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n intrODUctiOn

Sexually transmitted infections (STI) are an im-
portant cause of morbidity among sexually 

active women worldwide. There are over 30 bac-
terial, viral, fungal, and parasitic pathogens that 
can be transmitted sexually, and among these hu-
man papillomavirus (HPV), Chlamydia trachomatis 
(CT), Ureaplasma parvum (UP), Ureaplasma urealyti-
cum (UU), Neisseria gonorrhoeae (NG), Trichomonas 

vaginalis (TV), Mycoplasma genitalium (MG) and 
Mycoplasma hominis (MH) are the most common 
causative agents of STIs [1]. STIs are asymptom-
atic in many cases and some have high prevalence 
rates [1]. These infections if unrecognized and left 
untreated may cause urethritis, pelvic inflamma-
tory disease, cervicitis, infertility, ectopic preg-
nancy and adverse pregnancy outcomes [2-7]. In 
addition, individuals with CT infection are often 
co-infected with human papillomavirus, and CT 
has been implicated as co-factor in the pathogen-
esis of cervical cancer [8-13]. Therefore, testing for 
such pathogens is crucial. 
Culture, antigen detection, hybridization tests 
have been used over the years to detect STIs. 
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Several pathogens can be transmitted sexually and are 
an important cause of morbidity among sexually active 
women. The aim of the study was to detect the pres-
ence of human papillomavirus (HPV), Chlamydia tra-
chomatis (CT), Neisseria gonorrhoeae (NG), Trichomonas 
vaginalis (TV), Mycoplasma hominis (MH), Mycoplasma 
genitalium (MG), Ureaplasma urealyticum (UU), and Ure-
aplasma parvum (UP) in a group of 309 healthy women 
enrolled at the San Camillo - Forlanini hospital of Rome 
by using two multiplex real-time PCR assays based on 
TOCE™ technology. The women’s ages ranged from 34 
to 60 years, median 49 [IQR 45-54]. Of the 309 wom-
en tested, HPV DNA was detected in 77/309 (24.9%) 
patients. Of these, 44 (14.2%) harboured a single in-
fection while 33 (10.7%) were infected by multiple 
genotypes. Prevalence of HPV infection was highest 
among females aged 40-50 years (15.2%). Of the other 
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pathogens sought, CT, MG and NG were not detected 
while positive results were found for MH (12/309, 
3.9%), TV (4/309, 1.3%), UP (89/309, 28.8%) and UU 
(14/309, 4.5%). Co-infections were as follows: 5 MH/
HPV, 4 TV/HPV, 34 UP/HPV and 9 UU/HPV. In HPV-
positive women, the probability of being infected by 
UP and UU was 2.5- (p=0.00045) and 6-fold higher 
(p=0.0016) than in HPV-negative women. The study 
supports the use of multiplex real-time PCR assays in 
a routine diagnostic setting. The high sensitivity and 
specificity of these assays along with the simultaneous 
detection of the most common sexually transmitted 
pathogens confers an advantage with respect to more 
obsolete methods reducing costs and time to diagnosis. 

Keywords: genital infections; bacteria; HPV; cervix; 
multiplex real-time PCR assay.
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However, these tests are less sensitive than cur-
rently available nucleic acid amplification tech-
niques such as real-time PCR [14]. More recently, 
multiplex real-time PCRs combining the high 
sensitivity and specificity of the method with the 
capability to test for multiple targets simultane-
ously proved to be a suitable and cost-effective 
method in the diagnosis of STIs [14-16]. 
The aim of this study was to detect the presence of 
HPV and C. trachomatis, N. gonorrhoeae, T. vagina-
lis, M. hominis, M. genitalium, U. urealyticum, and 
U. parvum in healthy women enrolled in a screen-
ing program for breast cancer and sexually trans-
mitted diseases by using newly developed multi-
plex real-time PCR assays.

n PatientS anD MetHODS

Study group
In March 2013, the Azienda Ospedaliera San Ca-
millo-Forlanini of Rome, Italy, enrolled 309 wom-
en in a free screening program for breast cancer 
and sexually transmitted infections including 
HPV, CT, NG, MG, MH, UU, UP and TV. Women 
age ranged from 34 to 60 years, median 49 [IQR 45-
54]. Three-hundred-nine cervical cytobrush sam-
ples were collected into COPAN UTM-RT tubes 
containing a mini transport medium and sent to 
the laboratory of Microbiology and Virology of 
the Azienda Ospedaliera San Camillo - Forlanini. 
Samples were stored at + 4°C until analysis.
Informed consent was obtained from all women 
enrolled in the study.

