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FIG. 4. Phylogenetic tree based on HN gene sequences. ¢, Mumps virus strains obtained in the present study.

Primarily, phylogenetic analyses results based on F and HN
genes are consistent with the SH gene. However, when there
would be discrepancies between the phylogenetic results based
on the SH gene and that based on F or HN genes or the
whole-genome, and latter results were consistent with each
other, the latter results should be adopted. From these re-
sults, we propose that F or HN gene sequences should be
used in combination with SH gene data for confirming a new
MuV genotype. By taking this additional information into
the criteria for genotyping, it would be possible to reflect the
antigenicities of MuVs to the phylogenetic results and to
clarify the phylogenetic positions of outliers such as the
strains RW(X63708), Tay-UK50(AF142774), and UKO2-
19(AY380077) (23). In order to establish the new criteria,
we need to accumulate more F or HN gene sequence data of
existing MuV strains.

Molecular phylogenetic analyses show that the Mongolia
MuV sequences form a single cluster, and that these viruses
are most closely related to a cluster of genotype H viruses, such

as Japanese isolate (SA475/JPN97, isolated in 1997) (37),
Korean isolates (Yeojul498, Yeojul502, Yeojul503, and
Yeojul504, isolated in 1999) (18, 19) and Swiss isolates
(776273SHG and 776274SHG, isolated in 1999 and 2000) (38).
These strains were all isolated within a relatively short time
period, from 1997 to 2000, and their SH gene sequences are
almost homologous at the amino acid level (Table 2). The
alignment of their SH gene nucleotide sequences suggests that
SA475/JPN97 is phylogenetically closest to the ancestral virus
of all of these viruses and that Mongolia viruses could be
derived from the same ancestral virus because this cluster of
viruses share the characteristic two conserved amino acid se-
quences at positions 19 and 26 in the SH gene (18) (Table 2).
This amino acid motif characterizes this cluster of viruses and
is never observed among other genotype H viruses. For these
reasons and based on the results of phylogenetic analyses on F
and HN genes, these viruses should be classified into a unique
subgenotype, H3. The other two subgenotypes, H1 and H2,
also have characteristic amino acid motifs within the SH region
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FIG. 5. Phylogenetic tree based on whole-genome sequences. €, Mumps virus strains obtained in the present study.

(Table 2). For instance, H1 viruses share a phenylalanine and
alanine at positions 24 and 36. H2 viruses have no specific
motif, other than a threonine residue at position 42, which is
common in all genotype H viruses (Table 2). Meanwhile, all
H2 viruses except Be1l/UK88 strain share a histidine at position
9, which is also common in H1 and H2 viruses. These amino
acid sequence properties suggest that subgenotype H2 may be
an ancestral group of genotype H viruses and that the Bel/
UKSS strain may be phylogenetically closest to an ancestral
virus of genotype H.

Genotype H viruses mainly circulated in the western hemi-
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FIG. 6. Neurovirulence of MuV isolates in newborn rats. Each bar
represents the average neurovirulence score with the corresponding
standard deviation from six to seven animals.

sphere (3, 5, 6, 20). However, since both the ancestral virus
(SA475/JPN97) and the highly differentiated progenies (the
Mongolian MuVs) were isolated from East Asia, genotype H3
viruses may have been indigenous to this area for more than 10
years. Although 776273SHG and 776274SHG were isolated in
Switzerland, they might originate from the Asian origin virus
because of their phylogenetic position and the time at which
the viruses were isolated (38). In the present study, we did not
detect any other genotypes, such as F, which is the dominant
genotype in China. A major reason for this may be the re-
stricted time period and region for collecting specimens in this
study. Our samples were collected within 6 months from the
patients residing in Ulaanbaatar and surrounding areas. Ac-
cordingly, it may be possible to detect other genotypes if we
extended our study to cover larger areas in Mongolia for lon-
ger periods. In any case, this is the first report of MuVs circu-
lated in Mongolia. Molecular epidemiological research on
MuVs in this area has just started.

Several studies have suggested that there may be an associ-
ation between several genotypes (C, D, H, I, or J) and neuro-
virulence (34, 36, 38). Meanwhile, Utz has reported that there
is no statistical relationship between neurovirulence and geno-
type H (38). In order to clarify this ambiguity, we evaluated the
neurovirulence of the Mongolia isolate by using a newborn rat
system. As a result, the Mongolia isolate was found to only
exhibit mild neuropathogenic property comparable with geno-
type I isolate, 02-49 strain. In contrast, genotype I Japanese
isolate Odate-3 shows the highest neuropathogenicity among
the three isolates, and faithfully reflects its highly neurovirulent
properties in humans and in marmosets. Although these three
strains are all classified in genotypes possibly associated with
neurovirulence, their pathogenicities in rats are divided. In
addition, genotype I strains isolated in Korea were not neces-
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sarily highly pathogenic (18). These facts suggest that there is
no association between genotypes and neurovirulence.

We describe here the molecular epidemiology of the MuVs
circulating in Mongolia. It is important to continuously inves-
tigate genotype distribution in this area in order to develop an
understanding of not merely the domestic but the global epi-
demiology of mumps infection.
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Efficacy, immunogenicity and tolerability of the human papilloma-
virus (HPV)-16/18 ASO4-adjuvanted vaccine were evaluated in Jap-
anese women aged 20-25 years, for which results have been
reported previously. We analyzed the baseline data from that
study and report the prevalence rates of HPV infection in young
healthy Japanese women. One thousand and the forty Japanese
women aged 20-25 years were enrolled in a phase I, double-blind,
controlled, randomized, multicenter study. At study entry, cervical
specimens were collected from the women and tested by line
probe assay for 25 HPV-types and by HPV-16/18-specific polymer-
ase chain reaction. The most frequently detected HPV-type in base-
line cervical specimens was HPV-52 (8.1%), followed by HPV-16
(6.5%), HPV-51 (4.5%), HPV-18 (4.0%) and HPV-31 (3.8%). The pro-
portion of HPV DNA-positive women increased with severity of
cytological abnormalities: 26.1% (237/908) in normal cytology,
93.3% (70/75) in low-grade squamous intraepithelial lesion and
100% (7/7) in high-grade squamous intraepithelial lesion. The rela-
tive contribution of HPV-16 and HPV-18 was 4.1 and 3.0% for nor-
mal cytology cases, and 20.0 and 16.0% in low-grade squamous
intraepithelial lesion, respectively. HPV-16 was found in four of
seven high-grade squamous intraepithelial lesion cases (57.1%)
and five of the six cervical intraepithelial neoplasia 2+ cases
(83.3%). Multiple and single HPV infections were observed in
13.5% (140/1039) and 20.7% (215/1039) of all women, respec-
tively. The HPV prevalence rates in Japanese women aged 20-
25 years underline the importance of HPV vaccination at a young
age and this report should be useful for monitoring changes in
HPV prevalence after widespread HPV vaccination in Japanese
women. (Cancer Sci, doi: 10.1111/j.1349-7006.2011.01878.x, 2011)

P ersistent infection with HPV is the necessary cause for
developing cervical cancer,’” the second most common
cancer in women worldwide.” HPV is a common sexually
transmitted infection. Population-based studies suggest that up
to as much as 80% of sexually active women are exposed to at
least one genital HPV type in their lifetime.®> While HPV infec-
tion occurrence is highest in young sexually active women, a
relatively high HPV prevalence has also been detected in post-
menopausal women. Infection at this later stage may be due to
reactivation of earlier acquired infections or infection from new
sexual partners later in life.” At least 14 oncogenic HPV types
(high-risk HPV) have been causally linked to cervical cancer.®
HPV-16 and HPV-18 are the most prevalent and account for
more than 70% of all invasive cervical cancers worldwide;
HPV-31 and HPV-45 are responsible for an additional 10%
of cases'®” followed by HPV-33, HPV-35, HPV-52 and
HPV-58.%" HPV vaccines are now licensed in more than 100
countries, coinciding with large-scale national and regional
immunization programs aimed at young adolescent girls.®
Since infection with HPV may occur throughout the lifetime of

doi: 10.1111/j.1349-7006.2011.01878.x
© 2011 Japanese Cancer Association and GlaxoSmithKliine Biologicals

a sexually active woman, it is important that vaccination induces
a strong, sustained antibody response to ensure long-term
protection.”

