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Abstract Background: Mycoplasmas are frequently isolated from the genital tract. New
molecular PCR-based methods for the detection of mycoplasmas can better define the real
epidemiology of these microorganisms. The aim of this study was to evaluate the prevalence
of mycoplasmas in a population of childbearing age women by means of PCR.
Methods: This 21-month multicentre observational study was conducted at four Italian clinical
microbiology laboratories. Women reporting symptoms of vaginitis/cervicitis, or with history of
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infertility, pregnancy, miscarriage or preterm birth were included. Detection of Ureaplasma
parvum, Ureaplasma urealyticum, Mycoplasma hominis, Mycoplasma genitalium was performed from cervical swabs by means of a commercially available multiplex real-time PCR.
Results: a total of 1761 women fulfilled the inclusion criteria and were included in the study.
The overall prevalence was: U. parvum 38.3%, U. urealyticum 9%, M. hominis 8.6% and M. genitalium 0.6%. The proportion of foreign patients positive for U. parvum was significantly higher
compared to Italian patients (37% vs 30.1%, p Z 0.007) and also for overall mycoplasma colonization (53.4% vs 45.8%, p Z 0.011). The number of symptomatic patients positive for M. hominis was significantly higher than that of negative controls (2.9% vs 1%, p Z 0.036). A
significant positive trend in mycoplasma colonization was found in relation to the pregnancy
week for U. urealyticum (p Z 0.015), M. hominis (p Z 0.044) and for overall mycoplasma colonization (p Z 0.002).
Conclusion: multiplex RT-PCR can be a valuable tool to evaluate the real epidemiology of cervical mycoplasma colonization.
Copyright ª 2017, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/bync-nd/4.0/).

Introduction
Mycoplasmas are frequently isolated in the genital tract.1
The introduction of nucleic acid amplification techniques
(NAATs) has changed the epidemiology of these microorganisms and has allowed to distinguish the formerly known
species Ureaplasma urealyticum into two new species,
namely, Ureaplasma parvum (previously U. urealyticum
biovar 1) and U. urealyticum (previously U. urealyticum
biovar 2).2 There is still not conclusive evidence whether
these microorganisms should be considered pathogens, or
mere co-factors associated with genital infections.3,4
Indeed, if some authors described them as common
commensal inhabitants,5e13 others found them associated
to pathologic conditions.14e21 These conflicting results
could be due to several factors, including study design,
studied population, evaluated outcome, site of sampling,
and diagnostic method used, such as: serology, culture or
polymerase chain reaction (PCR).22 The use of new PCRbased methods for their detection can be of help to better define the epidemiology of these microorganisms in the
genital tract.
The aim of this study was to evaluate the prevalence of
mycoplasma colonization in a large population of childbearing age women attending a clinical microbiology laboratory reporting symptoms of vaginitis/cervicitis or for
infertility, pregnancy, history of miscarriage or preterm
birth and in healthy controls.

Methods

Perugia, the Department of Laboratory Medicine of Sant’Anna Hospital in Turin, the Microbiology Unit of the Hospital of Legnano and the Department of Microbiology of S.
Bortolo Hospital in Vicenza. All women attending any of the
four centres involved, and fulfilling inclusion criteria, were
included. Inclusion criteria were childbearing age (from 15
to 50 years of age), and only one of the following criteria
for each patient: symptoms of vaginitis/cervicitis, infertility, pregnancy, history of miscarriage or preterm birth.
Vaginal pain and/or discharge, pain during intercourse,
itching, burning were considered as symptoms of vaginitis/
cervicitis.23 Exclusion criteria were: the presence of more
than one of the above mentioned inclusion criteria in the
same patient, antimicrobial therapy within 30 days prior to
evaluation, language barrier, psychiatric conditions.
Healthy asymptomatic patients referring to the laboratory
because of a symptomatic partner, for a check-up, or for
personal motivation (therefore without any of the above
described inclusion criteria) were used as negative
controls.

Ethic statement
All procedures performed in this study were in accordance
with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki
declaration and its later amendments or comparable
ethical standards. Research ethics committee approval for
the study was obtained from the institutional review board
(Comitato Etico Aziende Sanitarie No. 2396/14). Informed
consent was obtained from all individual participants
included in the study.

