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Fluoroquinolone–macrolide combination therapy for
chronic bacterial prostatitis: retrospective analysis of
pathogen eradication rates, inflammatory findings and
sexual dysfunction

Vittorio Magri1, Emanuele Montanari2, Višnja Škerk3, Alemka Markotić3, Emanuela Marras4, Antonella Restelli5,
Kurt G Naber6 and Gianpaolo Perletti4

We previously demonstrated the safety and efficacy of fluoroquinolone–macrolide combination therapy in category II chronic bacterial

prostatitis (CBP). The aim of this study is to retrospectively compare the microbiological and clinical findings of two treatment schemes

for CBP based on the combination of azithromycin (500 mg, thrice-weekly) with a once-daily 500- or 750-mg dose of ciprofloxacin

(Cipro-500 or Cipro-750 cohort, respectively). Combined administration of azithromycin (1500 mg week21) with ciprofloxacin at the

rate of 750 mg day21 for 4 weeks rather than at 500 mg day21 for 6 weeks increased the eradication rates from 62.35% to 77.32% and

the total bacteriological success from 71.76% to 85.57%. A significant decrease in pain and voiding signs/symptoms and a significant

reduction in inflammatory leukocyte counts and serum prostate-specific antigen (PSA) were sustained throughout an 18-month

follow-up period in both groups. Ejaculatory pain, haemospermia and premature ejaculation were significantly attenuated on

microbiological eradication in both groups, but the latter subsided more promptly in the Cipro-750 cohort. In total, 59 Cipro-750

patients showed mild-to-severe erectile dysfunction (ED) at baseline, while 22 patients had no ED on microbiological eradication and

throughout the follow-up period. In conclusion fluoroquinolone–macrolide therapy resulted in pathogen eradication and CBP symptom

attenuation, including pain, voiding disturbances and sexual dysfunction. A once-daily 750-mg dose of ciprofloxacin for 4 weeks

showed enhanced eradication rates and lower inflammatory white blood cell counts compared to the 500-mg dose for 6 weeks. Our

results are open to further prospective validation.
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INTRODUCTION

Chronic prostatitis is a serious and invalidating condition that

affects a large number of sexually active men worldwide. Chronic

prostatitis syndromes have been traditionally classified as bacterial

or abacterial. Chronic bacterial prostatitis (CBP, category II,

National Institute of Diabetes and Digestive and Kidney Diseases

Chronic Prostatitis Workshop, 1995) is diagnosed when segmented

lower urinary tract cultures indicate a chronically infected prostate

gland as the source of recurrent symptomatic episodes of bacter-

iuria.1 CBP is characterized by a complex array of symptoms that

include pelvic pain, dysuria, urinary frequency/urgency and nyc-

turia, as well as ejaculation and sexual disturbances.2 Sexually trans-

mitted organisms are most frequently involved in the disease.

Besides traditional uropathogens (Escherichia coli, Klebsiella spp.,

Proteus spp., Pseudomonas aeruginosa, Enterococcus faecalis and

Staphylococcus aureus), unusual pathogens (Chlamydia trachomatis,

other Gram1/2 pathogens, Trichomonas vaginalis, Mycoplasmata

and Mycobacteria) are reputed to play a causative role in CBP in

some cases.3,4 Anaerobic bacteria have been proposed to play a

pathogenic role in CBP on the basis of studies that show (i) a

significant association between the evidence of prostatic infection

by anaerobes and the presence of markers of inflammation in pro-

static secretions; (ii) a clinical cure or remission following eradica-

tion of anaerobic pathogens in patients showing signs and

symptoms of CBP;5–7 and (iii) the detection of anaerobes in a

higher proportion of symptomatic chronic prostatitis/chronic pel-

vic pain syndrome patients compared to asymptomatic controls.8

Owing to the introduction of fluoroquinolones as first-line anti-

bacterial agents for CBP, higher eradication rates (70%–80%) have

been reported, which have improved over the rates previously
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achieved by administration of cotrimoxazole (30%–65%).9 Although

these results are encouraging, CBP-causative pathogens are not eradi-

cated in about 20%–25% of the cases. Moreover, pathogen eradication

is often only apparent, as eradication rates frequently drop in the

months following treatment.10 This is probably due to the fact that

the pharmacokinetics of certain fluoroquinolones is suboptimal and

that the fluoroquinolone concentration within prostatic secretions is

relatively low and frequently overlaps with pathogen sensitivity break-

points or mutant-prevention concentrations.11,12

Relapse due to incomplete pathogen eradication is also likely to

occur because of the transition of planktonic bacteria to sessile, che-

moresistant, quorum sensing-activated biofilms.13–15 For these rea-

sons, current pharmacological research in the field of bacterial

prostatitis also focuses on the investigation of new prostatotropic

antibacterials or on the optimisation of dosages and combinations

of available antibiotics.16,17

We previously reported the outcome of a 6-week combination ther-

apy protocol administered to CBP patients that was based on a single

500-mg daily dose of ciprofloxacin (cumulative dose: 21 g) and a

thrice-weekly 500-mg dose of azithromycin.18 Although treatment

was effective and well tolerated, patients described the treatment as

lengthy and difficult to comply with. In addition, in about 35% of the

cases, a second course of treatment was necessary to achieve perman-

ent eradication of the causative pathogens.18 In an attempt to combine

better eradication rates with shorter courses of treatment, this thera-

peutic scheme was subsequently modified to administer the same

cumulative dose of 21 g of ciprofloxacin at the rate of 750 mg day21

for 4 weeks. The present retrospective study was aimed at comparing

the microbiological, microscopic and clinical findings of the two treat-

ment schemes. The effect of combination therapy on sexual dysfunc-

tion, frequently observed in chronic prostatitis patients, was analysed

in detail.