Currently, there are two HPV vaccines available in the world:
a bivalent (Cervarix®, GlaxoSmithKline Biologicals) and a
quadrivalent (Gardasil™, Merck). The bivalent vaccine is an
AS04-adjuvanted vaccine specifically targeting HPV-16 and -18
types, while the quadrivalent vaccine is an aluminium-adjuvant-
ed vaccine specifically targeting HPV-6, -11, -16 and -18 types.
Both vaccines are immunogenic, generall;/ well-tolerated, with
clinically acceptable safety profiles.'>'® Prevention by both
vaccines of CIN2+ lesions caused by HPV-16 and -18 was
>90% in women aged 15-25 years old and negative for these
HPV-types at study entry."'""'*'> Furthermore, excisional thera-
pies for CIN2+ are reduced by approximately 70% for the biva-
lent vaccine!'® and 40% for the quadrivalent.'” Sustained
efﬁcacy of both vaccines has been documented for 5 years or
more. 13161819 However, it may take 5-10 years after the
start of a vaccination program before significant reductions in
the incidence of cervical cancer will be apparent.

In Japan, cervical cancer ranks approximately 7th in women
overall (incidence rate of 13.6 per 100 000) and 2nd in women
aged 1544 years (incidence rate of 12.0 per 100 000).?"*? It
is estimated that 15 000 women are diagnosed with cervical can-
cer yearly, leading to approximately 3500 deaths.?'~?*) These
figures include approximately 2000 new cases and 200 deaths
that are estimated to occur every year in Japanese women in
their twenties and thirties.®*?% HPV is currently one of the least
known sexually transmitted infections in Japan, resulting in a
lower level of public knowledge of the risks of HPV and cervi-
cal cancer.* HPV-16 and HPV-18 are the most frequently
identified HPV-types in invasive cervical cancers in Japan
(67.1%), and HPV-52 and HPV-58 appear to be the next most
common types accounting for 11.5% of cervical cancers.*®
Prevalence of HPV infection in the Japanese population has
been mainly reported based on evaluations of women who have
been referred to hospitals and clinics to receive cervical cancer
screening. Furthermore, the women examined in previous stud-
ies have come from a wide range of ages and, thus, information
on the rates of HPV infection in young women, particularl
those in their twenties, is lacking. For instance, Inoue ef al.®?
reported on a large scale study evaluating HPV testing in over
8000 women in the Ishikawa Prefecture. The median age of
these women was 36 years but the age span of the participants
extended from 14 to 83 years of age. A further concern is that

5To whom correspondence should be addressed.

E-mail: kryo772007@yahoo.co.jp

Clinical trial registry: Clinicaltrials.gov.

Name: Human papillomavirus vaccine (Cervarix) efficacy, immunogenicity and
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these studies were usually conducted in small geographic areas
relating to a particular hospital, clinic or prefecture. Very little
information regarding nationwide HPV prevalence is available.

We have recently reported the results of a clinical study to
evaluate the bivalent HPV-16/18 ASO4-adjuvanted vaccine
(Cervarix®, GlaxoSmithKline Biologicals) in healthy Japanese
women aged 20-25 years.?*? While the results of this study
showed that the HPV-16/18 AS04-adjuvanted vaccine was
effective and immunogenic, with a clinically acceptable safety
profile in the population studied, an accurate knowledge of the
actual HPV infection rates in young healthy Japanese women
could further confirm the importance of vaccination against
HPV types 16 and 18. We therefore determined the HPV infec-
tion status of each woman at study entry as an indicator of the
national infection rates. In particular, we analyzed DNA of 25
HPV types (14 oncogenic: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56,
58, 59, 66 and 68; 11 non-oncogenic types: 6, 11, 34, 40, 42, 43,
44, 53, 54, 70 and 74) using PCR and report here the baseline
prevalence of both the oncogenic and non-oncogenic HPV types
in the cervical cytology samples of young healthy Japanese
women.

Materials and Methods

Healthy Japanese women aged 20-25 years were recruited in
this phase II double-blind (observer-blind) controlled, random-
ized, multicenter study (104798, NCT00316693) between April
and October 2006. The 13 centers were located in Aomori,
Tokyo, Fukui, Osaka, Hiroshima, Miyazaki and Kagoshima in
Japan. Study participants were not screened before enrolment
with respect to baseline serological, cytological or HPV DNA
status. Inclusion and exclusion criteria were as previously
described.®® The study was conducted following the Declara-
tion of Helsinki (version 1996) and all participants provided
written informed consent. All recruitment materials, informed
consent, protocol, and amendments were approved by indepen-
dent institutional review boards.

Subjects were randomized in a 1:1 fashion to receive either
the HPV-16/18 ASO4-adjuvanted vaccine (containing 20 pg of
HPV-16 L1 virus-like particle (VLP) and 20 pg of HPV-18 L1
VLP adjuvanted with 50 pg 3-O-desacyl-4-monophosphoryl
lipid A and 0.5 mg aluminium hydroxide) or a hepatitis A vac-
cine licensed in Japan (Aimmugen®, Chem-Sero-Therapeutic
Research Institute, Kumamoto, Japan; containing 0.5 pg of inac-
tivated hepatitis A antigen) as the control vaccine. Both vaccines
were administered intramuscularly according to a 0-, 1-, and
6-month schedule. Investigators obtained cervical specimens
with a cervical brush for cytology and HPV DNA as previously
described. (182831

HPV DNA isolated from the cytology specimen was ampli-
fied from an aliquot of purified total DNA with the SPF;o broad-
spectrum primers. These primers amplify a 65 bp region of the
L1 gene and the generic amplification products were detected by
hybridization on a microtiter plate (DEIA). HPV-positive speci-
mens were typed by reverse hybridization LiPA. The broad-
spectrum PCR SPF,, HPV LiPA,s version 1 and SPFio HPV
DEIA (manufactured by Labo Biomedical Products, Rijswijk,
the Netherlands based on licensed INNOGENETICS SPFiq
technology) detected 25 HPV types: 14 oncogenic (16, 18, 31,
33, 35, 39, 45, 51, 52, 56, 58, 59, 66 and 68) and 11 non-onco-
genic HPV types (6, 11, 34, 40, 42, 43, 44, 53, 54,70 and 74). If
a sample was negative for HPV-16 or HPV-18 by the SPFi,-
LiPA,s system, type-specific PCR was performed to confirm the
absence of these types using HPV-16 primers that amplified a
92 bp segment of the E6/E7 gene and HPV-18 primers that
amplified a 126 bp segment of the L1 gene.“g‘zs'm

Cytology was assessed by liquid-based cytology (ThinPrep,
Cytyc Corporation, Marlborough, MA, USA) using a central lab-

oratory (Quest Diagnostics, Teterboro, NJ, USA). Cytology
results were reported using the 2001 Bethesda system and cyto-
logical abnormalities included: (i) ASC-US; (ii) LSIL; (iii) ASC-
H; (iv) HSIL; and (v) AGC. Protocol guidelines recommended
colposcopy after one report of HSIL or ASC-H. Biopsy was
required for any suspected lesions on colposcopy. The central
laboratory (Quest Diagnostics) processed and interpreted results
from histology samples. All CIN endpoints were confirmed by an
expert histopathology review panel that was blinded to vaccine
status, HPV DNA status before biopsy, and cytology reports.

The enrolment target of 1000 unscreened women was esti-
mated to provide 800 women who were DNA negative for
HPV-16 or HPV-18 at month O and 6, and who would be evalu-
able for assessment of the primary endpoint in the according to
protocol group for efficacy analysis. All analyses were based on
the TVC; however, some values were absent due to missing or
non-evaluable samples. Data is presented as percentage of sub-
jects per group along with the actual number of subjects. Statis-
tical analysis is descriptive in nature.

