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Abstract: The link between high-risk human Papillomavirus (HR-HPV) and other sexually transmitted diseases (STDs) 
in the risk of developing cervical cancer still unclear. Thus, in this report we investigated the rates of co-infections 
between HPV and other important non-HPV STDs in different cervical findings using a multiplex polymerase chain 
reaction (M-PCR) to simultaneously detect Chlamydia trachomatis, Neisseria gonorrhoeae, Mycoplasma genitalium, 
Trichomonas vaginalis, HSV-1 and -2, and Treponema pallidum. A total of 838 women aged 18 to 68 years were 
screened using Papanicolaou smears for cervical abnormalities, HPV and non-HPV STDs using PCR and M-PCR 
methods. A total of 614 (73.3%) of the women had normal cytology (NILM) and 224 (26.7%) women exhibited abnor-
mal cytology (≥ ASC-US). HPV-DNA prevalence was 33.9%, and HPV-16 was the most prevalent genotype in women 
with NILM and ≥ ASC-US cytology. Non-HPV STDs were detected in 30.4% women and T. vaginalis was the most 
prevalent one (11.6%). A higher increased risk of ≥ ASC-US and HSIL occurred in co-infections of HR-HPV with C. tra-
chomatis and N. gonorrhoeae. Co-infections of HPV-DNA and HR-HPV with HSV-2 exhibited a similar increased risk 
but only with ≥ ASC-US. Co-infections of HPV-DNA and HR-HPV with T. vaginalis demonstrated a similar increased 
risk of ≥ ASC-US and HSIL. We found that C. trachomatis and N. gonorrhoeae were the primary pathogens associ-
ated with HR-HPV for the increased risk for all grades of cervical abnormalities but mainly for HSIL, suggesting a 
possible synergistic action in cervical lesions progression. Our results reinforce the hypothesis that some non-HPV 
STDs might play a role as co-factors in HPV-mediated cervical carcinogenesis. These data improve our understand-
ing of the etiology of SCC and may also be useful for disease prevention.
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Introduction

Cervical cancer is the fourth leading cause of 
cancer in women worldwide, despite the exis-
tence of highly effective prevention and screen-
ing methods [1, 2]. Persistent high-risk human 
Papillomavirus (HR-HPV) infection is the central 
factor in the development of squamous cell cer-
vical carcinoma (SCC) and HR-HPV is a prereq-
uisite for progression to high-grade squamous 
intraepithelial lesions (HSIL) [1-3]. HR-HPV 
infections are most eventually cleared, but a 

few progress to HSIL (10% of HPV infections) 
and SCC (< 1% of HPV infections) [1-5]. The rea-
sons for this variable natural history are poorly 
understood, but it is generally assumed that 
other causes or co-factors are important for the 
development of neoplasia in HPV-infected wo- 
men [4-6].

Several possible risk factors were associated 
with persistent HR-HPV in the last two decades 
and contribute to cervical carcinogenesis 
[7-14]. Co-factors related to individual’s life-
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style, such as the use of tobacco and hormonal 
contraceptives, early sexual activity and multi-
ple sex partners were associated with SCC 
[5-8]. Host genetic variability, intratype HPV 
variations, multi-infection with multiple HPV 
genotypes and co-infection with other agents 
are associated with the persistence and pro-
gression of a premalignant condition to SCC [6, 
9-14]. This association has been studied since 
1989 when Schmauz et al., [15] published that 

(M-PCR) allows the simultaneous detection of 
multiple pathogens in symptomatic and asymp-
tomatic patients, including viral infections [19, 
21]. This simultaneous detection furthers our 
understanding of the true prevalence of co-
infections between HR-HPV and non-HPV STDs 
in different cervical findings.

The present report investigated the rates of co-
infections between HPV and other important 

Table 1. Baseline features of the study cohort in overall and according 
to cytologic findings

Characteristics

Cytological findings
Overall women 

(N=838)
NILM  

(N=614)
Abnormal 
(N=224)

n (%) n (%) n (%)
Age ranges (years)
    Mean (SD) 40.03 ± 10.0 41.36 ± 9.6 36.4 ± 10.0
    < 25 84 (10.0) 45 (7.3) 39 (17.4)
    25-34 223 (26.6) 147 (24.0) 76 (33.9)
    35-44 238 (28.4) 181 (29.5) 57 (22.5)
    45-54 168 (20.0) 140 (22.8) 28 (12.5)
    55-64 101 (12.1) 85 (13.8) 16 (7.1)
    ≥ 65 24 (2.9) 16 (2.6) 8 (3.6)
Age of first sexual intercourse (years)
    ≤ 13 40 (4.8) 27 (4.4) 13 (5.8)
    14-16 290 (34.6) 197 (32.1) 93 (41.5)
    17-19 297 (35.4) 234 (38.1) 63 (28.1)
    ≥ 20 211 (25.2) 156 (25.4) 55 (24.5)
Sexual partners during life (n)
    1 312 (37.2) 246 (40.1) 66 (29.5)
    2-5 387 (46.2) 258 (42.0) 129 (57.6)
    6-10 76 (9.1) 54 (8.8) 22 (9.8)
    > 10 63 (7.5) 56 (9.1) 7 (3.2)
Pregnancies to term (n)
    0 103 (12.3) 60 (9.8) 43 (19.2)
    1-2 424 (50.6) 320 (52.1) 104 (46.4)
    3-4 251 (30.0) 195 (31.8) 56 (26.2)
    ≥ 5 60 (7.2) 39 (6.4) 21 (9.4)
Use of hormonal contraceptive
    No 579 (69.1) 451 (73.5) 128 (57.1)
    Yes 259 (30.9) 163 (26.5) 96 (42.9)
Use of other contraceptive type
    No 640 (76.4) 487 (79.3) 153 (68.3)
    Yes 198 (23.6) 127 (20.7) 71 (31.7)
Baseline characteristics in overall women included in the study and according to cytologic 
findings. Mean (SD), mean ± standard deviation. NILM, negative for intraepithelial lesion 
or malignancy; Abnormal, included atypical glandular cells (AGC), squamous intraepithelial 
lesions (SIL) of low (LSIL) or high (HSIL) grade, and atypical squamous cells (ASC) of unde-
termined significance (ASC-US) or not possible exclude HSIL (ASC-H).