Detection of sexually transmitted pathogens
COPAN UTM-RT tubes were loaded on the Nim-
bus extractor and DNA was extracted from 350 µl 
of the original sample according to the manufac-
turer’s instructions. Of the extracted DNA, 5 µl 
were added to each reaction tube. Positive and 
negative controls were included in each PCR run. 
The seven major STI causative pathogens (CT, 
NG, TV, MH, MG, UU, UP) were detected by Any-
plex™ II STI-7 Detection kit which is a multiplex 
real-time PCR assay that enables the identifica-
tion and differentiation of the seven pathogens in 
a single reaction tube. The internal control (STI-7 
IC) enables users to monitor nucleic acid isolation 
and potential PCR inhibitors.
HPV was detected by Anyplex™ II HPV28 Detec-

tion kit that detects simultaneously 19 high-risk 
types (16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 
58, 59, 66, 68, 69, 73, 82) and 9 low-risk types (6, 
11, 40, 42, 43, 44, 54, 61, 70). Both assays use the 
Dual-Priming Oligonucleotides (DPO™) and 
Tagging Oligonucleotide Cleavage and Extension 
(TOCE™) technology as already described [17].

Statistical analysis
Statistics was performed with SPSS statistics and 
Epi Info 7 software. The mean age and the fre-
quency of population characteristics were calcu-
lated. The association between high and low-risk 
HPVs and the seven bacterial vaginal infections 
was evaluated with the Odd Ratio and the statis-
tical significance using the Fisher’s exact test at P 
value <0.05.

n reSUltS

Of the 309 women tested for HPV DNA, 77 (24.9%) 
were found positive. Among these, 44 (14.2%) 
harbored a single infection while 33 (10.7%) were 
infected by multiple genotypes. 
Prevalence of HPV infection was highest among fe-
males 40-50 years old (15.2%), and a statistically sig-
nificant increase in HPV prevalence was observed 
in the age range from 30 to 50 years (P<0.05), fol-
lowed by a gradual decline through 60 years.
Among the seven most common causative agents 
of sexually transmitted diseases detected by Any-
plex™ II STI-7 assay, CT, MG and NG were not 
detected while positive results were found for 
MH (12/309, 3.9%), TV (4/309, 1.3%), UP (89/309, 
28.8%) and UU (14/309, 4.5%). Co-infections were 
as follows: 5 MH/HPVs, 4 TV/HPVs, 34 UP/
HPVs and 9 UU/HPVs, Table 1. A positive and sig-
nificant association was found between HPV and 
infection with UP or UU. In HPV positive women, 
the probability of being infected by UP and UU 
was 2.5- (OR=2.5; CI=1.47-4.37; p=0.00045) and 
6-fold higher (OR=6; CI=1.94-18.53; p=0.0016) 
than HPV negative women, respectively. 
In the co-infected patients, the more common as-
sociations were HPV 31/UP (14.7%), HPV 53/TV 
(50%), HPV 68/TV (50%), HPV 68/UU (33.3%), 
HPV 42/UU (22%) and HPV 42/UP (14.7%), Ta-
ble 1.
Cytological analysis revealed normal cytology 
in 197/309 smears (63.7%) and inflammation in 
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70/309 smears (22.6%). Only 18/309 (5.8%) smears 
displayed abnormal cytology: 5 (1.6%) low-grade 
squamous intraepithelial lesions (LSIL) and 13 
(4.2%) atypical squamous cells of undetermined 
significance (ASCUS). No high-grade squamous 
intraepithelial lesions (HSIL) were observed. 
Twenty-four smears were unqualified.
In Table 2 are reported the HPV types detected in 
the cervical cells of the screened women. Among 
the high-risk genotypes detected, HPV 53 was 
mainly found in women with inflammation and 
LSIL whereas HPV 31 was detected mainly in AS-
CUS lesions. In the low-risk group, genotypes 54 
and 61 were the most frequently detected. HPV 54 

was mainly present in women with inflammation 
while HPV 61 in those with ASCUS.