MATERIALS AND METHODS

The Ethics Committee of the Principal Investigator’s Hospital

was notified of the present study according to Italian bylaws

(Determinazione AIFA 20/3/2008, GU 76, 31/3/2008). Patients pro-

vided written consent for processing and anonymous publication of

their clinical data.

This manuscript was prepared in adherence to the Strengthening the

Reporting of Observational Studies in Epidemiology Statement

(STROBE) guidelines for good reporting of observational studies.19

The present study was independent of institutional or industry funding.

Inclusion criteria

This cohort study was based on the retrospective analysis of a

database of over 1100 patients who were diagnosed and treated in

a single secondary care urological centre that specialized in the

treatment of prostatitis syndromes and urological infections, the

Istituti Clinici di Perfezionamento, Milan, Italy. All patients con-

secutively diagnosed with CBP from the year 2000 to 2008 were

considered for this study.

Patients between 20 and 59 years of age were included in this study if

at a first visit they manifested the signs and symptoms of category II

CBP, according to the National Institutes of Health (NIH) criteria

(National Institute of Diabetes and Digestive and Kidney Diseases

Chronic Prostatitis Workshop, 1995), which lasted at least 3 months

within the previous 6 months. Signs/symptoms included dysuria, peri-

neal/testicular pain or discomfort, painful ejaculation, urinary fre-

quency, urgency, hesitancy, nycturia, urinary retention or decreased

urinary stream, prostate sonographic abnormality, and prostate asym-

metry and/or tenderness during digital rectal examination.

CBP patients were not considered for this study if they presented

any of the following conditions: category I acute bacterial prostatitis,

chlamydial chronic prostatitis, category III chronic prostatitis/chronic

pelvic pain syndrome, therapy with antibacterial agents or other med-

ications effective at the prostatic level within a 90-day period prior to

prostatitis diagnosis, renal/hepatic/cardiac insufficiency, arrhythmia

or long QT syndrome, indwelling catheters, cystostomy, ureterost-

omy, previous prostatic surgery or radiotherapy, a prostate volume

exceeding 40 ml, neoplasia, incomplete compliance to therapy as

assessed by interviewing patients at test-of-cure visits, missing data

or dropouts at test-of-cure visits or at visits performed 6 or 12 months

thereafter, or any serious disease or condition that might represent a

major confounder in the evaluation of the patients’ quality of life

according to the National Institutes of Health Chronic Prostatitis

Symptom Index (NIH-CPSI).

Diagnostic procedures

Published recommendations and international guidelines were fol-

lowed for the diagnosis of CBP.20,21 Briefly, the patient evaluation

was based on clinical history, a urological visit including a digitorectal

examination, pelvic and transrectal ultrasound, urine flowmetry

(maximum urinary flow rate (Qmax) in ml s21, waiting time, aver-

age flow rate, time to maximum flow, flow time, voiding time and

voided volume, performed with a MENFIS-Picoflow 2 uroflowmeter

(Digitimer Ltd, Welwyn Garden City, UK) on patients not allowed to

void for 2 h prior to the test) and on microbiological analysis based on

the ‘‘4-glass’’ lower urinary tract segmented localisation test.22

Following the prostatic massage needed to obtain expressed prostatic

secretions and post-massage voided urine, the total ejaculate was col-

lected and subjected to the same tests as described previously.23

Total ejaculate was obtained and processed according to the World

Health Organization laboratory manual for the examining and pro-

cessing of human semen.24 Patients abstained from sexual intercourse

and masturbation for 5–7 days. Before collecting the ejaculate, patients

passed urine and washed their hands and penis with disinfecting deter-

gents.25 The ejaculate, collected in a sterile container, was placed in

culture within 180 min. Samples were cultured on solid media (blood-

agar, Columbia CNA and chocolate agar (in CO2-enriched atmo-

sphere) or MacConkey and Sabouraud agar (in aerobic conditions)).

Microbial growth was evaluated after 24 and 48 h. Pathogens were

identified with biochemical and serological techniques, and antimi-

crobial susceptibility was performed with automated (Vitek 2;

BioMerieux Inc., Durham, NC, USA) or manual (Kirby-Bauer, E-test)

procedures.

To minimize sustained cross-infection, the sexual partners of the

patients were recommended to undergo a gynaecological examina-

tion that included cultures from midstream urine and urethral and

vaginal swabs. In addition, protected sexual intercourse and con-

dom usage was mandatory for patients during visits, therapeutic

interventions and follow-up examinations and was recommended

at dismissal.

