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Abstract. Human papillomavirus (HPV) is associated with variety of clinical
conditions that range from innocuous lesions to cancer in both men and women.
Consensus primer-mediated PCR assays have enabled screening for a broad
spectrum of HPV types. We have established a molecular diagnostic system for
detecting HPV DNA in clinical samples from STD clinics in Sri Lanka and com-
pared the efficacy of three different primer sets, MY09/11, GP5+/6+ and CPI/IIG
primer sets, to determine which primer set or combination of primers is most ef-
ficacious in screening for HPV. Cervical and urethral swabs were obtained from
51 patients who were suspected of having HPV. The presence of HPV DNA in
swabs was detected by MY09/11 PCR (33%), GP5+/6+ PCR (72%) and CPI/IIG PCR
(57%) primers. HPV DNA was detected in 23% of samples by all three methods,
in 43% by any two methods, and in 6% only by GP5+/6+ primer set. GP5+/6+ PCR
alone was capable of detecting the most number of HPV positives but, any single
PCR method for the detection of HPV may underestimate the true prevalence of
HPV in clinical samples. Nested PCR assay with MY09/11 and GP5+/6+ primer
sets had higher sensitivity than singleplex PCR but, due to the risk of cross con-
tamination in employing nested PCR, it was concluded that GP5+/6+ PCR is more
suitable for HPV DNA detection in epidemiologic and clinical follow-up studies in
Sri Lanka.
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INTRODUCTION

Human papillomavirus (HPV) is the
most prevalent sexually transmitted in-
fection (STI) and is very common among
young men and women in many parts of
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the world (Bosch et al, 1995; Qu et al, 1997;
Furmoto and Irahara, 2002; Burd, 2003).
More than 200 types of HPV have been
recognized and 85 HPV genotypes have
been characterized (Burd, 2003). Forty
HPV types are spread through sexual con-
tact and infect the cervix, vagina, vulva,
penis and anus (Malloy et al, 2000; Szostek
et al, 2006). High risk HPV can cause le-
sions leading to cancer; however low risk
HPV produces lesions that do not evolve
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to cancer (Novaes et al, 2006).

The prevalence of genital HPV infec-
tion in the world is around 440 million
(Epidemiological Unit, 2007). Cervical
cancer accounts for 25.4% of all cancers
in Sri Lankan women (Jordens et al,
2000). Worldwide, it is a common cancer
of women, being second only to breast
cancer (Garland and Tabrizi, 2006; Epi-
demiological Unit, 2007) and is known to
claim more than 400,000 new victims each
year (Hwang et al, 1995). In developing
countries, cervical cancer is often the most
common cancer and may constitute up
to 25% of all female cancers (Harro et al,
2001). Estimates of the number of cervi-
cal cancer deaths are around 250,000 per
year. International Agency for Research on
Cancer (IARC) figures show an incidence
of 492,000 new cases for 2002 worldwide
with 409,000 (83%) occurring in develop-
ing countries. The prevalence of genital
HPV infection in the world is around 440
million (Epidemiological Unit, 2007). Cer-
vical cancer kills approximately 230,000
women annually, with the vast majority of
deaths occurring in developing countries
(Malloy et al, 2000).

Cervical cancer is the most common
female genital cancer in Sri Lanka with
755 cases and an incidence rate of 6.9 per
100,000 population in the year 2000 (Epi-
demiological Unit, 2007). The incidence
in Sri Lanka has greatly increased during
the last two decades. Therefore, HPV
diagnosis at early stages of the infection
is of fundamental importance. A correct
diagnosis will help to reduce the incidence
of cervical cancer and its complications.
The development of methods for simple,
rapid and accurate detection HPV has a
central role in many strategies designed
to reduce the risk of cervical cancer.