Study design
Anamnestic data
This was a multicentre observational study conducted from
February 2013 to October 2014. This study was conducted
at four Italian clinical microbiology laboratories: the
Microbiology Section of the Department of Experimental
Medicine of Santa Maria della Misericordia Hospital in

Anamnestic data were collected on a detailed standard
questionnaire, administered by a physician, concerning
biographical data and the reasons for the medical evaluation and sampling.
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Vaginal sample collection, microscopic examination
and culture
Three vaginal samples were obtained from each patient,
collected with the aid of a disposable vaginal speculum and
by sterile swabs: one sample for wet mount examination,
one for Gram-staining, and one for culture. Vaginal pH was
measured using indicator strips. All swabs were plated
within two hours from sampling and cultured on different
media. For yeast culture, Saboraud Dextrose Agar plates
with 40 mg/ml of chloramphenicol (Becton Dickinson,
Sparks, MD) were incubated at 37  C and analyzed after 24
and 48 h. Wet mounts were examined for the presence of
leukocytes, clue cells, Trichomonas vaginalis and yeasts.
Bacterial vaginosis (BV) was diagnosed according to Amsel
criteria.24 The clinical diagnosis of BV required that three of
four conditions be present: vaginal pH > 4.7, abnormal
vaginal discharge, positive whiff-amine test or clue cells on
microscopy. Diagnosis of yeast colonization was done by
microscopic examination and yeast identification was performed by the ID 32 C (bioMérieux, Marcy-l’Etoile, France)
from colonies grown on solid media.

Molecular test for genital mycoplasmas detection
Cervical swab specimens were placed in 3-mL UTM Transport medium (Copan Italia S.p.A., Brescia, Italy). The
collection tubes were equilibrated to room temperature
and mixed by vortexing, and 1-mL mixed specimens were
transferred to the sample cartridge. The DNA was extracted
from the specimens using the instrument Nuclisense easyMag (bioMérieux, Marcy-l’Etoile, France), in accordance
with the manufacturer’s instructions, and stored frozen at
20  C until testing. Detection of mycoplasmas was performed by means of the Anyplex II STI-7 Kit (STI-7 Seegene, Seoul, Korea), a commercially available multiplex
real-time PCR relying on a newly developed TOCE
(Tagging Oligonucleotide Cleavage and Extension) technology which allows to detect simultaneously seven microorganisms (U. urealyticum, U. parvum, Mycoplasma hominis,
Mycoplasma genitalium, Chlamydia trachomatis, Neisseria
gonorrhoeae, T. vaginalis). Tests were performed according
to the manufacturer’s protocol. Briefly, the amplification
was performed in a CFX96 real-time thermocycler (Bio-Rad,
Hercules, CA, USA). Each PCR was performed in 5-mL of
extracted DNA and 15-mL of Anyplex PCR Mix in a 20-mL final
volume per reaction. The thermal cycle conditions consisted of an initial incubation at 50  C for 4 min to activate
the UDG system and prevent contamination, predenaturation at 95  C for 15 min, followed by 50 cycles of
alternating incubations: 95  C for 30 s, 60  C for 1 min, and
72  C for 30 s. The melting temperature was analysed by
increasing the reaction temperature from 55  C to 85  C
(5 s/0.5  C). The whole process was monitored adding to
each sample 1 mL of internal control (provided by the
manufacturer) before the DNA extraction, to confirm the
DNA extraction and to exclude PCR inhibition. DNA quantification was performed using the default algorithm that
calculates the amount of DNA denaturation by means of
analysis of melting temperatures after 8, 14, and 20 cycles,
and is expressed as number of DNA copies/reaction.
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Statistics
Categorical variables were expressed as count and percentage. Tests for association were performed by chisquare or Fisher’s exact test, as appropriate. Continuous
variables were expressed as median and interquartile range
(IQR), and median values were compared by means of the
ManneWhitney U-test. Statistical significance was assumed
if a null hypothesis could be rejected at a p value of 0.05.
Multivariate logistic regression analysis was performed to
determine factors that were independently associated with
symptoms of vaginitis/cervicitis. Covariates associated with
symptoms of vaginitis/cervicitis at a level of significance
p  0.05 were selected for the multivariate analysis. The
analyses were performed by SPSS 13.0 version.

