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Abstract

Genetic variation of 49 human papillomavirus (HPV) 6 and 22 HPV11 isolates from recurrent respiratory papillomatosis (RRP)
(n = 17), genital warts (n = 43), anal cancer (n = 6) and cervical neoplasia cells (n = 5), was determined by sequencing the long
control region (LCR) and the E6 and E7 genes. Comparative analysis of genetic variability was examined to determine
whether different disease states resulting from HPV6 or HPV11 infection cluster into distinct variant groups. Sequence
variation analysis of HPV6 revealed that isolates cluster into variants within previously described HPV6 lineages, with the
majority (65%) clustering to HPV6 sublineage B1 across the three genomic regions examined. Overall 72 HPV6 and 25 HPV11
single nucleotide variations, insertions and deletions were observed within samples examined. In addition, missense
alterations were observed in the E6/E7 genes for 6 HPV6 and 5 HPV11 variants. No nucleotide variations were identified in
any isolates at the four E2 binding sites for HPV6 or HPV11, nor were any isolates found to be identical to the HPV6 lineage
A or HPV11 sublineage A1 reference genomes. Overall, a high degree of sequence conservation was observed between
isolates across each of the regions investigated for both HPV6 and HPV11. Genetic variants identified a slight association
with HPV6 and anogenital lesions (p = 0.04). This study provides important information on the genetic diversity of
circulating HPV 6 and HPV11 variants within the Australian population and supports the observation that the majority of
HPV6 isolates cluster to the HPV6 sublineage B1 with anogenital lesions demonstrating an association with this sublineage
(p = 0.02). Comparative analysis of Australian isolates for both HPV6 and HPV11 to those from other geographical regions
based on the LCR revealed a high degree of sequence similarity throughout the world, confirming previous observations
that there are no geographically specific variants for these HPV types.
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Introduction

Human papillomaviruses (HPVs) have been demonstrated to

cause a diverse range of epithelial lesions. To date, 120 HPV’s

have been identified and each of these types are associated with

infection at particular anatomical sites [1,2]. HPV6 and HPV11

are the most prevalent ‘low-risk’ alpha-papillomavirus types and

are commonly associated with genital warts. Several recent studies

detected HPV6 and/or HPV11 in 92.3% (n = 351 females) [3]

and 92.4% (n = 422 males and females) [4] in biopsy confirmed

anogenital warts, with HPV6 being significantly more often

associated with anogenital warts than HPV11 [3,4]. Interestingly,

gender bias has been associated with HPV11 genital warts

whereby the proportion of HPV11 genital warts is three times

higher in males than females [4]. Reported median intervals from

infection of HPV6 and/or HPV11 to clinical detection of genital

warts are 6 and 4.9 months respectively [3], although infection to

development of lesions can range from 2.8 up to 8 months for

these HPV types [5,6]. Worldwide, genital warts are one of the

most common sexually transmitted diseases [7,8] and although not

life threatening they cause significant morbidity and personal

distress to those affected [9]. In addition, they are a risk factor for

development of intraepithelial neoplasia [10].

Although the majority of HPV related non-malignant diseases

are attributable to HPV 6 and 11 [11], these types have also been

associated with epithelial lesions which can have a more aggressive

pathology, such as the rare benign hyperproliferative lesions of

recurrent respiratory papillomatosis (RRP) which causes signifi-

cant morbidity and mortality, as well as a small number of

Buschke-Löwenstein tumours [12], anal [13], vulvar [14] and

cervical cancers [15]. RRP generally presents with progressive

hoarseness and stridor related to growth of multiple exophytic

lesions within the larynx, though lesions can also occur at other

sites within the oropharyngeal and lower respiratory tract [16].

RRP occurs in both juveniles and adults, with the route for HPV

exposure to newborns thought to be predominantly via maternal

genital infection, although the frequency and routes for both
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vertical and horizontal transmission remain controversial [17].

The pathological course of this disease can vary from spontaneous

remission, relatively stable lesions, to aggressive cases which can be

potentially life threatening due to the number and size of lesions

causing severe respiratory obstruction [17,18]. For this reason,

juvenile RRP can have a devastating impact on affected children

due to the number and frequency of surgical procedures required

to control their disease, with some patients requiring hundreds of

operations in their lifetime. Malignant transformation to squamous

cell carcinoma in RRP is a rare outcome and is often a

consequence of irradiation, bleomycin chemotherapy or cigarette

smoking, although it can also develop without any known

carcinogenic risk factors [19].

Anal cancer is uncommon in the general population, although

incidence in the general Australian population is increasing [20].

