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Abstract: Objective: To evaluate spectrum and resistance rates to antibacterial agents in causative
pathogens of bacterial prostatitis in patients from Southern Europe, the Middle East, and Africa.
Materials: 1027 isolates from cultures of urine or expressed prostatic secretion, post-massage urine or
seminal fluid, or urethral samples were considered. Results: Escherichia coli (32%) and Enterococcus spp.
(21%) were the most common isolates. Other Gram-negative, Gram-positive, and atypical pathogens
accounted for 22%, 20%, and 5%, respectively. Resistance was <15% for piperacillin/tazobactam
and carbapenems (both Gram-negative and -positive pathogens); <5% for glycopeptides against
Gram-positive; 7%, 14%, and 20% for aminoglycosides, fosfomycin, and macrolides against Gram-
negative pathogens, respectively; 10% for amoxicillin/clavulanate against Gram-positive pathogens;
<20% for cephalosporins and fluoroquinolones against to Gram-negative pathogens (higher against
Gram-positive pathogens); none for macrolides against atypical pathogens, but 20% and 27% for
fluoroquinolones and tetracyclines. In West Africa, the resistance rates were generally higher,
although the highest rates for ampicillin, cephalosporins, and fluoroquinolones were observed in the
Gulf area. Lower rates were observed in Southeastern Europe. Conclusions: Resistance to antibiotics
is a health problem requiring local health authorities to combat this phenomenon. Knowledge of
the spectrum of pathogens and antibiotic resistance rates is crucial to assess local guidelines for the
treatment of prostatitis.

Keywords: bacterial prostatitis; Escherichia coli; Enterobacteriacae; Gram-positive pathogens; antibi-
otic; resistance
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1. Introduction

Infection is microbiologically proven in approximately 10% of patients presenting
with prostatitis-like symptoms [1]. Acute prostatitis is characterized by urinary tract
symptoms, pain, fever, malaise, and general symptoms. Sometimes, patients present with
features of sepsis requiring hospitalization [2]. Mid-stream urine culture yields a diagnosis
in most cases. In cases requiring hospitalization, blood cultures can additionally help.
Escherichia coli is the most frequent pathogen in acute prostatitis. Other Enterobacteriacae
may be causative, while Pseudomonas aeruginosa is less frequent, usually secondary to recent
urological instrumentations. The rate of Gram-positive pathogens is approximately 5% [2].

Chronic bacterial prostatitis can present with varied clinical scenarios, including uri-
nary symptoms, perineal, pelvic and genital pain, and sexual symptoms. Mid-stream
urine cultures are positive in only a few cases. Other sources utilized for diagnosis in-
clude cultures of samples obtained through the four- or two-glass test [3], and culture
of seminal fluid [4]. E. coli and other Enterobacteriacae are the most common pathogens
isolated in chronic prostatitis [5], although recently, Gram-positive pathogens, particularly
Enterococci, are increasingly reported [6]. The role of intracellular pathogens or “atypicals”
(Chlamydia trachomatis, Ureaplasma spp., and Mycoplasma spp.) is still debated [7]. Acute
prostatitis patients require high-dose parenteral antibiotics to be started prior to identifying
the culprit microbe due to the clinical severity and potential risk of sepsis. During acute
inflammation, the permeability of cell membranes is enhanced, and penetration of any
antibiotic is facilitated [8]. Parenteral administration of high doses of broad-spectrum
penicillins, third-generation cephalosporines, or fluoroquinolones is recommended in the
acute phase, followed by an oral regimen with a susceptible antibiotic for at least four
weeks [8].

Chronic prostatitis therapy requires the administration of drugs with high penetration
in the prostatic tissue, which must be administered for long periods, preferably via the oral
route, and must have good tolerability [1,8,9].

Drugs must be lipid-soluble, have favorable size and shape, and result in minimal
serum protein binding to favor diffusion across biological membranes. In recent years, basic
drugs such as trimethoprim, macrolides, and tetracyclines have been preferred, although
fluoroquinolones (amphoteric drugs with two ionizing groups, positively and negatively
charged) are now more often used [1].

Fluoroquinolones still remain the best available drug for the treatment of chronic
bacterial prostatitis, although resistance rates to these antibiotics have increased in recent
years. Recently, doubts have been raised about the tolerability of these drugs, and empirical
use for prostatitis has been discouraged [10,11].

The effectiveness of fluoroquinolones can be enhanced by combining with macrolides [12],
which, in addition to broadening the antibacterial efficacy spectrum, have other beneficial
effects such as immunomodulatory activities and the prevention of biofilm formation [13].
On the contrary, macrolides can increase the toxicity of fluoroquinolones, because both
drug classes can cause elongation of the QT interval of the electrocardiogram; thus, this
combination should be used with caution.

Fosfomycin is another possible alternative to fluoroquinolones for the treatment of
prostatitis [14-16].

Nitrofurantoin retains a favorable resistance profile, but its pharmacokinetic charac-
teristics are not ideal for the treatment of prostate infections [17].