Results
A total of 1761 women fulfilled the inclusion criteria and
were included in the study. Demographic, anamnestic, and
clinical characteristics of the population are summarized in
Table 1. Among the 363 foreign patients, 197 (54.3%) were
from eastern Europe, 69 (19%) from South America, 38
(10.5%) from North Africa, 25 (6.9%) from Sub-Saharan Africa, 14 (3.9%) from western Europe, 13 (3.6%) from Asia, 2
(0.5%) from Oceania, 2 (0.5%) from Middle East, 2 (0.5%)
from North America, and 1 (0.3%) from Australia. Median
age value of patients positive for mycoplasmas was significantly lower than that of patients negative [33 years, (IQR
25-38) vs 34 years (IQR 29-39), p < 0.0001]. Likewise,
foreign patients were significantly younger than Italian
patients [32 years (IQR 27-38) vs 34 years (IQR 27-39);
p Z 0.014]. Among the whole population, 994/1761 (56.4%)
women were colonized by genital mycoplasmas, either by a
single or by multiple species (Table 2). The mycoplasmas
cervical prevalence according to nationality, pregnancy,
infertility, history of miscarriage, preterm birth or presence
of symptoms of vaginitis/cervicitis is described in Table 3.
The proportion of foreign patients positive for U. parvum
colonization was significantly higher compared to Italian
patients (37% vs 30.1%, p Z 0.007) and also for overall
cervical colonization (53.4% vs 45.8%, p Z 0.011). The rate

Table 1 Demographic, anamnestic and clinical characteristics of the whole population (n Z 1761).
Variable

Values (IQR; %)

Age (years)
Foreign
Pregnant
Infertility
Miscarriage
Preterm birth
Bacterial vaginosis
Vaginal yeast colonization
Symptomatic
Negative controls

34 (27e39)
363 (20.6)
210 (11.9)
232 (13.2)
104 (5.9)
32 (1.8)
193 (10.9)
276 (15.7)
791 (44.9)
392 (22.3)

Values are expressed as median or count; IQR: interquartile
range.

10 (28.6)
34 (34)
42 (56)*
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
UP: Ureaplasma parvum; UU: Ureaplasma urealyticum; MH: Mycoplasma hominis; MG: Mycoplasma genitalium.
Data are expressed as count (%); * Statistically significant difference.

0 (0)
0 (0)
1 (1.4)
0 (0)
0 (0)
0 (0)
0 (0)
3 (3)
4 (5.3)
0 (0)
2 (2)
1 (1.4)
0 (0)
0 (0)
0 (0)
0 (0)
4 (4)
7 (9.3)*
10 (28.6)
24 (24)
25 (33.3)

0 (0)
1 (1)
4 (5.3)*

641 (45.8)
194 (53.4)*
86 (41)
105 (45.3)
43 (41.3)
15 (46.9)
406 (51.3)
180 (46)
(0.1)
(0.3)
(0)
(0)
(0)
(0)
(0.4)
(0)
2
1
0
0
0
0
3
0
10 (0.7)
6 (1.6)
0 (0)
1 (0.4)
1 (0.9)
0 (0)
9 (1.1)
5 (1.3)
14 (1)
6 (1.6)
1 (0.5)
1 (0.4)
1 (0.9)
0 (0)
15 (1.9)
2 (0.5)
(0.2)
(0.3)
(0)
()
(0)
(0)
(0.2)
(0.5)
3
1
0
0
0
0
2
2
56 (4)
12 (3.3)
7 (3.3)
5 (2.1)
3 (2.8)
2 (6.2)
39 (4.9)
12 (3.1)
25 (1.8)
4 (1.1)
3 (1.4)
2 (0.9)
2 (1.9)
0 (0)
12 (1.5)
10 (2.5)
(0.1)
(0)
(0)
(0)
(0)
(0)
(0)
(0.5)
2
0
0
0
0
0
0
2
35 (2.5)
9 (2.5)
5 (2.4)
8 (3.4)
3 (2.8)
1 (3.1)
23 (2.9)*
4 (1)
73 (5.2)
21 (5.8)
11 (5.2)
11 (4.7)
4 (3.8)
1 (3.1)
51 (6.4)
16 (4.1)
421 (30.1)
134 (37)*
59 (28)
77 (33.2)
29 (27.8)
11 (34.8)
252 (31.8)
127 (32.4)

Italian (n Z 1398)
Foreigns (n Z 363)
Pregnancy (n Z 210)
Infertility (n Z 232)
Miscarriage (n Z 104)
Preterm birth (n Z 32)
Symptomatic (n Z 791)
Negative controls
(n Z 392)
Pregnancy trimester
1st (n Z 35)
2nd (n Z 100)
3rd (n Z 75)

