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High risk-human papillomavirus (HR-HPV) is knowrlie a major cause of cervical cancer, and coinfedti sexually
transmitted pathogen (STP) has been reported $e gaursistent HPV infection. However, the relatigmbetween HPV
and STP coinfection remains unclear. The purposki®ttudy was to analyze the coinfection raté Bit P in high-risk
human papillomavirus infected women in Busan arebliect basic data for the prevention of cendiesions. This study
was carried out in 355 women who had concurrent HRYSTP screening at Busan local hospital betdeemary 2016
and December 2017. HPV and STP coinfection waslifouh87 (52.7%) out of 355 cases. HR-HPV and SJiffexction
was 82.9% higher than LR-HPV and STP coinfectiah&%. In HR-HPV infectionUreaplasmaspecies was the most
common pathogen (47.1%), followed By trachomatig21.9%) andVlycoplasmaspecies (12.3%). In the analysis of
HR-HPV genotype according to STP, HPV 16 (12.0%8 the most frequent, followed by HPV 58 (11.6%) V-89
(11.1%) and HPV 52 (10.2%), but HPV 18 showed adoimfection rate of 1.3%. According to the resaftage, HR-
HPV and STP coinfection rate was the highest &4kmong women aged 18 to 29. HR-HPV dnehplasmaspecies
showed the highest coinfection rates at all agdlewfed byC. trachomatisand Mycoplasmaspecies. Further studies
with more samples will be needed to determinedfdbinfection of HR-HPV and STPs is involved in dexelopment

of cervical tumors through histologic changes.
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INTRODUCTION

Human papillomavirus (HPV) types are classifiethigh
risk groups or low risk groups based on their dation
with carcinogenic potential and cervical cancen/higtated
carcinogenesis depends on different factors sudhighs
risk-human papillomavirus (HR-HPV) infection, virpsr-
sistence, sustained viral oncogene expressiohjodé and

viral genome integration (zur Hausen, 2009). Intamidto
identifying HPV as the main etiological agent, iddal risk
factors such as use of oral contraceptives, smpliady
onset of sexual activity, multiple partners andoalw in-
flammation due to coinfection with other microorigans,
have been strongly associated with cervical legiogres-
sion (Castellsagué et al., 2002). Recently, HPVsaxdally
transmitted pathogen (STP) coinfection have begorted
as another cause of persistent HPV infection iklateer-
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vical intraepithelial neoplasia. In particul@hlamydiaspp.,
Ureaplasmaspp.,Mycoplasmaspp., and HPV coinfection
have been reported to be associated with the gevelat
of cervical tumors (Bellaminutti et al., 2014; Casripndo
et al., 2016; Zhang et al., 2017; Kim et al., 20E&hough
the mechanisms of HPV and STP coinfection in catvic
carcinogenesis have not been elucidated yet, $etedies
have reported high rates of co-infection of HPVhwit
trachomatis M. hominis andU. urealyticum(Markowska
et al., 2002; Camporiondo et al., 2016; Liu et 2016).
Therefore, it is time to continuously observe holRMHand
STP coinfection causes changes in cervical epitineli
Sex-mediated infection is highly prevalent in sdiyua
active women and is presumed to be associatedHiH
infection, as it targets ciliated epithelial calistransitional
epithelial cells. It is known that high rates ofP3Tin women
with HPV infection are due to HPV-related factousts as
changes in the immune system of the host or promaoti
STPs due to inflammatory reactions (Liu et al.,&@hang
et al., 2017). Other studies, STPs have been ezhad a
modulator of continued development of HR-HPV irifact
(Silins et al., 2005; Samoff et al., 2005). Howetles patho-
genesis of HPV and STP coinfection in cervical feoa
has not been elucidated, there is a lack of resemta on
HPV and STP coinfection in Korea. Recently thedaoce
of STPs infection and the prevalence of HR-HPViare
creasing at the same time, so early detection eavebition
of HR-HPV and STP coinfection may be a way to lother
incidence of cervical neoplasia. Therefore, theppse of
this study was to analyze the coinfection rate \8iltP in
high-risk human papillomavirus infected women irsBu
and to collect basic data for the prevention o¥icatlesions.

