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Summary 

Background: Symptoms of most common bacterial and parasitic sex-
ually transmitted infections tend to be non-specific and typically have
a variety of different potential causal agents that may require different
treatments. In this field the pathogenic potential of genital Ureaplasma
species is still uncertain and debated. The goal of this study was to
investigate the prevalence of Chlamydia trachomatis (CT), Neisseria
gonorrhoeae (NG), Trichomonas vaginalis (TV), Mycoplasma genitali-
um (MG), Mycoplasma hominis (MH), Ureaplasma urealyticum (UU)
and Ureaplasma parvum (UP) in a cohort of symptomatic and asymp-
tomatic childbearing age women and to assess the relationships
between bacterial vaginosis and symptoms with both UU and UP. 

Materials and Methods: DNA of 2735 endocervical specimens was
consecutively analysed by a commercial multiplex real-time poly-
merase chain reaction for detection of 7 multiple target sequences
simultaneously: CT, NG, TV, MG, MH, UU and UP. 

Results: Out of the total number of population studied (n=2735), UP
was found to be the species with highest prevalence (30.9%) followed

by MH (6.5%), UU (6.3%), CT (2.6%), MG (0.8%) and TV (0.9%). UP
single species detection was extremely significant in symptomatic
women with normal flora (P<0.0001). The correlation of UP in symp-
tomatic women with bacterial vaginosis was not significant
(P=0.3387).

Conclusions: Our results suggest a potential specific etiological role
to UP, still considered rightly or wrongly innocent bystander, despite
the lack so far of specific-species culture tests. 

Introduction

Symptoms of most common bacterial and parasitic sexually transmit-
ted infections (STIs) tend to be non-specific and typically have a variety
of different potential causal agents that may require different treat-
ments. Between some of the sexual transmissible pathogens
Chlamydia trachomatis (CT), Neisseria gonorrhoeae (NG), Trichomonas
vaginalis (TV), Mycoplasma genitalium (MG) are established
pathogens of STIs in women genital tract, while the role of Mycoplasma
hominis (MH), Ureaplasma urealyticum (UU), and Ureaplasma parvum
(UP) as genital tract pathogens is still strongly debated (5). Typical
symptoms of STIs as vaginal discharge, itching or odour are also asso-
ciated with bacterial vaginosis (replacement of the vaginal flora by an
overgrowth of anaerobic bacteria including Prevotella spp., Mobiluncus
spp., Gardnerella vaginalis, Ureaplasma spp., Mycoplasma spp., and
numerous fastidious or uncultivated anaerobes), trichomoniasis, and
candidiasis (5). The major symptoms of cervicitis are a mucopurulent
endocervical exudate and sustained endocervical bleeding (5).
However, many infections are asymptomatic, thus clinicians should
perform appropriate diagnostic testing (2,4,26).

Ureaplasma spp. are known to colonize mucosal surfaces of the lower
urogenital tract in healthy people (24). Risk factors for colonization
include multiple sexual partners, low socioeconomic status and oral con-
traception. UU (previously known as UU biovar 2) and UP (previously
known as UU biovar 1) are commonly found in the human urogenital
tract (40-80% of sexually active women). Horizontal transmission of
Ureaplasma spp. is by sexual contact and genital infection is usually
asymptomatic (16). Because of the frequency with which UU occurs in
healthy asymptomatic individuals, it has been suggested that only cer-
tain subgroups of the species are disease-associated (9,14,15,20,24).
Some clinical cases of several urogenital and systemic diseases, includ-
ing non-gonococcal urethritis (NGU), endometritis, chorioamnionitis,
abortion, birth of premature babies, septic arthritis, bacteraemia and
meningitis are reported in the literature to be related to these microor-
ganisms (2,19,22,24). However, the pathogenic potential of genital
Ureaplasma spp. in infections of the female reproductive tract and par-
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ticularly their role in the female infertility is still uncertain and debated
(12,23,24,26). The confounding factors are not only the high prevalence
of these microorganisms in asymptomatic persons, but also the inability
of the traditional culture-based methods, widely used for their detection,
to distinguish between the two species of the genus Ureaplasma among
UP and UU (24). It is important to stress that before UU and UP were rec-
ognized as separate species, they were both designated UU, making
interpretation of the results of previous studies difficult (26).