For the diagnosis of prostatic bacterial infection, colony counts

in prostatic specimens were required to be at least tenfold greater

than those assessed in midstream urine samples. Inflammatory leu-

kocytes (white blood cells (WBCs)) were counted in expressed pro-

static secretions (EPS), voided bladder-3 (VB3) and semen.1 In the

case of infection by more than one pathogen, microbiological tests

were repeated to exclude accidental specimen contamination. A
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validated translation of the NIH-CPSI was used to score the severity

of CBP clinical symptoms.26

Study outline

Cipro-750 group (n597). After completing clinical and microbiolo-

gical evaluations at the baseline visit (visit time point 0, V0), patients

were treated for 4 weeks with a fluoroquinolone–macrolide combina-

tion described in detail in previous reports.4,18,27 An oral once-daily

750-mg dose of ciprofloxacin was combined with a 500-mg dose of

azithromycin. Azithromycin was administered only during the first 3

consecutive days at the beginning of each week of treatment with the

fluoroquinolone (‘‘pulse therapy’’), as previously described.18,28,29 In

agreement with the algorithm recommended by Wagenlehner and

Naber,30 patients remained on continuous treatment with the alpha-

adrenoceptor blocker alfuzosin ER (10 mg day21) for a period of 6

months, during which time a supplement containing Serenoa repens

extract (640 mg day21), lycopene (5 mg day21) and selenium (50 mg

day21) in a single formulation was also administered.31 Four weeks

after the end of antimicrobial treatment, the patients were subjected to

a complete diagnostic protocol, including microbiological and clinical

evaluations. This time point was named VERAD (visit for assessment

of eradication).

At the V6, V12 and V18 time points (6, 12 and 18 months after

VERAD, respectively), patients were subjected to complete clinical

evaluations (visits, instrumental analysis, questionnaires). In patients

showing symptom relapse during follow-up, microbiological evalua-

tions were repeated.

Cipro-500 group (n5170). This patient cohort was treated with an

oral once-daily 500-mg dose of fast-release ciprofloxacin combined

with a single 500 mg day21 dose of azithromycin (administered thrice-

weekly as in the Cipro-750 Group) for 6 weeks. This group also

received 10 mg alfuzosin ER and S. repens extracts for 6 months.

A mid-therapy compliance assessment of Cipro-750 and Cipro-500

patients consisted of clinical interviews performed by the clinicians at

2 or 3 weeks after V0, respectively. Both Cipro-500 and Cipro-750

cohorts were subjected to the same numbers of standard urological

visits and contacts with the urologist-in-charge (VM).

Microbiological response evaluation

The definitions by Naber et al.10 were adopted to report the micro-

biological response to antibacterial therapy: (i) eradication: baseline

pathogen was eradicated ,103 CFU ml21; (ii) eradication with super-

infection: baseline pathogen was eradicated (,103 CFU ml21) with

the appearance of a new pathogen (o103 CFU ml21); (iii) persistence:

baseline pathogen was not eradicated (o103 CFU ml21); (iv) persist-

ence with superinfection: baseline pathogen was persistent (o103 CFU

ml21) with the appearance of a new pathogen (o103 CFU ml21). We

followed the recommendation by Naber et al.10 and regarded eradica-

tion and eradication with superinfection as bacteriological success.

Evaluation of sexual dysfunction

The 15-item International Index of Erectile Function (IIEF) was used

to score the severity of sexual dysfunction in CBP patients.32 Pain at

ejaculation and macroscopic haemospermia were assessed at all time

points during patient interviews held by the same physician to min-

imize evaluation bias. Premature ejaculation was evaluated on the

basis of self-estimated intravaginal ejaculatory latency time, perceived

control, and reported personal and relational distress, in agreement

with Hatzimouratidis et al.33 Persistence of erectile dysfunction (ED)

after antibacterial therapy was defined as an IIEF ED score (the sum of

IIEF questions 1, 2, 3, 4, 5 and 15) ,26.32

Data handling and statistical analysis

To test null hypotheses about intragroup differences in the NIH-CPSI

and IIEF scores, we processed our data in the form of ordinal dom-

inance matrices and calculated the Cliff’s delta (h) for paired data,34

the asymmetric 95% confidence interval (CI) to h (calculated using the

improved formula by Feng and Cliff35), and the cumulative probabil-

ity of z (z5h/
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

unbiased estimated variance of L
p

).35,36

Intragroup Qmax values before/after therapy and during the follow-

up examinations were analysed using a paired, two-tailed t-test.

The absolute values of prostate-specific antigen (PSA) were skewed

with a right-hand tail. Non-parametric tests (the Mann–Whitney–

Wilcoxon test for the comparison of independent groups and the

Wilcoxon signed-rank test for matched pairs) were used to analyse

the differences in PSA values or leukocyte counts.

Chi-square analysis was used to evaluate differences in the propor-

tions of patients with pyuria, premature ejaculation, haemospermia or

ejaculatory pain. This analysis was also used to evaluate the differences

in microbiological outcomes and baseline patient presentations. The

XLStatistics 5.71 program37 and the Ordinal Dominance statistics pack-

age for the ‘R’ software statistical environment38 were used for analysis

of data. Our data analysis procedures used ‘missing completely at ran-

dom’ assumptions. Results were considered significant at P,0.05.

RESULTS

Microbiological efficacy data

Table 1 shows the demographic and microbiological presentation of

patients at baseline and at the end of treatment (time points V0 to

VERAD). About 80% of the patients in both the Cipro-500 and Cipro-

750 groups manifested single-agent infections. Chi-square analysis

confirmed the null hypothesis of equal proportions between single

and multiple infections in the two cohorts (x252.16, P50.14).

