
Summary 

Chlamydia trachomatis, Neisseria gonorrhoeae, Trichomonas
vaginalis, Ureaplasma parvum, Ureaplasma urealyticum,
Mycoplasma hominis and Mycoplasma genitalium are established
or presumed STI pathogens. The present study aims to describe
the one-year molecular epidemiology of these seven pathogens in
the Province of Bolzano, Northern Italy. From April 2016 to
March 2017, 2,949 patients, mainly females, were enrolled and
3,427 urine, vaginal, endocervical and/or urethral samples were
subjected to simultaneous analysis of the seven pathogens by
means of Real Time Polymerase Chain Reaction (AnyplexTM II
STI-7 Detection Kit Seegene, Seoul, Korea). At least one of the

seven microorganisms were detected in 40.7% of patients, with
uneven distribution: 43.1% in females (F) and 29.8% (P<0.001) in
males (M). The prevalence of microorganisms was as follows:
30.3% U. parvum (F: 35.6%, M: 8.3%), 6.9% U. urealyticum (F:
6.8%, M: 7.0%), 4.9% M. hominis (F: 5.4%, M: 2.3%), 4.9% C.
trachomatis (F: 3.4%, M: 11.4%), 1.1% M. genitalium (F: 1.0%,
M: 1.2%), 1.2% N. gonorrhoeae (F: 0.17%, M: 5.6%) and 0.40%
T. vaginalis (F: 0.38%, M: 0.53%). Mixed infections were detect-
ed in 7.4% of patients. Highest prevalence was observed for U.
parvum, followed by U. urealyticum and M. hominis and signifi-
cant presence of multi-pathogen infections was registered. 

Introduction

Viral agents are the predominant cause of sexually transmitted
infections (STIs) worldwide, with more than 500 million people liv-
ing with genital Herpes simplex (HSV) infection and more than 290
million women with a human Papillomavirus (HPV) infection
(http://who.int/reproductivehealth/topics/rtis/en/). Nevertheless,
non-viral STIs of the female and male urogenital tract are also major
causes of morbidity among sexually active individuals all over the
world and are generally caused by various bacterial and protozoal
agents. T. vaginalis is a very common protozoal agent of STIs (8),
C. trachomatis is the most frequently reported STI-microorganism
in Europe (1,9,11,13), and N. gonorrhoeae is the well-defined etio-
logical agent of gonorrhea (6). Most recent epidemiological data
report the occurrence of an estimated 357 million new infections
worldwide with one of the four following STIs: chlamydia (131
million), gonorrhoea (78 million), syphilis (5.6 million) and tri-
chomoniasis (143 million) (http://who.int/reproductivehealth/top-
ics/rtis/en/).

Among other bacterial agents, Ureaplasma parvum,
Ureaplasma urealyticum, Mycoplasma hominis and Mycoplasma
genitalium are associated with the development of STIs. They
inhabit the genitourinary tract, and infections by these agents are
relevant mainly in parturient women and their fetuses and new-
borns. Nevertheless, their precise role in many STIs remains
unproven, due to the fact that they are part of the normal genital
microbiota of sexually active women and men and a specific rela-
tionship between their presence and the disease is often difficult to
prove (3,7,10,14,15,17) New molecular tools have been developed
during the past few years in order to improve the laboratory diagno-
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sis of STIs, with the specific aim of allowing the simultaneous detec-
tion of more than one pathogenic agent in clinical specimens (16).
This allows to save time for diagnosis and to better study the epi-
demiological profile of STIs in a specific geographic area. 

The present retrospective study describes the one-year epi-
demiology of seven bacterial and protozoal species (U. parvum, U.
urealyticum, M. hominis, M. genitalium, C. trachomatis, N. gonor-
rhoeae and T. vaginalis), recovered from urine, vaginal, endocer-
vical and/or urethral samples collected from patients in the local
province of Bolzano. Bolzano province is an Alpine mountain
region, located in northern Italy, near the Austrian border (popula-
tion of 525,000 inhabitants at 2016 census). The laboratory of
Microbiology and Virology, Bolzano Central Hospital, is the only
referral center in the whole Bolzano province and collects all spec-
imens from different regional hospitals and local practitioners.