Ureaplasma spp., known as strains difficult to culture in the labora-
tory, are very small such as 10±5 �m diameter and have not a cell wall.
When culturing in the laboratory, infection is judged through pH
change in liquid culture using such principle. But recently, as studies
have shown that polymerase chain reaction (PCR) method is more sen-
sitive, PCR method is preferred to classical culture (14). When deter-
mining the clinical significance of ureaplasma infection, the differen-
tiation of colonization and infection is necessary because of the high
prevalence of Ureaplasma spp. in the healthy population. The recent
introduction of various PCR-based methods, has improved the overall
diagnostic yield of ureaplasma detection because of their high sensitiv-
ity and ability to discriminate between the two Ureaplasma spp., com-
pared to traditional culture-based methods. The detection of STIs using
multiplex-based methods able to detect simultaneously several
microorganisms distinguishing different Ureaplasma spp., might be
helpful to clinicians to prescribe appropriate antibiotics for patients
according to the results.

The aim of this study was to investigate by multiplex real time PCR
the prevalence of seven sexually transmissible microorganisms (UP,
UU, MH, MG, CT, TV and NG) in a cohort of Italian childbearing age
women and to asses the relationships between bacterial vaginosis and
symptoms with both UU and UP for the first time distinguishable at the
species level by a new commercial molecular method.

Materials and Methods

Study population and clinical specimens
We retrospectively evaluated 2735 outpatients childbearing age

women come to our observation from December 2012 to June 2014. All
were consecutive women attended to Clinical Microbiology and Virology
of Pordenone Hospital to get a vaginal and endocervical swabs for a rou-
tine screening in absence of symptoms (n=919) or for the presence of
symptoms of genital infections as vaginal discharge, vaginal itching,
pelvic pain, burning sensation or pain during urination or sexual activ-
ity (n=1816). The vaginal and endocervical swabs were collected by
medical microbiologists, who followed the regular procedures for specu-
lum examination and used manufactured collection kits (Copan Italia
SpA, Brescia, Italy).

Bacterial culture and microscopic examination
Vaginal swabs were executed for pH determination, microscopic

examination and standard cultures (aerobic and anaerobic bacteria and
yeasts). Endocervical swabs were executed for CT, NG, TV, Mycoplasma
spp., Ureaplasma spp. molecular detection and for NG cultures (26).

Liquid Amies Elution Swabs (Copan Italia SpA, Brescia, Italy) was
used to collect and transport vaginal samples for solid culturing of com-
mon bacteria according to laboratory-defined standard procedures.
Nugent method was used to diagnose bacterial vaginosis. Gram-stained
smears were evaluated by the Nugent scoring system (17,26). The
Nugent method is a standardized method, designed to evaluate bacter-
ial vaginosis. A Nugent score from 0 to 3 indicates a normal flora; from
4 to 6 is called intermediate state, and from 7 to 10 indicates bacterial
vaginosis. Bacterial vaginosis is a modification of the vaginal flora

characterized by a diminished or absent flora of lactobacilli, which
increases the vaginal pH (10,17,18). 

Molecular investigations
Flocked swabs and Universal Transport Medium (Copan Italia SpA,

Brescia, Italy) were used to collect and transport endocervical samples
for molecular investigations.