Results

One thousand and forty healthy Japanese women aged 20—
25 years old (mean age: 22.5) were enrolled in 13 study sites in
Japan. All women were vaccinated and included in the TVC:
519 women in the HPV group (HPV-16/18 AS04-adjuvanted
vaccine) and 521 women in the control group (HAV group, hep-
atitis A vaccine licensed in Japan). The study sites were located
in seven areas with the following recruitment numbers: Tokyo
457 (44.0%), Aomori 160 (15.4%), Osaka 136 (13.1%), Fukui
128 (12.3%), Kagoshima 91 (8.8%), Hiroshima 39 (3.8%) and
Miyazaki 29 (2.8%).

The distributions of the tested HPV types in the TVC (irre-
spective of cytology) and for each cytological status are shown
in Table 1. Data was not available for one participant due to a
missing sample. Three hundred and fifty-five women (34.2%) of
the TVC (irrespective of cytology) tested positive for HPV
DNA at study entry. In particular, oncogenic and non-oncogenic
HPV types were detected in 304 (29.3%) and 112 (10.8%)
women. HPV-52 (8.1%, 84/1039) was the most frequently
detected HPV type, followed by HPV-16 (6.5%, 68/1039),
HPV-51 (4.5%, 47/1039), HPV-18 (4.0%, 42/1039) and HPV-
31 (3.8%, 39/1039).

The majority of women (87.4%, 908/1039 women) had no
cytological abnormalities; 12.6% (131/1039) had cytological
abnormalities including ASC-US (4.5%, 47/1039), LSIL (7.2%,
75/1039), HSIL (0.7%, 7/1039) and ASC-H (0.2%, 2/1039).
Overall, 26.1% of women with normal cytology (237/908) were
positive for HPV DNA (Table I). In contrast, of the 131 women
who had abnormal cytology, 90.1% (118/131) were positive for
HPV DNA. The HPV positivity rate was also high for women
diagnosed with ASC-US (83.0%, 39/47), LSIL (93.3%, 70/75)
and 100% (9/9) for women diagnosed to have HSIL or ASC-H.
HPV-16 (23.7%, 31/131) was the most frequently detected HPV
type, followed by HPV-52 (19.8%, 26/131), HPV-31 and HPV-
56 equally detected in 13.0% (17/131) and HPV-51 (12.2%,
16/131). Fifty-five percent (5/9) of the women diagnosed as
HSIL or ASC-H had HPV-16 detected in their cytological speci-
mens. The nine women with HSIL or ASC-H had a colposcopy
after the cytology testing. CIN3 was diagnosed in five women,
CIN2 in one woman, CIN1 in one woman and two women had
no lesions. Four of the five women who were diagnosed with
CIN3 and the woman diagnosed with CIN2 were positive for
HPV-16. The positivity rate of HPV-16 in the women diagnosed
as CIN2 or CIN3 reached 83.3% (5/6).

The number of multiple HPV infections is illustrated by
Table 2. Multiple infections were observed in 140 women
(13.5%, 140/1039) of the TVC (irrespective of cytology),
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Table 1. HPV DNA genotype status distribution in cervical samples, and cytological and histological status at study entry (total vaccinated

cohort)
. Histological
Cytological status statugs N
Total
HPV (n = 1039)+ Normal Abnormal ASC-US LSIL HSIL ASC-H CIN2+
types (n = 908, (n =131, (n =47, (n =75, (n=7, (n=2, (n=6,
87.4%) 12.6%) 4.5%) 7.2%) 0.7%) 0.2%) 0.6%)
n % n % n % n % n % n % n % n %
Oncogenic HPV
16 68 6.5 37 4.1 31 23.7 11 23.4 15 20.0 4 57.1 1 50.0 5 83.3
18 42 4.0 27 3.0 15 11.5 3 6.4 12 16.0 0 0 0 0 0 0
31 39 3.8 22 2.4 17 13.0 4 8.5 " 14.7 2 28.6 0 0 1 16.7
33 1 0.1 0 0 1 0.8 1 2.1 0 0 0 0 0 0 0 0
35 8 0.8 6 0.7 2 1.5 0 0 1 1.3 1 14.3 0 0 1 16.7
39 37 3.6 24 2.6 13 9.9 4 8.5 9 12.0 0 0 0 0 0 0
45 4 0.4 1 0.1 3 2.3 1 2.1 2 2.7 0 0 0 0 ¢] 0
51 47 4.5 31 3.4 16 12.2 5 10.6 10 13.3 0 0 1 50.0 0 0
52 84 8.1 58 6.4 26 19.8 11 23.4 12 16.0 3 42.9 0 0 0 0
56 37 3.6 20 2.2 17 13.0 6 12.8 11 14.7 0 0 0 0 0 0
58 31 3.0 17 1.9 14 10.7 4 8.5 9 12.0 1 14.3 0 0 1 16.7
59 7 0.7 3 0.3 4 3.1 1 2.1 3 4.0 0 0 0 0 0 0
66 35 3.4 23 2.5 12 9.2 1 2.1 1 14.7 0 0 0 0 0 0
68 17 1.6 12 1.3 5 3.8 2 4.3 2 2.7 1 14.3 0 0 0 0
Total 304 29.3 197 21.7 107 81.7 36 76.6 62 82.7 7 100 2 100 6 100
Non-oncogenic HPV
6 25 2.4 17 1.9 8 6.1 2 4.3 6 8.0 0 0 0 0 0 0
1 6 0.6 5 0.6 1 0.8 ] 0 1 1.3 0 0 0 0 0 0
34 12 1.2 6 0.7 6 4.6 4 8.5 2 2.7 0 0 0 0 0 0
40 9 0.9 6 0.7 3 2.3 1 2.1 2 2.7 0 0 0 0 0 0
42 4 0.4 3 0.3 1 0.8 0 0 1 1.3 0 0 0 0 0 0
43 12 1.2 7 0.8 5 3.8 2 4.3 3 4.0 0 0 0 0 0 0
44 3 0.3 3 0.3 0 0 0 ] 0 0 0 0 0 0 0 0
53 38 3.7 29 3.2 9 6.9 2 4.3 7 9.3 0 0 0 0 0 0
54 14 1.3 14 1.5 0 0 0 0 0 0 0 0 0 0 0 0
70 2 0.2 2 0.2 0 0 0 0 0 0 0 0 0 0 0 0
74 3 0.3 2 0.2 1 0.8 1 2.1 0 0 o] 0 0 0 0 0
Total 112 10.8 82 9.0 30 22.9 9 18.1 21 28.0 0 0 0 0 0 0
Overall 355 34.2 237 26.1 118 90.1 39 83.0 70 93.3 7 100 2 100 6 100
total

tData was not available for one participant due to missing sample. ¥Nine subjects who were diagnosed HSIL or ASC-H at study entry had a
colposcopy after the cytology testing. ASC-H, atypical squamous cells, cannot exclude HSIL; ASC-US, atypical squamous cell of undetermined
significance; CIN, cervical intraepithelial neoplasia; HSIL, high-grade squamous intraepithelial lesion; HPV, human papillomavirus; LSIL, low-grade

squamous intraepithelial lesion.

Table 2. Number of human papillomavirus (HPV) infections at study
entry in the total vaccinated cohort (TVC) and in HPV positive women
(HPV+)

Number of n ™vC HPV+
infections % (n = 1039)t % (n = 355)
6 types 1 0.1 0.3
5 types 6 0.6 1.7
4 types 14 1.3 3.9
3 types 40 3.8 11.3
2 types 79 7.6 222
1 type 215 20.7 60.6

tData was not available for one participant due to missing sample.

including one woman (0.1%) testing positive for six HPV types
(45/51/52/53/56/58) and six women (0.6%) positive for five
HPV types. Fourteen women (1.3%) were positive for four
HPV-types, 40 women (3.8%) positive for three types and 79 of

Konno et al.

the women (7.6%) had two HPV types. When only the HPV
positive women (n = 355) are examined, these percentages
increase to 0.3% testing positive for six HPV types, 1.7% for
five types, 3.9% for four types, 11.3% for three types and 22.2%
of the HPV-positive women had two HPV types (Table 2).

