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Abstract
Background The aim of this study was to evaluate (i) the prevalence of subjects with a positive sperm culture (SC) for bac-
teria in subjects with or without genitourinary tract inflammation (GTI); (ii) the actual distribution of the species analysed, 
according to Gram stain; (iii) the impact on sperm parameters; and (iv) the actual bacterial susceptibility to antibiotics.
Methods A total of 930 subjects (18–55) years, were retrospectively studied. All the patients underwent SC and in the case 
of positive tests (CFU >  106), a microbiological susceptibility analysis. The subjects studied were subdivided into group 
A (n = 452), with subjective signs of GTI; group B (n = 478), male partners of infertile couples; and group C, 30 healthy 
normospermic subjects. In group B and in the control group, a semen analysis was performed.
Results Overall, the prevalence of positive SC was 21.5% (200/930). The prevalence of positive SC in group A (113/200; 
56.5%) was significantly higher vs. group B (87/200; 43.5%; p = 0.01) and control group (1/30; 3.3%; p = 0.0001). In sub-
jects with GTI, the prevalence of asthenozoospermic (96/285; 33.7%) and oligo-asthenozoospermic (98/285; 34.4%) was 
significantly higher vs. normospermic, oligo-astheno-teratozoospermic, oligozoospermic and azoospermic subjects (22/285 
(7.7%), 48/285 (16.8%), 15/285 (5.3%) and 6/285 (2.1%), respectively; p = 0.001). Finally, Enterococcus faecalis (Gram-
positive) and Escherichia coli (Gram-negative) showed the highest prevalence of antibiotic resistance.
Conclusions The prevalence of positive SC is higher in GTI subjects; however, the SC could also be positive in subjects 
without GTI. Commonly used antibiotics have an increasing risk of being useless for the treatment of bacterial infections. 
Finally, the diagnosis of GTIs is important also for male fertility.
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Introduction

Over the last years, increasing attention has been paid to 
genitourinary tract inflammations (GTIs)/infections; sev-
eral microorganisms can be involved in the pathogenesis of 
sexually transmitted diseases (STDs), lower urinary tract 
symptoms (LUTS) and male accessory gland infection Soraya Olana and Rossella Mazzilli equally contributed to this 
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(MAGI) (Hannachi et al. 2018; Rodin et al. 2003; Francesco 
et al. 2011). Various microorganisms have been detected in 
semen, including chlamydia, mycoplasma, (Fraczek et al. 
2016; Dondero et al. 1979), gonococcus, trichomonas and 
viruses (e.g. HIV, viral hepatitis, HPV) (Fraczek et al. 2016; 
Vignera et al. 2014), with variable effects on the genital 
tract, as well as on sperm quality.

Moreover, the most frequent infections are represented 
by pathogenic bacteria (Pellati et al. 2008). The appropriate 
microbiological investigations shall include the identifica-
tion of bacteria and colony-forming units (CFU) by the use 
of sperm culture (SC). Sometimes, saprophytic bacteria of 
the genitourinary tract can be found during microbiological 
investigation (Vignera et al. 2014; Askienazy-Elbhar 2005), 
and in these cases, it can be difficult to distinguish patho-
genic bacteria from saprophytic bacteria. To this regard, Boi-
trelle et al. and Holm et al. (Boitrelle et al. 2012; Holm et al. 
2019) tried to define some thresholds above which treatment 
should be required in case of a positive SC. Furthermore, an 
interesting review (Giuliano et al. 2019) described the meth-
ods used from 1966 to January 2018 and reviewed the core 
concepts of interpreting bacterial culture results, including 
timing of cultures, potential for contamination, interpreting 
the Gram stain, role of rapid diagnostic tests, conventional 
antibiotic susceptibility testing and automated testing. On 
the other hand, accurate information given to the patients 
regarding the procedure collection should decrease the risk 
of bacterial contamination, as suggested by WHO guidelines 
(World Health Organization 2010). However, only samples 
containing >  106 CFU should be considered positive with 
microbiological investigations (Dondero et al. 1979; Vignera 
et al. 2014; Diemer et al. 2003).

The possible correlation between a positive SC and alter-
ation of seminal parameters was also considered (Vignera 
et al. 2014; Askienazy-Elbhar 2005; Weidner et al. 2013; 
Vercelloni et al. 1997; Wan et al. 2018; Vilvanathan et al. 
2016). In several studies, male GTIs have been associated 
with 8–35% of male infertility cases (Askienazy-Elbhar 
2005). Weidner et al. (Weidner et al. 2013) described a nega-
tive impact of infections and inflammation on the parameters 
of the ejaculate, and MAGI seem to affect 1.6–15% of infer-
tile subjects (Vignera et al. 2014). Regarding the “classic 
seminal signs of infection/inflammation (WBC increase and 
hyperviscosity)”, Rodin et al. (Rodin et al. 2003) reported 
that leucospermia is a poor marker for either bacterio-
spermia or impaired semen quality. Accordingly, Hannachi 
et al. (Hannachi et al. 2018) found that the leucocytospermia 
correlates with bacteriospermia only in 10% of patients.