In women the incidence of anal cancer is even higher than in men,

although the rate of annual increase is almost two-fold higher in

Australian men (3.42% in men: 1.88% in women) [20], with rates

also increasing in European and US men [11,21]. The incidence

of anal cancer is greater in high risk populations such as men who

have sex with men (MSM), women with previous HPV-related

genital or cervical neoplasias and immunosuppressed individuals

such as those with HIV infection [20,21,22,23,24]. Additional risk

factors include receptive anal intercourse, number of lifetime

sexual partners, smoking, genital warts, immunosuppression and

HPV infection [22,25], of which HPV type 16 is the most

prevalent in anal cancer [22,23,26]. Information regarding the

prevalence of HPV types 6 and 11 in the anal canal, lesions of anal

intraepithelial neoplasia (AIN) and anal cancer is limited

[13,26,27]. The largest of these studies reported gender specific

prevalence for invasive anal cancer (HPV6 at 3.4% in females and

0% in males; HPV11 at 3.4% in females and 8.3% in males), anal

HSIL (HPV6 at 7% in females and 4.4% in males; HPV11 at 0%

in females and 3.3% in males) and for anal LSIL (HPV6 at 22% in

males only; HPV11 at 43% in males only) [26].

Cervical cancer and its precursors namely high grade cervical

intraepithelial neoplasia (CIN2/3) and adenocarcinoma insitu

(AIS) are frequently associated with persistent HPV infection of

types HPV16 and HPV18 [28]. Although HPV6 and HPV11 are

most commonly reported with normal cytology at a prevalence

ranging from 1–1.8% for HPV6 and 0.6–20% for HPV11

[29,30,31], they have also been reported in association with

precancerous cervical lesions and cervical cancer. A systematic

review on the prevalence of HPV and cervical cancer reported a

pooled prevalence of 4.5% for both HPV6 and HPV11 for CIN1,

pooled prevalence of 0% for both HPV6 and HPV11 in cases of

CIN2/3, and in cases of cervical carcinoma a pooled prevalence of

4.3% was reported for HPV6 and 0.1% for HPV11 [14]. A recent

large global study reported the most prevalent HPV types

associated with invasive cervical cancer as HPV16 (57%) and

HPV18 16% throughout the world, whereas the overall preva-

lence of associated low risk types HPV6 (0.4%) and HPV11 (0.5%)

are comparatively rare [15].

Several key gene regions and their role in malignant transfor-

mation have been extensively studied in high-risk HPV types 16

and 18. For example, viral E6 and E7 oncogenes are key

mediators in cell transformation through the disruption of tumour

suppressor Rb/E2F and subsequent p53 pathways respectively,

which are critical in regulating the initiation of DNA replication.

Loss of function or disruption of these pathways due to integration

of HPV DNA, leading to increased expression of E6 and E7

proteins, has been demonstrated to result in the development of

cervical carcinoma [32,33,34]. E6 and E7 expression levels have

been demonstrated to play a key role in the progression of cervical

carcinoma via deregulation of cellular genes controlling tumour

cell proliferation [33]. Unlike high-risk HPV types which often

integrate into the host genome but may also exists episomally, low-

risk HPV types such as HPV6 and HPV11 are not known to

integrate into the host DNA. Despite this, the role of E6 and E7 in

HPV6 and HPV11 associated epithelial lesions has warranted

investigation. A limited number of studies to date have investigated

the association of genetic variants within these gene regions in

lesions such as genital warts and RRP

[35,36,37,38,39,40,41,42,43], with the majority of these studies

being carried out on one lesion type or having small sample sizes.

The long control region (LCR) is another key region which has

been investigated in HPV6 and HPV11 associated epithelial

lesions [35,36,37,40,41,42,43,44,45]. The LCR contains numer-

ous highly conserved short motifs which act as key regulatory

elements that govern gene expression and replication [46]. Among

these are four E2 binding sites, which, in conjunction with an SP1

transcription factor binding site and a TATA box, are thought to

modulate E6 and E7 promoter and transcription activity [46].