Discussion

This study is the first to evaluate the HPV prevalence for healthy
young Japanese women nationwide, based in seven different
regions of Japan. Study sites were well-distributed with the most
northern site (Aomori) located in the farthest north prefecture of
the main island and the most southern site (Kagoshima) located
in the farthest south prefecture of the third island of Japan.
Healthy Japanese women aged 20-25 years of age were
recruited for a clinical study to assess the efficacy, immuno-
genicity and safety of the HPV-16/18 AS04-adjuvanted vaccine
against HPV. We assessed the baseline HPV status using a sen-
sitive PCR and cytology of the women enrolled in this clinical
study and these are the data we present.
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Although the overall HPV prevalence was slightly higher in
the present study, type-specific prevalence data in Japanese
women with normal cervical cytology was com;))arable to two
large scale meta-analyses of Japanese data.®***» HPV-52 was
also the most prevalent HPV type with HPV-16 second in these
findings. While HPV-51 was the third most prevalent HPV type
based on the results of the current study and of Miura et al.! 3
HPV-51 was fourth in the study of Konno ez al.®? with HPV-
58 third. Previous findings from other Japanese studies were
strongly supported by the large dataset used for the meta-analy-
sis, in particular for age groupings.(32’33) HPV prevalence in
women in the Asia Pacific region who were in their twenties
with normal cytology was highest in Australia (30.1%), fol-
lowed by Japan (23.1%), India (13.2%), Korea (12.7%) and
Taiwan (9.9%).%* Our data for women aged 20-25 years with
normal cytology is relatively high (26.1%) compared to other
women from the Asia Pacific region, with the exception of
Australian women, but similar to that previously reported for
Japanese women.®? Interestingly, the four HPV genotypes
with the highest prevalence in this study matched four of the
five most common high-risk HPV genotypes in Asian women
with normal cytology from China, Singapore, Taiwan and Indo-
nesia.”

While HPV-52 is the most prevalent in the Japanese general
population, HPV-16 is more closely associated with high-grade
precursor lesions and invasive cancer.®** The meta-analysis
of Japanese data indicated that in normal cytological samples
the prevalence of HPV-16 was 0.84% and of HPV-18 was
<0.50%.°%? However, these data were compiled based on
screenings taken of women of all ages. While HPV prevalence
in the USA was common among women between the ages of
14 and 59 years old, prevalence was highest in women
between the ages of 20 and 24 years old. 35 This current
nationwide study specifically examined young women aged
20-25 years and shows a higher prevalence of the HPV-16 and
HPV-18 types, particularly HPV-18 in normal cytology. Fur-
thermore, HPV prevalence in Japanese women with nor-
mal/negative cytology appears to decrease with aging; for
example from 26.1% at 22,5 years (average age) in the present
study to 22.5% at 35.0 years(%) and 10.2% at 52.4 years.(%)
Although these studies were not based in the same geographic
locations and used different primer systems for their PCR anal-
ysis, it has been previously observed that HPV-16 and HPV-18
DNA positivity appears to be very high in Japanese women
aged 20-29 years with CIN2-3 or invasive cervical cancer.®®
Therefore, it is possible that, due to high prevalence of HPV-
16 and HPV-18 in Japanese women with normal cytology, cer-
vical cancer caused by these HPV types will increase in the
future.

As described above, HPV type distribution in invasive cervical
cancers is very similar among countries of eastern Asia (includ-
ing Japan, China/Hong Kong/Taiwan and Korea). HPV-16 and -
18 are the most common types accounting for approximately
70% with the next three most common types being HPV-38,
HPV-52 and HPV-33 accounting for an additional 10%.%%*"
Overall HPV and oncogenic HPV prevalence were 34.1% and
29.2% in all study participants. In the pivotal clinical study
(PATRICIA) to evaluate the HPV-16/18 ASO4-adjuvanted
vaccine with approximately 18 000 women aged 15-25 years
conducted in Asia Pacific, Europe, and North and South Amer-
ica, oncogenic HPV types were detected in 20.1% of all study
participants.(”) Particularly, the prevalence of HPV-16 and
HPV-18 was 5.4% and 2.3% in the participants of the clinical
study. The broader age range of the women in that study
precludes direct comparison of the Japanese data presented here;
however, the prevalence of oncogenic HPV types, especially
HPV-16 (6.5%) and HPV-18 (4.0%), in Japanese women is
higher than that in other populations.

Cervical cancer is preventable if precancerous lesions are
detected early enough. Cytological analysis to detect abnormali-
ties such as LSIL and HSIL is used in combination with histo-
logy to define the early stages (low-grade cervical lesions) and
advanced stages (high-grade cervical lesions) of the disease.®®
The strong association between oncogenic HPV prevalence,
particularly of HPV-16, and cytological abnormalities such as
LSIL and HSIL observed in this study follows the high inci-
dences of HPV in invasive cervical cancer, HSIL and LSIL
throughout Asia.®” Indeed, an increasing prevalence of onco-
genic HPV with increasing cervical lesion severity has been
previously reported in Japanese women,®*** particularly of
the HPV-18 genotype.®® In agreement with this observation,
there was also a good correlation between the prevalence of
oncogenic HPV types and HSIL across the different parts of
Europe.<39)

While the majority of HPV-positive women in this study were
infected with a single HPV-type (60.6%), multiple HPV infec-
tions were observed in the remaining 39.4%. This is much
higher than the 12.0% previously reported for Japanese women
with normal cytology and HPV positive that were also positive
for multiple HPV infection types.®® The higher rate observed
in our study is most likely due to the differences in the ages of
the groups examined as we specifically examined women aged
20-25 years of age. Women aged 20-24 years of age had the
highest prevalence of HPV infection compared to younger (14—
24 years) and older (25-29, 30-39, 40-49, or 50-59 years)
women, especially when restricting the analysis to sexually
active females, in a US study.(35 ) Furthermore, the rate of multi-
ple infection has been demonstrated to be higher in younger than
older women in a Danish study and was also linked to sexual
behavior.“? Therefore, HPV vaccines that provide protection
against multiple HPV types may be more effective in preventing
cervical cancer.

The introduction of systematic cytological screening has
resulted in a fall of the death rate from cervical cancer in many
countries.“"” Vaccination against HPV-16 and HPV-18 would
theoretically decrease by approximately 40% the number of
oncogenic HPV-positive findings in screening programs,(39) As
HPV type distribution in invasive cervical cancers is very simi-
lar among countries of eastern Asia (including Japan, China/
Hong Kong/Taiwan and Korea), approximately 70% of invasive
cervical cancer cases could be potentially prevented by an HPV-
16/18 prophylactic vaccine.'® Moreover, this could increase to
approximately 80% if the vaccine targeted additional HPV
types, such as HPV-31 and HPV-45, as well as HPV-16 and
HPV-18.%" Both HPV-16 and HPV-18 are phylogenetically
related to other HPV subtypes (HPV-16: HPV-31, -33, -35, -52,
.58, -67; HPV-18: HPV-39, -45, -59, -68, -70),*? suggesting
that vaccines targeting HPV-16/18 could cross-react with these
subtypes. Cross-protection data have been reported for both the
bivalent and the quadrivalent vaccines. 116434 The bivalent
vaccine demonstrated cross-protection against persistent infec-
tion with HPV-31, -33 and -45 of 78.7%, 45.7% and 75.7%"®
while the quadrivalent showed cross protection of approximately
46% against persistent infection with HPV-31.* Vaccination
against HPV may, thus, provide extra protection against cervical
cancer caused by non-vaccine HPV types, especially those vul-
nerable to infection by multiple HPV types.

Indeed, the increasing prevalence of HPV-16 and HPV-18
observed in young healthy Japanese women in this study may
indicate that the incidence of cervical cancer in Japan caused by
HPV-16/18 will increase in the future. Therefore, a greater
emphasis needs to be placed on providing information on HPV
and screening for oncogenic types of HPV, in particular HPV-
16 and HPV-18. Safe and effective vaccination against HPV-16
and HPV-18 will help prevent the increase of HPV infection and
subsequent development of cervical cancer. Furthermore, the
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HPV prevalence data reported here in healthy young Japanese
women would be very useful for monitoring the changes in
HPV prevalence after widespread HPV vaccination in Japanese
women in the future.
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Identification of Human Papillomavirus Type 58
Lineages and the Distribution Worldwide
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Background. Human papillomavirus type 58 (HPV-58) accounts for a much higher proportion of cervical
cancers in East Asia than other types. A classification system of HPV-58, which is essential for molecular
epidemiological study, is lacking.