Comparison between the per-patient microbiological outcomes

showed a 24% increase in eradication rates in the Cipro-750 group

compared with the Cipro-500 cohort (77.32% vs. 62.35%, Table 1)

and a 19% increase in the overall bacteriological success (85.57% vs.

71.76%). The bacteriological failure rate in the Cipro-500 (28.24%)

cohort was increased twofold compared to the Cipro-750 group

(14.43%). Differences between the eradication vs. persistence and suc-

cess vs. failure proportions were statistically significant (P50.003 and

P50.01, respectively; Table 1).

Nine patients in each group whose clinical symptoms flared up

during the 18-month follow-up showed a relapse of CBP.

Table 2 lists the microorganisms isolated from prostate-specific

specimens and the per-pathogen eradication data. Consistent

with data in other reports,39 the most represented pathogen was

Enterococcus faecalis (total 74 isolates) followed by Escherichia coli

(57 isolates). In the Cipro-750 group, a significantly higher proportion

of eradicated E. faecalis was recorded (x255.15, P50.023; Table 2).

Intergroup eradication rates of all other pathogens were not different

at the statistical level (data not shown).

Clinical efficacy data

Patient symptom scores were assessed with the NIH-CPSI test. A

‘‘clinically relevant improvement’’, defined by a six-point decrease

in the NIH-CPSI total score,40 was assessed at VERAD in 75 and 71

patients of the Cipro-500 and Cipro-750 cohorts, respectively

(x255.9, P50.015). Therapy caused a marked and statistically
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significant decrease in pain and voiding symptoms and in the impact of

the disease on the patients’ quality of life (P,0.001) (Table 3).

Symptom remission was sustained in patients with microbiological

eradication and persisted not only beyond the antibacterial treatment

period but also beyond the 6-month alfuzosin/S. repens extended ther-

apy course (Table 3). The dropout rates at the V18 time point were

limited and similar between cohorts (Cipro-500: 14.71%; Cipro-750:

16.49%), and further sensitivity analysis was considered unnecessary.

Table 1 Demographic and microbiological presentation of patients at baseline (time point V0) and at 1 month after antibacterial treatment

(time point VERAD)

Patient cohort Cipro-500b (n5170) Cipro-750a (n597)

Demography Mean/median age 45/41 46/45

Microbiological presentation at baseline Single-agent infection, n (%) 132 (77.65) 83 (85.56)

Two pathogens, n (%) 30 (17.65) 13 (13.40)

Three pathogens, n (%) 8 (4.70) 1 (1.03)

Total multiple infections, n (%) 38 (22.35) 14 (14.43)

x2 (single-agent vs. multiple infections) 2.16 (P50.14)

Microbiological outcome after therapy Eradication, n (%) 106 (62.35) 75 (77.32)

Eradication with superinfection, n (%) 16 (9.41) 8 (8.25)

Bacteriological success, n (%) 122 (71.76) 83 (85.57)

Persistence, n (%) 47 (27.65) 12 (12.37)

Persistence with superinfection, n (%) 1 (0.59) 2 (2.06)

Bacteriological failure, n (%) 48 (28.24) 14 (14.43)

X2 (eradication vs. persistence) 8.57 (P50.003)

x2 (bacteriological success vs. failure) 5.9 (P50.015)

a A cohort of patients treated with once-daily 750-mg ciprofloxacin for 4 weeks.
b A cohort of patients treated with once-daily 500-mg ciprofloxacin for 6 weeks.

Table 2 Microorganisms isolated from prostate-specific specimens and per-pathogen eradication data in Cipro-500a and Cipro-750b treat-

ment groups

Isolated organism (at time point V0)
Total isolates at baseline (V0), n Eradication at the end of therapy, n (%) Persistence at the end of therapy, n (%)

Cipro-500 Cipro-750 Cipro-500 Cipro-750 Cipro-500 Cipro-750

Gram-negative

Escherichia coli 34 23 20 (58.8) 16 (69.6) 14 (41.2) 7 (30.4)

Haemophilus parainfluenzae 12 5 9 (75.0) 4 (80.0) 3 (25.0) 1 (20.0)

Proteus mirabilis 7 4 6 (85.7) 4 (100) 1 (14.3) —

Morganella morganii 4 4 4 (100) 4 (100) — —

Pseudomonas aeruginosa 2 — 2 (100) — — —

Klebsiella pneumoniae 3 1 3 (100) 1 (100) — —

Gardnerella vaginalis 3 — 3 (100) — — —

Enterobacter aerogenes 2 1 2 (100) 1 (100) — —

Klebsiella oxytoca 2 3 1 (50.0) 3 (100) 1 (50.0) —

Citrobacter koseri 3 1 3 (100) 1 (100) — —

Citrobacter freundii 2 1 2 (100) 1 (100) — —

Enterobacter cloacae 2 — 1 (50.0) — 1 (50.0) —

Enterobacter spp. — 1 — 1 (100) — —

Klebsiella ornithinolytica — 1 — 1 (100) — —

Serratia marcescens — 1 — 1 (100) — —

Gram-positive

Enterococcus faecalis 46 28 24 (52.2) 22 (78.6)c 22 (47.8) 6 (21.4)