Previous studies investigating genetic variation of these gene

regions have used standard reference genomes for comparative

purposes. These standard reference genomes for HPV6 are

denoted prototypic HPV6b, and non-prototypic HPV6a and

HPV6vc, and one standard reference genome for HPV11. A

recent study based on phylogenetic analysis of complete genomes

derived from published HPV6 and HPV11 variants has proposed

a new standard nomenclature for HPV6 and HPV11 [47]. Two

deeply separate clades were observed for HPV6 with the reference

genome HPV6b forming lineage A, and reference genomes

HPV6a and HPV6vc forming lineage B. Within HPV6 lineage

B, there are three sublineages with HPV6vc belonging to

sublineage B1 and HPV6a belonging to sublineage B3. HPV11

variants were found to be more highly conserved, not meeting the

criteria for classification into more than one lineage. The

nomenclature proposed for the HPV11 lineage is based on two

clades, referred to as sublineage A1 which includes variants

clustering with the HPV11 reference genome, and sublineage A2

which includes all other variants. This new standard nomenclature

has been adopted to refer to reference genomes used for this study.

This study examines the genetic variability of the LCR, E6 and

E7 gene regions in both HPV6 and HPV11 across different lesion

types to determine whether different disease states resulting from

single HPV6 or HPV11 infection cluster into distinct variant

groups. In addition, current data on the genetic diversity of HPV6

and HPV11 variants present within the Australian population are

very limited. Only one study has been conducted within the

Australian population, sequencing only a portion of the LCR for

47 HPV6 or HPV11 RRP isolates [44]. Consequently, given the

limited number of descriptive studies both in Australia and

worldwide investigating genetic variation in HPV6 and HPV11,

this study aimed to contribute to the expanding knowledge about

genetic diversity of these genomes by investigating various HPV 6

and 11 lesions within the Australian population.

Methods

Ethics Statement
All patients provided written informed consent at time of

treatment whereby ethics approval was received from: the human

research ethics committee at St Vincent’s Hospital, Sydney,

Australia for anal cancer biopsies, the health ethics research

committee at the Royal Perth Hospital, Perth, Australia for genital

wart biopsies, and the human research ethics committee at the

Royal Women’s Hospital, Melbourne, Australia for the collection

Variants of HPV6 and HPV11 in Australia
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of cervical cells. In addition, ethics approval was obtained from the

ethics in human research committee of the Royal Children’s

Hospital, Melbourne, Australia for juvenile RRP biopsies whereby

written informed consent was provided by either the parent or

guardian at time of treatment.

Clinical Samples
Based on single HPV infection status a total of 71 HPV 6 and

HPV11 isolates from four different disease states being: RRP,

genital warts, anal cancer, and cervical neoplasia cells were

included in this study. Formalin fixed, paraffin embedded (FFPE)

biopsies collected at the Royal Children’s Hospital, Melbourne

between 1964 and 1994 from 17 juvenile RRP patients described

previously [48] were used. A total of 54 fresh wart biopsies from 43

patients were collected at Royal Perth Hospital in Perth, Australia

from December 2007 to July 2010. Overall, twenty-seven of these

were anal, 19 peri-anal, two vulval, three from the anal canal and

the location was not specified for three wart samples. Of the 11

patients with duplicate samples, 9 had a peri-anal plus an anal

biopsy, while two had a peri-anal plus a vulval biopsy. As patient

information was incomplete for 2 of the wart biopsies, based on

41 wart biopsies four were HIV positive patients (two male and

two female), 10 were heterosexual females, 7 were heterosexual

males, 8 were bisexual males and 18 were MSM. In addition, a

total of 6 anal cancer FFPE biopsies collected from November

1998 to February 2007 at St Vincent’s Hospital in Sydney,

Australia were included in this study. All 6 anal cancers were from

male MSM patients. Five cervical cell samples were derived from a

previous study as described in [49], whereby cytology reported two

samples as normal, while histology reported two samples as low-

grade cervical intraepithelial neoplasia (CIN1) and one sample as

CIN2.

DNA Extraction
For FFPE archival tissue, 5 – 10 mm sections were deparaffi-

nised with 800 ml histolene, then mixed with 400 ml absolute

ethanol. The tissue was centrifuged at 14,000 6 g for 2 minutes.

The resultant pellet was washed with 1 ml of absolute ethanol,

centrifuged for 2 minutes and the supernatant was discarded. The

pellet was air dried and subsequently incubated for 4 hrs at 55uC
with 160 ml tissue lysis buffer (Roche Diagnostics, Mannheim,

Germany) and proteinase K at a final concentration of 1 mg/ml.

DNA was then isolated from digested tissue using the MagNA

Pure LC DNA Isolation Kit I (Roche Diagnostics) on the

automated MagNA Pure LC extraction system, according to the

manufacture’s protocol, with the addition of 33.3 mg/ml of poly(A)

RNA carrier to the lysis buffer which has been demonstrated to

improve extraction efficiency. Nucleic acid was eluted into a final

volume of 100 ml.