The MICROLAB Nimbus IVD system was used for the nucleic acid
automated extraction (Hamilton, Reno, NV, USA) to maximize the
workflow and accuracy. Real-time PCR amplification was performed
using the Anyplex™ II STI-7 Detection Assay (Seegene, Seoul, Korea),
in accordance with the manufacturer’s protocol, in a CFX96 real- time
thermocycler (Bio-Rad, Hercules, CA, USA). The Anyplex™ II STI-7
Detection is a novel multiplex real-time PCR assay that permits the
simultaneous amplification, detection and differentiation of target
nucleic acids of CT, NG, MG, MH, UU, UP, TV and Internal Control (IC)
(3,6,13). Anyplex™ II STI-7 Detection Assay is based on a newly devel-
oped TOCE™ technology, which makes it possible to detect multi-
pathogens in a single fluorescence channel on real-time PCR instru-
ments. In current melting curve analysis, temperature differences are
often observed among DNA that has high sequence variation, resulting
in issues in clinical diagnostic fields where accurate and reproducible
test results are critical. However, TOCE™ technology is designated to
be not affected by sequence variations; therefore guaranteeing consis-
tent Tm values. The Anyplex™ II STI-7 Detection represents a new
class of molecular tests by cyclic-Catcher Melting Temperature Analysis
(CMTA) that are multiplexed. The cyclic-CMTA method can discrimi-
nate major pathogen in the co-infected samples. In PCR, efficiency can
be reduced by inhibitors that may be present in the clinical specimens.
An IC is incorporated into the product as an exogenous whole process
control in order to monitor nucleic acid isolation and to check for pos-
sible PCR inhibition. The IC is coamplified with the target nucleic acids
within the clinical specimens.

Anyplex™ II STI-7 shows detection limit for sensitivity of 10
copies/reaction for CT and NG (<5.710 copies/mL), and 50 copies/reac-
tion for UU, UP, MG, MH, TV (<28.550 copies/mL).

Amplirun Ureaplasma urealyticum DNA (Vircell Microbiologists,
Spain) was used as quantitative control.

Statistical analysis
Statistical analysis were performed using a χ2 test. Results with

P<0.05 were considered to be statistically significant.

Results 

Cohort characteristics and distribution of microorganisms detected:
208 out of 2735 patients examined were <25, 1016 were 25-35 and 1511
were <35 years old. Of patients examined, 546 out of 2735 were preg-
nant; 1816 out of 2735 were symptomatic and 919 asymptomatic; 852
out of 2735 were positive for Candida albicans (in 35% of cases in asso-
ciation with at least one of the other microorganisms studied). Table 1
shows the cohort characteristics (age, pregnancy, presence or absence
of symptomatology, vaginal candidiasis) and the associated negative or
positive results, included the correlation with each single species
detected. Of samples 1418 out of 2735 (51.8%) were negatives; 1317 out
of 2735 (48.2%) had at least one of seven microorganism targets in her
genital tract. In this study NG was never detected and MG was always
in association with other organisms. Out of the total number of popu-
lation studied (n=2735), 845 were positive for UP (30.9%), 173 for UU
(6.3%), 178 for MH (6.5%), 23 for MG (0.8%), 72 for CT (2.6%), 26 for
TV (0.9%) (Table 2).
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Among the single microorganism detections, 521 out of 628 (82.9%)
of patients with UP were symptomatic versus 54 out of 87 (62.1 %), 23
out of 26 (88.5 %) and 8 out of 9 (88.8 %) with UU, MH, CT respectively.
In this study MG and TV were never detected in asymptomatic women. 

As shown in Figure 1, UP was the species more often detected alone,
with a prevalence of 28.7, 11.6 and 17.8% in symptomatic, asympto-
matic and pregnant subgroups respectively. 

Mycoplasma spp. and Ureaplasma spp.:
correlation with symptoms and microscopic features 

Change in vaginal flora (normal flora or absence of lactobacilli) and
clinical features (presence or absence of symptoms) and its relation-
ship with Mycoplasma spp. and Ureaplasma spp. were also studied
(Table 3). To rule out that these changes were related to other
pathogens present, we included in the statistical analysis only the sin-
gle species determination. Of samples, 517 out of 764 (67.7%) positives
for Mycoplasma spp. and Ureaplasma spp. were classified by Nugent
score as normal vaginal flora, 247 out of 764 (32.3%) as absence of lac-

tobacilli. UP were found more often from women with normal flora
(P=0.025) while MH and MG were found more often from women with
absence of lactobacilli (P=0.05 and P<0.001, respectively). 

Of samples, 621 out of 764 (81.3%) positives for Mycoplasma spp.
and Ureaplasma spp. were symptomatic, 143 out of 764 (18.7%) were
asymptomatic. UP and MG were found more often from symptomatic
patients (P=0.01, and P=0.01 respectively), while UU was found more
often from women with absence of symptoms (P<0.001). No significant
differences were found for MH and change in vaginal flora (P=0.33). 