The Pap smear test is not efficient and
adequate when used as the only method
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for diagnosis of HPV infection (Burd,
2003). However, it is still the most widely
used method for primary screening of
cellular abnormalities and some genital
infections in most developing countries
(Burd, 2003). PCR is a highly specific and
sensitive diagnostic tool for the detection
of HPV DNA and could be indicative
for tracking HPV from cervicovaginal
smears (Novaes et al, 2006). The sensitivity
of PCR is more advantageous in studies
relying on less than ample cervical swabs
with low viral counts (Schiffman et al,
1991). Consensus primer-mediated PCR
techniques are used to amplify a broad
spectrum of HPV types in clinical speci-
mens simultaneously in a single PCR
amplification with high sensitivity and
specificity (Hubbard, 2003; Szostek et al,
2006). L1 and E1 genes are suitable targets
for consensus primers (Karlsen et al, 1996).
MY09/11 and GP5+/6+ primer sets ampli-
fying DNA fragments in the conserved L1
region have become most widely used in
clinical and epidemiological studies and
hence are able to detect all mucosal HPV
types (Qu et al, 1997; Burd, 2003; Garland
and Tabrizi, 2006). The CPI/IIG primer set
amplifies DNA fragment in the E1 region
of a broad spectrum of genital HPVs
(Smits et al, 1995). The most commonly
used method for detection of genital HPVs
consists of nested PCR using the MY09/11
and GP5+/GP6+ primer sets (MY/GP+)
(Haws et al, 2004).

Since there are no molecular diagnos-
tic tests available in Sri Lanka so far to de-
tect HPV, alow cost, reliable, reproducible,
rapid, sensitive and specific molecular di-
agnostic assay was developed in this study
for first time in Sri Lanka to provide a rou-
tine screening method for detecting HPV
in clinical samples. This study also lays
the foundation for epidemiological geno-
typing investigation of HPV in Sri Lanka.
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Table 1
Primers used in the study.

Type Primer

Primer sequence

Position on ~ Amplicon
the genome length (bp)

MY MY09

GP+  GP5+

5-CGT CCM ARR GGA WAC TGA TC-3'
MY11  5-GCM CAG GGW CAT AAY AAT GG-3’

5-TTT GTT ACT GTG GTA GAT ACT AC-3’
GP6+ 5-GAA AAATAA ACT GTA AAT CAT ATT C-3

7015-7034 450
6583-6602

6624-6649 150
6719-6746

CP CPI 5-TTA TCW TAT GCC CAY TGT ACC AT-3’ 1942-1964 188
CPIIG  5-ATG TTA ATW SAG CCW CCA AAATT-¥ 1777-1799

MT MT1 5-TGA AGG AGA AGG TGT CTG GGG GA-% N/A 198
MT2 5-AGG ACG GTG CGG TGA GAG TG-3’ N/A

TPOX TPOXF 5-ACT GGC ACA GAA CAG GCA CTT AGG-¥ N/A 224-252

TPOXR 5-GGA GGA ACT GGG AAC CACACAGGTTA-3 N/A

M, AorC;R,AorG;S,CorG;,W,AorT;Y, Tor C

MY09/11, GP5+/6+ and CPI/IIG primer sets were used to amplify L1 and E1 regions of HPV genome.
MT1/2 and TPOX primers sets were included as internal PCR amplification controls.

MATERIALS AND METHODS

Clinical material

Samples were collected from men and
women who were suspected of having
HPV infection. The voluntary informed
written consents of the participants were
obtained as this was a part of a larger
study to determine the epidemiology of
HPV in Sri Lanka. The Ethical Clearance
Committee of the University of Colombo
approved the study as a part of the ethical
approval process. A total of 51 cervical and
urethral (dry) swabs were collected from
the sexually transmitted disease (STD)
clinic, National Hospital Colombo and
Colombo Municipal Council dispensaries,
Sri Lanka. Swabs were transported at
room temperature provided that they are
sent to the Genetech laboratory, Colombo,
Sri Lanka within six hours after collection.
Otherwise swabs were stored at 4°C (less
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than 3 days) and at -70°C (after 3 days).

PCR amplification and detection of am-
plicons

HPV DNA from swabs was extracted
using guanidium thiocyanate DNA ex-
traction method (Boom et al, 1990). HPV
DNA was stored at -20°C until used. Three
primer sets (MY09/11, GP5+/6+ and CPI/
IIG) were used to amplify L1 and E1 re-
gions of HPV genome (Karlsen et al, 1996;
Baay et al, 1996) (Table 1). MT1/2 and
TPOX primers sets were included as inter-
nal PCR amplification controls (Table 1).