Glycopeptides could be an option for the treatment of Gram-positive pathogens, but
these agents are not orally absorbed, and we have limited knowledge about their use in
prostatitis—although, in selected cases of severe, multi-resistant Gram-positive prostatic
infections, the efficacy of glycopeptides has been reported [18].
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The effectiveness of the antibiotic treatment of bacterial prostatitis depends on the rates
of microbial resistance to antibiotics commonly used to treat prostatic infections, which
may change in different geographical areas as a result of environmental and sociocultural
characteristics, and how infections are diagnosed and treated and the local use of antibiotics
in people and animals.

The aim of this study was to assess the microbial spectrum in bacterial prostatitis
cases in selected centers in Southeastern Europe, Africa, and the Gulf area, as well as their
resistance pattern to commonly used antimicrobials.

2. Materials and Methods

A study was initiated by U-merge, an association that unites urologists around the
world. Eight centers from seven countries, namely, Bulgaria, Greece (two centers), Italy,
Qatar, Bahrain, Mali, and Nigeria, participated in this study. The results of microbiological
investigations of patients with prostatitis-like symptoms were studied retrospectively. Age
and type of clinical presentation (acute or chronic bacterial prostatitis) were recorded. Cul-
tures of urine, prostatic secretions expressed by prostate massage (EPS), urine evacuated
after prostate massage (VB3), seminal fluid and urethral specimens (urethral secretion,
urethral swabs, and first void urine) were analyzed. Isolates were identified at the labora-
tory of each participating center using conventional methods according to local guidelines.
Undiluted urine samples were cultured in blood and on MacConkey agar plates. Identi-
fication of traditional pathogens was performed by conventional methods or the Vitek-2
Compact (bioMerieux, Marcy 1’Etoile, France) system. Isolates were tested for antimicrobial
susceptibility using custom broth microdilution panels or disk diffusion. Minimum in-
hibitory concentration (MIC) values were evaluated according to guidelines of the Clinical
and Laboratory Standards Institute (CLSI) (in most extra-European countries) or the Euro-
pean Committee for Antimicrobial Susceptibility Testing (EUCAST) (in European countries,
plus Mali). The local interpretations of antimicrobial susceptibility testing, reported as
S, 1, or R, were considered for the analyses, as quantitative data (i.e., disk diffusion zone
diameters or MIC values) were not provided by the participating laboratories. Different
antimicrobial agents were included on the panels at each laboratory, according to the local
guidelines, with appropriate dilution ranges. The identification and semi-quantitative
assay for M. hominis and U. urealyticum were performed using the Mycoplasma IST 2 kit
(bioMerieux). C. trachomatis was detected by direct immunofluorescence (monoclonal
antibodies against lipopolysaccharide membrane, Kallestad). For each sample, the isolated
pathogen, the source, and the antibiotic resistance pattern exhibited in the antibiogram
were recorded. Each class of antibiotics was considered inactive on a specific bacterial
strain only if it demonstrated resistance to all of the tested antibiotics of that class (i.e., any
fluoroquinolone). Strains demonstrating intermediate susceptibility were not considered
resistant. Resistance to a combination of quinolones-macrolides or amoxicillin/clavulanate-
aminoglycosides was also assessed. The combination was classified as “resistant” if the
pathogen was resistant to both agents.

Statistical Analysis

The mean ages of patients in different countries were calculated, and any difference
was analyzed with an ANOVA test. A p-value of <0.05 was considered as statistically
significant. Post-hoc analysis was carried out with the Bonferroni test. Contingency tables
were built (i) to compare the frequency of pathogens in different countries, (ii) to compare
their antibiotic resistance rates, and (iii) to estimate how often different antibiotics were
tested in the countries and for pathogens classified as Gram-negative, Gram-positive, and
atypical pathogens. Differences between proportions were assessed with the chi-squared
test or with a two-tailed Z-test for independent proportions.



Diagnostics 2021, 11, 1333

40f12

3. Results

A total of 984 patients with acute (N = 60) and chronic (N = 924) bacterial prostatitis
were considered. Patients were diagnosed in Bahrain (N = 50), Bulgaria (N = 202), Greece
(N =184), Italy (N = 409), Mali (N = 36), Nigeria (N = 30), and Qatar (N = 73). The average
age was 46 + 13 years. The mean ages were higher in Qatar (64 % 11 years) than in Bahrain
(43 £ 8 years), Bulgaria (44 £ 11 years), Greece (46 £ 12 years), Italy (45 + 13 years),
Mali (45 £ 14 years), and Nigeria (44 £ 10 years). The prevalence of acute prostatitis was
higher in Mali (47%), Qatar (29%), Nigeria (27%), and Bahrain (14%), while a lower rate was
observed in Greece (4%). No cases of acute prostatitis were reported from Bulgaria and Italy.
The average age of patients with acute prostatitis was not significantly higher than those
with chronic prostatitis (48 £ 15 vs. 46 £ 13, p > 0.005, ANOVA). Overall, 1027 pathogens
were isolated: A single pathogen in 942 patients, two pathogens in 41 patients, and three
pathogens in one patient.