Methods and results. This study analyzed the sequences of 401 isolates collected from 15 countries and cities.
The 268 unique concatenated E6-E7-E2-E5-L1-LCR sequences that comprised 57% of the whole HPV-58 genome
showed 4 distinct clusters. L1 and LCR produced tree topologies that best resembled the concatenated sequences
and thus are the most appropriate surrogate regions for lineage classification. Moreover, short fragments from L1
(nucleotides 6014-6539) and LCR (nucleotides 7257-7429 and 7540-52) were found to contain sequence signatures
informative for lineage identification. Lineage A was the most prevalent lineage across all regions. Lineage C was
more frequent in Africa than elsewhere, whereas lineage D was more prevalent in Africa than in Asia. Among lineage
A variants, sublineage A2 dominated in Africa, the Americas, and Europe, but not in Asia. Sublineage A1, which
represents the prototype that originated from a patient with cancer, was rare worldwide except in Asia.

Conclusions. HPV-58 can be classified into 4 lineages that show some degree of ethnogeographic predilection in
distribution. The evolutionary, epidemiological, and pathological characteristics of these lineages warrant further study.
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current vaccines that account for the remaining cervical cancers
[5]. Globally, HPV types 31, 33, and 45 form the second group
and HPV types 35, 52, and 58 form the third group in the
ranking of cancer association [6]. However, the disease impact
associated with these other HPV types shows considerable
geographical variation. As shown in a meta-analysis, HPV type
58 (HPV-58) was found in 3.3% of cervical cancers globally and
5.6% of cervical cancers in Asia, whereas the prevalence in high-
grade cervical intraepithelial lesions was 7.0% globally and
12.2% in Asia [4]. Studies from East Asian populations have
reported an even higher rate. For instance, HPV-58 was detected
in 26% of cervical squamous cell carcinoma in Shanghai [7],
16% in South Korea [8], 10% in Hong Kong [9] and Taiwan
[10], and 8% in Japan [11]; and HPV-58 ranked third in cervical
cancer cases from Asia overall [12]. Although HPV-58 may not
play an etiological role in all these cases, as some of them are
found in coinfections with other high-risk types, the disease
impact conferred by HPV-58, especially in East Asian pop-
ulations, cannot be neglected. The reason for a geographical or
ethnical predilection of HPV-58-associated cervical neoplasia is
not fully understood. Previous studies have suggested that host
genetic factors and the circulation of variants with higher on-
cogenicity could play a role [13, 14]. To date, information on
sequence variability of HPV-58 is very limited. This study was
conducted to elucidate the phylogenetic relationship between
HPV-58 variants collected worldwide to establish a classification
system that will facilitate further study on the oncogenic po-
tential of HPV-58.

MATERIALS AND METHODS

Study Samples

Cervical, vaginal, or anal samples were collected by study col-
laborators. Those samples that had tested positive for HPV-58
were transferred to a central laboratory for sequence analysis.
The quality of DNA was assessed by amplifying a 1039-bp
fragment of the L1 region, and the identity of HPV-58 was
ascertained by demonstrating a nucleotide sequence similarity of
>90% compared with the corresponding L1 fragment of the
prototype (GenBank accession no. NC_001443). Altogether, 401
samples collected from 15 geographical locations had sufficient
DNA quality for sequencing of the whole length of the E6, E7, E2
(containing E4), E5, L1, and LCR regions (Table 1). All samples
except 37 anal swab specimens from men in the United States
were cervical, vaginal scrape, swab, or tissue specimens from
women. The distribution of cervical pathology status is shown in
Table 1.

Nucleotide Sequencing

The whole lengths of E6, E7, E2 (containing E4), E5, L1, and
LCR were amplified separately by polymerase chain reaction
(PCR) using primers designed on the basis of the prototype

(http://www.ncbinlm.nih.gov/genbank accession no. NC_001443;
primer sequences are shown in the Supplemental Data). Briefly,
the PCR was conducted in a 50-pL reaction mix containing 4 pL
of extracted DNA, 200 pumol/L deoxynucleotide triphosphates,
forward and reverse primers at .25 pmol/L each, and 1.25 U of
HotStarTaq Plus polymerase (Qiagen). The cycling conditions
were as follows: activation of polymerase at 95°C for 5 min,
40 cycles of denaturation at 94°C for 50 s, annealing at 56°C-60°C
for 50 s, and extension at 72°C for 50-70 s, followed by a final
extension at 72°C for 8 min. Amplification was visualized by
agarose gel electrophoresis. Samples with insufficient amplifica-
tion product for sequencing were subjected to another round of
PCR using the nested primers.

PCR products were purified by Microspin $-400 columns (GE
Healthcare). Ten microliters of the purified PCR products were
mixed with 2 uL of BigDye Terminator sequencing reaction mix
(version 3.1; Applied Biosystems), 3 uL of 5X sequencing buffer,
and 3.2 pmol of the sequencing primer; and made up to a final
volume of 20 pL according to the manufacturer’s instructions.
The cycling conditions for the labeling PCR were 25 cycles at
95°C for 15 s, 50°C for 15 s, and 65°C for 75 s. Fluorescence-
labeled PCR products were purified with DyeEx (Qiagen) and
run on an ABI 3130 automated sequence analyzer (Applied
Biosystems). Sequence data were obtained from both directions
and analyzed with SeqScape software (version 2.5; Applied
Biosystems). Mutations that occurred only once were con-
firmed by repeating from the original sample.

Naming of Variants and Phylogenetic Tree Construction
Variant sequences were named WW for “worldwide,” followed
by a number according to its prevalence as found in this study.
The concatenated nucleotide sequences from the 5 complete
open reading frames (ORFs; E6, E7, E2, E5, and L1) and the LCR
region of individual variants were used for phylogenetic tree
construction. The tree construction processes were repeated for
each genomic region to identify the most informative surrogate
region for lineage classification of HPV-58 variants.
Maximum-likelihood trees were constructed using the pro-
gram PAUP* (version 4.0b10) [15]. Modeltest (version 3.7) {16]
was used to identify the best evolutionary model. A neighbor-
joining tree was constructed as a starting tree, followed by
a maximum-likelihood tree using the subtree pruning and
regrafting (SPR) search approach. The data were bootstrap
resampled 1,000 times. To verify the tree topologies observed
from maximum-likelihood trees, the program MrBayes (ver-
sion 3.1.2) [17] was used for Bayesian tree construction,
with the nucleotide substitution model set according to the
Modeltest results. The Markov chain Monte Carlo analysis was
run for 5,000,000 generations with trees sampled at every 1,000
generations. A burn-in rate of 25% was used in summarizing
the data. The trees were displayed with Figtree (version 1.1.2;
http://tree.bio.ed.ac.uk/software).