UP þ MH
þ MG
UP þ UU
þ MH
UU þ MH
UP þ MG
UP þ MH
UP þ UU
MG only
MH only
UU only

of symptomatic patients positive for M. hominis was
significantly higher than that of negative controls (2.9% vs
1%, p Z 0.036). With respect to the other mycoplasmas, no
association was found with symptoms of vaginitis/cervicitis
(Table 3). Likewise, in regard to infertility, miscarriage and
preterm birth, no significant association was found with the
colonization rates by all the four mycoplasmas evaluated
(Table 3).
Concerning the other pathogens identified by the
multiplex real-time PCR, their prevalence was: C. trachomatis 46/1761 (2.6%), N. gonorrhoeae 1/1761 (0.06%), T.
vaginalis 13/1761 (0.7%). The only significant association
found was between the infection by C. trachomatis and
symptoms of vaginitis/cervicitis (3.5% vs 1.9%, p Z 0.04),
no other significant association was found between these
pathogens and symptoms of vaginitis/cervicitis, infertility,
miscarriage or preterm birth.
Overall, 193 patients out of 1761 (10.9%) were positive
for BV (Table 1). A significantly greater proportion of patients positive for BV reported symptoms of vaginitis/
cervicitis (15.4%) compared to patients positive for BV
without symptoms of vaginitis/cervicitis (7.3%, p < 0.0001).
No association was found between BV and infertility (7.3%
vs 11.5%, p Z 0.074), miscarriage (9.6% vs 11%, p Z 0.771)
or preterm birth (9.4% vs 10.9%, p Z 1.0).
With respect to vaginal yeast colonization, a total of 276
patients out of 1761 (15.7%) were positive (Table 1), and a

UP only

Values are expressed as count (%).

Prevalence of mycoplasma colonization in the whole population (n Z 1761) according to demographic, anamnestic and clinical data.

Overall prevalence (single þ multiple colonization)
Ureaplasma parvum
675
(38.3)
Ureaplasma urealyticum
159 (9.0)
Mycoplasma hominis
151 (8.6)
Mycoplasma genitalium
9 (0.5)
Single colonization
Ureaplasma parvum
555
(31.5)
Ureaplasma urealyticum
94 (5.3)
Mycoplasma hominis
44 (2.5)
Mycoplasma genitalium
2 (0.1)
Double colonization
Ureaplasma parvum þ Mycoplasma
68 (3.8)
hominis
Ureaplasma parvum þ Ureaplasma
29 (1.6)
urealyticum
Ureaplasma urealyticum þ Mycoplasma
20 (1.1)
hominis
Ureaplasma parvum þ Mycoplasma
4 (0.2)
genitalium
Triple colonization
Ureaplasma parvum þ Ureaplasma
16 (0.9)
urealyticum þ Mycoplasma hominis
Ureaplasma parvum þ Mycoplasma
3 (0.2)
hominis þ Mycoplasma genitalium

Total
positives

Values,
(%)

Table 3

Variable

Negatives

Table 2 Prevalence of mycoplasma colonization in the
whole population (n Z 1761).

25 (71.4)
66 (66)
33 (44)

223
757 (54.2)
169 (46.6)
124 (59)
127 (54.7)
61 (58.7)
17 (53.1)
385 (48.7)
212 (54)
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significantly greater proportion of patients positive for
yeast colonization reported symptoms of vaginitis/cervicitis (19.8%) compared to patients without symptoms of
vaginitis/cervicitis (12.3%, p < 0.0001). A greater proportion of patients positive for vaginal yeast colonization did
not report problems of infertility (16.7%) compared to patients suffering from infertility (9%, p Z 0.004). On the
other hand, no association was found between yeast colonization and miscarriage (14.4% vs 15.7%, p Z 0.824) or
preterm birth (6.3% vs 15.8%, p Z 0.215).
A significant positive trend in cervical mycoplasma
colonization was found in relation to the pregnancy week
(Table 3) for U. urealyticum (p Z 0.015), M. hominis
(p Z 0.044) and for overall cervical colonization
(p Z 0.002).
The multivariate logistic regression analysis (Table 4)
showed BV and vaginal yeast colonization as independent
predictors of symptoms of vaginitis/cervicitis. Both M.
hominis colonization and C. trachomatis infection were
excluded from the regression model.