Fresh 1–2 mm biopsies were homogenised using MagNA Lyser

(Roche Diagnostic) with 250 ml of Tissue Lysis Buffer (Roche

Diagnostics), by two repetitions of 30 seconds at a speed of

7000 rpm in the MagNA Lyser Instrument. Proteinase K was

added to a final concentration of 1 mg/ml, and samples were

incubated at 55uC until fully digested. DNA was then isolated

from the digested tissue as described above. DNA was isolated

from the PreservCyt samples of cervical cells using the MagNA

Pure LC DNA Isolation Kit I on the automated MagNA Pure LC

extraction system, according to a modified protocol [50].

Classification of HPV Types
HPV genotyping of all archival FFPE tissues were confirmed by

using the INNO-LiPA HPV genotyping test (Innogenetics, Ghent,

Belgium) which has demonstrated increased sensitivity and

accuracy for archival tissue [51]. Given the potential for reduced

amplification efficiency due to fragmentation of the DNA template

from archival paraffin embedded tissue, the INNO-LiPA HPV

genotyping test which amplifies a short 65 bp region of the HPV

L1 gene and detects 28 anogenital HPV types, was used as

described in [51]. Fresh genital wart biopsy samples were

genotyped for HPV using PapType (Genera Biosystems, Mel-

bourne, Australia) which amplifies a region of approximately

160 bp of the HPV L1 gene and allows the identification of 16

anogenital HPV genotypes, as described in [52]. Cervical cells

were HPV genotyped as described in [49]. Ultimately, all single

HPV6 and HPV11 positive samples were sequenced as outlined

below, further confirming the HPV genotype present.

Amplification of HPV 6 and 11 LCR, E6 and E7
DNA positive for HPV6 or HPV11 samples were subject to type

and gene specific PCRs. All primers used for genetic variation

analysis of HPV6 LCR, E6 and E7 (Table S3), were designed

using Primer3 [53] and were based on the reference genome from

HPV6 lineage A (GenBank Acc. No. X00203), in addition to a

modified version of the LCR sequence which was amended by the

inclusion of a 94 bp segment after nucleotide position 7350, as

reported by [45]. HPV6 primers were also aligned against

reference genomes from HPV6 lineage B, sublineage B3

(GenBank Acc. No. L41216) and sublineage B1 (GenBank Acc.

No AF092932). The HPV11 sublineage A1 reference genome

(GenBank Acc. No M14119) was used in conjunction with

Primer3 [53] to design primers for the LCR, E6 and E7 used

for genetic variation analysis of HPV11 (Table S3). Primers were

designed for a maximum amplicon length of approximately

250 base pairs, to accommodate potentially fragmented archival

tissue samples.

All PCR reactions were performed in a 50 ml reaction volume

containing 0.5 mM of each primer, 2 mM of each deoxynucleoside

triphosphate, 2.5 mM MgCl2, 1 U AmpliTaqH Gold DNA

Polymerase and 1X reaction buffer (Applied Biosystems, Carlsbad,

California, U.S.), and 2.5 to 5 ml of DNA template. Following a

denaturation step of 94uC for 9 min, PCR steps at 94uC for

30 sec, 55uC for 20 sec and 72uC for 30 sec for 45 cycles, followed

by an extension step at 72uC for 10 min, on a GeneAmp PCR

System 9700 thermocycler (Applied Biosystems). Amplicons were

run on a 2% agarose gel for visualization, using 1000 base pair

HyperLadder IV (BioLine, London, U.K.) for sizing.

Sequencing and Analysis of Genetic and Amino Acid
Variation

Amplicons were sent to the Australian Genome Research

Facility for purification and Sanger DNA sequencing using a

AB3730xl capillary sequencer (Applied Biosystems). To minimise

PCR and sequencing errors, sequencing was performed on both

forward and reverse stands with predicted sequencing error of

0.01% based on sequencing of control DNA. For regions which

did not meet our quality control criteria (short sequence reads,

weak sequence whereby signal to noise ratios were low and in cases

of poor peak resolution) confirmation of HPV sequence was

carried out by repeating both the forward and reverse strands in

duplicate. Sequences were assembled using SeqMan version 8

(DNASTAR, Madison, Wisconsin, U.S.) and aligned against

reference genomes using SeaView version 4 [54]. Nucleotide and

amino acid variation and phylogenetic analyses were conducted

using MEGA5 [55]. HPV type 6 and 11 variants were defined as

being distinct if one or more nucleotide variation was detected in

the region analysed, relative to the reference genome and other

isolates. For HPV6, the lineage A reference genome (GenBank

Variants of HPV6 and HPV11 in Australia

PLOS ONE | www.plosone.org 3 May 2013 | Volume 8 | Issue 5 | e63892



Acc. No. X00203) was used for nucleotide position numbering

with the corrected LCR sequence as described by [45] to

determine LCR variants. For comparison of genomic variation

representative sequences from HPV6 lineage A (GenBank Acc.