multiple sexually trans-
mitted diseases (STDs) 
were a risk factor for SCC 
and suggested that addi-
tional non-HPV STDs may 
act a s HPV co-factors 
[16, 17]. The non-HPV ST- 
Ds herpes simplex virus-2 
(HSV-2) and Chlamydia 
trachomatis [11, 12, 16, 
18] have demonstrated 
the most consistent evi-
dence of an association 
with HPV. However, there 
is no consensus on the 
impact of other genital 
pathogens in association 
with HR-HPV on disease 
progression.

The real prevalence of 
HR-HPV and non-HPV 
STDs co-infections in cer-
vical samples is not clear. 
The overall prevalence of 
STDs is an under-recog-
nized condition in several 
populations despite its 
clinical importance, whi- 
ch is likely because of dif-
ficulties in diagnoses th- 
at depend on traditional 
methods, such as cultu- 
res and enzyme immuno-
assays [17, 19]. The rec- 
ent development and in- 
troduction of cultivation/
serological-independent 
molecular-based techni- 
ques, such as polymerase 
chain reaction (PCR), rev-
olutionized the diagnosis 
of genital tract infections 
[19-21]. Multiplex PCR 
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sexual pathogens in different cytological cervi-
cal findings using M-PCR to simultaneously 
detect Chlamydia trachomatis, Neisseria gon-

ment. This study was approved by the Com- 
mittee for Ethics in Research Involving Humans 
at the State University of Maringá/UEM/Brazil 

Figure 1. Electrophoretic analysis of HPV genotyping by Polimerase Chain Reac-
tion (PCR)-restriction fragment length polymorphism analysis (PCR-RFLP) using 
HpyCH4V and NlaIII (A) and of amplified fragments by using a multiplex-PCR (B) 
for non-HPV sexually transmitted diseases (STDs), both in 8% polyacrylamide 
gel stained with ethidium bromide. (A) Sample A1, genotypes 31, 59 and 82 in 
HPV co-infection (253, 216, 174, 127, 112, 94 and 91 base pairs-bp); A2, geno-
type 72 in single HPV infection (171, 137 and 90 bp); A3, genotypes 16, 31 and 
59 in HPV co-infection (253, 216, 191, 174, 94 and 91 bp); A4 and A5, geno-
type 56 in single HPV infection (244 and 121 bp); A6, genotype -66 in single 
HPV infection (114, 91, 72, 66 and 58 bp); A7, genotypes 18 and 53 in double 
HPV infection (174, 151, 144, 100 and 83 bp); A8, genotype 16 in single HPV 
infection (216 and 191 bp); M, molecular weight marker (25 bp). (B) Lane C1: 
positive control of T. pallidum (291 bp); lane C2: control of HSV-2 (249 bp); lane 
C3: control of C. trachomatis and HSV-2 (361 and 249 bp); lane C4: control of 
M. genitalium and N. gonorrhoeae (193 and 162 bp); lane C5: control of T. vagi-
nalis (170 bp); lane C6: control of N. gonorrhoeae (162 bp); lane C7: control of 
T. vaginalis and HSV-1 (170 and 123 bp); lane A1: positive sample of C. tracho-
matis and T. vaginalis (361 and 170 bp); lane A2: positive sample of T. pallidum 
and HSV-2 (291 and 249 bp); lane A3: positive sample of HSV-2 and HSV-1 (249 
and 123 bp); lane A4: positive sample of C. trachomatis and M. genitalium(361 
and 193 bp); lane A5: positive sample of T. pallidum and N. gonorrhoeae (291 
and 162 bp); lane A6: positive sample of T. vaginalis (170 bp); lane C-: negative 
control; M: molecular weight marker (25 bp).

orrhoeae, Mycoplasma ge- 
nitalium, Trichomonas vagi-
nalis, herpes simplex virus 
(HSV)-1, HSV-2 and Trepo- 
nema pallidum. We found 
that C. trachomatis and N. 
gonorrhoeae were the pri-
mary pathogens associat-
ed with HR-HPV for the 
increased risk for all grades 
of cervical abnormalities, 
mainly for HSIL, suggesting 
a possible synergistic ac- 
tion in cervical lesions pro- 
gression.

