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The PGMY-PCR for human papillomavirus (HPV) was evaluated, in parallel with nested PCR (nPCR), in
samples with noted Hybrid Capture II (HCII) and MY-PCR results. PGMY-PCR detected HPV DNA in 2.5%
of HCII-negative–MY-PCR-negative samples and in 71.7% of HCII-positive–MY-PCR-negative samples; also,
it detected the MY-PCR-negative–nPCR-negative types HPV-42, HPV-44, HPV-51, HPV-87, and HPV-89.

Human papillomavirus (HPV) is the main etiological agent
of cervical cancer (26). The approximately 45 HPV types that
infect the genital mucosa are classified low-risk HPV (LR
HPV) or high-risk HPV (HR HPV) on the basis of their
association with premalignant and malignant lesions (2). Re-
liable identification of HPV may be relevant for clinical man-
agement of cervical lesions and cancer.

At present, the most widely used HPV tests are the hybrid-
ization assay Hybrid Capture II (HCII; Digene), capable of
detecting 5 LR and 13 HR HPV types (22, 24), and the one-
step PCR with general primers MY09 and MY11 (MY-PCR)
(10, 15, 19). An additional approach, nested PCR (nPCR) with
primers MY09/11 and GP5�/6� (5, 11), is based on two-step
amplifications. Two-step PCR amplifications are generally not
recommended for routine diagnosis of HPV infection, being
more cumbersome and more susceptible to contamination.
However, they have been shown to be an extremely sensitive
and reliable means of HPV detection (5, 12, 21); thus, when
performed in appropriate conditions to prevent contamination
(14, 16), two-step PCR may be considered a high-sensitivity
standard to which methods that are new and still under eval-
uation may be compared. After general (one- or two-step)
PCR, the HPV type is identified by different methods (15, 20,
23); in particular, direct cycle sequencing (DCS) is considered
the “gold standard” for accurate HPV identification and geno-
typing (6, 7).

Recently, to improve HPV detection, the MY09/11 primers
were redesigned as general, no-degenerate PGMY09/11 prim-
ers (9). The one-step PGMY-PCR has been reported to im-
prove the analytical sensitivity, specificity, and reproducibility
of MY-PCR (3).

In the present study, the new PGMY-PCR for HPV DNA
detection was evaluated, in paired comparison with nPCR, by
the use of a series of cervical samples previously examined by
HCII and MY-PCR assays. DCS-based HPV genotyping was
performed after all PCR assays.

Cervical scrapings were selected from 1,100 specimens that
had come to the Laboratory of Virology, Department of Hy-
giene and Microbiology (University of Palermo, Palermo, It-
aly), between January 2000 and December 2002. Diagnosis of
HPV infection was performed by HCII and MY-PCR assays. A
total of 307 samples were selected as follows.

For group I, 64 samples positive by HCII and MY-PCR were
selected. These included 44 samples that were LR or HR
positive and MY-PCR positive for one of genotypes HPV-6,
-11, -16, -18, -31, -33, -39, -45, -52, -53, -54, -56, -58, -61, -62,
-66, -68, -70, -81, -82, -83, or LVX160 (two samples for each
type) and 20 samples that were positive by HCII for LR and
HR genotypes, 18 of which were MY-PCR positive for a single
HPV (HPV-6, -16, or -18) and 2 of which were MY-PCR
positive for mixed types (HPV-6 and -16 and HPV-11 and -16).
Only PGMY-PCR was applied to these samples.

For group II, 200 samples negative by MY-PCR and HCII
were randomly selected. Both PGMY-PCR and nPCR were
applied to these samples.

For group III, 106 samples that were HCII positive (43 LR
HPV, 58 HR HPV, and 5 LR and HR HPV positive) and
MY-PCR negative, as confirmed by repeat testing, were se-
lected. Both PGMY-PCR and nPCR were applied to these
samples.

Cervical cells, obtained with a spatula and an endocervical
cytobrush, were placed into 20 ml of PreservCyt Solution (Cy-
tyc), washed, spun down, and split in three aliquots: the first
pellet, resuspended in 1 ml of specimen transport medium
(DIGENE), was used for HCII; the second was used for DNA
extraction as previously described (1); and the third pellet was
stored at �70°C for future use.

The HCII assay was performed according to the instructions
in the manufacturer’s package insert. The results were ex-
pressed as relative light units with respect to a cutoff: relative
light units/cutoff � 1.0 indicated the presence of HPV DNA.