1566 o JID 2011:203 (1 June) e Chan et al

—380—

1102 '8} Aepy uo Buoy BuoH 30 Alis1oauN 8sBUIND aUL 18 Biosieunofpiojxoa pil wo papeojumeg



Table 1. Distribution of Study Samples According to the Source of Collection and Cervical Pathology Status

No. of specimens of each cervical pathology status

Region, country or city Total no. of specimens Normal ASCUS LGSIL HGSIL Carcinoma Unknown
Africa .
Zimbabwe? 69 0 0 0 0 0 69
Americas 63 6 1 6 10 2 1P
Canada 10 2 0 4 4 0 0
United States 37 .. LC LG LS .6 L6
Mexico 2 0 0 0 1 1 0
Argentina 6 3 1 0 0 1 1
Brazil 3 1 0 1 1 0 0
Honduras 5 0 0 1 4 0 0
Asia 238 57 23 57 66 31 4
Mainland China 3 0 0 0 0 0 3
Hong Kong 90 17 0 15 41 17 0
Taiwan 6 0 0 0 6 0
South Korea 119 30 23 40 22 4 0
Japan 14 9 0 2 1 1 1
Thailand 6 1 0 0 2 3 0
Europe 31 16 1 9 3 0 2
United Kingdom 14 6 0 6 2 0 0
Italy 17 10 1 3 1 0 2
Total 401 83 26 68 72 34 81°

NOTE. ASCUS, atypical squamous cells of undetermined significance; CIN, cervical intraepithelial neoplasia; HGSIL, high-grade squamous intraepithelial lesions
(including CIN2, CIN3, and severe dysplasia); LGSIL, low-grade squamous intraepithelial lesions (including CIN1 and mild dysplasia);

¢ Cervical or vaginal swabs.
® Not including 37 anal swab samples.
¢ Anal swab samples.

Geographical Distribution of Variant Lineages

The rate of detection of each variant lineage was compared
among the 4 regions by use of a Pearson ¥ test. When a sig-
nificant difference was obtained between regions (defined as P <
.05), detection rates between regions were compared 2 by 2 with
a Fisher exact test, for a total of 6 comparisons. The level of
significance for 6 possible comparisons was then set at .008
according to the Bonferroni correction.

The distribution of variant lineages among anal swabs that
were collected from men at a single center in the United States
was compared with that among cervical samples collected from
other parts of the Americas by use of a Pearson ¥ test or a Fisher
exact test as appropriate. The association between variant lineage
and cervical pathology status was assessed by a Fisher exact test.
Two-tailed P values of <.05 were regarded as significant.

RESULTS

Lineage Classification

Altogether, 268 unique concatenated E6-E7-E2-E5-L1-LCR
nucleotide sequences of HPV-58 variants were assembled. The
lengths ranged from 4416 bp to 4462 bp, accounting for ~57%
of the whole viral genome. Since none of the assembled

sequences was identical to the prototype, the sequence available
at GenBank (GenBank accession no. NC_001443) was used to
assemble a concatenated prototype sequence to serve as a refer-
ence. The maximum-likelihood tree revealed 4 clusters (Figure
1), and the topology was same as that observed from the
Bayesian tree.

Among all the genomic regions examined, L1 and LCR dis-
played tree topologies that most closely resembled that of the
concatenated E6-E7-E2-E5-L1-LCR sequences. The L1 and LCR
regions were considered to be most informative surrogate
regions for phylogenetic grouping of HPV-58 variants when
the full genome sequence is not available. The lineage con-
taining the prototype was assigned as lineage A, and the others
were arbitrarily designated as lineages B, C, and D. Figures 2A
and 2B show the maximum-likelihood trees of the L1 and LCR
sequences, which revealed topologies that were same as those
observed from the Bayesian trees. The 2 most prevalent L1
variants, L1_WWO001 and L1_WWO002, were found in 26.7%
and 11.7% of samples, respectively; whereas the L1_WW054
variant, found in .2% of samples, is the prototype. The 2 most
prevalent LCR variants, LCR_WWO001 and LCR_WWO002,
were found in 20.8% and 11.5% of isolates, respectively. The
variant LCR_WWO009, which was found in 3.6% of isolates, is
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Figure 1. Phylogenetic tree constructed from concatenated E6-E7-E2-E5-L1-LCR nucleotide sequences of 268 human papillomavirus type 58 {HPV-58)
Variants. The maximum-likelihood tree was constructed with the PAUP* program (version 4.0} using the GTR+1-+G model for nucleotide substitution.
Bootstrap values of >70% generated by 1,000 resamplings are shown. The length of the scale bar represents .003 substitutions per nucleotide position.
The position of the HPV-58 prototype (http://www.ncbi.nim.nih.gov/genbank accession no. NC_001443) is indicated. The 2 most prevalent variant
sequences, WW_001 and WW_002, are marked with a black arrow and a white arrow, respectively.

the prototype. None of the samples studied were found to
harbor a mixture of variants.

The sequence variations of the L1 and LCR regions among
different lineages were examined to identify shortest fragment or
fragments that contain sequence signatures unique for each
lineage. As a result, 3 fragments were found to be the best sur-
rogate targets for lineage identification, including a 526-bp L1
fragment that corresponds to nucleotide position 6014—6539,
a 173-bp LCR fragment at nucleotides 72577429, and another
337-bp LCR fragment at nucleotides 7540-52. The sequence
variations at key positions are shown in Figure 3.

Geographical Distribution of HPV-58 Lineages

Figure 4 shows the distribution of HPV-58 lineages in each
geographical location. Lineage A was the most prevalent lineage
found worldwide (86.0% of isolates), as well as in each region
(49.3%-95.8% of isolates). The prevalence of lineage A in Africa
(49.3% of isolates) was significantly lower than in other regions
(85.7%-95.8% of isolates; P < .001 for each comparison),
whereas lineage A was significantly more frequent in Asia than in
the Americas (P = .007). Lineage B was found in 2.5% of the
isolates collected worldwide, ranging from none in Europe to
3.2% in the Americas. The number of lineage B isolates was too
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Lineage L1- 526 bp LCR- 173 bp LCR- 337 bp

6 6 6 6 6 6 6 6 6 6 6 6 6 6 7 7 7 71 77 7 17 71 7 7 7 7. 7 7 7 717 7 7 7

0 0 0 0 2 4 4 4 4 4 4 4 55 2 2 2 2 3 3 3 3 3 3 4 4 s 6 6 7 7 7 7 7 71 7

1 3 3 5 2 1 3 4 5 5 5 9 0 3 5 6 7 8 0 1 3 4 6 9 2 2 4 1 8 1 3 4 5 7 7 9 3 5

4 8 9 1 2 6 4 0 0 8 9 6 0 9 7 6 7 4 4 3 2 5 9 5 1 9 0 9 6 4 055 8 9 2 0 2
Prototype A C A C A A T A G G G T C A T ¢ C CAAGTT G G T A G G CCGA T A C C C
Al - R’ -
A2 c - - - - 6 C G T - G -
A3 M- - RY - IN - G . c R® ST
B1 T -6 G s* c G A - - G T
B2 - - - - G - T - C TG G A C G G K*
C - T 6 A - - - ¢c ¢ R R G - G -c K A - R - 6 T
D1 A G A G A c 6 T G T
D2 A G A - - A A G - - A - A (] G T

Figure 3. Signature sequences for human papillomavirus type 58 (HPV-58) lineage identification. Numbers refer to nucleotide position of the HPV-58
prototype (http://www.ncbi.nlm.nih.gov/genbank accession no. NC_001443). A dash represents the same nucleotide as in the prototype. IN, insertion of
12 bp. For M, 91% of isolates have C and 9% have A; for R?, 54.5% have G and 45.5% have A; for R®, 91% have A and 9% have G; for R, 96% have G
and 4% A; for S, 67% have C and 33% have G; for K%, 86% have G and 14% have T: for R’, 78.6% have A and 21.4% have G; for R®, 96% have G and 4%
have A; for R%, 86% have G and 14% have A; and for K'°, 67% have T and 33% have G.

few for statistical analysis. Lineage C was found in 9.2% of
isolates collected worldwide and was found significantly more
frequently in Africa than in Asia, the Americas, or Europe (P =
.001 for each comparison). Lineage D has a worldwide preva-
lence of 2.2% and seemed to be more frequent in Africa (8.7%).
However, the number of lineage D isolates was too few for
statistical analysis.

Since lineage A was the most prevalent lineage identified,
a subgroup analysis was performed for the distribution of sub-
lineages Al, A2, and A3. Sublineage A2 was the most frequently
detected sublineage, accounting for 62.3% of lineage A isolates
collected worldwide and dominating in Africa (94.1%), the
Americas (87.0%), and Europe (93.1%). In contrast, sublineages
Al, A2, and A3 were more evenly distributed in Asia, accounting
for 16.2%, 47.8%, and 36.0%, respectively, of lineage A isolates
found in this region. As a result, the proportion of lineage A
isolates belonging to sublineage A2 was significantly lower in
Asia than in other regions (P < .001), whereas the proportion
belonging to sublineage A3 was significantly higher in Asia than
in other regions (P < .001).