3.1. Source of Samples for Microbiological Diagnosis

Bacterial prostatitis was diagnosed by midstream urine culture in 88 cases, by EPS
culture in 29 cases, by VB3 culture in 307 cases, by EPS + VB3 culture in 46 cases, by sperm
culture in 530 cases, and by culture of urethral samples in 27 cases. In Qatar, pathogens
were isolated from urinary samples, in Bulgaria from seminal fluid, and in Mali VB3. In
Bahrain, pathogens were isolated from seminal fluid in 80% and VB3 in 20% of samples;
in Nigeria, from VB3 in 70%, urine in 23%, and seminal fluid in 7% of samples; in Greece,
from VB3 in 68%, urine in 4%, EPS or EPS + VB3 in 30%, seminal fluid in 6%, and urethral
samples in 15% of samples; in Italy, from seminal fluid in 67%, VB3 in 28%, and EPS in 5%
of samples (Figure 1).

SOURCE OF MICROBIOLOGICAL SAMPLES %
100%
90% .
80%
70%
60%
50%
40%
30%
20%
10%
0%
Bahrain Bulgaria Greece Italy Mali Nigeria Qatar Total

URINE EPS VB3 SPERM m URETHRAL

Figure 1. Source of samples for microbiological diagnosis.

3.2. Acute and Chronic Prostatitis

The most frequent isolate was E. coli, detected in 46% of acute and 31% of chronic cases
(p = 0.029). Klebsiella spp. was more frequent in acute prostatitis than in chronic prostatitis
(20% vs. 7% of cases, p = 0.0071). The rates of Proteus spp. (3% vs. 4%), P. aeruginosa
(8% vs. 2%), other Enterobacteriacae (5% vs. 4%), and other Gram-negative bacteria (5%
vs. 4%) were similar in the two groups (p > 0.05). Enterococci (10% vs. 22%, respectively,
p = 0.020), Staphylococci (3% vs. 13%, p = 0.0002), Streptococci (3% vs. 5% p > 0.05), and
other Gram-positive pathogens (0% vs. 2% p > 0.05) were less frequent in acute compared
to chronic prostatitis. Atypical pathogens (6%) and fungi (0.1%) were isolated only from
chronic prostatitis specimens (Figure 2).
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Figure 2. Pathogens in acute and chronic prostatitis.

3.3. Microbiological Samples

In midstream urine samples, E. coli and other Gram-negative and Gram-positive
pathogens accounted for 44%, 43%, and 14%. In VB3 samples, E. coli, other Gram-negative
and Gram-positive pathogens, atypical pathogens, and fungi were found in 40%, 19%, 37%,
3%, and 0.3% of cases, respectively. In EPS, LS, and urethral samples, E. coli accounted for
25%, 26%, and 22% of the cases; other Gram-negative pathogens for 9%, 24%, and 11% of
cases; Gram-positive pathogens for 62%, 44%, and 33% of cases; and atypical pathogens for
1%, 7%, and 22% of cases, respectively.

3.4. Spectrum of Pathogens in Different Countries

E. coli was common in Nigeria (63%), Mali (55%), Bahrain (46%), Qatar (40%), Greece
(35%), Bulgaria (32%), and Italy (23%). Proteus spp. were less frequent (3—4%), except
in Nigeria (13%). P. aeruginosa (0-2%) was also less prevalent, except in Qatar (11%).
Klebsiella spp. ranged between 3% and 8% in Bahrain, Bulgaria, Greece, and Italy, but
higher rates were observed in Qatar (26%), Nigeria (23%), and Mali (19%). Rates of other
Enterobacteriacae (1-8%) and other Gram-negative pathogens (1.5-6%) were low in all
countries. Gram-positive bacteria were frequently isolated in Greece, Bulgaria, and Italy
(41-51%) with Enterococci being the most frequent isolate. Lower rates of Gram-positive
pathogens were observed in Qatar (17%), Bahrein (27%), Nigeria (0%), and Mali (14%).
Atypical pathogens were observed in Greece (4%) and Italy (11%) (Figure 3).
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Figure 3. Spectrum of pathogens in different countries.

3.5. Antibacterial Susceptibility Testing in Different Countries

The most frequently tested antibiotics were amoxicillin/clavulanate (57-100%),
cephalosporins (60-100%), fluoroquinolones (79-100%), aminoglycosides (41-100%), car-
bapenems (37-74%), and piperacillin—tazobactam (21-97%; not tested in Nigeria). Some
antibiotics were not tested, or only tested in a few cases in some countries: In Bahrain, ampi-
cillin in 4% and tetracyclines and fosfomycin in none; in Qatar, glycopeptides in 9% of cases
and macrolides, tetracyclines, and fosfomycin in none; in Mali, trimethoprim sulfamethox-
azole (TMP/SMX) in 3% and glycopeptides in none; in Nigeria, piperacillin/tazobactam,
glycopeptides, macrolides, tetracyclines, and fosfomycin were never tested.

3.6. Antibiotic Resistance Rates in Different Countries

The antibiotic resistance rates in different countries are shown in Figure 4.