Discussion
The main aim of this study was to assess the prevalence of
cervical colonization by U. parvum, U. urealyticum, M.
hominis and M. genitalium in a population of childbearing
outpatients, by means of a molecular test. The prevalence
of genital mycoplasmas found in this study matches that
found by Kim et al.25 from 799 endocervical swab samples
collected from healthy women. By means of the same
multiplex real-time PCR assay, a prevalence of 32.5% for U.
parvum, of 3.5% for U. urealyticum and of 1% for M.
hominis, as single colonization, were found.25 Kasprzykowska et al.26 in a study carried out on consecutive 40
women admitted to a Gynecology Clinic for diagnostics
laparoscopy, found an overall prevalence of 52.5%, similar
to that of this study. On the other hand, McIver et al.27 on a
total of 233 cervical swabs from 175 women attending a
sexual-health clinic, found a different prevalence: U. parvum 48%, U. urealyticum 2.8%, M. hominis 6.4%, M. genitalium 1.3%. Nevertheless, in that study, another RT-PCR
assay was used, and the population evaluated was
different. Similarly, Choe et al.28 on 201 endocervical
swabs found a higher prevalence of colonization, but in
that study the specimens were tested in parallel using four
NAATs and one mycoplasma detection kit, and the criteria

Table 4 Multivariate logistic regression of predictive
variables of symptoms of vaginitis/cervicitis.
Variable

Odds ratio 95% confidence P
interval

Bacterial vaginosis
Vaginal yeast
colonization
Mycoplasma hominis
colonization
Chlamydia trachomatis
infection

2.132
1.890

1.404e3.237
1.327e2.692

<0.0001
<0.0001

2.860

0.974e8.393

0.057

1.343

0.639e2.827

0.437

to define a positive result were also different. It has been
clearly demonstrated that PCR method has a higher sensitivity than culture,29 consequently some studies based on
mycoplasma culture reported lower prevalence values.
Indeed, De Francesco et al.30 in a previous Italian study,
found a prevalence of 18.6% for genital mycoplasmas, and
Wang et al.31 in a study on 6051 female outpatients, found
a prevalence of 33.9%. In our study M. hominis cervical
colonization was associated with symptoms of vaginitis/
cervicitis. This result could be due to BV. It has been
already shown indeed that M. hominis is more often identified in women with BV,32 and the multivariate logistic
regression analysis showed that BV is a variable independently associated with symptoms of vaginitis/cervicitis,
whereas M. hominis colonization was excluded from the
model. On the other hand, the lack of association between
symptoms of vaginitis/cervicitis and U. parvum and/or U.
urealyticum colonization rates has been already reported
by Kasprzykowska et al.26 Likewise, a recent review22
highlighted how in several reports no association between
M. hominis and/or U. urealyticum colonization rates and
adverse pregnancy outcomes was found.
The significant positive association between BV or
vaginal yeast colonization and symptoms of vaginitis/
cervicitis was expected, since both BV and vaginal yeast
colonization are the most common infectious causes of that
clinical picture.33 Indeed, these two variables were the
only two independently associated with symptoms of vaginitis/cervicitis.
The significant increase in the prevalence of cervical
colonization by mycoplasmas throughout pregnancy has
already been described by Luton et al.34 in 218 pregnant
women followed from before 20 weeks gestational age
through delivery.
The strengths of this study are represented by: the large
sample size, that gives enough statistical power; the use of
a standardized questionnaire, unique for all centres and
administered by the same physician in each centre; the use
of the same diagnostic procedure in all the centres. In
addition, periodic revisions of the quality of the data
(processing and editing), and the final analysis were
centralized and performed in only one of the centres by the
same principal investigator, to avoid the possible variability
of interpretation.
The limitations of the study were that we could not
compare the RT-PCR results with the reference culture
method,1 and we could not follow the patients for the
possible occurrence of pregnancy adverse events, due to
the cross-sectional nature of the study.
In conclusion, the use of RT-PCR for identification of
mycoplasmas on cervical samples showed a higher rate of
recovery in comparison to culture methods. A future better
clarification of the clinical significance of these microorganisms will guide the possible treatment of asymptomatic
patients colonized by mycoplasmas and reduce the risk of
obstetric complications.
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