Of the 37 anal swabs collected from men in the United
States, 30 (81.1%) were lineage A, 1 (2.7%) was lineage B, 5
(16.7%) were lineage C, and 1 (.3%) was lineage D. The
proportion of each lineage among these samples was not

significantly different (P = .06—.4) from that of samples col-
lected from women in the Americas.

Lineage Distribution and Cervical Pathology

In Asia, lineage A accounted for 94.8% of high-grade squamous
intraepithelial lesion (HGSIL) and carcinoma samples and
96.4% of samples of normal cytology, low-grade squamous
intraepithelial lesion (LGSIL), and atypical squamous cells of
undetermined significance (ASCUS); no significant difference in
the distribution of lineage A compared with non-A lineages was
found (P = .745). Similarly, lineage A accounted for the ma-
jority of HGSIL/carcinoma samples in Hong Kong (94.8%) and
South Korea (92.3%), and no significant association between
lineage and lesion severity was found (P = 1.0 for Hong Kong;
P = .120 for South Korea). The number of samples available
from other regions was too few for a similar statistical analysis.

DISCUSSION

Analysis of intratypic sequence variation of HPV can provide
important information for the design of diagnostic tools,
development of vaccines, identification of molecular markers for
epidemiological studies, elucidation of implications of sequence
variation on biological and pathological properties, and

Figure 2. Phylogenetic trees of L1 and LCR sequences of human papillomavirus type 58 (HPV-58) variants. The maximum-likelihood tree was
constructed with the PAUP* program {version 4.0) using the GTR+1-+G model for nucleotide substitution. Bootstrap values of key positions generated
with resampling 1,000 times are shown. The length of the scale bar represents the number of substitutions per nucleotide position. The position of the
prototype (http://www.ncbi.nlm.nih.gov/genbank accession no. NC_001443) is indicated. The 2 most prevalent variant sequences, WW_001 and
WW._002, are marked with biack and white arrows, respectively. A, L1 open reading frame of 121 variants {HMB39317-HM639717). B, LCR open reading

frame of 123 variants (HQ338950-H0339350).

1570 o JID 2011:203 (1 June) o Chan et al

—384—

1102 ‘8L Aew uo Buoy) BuoH Jo Aysiaaun asauy) aut je 1o sieusnolpioixo’ pif woiy papeocjumoq



Downloaded from jid.oxfordjournais.org at The Chinese University of Hong Kong on May 18, 2011

—G8E—

1261 o (dunf ) €0T:110C QI o uoneoyisse) o8edur] JueLEA 85-AJH

Pa109pas ay ], "paduanbas sem aUIOUSS [RIIA S[OUYM Y] JO U/ G~
‘Apnas sty uf *[17 ‘07) S]qE[IEAR £[20180S 318 SPIMPLIOM PIIII[0D
$IIB[OSI @G- AdH JO UOIIeLIEA 2dUaNbas U0 ele(] "SIODUED [EJIAID

ul punoj A[uoururod

wour “‘g1-AdH PUe 91-AdH ‘s2d&r AdH

7 93 WIOY PaALIaP AJUTell 318 BIRp J[qe[ieAR AQUaLIND 3y, '[61
‘g1 ] SnIIA 3} JO AWOUOXE) pUE UOHN[OAD 3y} JO SurpueisIopUn

1Le = N) adomg ‘7 (€9 = N} seauswy syt g

(69 = ) B3l 0 (882 = ) BISY ' ‘(10F = N) 8pIMPLIOAN ' “sabeaul] (85-AdH) 8G 8dAl snunewoyjided uewny Jo uonnguisip [eaydeiBoay -y ainbiy

afeauqng

%L'E %€
3 a8eaun

Qq 98esur]

1€ = N ‘edouny

%9y
[A4
a8eaulgns

69 = N ‘eaiyy

%TeE
‘yeBeaur

%9°vL

w
a8eauygng

%L'E
£v
afesuljgng

3 €9 = N ‘seouawy d

%8Sy
[A4

D afeaun

a8eauygns

afeaungng

%S'vE
&V
aZeauygns

J 8EZ = N ‘eisy 4

a8eautjgng

| %ee
I De8eaury %S'T
R g a8eaury

%T'T
@ a8eaury

TOY = N ‘SPIMPLIOM Y



regions included L1, which is the most important region for
defining HPV type and variant; LCR, which is the most variable
region; E6, which contains informative signatures for HPV-16
variant lineage classification; E7, which has been reported to be
more variable than E6 for HPV-58 [14]; and E2 and E5, which
are important in oncogenesis. To our knowledge, the number of
HPV-58 isolates examined in this study represents the largest
reported collection sampled from multiple countries around the
world. Nevertheless, one should be aware of the fact that the
number of samples available from Africa and Europe for this
study was relatively small, and thus the distribution of variants
in these regions might not be fully elucidated.

Our analysis on the E6-E7-E2-E5-L1-LCR concatenated
sequences of HPV-58 variants showed 4 phylogenetically dis-
tinct clusters, suggesting that HPV-58 variants had evolved into
4 lineages. We then attempted to identify genomic regions that
could best reproduce the 4 clusters. Among the 7 genomic re-
gions examined, 5 of them (E6, E7, E2, E4, and E5) were rela-
tively conserved, as expected for these proteins. The tree
topologies generated from these 5 regions were quite different
from that of the concatenated sequences. On the other hand, the
LCR and L1 regions displayed a tree topology that most closely
resembled that of the concatenated sequences and were therefore
regarded as the most informative surrogate regions for HPV-58
variant lineage classification. A similar topology was also ob-
served by Calleja-Macias et al [20], who used a 461-bp fragment
of LCR of 21 HPV-58 variants for tree construction.

The error frequency estimated for a standard Taq polymerase-
based PCR ranges from 2 X 10~* to 30 X 107* [21]. To mini-
mize the chance of recording artificial sequence variations, we
performed sequencing from both directions in independent
PCRs. In addition, sequence variations observed only once were
repeated. It is unlikely that the sequence variations presented are
due to errors produced during the amplification process. The
observed maximum nucleotide sequence divergence of the L1
ORF within each lineage ranged from .4% to 1.7%, and was 2.2%
for all variants together. This limited sequence divergence in-
dicates the absence of subtypes or intermediary genomes within
the HPV-58 variants. This observation concurs with previous
studies on other HPV types [20, 22]. HPV-58, as with other HPV
types, probably has gone through genetic drifts that became
amplified by founder effects and bottlenecks of evolution.

A clear association between phylogenetic clustering and the
ethnogeographic origin of HPV-16 variants has been observed
previously, and thus HPV-16 lineages were named as follows: E
(European), As (Asian), AA (Asian American), and Af-1 and Af-2
(African 1 and 2) [23, 24]. The largest available series of analyses
on HPV-58 variants was reported by Calleja-Macias et al [20],
which included 101 samples from different parts of the world.
Their analysis on a 461-bp fragment of LCR revealed 21 variants,
showing a limited amount of diversification in unique geo-
graphical locations and no clear geographical association with any

variants was observed. The present study allowed a more in-depth
analysis based on a larger sample size. Although the ethnogeo-
graphic correlation for HPV-58 lineages was not as prominent as
that for HPV-16, a predilection in distribution of HPV-58 line-
ages was observed in this study. Lineage A predominated in all
regions except in Africa, where lineages A and C existed in
comparable proportions. Although Asia comprised the largest
number of samples in this study, none of them belonged to lin-
eage D. The distribution of sublineages Al, A2, and A3 also
displayed geographical variation. Although sublineage A2 pre-
dominated in Africa, the Americas and, Europe, a relatively
higher frequency of sublineages Al and A3 was found in Asia.

We hypothesize that lineage A (probably sublineage A2) was
the oldest lineage, which disseminated with early human evo-
lution and migration and had seeded into different parts of the
world before other lineages emerged [24-25]. Host or envi-
ronmental factors might have favored the emergence and spread
of lineage C in Africa, whereas lineage D was difficult to establish
in Asia.