Amplifications were carried out in a Mastercycler (Eppen-
dorf, Germany), and the products were analyzed in 8% poly-
acrylamide gel. The sensitivity assays were performed by am-
plification of HPV-positive HeLa cells from 103 (20,000 to
50,000 HPV-18 copies) to 10�2 (2 to 5 copies) and SiHa cells
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from 104 (10,000 to 20,000 HPV-16 copies) to 10�1 (1 to 2
copies). Negative controls were blank control and the HPV-
negative Wi-38 cell line. Special care was taken to control
contaminations (14, 16). The standard MY-PCR (15) was per-
formed using an ultrasensitive amplification profile (9); the
amplification product was approximately 450 bp. The nPCR
was performed with nested GP5�/6� primers (4): 2 �l of the
MY-PCR product was amplified with 50 pmol of primers, in
the same reaction mixture as described before, except that the
MgCl2 concentration was 3.5 mM; the program was 10 min at
95°C followed by 40 cycles of 60 s at 94°C, 60 s at 42°C, 45 s at
72°C, and 30 s at 72°C. The amplification product was approx-
imately 140 bp. The PGMY-PCR (3, 9) was performed with 50
�l of 50 mM KCl–10 mM Tris-HCl (pH 8.4)–2 mM MgCl2–200
�M of each dNTP–10 pmol each of nonbiotinylated PGMY09-
PGMY11–1.5 U of AmpliTaq Gold. A total of 5 �l of lysate
was amplified as in the MY-PCR; the amplification product
was 450 bp. The sequencing analysis was performed using 5 ng
of MY- and PGMY-PCR product and 3 ng of nPCR product as
previously described (8). The MY- and PGMY-PCR program
was 25 cycles of 30 s at 96°C, 45 s at 50°C, and 1 min at 60°C;
the nPCR program was 25 cycles of 30 s at 96°C, 45 s at 45°C,
and 1 min at 60°C. Genotypes were considered LR or HR
according to the L1 HPV phylogenetic tree (17).

The HPV detection rate was analyzed by the Z test (statis-
tical significance, P � 0.05). The agreement between PGMY-
PCR and nPCR was measured by Cohen’s kappa statistic (� �
0.75, substantial agreement; � � 0.4 to 0.75, fair to good
agreement; � � 0.40, poor agreement) or by two separate
agreement indexes, ppos and pneg, representing a generalization
of Cohen’s � without chance correction.

In the amplification of HeLa and SiHa cells, PGMY-PCR
detected 10 to 20 copies of HPV-16 and -18, MY-PCR de-
tected 100 to 200 copies, and nPCR detected 1 to 2 copies.

In the 64 samples with HCII- and MY-PCR-positive results
(group I), PGMY-PCR detected all the 22 different HPV ge-
notypes identified by HCII and MY-PCR. In the subgroup of
20 specimens HCII positive for mixed types, where MY-PCR
found two cases of double infections, PGMY-PCR identified
four cases.

In the 200 specimens negative by HCII and MY-PCR (group
II) and analyzed by both PGMY-PCR and nPCR (Table 1),
PGMY-PCR yielded 2.5% and nPCR yielded 12.0% HPV
DNA-positive results (P � 0.0004). Although the concordance
between PGMY-PCR and nPCR was high (88.5%), the statis-
tically significant agreement attained was poor (� � 0.173; P �
0.001) due to symmetrically unbalanced marginal frequencies
in HPV DNA positive and negative results. Concordance be-
tween PGMY-PCR and nPCR was then expressed by separate
indexes of agreement, showing a concordance of identification
of negative samples (pneg � 0.938) and poor agreement for
detection of positive cases (ppos � 0.20). In this group, PGMY-
PCR detected some common HPV genotypes (HPV-6, -11,
-16, -18, -33, and -68) also identified by nPCR and was the only
assay to detect the LR type HPV-89.

In the 106 specimens positive by HCII and negative by MY-
PCR (group III), analyzed by both PGMY-PCR and nPCR
(Table 2), PGMY-PCR results were positive in 71.7% and
nPCR results were positive in 56.6% of the samples (P �
0.0003); high concordance (84.9%) and good agreement (� �
0.68; P � 0.00001) of HPV DNA detection was evident. In 60
samples of this group, both PGMY-PCR and nPCR yielded

TABLE 1. Observed and expected counts of joint distribution of the 200 samples with HPV-negative results in HCII
and MY-PCR by PGMY-PCR and nPCR

nPCR
result

PGMY-PCR sample resulta

Negative Positive Total

Count Expected count % Of total Count Expected count % Of Total Count Expected count % Of total

Negative 174 171.6 87.0 2 4.4 1.0 176 171.0 88.0
Positive 21 23.4 10.5 3 0.6 1.5 24 24.0 12.0

Total 195 195.0 97.5 5 5.0 2.5 200 200.0 100.0

a HPV DNA detection rates by PGMY-PCR and nPCR are shown in boldface. Measures of agreement:
� � (counts � expected counts)/(1 � expected counts);
Pneg � (2 � concordant negative results)/total � (concordant positive results � concordant negative results);
Ppos � (2 � concordant positive results)/total � (concordant positive results � concordant negative results).

