaanalysis[END_REF]. The authors further concluded that fluoroquinolone resistance drives the higher rates of infectious complications in the standard antibiotic prophylaxis group [START_REF] Scott | The effectiveness of targeted relative to empiric prophylaxis on infectious complications after transrectal ultrasound-guided prostate biopsy: a metaanalysis[END_REF]. To date, a total of three RCTs have been published involving 1337 patients [START_REF] Elshal | Chemoprophylaxis during transrectal prostate needle biopsy: critical analysis through randomized clinical trial[END_REF][START_REF] Fahmy | Optimizing prophylactic antibiotic regimen in patients admitted for transrectal ultrasound-guided prostate biopsies: a prospective randomized study[END_REF][START_REF] Ozgur | Prevalence of antibiotic resistance in fecal flora before transrectal ultrasound-guided prostate biopsy and the clinical impact of targeted antibiotic prophylaxis[END_REF] (Table 2).

While in two studies infectious complications occurred only in the standard

prophylaxis group [START_REF] Fahmy | Optimizing prophylactic antibiotic regimen in patients admitted for transrectal ultrasound-guided prostate biopsies: a prospective randomized study[END_REF][START_REF] Ozgur | Prevalence of antibiotic resistance in fecal flora before transrectal ultrasound-guided prostate biopsy and the clinical impact of targeted antibiotic prophylaxis[END_REF], the third study showed an equal distribution of infectious complications [START_REF] Elshal | Chemoprophylaxis during transrectal prostate needle biopsy: critical analysis through randomized clinical trial[END_REF]. Of note, the later study demonstrated an unusually high rate of infectious complications with a sepsis rate of 5.2% among all groups [START_REF] Elshal | Chemoprophylaxis during transrectal prostate needle biopsy: critical analysis through randomized clinical trial[END_REF]. To give a final recommendation, a meta-analysis of the available RCTs is mandatory.

Technical aspects

Various technical aspects of the prostate biopsy might have an impact on the infection rate.

Hence, we report on different technical aspects including number of biopsy cores, needle size, needle disinfection, use of periprostatic nerve block, biopsy route (transrectal vs transperineal), use of disposable needle, rectal preparation with enema, and rectal disinfection with povidone-iodine.

Number of biopsy cores

When prostate biopsy was introduced only a few biopsy cores were taken under digital transrectal guidance [START_REF] Brown | Bacteremia and bacteriuria after transrectal prostatic biopsy[END_REF]. With the broader availability of transrectal ultrasound, the technique was optimised and the number of biopsy cores increased for diagnostic reasons. However, only a few studies reported infectious complications while focusing on diagnostic accuracy. So far, no published meta-analysis is available that analyses this issue. However, the available RCTs show comparable infection rates [START_REF] Emiliozzi | The incidence of prostate cancer in men with prostate specific antigen greater than 4.0 ng/ml: a randomized study of 6 versus 12 core transperineal prostate biopsy[END_REF][START_REF] Irani | Is an extended 20-core prostate biopsy protocol more efficient than the standard 12-core? A randomized multicenter trial[END_REF][START_REF] Mariappan | Increasing prostate biopsy cores based on volume vs the sextant biopsy: a prospective randomized controlled clinical study on cancer detection rates and morbidity[END_REF][START_REF] Naughton | Pain and morbidity of transrectal ultrasound guided prostate biopsy: a prospective randomized trial of 6 versus 12 cores[END_REF][START_REF] Paul | Morbidity of prostatic biopsy for different biopsy strategies: is there a relation to core number and sampling region?[END_REF][START_REF] Rodríguez-Covarrubias | Extended sampling at first biopsy improves cancer detection rate: results of a prospective, randomized trial comparing 12 versus 18-core prostate biopsy[END_REF][START_REF] Sur | A prospective randomized comparison of extensive prostate biopsy to standard biopsy with assessment of diagnostic yield, biopsy pain and morbidity[END_REF] (Table 3). This is fully in agreement with the latest evaluation of the Global Prevalence of Infections in Urology study, showing that there is no increase of infectious complications with an increase in the number of biopsy cores [START_REF] Wagenlehner | Infective complications after prostate biopsy: outcome of the Global Prevalence Study of Infections in Urology (GPIU) 2010 and 2011. A prospective multinational multicentre prostate biopsy study[END_REF].

Periprostatic nerve block as local anaesthesia

To reduce biopsy-associated pain, periprostatic nerve block is widely used. Several metaanalyses demonstrated a clear advantage compared with topic application of local anaesthesia.

Interestingly, a recent meta-analysis reported on the effectiveness of periprostatic nerve block and also investigated adverse events, including infectious complications. However, of the 32 RCTs, only seven studies with a total of 1026 patients were available for comparison. Here, no significant differences in complications were evident compared with control or topical anaesthesia (in all cases p > 0.05). However, no detailed tabulation on complications (eg, bleeding, sepsis, anaphylaxia) was provided [START_REF] Yang | The efficiency and safety of intrarectal topical anesthesia for transrectal ultrasound-guided prostate biopsy: a systematic review and meta-analysis[END_REF]. Thus, the risk of increased postbiopsy infections by the additional transrectal passage and spread of local anaesthesia into the periprostatic tissue has to be systematically investigated in the future.