Regarding the distribution of the species, Vercelloni et al. 
(n.d.) described a higher prevalence of Gram-positive micro-
organisms in SCs (as opposed to urinary tract infections), 
in particular Enterococcus. These data were successively 
confirmed by Wan et al. (2018), who described that, among 

sperm donors which presented positive SC, mainly Gram-
positive were detected, with a negative impact on sperm 
parameters. Similarly, Vilvanathan et al. (2016) reported 
that the prevalence of bacteriospermia in infertile men was 
35.3%, of which Enterococcus faecalis (30%) was the most 
common organism isolated, followed by coagulase-negative 
staphylococci, Staphylococcus aureus and Escherichia coli; 
furthermore, Staphylococcus species appear to be innocu-
ous, while Streptococcus viridans and E. faecalis are associ-
ated with poorer semen quality and may warrant treatment.

Among the Gram-negative microorganisms, E. coli was 
the most represented (Dondero et al. 1977). De Francesco 
et  al. (2011) reported that the semen culture was posi-
tive in 22% of subfertile men; however, samples contain-
ing >  103 CFU were also considered positive, mainly Gard-
nerella vaginalis, E. coli and Enterococcus. Moreover, it 
was underlined that commonly used antibiotics have an 
increasing risk of being useless for the treatment of bacterial 
infections (Reygaert 2018). In fact, the resistance to com-
mon antibiotics may not allow for the resolution of bacterial 
infections. There are numerous mechanisms that favor anti-
biotic resistance (Reygaert 2018). Nonetheless, few studies 
have been carried out on microbiological susceptibility in 
urinary tract infections, and they focused on a single anti-
biotic or bacterial strain (Holm et al. 2019). To date, few 
studies have focused on antibiotic resistance in the case of 
a positive SC. In this regard, Silago et al. described a very 
high resistance (about 100%) to non-beta lactam antibiotics 
among Gram-negative bacteria (Silago et al. 2020).

The aim of this study was to evaluate: (i) the prevalence 
of subjects with a positive sperm culture (SC) for pathogenic 
bacteria in subjects with or without clinical/ultrasound signs 
of inflammation; (ii) the possible impact on sperm param-
eters; (iii) the actual distribution of the species analysed, 
according to Gram stain; and (iv) the actual bacterial sus-
ceptibility to antibiotics.

Materials and methods

Study population

This retrospective study was conducted in accordance with 
the principles set forth in the Helsinki Declaration, and in 
accordance with the “Sapienza” University of Rome Ethics 
Committee, following standard procedures according to the 
current guidelines and the ethical standards of the Institu-
tional Research Committee. Written informed consent for 
participation in future research study was obtained from all 
participants.

A total of 968 subjects, aged between 18 and 55 years 
(mean age 37.8 ± 7.8 years), were retrospectively evalu-
ated in this study. These subjects had been referred to our 
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Andrology Unit (Sant’Andrea Hospital — “Sapienza” Uni-
versity of Rome), from January 2016 to November 2020, 
which referred subjective symptoms of infection/inflamma-
tion of the reproductive tract or male partners of infertile 
couples. Thirty healthy normospermic fertile subjects, who 
performed semen analysis and SC for andrological screening 
were included as a control group.

All the patients underwent a full medical history, an 
andrological physical examination and an ultrasound exam-
ination. In all the subjects, SC for common bacteria was 
carried out. In male partners of infertile couples and in the 
control group, standard semen analysis was also performed.

The clinical/ultrasound presence of: painful hemiscrotum 
and testis, increased volume of epididymis, seminal vesicles 
or prostate, were considered signs of inflammation/infection. 
All the subjects in the three groups considered presenting 
these signs were defined as affected by GTI (Lotti and Maggi 
2015; Lotti et al. 2021).

Exclusion criteria: (a) bacterial contamination of the 
sample (two or more CFU from the same sample >  104 
and <  106); (b) subjects with signs of urethritis, who needed 
urethral swabs.

Semen analysis

The seminal fluid of each participant was collected by mas-
turbation after sexual abstinence between 2 and 7 days. 
Semen analysis was carried out, according to 2010 WHO 
guidelines, evaluating spermatozoa morphology, motil-
ity and concentration (World Health Organization 2010). 
The sample container was placed in an incubator (37 °C) 
for 30–60 min. The physical and chemical characteristics 
of the seminal liquid were then evaluated (appearance, pH, 
liquefaction and viscosity). The seminal parameters were 
then evaluated under the microscope (sperm concentration, 
percentage of motility and sperm morphology). In particu-
lar, Superimposed Image Analysis System (SIAS) software 
(Delta Sistemi, Rome, Italy), a validated method based on 
superimposed images, was used to assess sperm motility 
(Mazzilli et al. 1995). The system can superimpose six 
sequential frames onto a monitor producing a final image 
of a complete series of superimposed frames that allows the 
evaluation of the percentage of motile spermatozoa and their 
kinetic characteristics.

