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In this study, we aimed to develop a cost-effective, practical, and sensitivemethod to be used for the diagnosis of
HPV infections. The presence of HPV-DNA was investigated in cervical smear samples using three different
methods: MY09/11 consensus PCR, TaqMan-based type-specific real-time PCR, and SYBR Green-basedmultiplex
PCR. Of the 315 samples, 21.6% (68/315) were HPV-DNA positive by using at least one of the three methods. The
relative sensitivities ofMY09/11 PCR, type-specific PCR, andmultiplex PCRwere found to be 86.8% (59/68), 91.2%
(62/68), and 91.2% (62/68), respectively. Genotyping analyseswere successfully carried out in 62 of 68HPV-DNA
positive samples, and 77 isolates (8 low-risk and 69 high-risk HPV) were identified, while six samples were de-
termined to be positive by consensus PCR only and could not be genotyped. The type distribution of the 69 high-
risk HPV strains was as follows: 37.7% HPV 16, 13.0% HPV 52, 11.6% HPV 58, 7.2% HPV 18, 7.2% HPV 31, 7.2% HPV
68, 4.3%HPV 35, 4.3%HPV 39, 4.3%HPV 82, 1.4%HPV 33, and 1.4% HPV 45. Our data suggests that the diagnosis of
HPV infections using only consensus PCRmay lead to epidemiologically significant data loss, and that our multi-
plex PCR is more sensitive than consensus PCR and lower in cost than the type-specific PCR. We believe that the
SYBR Green-based multiplex PCR may be useful and cost-effective for other microbiological fields. In addition,
type-specific screening of HPV-DNA gives more reliable results, but itmay also be used in combination with con-
sensus PCR if the type spectrum of the test is not large enough.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Human papillomaviruses (HPVs) belonging to the papillomaviridae
family are non-enveloped viruses that are comprised of a double-
stranded circular DNA within an icosahedral capsid (Jo and Kim, 2005;
Lambert and Collins, 2008). To date, more than 200 HPV genotypes
have been identified, and more than forty of these have been shown
to cause anogenital infections in humans (Psyrri and DiMaio, 2008;
zur Hausen, 1996). A sub-group of HPVs which are associated with pre-
cancerous or cancerous lesions have been described as “high-risk”HPVs
(Muñoz et al., 2003). Cervical cancer and other anogenital cancers may
occur in a small percentage of people infected with high-risk HPVs,
many years after the onset of infection (Psyrri and DiMaio, 2008). Cervi-
cal cancer is the second most frequently occurring cancer worldwide,
and one of the ten most common cancers in Turkey (Ferlay et al.,

2004). Screening programs that include Pap smears and HPV-DNA test-
ing are very important for cervical cancer prevention, because this can-
cer is a serious but treatable disease (Psyrri and DiMaio, 2008).

HPV infection is mainly diagnosed using molecular methods based
on the detection of viral DNA in tissue biopsies or exfoliated cells at
the site of infection, because HPV cannot be grown in conventional cell
cultures, and serological assays have only limited accuracy (Gravitt and
Viscidi, 2004; Molijn et al., 2005; Mothershed and Whitney, 2006).
Hybridization-based methods (e.g., filter in situ hybridization, southern
blotting, and dot blot hybridization) and conventional PCR tests have
been used for this purpose in the past (Gravitt and Viscidi, 2004).
Today, numerous diagnostic techniques with increased sensitivity and
specificity have been developed for the detection and/or genotyping of
HPV in clinical samples. The most widely used of these methods can be
grouped into three categories: signal amplification-based systems
(Molijn et al., 2005; Stillman et al., 2009), real-time PCR-based methods
that are based on target amplification byusing consensus or type-specific
primers (Depuydt et al., 2007; Gravitt and Viscidi, 2004; Sahiner et al.,
2012), and different techniques for the detection and analysis of PCR
products (Gravitt et al., 2000; Kleter et al., 1999; Qi et al., 2007; Shen-
Gunther and Rebeles, 2013; Takács et al., 2008).