Materials and methods

Study population

This transversal study en- 
rolled women living in Ma- 
ringá city/Paraná State/
Brazil attending basic he- 
alth units (BHU) of the Pu- 
blic Health System for cer-
vical cancer screening con-
sultations and reference se- 
rvices for colposcopy (Zo- 
na Sul Clinic) from August 
2012 to March 2013. Wo- 
men were excluded beca- 
use of any of the following 
factors: pregnancy; post-
partum; previous hysterec-
tomy; vaginal bleeding; pre-
vious history of cancer; 
without history of sexual 
activity; recent treatment 
for any pathology of the 
urogenital tract; ablative or 
excisional therapy to the 
cervix within the previous 
12 months; and no obser-
vation and/or collection sa- 
mple of squamous colum-
nar junction (SCJ). All par-
ticipants voluntarily agreed 
to provide a sample for Pap 
screening and DNA detec-
tion of HPV and non-HPV 
STDs, and signed an infor- 
med consent before enroll-
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Table 2. Rates of HPV and non-HPV STDs in overall women included in the study and according to cytological findings.
Cytological  

findings
Cytological 

findings

HPV and non-HPV STDs Overall (N=838) NILM (N=614) ≥ ASC-US 
(N=224) RR (95% CI) P HSIL (N=71) RR (95% CI) P

n (%) n (%) n (%) n (%)
HPV-DNA 284 (33.9) 101 (16.4) 183 (81.7) 4.966 (3.727-6.619) < 0.0001 71 (100.0) 6.079 (4.113-8.984) < 0.0001
HR-HPV 230 (27.4) 66 (10.7) 164 (73.2) 6.811 (4.925-9.419) < 0.0001 71 (100.0) 9.303 (6.139-14.10) < 0.0001
HPV-16 95 (11.3) 14 (2.3) 81 (36.2) 15.86 (8.811-28.54) < 0.0001 44 (62.0) 27.18 (14.19-52.05) < 0.0001
LR-HPV 112 (13.4) 63 (10.3) 49 (21.9) 2.132 (1.424-3.192) 0.0003 10 (14.0) 1.373 (0.6741-2.795) 0.4231
HPV-multiple infections 101 (12.0) 44 (7.1) 57 (25.4) 3.551 (2.328-5.416) < 0.0001 18 (25.3) 3.538 (1.940-6.453) 0.0001
non-HPV STDs 255 (30.4) 193 (31.4) 62 (27.7) 0.8806 (0.6365-1.218) 0.4649 20 (28.2) 0.8962 (0.5317-1.510) 0.7950
C. trachomatis 86 (10.3) 61 (9.9) 25 (11.2) 1.123 (0.6882-1.834) 0.7019 06 (8.4) 0.8506 (0.3549-2.039) 0.8352
N. gonorrhoeae 39 (4.7) 24 (3.9) 15 (6.7) 1.713 (0.8827-3.325) 0.1372 06 (8.4) 2.162 (0.8548-5.468) 0.1229
M. genitalium 29 (3.5) 26 (4.2) 3 (1.3) 0.3163 (0.09477-1.055) 0.0529 01 (1.4) 0.3326 (0.04444-2.489) 0.5087
T. vaginallis 97 (11.6) 78 (12.7) 19 (8.5) 0.6677 (0.3952-1.128) 0.1430 08 (11.3) 0.8870 (0.4114-1.912) 0.8525
HSV-1 9 (1.1) 8 (1.3) 1 (0.4) 0.3426 (0.04259-2.756) 0.4579 00 (0.0) 0.5056 (0.2885-8.858) 1.0000
HSV-2 33 (3.9) 20 (3.3) 13 (5.8) 1.782 (0.8716-3.642) 0.1138 02 (2.8) 0.8648 (0.1979-3.778) 1.0000
T. pallidum 14 (1.7) 13 (2.1) 1 (0.4) 0.2109 (0.02741-1.622) 0.1296 00 (0.0) 0.3183 (0.01871-5.415) 0.3821
NILM, negative for intraepithelial lesion or malignancy; ≥ ASC-US, atypical glandular cells (AGC), squamous intraepithelial lesions (SIL) of low (LSIL) or high (HSIL) grade, and atypical 
squamous cells (ASC) of undetermined significance (ASC-US) or not possible exclude HSIL (ASC-H); RR (95% CI), crude odds ratio (relative risk) with 95% confidence interval; HPV-
DNA, human Papillomavirus deoxyribonucleic acid; HR-HPV, high-risk HPV; HSV, herpes simplex virus. non-HPV STDs: Chlamydia trachomatis, Neisseria gonorrhoeae, Mycoplasma 
genitalium, Trichomonas vaginalis, herpes simplex virus (HSV)-1, HSV-2 and Treponema pallidum. non-HPV STDs co-infections: infections with two or more non-STD pathogens in the 
same sample. P value < 0.05 was considered significant.
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and registered in the National Commission for 
Research Ethics (CONEP)/Health Ministry of 
Brazil (n° 489/2010 and n° 083/2011).

Table 1 outlines the baseline features of the 
study cohort. A total of 838 women were includ-
ed in the study with an age range from 18 to 68 
years and mean (SD) age was 40.3 ± 10.0 ye- 
ars.

Study procedures

Demographic and baseline characteristics we- 
re obtained through from the standard registra-
tion form for each woman. Cytological samples 
were obtained from women who were referred 
for colposcopy because of abnormal previous 
cytology findings, attended reference services 
(Zona Sul Clinic) and women without a history 
of cervical abnormalities on Papanicolaou (Pap) 
screenings who attended BHU for their cervical 
cancer screening consult.

Vaginal, cervical and endocervical samples we- 
re collected using an Ayre’s spatula and cyto-
brush for Pap smear collection. Samples for 
HPV and STDs DNA analyses were immediately 
suspended in 1.0 mL of a sterile 0.9% NaCl 
solution and frozen at -80°C until analysis.

Cytology and histopathology

Cytology was conducted without knowledge of 
HPV status at an accredited clinical laboratory 

(Clinical Cytology Laboratory of UEM), and the 
results are reported according to Bethesda 
System 2001 [22]. The following cytological 
findings were reported: negative for intraepithe-
lial lesion or malignancy (NILM); atypical glan-
dular cells (AGC); squamous intraepithelial 
lesions (SIL) of low (LSIL) or high (HSIL) grade; 
atypical squamous cells (ASC) of undetermined 
significance (ASC-US) or not possible exclude 
HSIL (ASC-H); and SCC. A threshold of ≥ ASC-US 
was used to define all abnormal cytological 
findings as a group. All cases of ASC-H, HSIL 
and SCC were analyzed using colposcopy and 
histology and properly treated and/or screened 
at follow-up. A panel of 3 pathologists blinded 
to all participants determined histology results.