In Table 3, the subgroup indicated as Absence of Lactobacilli includes
patients with bacterial vaginosis (Nugent score>6 and pH>4.5); the
subgroup Normal Flora includes patients with Nugent score from 0 to
6 and pH 3.5-4.5. We observed, as expected (10,17,18), a correlation
between pH and Nugent class (data not shown).

In Table 4, the subgroup indicated as Symptomatic with Normal flora
(SN) was the more representative of women with UP single species
detection (54.7%). No difference between SN and Asymptomatic with
Normal flora subgroups in patients with single UU detection was
observed (36 and 38%).
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Table 1. Distribution of no, single and multiple infection by age, clinical features, vaginal candidiasis and pregnancy.

Cohort characteristics          Negatives UP      UU      MH   MG*    CT        TV Multiple
(n=2735)                                 (n=1418) (n=628) (n=87) (n=26) (n=23) (n=9) (n=2)      infections
                                                                                                                                                                                                      (n=565)
                                                             N        %        N        %        N        %        N        %        N        %        N        %        N        %        N        %

Age
<25 (n=208)                                                   100        7.1         48         7.6          7          8.1          2          7.7          2          8.7          1         11.2         0            0           50         8.8
25-35 (n=1016)                                              407       28.7       263       41.9        41        47.1        10        38.5        13        56.5         4         44.4         2          100       289       51.2
>35 (n=1511)                                                 911       64.2       317       50.5        39        44.8        14        53.8         8         34.8         4         44.4         0            0          226        40

Symptomatic (n=1816)                                  701       49.4       521       82.9        54        62.1        23        88.5        23        100         8         88.8         2          100       507       89.7
Asymptomatic (n=919)                                  717       50.6       107       17.1        33        37.9         3         11.5         0            0            1         11.1         0            0           58        10.3
Positive for C. albicans (n=852)                  432       30.5       174       27.7        25        28.7         9         34.6         9         39.1         3         33.3         1           50        199       35.2
Pregnant (n=546)                                            353       24.9        97        15.4        15        17.2         2          7.7          0            0            0            0            0            0           79        13.4
*was always in association with other organisms. UP, Ureaplasma parvum; UU, Ureaplasma urealyticum; MH, Mycoplasma hominis; MG, Mycoplasma genitalium; CT, Chlamydia trachomatis; TV, Trichomonas vaginalis;
NG, Neisseria gonorrhoeae.

Table 2. Single and multiple species detection and percentage of prevalence by each microorganism detected.

                                                                                               UP               UU              MH              MG               CT               TV               NG

Single microrganisms detected (n=752)                                                628                    87                     26                                                9                       2                       0
Multiple microrganisms detected (n=565)                                            217                    86                    152                    23                     63                     24                      0
Total number of positive samples (n=1317)                                          845                   173                   178                    23                     72                     26                      0
Prevalence (%)                                                                                             30.9                   6.3                    6.5                    0.8                    2.6                    1.0                      0
UP, Ureaplasma parvum; UU, Ureaplasma urealyticum; MH, Mycoplasma hominis; MG, Mycoplasma genitalium; CT, Chlamydia trachomatis; TV, Trichomonas vaginalis; NG, Neisseria gonorrhoeae.

Table 3. Ureaplasma/Mycoplasmas single species (n=764): relationship with vaginal flora and clinical features.

                                                            Normal flora             Absence of           P-value         Symptomatic          Asymptomatic        P-value
                                                          (n=517), n (%)          lactobacilli                              (n=621), n (%)      (n=143), n (%)
                                                                                           (n=247), n (%)

UP (n=628)                                                             436 (84.3)                        192 (77.7)                    0,025                    521 (83.8)                        107 (74.5)                     0.01
UU (n=87)                                                               64 (12.3)                           23 (9.3)                      0.211                      54 (8.7)                           33 (23.0)                     0.001
MH (n=26)                                                                13 (2.5)                            13 (5.2)                       0.05                       23 (3.7)                             3 (2.1)                        0.33
MG* (n=23)                                                              4 (0.7)                             19 (7.7)                    <0.001                    23 (3.7)                                  0                             0.01
*was always in association with other organisms. UP, Ureaplasma parvum; UU, Ureaplasma urealyticum; MH, Mycoplasma hominis; MG, Mycoplasma genitalium.
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The presence of UP single species detection was extremely signifi-
cant in symptomatic women with normal flora respect UU (P<0.0001).
The correlation of UP in symptomatic women with absence of lacto-
bacilli was not significant (P=0.3387) (Table 4). 