Streptococcus spp. 37 14 32 (86.5) 13 (92.8) 5 (13.5) 1 (7.1)

Corynebacterium seminale 7 — 6 (85.7) — 1 (14.3) —

Staphylococcus haemolyticus 2 — 2 (100) — — —

Staphylococcus aureus 2 1 2 (100) 1 (100) — —

Neisseria gonorrhoeae 1 1 1 (100) 1 (100) — —

Corynebacterium species 2 1 2 (100) 1 (100) — —

Enterococcus spp. 2 3 2 (100) 3 (100) — —

Staphylococcus coag. neg. — 8 — 7 (87.5) — 1 (12.5)

Other

Ureaplasma urealyticum 35 10 34 (97.1) 10 (100) 1 (2.9) —

Mycoplasma hominis 4 — 4 (100) — — —

Candida spp. 6 2 6 (100) 2 (100) — —

a A cohort of patients treated with once-daily 500-mg ciprofloxacin for 6 weeks.
b A cohort of patients treated with once-daily 750-mg ciprofloxacin for 4 weeks.
c x255.15, P50.023, vs. Cipro-500 cohort.
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Intragroup differences between baseline (V0) and eradication

(VERAD) time points were highly significant in both treatment

groups. Intragroup differences between V0 and V6 or between

VERAD and V6 time points were also statistically significant (for

statistical details, see Table 3).

The improvement of voiding symptoms, as assessed with the NIH-

CPSI test, corresponded to the uroflowmetry data. The urinary peak

flow rate was improved in both the Cipro-500 and Cipro-750 groups

between V0 and VERAD with highly significant statistical intragroup

differences (Figure 1). Further, statistically significant improvements

between VERAD and V6 were observed in the Cipro-750 group only.

No significant intergroup difference was recorded at any tested time

point.

Therapy was well tolerated; mild diarrhoea (loose stool), treated with

short courses of probiotics, was the only side effect described by three

and two patients in the Cipro-500 and Cipro-750 cohorts, respectively.

Microscopic and biochemical findings

Table 4 shows WBC counts in the Cipro-500 and Cipro-750 patient

cohorts. No significant intergroup differences between WBC counts in

VB3/EPS/semen (VB3/EPS, P50.14; semen, P50.85) were recorded at

baseline (V0). Consistently, patients with frank ‘inflammatory’

(WBCo10/high-power field41) or ‘non-inflammatory’ (WBC,10)

CBP were present in equal proportions at the V0 time point

(x251.52, P50.21; x251.45, P50.22) in VB3/EPS or semen, respect-

ively. In both cohorts, combination therapy induced a highly significant

reduction of WBC counts in all tested specimens and at all analysed time

points. Significantly higher WBC counts were observed in patients that

showed microbiological persistence (Table 4). Intergroup analysis at

VERAD showed significantly lower WBC counts in the Cipro-750

cohort than in the Cipro-500 cohort. In both cohorts, a marked decrease

in patients that manifested ‘inflammatory’ specimens was observed.

However, figures were more striking in the Cipro-750 cohort (Table 4).

Table 3 Cliff’s delta (h) and 95% confidence intervals (CI) for delta for the intragroup comparison of the clinical outcome of the combination

therapy protocols in the Cipro-500a and Cipro-750b cohorts

Cohort Cipro-500 (n575) Cipro-750 (n571)

Time point

comparison

VERAD vs. V0 V6 vs. V0 V6 vs. VERAD V12 vs. V6 VERAD vs. V0 V6 vs. V0 V6 vs. VERAD V12 vs. V6

NIH-CPSI test

Total score

h (95% CI)

20.78

(20.84, 20.71) *

20.91

(20.96, 20.84)*

20.61

(20.70, 20.49)*

20.0003

(20.05, 0.05)

20.68

(20.76, 20.59)*

20.93

(20.96, 20.88)*

20.52

(20.60, 20.43)*

20.05

(20.09, 20.01)$

Pain domain

h (95% CI)

20.77

(20.83, 20.69) *

20.92

(20.96, 20.86)*

20.54

(20.63, 20.43)*

20.002

(20.05, 0.05)

20.68

(20.76, 20.58)*

20.95

(20.97, 20.89)*

20.48

(20.57, 20.37)*

20.04

(20.09, 0.002)

Voiding domain

h (95% CI)

20.51

(20.58, 20.42)*

20.69

(20.77, 20.60)*

20.36

(20.45,20.26)**

0.01

(20.03, 0.06)

20.47

(20.57, 20.37)*

20.71

(20.80, 20.60)*

20.38

(20.47, 20.28)*

20.03

(20.06, 0.008)

Impact on quality of

life domain

h (95% CI)

20.65

(20.72, 20.55)*

20.86

(20.92, 20.78)*

20.55

(20.64, 20.43)*

20.008

(20.05, 0.04)

20.59

(20.69, 20.47)*

20.83

(20.89, 20.73)*

20.43

(20.52, 20.33)*

20.07

(20.12, 20.03)#

IIEF test

Erectile dysfunction

h (95% CI)

— — — — 0.19

(0.10, 0.27)*

0.36

(0.24, 0.48)*

0.17

(0.08, 0.26)**

20.05

(20.10, 0.003)

Orgasmic

dysfunction

h (95% CI)