HPV detection and genotyping

An AxyPrepTm Body Fluid Viral DNA/RNA Mini- 
prep Kit (Axygen, Union City, CA, USA) was used 
for DNA extraction according to the manufac-
turer’s instructions. The quality and quantity of 
purified DNA were measured using spectropho-
tometry (NanoDrop 2000 Spectrophotometer, 
Thermo Scientific, Wilmington, IL, USA).

A single-target PCR (sPCR) method has been in 
use for HPV detection in our laboratory for sev-
eral years, and it consists of HPV-PCR amplifi-
cation performed using primers MY09 (5’CG- 
TCCMAARGGAWACTGATC-3’) and MY11 (5’-GC- 
MCAGGGWCATAAYAATGG-3’). The reaction con-
sisted of 2.5 mM of each dNTP, 1 U of Taq DNA 
polymerase (Invitrogen, Carlsbad, CA), 0.6 mM 
of MgCl2, 25 mM of each primer and 50 ng of 
extracted DNA for a final volume of 15 μL. 
Co-amplification of the human β-globin gene 
was performed as an internal control using 
primers GH20 (5’-GAAGAGCCAAGGACAGGTAC- 
3’) and PC04 (5’-CAACTTCATCCACGTTCACC-3’) 
under the same conditions as the HPV-PCR. 
Two types of controls were also included in 
each reaction: ‘no-DNA’ (negative control) and 
‘HPV-positive DNA’ (positive control). PCR prod-
ucts were electrophoresed in 1.0% agarose gel, 
stained with 1.0 μg/mL ethidium bromide, and 
photodocumented under UV light.

HPV-positive samples were genotyped by PCR-
RFLP (Restriction Fragment Length Polymorp- 
hism) as described previously [23, 24]. For ini-
tial RFLP, ten microliters of each sample were 
digested in a final volume of 15 µL with the 
restriction enzyme HpyCH4V (New England 

Figure 2. Prevalence of HPV-DNA, HR-HPV and HPV-
16 by different abnormal cytological findings. Mul-
tiple infections were counted several times. HR-HPV, 
high-risk human Papillomavirus; ASC-US, atypical 
squamous cells of undetermined significance; ASC-
H, atypical squamous cells not possible exclude 
HSIL; LSIL, low grade squamous intraepithelial le-
sions; HSIL, high grade squamous intraepithelial le-
sions.
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Table 3. Rates and risk of HPV and non-HPV STDs co-infections in overall women included in the study and according to cytological findings

Cytological findings Cytological 
finding

Co-infections of non-HPV STDs and HPV Overall 
(N=838)

NILM 
(N=614)