No. X00203) and B (sublineage B1 GenBank Acc. No. AF092932

and sublineage B3 GenBank Acc. No. L41216) were used. The

HPV11 sublineage A1 reference genome (GenBank Acc. No.

M14119), was used for comparison of genomic variation and

nucleotide position numbering, corrected for a 2 bp insertion in

the LCR at nucleotide position 7717–7718 [43,45].

Nucleotide Sequence Accession Numbers
The HPV6 nucleotide sequences for the LCR, E6, E7 gene

regions are deposited in the GenBank database under the

accession numbers: LCR sequences (KC300093-KC300140), E6

sequences (KC300141-KC300188, KC333888), E7 sequences

(KC300189-KC300237).

The HPV11 nucleotide sequences for the LCR, E6, E7 gene

regions are deposited in the GenBank database under the

accession numbers: LCR sequences (KC329850-KC329871), E6

sequences (KC329872-KC329893), E7 sequences (KC329894-

KC329915).

Statistics
Data in categories were evaluated using two-tailed Fisher’s exact

test.

Results

Classification of HPV Types
This study used samples with either HPV6 or HPV11 infection.

Of the entire sample set for each lesion type a total of 49 specimens

were identified as HPV6 isolates, that is 8 from RRP lesions, 33

genital warts, 4 anal cancer biopsy specimens and 4 cervical cell

samples. In addition, a total of 22 specimens were identified as

HPV11 isolates, that is 9 RRP lesions, 10 genital warts, 2 anal

cancer biopsy specimens and 1 cervical cell sample (Table S1). For

the 11 patients who had two genital wart biopsies taken, the same

HPV type and identical sequence was observed between the two

isolates from the same patient within the E6/E7 ORFs. Therefore

only one biopsy for each of these 11 patients is included in this

study. Throughout the analysis only one HPV type and variant

was found in each single lesion. Overall HPV 6 was slightly more

associated with anogenital lesions (p = 0.036).

HPV6 Genomic Variants
All 49 HPV6 isolates were successfully amplified and sequenced

across the E6 (nt 102–554) and E7 (nt 530–826) ORFs. For HPV6

E6/E7, a total of 18 single nucleotide variations (13 in the E6 and

5 in the E7 ORF) from the lineage A reference genome were

identified (Table S2). No isolates were identical to the lineage A

reference genome, however, a total of 5 isolates were identified as

lineage A variants. Variants A-1 and A-2 were detected in 4 and 1

isolates respectively. All other isolates were identified as variants of

HPV6 lineage B (Table S4). Twelve isolates grouped with

sublineage B3, forming 4 variant groups, none of which were

identical to the sublineage B3 reference sequence. Variant B3-1

had a single nucleotide variation from the sublineage B3 reference

sequence, while variant B3–4 had three single nucleotide

variations, and B3-2 and B3–3 each had 4 single nucleotide

variations from the sublineage B3 reference sequence. Variants

B3-2,-3 and -4 had the nucleotide A at position 791, as did the

lineage A reference sequence, which is why no variation is marked

in Table S4 at this position. Six of the 12 isolates were B3–4

variants. The majority of isolates, 26 in total, were identical to the

sublineage B1 reference sequence. An additional 5 sublineage B1

variants were identified, each with a single nucleotide variation to

the sublineage B1 reference sequence. There was a significant

association with anogenital lesions with sublineage B1 (p = 0.02).

Only one isolate was identified for variants B1–1 to B1–4, and two

isolates for variant B1–5 (Table S4). Of the 18 single nucleotide

variations there were 6 missense (non-synonymous) alterations, 3

in each of the E6 and E7 genes, and 12 silent (synonymous)

alterations (Table S4). Four of these missense alterations (E19K

and H50Q in E6, and F52Y and N88D in E7), have been reported

previously [36,37,38,39,42].