According to the WHO, we considered: (i) oligozoo-
spermia: total number of spermatozoa below the lower 
reference limit (15 ×  106/mL); ii) (azoospermia: absence of 
spermatozoa; (iii) asthenozoospermia: percentage of pro-
gressively motile spermatozoa below the lower reference 
limit (32%); and (vi) teratozoospermia: percentage of mor-
phologically normal spermatozoa below the lower reference 
limit (4%).

Sperm culture and antibiograms (microbiological 
susceptibility)

Samples were stirred, after that they were seeded with 
a sterile loop of 10 µL on a BD Columbia agar with 5% 
sheep blood (Becton Dikinson, Heidelberg, Germany) and 
a CHROMagar orientation plate (Becton Dikinson, Hei-
delberg, Germany). Samples were extracted for each plate, 
and a semi-quantitative seeding was carried out. Media 
cultures were incubated at 37 °C for 48 h, which is at an 
optimal temperature for bacterial growth, after two read-
ings, at 24 and 48 h, were achieved. Among Gram-posi-
tive, E. faecalis, Streptococcus agalactiae, Staphylococ-
cus haemoliticus, Corynebacterium striatum and S. aureus 
were detected; among Gram-negative, E. coli, Klebsiella 
pneumoniae, Citrobacter koserii, Morganella morganii, 
Enterobacter aerogenes aerogenes and Proteus mirabilis.

Samples containing >  106  CFU were considered 
positive.

Whenever two or more CFU from the same sam-
ple >  104 and <  106 were isolated, the sample was consid-
ered as bacterial contamination.

In the case of a positive tests (CFU >  106), a microbio-
logical susceptibility analysis was carried out using the 
DS Phoenix method (manual or semiautomatic), which 
entails the simultaneous analysis of 100 panels both to 
identify microorganisms and to perform microbiological 
susceptibility. These panels can be distinguished based 
on type of microorganism and antibiogram (EUCAST 
compliant panels: penicillins: amoxicillin-clavulanic 
acid, ampicilline, piperacilline, piperacilline-tazobactam; 
cephalosporin: cefuroxime, cefotaxime, cefepime; beta-
lactam: ertapenem, imipenem, meropenem; glycopeptide: 
teicoplanin, vancomycin; polymyxin: colistin; fluoroqui-
nolones: ciprofloxacin, levofloxacin; aminoglycoside: ami-
kacin, gentamicin, tobramycin; tetracyclines: tetracycline; 
macrolide: erythromycin; sulfonamide: sulfamethoxazole-
trimethoprim; fosfomycin C/G6P, linezolid, tigecycline).

The identification is based on 45–46 biochemical 
reactions (colourimetric and f luorimetric methods). 
Antibiogram analysis used two combined systems (opti-
cal-colourimetric detection and turbidity reading in micro-
dilution) linked to the growth of the microorganism and 
to its metabolism, respectively. This method reduces false 
positives and false negatives and suggests the minimum 
inhibitory concentration (MIC) in real form.

In this study, microbiological susceptibility analysis 
was carried out with two panels, according to Gram stain: 
14 antibiotics were studied for Gram-positive bacteria, and 
19 antibiotics were studied for Gram-negative bacteria. 
In particular, when a Gram-positive or negative infection 
occurred, only antibiotics potentially susceptible to both 
were tested.
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Statistical analysis

Continuous data were described as absolute values, 
means ± standard deviations (SDs) and ranges. Categorical 
data were described as absolute values, percentage frequen-
cies and 95% confidence intervals (CIs). We used Fisher’s 
exact test for significance association between categorical 
outcome and categorical variables. A p < 0.05 was consid-
ered statistically significant.

Results

Prevalence of subjects with a GTI and positive SC 
in the groups considered

A total of 968 patients were studied. Of them, 3.9% (38/968) 
were excluded due to bacterial contamination of the sample, 
thus leaving a sample of 930 patients.

The subjects were subdivided into: (i) group A (452/930 
subjects), who referred suspicious symptoms for infection/
inflammation of the reproductive tract; (ii) group B (478/930 
subjects), male partners of infertile couples and (iii) group 
C, 30 healthy normospermic fertile subjects, on whom 
semen analysis was performed (Fig. 1).

The total prevalence of subjects studied with a positive 
SC was 21.5% (200/930). The prevalence of subjects with a 
positive SC in group A (113/452; 25.0%) was significantly 
higher than those in group B (87/478; 18.2%; p = 0.01) 
as well as in the control group (1/30; 3.3%; p = 0.003) 
(Table 1).

Afterwards, according to the presence or absence of signs 
of GTI, after medical examination, the groups were subdi-
vided, respectively, into subgroup A1 (367/452; 81.1%) and 
subgroup B1 (285/478; 59.7%) (p = 0.001) affected by clini-
cal/ultrasound signs of a GTI, and subgroup A2 (85/452; 
18.8%) and subgroup B2 (193/478; 40.3%;) (p = 0.001) 

Fig. 1  Flow chart of the group’s distribution. GTI = genital tract inflammation 

Table 1  Prevalence of SC + in the group studied

Group A subjects who referred subjective signs of infections/inflam-
mation of the reproductive tract, Group B male partners of infertile 
couples, SC sperm culture
a p = 0.01 vs. group B
b p = 0.003 vs. control

n SC + 

Total group 930 200/930 (21.5%)
  Group A 452/930 (48.6%) 113/452 (25.0%) a b

  Group B 478/930 (51.4%) 87/478 (18.2%)
  Control 30 1/30 (3.3%)
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without signs of a GTI (Table 2; Fig. 1). In group A1, the 
prevalence of a positive SC was 26.9% (99/367), as com-
pared to that in group B1 (26.2%; 75/285). On the other 
hand, in subjects not affected by clinical/ultrasound signs of 
GTI, the prevalence of a positive SC was 16.4% (14/85) in 
group A2 and 6.2% (12/193) in group B2 (p = 0.01).