Materials and Methods

Study population 
Specimens from all 2,949 patients (80.8% females), referring

to the Laboratory of Microbiology and Virology, Bolzano Central
Hospital, were enrolled in this study from April 2016 to March
2017. Age distribution of the patients was as follows: 0-10 years
(F: 0.3%, M: 2.6%), 11-20 years (F: 6.2%, M: 4.0%), 21-30 years
(F: 36.5%, M: 21.4%), 31-40 years (F: 41.6%, 23.0%), 41-50 years
(F: 10.3%, 16.0%), 51-60 years (F: 1.9%, M: 9.4%), >60 years (F:
1.2%, M: 6.9%); for 1.8% of females and 16.5% of males the age
was not specified.

Demographic and clinical data of the patients are summarized
in Table 1. Specifically, 429 patients were referred from the
Dermatology Clinic, 388 from the Gynecology/Obstetric Clinic,
43 from other hospital clinics and 2,089 were outpatients. A total
of 3,427 clinical specimens, comprising 710 first-voided urine
samples, 308 vaginal swabs, 2,150 cervical swabs, 191 urethral
swabs, and 68 other samples were collected, refrigerated and trans-
ferred within 4 hours to the Hospital Laboratory of Microbiology
and Virology.

DNA isolation from clinical specimens
First-voided urine samples were collected in a sterile screw-

cap plastic disposable container (FL medical Torreglia, Italy),
whereas vaginal, endocervical and urethral specimens were col-
lected using the swabs provided by the commercial kit eNATTM 2

(Copan Diagnostics, Brescia, Italy). After collection, samples were
processed within 72 hours. 

DNA isolation was performed using the STARMag Tissue
Cartridge Kit (Seegene, Seoul, Korea) on the Microlab® NIMBUS
IVD system (Hamilton Diagnostics, USA), following manufactur-
er’s instructions. 

Detection of bacterial and protozoan genomic sequences 
Simultaneous analysis for detection of genomic sequences

belonging to several different non-viral STIs agents (U. parvum,
U. urealyticum, M. hominis, M.genitalium, C. trachomatis, N. gon-
orrhoeae, T.vaginalis) was conducted by means of the multiplex
real-time PCR assay AnyplexTM II STI-7 Detection Kit V1.1
(Seegene, Seoul, Korea), whose method is based on the tagging
oligonucleotide cleavage and extension technology (TOCE), and
run on the CFX96 real-time thermocycler (BioRad Hercules, CA,
USA), in accordance with manufacturer’s protocols. Positivity was
defined as test results +++, ++ or +, according to the manufacture’s
manual. The significance of proportion differences was analyzed
with the proportion comparison test, using the Medcalc® software
version 15.11.4 (MedCalc software, Ostend, Belgium).

Results

The prevalence of studied STI pathogens is summarized in
Table 2. Overall, at least one of the seven STI microorganisms was
detected in 40.7% of patients, with a strong uneven distribution:
43.1% among females and 29.8% among males (P<0.001), whereas
mixed infections, caused by different combinations of pathogens,
were detected in 7.7% of females vs. 6.5% of males (P=0.33).
Combinations of mixed infections are reported in Figure 1.

U. parvum was detected in 30.3% of patients (35.6% of
females vs. 8.3% of males; P=0.001) and it had the highest preva-
lence among all of the analyzed pathogens, followed by U. ure-
alyticum, detected in 6.9% of patients (6.8% of females vs. 7.0%
of males; P=0.88), and by C. trachomatis, detected in 4.9% of
patients (3.4% of females vs. 11.4% of males; P<0.001). Similarly,
M. hominis was found in 4.9% of patients (5.4% of females vs.
2.3% of males; P=0.001). The other microorganisms were detected
in about 1% or less of patients (Table 2). 

Prevalence of STI pathogens for females peaked in the age
group 21-30 years for U. urealyticum, M. hominis, M. genitalium
and C. trachomatis; for males a similar age distribution was found
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Table 1. Patient demographic and clinical specimen data. 