MATERIALS AND METHODS
Study population

This study was performed from January 2016 to Dbeem
2017. The results of HPV and STP tests which were p
formed simultaneously, on 355 women who visiteddhel
hospital in Busan, were analyzed. The age of thexginen
ranged from 18 to 85 years. Ethical approval waasiogd
from the Institutional Ethics Committee of the Gdith

University of Pusan (CUPIRB 2018-01-004). Cervgaah-
ples were collected using a cervical swab in 2 fmphwos-
phate buffered saline (PBS) (Noble Bio, Hwaseouagitts
Korea) for detection of HPV and STPs.

Genomic DNA extraction

Genomic DNA extraction was performed from the @aivi
swab samples by using the QlAamp DNA kit (QIAGEN
Inc., Chatsworth, CA, USA) according to the maniufias's
instructions. In brief, 2QiL of proteinase K solution was
added to each 1.5 mL tube. And then, 2D@f sample and
200 uL of AL buffer were added to each tube and briefly
vortexed. Each tube was then incubated &t 56r 10 min.
These were quickly spun down and 2000f EtOH was
added and briefly vortexed. Again, they were byisfbun
down, and total lysate was transferred to a QIARtmEIute
column (Qiagen) and centrifuged at 6,08Q for 1 min.
Flow through was removed, and 5000f AW1 buffer was
added and centrifuged at 6,00Q) for 1 min. After being
centrifuged, the flow through was removed and p0©f
AW?2 buffer was added. Then, the samples were tayed
at 6,000<g for 1 min. To dry the column membrane com-
pletely, the columns were centrifuged at 20,008 Each
column was then transferred to a new tube, antti/figa uL
of AE buffer was added to extract gDNA. The colunwese
incubated at room temperature for 1 min and thertriee
fuged at 6,000<g for 1 min.

Detection of Human papillomavirus genotypes

HPV genotyping was performed by the Omniplex-HPV
test (GeneMatrix Inc., Seongnam, Korea) that samatbusly
analyzes 40 HPV genotypes (15 HR-HPV types includin
HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 5868973, 82
and 4 probable HR-HPV types including HPV 26, 33, 6
and 69 as well as 21 LR-HPV types including HP\L B,
30, 32, 40, 42, 43, 44, 54, 55, 61, 62, 67, 7072174, 81,
83, 84 and 87) using the liquid bead microarrayMi43
method and polymerase chain reaction (PCR) folloyed
Luminex MAP® technology in HPV DNA extracted from
cervical swab samples. Omniplex-HPV testing (GerigiMa
Inc.) was performed according to the manufactuier's
structions. Briefly, Omniplex-HPV uses HPV-specdigo-
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nucleotides for multiplex PCR with a sample quatiytrol

targeting theB-globin gene. HPV L1 genes were amplified

by using a single-closed tube nested-PCR. Two dexat
tion steps (2 min at 50 and 15 min at 9%) are followed
by 60 cycles of an amplification step; 10 cyclesagbre-
amplification step (30 sec for denaturation at’'930 sec
for annealing at 55, 60 sec for elongation at 729 and
50 cycles of the amplification step (30 sec foraderation
at 95C, 60 sec for annealing at 40 30 sec for elongation
at 72C) as well as a final elongation step of 10 min2€7
Hybridization of amplified PCR products and beadsb-
bilized with probes specific for each of the 40 H§&ho-
types was then performed. A polystyrene magnetid béth

a diameter of 6.5 micrometers was internally dyeth w
various ratios of two spectrally distinct fluorope®to detect
various kinds types of genotypes. After hybridaatibeads
are individually identified using a specialized @ewvithin
the MAGPIX® system (Luminex Corp., Austin, TX, USA).
If the value of MFI (Mean Fluorescence Intensit/LDO
or more, test results are judged to be positive.

Detection of sexually transmitted pathogens

The uterine cervical specimens were examined mgusi

the ISD STD 12 AES TYPING KIT (DIOGENE Co.
Seongnam, South Korea) that identify the 12 spegies
causative organism including.(pallidum M. genitalium
Neisseria gonorrhoead). pavum M. hominis U. urealy-
ticum Gardenerella vaginalisC. trachomatisTrichomonas
vaginalis HSV |, HSV Il, andCandida albicang Cell col-
lection for gDNA extraction requires taking 0.5 wiLspeci-
men and transferring it to a 1.5 mL tube and cieigiirig at

1,000 Xg for 5 min. For gDNA extraction, the supernatant
is removed completely. 150 was added to loosen the cell

pellet and samples were boiled for 10 mins at@0&n a
heat block. After incubation at room temperatune, $am-
ples were centrifuged at 12,500g for 5 min. The super-
natants were transferred to a new 1.5 mL tuber Af@R
reaction, the PCR products were electrophoresileify
the target specific bands. At this time, when astiene
expression occurs in each band, regardless ofTibetype,
whether positive or negative, the value of thermaiecontrol
test should be at least 2.0 ng/mL.