Sperm parameters

The subjects of subgroup B1 and subgroup B2 were clus-
tered, according to the sperm parameters, into six groups: 
(a) OAT, (b) oligozoospermic, (c) asthenozoospermic, (d) 
oligoasthenozoospermic, (e) azoospermic, and (f) nor-
mospermic (Table 3); no significant differences in age 
were observed among the subgroups. In subjects with GTI 
(subgroup B1), the prevalence of asthenozoospermic and 
oligoasthenozoospermic subjects was significantly higher 
compared to normospermic, OAT, oligozoospermic and 
azoospermic subjects (96/285 (33.7%) and 98/285 (34.4%) 
vs. 22/285 (7.7%), 48/285 (16.8%), 15/285 (5.3%) and 6/285 
(2.1%), respectively; p = 0.001).

On the contrary, in subgroup B2, the prevalence of nor-
mospermic subjects was significantly higher compared to 
the other subgroups (112/193 (58.1%) vs. 13/193 (6.7%), 
16/193 (8.3%), 22/193 (11.4%), 24/193 (12.4%), and 6/193 
(3.1%) in OAT, oligozoospermic, asthenozoospermic, oli-
goasthenozoospermic and azoospermic subgroups, respec-
tively; p = 0.001).

Among subgroup B1, the prevalence of a positive SC 
was higher in the asthenozoospermic subgroup compared 
to OAT, oligozoospermic, azoospermic and normosper-
mic subgroups (36/96 (37.5%) vs. 13/48 (27.0%), 3/15 
(20.0%), 19/98 (19.3%), 1/6 (16.7%) and 3/22 (22.7%), 
respectively; p = 0.01). No significant differences were 
observed among Gram-positive or Gram-negative micro-
organism prevalence.

Among subgroup B2, the prevalence of a positive SC in 
the asthenoszoopermic subgroup was higher compared to 
the normospermic subgroup (6/22 (27.2%) vs. 1/112 (0.9%); 
p = 0.0001). No significant differences were observed among 
Gram-positive or Gram-negative microorganism prevalence.

Finally, the seminal signs of infection/inflammation 
(WBC increase and semen hyperviscosity (SHV)) were ana-
lysed (Table 4). Considering subgroup B1, the prevalence 
of SHV, WBC increase, or both was comparable (21/285 
(7.4%), 28/285 (9.8%) and 26/285 (9.1%), respectively; 
p = n.s.); considering subgroup B2, the prevalence of sub-
jects with both SHV and WBC increase was significantly 
lower compared to SHV alone or WBC increase (5/193 
(2.6%) vs. 20/193 (10.4%) and 16/193 (8.3%), respectively; 
p = 0.03).

Comparing subgroup B1 and B2, the prevalence of SHV 
increase was significantly higher in the first one (10/21 
(47.7%) vs. 3/20 (15.0%); p = 0.001). No significant differ-
ences were observed among Gram-positive or Gram-nega-
tive microorganism prevalence.

Table 2  Prevalence of 
SC + according to the presence 
of clinical/ultrasound signs of 
genital tract inflammation (GTI) 
in the subgroups studied

Subgroups A1, B1 and control 1 subjects affected by GTI, subgroup A2, B2 and control 2 subjects without 
GTI
a p = 0.012 vs. group B
b p = 0.001 vs. group B1
c p = 0.001 vs. group B2

n SC + Gram + Gram − Gram + / − 

Group A n. 452 n. 113/452
(25.0%) a

n. 46/113
(40.7%)

n. 35/113 (31.0%) n. 32/113 (28.3%)

  Subgroup A1 n. 367/452
(81.2%) b

n. 99/367
(26.9%)

n. 41/99
(41.4%)

n. 30/99
(30.3%)

n. 28/99
(28.3%)

  Subgroup A2 n. 85/452
(18.8%) c

n. 14/85
(16.4%)

n. 5/14
(35.7%)

n. 5/14
(35.7%)

n. 4/14
(28.6%)

Group B n. 478 n. 87/478
(18.2%)

n. 37/87
(42.5%)

n. 29/87
(33.4%)

n. 21/87
(24.1%)

  Subgroup B1 285/478 (59.6%) n. 75/285
(26.3%)

n. 32/75
(42.7%)

n. 25/75
(33.3%)

n. 18/75
(24.0)

  Subgroup B2 193/478 (40.4%) n. 12/193
(6.2%)

n. 5/12
(41.7%)

n. 4/12
(33.3%)

n. 3/12
(25.0%)