                                                                                           Female, N. (%)                                          Male, N. (%)

N° patients (total 2,949)                                                                              2,383 (80.8)                                                                 566 (19.2)
From the Dermatology clinic                                                                       127 (5.3)                                                                   302 (53.4)
From the Gynecology/Obstetrics Clinic 388 (16.3) NA
From others Clinics                                                                                         9 (0.3)                                                                      34 (59.9)
Outpatients                                                                                                   1,859 (78.0)                                                                 230 (40.1)

Mean age (range years)                                                                                33.6 (0-84)                                                                 33.3 (0-85)
N° clinical specimens (total 3,427)                                                           2,763 (80.6)                                                                 664 (19.4)

Urine samples                                                                                                 251 (9.1)                                                                   459 (69.1)
Cervical swabs                                                                                              2,150 (77.8)                                                                       NA
Vaginal swabs                                                                                                 308 (11.1)                                                                         NA
Urethral swabs                                                                                                 33 (1.2)                                                                    158 (23.8)
Others                                                                                                                21 (0.8)                                                                      47 (7.1)

NA: not applicable.
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for U. urealyticum, U. parvum and C. trachomatis, whereas for N.
gonorrhoeae the peak prevalence was shifted to the age group 31-
40 years. No clear age group distribution was detectable for the
few T. vaginalis infections in both sexes and for N. gonorrhoeae in
females, because of the very low number of positive patients (data
not shown). 

Discussion

Molecular methods are the new “gold standard” for laboratory
testing of many STIs. Our study showed the detection of at least
one of the seven studied non-viral STI microorganisms in 40.7%
of patients referring to the Hospital of Bolzano, Northern Italy.
These findings are similar to those from recent epidemiological
surveys that have been conducted in Italy, employing molecular
methods for multiplex detection of pathogens. Avolio et al., among
a population of more than 2,700 patients from a different area of
Northern Italy, observed a prevalence of 48.2% for at least one of

the seven microorganisms, which are the targets of the Anyplex™
II STI-7 assay (2). Among a smaller population from Southern
Italy (1,580 patients), Del Prete et al. reported a lower prevalence
of the seven targeted microorganisms with 30.7% among the
enrolled females and 21.1% among the enrolled males (4). 

We observed a higher prevalence of U. parvum and U. ure-
alyticum in our specimen collection, followed by M. hominis, com-
pared to the other studied species. Additionally, the distribution of
U. parvum was significantly different between females and males.
These findings confirmed two very recent Italian surveys (2,4). 

Both, ureaplasma and mycoplasma species, are suspected to
play a role in the development of several pathological conditions
of the genital tract of adults and in newborn infections; neverthe-
less, because of their concomitant commensal role in the genital
district, it is hard to discriminate pathogenic from commensal
behavior (3,7,10,14,15,17). The association between genital
mycoplasmas and ureaplasmas and the risk of male infertility, rel-
evant for the possible treatment of patients with infertility, has
been studied widely (7).

C. trachomatis is the major known etiological agent of STIs;

                                Article

Table 2. Prevalence of seven non-viral STI microorganisms in clinical specimens collected from female and male patients referring to
the Laboratory of Microbiology and Virology of the Bolzano Hospital, Northern Italy.

                        U. parvum    U. urealyticum      PM. hominis M. genitalium  C. trachomatis N. gonorrhoeae T. vaginalis
                                   F     M     P           F     M     P           F     M     P           F     M     P           F     M     P           F     M     P           F     M     P
                                (%) (%)              (%) (%)              (%) (%)              (%) (%)              (%) (%)              (%) (%)              (%) (%)

Outpatients                     35.3   11.3<0.001        6.4     6.1    0.85           5.1     3.0    0.17          0.91   0.43   0.45           2.9     9.5 <0.001       0.05    4.7 <0.001       0.37   0.43   0.88
Dermatology                   38.6    6.6 <0.001       14.1    7.3    0.02           7.8     1.9   0.003          1.5     1.9    0.77           8.6    13.5   0.15          0.78    5.9    0.01          0.78   0.66   0.89
Gynecology                      38.4    NA                      6.1     NA                      5.1     NA                      1.2     NA                      3.8     NA                     0.51    NA                     0.25    NA       
Total                                 35.6    8.3 <0.001        6.8     7.0    0.88           5.4     2.3   0.001          1.0     1.2    0.64           3.4    11.4<0.001       0.17    5.6 <0.001       0.38   0.53   0.61
NA: not applicable.