n DiScUSSiOn

This study was performed on women 34-60 years 
old screened for sexually transmitted pathogens 
using two recently developed real-time PCR as-
says (Anyplex™ II HPV28 Detection and Any-
plex™ II STI-7 Detection kits) that detect and 
identify twenty-eight HPV types and the seven 
major causative agents of genital infections, re-
spectively.

table 1 - Genotypes distribution in the 77 HPV positive women and in the co-infections with Ureaplasma urealyti-
cum (UU), Ureaplasma parvum (UP), Mycoplasma hominis (MH) and Trichomonas vaginalis.

Genotypes
HPV

(No 77)
UU/HPV
(No  9)*

UP/HPV
(No  34)**

MH/HPV
(No 5)

TV/HPV
(No 4)

n. % n. % n. % n. % n. %
High-risk 16 6 7.8 - - 3 8.8 - - - -

18 3 3.9 1 11.1 1 2.9 - - - -
26 1 1.3 - - 1 2.9 - - - -
31 7 9.1 1 11.1 5 14.7 1 20 - -
33 2 2.6 - - 2 5.8 1 20 - -
35 1 1.3 - - - - - - - -
39 1 1.3 - - - - - - - -
45 3 3.9 - - 1 2.9 - - 1 25
51 4 5.2 - - - - - - - -
52 3 3.9 - - 1 2.9 - -
53 16 20.8 2 22.2 4 11.7 - - 2 50
56 5 6.5 2 5.8 - - - -
58 5 6.5 1 11.1 1 2.9 1 20
59 4 5.2 - - 2 5.8 1 20 1 25
66 7 9.1 - - 1 2.9 - - - -
68 11 14.3 3 33.3 3 8.8 1 20 2 50
69 - - - - - - - -
73 1 1.3 - - 2 5.8 - - - -
82 - - - - - - - -

Low-risk 6 6 7.8 1 11.1 4 11.7 1 20 1 25
11 3 3.9 1 11.1 - - - - 1 25
40 1 1.3 - - - - - - - -
42 11 14.3 2 22.2 5 14.7 1 20 - -
43 3 3.9 - - 1 2.9 - - 1 25
44 8 10.4 - - 1 2.9 - - 1 25
54 13 16.9 1 11.1 2 5.8 - - - -
61 12 15.6 - - 2 5.8 1 20 - -
70 4 5.2 - - 2 5.8 1 20 - -

*OR 6.00 (1.9-18.53), P= 0.0016
**OR 2.54 (1.4-4.3), P = 0.00045
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HPV was detected in about 25% of the women 
screened with a peak of prevalence in the women 
aged 40-50 years. Most of the women harbored 
a single HPV type while multiple types were 
detected in 10.7% of the infected women. HPV 
prevalence is highest among young women af-
ter the onset of sexual activity; however, the age 
specific prevalence curve can rise again at older 
age between 45-50 years as observed in this study. 
The reason for this second peak is not clear, but a 
possible explanation could be the reactivation of 
previously undetected infections, due to gradual 
loss of type-specific immunity; acquisition of new 
infections through new sexual partners; cohort ef-
fect [18]. 
A trend of association was observed between 

some HPV types and abnormal Pap smears but it 
was not significant.
The Anyplex II HPV28 thanks to its molecular 
design allows not only the detection of multiple 
HPV types but also a semiquantification of the 
HPV viral load. These technical features might be 
used to assess:
1) the status of infection over time;
2) the relationship between viral load and persis-

tence of specific HPV types;
3) the progression of cervical dysplasia in relation 

to HPV genotypes and viral load [18]. 
Anyplex™ II STI-7 Detection kit revealed the pres-
ence of MH, UU, UP and TV, whereas CT, MG and 
NG were not detected. In two recent Italian stud-
ies, the prevalence reported for MH ranged from 

table 2 - Detection of HPV types in the screened women.