≥ ASC-US 
(N=224) RR (95% CI) P HSIL (N=71) OR (95% CI) P

n (%) n (%) n (%) n (%)
C. trachomatis
    HPV-DNA 38 (4.5) 15 (2.4) 23 (10.3) 4.203 (2.154-8.200) < 0.0001 6 (8.4) 3.459 (1.300-9.202) 0.0197
    HR-HPV 28 (3.3) 9 (1.4) 19 (8.4) 5.787 (2.580-12.98) < 0.0001 6 (8.4) 5.765 (1.993-16.68) 0.0033
N. gonorrhoeae
    HPV-DNA 17 (2.0) 4 (0.6) 13 (5.8) 8.908 (2.874-27.61) < 0.0001 6 (8.4) 12.97 (3.574-47.08) 0.0002
    HR-HPV 15 (1.7) 3 (0.4) 12 (5.3) 10.96 (3.065-39.23) < 0.0001 6 (8.4) 17.30 (4.232-70.69) < 0.0001
M. genitalium
    HPV-DNA 6 (0.7) 3 (0.5) 3 (1.3) 2.741 (0.5490-13.69) 0.3515 1 (1.4) 2.883 (0.2957-28.10) 0.3576
    HR-HPV 6 (0.7) 3 (0.4) 3 (1.3) 2.741 (0.5490-13.69) 0.3515 1 (1.4) 2.883 (0.2957-28.10) 0.3576
T. vaginallis
    HPV-DNA 32 (3.8) 16 (2.6) 16 (7.1) 2.741 (1.348-5.574) 0.0075 8 (11.2) 4.324 (1.787-10.46) 0.0028
    HR-HPV 26 (3.1) 12 (1.9) 14 (6.2) 3.198 (1.457-7.020) 0.0058 8 (11.2) 5.765 (2.279-14.58) 0.0007
HSV-1 
    HPV-DNA 2 (0.2) 1 (0.1) 1 (0.4) 2.741 (0.1706-44.04) 0.4642 0 (0) 2.865 (0.1155-71.04) 1.0000
    HR-HPV 2 (0.2) 1 (0.1) 1 (0.4) 2.741 (0.1706-44.04) 0.4642 0 (0) 2.865 (0.1155-71.04) 1.0000
HSV-2 
    HPV-DNA 14 (1.7) 3 (0.4) 11 (4.9) 10.05 (2.778-36.37) < 0.0001 2 (2.8) 5.765 (0.9469-35.10) 0.0894
    HR-HPV 14 (1.6) 3 (0.4) 11 (4.9) 10.05 (2.778-36.37) < 0.0001 2 (2.8) 5.765 (0.9469-35.10) 0.0894
T. pallidum
    HPV-DNA 6 (0.7) 5 (0.8) 1 (0.4) 0.548 (0.0636-4.72) 1.0000 0 (0) 0.7813 (0.04273-14.29) 1.0000
    HR-HPV 6 (0.7) 5 (0.8) 1 (0.4) 0.548 (0.0636-4.72) 1.0000 0 (0) 0.7813 (0.04273-14.29) 1.0000
NILM, negative for intraepithelial lesion or malignancy; ≥ ASC-US, atypical glandular cells (AGC), squamous intraepithelial lesions (SIL) of low (LSIL) or high (HSIL) grade, and atypical 
squamous cells (ASC) of undetermined significance (ASC-US) or not possible exclude HSIL (ASC-H); RR (95% CI), crude odds ratio (relative risk) with 95% confidence interval; HPV-
DNA, human Papillomavirus deoxyribonucleic acid; HR-HPV, high-risk HPV; HSV, herpes simplex virus. non-HPV STDs: Chlamydia trachomatis, Neisseria gonorrhoeae, Mycoplasma 
genitalium, Trichomonas vaginalis, herpes simplex virus (HSV)-1, HSV-2 and Treponema pallidum. non-HPV STDs co-infections: infections with two or more non-STD pathogens in the 
same sample. P value < 0.05 was considered significant.
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Biolabs, Ipswich, MA, USA) according to the 
manufacturer’s instructions [23]. To better dis-
tinguish some HPV genotypes such as HPV 
11/30, 18/68, 44/55, and 61/83/84 which 
present similar RFLP patterns, was used the 
same protocol with a second enzyme NlaIII 
(New England Biolabs, Ipswich, MA, USA) [24]. 
Restriction fragments were resolved in 8% poly-
acrylamide gels. HPV genotypes were deter-
mined by analyzing each band with Labimage 
1D software (Loccus Biotechnology, São Paulo, 
Brazil), and comparison of the molecular wei- 
ghts for HPV genotypes determination. A total 
of 39 individual HPV-DNA genotypes (17 geno-
types considered to be either high-risk or po- 
tentially high-risk, 22 low-risk genotypes not 
associated with carcinogenesis, and 1 geno-
type with undetermined-risk for carcinogene-
sis) can be determined by PCR-RFLP method 
used as follows: high-risk (HR) (genotypes 16, 
18, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 
66, 68, 73 and 82); low-risk (LR) (6, 11, 30, 34, 
40, 42, 43, 44, 54, 55, 61, 62, 64, 67, 69, 70, 
72, 74, 81, 83, 84 and 91); and undetermined-
risk (UR) (26) (3, 23-25). Figure 1A shows the 
sPCR amplification fragments of positive sam-
ples for HPV using 8% polyacrylamide gel.

Non-HPV STDs detection using multiplex-PCR 
(M-PCR)

M-PCR assay was realized as described previ-
ously [19] for simultaneously detect: C. tracho-
matis, N. gonorrhoeae, M. genitalium, T. vagi-
nalis, HSV-1, HSV-2 and T. pallidum. Briefly, a 
reaction mixture consisted of 25 µL containing 
2.5 mm of each dNTP, 0.6 mm of MgCl2, 25 mm 
of each primer, 5 µL of extracted DNA (50 ng of 
total sample) and 1 U of Platinum Taq DNA poly-
merase (Invitrogen, Grand Island, NY, USA). The 
conditions were comprised of 35 amplification 
cycles of denaturation for 10 min at 94°C, 
annealing for 1 min at 62°C, extension for 1 
min at 72°C and final extension for 10 min at 
72°C (Thermal cycler, Biosystem, CA, USA). 
M-PCR products were electrophoresed in 8% 
polyacrylamide gel. Positive controls for all 
STDs studied were derived from positive clini-
cal samples that were detected using reference 
methods, including culture and/or sPCR. All 
clinical samples were also tested using human 
β-globin-specific primers GH20/PC04 as an 
internal control for amplification and DNA integ-
rity under the same conditions as the M-PCR 
reactions. Figure 1B shows the M-PCR amplifi-

cation fragments of positive samples in 8% 
polyacrylamide gel.

Statistical analysis

Different variables were evaluated for compari-
sons between normal cytology (NILM) and 
abnormal cytology (≥ ASC-US: all abnormal 
cytological findings) or HSIL (only HSIL findings) 
for analytical calculations. Two-sided Fisher’s 
exact test for 2 x 2 contingency table was used 
to evaluate the statistical significance between 
different groups. Crude odds ratios (RR-relative 
risk) with 95% confidence intervals (CI) were 
calculated to estimate the associations of HPV 
and non-HPV STD infections with different cer-
vical cytological findings. Variables that exhib-
ited statistical significance at the 0.2 level were 
included in the multivariate analysis using a 
logistic regression model adjusted by potential 
confounders. Statistical significance was de- 
fined as P < 0.05. All statistical analyses were 
performed using SAS 9.2 software (SAS 
Institute, Cary, NC, USA) and R-statistics 3.1.2 
software.

Results

Baseline features

A total of 614 (73.3%) women had NILM, and 
224 (26.7%) women exhibited the following 
abnormal cytology: 5 AGC (0.6%), 65 ASC-US 
(7.7%), 27 ASC-H (3.2%), 56 LSIL (6.7%), and 71 
HSIL (8.5%). Women with abnormal cytology 
were significantly younger (36.4 ± 10.0 years) 
than women with NILM cytology (41.3 ± 9.6 
years) (P=0.0001).