RESISTANCE RATES %
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Figure 4. Resistance rates by geographical area.
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3.7. Antibiotic Susceptibility Testing in Different Pathogens

Antibiotics tested in both Gram-negative and Gram-positive pathogens were ampicillin
(69% and 82%), amoxicillin/clavulanate (87% and 67%), fluoroquinolones (96% and 80%),
and aminoglycosides (79% and 78%). Gram-negative pathogens were tested for piperacillin—
tazobactam (64%), cephalosporins (98%), carbapenems (84%), fosfomycin (50%), TMP-SMX
(63%), and nitrofurantoin (35%). Less than half of Gram-negative pathogens were tested for
glycopeptides (10%), macrolides (8%), and tetracyclines (14%). Gram-positive pathogens
were tested for glycopeptides (88%), macrolides (69%), cephalosporins (54%), and carbapen-
ems (50%). Less than half of Gram-positive isolates were tested for piperacillin/tazobactam
(46%), tetracyclines (44%), fosfomycin (24%), TMP-SMX (41%), and nitrofurantoin (33%).
Atypical pathogens were tested for macrolides, tetracyclines, and quinolones.

3.8. Resistance to Antibacterial Agents in Different Pathogens

The antibiotic resistance rates of pathogens are reported in Tables 1 and 2.

Table 1. Resistance rates of Gram-negative pathogens.

E. coli Proteus Pseudom Klebs Gr(:ltnlféeg Grrarr(:lt-alileg
Ampicilin 112/238 17/24 6/6 60/67 43/52 238/387
47% 71% 100% 90% 100% 61%
Amox/Clay  76/290 10/34 9/9 4478 51/75 190,/486
26% 29% 100% 56% 76% 39%
Pip/Taz 27/220 3/27 1/17 6/51 4/43 41/358
12% 11% 6% 12% 7% 11%
Cephalo 62/321 5/40 1/22 26,84 8/79 101/546
19% 12% 5% 31% 18% 18%
Quinolones  66/321 5/40 2/22 2478 9/76 106,537
20% 12% 9% 31% 14% 18%
Aminogly | 21/30 2/39 2/22 8/75 2/3 36/499
7% 5% 9% 11% 0% 7%
10/289 0/38 1/11 3/75 1/35 17/469
Carbapen 3% 0% 9% 4% 3% 4%
Glycopep 4/45 0/5 0 0/3 0/1 4/55
9% 0% 0% 0% 0% 7%
Macrolides | 7/34 0/2 0 0/2 0 9,/44
20% 0% 0% 0% 0% 20%
9/50 3/5 2/2 3/7 2/3 21/77
Tetracycl 18% 60% 100% 43% 67% 27%
Fosfomyein  21/1%8 4/18 1/1 7/37 4/19 40/277
11% 2% 100% 19% 21% 14%
60,224 9/24 4/4 22/54 5/22 103,354
TMP/SMX 27% 37% 100% 41% 23% 29%
Nitrofur 23/148 3/12 3/3 8/16 2/7 45/193

15% 25% 100% 50% 29% 23%
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Table 2. Resistance rates of Gram-positive and atypical pathogens.

Other Total .
Entero Staphylo Strepto Gram-Pos  Gram-Pos Atypicals
Amoicillin | 24/207 32/90 1/37 1/8 58/342 ]
p 12% 35% 3% 12% 17%
Amox/Clay 147152 13/93 0/28 0/7 27/280 ]
9% 14% 0% 0% 10%
. 9/93 13/79 0/16 0/2 22/190
Pip/Taz 10% 16% 0% 0% 12% -
Cenhalo 81/87 14/89 1/41 1/6 97/223 ]
P 93% 16% 2% 17% 43%
Quinl 38/182 23/10 1/27 6/15 68/234 9/44
umnolones 21% 21% 4% 40% 29% 20%
. 73/169 20/123 12/27 2/10 107/329
Aminogly 43% 16% 44% 20% 32% -
Carbanen 6/109 12/81 0/17 0/2 18/209 ]
P 6% 15% 0% 0% 9%
Clveone 1/196 6/119 0/40 0/11 7/366 ]
ycopep 0.5% 5% 0% 0% 2%
Macrolides 1027133 49/117 8/31 1/5 160/286 0&;13
77% 42% 26% 20% 56% °
41/58 30/104 4/8 5/13 80/183 3/11
Tetracycl 71% 29% 50% 38% 44% 27%
Fosformvein 8/32 12/57 0/8 0/1 18/98 ]
ostomyc 25% 21% 0% 0% 18%
72/75 23/75 1/11 4/9 100/170
TMP/SMX 96% 31% 9% 44% 59% )
Nitrofu 14/75 10/47 0/8 1/6 25/136 ]
° 19% 21% 0% 17% 18%

3.9. Resistance to Antibiotics Used in Combined Antibiotic Regimens

Only 13% of pathogens were simultaneously resistant to quinolones and macrolides,
while resistance was ascertained to one of them in 37%.

In 4% of pathogens, there was simultaneous resistance to amoxicillin/clavulanate and
aminoglycosides, while resistance to one of them was present in 38%.

4. Discussion

In general, our data confirmed that E. coli is the most common isolate in prostate
infections, although the frequency of E. coli was higher in acute prostatitis (46%) than in
chronic prostatitis (31%).

In our series, Gram-positive bacteria were isolated in 17% of acute prostatitis, but in
42% of chronic prostatitis, in congruence with recent reports of increasing incidence of
these pathogens, particularly Enterococci, in chronic prostatitis cases [19,20].