— — — —

0.14

(0.04, 0.24)#
0.28

(0.16, 0.39)*

0.17

(0.08, 0.26)**

20.01

(20.09, 0.06)

Sexual desire

impairmenti

h (95% CI)

— — — —

0.21

(0.12, 0.29)*

0.37

(0.25, 0.48)*

0.19

(0.09, 0.28)*

0.004

(20.86, 0.95)

Intercourse

satisfaction

h (95% CI)

— — — —

0.25

(0.16, 0.34)*

0.39

(0.26, 0.51)*

0.18

(0.08, 0.27)**

0.06

(20.009, 0.12)

Overall satisfaction

h (95% CI)

— — — — 0.22

(0.13, 0.31)*

0.38

(0.26, 0.49)*

0.19

(0.10, 0.28)*

0.07

(0.01, 0.12)$

National Institutes of Health Chronic Prostatitis Symptom Index (NIH-CPSI) and International Index of Erectile Function (IIEF) tests were used to assess subjective clinical

outcomes at time points V0, VERAD, V6, V12 and V18. IIEF data were available for Cipro-750 patients only.

*P,0.0001;

**P,0.001;
#P,0.01;
$P,0.05.
a A cohort of patients treated with once-daily 500-mg ciprofloxacin for 6 weeks.
b A cohort of patients treated with once-daily 750-mg ciprofloxacin for 4 weeks.
c Median values: 27, 14, 7, 7, 6 (Cipro-500) and 22, 12, 7, 7, 6 (Cipro-750) at V0, VERAD, V6, V12, V18, respectively.
d Median values: 12, 6, 3, 3, 3 (Cipro-500) and 9, 5, 3, 3, 3 (Cipro-750) at V0, VERAD, V6, V12, V18, respectively.
e Median values: 5, 2, 0, 0, 0 (Cipro-500) and 5, 2, 2, 1, 1 (Cipro-750) at V0, VERAD, V6, V12, V18, respectively.
f Median values: 9, 6, 3, 3, 3 (Cipro-500) and 8, 4, 3, 3, 3 (Cipro-750) at V0, VERAD, V6, V12, V18, respectively.
g Median values: 24, 27, 28, 28, 28 (Cipro-750) at V0, VERAD, V6, V12, V18, respectively.
h Median values: 7, 7, 8, 8, 8 (Cipro-750) at V0, VERAD, V6, V12, V18, respectively.
i Median values: 7, 8, 8, 8, 8 (Cipro-750) at V0, VERAD, V6, V12, V18, respectively.
j Median values: 9, 11, 12, 12, 12 (Cipro-750) at V0, VERAD, V6, V12, V18, respectively.
k Median values: 6, 8, 8, 8, 8 (Cipro-750) at V0, VERAD, V6, V12, V18, respectively.
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Whereas Cipro-750 patients showed significant decreases (P50.0036)

in the average total serum PSA following pathogen eradication, no sig-

nificant changes were observed in patients treated with lower daily doses

of ciprofloxacin (Cipro-500 group; Table 4). However, a significant drop

in the PSA was recorded in this group at later follow-up time points (e.g.,

V6). Intergroup differences were statistically significant at the V6 and V18

time points (P50.015, P50.018) (Table 4).

Effect of combination treatment on sexual dysfunction

Due to the observational nature of our study, we could evaluate sexual

dysfunction by the IIEF test only on the more recently treated group,

i.e., the Cipro-750 patient cohort. Table 3 summarizes Cliff’s delta

statistics for each sexual function score assessed with the IIEF test.

Combination therapy induced statistically significant improvements

in all IIEF subdomain scores, including erectile and orgasmic function,

libido and intercourse/overall satisfaction (Table 3).

Of the 97 Cipro-750 patients, 35 had normal erectile function at V0,

and three patients were not sexually active. Interestingly, of the

remaining 59 patients that showed erectile dysfunction at V0, 22

(37.29%) experienced no ED at VERAD (P,0.0001, statistical infer-

ence for Cliff’s delta). The other 37 patients who did not show sexual

function improvement at VERAD were considered likely candidates

for therapy with phosphodiesterase type 5 (PDE-5) inhibitors.

Additional signs/symptoms related to sexual dysfunction were

recorded and are summarized in Figure 2. These signs and symptoms

were attenuated on microbiological eradication, with the exception of

premature ejaculation in the Cipro-500 group (Figure 2). The pro-

portions of Cipro-500 or Cipro-750 patients that showed premature

ejaculation did not differ significantly between baseline (V0) and

microbiological eradication (VERAD) (x251.91, P50.16). However,

significant differences were observed between V0 and V6 (x2511.64,

P50.0006) and VERAD and V6 (x254.96, P50.025), as only nine out

of 97 Cipro-750 patients (9.3%) showed premature ejaculation at the

V6 follow-up time point.