TABLE 2. Observed and expected counts of joint distribution of the 106 samples with an HPV-positive result in HCII
and an HPV-negative result in MY-PCR by PGMY-PCR and nPCR

nPCR
result

PGMY-PCR sample resulta

Negative Positive Total

Count Expected count % Of total Count Expected count % Of total Count Expected count % Of total

Negative 30 13.0 28.3 16 33.0 15.1 46 46.0 43.4
Positive 0 17.0 0.0 60 43.0 56.6 60 60.0 56.6

Total 30 30.0 28.3 76 76.0 71.7 106 106.0 100.0

a HPV DNA detection rates by PGMY-PCR and nPCR are shown in boldface. Measure of agreement:
� � (counts � expected counts)/(1 � expected counts).
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positive results. Agreement of HPV type identification results
between HCII and the two PCR assays was evident in 58
samples, in which HPV types that tested as LR by HCII were
identified by both PCR assays as HPV-6 or -11 and HPV types
that tested as HR were identified as HPV-16,-18, -31, -33, -39,
-53, -61, -68, -81, or -83; discrepancy was found in 2 samples
that tested as LR or HR HPV positive by HCII and in which
PGMY-PCR and nPCR identified HPV-6 alone. For 16 sam-
ples of this group, PGMY-PCR gave positive results and nPCR
gave negative results. Agreement of HPV type identification
between HCII and PGMY-PCR was present in 13 cases, in
which HPV types identified as LR by HCII were identified as
HPV-44 or -87 and HR types were identified as HPV-16 or -51;
discrepancy was found in three samples LR or HR positive by
HCII where PGMY-PCR found HPV-42 alone.

The present study compared the new PGMY-PCR for HPV
DNA to the well-established methods HCII and MY-PCR as
well as to a two-step, nPCR system (8). Actually, nPCR is the
most sensitive HPV DNA assay (5, 12), but it is impractical for
high-throughput HPV detection. In this analysis, the DCS-
based genotyping approach permitted a wider range of iden-
tification of HPV types amplified by PGMY-PCR than the
line-blot hybridization of the original assay format (9, 13).

PGMY-PCR was proven efficient in the amplification of 22
different HPV types; of these, HPV LVX160 has never been
previously detected in PGMY-PCR analysis based on the line-
blot system, which does not include a specific probe for this
type. In this DCS-based analysis of PGMY-PCR, it did not
improve the identification of multiple genotypes compared to
MY-PCR. Generally, DCS methods using a general amplifica-
tion primer as a sequencing primer have been shown to be of
limited use in cases of multiple infections (24); this aspect of
PGMY-PCR could be better evaluated by newly developed
DCS approaches (7, 25), suited for selective detection and
genotyping of HPV in multiple-variant-infected samples.

In sensitivity assays of HeLa and SiHa cells, PGMY-PCR
showed a 10-fold increase in sensitivity over MY-PCR but not
over nPCR, confirmed as the most sensitive method. Also, in
clinical specimens, PGMY-PCR was shown to be slightly more
sensitive than MY-PCR and less sensitive than nPCR. The
higher sensitivity of PGMY-PCR was also the most likely rea-
son for the 2.5% HPV detection rates in HCII-negative sam-
ples, since all types found are included in the HCII probe sets,
and HPV-89, which is not included, is detectable by cross-
hybridization (18).

Results of PGMY-PCR for HCII-positive and MY-PCR-
negative samples pointed out some advantages of PGMY-PCR
over MY-PCR and nPCR. First, the PGMY primers were
more robust, leading to greater consistency of amplification
and one-step detection of HPV DNA, as evident in samples
with PGMY-PCR-positive results which tested MY-PCR neg-
ative (these specimens were confirmed as HPV positive by
nPCR). Second, a broader range of HPV types was detected,
as shown by PGMY-PCR-positive results for samples negative
not only by MY-PCR but also by nPCR and found positive for
genotypes HPV-42, -44, -51, and -87. Of note, genotypes
HPV-44 and -87 are newly identified by PGMY-PCR in the
present analysis. And third, improved analytical sensitivity was
seen for the HR type HPV-16, also reported in other studies as
detected with difficulty by MY-PCR (13).

In conclusion, compared to MY-PCR, PGMY-PCR seems
only slightly more sensitive but remarkably more efficient and
also shows an enlarged HPV detection range. Compared to
HCII, PGMY-PCR shows the same slightly increased sensitiv-
ity as MY-PCR. Compared to nPCR, PGMY-PCR represents
a tradeoff of lesser sensitivity for a greater number of HPV
types detected.

The highly sensitive and robust PGMY-PCR assay may be
considered a versatile HPV amplification system, suitable to be
used for clinical purposes, particularly when HPV character-
ization more specific than the group risk identification pro-
vided by the HCII test is required.
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