The frequency of E. coli was higher in West African countries (55-63%) and in the
Gulf countries (40-46%) than in European countries (23-35%) due to the different acute
to chronic infections ratio. In fact, acute infections were more frequently reported in West
Africa (27-47%) and the Gulf area (14-29%) than in Southeastern Europe. Conversely, Gram-
positive bacteria were more frequently isolated in Greece, Bulgaria, and Italy (41-51%)
compared to Qatar (17%), Bahrain (27%), Nigeria (0%), and Mali (14%). Atypical pathogens
were researched and observed only in Greece (4%) and Italy (11%).

Cumulative resistance rates to some antibiotics, such as carbapenems and piperacillin/
tazobactam, are still low in both Gram-negative and -positive pathogens. The resistance rates
of Gram-positive pathogens also remained low for glycopeptides and amoxicillin/clavulanate.
Conversely, the resistance rates to cephalosporines and fluoroquinolones in Gram-negative
pathogens were approximately 20%, but higher in Gram-positive pathogens (43% and 29%,
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respectively). Finally, the resistance rates of atypical pathogens were 20% and 27% for
fluoroquinolones and tetracyclines, while no resistance was observed for macrolides.

The rates of antibiotic resistance were different in different geographical areas. Three
different geographical scenarios with similar environmental and sociocultural character-
istics and healthcare system organization were observed (West Africa, Persian Gulf, and
Southeastern Europe).

4.1. West Africa

In West African countries, citizens are eligible for subsidized public healthcare—some
have private health insurance, while some are not insured at all.

The study cohort from West Africa mainly comprised patients with acute prostatitis
and severe symptoms seeking medical attention. Chronic infections seem to be unattended
or self-managed. The panel of antibiotics utilized and tested for susceptibility in these
countries is limited. Additionally, resistance rates for antibiotics are much higher than in
other countries.

Our findings confirm those of a systematic review of studies focused on urinary tract
infections demonstrating high rates of antibiotic resistance in West Africa [21]. Among
E. coli isolates, resistance was reported in 74.5-81% for ampicillin, 38.8-52.5% for amox-
icillin/clavulanate, 26-47.7% for ceftazidime, 9.3-37.7% for gentamicin, 11.7-24% for
ciprofloxacin, and 60.4-81% for TMP/SMX. Ouedraogo et al. [22] attributed this in-
creased antibiotic resistance to inadequate diagnostic tools and training of prescribers,
self-medication, and an uncontrolled drug sector (antibiotics sold over-the-counter, im-
properly stored, counterfeit, and /or expired).

4.2. Persian Gulf

Persian Gulf countries have health systems of high standard freely accessible for
citizens, but not expatriates, who should rely on private health insurance or pay out the
expenses for health services and medications themselves. The microbiological epidemi-
ology in this area was somewhat similar to that in West Africa, although the panel of
antibiotics tested was larger and the resistance rates lower. Increasing antibiotic resistance
has been previously reported in the Gulf area [23]. In the United Arab Emirates [24],
from 1999-2002 to 2008, there was an increase in E. coli resistance to ceftazidime from 9%
to 22.7% and to ciprofloxacin from 19.9% to 34.8%. The resistance rates for TMP/SMX
and ampicillin were already high in 1999-2002, while the resistance rates for imipenem
(0-0.1%), gentamicin (11.1-17.7%), and piperacillin/tazobactam (2.1-4.9%) remained low.
Self-medication seems to be one of the main causes of this increase in resistance. A study
in Abu Dhabi [25] confirmed that antibiotic self-medication is relatively frequent, with 46%
of surveyed participants stating that they intentionally used antibiotics as self-medication
without medical consultation.

4.3. Southeastern Europe

Southeastern European countries have universal government-funded or mixed public—
private health systems covering diagnostic services, as well as medications.

Data from Southeastern Europe are mostly related to chronic prostatitis, which requires
more complex and expensive diagnostics and prolonged therapies. Access to diagnostics
and the treatment of chronic diseases at no direct cost to the patient could explain the
greater number of these cases seeking medical attention in European countries with uni-
versal health systems. A larger number of antibiotics were tested with a high resistance
pattern, although the resistance rates were lower than those observed in other countries of
the survey.

Resistance rates <20% were assessed for carbapenems, piperacillin/tazobactam, amino-
glycosides (excluding Bulgaria), cephalosporins (excluding Bulgaria), fluoroquinolones,
and fosfomycin (excluding Italy).
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Other studies [26,27] have reported higher antibiotic resistance rates in Southeastern
European countries that could be attributed to the over-usage of antibiotics for trivial scenarios.

4.4. Options for the Antibiotic Treatment of Bacterial Prostatitis in Different Geographical Areas

International guidelines recommend the empirical treatment of acute bacterial pro-
statitis with parenteral administration of high doses of bactericidal antimicrobials, such as
broad-spectrum penicillins, a third-generation cephalosporin, or fluoroquinolones, that
may be combined with an aminoglycoside [28]. Carbapenems should be reserved for the
most severe cases and administered in an inpatient setting.

According to our data, this option seems to be feasible in Southeastern Europe or
the Gulf area, where resistance to piperacillin—-tazobactam is less than 10% and to the
association between amoxicillin/clavulanate with an aminoglycoside is <5%.