Route of biopsy (transrectal vs transperineal)

While the transrectal approach is always associated with a passage of the rectum, the transperineal approach offers the possibility to avoid the rectal flora. Thus, theoretically the risk of infectious complications should be reduced when using the transperineal biopsy technique. To date, only three RCTs involving 646 men have compared transrectal and transperineal routes of biopsy (Table 4). Overall, two men (0.4%) experienced infectious complications after transperineal biopsy, compared with five (1.1%) after transrectal biopsy.

However, the studies were heterogeneous in design, did not state how infectious outcomes were assessed, and used differing antimicrobial prophylaxis between arms [START_REF] Chae | The comparison between transperineal and transrectal ultrasoundguided prostate needle biopsy[END_REF][START_REF] Hara | Optimal approach for prostate cancer detection as initial biopsy: prospective randomized study comparing transperineal versus transrectal systematic 12-core biopsy[END_REF][START_REF] Takenaka | A prospective randomized comparison of diagnostic efficacy between transperineal and transrectal 12-core prostate biopsy[END_REF].

A systematic review and meta-analysis based on those three RCTs and four more case-control studies could not demonstrate an advantage of transperineal biopsies in terms of infections (no p value reported) [START_REF] Shen | The results of transperineal versus transrectal prostate biopsy: a systematic review and meta-analysis[END_REF].

Recently, a systematic review evaluated 165 articles comprising 162 577 patients reporting on infectious complications following prostate biopsy. The analysis showed a higher rate of hospitalisation (1.1% vs 0.9%) and sepsis (0.8% vs 0.1%) in the transrectal approach compared with the transperineal route. Of note, the included studies were largely heterogenous with clear regional variations in complications rates [START_REF] Bennett | The global burden of major infectious complications following prostate biopsy[END_REF].

Rectal preparation

Different regimens have been proposed. The most common one is using a rectal povidoneiodine preparation before biopsy [START_REF] Brown | Bacteremia and bacteriuria after transrectal prostatic biopsy[END_REF]. This was reported for the first time in 1981 to reduce infectious complications. Meta-analysis of six trials including 1373 men showed that use of a rectal povidone-iodine preparation before biopsy in addition to antimicrobial prophylaxis resulted in a lower rate of infectious complications (RR = 0.58, 95% CI: 0.43-0.76, p = 0.0001) [START_REF] Brown | Bacteremia and bacteriuria after transrectal prostatic biopsy[END_REF][START_REF] Abughosh | A prospective randomized trial of povidone-iodine prophylactic cleansing of the rectum before transrectal ultrasound guided prostate biopsy[END_REF][START_REF] Ghafoori | Decrease in infection rate following use of povidone-iodine during transrectal ultrasound guided biopsy of the prostate: a double blind randomized clinical trial[END_REF][START_REF] Kanjanawongdeengam | Reduction in bacteremia rates after rectum sterilization before transrectal, ultrasound-guided prostate biopsy: a randomized controlled trial[END_REF][START_REF] Sharpe | Urinary tract infection after transrectal needle biopsy of the prostate[END_REF][START_REF] Melekos | Efficacy of prophylactic antimicrobial regimens in preventing infectious complications after transrectal biopsy of the prostate[END_REF]. A further single RCT showed a significant benefit for performing povidone-iodine preparation before biopsy compared with performing it after biopsy [START_REF] Yu | Impact of insertion timing of iodophor cotton ball on the control of infection complications after transrectal ultrasound guided prostate biopsy[END_REF].

Another strategy to remove stool before biopsy is to use an enema. Here, two RCTs including 209 men demonstrated a comparable number of infectious complications following prostate biopsy [START_REF] Lindert | Bacteremia and bacteriuria after transrectal ultrasound guided prostate biopsy[END_REF][START_REF] Tekdogan | The efficiency of prophylactic antibiotic treatment in patients without risk factor who underwent transrectal[END_REF]. Instead of using the standard lubricant an antimicrobial lubricant was evaluated in another RCT showing a reduction of the bacterial counts in the rectum without a benefit of postbiopsy infections [START_REF] Salomon | Antimicrobial lubricant reduces rectal bacteria at transrectal prostate biopsy: results from a prospective randomized trial[END_REF].

Finally, a single RCT showed no evidence of benefit for perineal skin disinfection [START_REF] Taher | Prospective randomized controlled study to assess the effect of perineal region cleansing with povidone iodine before transrectal needle biopsy of the prostate on infectious complications[END_REF]. Hence, the rectal preparation with povidone-iodine is currently the only technical intervention to decrease infectious complications following prostate biopsy.

Other technical interventions

The transrectal biopsy is usually performed with a reusable needle guide. Thus, two RCTs with 253 participants evaluated disposable needle guides and reported nine infectious complications compared to 22 with reusable biopsy needle guides. However, the difference was not significant (in both studies p > 0.05) [START_REF] Gurbuz | Reducing infectious complications after transrectal prostate needle biopsy using a disposable needle guide: is it possible?[END_REF][START_REF] Tuncel | Does disposable needle guide minimize infectious complications after transrectal prostate needle biopsy?[END_REF].