Women with HPV-DNA were 37.7 ± 10.3 years 
old, which was younger than negative women 
(41.2 ± 9.6 years; P < 0.0001). Women with 
HR-HPV were 37.7 ± 13.2 years old and young-
er than negative women (40.9 ± 11.7 years; 
P=0.0006). A similar trend occurred for women 
with HPV genotype co-infections who were 37.6 
± 12.4 years old and younger than negative 
women (40.4 ± 12.1 years; P=0.0300). How- 
ever, women with LR-HPV were 38.7 ± 12.4 
years old, which was similar to negative women 
(40.3 ± 12.1 years; P=0.2006).

HPV genotypes in the overall population and by 
cytology status

Overall population: The prevalence of HPV-DNA 
was 33.9% (n=284). A total of 39 HPV geno-
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types were detected: 17 HR-HPV, 21 LR-HPV 
and 1 UR-HPV. HPV-16 was the most prevalent 
in overall population and women with NILM or ≥ 
ASC-US cytology (n=95, 11.3%; n=14, 2.3%; 
and n=81, 36.2%, respectively) (Table 2). The 
HPV genotypes with the next highest preva-
lence were HPV-31 (n=28, 3.3%), HPV-66 
(n=26, 3.1%), HPV-58 (n=24, 2.6%) (all HR) and 
HPV-72 (n=20, 2.4%) (LR). The other genotypes 
exhibited a prevalence < 2%.

LR-HPV was detected in 13.4% (n=112) of the 
women studied, most of whom exhibited NILM 
cytology (n=63, 10.3%) (P=0003). UR-HPV was 
detected in 0.6% (n=5) of women, all with NILM. 
HPV genotype co-infections were detected in 
101 women (12.0%) (Table 2). Ninety-two 
(91.1%) of these women had two HPV geno-
types, and 9 (8.9%) women exhibited three HPV 
genotypes. HR-HPV was involved in a total of 
85.1% of HPV genotypes co-infections (n=86).

NILM cytology X ≥ ASC-US or HSIL cytology: 
HPV-72 was the second most-detected geno-
type in women with NILM cytology (n=12, 2.0%), 
followed by genotypes 31, 66, 61 and 67 (1.8%, 
1.6%, 1.3%, and 1.0%, respectively). The other 
genotypes exhibited a prevalence < 1%.

HPV 58 (n=19, 8.5%) was the second most 
common genotype in women with cytology ≥ 
ASC-US, followed by genotypes 31, 66, 33, 18 
and 72 (7.6%, 7.1%, 5.4%, 4.9%, 4.5%, and 
3.6%, respectively). The other genotypes exhib-
ited a prevalence < 3%.

By different abnormal cytological findings: 
Figure 2 shows the prevalence of HPV-DNA, 
HR-HPV and HPV-16 by different abnormal cyto-
logical findings. No cases of AGC were positive 
for HPV. HPV-DNA and HR-HPV were associated 
with ASC-H (P=0.0042 and P=0.0067, respec-
tively), LSIL and HSIL (P < 0.0001 for both), but 
not with ASC-US (P=0.0559 and P=0.5321, 
respectively). HPV-16 was associated with ASC-
US (P > 0.0382) and HSIL (P < 0.0001), but not 
with ASC-H (P=1.000) or LSIL (P=0.7817).

HPV and relative risk of abnormal cytology

Women with HPV-DNA exhibited an increased 
risk for ≥ ASC-US and HSIL cytology (relative 
risk: 4.966, 95% CI: 3.727-6.619, P < 0.0001, 
and relative risk: 6.079, 95% CI: 4.113-8.984, 
P < 0.0001, respectively). Similar trends were 

observed in women with multiple HPV infec-
tions (relative risk: 3.551, 95% CI: 2.328-5.416, 
P < 0.0001 for ≥ ASC-US, and relative risk: 
3.538, 95% CI: 1.940-6.453, P < 0.0001 for 
HSIL). The risk for abnormal cytology rose in 
women with HR-HPV for ≥ ASC-US and HSIL 
(relative risk: 6.811; 95% CI: 4.925-9.419, P < 
0.0001, and relative risk: 9.303; 95% CI: 6.139-
14.10, P < 0.0001, respectively). The greatest 
risk for abnormal cytology occurred in women 
with HPV-16 (relative risk: 15.86, 95% CI: 
8.811-28.54, P < 0.0001, for ≥ ASC-US, and 
relative risk: 27.18; 95% CI: 14.19-52.05, P < 
0.0001 for HSIL). Women with LR-HPV exhibit-
ed an increased risk of ≥ ASC-US cytology (rela-
tive risk: 2.132; 95% CI: 1.424-3.192, P=0.003) 
but not HSIL (Table 2).

Non-HPV STDs in the overall population and by 
cytology status

The prevalence of non-HPV STDs in the overall 
population was 30.4% (n=255), who exhibited 
1 (n=209, 82.0%) or more (n=47, 18.0%) patho-
gens. T. vaginalis was the most prevalent 
pathogen (11.6%) followed by C. trachomatis 
(10.3%), N. gonorrhoeae (4.7%), HSV-2 (3.9%), 
M. genitalium (3.5%), T. pallidum (1.7%), and 
HSV-1 (1.1%). Non-HPV STDs were detected in 
31.7% (n=91) of HPV-DNA-positive women. 
None of the non-HPV STDs was associated with 
NILM, ≥ ASC-US or HSIL cytology, which was 
similar to the overall population (Table 2).