Control n. 30 n. 1/30
(3.3%)

n. 1/1
(100.0%)

– –

  Control 1 1/30 (3.3%) n. 1/1
(100.0%)

n. 1/1
(100.0%)

– –

  Control 2 29/30 (96.7%) n. 0/29
(–)

– – –
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Distributions of the species

The distributions of the species analysed, according to Gram 
stain, are shown in Table 5. The prevalence of Gram-positive 
species was higher in both group A and group B, as com-
pared with that for the Gram-negative or Gram-positive/
Gram-negative species; however, this finding did not reach 
statistical significance (46/113 (40.7%) and 37/87 (42.5%) 
vs. 35/113 (31.0%) and 29/87 (33.4%), respectively; p = 0.2). 
Furthermore, considering the control group, the only Gram-
positive species were detected (2/2, 100%).

Among the patients with Gram-positive infections, the 
most frequent species observed were E. faecalis and S. aga-
lactiae both in group A (23/46 (50.0%) and 12/46 (26.1%); 
p = 0.01 vs. other species) and group B (23/37 (62.2%) and 
8/37 (21.6%); p = 0.01 vs. other species), while among the 
subjects with Gram-negative infections, the most frequent 
species was E. coli both in group A (22/35 (62.8%); p = 0.01 

vs. other species) and in group B (19/29 (65.5%); p = 0.01 
vs. other species).

The prevalence of these bacteria was confirmed in the 
cases of mixed infection (Gram-positive and Gram-negative 
(E. faecalis plus E. coli 15/32 (46.9%) in group A and 11/21 
(52.4%) in group B; p < 0.01 vs. other combined infections). 
There were no mixed infections caused by two different 
Gram-negative bacteria at the same time, nor were there 
any caused by two different Gram-positive bacteria.

Antibiotic resistance

The distributions of resistance of the species analysed, 
according to Gram stain, are shown in Table. 6. Among the 
samples positive for Gram-positive microorganisms, the 
antibiotics with high resistance were tetracycline (28/83, 
33.7%) and sulfamethoxazole-trimethoprim (39/83, 46.9%), 
while among the samples positive for Gram-negative 

Table 3  Prevalence of SC + in 
subgroup B1 (affected by GTI) 
and in subgroup B2 (without 
GTI) according to the seminal 
parameters

OAT oligoasthenozoospermic
a p = 0.001 vs. normospermic, oligozoospermic, OAT and azoospermic Subgroup B1
b p = 0.001 vs. normospermic, oligozoospermic, OAT and azoospermic subgroup B1
c p = 0.04 vs. normospermic subgroup B1
d p = 0.0001 vs. all subgroup B2
e p = 0.0001 vs. normospermic vs. subgroup B2

n SC + Gram + Gram − Gram + / − 

Subgroup B1 n. 285 n. 75/285
(26.3%)

n. 32/75
(42.7%)

n. 25/75
(33.3%)

n. 18/75
(24.0)

  OAT n. 48/285
(16.8%)

13/48
(27.0%)

n. 5/13
(38.5%)

n. 4/13
(30.8%)

n. 4/13
(30.8%)

  Oligospermic n. 15/285
(5.3%)

3/15
(20.0%)

n. 2/3
(66.7%)

n. 0/3
(–)

n. 1/3
(33.3%)

  Asthenospermic n. 96/285
(33.7%) a

36/96
(37.5%)c

16/36
(44.4%)

13/36
(36.1%)

7/36
(19.4%)

  Oligoasthenospermic n. 98/285
(34.4%) b

19/98
(19.3%)

n. 8/19
(42.1%)

n. 5/19
(26.3%)

n. 6/19
(31.6%)

  Azoospermic n. 6/285
(2.1%)

1/6
(16.7%)

n. 0/1
(–)

n. 1/1
(100.0%)

n. 0/1
(–)

  Normospermic n. 22/285
(7.7%)

n. 3/22
(22.7%)

n. 2/3
(66.7%)

n. 1/3
(33.3%)

n. 0/3
(–)

Subgroup B2 n. 193 n. 12/193
(6.2%)

n. 5/12
(41.7%)

n. 4/12
(33.3%)

n. 3/12
(25.0%)

  OAT n. 13/193
(6.7%)

1/13
(7.6%)

n. 0/1
(–)

n. 1/1
(100.0%)

n. 0/1
(–)

  Oligospermic n. 16/193
(8.3%)

0/16
(–)

(–) (–) (–)

  Asthenospermic n. 22/193
(11.4%)

6/22
(27.2%)e

n. 3/6
(50.0%)

n. 1/6
(16.7%)

n. 2/6
(33.3%)

  Oligoasthenospermic n. 24/193
(12.4%)

4/24
(24.3%)

n. 2/4
(50.0%)

n. 1/4
(25.0%)

n. 1/4
(25.0%)

  Azoospermic n. 6/193
(3.1%)

0/6
(–)

(–) (–) (–)

  Normospermic n. 112/193
(58.1%) d

1/112
(0.9%)

n. 0/1
(–)

n. 1/1
(100.0%)

n. 0/1
(–)
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microorganisms, the antibiotics with high resistance were 
two antibiotics from the penicillin group (ampicillin 33/64, 
51.5% and piperacillin 28/64, 43.5%). Furthermore, also 
amoxicillin-clavulanic acid (16/64, 25.0%) and fluoroqui-
nolones (ciprofloxacin 15/64, 23.4% and levofloxacin 13/64, 
20.3%) showed increased resistance to Gram-negative bac-
teria eradication. In the occurrence of a mixed infection 
(Gram-positive and Gram-negative), bacteria showed sus-
ceptibility to the same antibiotics as in the case of single 
infection, but they were less effective than in single infec-
tions (fosfomycin 22/53, 41.5%), with others being almost 
completely ineffective (e.g., sulfamethoxazole-trimethoprim 
42/53, 79.2%).