RESULTS

Prevalence of coinfection with HPV and STPs

Among 355 cases, HPV and STP coinfection congtitute

187 cases (52.7%), which was higher than the 16&sca
(47.3%) that were STP negative while being positore
HPV. HPV and STP coinfections were higher in the HR/
group (155/187, 82.9%) than in the LR-HPV group182,
17.1%). According to frequency, coinfection of HRYA
and STPs occurred in the following orddreaplasmaspp.
(73/155, 47.1%)C. trachomatis(34/155, 21.9%)Myco-
plasmaspp. (19/155, 12.3%5. vaginalis(17/155, 11.0%),
HSV Il (5/155, 3.2%)T. vaginalis(3/155, 1.9%)N. gono-
rrhoeae(2/155, 1.3%) an€andida albican$2/155, 1.3%)

Table 1.Prevalence of coinfection with HPV and STP

Total  HR-HPV LR-HPV
Coinfections N=355  N=155 N=32

(%) (%) (%)

168
HPV (+)/ STP ) (47.3) - )
HPV (+)/ STP (+) (é'g 77)
Chlamydia trachomatis (23149) (934)
Ureaplasma urealyticum (36807) (22 0)
Ureaplasma pavum (é i) (12 8)
Mycoplasma genitaliu (598) -
Mycoplasma homin (é %) (1;1 5)
Gardenerella vaginalis (11170) (22 0)
Neisseria gonorrhoe: (123) -
Treponema pallidum - -
Trichonomas vaginalis (139) -
Herpes simplex virus | B (311)
Herpes simplex virug (3.2) (3.1
Candida albicans (1.3) (3.1)
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(Table 1). (40.7%) were co-infected witbreaplasmaspp., followed
by 7 cases (25.9%) with. trachomatisand 4 cases (14.8%)
with G. vaginaliscoinfection. HPV 58, 39, 52 and 53 were
the most common coinfection bfreaplasmaspp., followed

HPV genotypes were analyzed for a total of 225s;ase by C. trachomati@ndMycoplasmaspecies (Table 2, Fig. 1).
including single and multiple infections. In theafsis of

Coinfection rates with STPs according to HR-HPV
genotypes

Positive rate of HR-HPV and STPs coinfection by age
group

coinfection rates with STPs according to HR-HPVaen

types, HPV 16 (27/225, 12.0%) was the most frequelnt

lowed by HPV 58 (26/225, 11.6%), HPV 39 (25/2251%), Comparing coinfection of HPV and STPs according to

HPV 52 (23/225, 10.2%), HPV 53 (22/225, 9.8%) HP®V 5 age, the rate was found to be the highest amoisg tt® to

(18/225, 8.0%), HPV 56 (16/225, 7.1%), HPV 51 (252 29 years of age (65/155, 41.9%), followed by 38%gears

6.7%), HPV 68 (14/225, 6.2%), and HPV 66 (11/22%/8),  (49/155, 31.6%), 40 to 49 years (26/155, 16.8%)0589

but HPV 18 showed a low coinfection rate of 1.392%8)  years (15/155, 9.7%). So, coinfection rates of HRY STP

(Table 2). have decreased with age (Table 3). HR-HPV dneb-
Among the 27 cases of HPV type 16 infection, 1kegas plasmaspecies showed the highest coinfection rated at al