For amplification of L1 gene, MY
primers MY09 and MY11 were used in
25 ul solution containing 5.0 pl of DNA,
10 mM Tris-HCI (pH 8.3), 50 mM KC],
0.6 mM MgCl, 0.1 pg/ul bovine serum
albumin, 0.2 mM (each) dNTP, 10 pmol
of each primer mix and 2.5 U of Tag poly-
merase (Promega, Madison, WI). The PCR
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thermocycling program consisted of 94°C
for 5 minutes; 40 cycles of 94°C for 30 sec-
onds, 50°C for 1 minute, 72°C for 1 minute;
and a final heating at 72°C for 10 minutes.

For amplification of L1 gene using
GP+ primers GP5+ and GP6+, the above
PCR conditions were used, but with the
following changes: 2.5 ul of DNA, 1.5 mM
MgCl,, 12.5 pmol of each primer and PCR
thermocycling program consisting of 94°C
for 5 minutes; 35 cycles of 95°C for 1 min-
ute, 50°C for 1 minute, 72°C for 1 minute;
and a final heating at 72°C for 10 minutes.

For amplification of E1 gene using
primers CPI and CPIIG, the above PCR
conditions were used as with MY prim-
ers, but with the following changes: 2.5 ul
of DNA, 3.0 mM MgCl,, 8.5 pmol of CPI
primer, 13 pmol of CPIIG primer and
PCR thermocycling program consisting of
94°C for 5 minutes; 35 cycles of 95°C for
1 minute, 50°C for 1 minute, 72°C for
1 minute; and a final heating at 72°C for
10 minutes.

Nested PCR was performed with
MY09/11 and GP5+/6+ primer sets be-
cause the target region of GP5+/6+ primer
set is located within the target region of
My09/11 primer set on the HPV genome
(Table 1). The first round of nested PCR
was performed with MY09/11 primer set
under the same conditions used for single-
plex PCR with MY primers, but with the
following changes: 2.5 ul of DNA, 1.5 U of
Tag polymerase (Promega, Madison, WI)
and PCR thermocycling program consist-
ing of 94°C for 5 minutes, 40 cycles of 95°C
for 1 minute, 50°C for 1 minute, 72°C for 1
minute and a final heating at 72°C for 10
minutes. Then the second round of nested
PCR was performed with the GP5+/6+
primer set under the same conditions
used for the singleplex PCR with GP+
primers, but with the following changes:

1426

no addition of bovine serum albumin,
2.5 ul of 1%*round PCR product, 1.5 U of
Tag polymerase (Promega) and PCR ther-
mocycling program consisting of 94°C for
2 minutes, 40 cycles of 95°C for 1 minute,
50°C for 1 minute, 72°C for 1 minute and
a final heating of 72°C for 10 minutes.

Amplicons (12 ul) were applied to 2%
agarose gel, and electrophoresed at 100 V
for 2-3 hours. Gels were stained with
ethidium bromide, and the DNA bands
were visualized under UV illumination.
A 50 bp DNA molecular weight marker
(Promega) was used for estimation of
band size.

RESULTS

All samples were positive in the
TPOX-PCR (224-252 bp amplicon). Of 51
samples, 37 (72%) were positive for HPV
DNA, 17 (33%) with MY09/MY11 primer
set, 37 (72%) with GP5+/GP6+ primer set
and 29 (57%) with CPI/CPIIG primer set.
In 32% of samples HPV DNA was detected
by all three methods, 59% of samples by
two methods and 8% only by the GP5+/
GP6+ primer set (Table 2). The efficiency
of the primer pair was inversely corre-
lated to the length of the amplicon: GP5+/
GP6+ (150 bp, positivity 72%), CPI/CPIIG
(188 bp, positivity 57%) and MY09/MY11
(450 bp, positivity 33%). Fig 1 shows
agarose gel-electrophoresis of amplicons.