A total of 48 HPV6 isolates were successfully amplified and

sequenced across the LCR (nt 7292–7902, 1–101). Single

nucleotide variations from the lineage A reference genome were

identified at 45 sites across the LCR. In addition, 5 insertions and

4 deletions were identified (Table S2). Three variants within a total

of 5 isolates grouped with the lineage A reference genome. No

isolates were identified with identical sequence to the lineage A

reference genome; however, LCR variant A-1 deviated by only

one single nucleotide variation. Two variant groups of sublineage

B3 were identified. Variant B3-1 contained a single nucleotide

variation (one isolate), while variant B3-2 contained 2 single

nucleotide variations (one isolate). The majority of isolates (41)

grouped with the sublineage B1 forming a large number of variant

groups, in total 21 (Table S5). The sublineage B1 reference

sequence contains a 19 base pair deletion between nucleotide

positions 7365 and 7385. This 19 base pair deletion was not

observed in any of the sublineage B1 variants, with this being the

only sequence variation from the sublineage B1 reference

sequence for the variant group B1–1. All other sublineage B1

variants had one or more single nucleotide variations, insertions

and deletions, with variant B1–19 having 10 single nucleotide

variations, one insertion and one deletion. No nucleotide

variations were observed at any of the four E2 binding sites for

any of the HPV6 isolates. One RRP isolate was found to be the

most variable across all HPV6 regions sequenced, with 9 single

nucleotide variations and 2 amino acid changes E19K and H50Q

for E6, and 9 single nucleotide variations, 1 insertion and 1

deletion for the LCR. None of the HPV6 E6/E7 or LCR genomic

variants were specific to lesion type.

A total of 105 HPV6 LCR sequences were used to perform a

comparative phylogenetic analysis, which included 48 Australian

isolates from this study, 45 Slovenian [31] and 12 South African

[41] publicly available sequences. Comparative nucleotide se-

quence analysis for the LCR region revealed a total of 38 variant

groups across the three geographical sites (Figure 1). Six of these

variant groups (A-1, A-4, B3-2, B1–2, B1–8, B1–23) shared

identical nucleotide sequence between geographical regions. Of

these 38 variants, 4 clustered with the HPV6 lineage A, although

none were identical to this reference genome. The majority of

HPV6 variants clustered to lineage B, with 5 sublineage B3

variants and 29 sublineage B1 variants. The sublineage B1

reference genome contains a 19 base pair deletion which was also

not observed in any of B1 variants from Slovenia or South Africa.

HPV11 Genomic Variants
All 22 HPV11 isolates were successfully amplified and

sequenced across the E6 (nt 102–554) and E7 (nt 530–826) ORFs.

Three genomic variants were identified across the E6/E7 ORFs

for HPV11 (Table S6). None of these genomic variants

corresponded to the HPV11 sublineage A1 reference sequence

(GenBank Acc. No M14119), with a total of 8 single nucleotide

variations (six in the E6 and two in the E7 ORF) identified (Table

Variants of HPV6 and HPV11 in Australia
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S2). A total of 20 isolates grouped with variant A2–1. Variant A2–

1 has three nucleotide alterations, which are identical to a genetic

variant previously reported by [35] in a case of RRP (GenBank

Acc. No FR872717). Variant A2–2 had a total of four nucleotide

alterations, three of which were identical to that of A2–1; while

variant A2–3 had a total of 5 nucleotide alterations, only one of

which was identical to variant A2–1, each identified in one GW

isolate only. Of the total 8 single nucleotide variations, 5 were

identified as missense (non-synonymous) alterations, while the

remaining 3 were silent (synonymous) alterations (Table S6). The

missense alterations G122E in E6 and A45S in E7 have been

reported previously [35,40,43].

The LCR from 22 HPV 11 isolates was successfully amplified

and sequenced (nt 7277–7931, 1–101). Comparative analysis with

the HPV11 sublineage A1 reference sequence revealed 13 single

nucleotide variations, 1 insertion and 3 deletions in the LCR

(Table S2). A total of 11 variants were identified for the LCR, each

containing only one isolate with the exception of A2–8 which

contained a total of 12 isolates (Table S7). No isolates had identical

sequence to the sublineage A1 reference sequence with all variants

having a minimum of 3 sequence variations. No nucleotide

variations were observed in the HPV11 isolates at any of the four

E2 binding sites. The isolate which was found to be the most

variable across all HPV11 regions sequenced was a genital wart

isolate (LCR A2–1) having 5 single nucleotide variations and 3

amino acid changes in the E6 (N94K, K99N) and E7 (Q78K)

ORFs and 7 single nucleotide variations in the LCR. No HPV11

E6/E7 or LCR genomic variant was found to be specific to lesion

type.