Regarding antibiotic resistance trends in bacterial strains, 
E. faecalis (Gram-positive) and E. coli (Gram-negative) 
showed the highest prevalence of antibiotic resistance. 
In particular, E. faecalis showed antibiotic resistance for 
sulfamethoxazole-trimethoprim; likewise, E. coli showed 
antibiotic resistance for amoxicillin-clavulanic acid and 
ciprofloxacin.

Discussion

Bacterial infections are a frequent reason for an andrologi-
cal consultation. A microbiological investigation is impor-
tant for complete diagnostic management, and therefore, 

samples must observe criteria of suitability (Fraczek et al. 
2016; Vignera et al. 2014; Calogero et al. 2017). However, 
SC can be reliable if patients followed the right procedure 
for sample collection, as suggested by WHO guidelines 
(World Health Organization 2010), in order to decrease the 
risk of bacterial contamination, since more than 7% of the 
samples could be tainted. Nonetheless, only samples con-
taining >  106 CFU should be considered positive in micro-
biological investigations.

In this work, the prevalence of a positive SC in a large 
andrological population was evaluated. The two groups 
studied (group A, characterized by subjects who referred 
symptoms suspicious for infection/inflammation of the geni-
tourinary tract, and group B, characterized by male partners 
of infertile couples) were divided into subgroups according 
to the presence of clinical/ultrasound signs of GTI (A1 and 
B1) or the absence of clinical signs (A2 and B2), after medi-
cal examination. Interestingly, in subgroups A1 and B1, the 
prevalence of a positive SC was comparable, around 26%. 
Several studies explained the presence of a positive SC in 
subjects without signs or symptoms of a GTI as the con-
tamination of semen (Rybar et al. 2012). In our study, the 
tainted samples were excluded, so we can speculate that 
these were very early stages of infections; therefore, there 
was the opportunity to treat at an early stage or asympto-
matic bacteriospemia. To this regard, Esfandiari et al. (2002) 
highlighted that a lack of correlation between positive SCs 

Table 4  Prevalence of SC + in 
subgroups B1 (affected by GTI) 
and in subgroups B2 (without 
GTI) according to the seminal5 
semen viscosity and WBC 
parameters

SHV sperm hyper viscosity, WBC white blood cell
a p = 0.001 vs. subgroup B2
b p = 0.002 vs. no increase subgroup B1
c p = 0.02 vs. no SHV and WBC

n SC + Gram + Gram − Gram + / − 

Subgroup B1 n. 285 n. 75/285
(26.3%)

n. 32/75
(42.7%)

n. 25/75
(33.3%)

n. 18/75
(24.0)

  SHV increase n. 21/285
(7.4%)

10/21
(47.7%)a,b

n. 4/10
(40.0%)

n. 4/10
(40.0%)

n. 2/10
(20.0%)

  WBC increase n. 28/285
(9.8%)

9/28
(32.1%)

n. 4/9
(44.5%)

n. 3/9
(33.3%)

n. 2/9
(22.2%)

  SHV/WBC increase n. 26/285
(9.1%)

12/26
(46.1%)

n. 5/12
(41.7%)

n. 4/12
(33.3%)

n. 3/12
(25.0%)

  No increase n. 210/285
(73.7%)

44/210
(20.9%)

n. 19/44
(43.2%)

n. 14/44
(31.8%)

n. 11/44
(25.0%)

Subgroup B2 n. 193 n. 12/193
(6.2%)

n. 5/12
(41.7%)

n. 4/12
(33.3%)

n. 3/12
(25.0%)

  SHV increase n. 20/193
(10.4%)

3/20
(15.0%)

n. 2/3
(66.7%)

n. 0/3
(–)

n. 1/3
(33.3%)

  WBC increase n. 16/193
(8.3%)

5/16
(31.2%)

n. 2/5
(40.0%)

n. 2/5
(40.0%)

n. 1/5
(20.0%)

  SHV/WBC increase n. 5/193
(2.6%)c

2/5
(40.0%)

n. 1/2
(50.0%)

n. 1/2
(50.0%)

n. 0/2
(–)

  No increase n. 152/193
(78.7%)

2/152
(1.3%)

n. 0/2
(–)

n. 1/2
(50.0%)

n. 1/2
(50.0%)

75International Microbiology (2023) 26:69–79



1 3

and sperm characteristics may be indicative of early or mild/
subclinical infection.