The scenario is more critical in West Africa, where the resistance rate to piperacillin/
tazobactam in Mali has been reported to be 58%, and the drug was never tested in Nigeria.
The resistance to the amoxicillin/clavulanate and aminoglycoside combination is <10% in
Mali, but very high in Nigeria, where the resistance rates to amoxicillin/clavulanate are
100% and to aminoglycosides are 60%.

The guidelines still recommend fluoroquinolones as first-line agents in the empir-
ical treatment of chronic bacterial prostatitis, despite the increasing resistance rates of
uropathogens to fluoroquinolones.

According to our data, the resistance rates in Southeastern Europe for fluoroquinolones
are 15%, while much higher rates have been observed in the Gulf area and in West Africa.
On the contrary, TMP-SMX, macrolides, and tetracyclines showed resistance rates > 20% in
most countries.

The association between fluoroquinolones and macrolides may represent an alterna-
tive option to be used with caution due to the risk of cardiotoxicity. The microbiological
data looks promising in most countries, although susceptibility to macrolides was not
tested in Qatar or Nigeria.

Fosfomycin is another possible alternative to fluoroquinolones for the treatment of
prostatitis. In our study, the resistance rates to fosfomycin were less than 10% in Greece and
Bulgaria and 23% in Italy. A high resistance rate was observed in Mali, while susceptibility
to the antibiotic was not tested in the Gulf area or Nigeria.

4.5. Limitations

A limitation of our study is the possible discrepancy resulting from microbiological
investigations in different laboratories using different methodologies and guidelines for
clinical breakpoints of antibiotic susceptibility. As a result, the interpretation of antimi-
crobial susceptibility testing results may vary, at least for resistance estimates close to
the breakpoints.

On the contrary, the main objective of our study was not a comparison between
the resistance rates in different countries, which requires a more rigorous methodology
with standardization or centralization of the investigations, but rather a description of the
epidemiological aspects based on the microbiological diagnostics available in real life. The
data obtained are certainly preliminary, but can be used to plan subsequent investigations
that become mandatory due the globalization of health problems.

5. Conclusions

The results of this survey provide us some information about the microbiology and
resistance rates of pathogens of prostatic infections, although caution should be exercised
when comparing resistance rates across countries, because of differences in sample collec-
tions and testing methods. Taking into account these limitations, data from this study may
be useful to clinicians to formulate their policies for the empirical treatment of prostatitis; to
clinicians in planning treatment of migrant patients or patients resident in other countries
for long time; to local health authorities in creating appropriate guidelines based on the
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microbiological epidemiology of their countries and to put in place medical and veterinary
policies to reduce the emergence of further resistance, particularly for those few drugs that
still retain high levels of efficacy; to international health organizations in building antibiotic
stewardship programs that will limit antibiotic multi-resistant strains.

Author Contributions: Conceptualization, N.B. and A.T.; methodology, N.B., K.S. and A.T.; software,
A.T,; validation, G.P,; formal analysis, A.T.; investigation, KM.A., KH.B,, ].O.B,, KD,, O.G, LG,
VM., N.M,, PM,, SM,, LS. (Iliya Saltirov), LS. (Idrissa Sissoko) and K.S.; data curation, A.T.; writing—
original draft preparation, A.T. and K.D.; writing—review and editing, N.B. and G.P,; supervision,
N.B. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Ethics Committee of Tzaneio Hospital (protocol
MRC-01-20-125). The diagnostic procedures were carried out in accordance with local regulations
and international guidelines. Data collection was conducted under the data protection laws of the
respective country. Data were transferred to U-merge anonymously without identifier and in bulk.

Informed Consent Statement: Informed consent for the diagnostic procedure was obtained from
the patients in accordance with local regulations.

Data Availability Statement: The datasets analyzed during the current study are available from
U-merge on reasonable request.

Acknowledgments: This study was conducted under the umbrella of U-merge Ltd. (Urology for
Emerging Countries), an academic urological platform dedicated to facilitate knowledge transfer
in urology on all levels from developed to emerging countries. U-merge Ltd. is registered with the
Companies House in London, UK. (https://u-merge.com), accessed on 1 January 2021.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Wagenlehner, EM,; Pilatz, A.; Bschleipfer, T.; Diemer, T.; Linn, T.; Meinhardt, A.; Schagdarsurengin, U.; Dansranjavin, T.;
Schuppe, H.C.; Weidner, W. Bacterial prostatitis. World J. Urol. 2013, 31, 711-716. [CrossRef] [PubMed]

2. Yoon, BI;Kim, S.; Han, D.S.; Ha, US; Lee, S.J.; Kim, HW.; Han, C.H.; Cho, Y.H. Acute bacterial prostatitis: How to prevent and
manage chronic infection? . Infect. Chemother. 2012, 18, 444-450. [CrossRef] [PubMed]

3. Su, Z.T,; Zenilman, ].M.; Sfanos, K.S.; Herati, A.S. Management of Chronic Bacterial Prostatitis. Curr. Urol. Rep. 2020, 21, 29.
[CrossRef]