Comparative phylogenetic nucleotide sequence analysis was

carried out on a total of 94 HPV11 LCR sequences. These

publicly available sequences included 22 Australian isolates from

this study, 63 Slovenian [43], 1 Chinese [56], 3 Hungarian [35]

and 5 Thai [40] isolates. Comparative sequence analysis revealed

a total of 21 variant groups (Figure 2). Only two of these variants

clustered with the HPV11 sublineage A1 reference sequence.

Variant A1–2 differed by one nucleotide variation from the

HPV11 sublineage A1 reference sequence, while the A1–1 variant

differed by two nucleotide variations. The remaining 19 variants

clustered sublineage A2. Seven of these variants (A1–2, A2–4, A2–

5, A2–8, A2–11, A2–18, A2–19) shared identical sequence from

different geographical regions. Again the most variable isolate with

7 single nucleotide variations was the Australian variant A2–3

(Figure 2).

Discussion

We present one of the largest studies of Australian isolates to

date which investigates genetic variation for HPV6 or HPV11 in

some of the key HPV gene regions thought to be associated with

development of lesions and disease progression in epithelial cells.

This study compares genetic variation within various lesion types

sampled from the Australian population for the two most prevalent

Figure 1. HPV6 LCR phylogenetic tree from Australia and other geographical regions. A maximum likelihood (ML) tree was inferred from
molecular phylogenetic analysis of 105 aligned LCR sequences using MEGA5 based on the Tamura-Nei model with 500 bootstrap replicates [66].
These 105 sequences were derived from Australia (KC300093–KC300140, KC333888), Slovenia (FM876166–FM876210) and South Africa (JN573163–
JN573174). Reference sequences are shown in grey for lineage A (X00203), and sublineages B1 (AF092932) and B3 (L41216). The 38 variants are
named by the lineage and sublineage they cluster to. Lineage A was comprised of one Australian (A-2), one Slovenian (A-3) and two geographically
shared (A-1, A-4) variants. Lineage B, specifically sublineage B1 was comprised of Australian (B1–4, B1–5, B1–9, B1–10, B1–12, B1–13, B1–14, B1–15,
B1–16, B1–17, B1–18, B1–20, B1–21, B1–24, B1–25, B1–26, B1–27, B1–28, B1–29), Slovenian (B1–1, B1–3, B1–6, B1–7, B1–11, B1–19, B1–22) and
geographically shared (B1–2, B1–8, B1–23 ) variants, and lineage B3 was comprised of Australian (B3–4, B3–5), South African (B3–1, B3–3) and
geographically shared (B3–2). In cases where sequences were identical only one sequence from each counrty was use to represent each variant. In six
instances variants from different geographical regions were identical; A–1, A–4 and B1–2 (Australia and Slovenia), B3–2 (Slovenia and South Africa),
B1–8 and B1–23 (Australia, Slovenia and South Africa).
doi:10.1371/journal.pone.0063892.g001
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types of low risk HPV associated with these diseases. Analysis of

genetic variance revealed slight association with HPV6 and

anogenital lesion and HPV11 and RRP with genetic variants

HPV 6 B1 lineage being more strongly associated with anogenital

lesion.

The majority of HPV11 isolates from this study clustered to the

variant A2–1 for E6 and E7 (Table S6). This variant group

encompassed all lesion types demonstrating no bias of particular

variants to lesion type, and its sequence was identical for this

region to that previously published [35]. Several descriptive studies

recently reporting on genetic variation of E6 and E7 in

populations derived from Hungary, Slovenia and Thailand

[35,40,42,43] again demonstrate that HPV11 isolated from

various lesions do not segregate based on lesion type. A previous

Australian study which sequenced consecutive RRP lesions

resulting from either HPV6 or HPV11 infection, found no

significant association between HPV type, disease aggression or

duration of RRP [44]. Gall et al. (2011), examined consecutive

samples taken from the one case of HPV11 positive aggressive

juvenile onset RRP at different time points and several different

sites at each time point. Sequence analysis of the entire HPV11

genome revealed that each sample was identical, demonstrating

conservation of the HPV11 genome throughout disease progres-

sion within that individual. A more recent study which followed 70

patients who had RRP for 1–22 years found identical sequence in

follow up HPV6 and HPV11 samples, suggesting that RRP is the

consequence of persistent infection with the initial HPV genomic

variant [57]. Several studies have examined methylation associ-

ated with RRP whereby Gall et al. (2011) found all four E2

binding sites in the HPV11 LCR to be uniformly unmethylated,

while the methylation status of all CpGs in the HPV6 LCR of

aerodigestive tract papillomas were found to be unmethylated

[58]. The results of this study, and others to date, suggest that

specific disease pathology associated with these lesion types may

result from more complex HPV and host interactions.