The consensus PCR assays (MY09/11, GP5+/6+, PGMY09/11, and
SPF-10) have been widely used throughout the world due to their
cost-effectiveness and ease of application. MY09/11 PCR is one of the
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most commonly used consensus PCRmethods, and it targets a consen-
sus region (approximately 450 bp lengths) of theHPV L1 gene (Depuydt
et al., 2007). This method is considered to detect over 40 different gen-
ital HPV types (Gravitt and Viscidi, 2004). The type-specific real-time
PCR assays are another diagnostic technique commonly used
(Depuydt et al., 2007; Sahiner et al., 2012). These methods are highly
sensitive and able to detect, quantify, and genotype HPV-DNA; howev-
er, carrying out type-specific PCR on all samples for each HPV genotype
may be difficult and costly, because a large number of different HPV
types can cause genital infections. The complexity of HPV detection
and typing leads to the development of multiplex PCR to detect various
HPV types in one PCR reaction (Poljak and Kocjan, 2010; Takács et al.,
2008). SYBR Green-based PCR was used for the detection and quantifi-
cation of nucleic acid targets, and have been adapted for use in multi-
plex real-time PCR protocols (O'Mahony and Hill, 2002; Pérez et al.,
2012; Varga and James, 2005). This method works on the principle of
measuringfluorescence signals that are generated following the binding
of SYBRGreen to PCR products. The specificity of fluorescence signal can
be determined melting curve analysis, which is dependent upon the
length and the G-C content of the amplicons (O'Mahony and Hill,
2002). Although numerous SYBR Green-based real-time PCR protocols
have been described to date, SYBR Green-based duplex (De Crignis
et al., 2010; Gibellini et al., 2006; Jothikumar et al., 2003) andmultiplex
PCR methods (Guion et al., 2008; Pérez et al., 2012; Varga and James,
2005) were described only in a few studies. In this study, we aimed to
develop and optimise a cost-effective, practical, and sensitive real time
PCR assay based on multiplex SYBR Green detection for the diagnosis
and follow-up of HPV infections, and screening associated lesions.

2. Materials and methods

2.1. Study subjects

This study was conducted after approval from the local ethical com-
mittee (Gulhane Military Medical Academy, Ankara, Turkey; Decision
number: 1491-61-11/1539-1535). Cervical smear sampleswere obtain-
ed from 315 women during routine gynecological examinations, after
informed consentwas obtained from the study subjects. Repeat samples
from the same patients were excluded from the study.

2.2. DNA extraction

HPV-DNA was extracted from smear samples using the standard
phenol-chloroform-isoamyl alcohol method (Sambrook et al., 1989).
Briefly, cervical smear samples were suspended in 500 μl of TE buffer
(10 mM Trishydrochloride, 1 mM EDTA, pH 8), and homogenized by
vigorous mixing on a vortex. A 100 μl of mixed specimen was placed
in 10 μl of protease solution (65 mg/ml) (Sigma–Aldrich Corp, St.
Louis, MO, USA) and 250 μl of K buffer for 60 min at 45 °C. Following
centrifugation at 10,000 g for 10 min at 12 °C, DNA was extracted
from the supernatant using a mixture of 250 μl alkali phenol and
250 μl chloroform-isoamyl alcohol (24: 1), and then precipitated using
500 μl isopropyl alcohol. DNA was washed in 75% ethyl alcohol at
10,000 g for 5 min at 4 °C, air-dried at 37 °C, and dissolved in 100 μl dis-
tilled water.

2.3. Real time PCR analyses

All smear samples were tested using three different real time PCR
assays: MY09/11 consensus PCR, TaqMan-based type-specific real-
time PCR, and SYBR Green-based multiplex PCR. All PCR processing
and analyses were performed using an ABI Prism 7500 Sequence Detec-
tion system (Applied Biosystems, USA).