Regarding the correlation between inflammation of the 
male reproductive system and infertility, a strong association 
has been reported (Vignera et al. 2014, 2019). Semen qual-
ity can be altered by the inflammatory process, anatomical 
obstruction, presence of an unsuitable microenvironment 
due to oxidative stress and/or spermatogenesis dysregulation 
(Aitken et al. 1989; Aydemir et al. 2008). Bacteria can also 
participate in intrinsic mitochondria-dependent apoptotic 
cell death mechanisms (Fraczek et al. 2016). According to 
ultrasound, infertile patients with hypertrophic-congestive 
MAGI have a better sperm quality compared with fibro-
sclerotic MAGI (Vignera et al. 2011).

In our study, an interesting observation was that the 
presence of a GTI seemed to affect mainly the motility of 
sperm (i.e. asthenozoospermic, oligoasthenozoospermic and 
OAT groups). This may be due to the fact that the dam-
age is greater in the sites where the spermatozoa live longer 
and where they acquired competent motility, namely the 
epididymis. Interstitial oedema, loss of epithelial integrity 
and elevated levels of pro-inflammatory cytokines may 
induce impaired semen motility (Fijak et al. 2018).

In addition, some inflammatory parameters may be pre-
sent in the seminal fluid, such as the increase in WBCs and 
SHV. An interesting finding is that, while in subjects with 
a WBC increase the prevalence of a positive SC was com-
parable in groups B1 and B2, and in subjects with SHV, 
the prevalence of a positive SC was highly significant in 
group B1 (affected by a GTI), as compared to group B2. 
This seems to confirm the hypothesis of a genetic nature in 
the determinism of SHV (Rossi et al. 2004; Elia et al. 2009).

Our study showed some significant variations in the 
prevalence of bacterial positivity of the male genital tract 
compared to previous studies, both in infertile patients than 
in subjects screened for inflammation/infection. According 
to Vercelloni et al. (n.d.), we observed a higher prevalence 
of Gram-positive compared to Gram-negative infections. 
Similarly, among the subjects positive for Gram-positive 
microorganisms, the most frequent species observed was E. 
faecalis, but there was also a significant increase of S. aga-
lactiae. On the other hand, among the subjects positive for 
Gram-negative microorganisms, the most frequent species 
was E. coli; furthermore, Proteus mirabilis was less frequent 
than in the previous study.

Lastly, we evaluated the microbiological resistance to 
common antibiotics used to treat bacterial infections of the 
genital tract. Regarding Gram-positive strains, resistance to 
several antibiotics (i.e. ciprofloxacin and sulfamethoxazole-
trimethoprim) was highlighted. Resistance to penicillin 
and fluoroquinolones was observed among Gram-negative 
microorganisms (amoxicillin-clavulanic acid, ampicillin, 
piperacillin and ciprofloxacin). Therefore, there is high 

Table 5  Distribution of the Gram + Gram − and Gram + / − species in 
the groups considered

a,b,c p = 0.01 vs. other species

Group A Group B Control

n. 113/452
(25.0%)

n. 87/478
(18.2%)

n. 2/30
(6.7%)

Gram + n. 46/113
(40.7%)

n. 37/87
(42.5%)

n. 2/2
(100.0%)

  E. faecalis n. 23/46
(50.0%) a

n. 23/37
(62.2%) a

n. 1/2
(50.0%)

  S. agalactiae n. 12/46
(26.1%) b

n. 8/37
(21.6%) b

n. 0/2
(–)

  S. haemoliticus n. 6/46
(13.0%)

n. 2/37
(5.4%)

n. 0/2
(–)

  C. striatum n. 2/46
(4.4%)

n. 2/37
(5.4%)

n. 0/2
(–)

  S. haemoliticus–E. faecalis n. 2/46
(4.4%)

n. 1/37
(2.7%)

n. 0/2
(–)

  S. aureus n. 1/46
(2.1%)

n. 1/37
(2.7%)

n. 1/2
(50.0%)

Gram − n. 35/113
(31.0%)

n. 29/87
(33.4%)

n. 0/30
(–)

  E. coli n. 22/35
(62.8%) c

n. 19/29
(65.6%) c

(–)

  K. pneumoniae n. 3/35
(8.7%)

n. 5/29
(17.3%)

(–)

  C. koserii n. 2/35
(5.7%)

n. 2/29
(6.9%)

(–)

  M. morganii n. 1/35
(2.8%)

n. 1/29
(3.4%)

(–)

  E. aerogenes n. 3/35
(8.7%)

n. 0/29
(–)

(–)

  E. coli–E. aerogenes n. 2/35
(5.7%)

n. 1/29
(3.4%)

(–)

  E. coli–K. pneumoniae n. 1/35
(2.8%)

n. 1/29
(3.4%)

(–)

  P. mirabilis n. 1/35
(2.8%)

n. 0/29
(–)

(–)

Gram + / − n. 32/113
(28.3%)

n. 21/87
(24.1%)

n. 0/30
(–)

  E. faecalis—E. coli n. 15/32
(46.9%)

n. 11/21
(52.4%)

(–)