UP: U. parvum, UU: U. urealyticum, MH: M. hominis, MG: M. genitalium, CT: C. trachomatis, NG: N. gonorrhoeae, TV: T. vaginalis

Figure 1. Prevalence of mixed infections caused by STI microorganisms.
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its prevalence is highly variable among both sexually active
females and males, ranging from 0.2% to 8.0%, as reported by var-
ious European studies (13). With regard to the Italian situation, the
two already cited studies reported a prevalence of 1.8%-2.6%
among females and of 3.6% among males (2,4). Another survey,
referring to a high-density urban area in Northern Italy, and
employing a different PCR method, reported a much higher C. tra-
chomatis prevalence of 8.1 %, with a male/female ratio of 1.08,
and with higher distribution within patients referring to the STI
department compared to patients referring to the gynecology
department (5). Similarly, we found a significantly higher preva-
lence of C. trachomatis in male (11.4%) compared to female
(3.4%) patients, presenting either as single infection or in associa-
tion with U. urealyticum or N. gonorrhoeae. Nevertheless, it
should be underlined that the observed relative frequencies may be
biased, since male patients were mainly outpatients or referred
from the Dermatology department, for a possible diagnosis of
STIs, whereas female patients were mainly subjected to the C. tra-
chomatis test as part of routine pregnancy screening.

N. gonorrhoeae infection represents one of the most severe
health issues worldwide, especially in light of its increasing resist-
ance to currently used antibiotics: according to the 2005-2012 World
Health Organization (WHO) report, global prevalence of N. gonor-
rhoeae was 0.8% (0.3% to 1.7%) among women and 0.6% (0.3% to
1.0%) among men (12). An Italian study found a much higher infec-
tion rate among men (3.6%) than among women (0.16%) (4).
Similarly, we found a significantly higher prevalence in males
(5.6%) compared to females (0.17%). Interestingly, another Italian
study, conducted on 2,735 endocervical specimens collected from
childbearing age women from Northern Italy, and performed using
the same Multiplex Real Time PCR assay as used in our study,
reported a complete absence of N. gonorrhoeae infection (2).

Peaking prevalence of genital mycoplasms and C. trachomatis
in the age groups 21-30 years for males and females probably
reflects the frequency of sexual activity in both sexes and the preg-
nancy screening in females in this age group; shifting of the peak
for N. gonorrhoeae infections in males to the age group 31-40
years probably reflects the increasing risk factors for STIs in the
local male population, depending on their possible sexual habits. 

The global prevalence of T. vaginalis infections has been esti-
mated around 5.0% (1.0-11.5%) in women and 0.6% (0.1-1.3%) in
men (12). A study referring to a population from Southern Italy
observed prevalence values of 1.5% among women and 1.3%
among males (4), whereas a study referring to a population from
Northern Italy found a prevalence of 0.9% in women (2). In our
study, a lower prevalence was observed.

This study has the following limitations: i) This is a retrospec-
tive study; ii) The analysis focused on only seven non-viral
pathogens; iii) Clinical data from the enrolled subjects were not
collected, and any possible risk factors or clinical signs and symp-
toms could not be taken into account; iv) The results obtained by
the newly introduced Multiplex Real Time PCR were not com-
pared with those obtained with other methods. 

Conclusions

On the whole, epidemiological data regarding the distribution
of seven non-viral STI related pathogens in the Province of
Bolzano, Northern Italy, was described for the first time:
Ureaplasma species were prevalent, but presence of co-infections
with U. parvum, U. urealyticum and M. hominis were frequent.
Real Time PCR Multiplex assay enables a fast and simultaneous

identification of different etiological agents of STIs, reducing the
risk of sequelae and complications for the patients. 
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