Genotypes

Inflammation
(No 70)

ASCUS*
(No 13)

LSIL**
(No 5)

Unqualified
(No 24)

Negative
(No 197)

n. % n. % n. % n. % n. %

High-risk 16 1 1.43 2 15.38 1 20 --- --- 2 1.01
18 2 2.86 --- --- --- --- --- 1 0.5
26 1 1.43 --- --- --- --- --- --- ---
31 1 1.43 3 23.08 1 20 --- --- 2 1.01
33 --- --- 1 7.69 1 20 --- --- --- ---
35 --- --- 1 7.69 --- --- --- --- --- ---
39 --- --- --- --- --- --- --- --- 1 0.5
45 1 1.43 1 7.69 --- --- --- --- 1 0.5
51 1 1.43 1 7.69 --- --- --- --- 2 1.01
52 --- --- --- --- 1 20 --- --- 2 1.01
53 5 7.14 2 15.38 3 60 --- --- 6 3.04
56 2 2.86 --- --- 1 20 --- --- 2 1.01
58 2 2.86 --- --- --- --- 1 4.17 2 1.01
59 2 2.86 --- --- --- --- --- --- 2 1.01
66 1 1.43 2 15.38 1 20 --- --- 3 1.52
68 3 4.29 1 7.69 1 20 --- --- 6 3.04
69 --- --- --- --- --- --- --- --- --- ---
73 --- --- --- --- --- --- --- --- 1 0.5
82 --- --- --- --- --- --- --- --- --- ---

Low-risk 6 3 4.29 --- --- --- --- 2 8.33 1 0.5
11 --- --- --- --- 1 20 2 1.01
40 --- --- --- --- --- --- --- --- 1 0.5
42 1 1.43 --- --- 2 40 4 16.67 4 2.03
43 --- --- 1 7.69 --- --- --- --- 2 1.01
44 2 2.86 2 15.38 1 20 1 4.17 2 1.01
54 6 8.57 --- --- 1 20 --- --- 6 3.04
61 1 1.43 3 23.08 --- --- 1 4.17 7 3.55
70 2 2.86 --- --- --- --- --- --- 2 1.01

*ASCUS: Atypical squamous cells of undetermined significance.
**LSIL: Low-grade squamous intraepithelial lesion; dashed line indicates that the sample is negative for that particular genotype.
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1.4% to 4.6% [19, 20]. In our study, the prevalence 
observed was 3.9% in line with that reported by 
Verteramo et al. that observed that the risk of in-
fection with MH increases with increasing age 
(≥40 years) [20]. 
UU was detected in 4.5% of the cervical samples 
examined. Although UU has been associated with 
genital diseases, the organism can be found also 
in asymptomatic women probably linked to eth-
nicity, sexual activity with multiple partners, oral 
contraceptive use, low socio-econimic status and 
younger age [3, 21]. In this study, a significant as-
sociation was found between detection of HPV 
and infection with UU or UP. In HPV positive 
women, the probability of being infected by UU 
was 6-fold (OR=6; CI=1.94-18.53; p=0.0016) and 
2.5-fold higher (OR=2.5; CI=1.47-4.37; p=0.00064) 
than HPV negative women. This observation 
agrees with that of Biernat-Sudolska et al. that 
found a significant association between HPV in-
fection and presence of mycoplasma/ureaplasma 
species [22]. Inflammation may favor the entry of 
other microorganisms, which in turn can act as co-
factor in the pathogenesis of cervical disease [23]. 
TV was found with a prevalence rate of 1.3%, and 
always associated with HPV. TV infection despite 
its clinical importance is often an under-recog-
nized condition because the microorganism is not 
consistently searched when a STI is suspected. 
Thus, the use of a multiplex real-time PCR assay 
such as the Anyplex™ II STI-7, which detects up 
to seven of the major STI pathogens should pro-
vide a more realistic picture of the TV prevalence 
among patients with genital infections. 
In conclusion, the study supports the use of mul-
tiplex real-time PCR assays in the routine di-
agnosis of sexually transmitted pathogens.The 
high sensitivity and specificity of these assays 
along with the simultaneous detection of mul-
tiple pathogens is a secure advantage respect to 
more obsolete methods reducing costs and time 
to diagnosis [18]. Furthermore, the ability of Any-
plex™ II HPV28 to identify up to 28 HPVs includ-
ing 19 high-risk types makes the assay suitable 
for identifying women at greater risk of disease 
progression.
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