4. Rees,].; Abrahams, M.; Doble, A.; Cooper, A.; Prostatitis Expert Reference Group (PERG). Diagnosis and treatment of chronic
bacterial prostatitis and chronic prostatitis /chronic pelvic pain syndrome: A consensus guideline. BJU Int. 2015, 116, 509-525.
[CrossRef]

5. Magri, V.; Wagenlehner, EM.; Montanari, E.; Marras, E.; Orlandi, V.; Restelli, A.; Torresani, E.; Naber, K.G.; Perletti, G. Semen
analysis in chronic bacterial prostatitis: Diagnostic and therapeutic implications. Asian J. Androl. 2009, 11, 461-477. [CrossRef]

6.  Stamatiou, K.; Magri, V,; Perletti, G.; Papadouli, V,; Recleiti, N.; Mamali, V.; Zarkotou, O. Chronic prostatic infection: Microbiolog-
ical findings in two Mediterranean populations. Arch. Ital. Urol. Androl. 2019, 91, 177-181. [CrossRef] [PubMed]

7. Cai, T,; Pisano, F;; Nesi, G.; Magri, V.; Verze, P; Perletti, G.; Gontero, P; Mirone, V.; Bartoletti, R. Chlamydia trachomatis versus
common uropathogens as a cause of chronic bacterial prostatitis: Is there any difference? Results of a prospective parallel-cohort
study. Investig. Clin. Urol. 2017, 58, 460-467. [CrossRef]

8. Xiong, S.; Liu, X.; Deng, W.; Zhou, Z; Li, Y.;; Tu, Y.; Chen, L.; Wang, G.; Fu, B. Pharmacological interventions for bacterial
prostatitis. Front. Pharmacol. 2020, 11, 504. [CrossRef] [PubMed]

9.  Perletti, G.; Marras, E.; Wagenlehner, EM.; Magri, V. Antimicrobial therapy for chronic bacterial prostatitis. Cochrane Database
Syst. Rev. 2013, 8, CD009071. [CrossRef]

10. Bonkat, G.; Pilatz, A.; Wagenlehner, F. Time to Adapt Our Practice? The European Commission has restricted the use of
fluoroquinolones since March 2019. Eur. Urol. 2019, 76, 273-275. [CrossRef]

11. Magri, V,; Stamatiou, K.; Trinchieri, A.; Perletti, G. Commentary: Pharmacological interventions for bacterial prostatitis. Front.
Pharmacol. 2020, 11, 573903. [CrossRef] [PubMed]

12.  Magri, V.; Montanari, E.; Skerk, V.; Markoti¢, A.; Marras, E.; Restelli, A.; Naber, K.G.; Perletti, G. Fluoroquinolone-macrolide

combination therapy for chronic bacterial prostatitis: Retrospective analysis of pathogen eradication rates, inflammatory findings
and sexual dysfunction. Asian J. Androl. 2011, 13, 819-827. [CrossRef] [PubMed]


https://u-merge.com
http://doi.org/10.1007/s00345-013-1055-x
http://www.ncbi.nlm.nih.gov/pubmed/23519458
http://doi.org/10.1007/s10156-011-0350-y
http://www.ncbi.nlm.nih.gov/pubmed/22215226
http://doi.org/10.1007/s11934-020-00978-z
http://doi.org/10.1111/bju.13101
http://doi.org/10.1038/aja.2009.5
http://doi.org/10.4081/aiua.2019.3.177
http://www.ncbi.nlm.nih.gov/pubmed/31577099
http://doi.org/10.4111/icu.2017.58.6.460
http://doi.org/10.3389/fphar.2020.00504
http://www.ncbi.nlm.nih.gov/pubmed/32425775
http://doi.org/10.1002/14651858.CD009071.pub2
http://doi.org/10.1016/j.eururo.2019.06.011
http://doi.org/10.3389/fphar.2020.573903
http://www.ncbi.nlm.nih.gov/pubmed/33123012
http://doi.org/10.1038/aja.2011.36
http://www.ncbi.nlm.nih.gov/pubmed/21765442

Diagnostics 2021, 11, 1333 12 of 12

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Reijnders, T.D.Y.; Saris, A.; Schultz, M.].; van der Poll, T. Immunomodulation by macrolides: Therapeutic potential for critical
care. Lancet Respir. Med. 2020, 8, 619-630. [CrossRef]

Karaiskos, I.; Galani, L.; Sakka, V.; Gkoufa, A.; Sopilidis, O.; Chalikopoulos, D.; Alivizatos, G.; Giamarellou, E. Oral fosfomycin
for the treatment of chronic bacterial prostatitis. J. Antimicrob. Chemother. 2019, 74, 1430-1437. [CrossRef] [PubMed]

Perletti, G.; Magri, V.; Trinchieri, A.; Stamatiou, K. Usage and dosage of fosfomycin for NIH category II chronic bacterial prostatitis.
Hell. Urol. 2019, 31, 42-49.