  E. faecalis–M. morganii n. 12/32
(37.5%)

n. 4/21
(19.0%)

(–)

  E. faecalis–C. koserii n. 1/32
(3.1%)

n. 2/21
(9.5%)

(–)

  S. aureus–A. baumanii n. 1/32
(3.1%)

n. 0/21
(–)

(–)

  E. faecalis–P. mirabilis n. 2/32
(6.3%)

n. 2/21
(9.5%)

(–)

  E. faecalis–K. pneumoniae n. 0/32
(–)

n. 1/21
(4.8%)

(–)

  E. coli–G. vaginalis n. 1/32
(3.1%)

n. 1/21
(4.8%)

(–)
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antibiotic resistance, which can impair the effectiveness of 
these agents. This could be due to (a) a greater ability of 
the bacterium to develop “escape mechanisms”; (b) a dif-
ferent attitude of the bacterium to become resistant based 
on the district in which the infection is generated; or (c) a 

different predisposition of the individual to develop such 
resistances (Reygaert 2018). Comparing our data with pre-
vious studies, we found discordant results; specifically, 
Silago et al. highlighted a higher percentage of resistance 
among Gram-negative bacteria to antibiotics ampicillin, 

Table 6  Microbiological 
susceptibility panels of main 
antibiotics used to bacterial 
infections of genitourinary tract

Antibiotics Gram + Gram − Gram + / − 
n. 83 n. 64 n. 53

Penicillins Amoxicillin-Clavulanic acid n. 4/83
(4.0%)

n. 16/64
(25.0%)

n. 21/53
(39.6%)

Ampicillin n. 4/83
(4.0%)

n. 33/64
(51.5%)

n. 39/53
(73.6%)

Piperacilline - n. 28/64
(43.5%)

-

Piperacilline-Tazobactam - n. 0/64
(0%)

-

Cephalosporin Cefuroxime - n. 8/64
(12.5%)

-

Cefotaxime - n. 10/64
(15.6%)

-

Cefepime - n. 7/64
(10.9%)

-

Beta-Lactam Ertapenem - n. 0/64
(0%)

-

Imipenem n. 0/83
(0%)

n. 1/64
(1.5%)

-

Meropenem - n. 0/64
(0%)

-

Glycopeptide Teicoplanin n. 0/83
(0%)

- -

Vancomycin n. 5/83
(6.0%)

- -

Polymyxin Colistin - n. 7/64
(10.9%)

-

Fluoroquinolones Ciprofloxacin n. 7/83
(8.4%)

n. 15/64
(23.4%)

n. 4/53
(7.5%)

Levofloxacin n. 2/83
(2.4%)

n. 13/64
(20.3%)

n. 3/53
(5.6%)

Aminoglycoside Amikacin - n. 1/64
(1.5%)

-

Gentamicin n. 1/83
(1.2%)

n. 7/64
(10.9%)

n. 4/53
(7.5%)

Tobramycin - n. 4/64
(6.2%)

-

Tetracyclines Tetracycline n. 28/83
(33.7%)

- -

Macrolide Erythromycin n. 14/83
(16.8%)

- -

Sulfonamide Sulfamethoxazole-trimethoprim n. 39/83
(46.9%)

n. 6/64
(9.3%)

n. 42/53
(79.2%)

Fosfomycin C/G6P n. 1/83
(1.2%)

n. 4/64
(6.2%)

n. 22/53
(41.5%)

Linezolid n. 0/83
(0%)

-

Tigecycline n. 4/83
(4.8%)

n.12/64
(18.8%)

n. 18/53
(34.0%)
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trimethoprim-sulphamethoxazole and amoxycillin-clavu-
lanic acid (100%, 100% and 92.1%, respectively) (Silago 
et al. 2020). The difference between these results could be 
related to antibiotic consumption as well as to selection of 
patients.

However, the interest in the literature for antibiotic resist-
ance has mainly concerned the urinary tract; therefore, the 
majority of data refer to urine samples (Holm et al. 2019; 
Giuliano et al. 2019; Weidner et al. 2013).

The main limitation of this study is its retrospective 
nature and the limited sample concerning single microor-
ganisms, as well as the absence of data concerning urethral 
swabs. Furthermore, we could not use the term male adnexal 
glands infection (“MAGI”), because in the latter, the char-
acterization is given by the presence of oligozoospermia, 
asthenozoospermia or teratozoospermia, in addition to the 
clinical parameters, ultrasound and seminal and microbio-
logical signs. In this study, however, the possible correlation 
between GTIs and seminal parameters was studied.

Conclusion

In conclusion, the prevalence of a positive SC was higher in 
subjects presenting with signs of a GTI; however, it could 
also be positive in subjects without any signs of a GTI and 
should be taken into consideration. The study also showed 
some variations in the prevalence of bacterial positivity of 
the male genital tract compared to previous studies. Com-
monly used antibiotics have an increasing risk of being use-
less for the treatment of future bacterial infections. Finally, 
these investigations are also useful in the management of 
infertility; therefore, the diagnosis of male GTIs is essential 
not only for treatment of symptomatic conditions but also 
for the impact on male fertility.
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