DISCUSSION

Fluoroquinolones are currently considered first-choice agents

against sensitive uropathogens in chronic bacterial prostatitis

(European Association of Urology guidelines20). A recent review

article summarizing the results of six chronic bacterial prostatitis

studies showed that ciprofloxacin, administered as a single agent at

a dose of 1 g day21 for 4 weeks, results in eradication rates ranging

between 63% and 77%.42

The present study shows that in chronic bacterial prostatitis, the

daily dosage of the fluoroquinolone is more crucial than the duration

of therapy, as administration of the cumulative dose of 21 g of cipro-

floxacin at the rate of 750 mg day21 for 4 weeks, rather than 500 mg

day21 for 6 weeks, increased eradication rates from 62.35% to 77.32%

and the total bacteriological success from 71.76% to 85.57%. In par-

ticular, increased eradication of Enterococci was observed in the Cipro-

750 cohort. As mentioned above, the distribution of ciprofloxacin to

prostatic secretions is suboptimal, reaching, for example, the concen-

tration of 0.18 mg l21 after a single dose of 400 mg.17 For this reason,

ciprofloxacin may not have been active on a number of enterococcal

isolates exposed to a daily 500-mg dose of the quinolone, as

Enterococcus isolates in complicated urinary tract infections mostly

show minimum inhibitory concentrations above 0.5 mg l21 (for

example, see Ref. 30). The increased dosage of ciprofloxacin likely

resulted in enhanced bioavailability and prostate distribution and

was thus possibly better in exploiting the concentration-dependent

bactericidal activity of the quinolone on Enterococci, as well as on other

pathogens, such as E. coli.

To provide additional evidence on the efficacy of a fluoroquino-

lone–macrolide combination compared to single-agent treatment, the

Croatian co-authors of this paper recently performed a retrospective

study43 in a cohort of 60 consecutively enrolled CBP patients. The

combination of 500 mg day21 azithromycin (thrice-weekly, the first

3 consecutive days of each week as in the present trial) and 1000 mg

day21 ciprofloxacin for 4 weeks resulted in pathogen eradication in

83.9% of the cases (assessed at 4 weeks post-therapy), whereas single-

agent ciprofloxacin treatment (1000 mg day21 for 4 weeks) resulted in

a much lower rate of microbiological eradication (62%). Importantly,

in the Croatian cohort, ciprofloxacin–azithromycin combination

therapy was associated with a lower CBP relapse rate (22.6% at 6

months) compared with ciprofloxacin single-agent therapy in their

study (48.3%) and published monotherapy studies (28% in two stud-

ies by Bundrick et al.39 and Naber et al.10). A strikingly low infection

relapse rate was recorded in the present retrospective study. However,

these results must be evaluated conservatively, since only patients that

showed clinical symptom exacerbation during follow-up were sub-

jected to microbiological tests.

In summary, if our data are confirmed in a randomized prospective

setting, the combination of ciprofloxacin and azithromycin may provide

a therapeutic advantage over single-agent ciprofloxacin administration.

Favourable short- and long-term effects of ciprofloxacin–azithromycin

therapy may be due to the combination of a number of important

and advantageous properties of fluoroquinolones and macrolides.

Macrolides have recently, for the first time, been recommended

for treatment of chronic prostatitis syndromes44 due to their

excellent prostatic penetration45 and their activity against intra-

cellular and sexually-transmitted pathogens like C. trachomatis. In

addition to their antibacterial activity, macrolides show a number

of biological effects of great importance, including antibiofilm,

anti-inflammatory and immunomodulatory activities.46–49

An interesting outcome of the present study was the significant

improvement in sexual function following antibacterial therapy.

This is to our knowledge the first report providing the rate of

erectile function improvement in CBP patients subjected to

Figure 1 Urine peak flow rate (Qmax) (mean6s.d., ml s21) in patients in the

Cipro-750 (black bars) and Cipro-500 (grey bars) treatment groups. After the

assessment of microbiological eradication (time point VERAD), patients were

examined every 6 months during an 18-month follow-up period (V6–V18).

*P,0.0001, compared with V0; #P50.01, compared with VERAD; with paired,

two-tailed t-test.
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antibacterial treatment. Although the mechanism underlying sexual

function improvement remains to be investigated, and although a

placebo component of such improvement cannot be excluded,

rapid eradication of causative pathogens by the ciprofloxacin–

azithromycin combination that is likely associated with prompt

resolution of the inflammatory component of CBP may have been

implicated in the recovery of optimal function of the intraprostatic

afferents of cavernous nerves. Normalisation of neuronal home-

ostasis may thus have aided in the improvement of erectile function

in our patient series.

Sexual dysfunction is very common in patients suffering from

both bacterial and abacterial chronic prostatitis syndromes, and it

may vary between 40% and 70%, depending on the survey methods

and on the populations examined.50–54 Sexual dysfunction may

manifest as ED, orgasmic/ejaculatory dysfunction or altered libido,

and has a deleterious effect on the relationship of prostatitis

patients.55–57 Moreover, a significantly higher impact of chronic

prostatitis/chronic pelvic pain syndrome on the quality of life

(NIH-CPSI domain 3) has been demonstrated in patients with

sexual dysfunction when compared to patients with normal sexual

function.50,54 For these reasons, resolution or attenuation of erectile

impairment and of other signs/symptoms related to sexual dysfunc-

tion is a primary therapeutic goal. In this report, we have shown

that ED disappeared after one cycle of combination treatment

in 37% of affected patients and did not seem to relapse over a

follow-up period of 18 months. Administration of PDE-5 inhibitors

(vardenafil or tadalafil on-demand) restored a satisfactory sexual

function in almost all remaining eligible patients (data not shown).