Table 2.Prevalence of coinfection with STP according toHIRV genotypes

Genotypes Co’i\?f(%/g;ion STPs -
CT 0]V} UP MG MH GV NG TP TV HSVI HSVIlI Candida
HR-HPV 16 27 (12.0) 7 10 1 - 3 4 1 - - - 1 -
18 3(1.3) 1 1 - - - - - - - - 1 -
26 - - - - - - - - - - - - -
31 5(2.2) 1 4 - - - - - - - - - -
33 3(1.3) 1 2 - - - - - - - - - -
35 5(2.2) 2 2 - - - 1 - - - - - -
39 25(11.1) 9 9 1 1 2 2 - - 1 - - -
45 2(0.9) 1 1 - - - - - - - - - -
51 15 (6.7) 6 5 1 1 1 1 - - - - - -
52 23(10.2) 6 8 3 1 2 2 - - - - 1 -
53 22 (9.8) 4 7 2 3 2 2 - - 1 - - 1
56 16 (7.1) 3 6 - 1 3 1 1 - 1 - - -
58 26 (11.6) 5 12 3 4 - 2 - - - - - -
59 18 (8.0) 3 4 2 1 3 - - 1 - 1 1
66 11 (4.9) 2 1 - - - - - 1
68 14 (6.2) 1 2 2 1 2 3 1 - 1 - 1 -
69 - - - - - - - - - - - - -
70 9 (4.0) - 9 - - - - - - - - - -
73 - - - - - - - - - - - - -
82 1(0.4) - - 1 - - - - - - - - -
Total 225 (100) 52 86 17 15 17 22 3 0 5 0 5 3

CT: Chlamydia trachomatjsUU: Ureaplasma urealyticumUP: Ureaplama pavumMG: Mycoplasma genitaliumViH: Mycoplasm
hominis GV: Gardenerella vaginalidNG; Neisseria gonorrhoead P: Treponema pallidugiV: Trichonomas vaginalj$iSV I: Herpe
simplex virus I, HSV II: Herpes simplex virus lla@dida:Candida albicansSTP: Sexually transmitted pathogen
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Fig. 1. Distribution of STPs according to HR-HPV genotypesAmong the 27 cases &PV type 16 infection, 11 cases (40.7%) \
coinfected withUreaplasmaspp., followed by 7 cases (25.9%) wth trachomatisand 4 cases (14.8%) wi€h vaginaliscoinfection
HPV 58, 39, 52 and 53 were the most common coinfecf Ureaplasmaspp., followed byC. trachomatisandMycoplasmaspp.

Table 3. Positive rate of HR4PV and STP coinfection by & ages, followed byC. trachomatisandMycoplasmaspecies

grotp (Fig. 2).

HR-HPV
Total

STP N=155 18~29y 30~39y 40~49y 50~59y
N=65 N=49 N=26 N=15

DISCUSSION

CT 34 16 13 2 3
uu 60 20 23 12 5
up 13 5 2 5 1
MG 9 4 4 1 -
MH 10 5 2 - 3
GV 17 8 3 4 2
NG 2 1 - - 1
TP 0 - - - -
TV 3 1 1 1 -
HSV | 0 - - - -
HSV I 5 3 1 1 -
Candida 2 2 - - -

STPs are an important cause of morbidity among sex-
ually active women. HPV infection is one of the ino®-
valent STPs among women aged under 35 years wdddwi
(Parthenis et al., 2018), and is a major causesnfical
cancer. The development of cervical lesions depends
infection by HR-HPV genotypes, such as HPV 16 aR¥H
18. Persistent HR-HPV infection has been causabpa-
ated with cervical intraepithelial neoplasia/squasmtra-
epithelial lesions (CIN/SIL) and invasive cervicatcinomas
(zur Hausen, 2002). Although these HR-HPV infectiare
naturally overcome by 90% of patients within 1 tge2rs,

CT: Chlamydia trachomatjsUU: Ureaplasma urealyticumuUP

Ureaplasma pavumMG: Mycoplasma genitaliumMH: Myco- women with persistent infection have a 100-foldatge

plasma homin, GV: Gardenerella vaginalisNG; Neisseria gono-
rrhoeae TP: Treponema pallidumTV: Trichonomas vaginaljs

CandidaCandida albicans

chance of developing cervical dysplasia, a preicarv
HSV I: Herpes simplex virus 1, HSV II: Herpes simplirus2,  cancer stage, than normal women. HR-HPV overexgsess
E6 and E7 viral oncogenes and inhibits tumor siggore

genes p53 and pRb, causing transient proliferafi@bnor-
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mal cells, leading to cervical cancer (Scheffnex.etl990;
Werness et al., 1990).

Cervical carcinogenesis is not facilitated by HRféc-
tion alone: It is also associated with environmigfiaietors,
such as, long-term use of oral contraceptives (Mpet al.,

Fig. 2. Distribution of HR-HPV and Ureaplasma
spp., C. trachomatis and Mycoplasma spp. Co-
infection by age group; HR-HPV and STP- co
infection rate was the highest at women age

to 29. HR-HPV andUreaplasmaspecies show
the highest coinfection rates at all ages, follc
by C. trachomatisandMycoplasmaspecies.