Co-infections between HPV and non-HPV STDs 
and risk for abnormal cytology

Table 3 presents co-infections between HPV 
and non-HPV STDs and risk for abnormal cytol-
ogy. Co-infections C. trachomatis plus HPV-
DNA increased the risk for ≥ ASC-US cytology 
(relative risk: 4.203, 95% CI: 2.154-8.200, P < 
0.0001). Co-infections C. trachomatis plus 
HPV-HR showed a higher increased risk for ≥ 
ASC-US cytology (relative risk: 5.787, 95% CI: 
2.580-12.98, P < 0.0001) and HSIL (relative 
risk: 5.765, 95% CI: 1.993-16.68, P=0.0033).

Co-infections N. gonorrhoeae plus HPV-DNA 
increased the risk of ≥ ASC-US cytology (rela-
tive risk: 8.908; 95% CI: 2.874-27.61, P < 
0.0001) and HSIL (relative risk: 12.97, 95% CI: 
3.574-47.08, P=0.0002). Co-infections N. gon-
orrhoeae plus HPV-HR showed a higher 
increased risk of ≥ ASC-US cytology (relative 
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risk: 10.96, 95% CI: 3.065-39.23, P < 0.0001) 
and HSIL (relative risk: 17.30; 95% CI: 4.232-
70.69, P < 0.0001).

Co-infections T. vaginalis plus HPV-DNA incr- 
eased the risk of ≥ ASC-US cytology (relative 
risk: 2.741, 95% CI: 1.348-5.574, P=0.0075) 
and HSIL (relative risk: 4.324, 95% CI: 1.787-
10.46, P=0.0028). Co-infections T. vaginalis 
plus HPV-HR showed similar findings with HPV-
DNA, with an increased risk of ≥ ASC-US cytol-
ogy (relative risk: 3.198, 95% CI: 1.457-7.020, 
P=0058) and HSIL (relative risk: 5.765, 95% CI: 
2.279-14.58, P=0.0007).

Co-infections HSV-2 plus HPV-DNA and HR-HPV 
had the same increased risk of ≥ ASC-US cytol-
ogy (relative risk: 10.05, 95% CI: 2.778-36.37, 
P < 0.0001).

Discussion

This study investigated the rates of co-infec-
tions between HPV and other important sexual 
pathogens in different cytological cervical find-
ings using M-PCR assay to simultaneously 
detect C. trachomatis, N. gonorrhoeae, M. geni-
talium, T. vaginalis, HSV-1, HSV-2, and T. palli-
dum. Our main findings were a higher increased 
risk of ≥ ASC-US and mainly for HSIL in women 
with co-infections of HR-HPV and C. trachoma-
tis or N. gonorrhoeae, suggesting a possible 
synergistic action in cervical lesions progres-
sion. Meanwhile, we found that co-infections of 
HR-HPV with HSV-2 exhibited an increased risk 
of ≥ ASC-US cytology only, which suggests that 
the virus is necessary for the initial transforma-
tion of the cells but not for SCC progression. 
Additionally, co-infections of HR-HPV with T. 
vaginalis demonstrated a similar increased risk 
of ≥ ASC-US and HSIL suggesting that the agent 
was a common concomitant non-HPV STD in 
abnormal cytology, but not as a co-factor of 
HR-HPV in cervical lesions progression.

HPV is necessary, but not sufficient, to cause 
SCC, which supports the influence of additional 
factors in carcinogenesis associated with 
HR-HPV [1-5]. Our results are consistent with 
the hypothesis that non-HPV STDs exert a syn-
ergistic action with HR-HPV and act as co-fac-
tors in disease progression [4-6]. These find-
ings are very important because the 
identification of co-factors for HR-HPV may be 
useful for disease prevention [16] although cer-

vical screening offers some protection against 
SCC because of the early detection of premalig-
nant lesions [1, 2]. However, our results also 
suggest that differences exist in the potential 
to function as a co-factor for HR-HPV between 
different STDs agents what are discussed 
below.

The rates of HPV-DNA and HR-HPV and their 
association with abnormal cytology of different 
grades are consistent with several previous 
reports [1-5, 10, 12, 17]. The prevalence of HPV 
genotypes is also consistent with several previ-
ous reports [1-5, 10, 12, 17]. HPV-16 was the 
most prevalent pathogen in normal and abnor-
mal cytological findings, including HSIL. Similar 
trends were observed for the epidemiological 
characteristics of the women of our sample 
[2-6, 14, 17].

Epidemiological studies suggested that con-
comitant infections with pathogens that are 
also transmitted through sexual activity con-
tribute to an increased risk of SCC [6, 9-14]. 
Non-HPV STDs are commonly associated with 
changes in epithelial cells, which facilitate the 
entry of HPV virions and changes in the immu-
nological response pathways that may decrease 
the host’s ability to resolve HPV infection [11, 
13, 17]. Cervical inflammation (e.g., cervicitis) 
is associated with prolonged HPV infection [26] 
and dysplasia [27]. N. gonorrhoeae, C. tracho-
matis, HSV, T. vaginalis, and M. genitalium [28, 
29] may primarily cause infectious cervicitis.