DISCUSSION

The GP5+/GP6+ primer set was mark-
edly better than the MY09/MY11 and CPI/
IIG primer sets at detecting HPV. The
number of positive results with CPI/IIG
primer set was more than that of MY09/
MY11 primer set. More samples were
positive with GP5+/GP6+ and CPI/CPIIG
primer sets. None of the samples was
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Fig 1-Agarose gel electrophoresis of MY, GP+, CP and nested PCR amplicons. Left panel: HPV DNA
was amplified using MY09/11 primer set. Lanes B and D are positive; lanes A and C are negative;
lanes DW Ext and DW PCR are negative PCR controls; lane 50 bp contains DNA molecular
weight markers. Center panel: HPV DNA was amplified using GP5+/6+ and CPI/IIG primer
sets. Lanes CMC 33/54 and M5 are positive for HPV DNA using GP+ and CP primer sets. Lane
50 bp contains DNA molecular weight markers. Right panel: Nested PCR was performed with
MY and GP+ primer sets to detect HPV genome. Lane F458/7 is positive; lanes 45/11, 45/8 and
CMC/3/19 are negative; lane 50 bp contains DNA molecular weight markers.

found positive with MY09/MY11 primer
set but negative with GP5+/GP6+ primer
set and none was positive with CPI/CPIIG
primer set but negative with GP5+/GP6+
primer set. Twenty samples were positive
with GP5+/GP6+ and CPI/IIG primer sets
and negative with MY09/MY11 primer set.

Karlsen et al (1996) and Szostek et
al (2006) found variations in the HPV
detection rate with these three sets of
primers due to differences in specificity
of these primer sets. Van den Brule et
al (1990) and Karlsen et al (1996) found
differences in HPV positivity among the
consensus primers, showing that there
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may be deletions or mutations of the L1 or
E1 templates. Matsukura et al (1986) and
Wagatsuma et al (1990) found deletions in
the L1 and E1 genes from cell lines. In this
study, 20 samples tested with GP5+/GP6+
primers for L1 were PCR positive, while
they were negative with the MY primer
set, indicating either a possible deletion/
mutation in L1 between the annealing area
of the MY primers.

Szostek et al (2006) reported that
PCR with the MY09/MY11 primer set is
a good method for HPV screening. Soltar
et al (2004) suggested that the nested
PCR assay with MY09/MY11 and GP5+/
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Table 2
Concordance of HPV positive results obtained by PCR with different sets of primers.

No. of Primer set used No. of HPV (+)

primer sets samples (%)

Three MY09/MY11 + GP5+/GP6+ + CPI/CPIIG 12 (32)

Two MY09/MY11 + GP5+/GP6+ 5
MY09/MY11 + CPI/CPIIG 0 } (59)
CPI/CPIIG + GP5+/GP6+ 17

One MY09/MY11 0
GP5+/GP6+ 3 } (8)
CPI/CPIIG 0

GP6+ primer sets is more sensitive than
the conventional PCR with either of these
two primer sets. Baay et al (1996) sug-
gested that the efficiency of a primer pair
is inversely correlated to the length of the
amplicon and even the combination of
the three most widely used primer sets,
MY09/MY11, GP5/GP6 and CPI/CPIIG,
still results in an underestimation of HPV
prevalence. It is possible that a similar ef-
fect occurred in the present study where
the maximum number of positive samples
was 37 out of 51 samples. This number
may be an underestimation.

Infection with multiple HPV types
is frequent in many populations (Tozetti
et al, 2006). The MY09 and MY11 primers
are degenerate consensus primers with 8
to 16 variant primers for each strand. For
this reason, MY-PCR detects a wide range
of HPV DNA types. The primers for GP+-
PCR are general primers with one primer
for each HPV DNA strand. GP+-PCR
amplifies different HPV types by the use
of relatively low annealing temperature,
anon-stringent condition. Thus, the GP+-
PCR general primers may be dominated
by the amplification of one or two types of
HPV, which cause inaccurate results in the
detection of multiple HPV types (Tucker
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et al, 1993). Therefore, it was decided to
perform nested PCR with MY09/MY11
and GP5+/GP6+ primer sets in this study.