Kwan, A.C.F; Beahm, N.P. Fosfomycin for bacterial prostatitis: A review. Int. ]. Antimicrob. Agents 2020, 56, 106106. [CrossRef]
Charalabopoulos, K.; Karachalios, G.; Baltogiannis, D.; Charalabopoulos, A.; Giannakopoulos, X.; Sofikitis, N. Penetration of
antimicrobial agents into the prostate. Chemotherapy 2003, 49, 269-279. [CrossRef]

Seo, Y.; Lee, G. Antimicrobial resistance pattern in Enterococcus faecalis strains Isolated from expressed prostatic secretions of
patients with chronic bacterial prostatitis. Korean J. Urol. 2013, 54, 477-481. [CrossRef]

Perletti, G.; Magri, V.; Cai, T.; Stamatiou, K.; Trinchieri, A.; Montanari, E. Resistance of uropathogens to antibacterial agents:
Emerging threats, trends and treatments. Arch. Ital. Urol. Androl. 2018, 90, 85-96. [CrossRef]

Magri, V.; Marras, E.; Perletti, G. Chronic bacterial prostatitis: Enterococcal disease? Clin. Infect. Dis. 2011, 53, 1306-1307.
[CrossRef]

Bernabé, K.J.; Langendorf, C.; Ford, N.; Ronat, J.B.; Murphy, R.A. Antimicrobial resistance in West Africa: A systematic review
and meta-analysis. Int. ]. Antimicrob. Agents 2017, 50, 629-639. [CrossRef] [PubMed]

Ouedraogo, A.S.; Jean Pierre, H.; Bafiuls, A.L.; Ouédraogo, R.; Godreuil, S. Emergence and spread of antibiotic resistance in West
Africa: Contributing factors and threat assessment. Med. Sante Trop. 2017, 27, 147-154. [CrossRef]

Aly, M.; Balkhy, H.H. The prevalence of antimicrobial resistance in clinical isolates from Gulf Corporation Council countries.
Antimicrob. Resist. Infect. Control 2012, 1, 26. [CrossRef] [PubMed]

Al-Kaabi, M.R.; Tarig, W.U.; Hassanein, A.A. Rising bacterial resistance to common antibiotics in Al Ain, United Arab Emirates.
East. Mediterr. Health ]. 2011, 17, 479—484. [CrossRef] [PubMed]

Abasaeed, A.; Vlcek, J.; Abuelkhair, M.; Kubena, A. Self-medication with antibiotics by the community of Abu Dhabi Emirate,
United Arab Emirates. J. Infect. Dev. Ctries. 2009, 3, 491-497. [CrossRef] [PubMed]

Goossens, H.; Ferech, M.; Vander Stichele, R.; Elseviers, M. ESAC Project Group Outpatient antibiotic use in Europe and
association with resistance: A cross-national database study. Lancet 2005, 365, 579-587. [CrossRef]

Bell, B.G.; Schellevis, F.; Stobberingh, E.; Goossens, H.; Pringle, M. A systematic review and meta-analysis of the effects of
antibiotic consumption on antibiotic resistance. BVIC Infect. Dis. 2014, 14, 13. [CrossRef]

Bonkat, G.; Bartoletti, R.; Bruyere, F; Cai, T.; Geerlings, S.E.; Koves, B.; Schubert, S.; Wagenlehner, F. Urological infections. In EAU
Guidelines; EAU Guidelines Office: Arnhem, The Netherlands, 2021. Available online: http:/ /uroweb.org/guideline /urological-
infections/#3 (accessed on 1 July 2021).


http://doi.org/10.1016/S2213-2600(20)30080-1
http://doi.org/10.1093/jac/dkz015
http://www.ncbi.nlm.nih.gov/pubmed/30796442
http://doi.org/10.1016/j.ijantimicag.2020.106106
http://doi.org/10.1159/000074526
http://doi.org/10.4111/kju.2013.54.7.477
http://doi.org/10.4081/aiua.2018.2.85
http://doi.org/10.1093/cid/cir709
http://doi.org/10.1016/j.ijantimicag.2017.07.002
http://www.ncbi.nlm.nih.gov/pubmed/28705671
http://doi.org/10.1684/mst.2017.0678
http://doi.org/10.1186/2047-2994-1-26
http://www.ncbi.nlm.nih.gov/pubmed/22958584
http://doi.org/10.26719/2011.17.6.479
http://www.ncbi.nlm.nih.gov/pubmed/21796964
http://doi.org/10.3855/jidc.466
http://www.ncbi.nlm.nih.gov/pubmed/19762966
http://doi.org/10.1016/S0140-6736(05)17907-0
http://doi.org/10.1186/1471-2334-14-13
http://uroweb.org/guideline/urological-infections/#3
http://uroweb.org/guideline/urological-infections/#3

	Introduction 
	Materials and Methods 
	Results 
	Source of Samples for Microbiological Diagnosis 
	Acute and Chronic Prostatitis 
	Microbiological Samples 
	Spectrum of Pathogens in Different Countries 
	Antibacterial Susceptibility Testing in Different Countries 
	Antibiotic Resistance Rates in Different Countries 
	Antibiotic Susceptibility Testing in Different Pathogens 
	Resistance to Antibacterial Agents in Different Pathogens 
	Resistance to Antibiotics Used in Combined Antibiotic Regimens 

	Discussion 
	West Africa 
	Persian Gulf 
	Southeastern Europe 
	Options for the Antibiotic Treatment of Bacterial Prostatitis in Different Geographical Areas 
	Limitations 

	Conclusions 
	References