2.3.1. MY09/11 Consensus PCR
All sampleswere tested by a previously described SYBRGreen-based

real-time PCR method using MY09/11 primers (Bauer et al., 1992)
(MY09: 5′-cgtccmarrggawactgatc-3′) (MY11: 5′-gcmcagggwcataay
aatgg-3′). After the completion of 40 PCR cycles, the melting-curve
data were obtained by continuous fluorescence acquisition from 55 to
95 °C,with a thermal transition rate of 0.1°C/s. Themelting temperature
of theMY09/11 products was determined to be 82 ± 1.5 °C using opti-
mization studies.

2.3.2. TaqMan-based type-specific real-time PCR
All sampleswere tested in separate tubes for each genotype, regard-

less of consensus PCR results. PCR analyseswere performed by using the
type-specific primers and TaqMan probes that were designed from the
L1, E6, and E7 genes of 16 different HPVs (HPV types 6, 11, 16, 18, 31,
33, 35, 39, 45, 52, 53, 66, 58, 59, 68, and 82) (Table 1). The reactionmix-
ture was prepared as follows: 1.25 U Hot Start Taq DNA polymerase
(Bioron, Germany), 10 pmol of each primer, 2.5 pmol TaqMan probe,
0.2 mM dNTPmix, and 2.5 mMMgCl2. PCR amplifications were carried
out after the addition of 5 μl of the sample containing template DNA in a
final volume of 25 μL of the PCR reaction mixture. The amplification
conditions were as follows: initial denaturation for 10 min at 95 °C,
followed by 40 amplification cycles of 15 s each at 95 °C and 1 min at
60 °C (annealing-extension step) (Kubar et al., 2004). The primers and
probes were designed by using the OligoYap 4.0 software program
(Yapar et al., 2005), and confirmed by using a new software program
(OligoBee 1.0) that was developed in our laboratory for molecular biol-
ogy research. All primer and probe sequences were analyzed with the
GenBank BLAST database for specificity, and were synthesized by
MWG-Biotech (Ebersberg, Germany). The TaqMan probes were labeled
with fluorescent reporter dyes (FAM: 6-carboxy fluorescein and JOE: 6-
carboxy-4′,5′-dichloro-2′,7′-dimethoxy-fluorescein) at the 5′ end, and
with black hole quencher (BHQ) as the non-fluorescent quencher at
the 3′ end. The human glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) gene was used as an internal control, and the PCR mixture
without template DNA was used as a negative control. HPV isolates
used as a positive control were originated from the strains of our labo-
ratory. Firstly, genomic DNAs extracted from clinical samples were am-
plified using type-specific primers, and then these amplicons were
sequenced in both directions using PCR primers on an ABI PRISM
3130XL Genetic Analyzer. After compatible results with TaqMan-based
type-specific real-time PCR and sequencing, type-specific amplicons of
each of the 16 HPV genotypes and the GAPDH amplicon were cloned
into plasmid vectors using a TOPO TA Cloning System (Invitrogen, USA).
We didn't sequence all positive samples detected by TaqMan-based
type-specific real-time PCR, since this method includes sequence-based
detection system. Serial plasmid dilutions (108–101 copies/ml) were pre-
pared for the determination of detection sensitivities of PCR assays.

2.3.3. SYBR Green-based multiplex PCR
Multiplex PCR reactions were performed for 16 different HPV types

within the four reaction tubes by using the same primers that were
used in the TaqMan-based type-specific real-time PCR (Table 1). PCR re-
actions were carried out in a total of 25 μl volumes containing 10 pmol
of each primer, a final concentration of 1X SYBRGreen, 0.25 mMdNTPs,
2.0 mMMgCl2, and template DNA. PCR amplification cycles were as fol-
lows: a single cycle for 10 min at 95 °C (hot-start Taq DNA polymerase
activation), followed by 40 amplification cycles of 15 s each at 95 °C and
1 min at 60 °C (annealing-extension step) (Kubar et al., 2004). After
completion of the 40 PCR cycles, the melting-curve data were obtained
by continuous fluorescence acquisition from 55 to 95 °C, with a thermal
transition rate of 0.1°C/s. Positive melting temperature values of four
different reaction tubes were determined by optimization studies
while trying out different combinations of HPV types. The samples,
which have Tm values within the determined ranges, were accepted
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