Qu et al (1997) found differential am-
plification sensitivities for different HPV
types between the MY-PCR and GP+-PCR
primer systems. The GP+-PCR can am-
plify femtogram levels of HPV DNA. Dif-
ferences in the detection of specific HPV
types in clinical samples by different PCR
systems can result in a potential difference
in the ability of the primers to amplify spe-
cific types. The most marked differences
were seen in the ability of MY-PCR to
amplify HPV-35 and GP+-PCR to amplify
HPV types 53 and 61. The differences in
amplification of HPV types 35, 53 and 61
are generally, but not absolutely, reflected
in the extent of primer mismatches. The
GP+-PCR primers are relatively inefficient
in the amplification of HPV types 53 and
61 compared to MY-PCR, whereas MY-
PCR was inefficient in the amplification
of HPV-35. This effect may have caused
the differences in detection sensitivity
among the three primer sets as observed
in the present study.

Karlsen et al (1996) suggested that the
samples positive for HPV but whose PCR
products produce faint signals upon stain-
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ing might have a low viral load. Strong
PCR signals in the gel may indicate a high
viral load. In the present study it was also
observed that some PCR amplicons gave
much fainter bands when stained with
ethidium bromide suggesting low viral
load in the samples or small sampling
amounts.

Different DNA isolation methods, the
accuracy of taking of sample size and tis-
sue quality, the amount of DNA in the PCR
solution and PCR conditions may also ex-
plain the variations in HPV detection rates
with different sets of primers (Karlsen
etal, 1996). Choosing the optimal PCR sys-
tem for use in clinical and epidemiological
studies should take into consideration
such factors as the source of the clinical
material, the size of the PCR amplicon,
the spectrum of HPV types to be ampli-
fied, the ability and availability to amplify
multiple HPV types and the availability of
type-specific probes for the identification
of different HPV genotypes and variants
(Qu et al, 1997). In this study, GP5+/GP6+
primer set alone detected the most num-
ber of the positive samples (72%) and this
is a potentially useful tool for HPV DNA
detection in epidemiologic and clinical
follow-up studies in Sri Lanka.

ACKNOWLEDGEMENTS

This study was supported by Ge-
netech Molecular Diagnostics. We are
grateful to Dr Dhammika Seneviratne
and all the staff of Genetech and Dr Nimal
Edirisinghe and Mrs Nilanthi Piyaratne of
the Colombo National Hospital.

REFERENCES

Baay MFD, Quint WGV, Koudstaal J, ef al. Com-
prehensive study of several general and
type-specific primer pairs for detection of
human papillomavirus DNA by PCR in

Vol 42 No. 6 November 2011

paraffin-embedded cervical carcinomas.
] Clin Microbiol 1996; 34: 745-7.

Boom R, Sol CJ, Salimans MM, Jansen CL,
Wertheim-van Dillen PM, Van der NJ.
Rapid and simple method for purification
of nucleic acids. | Clin Microbiol 1990; 28:
495-503.

Bosch FX, Manos MM, Munoz N, et al. Preva-
lence of human papillomavirus in cervical
cancer: a worldwide perspective. Interna-
tional Biological Study on Cervical Cancer
(IBSCC) Study Group. | Natl Cancer Inst
1995; 87: 796-802.

Burd EM. Human papillomavirus and cervical
cancer. | Clin Microbiol 2003; 16: 1-17.
Epidemiological Unit. Epidemiological report
— Sri Lanka. Colombo: Epidemiological
Unit, Ministry of Healthcare and Nutri-

tion, Sri Lanka, 2007; 34(10).

Furmoto H, Irahara M. Human papilloma virus
(HPV) and cervical cancer. | Med Invest
2002; 49: 124-33.

Garland SM, Tabrizi S. Methods for HPV detec-
tion: polymerase chain reaction assays.
Microbiol Issue 2006: 63-72.

Harro CD, Pang YYS, Roden RBS. Safety and
immunogenicity trial in adult volunteers
of ahuman papillomavirus 16 L1 virus-like
particle vaccine. | Natl Cancer Inst 2001;
93:284-92.