Discussion and Conclusions

Using a novel multiplex PCR assay we demonstrated that out of the
seven sexual transmissible pathogens UP is the most frequently detect-
ed species, as stated in other studies (11). We also shown that the
majority of UP infections were symptomatic and symptomatic infection

was more likely with UP than with UU. In contrast with other studies
(7,21) in our cohort no significant differences were found for UU and
change in vaginal flora (P=0.211), neither for UU and symptoms.
Respect to UU, the presence of UP single species detection was
extremely significant in symptomatic women with normal flora, thus
suggesting a specific pathogenic role of UP, not linked to a concomitant
status of bacterial vaginosis.

The present study has the following main strengths and limitations:
i) this is the biggest cohort of symptomatic and asymptomatic subjects
screened for genital infections by multiplex real time PCR directly in
clinical sample; ii) to our knowledge this is the first study to evaluate
simultaneously the prevalence in female Italian population of seven
STIs-pathogens (UP,UU, MH, MG, CT, TV, NG) directly in clinical sam-
ple and to correlate the results to clinical and microscopic features; iii)
on the basis of our knowledge this is the first study to describe the
prevalence of MG in the Italian population directly on a heterogeneous
cohort of patients. 

On the other hand the different size of the symptomatic group and
the asymptomatic group, due to consecutive patient recruitment, is a
limitation of this study. This study does not involve a clinical-therapeu-
tic implication as it is limited by its observational nature. Although
Anyplex ST7 does not provide information on the antimicrobial suscep-
tibility of MH and Ureaplasma spp., as standard culture method, it is
important to underline that actually, except for MG, any indication to
treat Mycoplasma spp. and Ureaplasma spp. exists, and that only about
male urethritis treatment procedures for these organisms are reserved
for situations in which these infections are suspected (e.g., urethral
lesions, or severe dysuria and meatitis, which might suggest genital
herpes) or when NGU is not responsive to recommended therapy
(2,5,25). However, macrolides and tetracyclines are still effective in
treatment of ureaplasma infections (7,11). Molecular-based technolo-

                                Article

Figure 1. Single and multiple infections: distribution by clinical features. (MG* was always in association with other organisms).

Table 4. Ureaplasma parvum and Ureaplasma urealyticum single
detection in symptomatic and asymptomatic women.

Single Ureaplasma species detection     P-value
                            UP (n=628),             UU (n=87),
                                 n (%)                       n (%)

Symptomatic               521 (82.9%)                      54 (62.1%)                 <0.0001
Asymptomatic               107 (17%)                       33 (37.9%)
SA                                    177 (28%)                         23 (25%)                    0.3387
AA                                      15 (2%)                                  0
SN                                   344 (55%)                         31 (36%)                  <0.0001
AN                                    92 (15%)                          33 (38%)
SA, symptomatic+absence of lactobacilli; AA, asymptomatic+absence of lactobacilli; SN, sympto-
matic+normal flora; AN, asymptomatic+normal flora.
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gies have several limitations (i.e. costs and the need for special equip-
ment), which negatively affect the implementation of these techniques
for routine laboratory diagnostics. More recently, the multiplex PCR
assay has made it convenient for clinicians in many clinical fields to
test for multiple causative organisms simultaneously. The multiplex
PCR assay is a cost-effective diagnostic test because it allows for faster
detection and a reduction in labour and reagent costs (1,8). The devel-
opment of completely automated systems (from extraction to read-out)
may overcome this limitation. 

In conclusion our results show the high prevalence of UP in endocer-
vical specimens of symptomatic patients. We highlight the potential spe-
cific etiological role of UP, still considered rightly or wrongly an innocent
bystander despite the lack so far of specific-species culture tests.
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