Two other RCTs including 138 men compared the needle size (16 G vs 18 G) in terms of diagnostic accuracy and complications. In both studies, infectious complications did never occur [START_REF] Tas | Comparison of patient comfort and complications of transrectal ultrasonography guided prostate biopsies using 16 and 18 Gauge needles[END_REF][START_REF] Ozcan | Complications and prostate cancer diagnosis rate of TRUS prostate biopsies using 16 and 18G needles by Clavien scoring[END_REF]. Finally, a single RCT found no evidence that disinfection of a single-patientuse needle between cores resulted in fewer infectious complications [START_REF] Koc | Does washing the biopsy needle with povidone-iodine have an effect on infection rates after transrectal prostate needle biopsy?[END_REF].

Conclusions

Although various interventions have been published, a comprehensive analysis of the available data only suggests that rectal preparation with povidone-iodine as well as antibiotic prophylaxis is of significant advantage to reduce infectious complications following prostate biopsy. The augmented and targeted antibiotic prophylaxis shows some potential, but need further validation.
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Table 1 -Overview on randomised controlled trials evaluating fosfomycin versus ciprofloxacin

 1 

	Author (year)	Study period	Country	Patients randomised	Antibiotic prophylaxis	Infectious outcomes	Follow-up	Infectious complications
				(analysed)		reported		
				ST: n = 150 (150)	ST: Ciprofloxacin 500 mg as single			ST: n = 18 (9%); febrile UTI (n = 1), afebrile UTI (n = 2)
	Sen et al (2015) [16]	May 2014 to May (February?) 2015	Turkey	FOS: n = 150 (150)	shot 1 h before biopsy FOS: Fosfomycin 3 g per os the night	afebrile UTI Febrile (>38°C) and	1 mo	FOS: n = 11 (7%); febrile UTI (n = 2), afebrile UTI (n = 9)
					before biopsy			
				ST: n = 210 (210)	ST: Ciprofloxacin 500 mg and			ST: n = 18 (9%); febrile UTI (n = 4), afebrile UTI (n = 14)
				FOS: n = 202 (202)	metronidazole 500 mg for 3 d b.i.d.			FOS: n = 4 (2%); febrile UTI (n = 1), afebrile UTI (n = 3)
					starting at least 1 h before biopsy			
	Fahmy et al (2016) [20]	February 2012 to June 2015	Egypt		FOS: Fosfomycin 3 g per os 1-2 h before biopsy	Febrile (>38°C) and afebrile UTI	4 wk	
				ST: n = 312 (312)	Ciprofloxacin 500 mg for 5 d b.i.d.,			
				FOS: n = 359 (359)	starting point not specified			
	Lista et al (2014) [15]	September 2009 to December 2010	Spain		FOS: Fosfomycin 3 g per os 24 h before and 24 h after biopsy			

Table 2 -Overview on recent randomised controlled trials evaluating targeted antibiotic prophylaxis

 2 

	Author	Study	Country	Patients	Swab procedure	Prophylaxis	Infectious	Follow-	Infectious complications
	(year)	period		randomised			outcomes	up	
				(analysed)			reported		
	Elshal et	2015	Egypt	ST: n = 167 (163)	Rectal swab taken	ST: Ciprofloxacin 500 mg for 3	UTI, febrile	2 wk	ST: n = 43 (26%); UTI (n = 16), febrile UTI (n = 20), sepsis (n
	al (2018)	to January		TAR: n = 167	2 wk before	d b.i.d. starting the day before	UTI, sepsis		
	[19]	2017		(167)	biopsy and plated	biopsy			
					on MacConkey agar plates with	TAR: According to culture			TAR: n = 34 (20%); UTI (n = 1), febrile UTI (n = 15), sepsis (
					and without 10	directly as single shot before			
					µg/ml	biopsy; type of antibiotics not			
					ciprofloxacin;	further reported			
					susceptibility				
					testing not				
					specified				
	Fahmy et	March 2011	Egypt	ST: n = 279 (279)	Rectal swabs	ST: Ciprofloxacin 500 mg and	Symptomatic	30 d	ST: n = 16 (6%): fever, pyelonephritis sepsis
	al (2016)	to June		TAR: n = 262	taken 7 d before	metronidazole 500 mg for 3 d	UTI		
	[20]	2015		(262)	biopsy; culture	b.i.d. starting at least 1 h before			
					and susceptibility	biopsy			
					testing not specified	TAR: According to			TAR: n = 0 (%)
						susceptibility testing a 3-d			
						regimen starting the day before			
						biopsy; type of antibiotics not			
						further reported			
	Ozgur et	September	Turkey	ST: n = 160 (156)	Rectal swabs	ST: Ciprofloxacin 500 mg for 3 d	Fever	30 d	ST: n = 4 (3%) due to sepsis
	al (2017)	2012 to		TAR: n = 160	taken 1-2 wk	b.i.d. starting the day before	(>38°C) in		
	[21]			(144)	before biopsy;	biopsy			
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