These data suggest a two-stage algorithmic approach to sexual dys-

function in CBP patients, whereby only patients not showing

improvement in erectile function after antibacterial therapy should

be subjected to specific PDE5-I treatment. In the case of an inad-

equate PDE5-I treatment outcome, patients may undergo a second-

level clinical investigation to ascertain vascular, metabolic or

cardiovascular conditions and may be subjected to alternative treat-

ment options, according to international guidelines.33

Table 4 White blood cell (WBC) counts in prostate-specific specimens at baseline (time point V0) and after treatment in patients from the

Cipro-500 and Cipro-750 groups that show eradication or persistence of causative pathogens, and serum prostate-specific antigen (PSA) at

baseline (V0), on microbiological eradication (VERAD), and at follow-up time points (V6, V12 and V18) in the Cipro-500 and Cipro-750

treatment groups

Cipro-500a Cipro-750b

V0 (baseline)

(n5170)

Patients with

eradication

(n5106)

Patients with

persistence/

superinfection (n564)

V0 (baseline)

(n597)

Patients with

eradication (n575)

Patients with

persistence/

superinfection (n522)

Specimen

EPS/VB3 Semen EPS/VB3 Semen EPS/VB3 Semen EPS/VB3 Semen EPS/VB3 Semen EPS/VB3 Semen

Patients with

o10 WBC/

specimen

64

(37.65%)

66

(38.82%)

19

(17.92%)

18

(16.98%)

20

(31.25%)

24

(37.50%)

44

(45.36%)

45

(46.39%)

2

(2.67%)

0 2

(9.09%)

4

(18.18%)

Patients with

,10 WBC/

specimen

106

(62.35%)

104

(61.18%)

87

(82.08%)

88

(83.02%)

44

(68.75%)

40

(62.50%)

53

(54.64%)

52

(53.61%)

73

(97.33%)

75

(100.0%)

20

(90.91%)

18

(81.82%)

x2 and P, vs.

Cipro-750

cohort

1.52

(0.21)

1.45

(0.22)

9.96

(0.0015)

14.14

(0.00016)

4.22

(0.039)

2.78

(0.095)

// // // // // //

Mean/Median

WBC/

specimen 10.85/7.0 10.33/9.0 5.43/4.0 5.32/5.0 8.19/5.0 9.53/7.5 11.20/8.0 9.56/9.0 2.59/2.0 2.48/2.0 5.50/4.0 7.00/5.0

P vs. Cipro-

750

cohortc 0.14 0.85 0.0002 ,0.0001 0.33 0.06 // // // // // //

P vs. baseline

values (V0)d // // ,0.0001 ,0.0001 .0.05 .0.05 // // ,0.0001 ,0.0001 .0.05 .0.05

P vs. patients

with bacterial

eradicationc // // // // 0.007 0.008 // // // // 0.00012 0.0018

Study Time point V0 (baseline) VERAD V6 V12 V18 V0 (baseline) VERAD V6 V12 V18

Mean/Median

Serum PSA,

(ng/ml) 2.10/1.22 1.93/1.00 1.40/0.85 1.10/0.80 1.12/0.83 2.24/1.16 1.29/0.82 0.92/0.64 0.93/0.67 0.88/0.59

PSA range,

(ng/ml) 0.20-8.50 0.10-10.96 0.10-12.6 0.10-6.46 0.10-4.35 0.25-8.66 0.12-8.16 0.10-6.71 0.12-6.97 0.20-7.50

P vs. time

point V0d // 0.099 0.0025 .0.05 .0.05 // 0.0036 ,0.0001 .0.05 .0.05

P vs. Cipro-

750c 0.6 0.14 0.015 0.074 0.018 // // // // //

a A cohort of patients treated with once-daily 500-mg ciprofloxacin for 6 weeks, combined with azithromycin.
b A cohort of patients treated with once-daily 500-mg ciprofloxacin for 4 weeks, combined with azithromycin.
c Wilcoxon rank-sum test;
d Wilcoxon signed-rank test.
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Although we strived to minimize all possible sources of bias

by following the STROBE guidelines, the present study should

be interpreted conservatively because of its observational nature.

Nevertheless, our findings may convey two important implications.

First, we have shown that ED occurring in patients affected by CBP

may be reversible. Second, it appears that antibacterial treatment may

improve or cure ED in CBP patients. The latter observation must be

taken cautiously, as patients were on chronic treatment with agents

(alpha-blockers and S. repens extracts) that may have aided in the

improvement of the patients’ sexual function. In particular, alpha-

adrenoceptor blockers are known to be involved in the attenuation

of neurogenic inflammation,58 whereas S. repens, lycopene and

selenium show anti-inflammatory and anti-oxidant properties.31,59

However, follow-up data show that the suspension of alpha-blocker

or S. repens therapy 6 months after the end of antibacterial treatment

was not associated with a worsening of erectile function or premature

ejaculation,60 thus suggesting that the resolution of bacterial infection

was the leading cause of sexual function improvement.

Similarly, pain and voiding symptoms did not deteriorate when

patients were off alpha-blockers or herbal extracts, also suggesting that

the improvement in CBP signs and symptoms was possibly linked to

uropathogen eradication rather than to temporary symptomatic relief

evoked by these medications. In conclusion, combination antibacterial

treatment appears to be a safe and effective therapeutic option for the

long-term eradication of causative pathogens and for long-term reso-

lution of CBP signs and symptoms.
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