50~59 y

187, 17.1%). In HR-HPV infectiotreaplasmaspp. was
the most common pathogen (73/155, 47.1%), folloted
C. trachomatig(34/155, 21.9%) anilycoplasmaspecies
(19/155, 12.3%). Kim et al. (2016) reported thatititidence
of HR-HPV was 1.47 times higher when positive faiPS

2002), smoking (Plummer et al., 2003), human imrauno infection than negative. In a large study of 1,2i&ried

deficiency virus (HIV) infection (Ahdieh et al., @D), and
sexually trans mitted pathogens (STPs) other tHvi &hd
HIV (Schmauz et al., 1989). STPs are a cause wfusatis-
eases such as chronic PID, infertility and ectppggnancy,
and has also been reported as a factor involviigt idevel-
opment of cervical cancer (Ljubin-Sternak and Mestr,
2014). STP infection may function as an entrywbgwing
the access of HPV to the basal epithelium layem(Saet
al., 2005; Paba et al., 2008; Paavonen, 2012)c&Tihduce
chronic inflammation, cervical hypertrophy (Markdwaset
al., 1999; Markowska et al., 2002) and squamouaptasia,
as metaplastic cells are a potential target forHiR¥ patho-
gen (Paavonen et al., 2012). Continued infectidh tWR-
HPV by STP infection, especiallylycoplasmaspp.,C.
trachomatis andU. urealyticumincreases the risk of cervical
cell degeneration (Silins et al., 2005; Samoff.eRa05).
Other studies have shown an increased incidence
MycoplasmaspeciesC. trachomatis andU. urealyticum
infection during HPV infection (Van Der Pol, 2014)
addition, it has been reported the STP infectiom isahigh
in HR-HPV infection. In this study, the positivéeaf STP

women in ChinalJ. urealyticumwas the most frequently
identified pathogen, present in 35.5% of the woreea
mined (Zhang et al., 2017). In Mexico, the HPV ahda-
plasma species coinfection rate was 57.7% higher than
other STPs (Magana-Contreras et al., 2015). Thexdfas
necessary to follow up the cervical epithelial demndue to
HPV and STP coinfection includindreaplasmaspecies.
Recently, mortality from cervical cancer has dexdin
significantly, but the rate of HPV infection in yagiwomen
has increased sharply (Zhang et al., 2017). Inshidy,
comparing coinfection of HPV and STPs accordingge,
the rate was found to be the highest among those 28
years of age (65/155, 41.9%), followed by 30 toy88rs
(49/155, 31.6%), 40 to 49 years (26/155, 16.8%}0580
years (15/155, 9.7%). So, coinfection rates of HRY STP
have decreased with age. These results suggedtigfmat
dfiR-HPV and STP coinfection rates in young women may
be a risk factor for chronic cervical disease201{) reported
that HPV and STP coinfection was associated withicad
neoplasia. Ekiel et al. (2009) reported tbaturealyticum
is more common in women with HR-HPV infection and

was 52.7% and the negative rate was 47.3% when HPdccurred more frequently in women with squamousint

positive. HPV and STP coinfections were higheheHR-
HPV group (155/187, 82.9%) than in the LR-HPV gr(®2/

epithelial lesions. In the future, it is necessanpbserve
continuously whether STP infection causes HR-HPW pe
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sistent infection and causes cervical lesions.

Gynaecol Obstet. 2017. 1: 1-3.

In conclusion, HR-HPV and STP coinfection was highe Kim HS, Kim TJ, Lee IH, Hong SR. Associations betwesex-

in young women aged 18 to 39 years. In particalan-
tinuous monitoring is necessary to prevent thedante of
cervical cancer in patients with coinfection of HRV and
Ureaplasmaspp., C. trachomatis Mycoplasmaspecies.
Future studies with more specimens will be needdthd
the exact association regarding HR-HPV and ST Feion.
In addition, an experiment to analyze the effectedvical
cancer on the development of cervical tumors shbeld
added through a study that contrasts histologidtseg-inally,
reducing women's HPV and STP infection rates oataut
to reduce the incidence of cervical neoplasia.
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