We assigned Al to the sublineage that contained the prototype,
which was cloned from a patient with cervical cancer in Japan. In
this study, sublineage Al was rarely detected except in Asia. It is
worthwhile to further investigate whether the reported higher
contribution of HPV-58 to invasive cancers in East Asia is asso-
ciated with a higher level of oncogenicity of sublineage Al [7-12].

Since all the anal samples from men available for this study
were collected from a single center in the United States, we
compared their lineage distribution with samples from women
collected from the rest of the Americas. The results showed that
there were no significant differences between samples from men
and those from women, and therefore pooling these samples
together for the analysis of the geographical distribution of
lineages was justified.

A potential limitation of the present study is the lack of suf-
ficient samples to allow further analyses of the geographical
distribution of variant lineages stratified according to cervical
pathology status. Nevertheless, at least for Asia and the Amer-
icas, the proportion of samples with normal cytology or LGSIL
was similar to that of samples with ASCUS, HGSIL, or carci-
noma (48.7% and 48.0% of samples from Asia and the Amer-
icas, respectively, were normal/LGSIL), although Europe had
a higher proportion of normal/LGSIL samples (86.2%), and
information on cervical status for the samples from Africa was
not known. We attempted to analyze the association between
oncogenic risk and variant lineage on the basis of samples col-
lected from Asia, Hong Kong, and South Korea, where a sub-
stantial number of samples in this study were collected, but no
significant association was observed. However, such a result
should not be regarded as final. Further studies are required to
examine the oncogenic association of these variant lineages.

This study provides a detailed analysis on HPV-58 variant
lineages and indicates that the distribution may be linked
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ethnogeographically. Whether this reflects the survival fitness of
these variants under different host genetic and environmental
pressures or that some of these lineages are still slowly evolving
and extending their ecological territories remains to be estab-
lished. Further study on the evolution of HPV-58 and close
monitoring of the possibility of type replacement by this virus
following the widespread administration of HPV vaccines are
warranted. It is worthwhile to further study the biological and
pathological implications of this lineage classification system.

Supplementary Data

Supplementary tables are available online at http://jid.oxfordjournals.
org.
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We performed questionmaire survey in 2005, just before the introduction of the MR vaccine, con-
cerning child vaccination andfor infection history for measles, mumps, rubella, varicella, influenza,
diphtheria-pertussis—tetanus (DPT), BCG, and Japanese encephalitis. The vaccination rate against measles
and rubella did not exceed 95% at any age levels. As a result, children who had contracted measles andfor
rubella were observed at all age levels. The vaccination rate was 95% or higher only for BCG and DPT.
The vaccination rates for influenza, mumps, and varicella, although vaccination against which diseases
was being performed voluntarily, were low, and outbreaks of these diseases were expected to persist.
The vaccination rates at a low level for these infectious diseases might be one of the most possible risk
factors to the high prevalence of the diseases in nursery schools (daycare centers), kindergartens, and
elementary schools all over Japan.

© 2011 Published by Elsevier Lid.

For infectious disease control by preventive vaccination, infor-
mation on the vaccination rates and prevalence of infections in
local populations is indispensable for the design of approaches for
susceptible populations, along with accompanying information on
infection sources and routes. We performed a questionnaire survey
in 2005 concerning child vaccination history and infection history
with the parents of nursery school (daycare center), kindergarten,
and elementary school children with the cooperation of persons
involved in local health care, welfare, and educational services.
Measles, rubella, epidemic parotitis (mumps), varicella, influenza,
pertussis (DPT), BCG, and Japanese encephalitis were selected
as diseases (vaccines) of interest. The questionnaire consisted of
guestions concerning the children’s histories of vaccination and
infections (e.g., Did your child receive the vaccine within the last 1
year, or earlier? Did your child contract the disease within the last
1 year, or earlier?). These questions were designed to be answered
by the children’s parents, by selecting the correct responses from
among the suggested answers and checking them off (V) In
addition, attention was given to the distinguishing whether the
vaccinations were performed routinely (during the period stipu-
lated by the law) or voluntarily, and to collecting the data without
individual identification. A document explaining the objective of
the questionnaire survey and a letter of request for cooperation
were submitted to the welfare sections, health promotion sections

* Corresponding author. Tel.: +81 3 5285 1111; fax: +81 3 5285 1129.
E-mail address: okabenob@nih.go.jp (N. Okabe).

0264-410X/$ - see front matter © 2011 Published by Elsevier Ltd.
doi:10.1016/j.vaccine.2010.09.022

(preventive vaccination centers), child rearing support (child care)
sections, boards of education (school hygiene, physical education,
and school lunch sections), and nursery schools through the heads
(general affairs sections) of cities, towns, and villages, requesting
each to evaluate whether they would cooperate. To those sections
that were willing to cooperate, copies of a letter of request to
parents, copies of the questionnaire, and envelopes were sent in
necessary numbers. The answers were then gathered by each sec-
tion and mailed to us. Cooperation in the survey was requested
from the local governments of the 43 cities, towns, and villages
in Osaka Prefecture, and one local government in each of the 47
prefectures in Japan between April and June, 2005. As a result, dur-
ing the survey period between June and November, 2005, a total
of 20,000 responses were collected in 30 cites, towns, and villages
(recovery rate, roughly selected 75%). Of those responses which
were finally compiled, those obtained from 20 randomly selected
cities, towns, and villages (17,816 responses) are analyzed in this
report. The responses concerning the vaccination rates and inci-
dence rates (cumulative, within 1 year) were classified according
to the vaccines used, the diseases, and age (Figs. 1-3).

From the results shown in Fig. 1, the prevalence of diseases
that can be prevented by vaccination appears to be inversely corre-
lated with the corresponding vaccination rates, since outbreaks of
measles, rubella, and pertussis are controlled by vaccination. How-
ever, the vaccination rates against mumps and varicella have not
reached a level effective for the control of outbreaks. Regarding
influenza, although a considerable percentage of children were vac-
cinated, outbreaks recurred annually, and the number of patients
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Fig. 1. Cumulative percentages of vaccination and natural infection (total number of 17,816 children aged 0-12 years in 20 cities, towns,

has not been reduced. The vaccination rate was 95% or higher only
for BCG and DPT. The vaccination rates for other diseases, against
which vaccination is performed routinely (Japanese encephalitis,
measles, and rubella), were from 70 to 90%, although children will
continue to contract these diseases given vaccination rates at this
level. The vaccination rates for diseases against which vaccination
is performed voluntarily (influenza, mumps, and varicella), are low,
and outbreaks of these diseases are expected to persist at nursery
schools (daycare centers), kindergartens, and elementary schools,

and villages), in 2005 in Japan.

probably explaining the high prevalence of these 3 diseases. Rou-
tine vaccination should be urgently instituted. )

Vaccination rates against measles, along with its prevalence,
prior to the introduction of the mixed measles—rubella (MR) vac-
cine, are shown in Fig. 2. The vaccination rate (cumulative) against
measles did not exceed 90% until after the age of 2 years, and did
not exceed 95% at any age level. As a result, children who had
contracted measles were observed at all age levels. A rather higher
percentage (64.2%) of children aged 1 year were vaccinated against

Measles
(%) Vaccine Disease
IDD ,‘ L '«‘ “—h C 1 l;ie
[ =aflee Within 1 year
39
89
70
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- .
o LLA L vy A
age| O 1 2 3 4 5 6 7~12
Vaceination rate| 4444 |73.9(64.2)[91.1(18.0)| 92.13.D | 92.2(1.8) | 504(0.) | 87.8(0.3 | 90.5(0.5)
Incidence rate| 0.5(0.0) | 10(0.8) | 238004) | 2502) | ax0.0) | 8700 | 801 | 680.0
Response number| 181 798 1,091 2359 | 2330 | 2675 1,583 6599

cummulative (within 1 year)

Fig. 2. Vaccination rates against measles and its prevalence according to age (17,626 children aged 0-12 years in 20 cities, towns, and villages), in 2005 in Japan.
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