Co-infections of HR-HPV and C. trachomatis 
exhibited a five times higher increased risk of 
HSIL in our study. These data are consistent 
with previous studies [12, 14, 19] and reinforce 
the hypothesis discussed below. C. trachoma-
tis is primarily a non-HPV STD studied as a co-
factor to HPV in cervical carcinogenesis [30]. C. 
trachomatis infection may increase the suscep-
tibility to HPV via the production of micro-abra-
sions or alterations in epithelial cells, which 
facilitates the entry of virions [13]. Some inves-
tigators proposed that concurrent C. trachoma-
tis infection reduced the host’s ability to resolve 
HPV infection. Chronic cervical inflammation 
influences HPV persistence via a raised pro-
duction of free radicals and reduction of host 
cell-mediated immunity [13, 31]. C. trachoma-
tis infection induces a shift in the immune 
response, and the unresolved infections are 
associated with the humoral (T helper cell type/
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Th2) immune response, but the cellular (Th1) 
immune response is important for the clear-
ance of HPV lesions. Therefore, modulation of 
the cervical immune response by C. trachoma-
tis may influence the clearance of HPV lesions 
[31]. We recently analyzed the state of matrix 
metalloproteinases (MMP-9) and its physiologi-
cal inhibitor, RECK protein (Reversion-inducing 
Cysteine-rich protein with Kazal motifs) axis in 
cervical carcinogenesis. MMPs are important 
enzymes in the tumor microenvironment that 
are associated with the progression of cervical 
lesions towards SCC. We found that an MMP-9/
RECK imbalance in cervical smears was signifi-
cantly associated with HSIL and infection by 
alpha-9 HPV and C. trachomatis. These data 
suggested that C. trachomatis induced MMP-9/
RECK imbalance during cervical inflammation, 
and this imbalance played a role in HPV-
mediated cervical carcinogenesis [12].

Notably, co-infection of HR-HPV and N. gonor-
rhoeae was the non-HPV STD studied that dem-
onstrated the greatest risk of ≥ ASC-US (rela-
tive risk: 10.96) and HSIL (relative risk: 17.3). 
Few studies investigated the feasibility of this 
bacterium as an HR-HPV co-factor in the pro-
gression of cervical lesions. Previous studies 
revealed no association between this bacteri-
um, HR-HPV and abnormal cytology [13, 32]. 
However, N. gonorrhoeae was detected using 
different methodologies (e.g., conventional 
microscopy and/or culture methods and PCR-
based methods), which may at least partially 
explain the differences with our results. The 
possibility that bacteria and HR-HPV act syner-
gistically to influence the progression of cervi-
cal lesions is plausible because this infection 
presents a greater incidence worldwide, and it 
causes cervicitis [28]. Therefore, the mecha-
nisms are similar to C. trachomatis for the per-
sistence and elimination of HPV. Our results 
highlight the need for further studies evaluating 
the real impact of the co-infection of HR-HPV 
and N. gonorrhoeae and the increased risk of 
cervical lesions of different grades.

Various studies of HSV-2 on viral load, serologi-
cal status and co-infection with HPV were per-
formed [16, 33, 34]. However, only a few stud-
ies explored the relationship between HSV-DNA 
and SCC using PCR-based methods, with vari-
able results [35, 36]. All cases of co-infection of 
HPV and HSV-2 in the present study occurred 

specifically with HR-HPV. Therefore, co-infec-
tion of HPV-DNA and HR-HPV with HSV-2 exhib-
ited a ten times higher increased risk of ≥ ASC-
US cytology, but no increased risk to HSIL was 
observed. These results support the “hit-and-
run” mechanism, which states that HSV-2 par-
ticipates in some initial phases of cervical car-
cinogenesis but does not require its retention. 
Therefore, HSV-2 is not detected consistently in 
all cervical biopsies of cervical lesions/SCC, 
which suggests that HSV is necessary for the 
initial transformation of cells but not for SCC 
progression [33, 37].

T. vaginalis was the most prevalent non-HPV 
STD detected in our study. Co-infections of 
HPV-DNA and HR-HPV with T. vaginalis demon-
strated a similar increased risk of ≥ ASC-US 
and HSIL. These findings are consistent with 
another recent study that suggested that T. 
vaginalis was a concomitant non-HPV STD in 
abnormal cytology, but it was not thought to be 
a co-factor of HR-HPV in cervical lesion pro-
gression to SCC [38].

Others non-HPV STD studied, including M. geni-
talium, HSV-1 and T. pallidum, were neither 
associated with HPV-DNA nor HR-HPV in differ-
ent cytological findings. The results of previous 
studies about the association of M. genitalium 
with HPV in samples with abnormal cytology 
are controversial [17, 39]. Therefore, the role of 
M. genitalium as a risk factor in cervical lesion 
progression has not been completely elucidat-
ed and requires further investigation. The few 
studies of co-infections between HPV and 
HSV-1 reported similar results to ours, demon-
strating that HSV-1 was not involved in SCC 
development [33]. However, our study is the 
first study, to our knowledge, to evaluate wheth-
er T. pallidum was related to HPV in cervical dis-
ease. We found no associations, but that real 
influence as a co-factor still not clear.

The present study had no data on the history of 
HPV and STD infections in the women prior to 
enrollment in the study or in the follow-up, 
which limits our interpretations of the influence 
on HPV persistence. Other non-HPV STD patho-
gens were not included in the study, and we 
cannot extend our results to all non-HPV STDs. 
It is important to note that our study did not aim 
to assess the carcinogenicity mechanisms of 
the synergistic action between HR-HPV and 
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non-HPV STDs, but to assess the possible 
occurrence of this synergistic action.

In conclusion, this study provided an opportu-
nity to determine the rates of co-infection 
between HPV and other important STDs in dif-
ferent cytological cervical findings using an 
M-PCR assay to detect simultaneously patho-
gens. C. trachomatis and N. gonorrhoeae were 
the primary pathogens associated with HR-HPV 
for the increased risk for all grades of cervical 
abnormalities, mainly for HSIL, suggesting a 
possible synergistic action in cervical lesions 
progression. Our results reinforce the hypothe-
sis that some non-HPV STDs might play a role 
as co-factors in HPV-mediated cervical carcino-
genesis. These data improve our understand-
ing of the etiology of SCC and may also be use-
ful for disease prevention.
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