Haws FAL, He Q, Rady PL, et al. Nested PCR
with PGMY09/11 and GP5+/6+ primer
sets improves detection of HPV DNA in
cervical samples. | Virol Methods 2004;
122: 87-93.

Hubbard RA. Human papillomavirus testing
methods. Arch Pathol Lab Med 2003; 127:
940-5.

Hwang ES, Nottoli T, DiMaio D. The HPV 16 E5
protein: expression, detection, and stable
complex formation with transmembrane
proteins in COS cells. Virology 1995; 211:
227-33.

Jordens JZ, Lanham S, Pickett MA, Amarase-
kara S, Abeywickrema I, Watt PJ. Amplifi-
cation with molecular beacon primers and

1429



SOUTHEAST ASIAN | TRoP MED PusLic HEALTH

reverse line blotting for the detection and
typing of human papillomaviruses. | Virol
Methods 2000; 89: 29-37.

Karlsen F, Kalantari M, Jenkins A, et al. Use of
multiple primer sets for optimal detection
of human papillomavirus. | Clin Microbiol
1996; 34: 2095-100.

Malloy CMS, Sherris J, Herdman C. HPV DNA
testing: technical and programmatic issues
for cervical cancer prevention in low-
resource settings. | Cancer Issue 2000: 1-27.

Matsukura T, Kanda T, Furuno A, et al. Clon-
ing of monomeric human papillomavirus
type 16 DNA integrated within cell DNA
from a cervical carcinoma. | Virol 1986; 58:
979-82.

Novaes LCG, Novaes MRCG, Barbosa AS.
Diagnosis of human papillomatosis by
polymerase chain reaction in cases of di-
vergence between results of hybrid capture
and Papanicolaou cytology. | Infect Dis
2006; 10: 169-72.

Qu W, Jiang G, Cruz Y, et al. PCR detection
of human papillomavirus: comparison
between MY09/MY11 and GP5+/GP6+
primer systems. | Clin Microbiol 1997; 35:
1304-10.

Schiffman MH, Bauer HM, Lorincz AT, et al.
Comparison of Southern blot hybridiza-
tion and polymerase chain reaction meth-
ods for the detection of human papilloma-
virus DNA. ] Clin Microbiol 1991;29: 573-7.

Smits HL, Bollen L], Tjong AHSP, et al. Inter-
method variation in detection of human
papillomavirus DNA in cervical smears.

1430

J Clin Microbiol 1995; 33: 2631-6.

Soltar K, Diemer D, Dethleff A, et al. Detection
and typing of human papillomavirus by
E6 nested multiplex PCR. ] Clin Microbiol
2004; 42: 3176-84.

Szostek S, Klimek M, Zawilinska B, Rys ], Ko-
pec], Daszkiewicz E. Detection of human
papillomavirus in cervical cell specimens
by hybrid capture and PCR with different
primers. Virology 2006; 53: 603-7.

Tozetti IA, Scapulatempo IDL, Kawski VL,
Ferreira AW, Levi JE. Multiple types of
human papillomavirus in cervical samples
in women in Campo Grande, MS, Brazil. |
Infect Dis 2006; 10: 309-10.

Tucker RA, Johnson PR, Reeves WC, Icenogle
JP. Using the polymerase chain reaction to
genotype human papillomavirus DNAs in
samples containing multiple HPVs may
produce inaccurate results. | Virol Methods
1993; 43: 321-33.

Van den Brule AJC, Suijders PJE Gordijn RL],
Bleker OF, Meijer CJLM, Walboomer J]MM.
General primer-mediated polymerase
chain reaction permits the detection of
sequenced and still unsequenced human
papillomavirus genotypes in cervical
scrapes and carcinomas. Int | Cancer 1990;
45: 644-9.

Wagatsuma M, Hashimoto K, Matsukura T.
Analysis of integrated human papillo-
mavirus type 16 DNA in cervical cancers:
amplification of viral sequences together
with cellular flanking sequences. | Virol
1990; 64: 813-21.

Vol 42 No. 6 November 2011