This study identified a series of variations in the E6 and E7

ORFs of the HPV6 genome within the Australian lesions sampled.

A total of three amino acid alterations in each of the E6 and E7

ORFs of different HPV6 isolates were found, some of which were

unique to a single isolate, while others were found in several or

multiple cases. Of these, several unique amino acid alterations

were identified: E113D in E6 and E73K in E7. Conversely, amino

acid alterations E19K and H50Q in the E6 ORF and F52Y and

N88D in the E7 ORF, present in numerous isolates, have been

described previously [36,37,38,39,42], suggesting these are

reasonably common in HPV6 throughout the world. Numerous

Figure 2. HPV11 LCR phylogenetic tree from Australia and other geographical regions. A maximum likelihood (ML) tree was inferred from
molecular phylogenetic analysis of 94 aligned LCR sequences using MEGA5 based on the Tamura-Nei model with 500 bootstrap replicates [66]. These
94 sequences were derived from Australia (KC329850–KC329871), Slovenia (FN870625–FN870687), China (EU918768), Hungary (HE574701, HE574705,
FR872717) and Thailand (JQ773408–JQ773412). The reference sequence (M14119) from sublineage A1 is shown in grey. The 21 variants are named by
the lineage they cluster to. Sublineage A1 was comprised of one Slovenian variant (A1–1) and one geographically shared variant (A1–2). Sublineage
A2 was comprised of 6 Australian (A2–3, A2–6, A2–13, A2–14, A2–16, A2–17), Slovenian(A2–1, A2–7, A2–10, A2–12, A2–15), Hungarian (A2–2),
Thai(A2–9), and geographically shared (A2–4, A2–5, A2–8, A2–11, A2–18, A2–19) variants. In cases where sequences were identical only one sequence
from that country was use to represent each variant. In seven instances variants from different geographical regions were also identical, again one
sequence was used to represent each variant; A1–2 (China and Slovenia), A2–4 (Hungary and Thailand), A2–8 (Australia, Hungary and Slovenia), A2–5,
A2–11, A2–18 (Australia and Slovenia), A2–19 (Australia, Slovenia and Thailand).
doi:10.1371/journal.pone.0063892.g002
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silent nucleotide alterations were also identified which have been

previously reported [36,37,38,39,42]. For HPV11, this study

identified 5 missense alterations, whereby all were unique, with the

exception of the alteration at codon A45S in E7 [35,43]. The

significance of these amino acid alterations is not currently known,

and our data indicates that these are not specific to disease type. A

previous study in which numerous amino acid changes were

identified in the E7 and in particular the E6 ORFs, in addition to a

duplication of enhancer elements in the LCR, did not reveal that

any of these sequence features were unique to malignant versus

benign tumours in numerous HPV6 lesion types [36]. Despite this,

given the role that the E6 and E7 genes play in high risk HPV

types 16 and18, and their clear role in the initiation of DNA

replication in low risk HPV types, these amino acid alterations

cannot be ruled out as playing a role in disease progression without

further investigation.

When the prevalence of HPV-type in genital warts and RRP

(lesions for which n.10) was considered, a type specific

distribution was indicated for genital warts but not RRP. The

prevalence of HPV 6 was found to be higher for genital warts

(77% HPV6 vs 23% HPV11) in this sample set, as described

previously by [4]. However, no difference in the prevalence of

HPV6 (47%) and HPV11 (53%) was identified for Australian RRP

samples, which may be reflective of the Australian population or

due to sample size. Previous studies on prevalence of HPV type 6

or 11 associated with RRP have provided mixed reports. Some

studies have reported no difference in prevalence between HPV6

or HPV11 in RRP [16], but found an association between HPV11

and more aggressive disease progression and/or cancer in RRP

[16,59,60]. Whilst other studies, such as the recent large study by

[4], found HPV6 (59%-HPV6 vs 28%-HPV11) was the most

prevalent HPV type in RRP.

Variant analysis of the LCR within Australian isolates was

completed for both HPV6 and HPV11. In recent years, a growing

number of studies have described HPV6 LCR variations in isolates

from the nucleotide positions of the lineage A reference genome

[36,37,41,44,45]. Based on these nucleotide positions, the same

single nucleotide alterations were observed at 6 [45] and 13 [37]

shared locations with those of previous studies. The majority of

HPV6 isolates grouped with the sublineage B1 reference sequence,

forming a total of 22 variant groups. This reflects previous findings

whereby the highest frequency of isolates and variants were

identified for sublineage B1 [37,45]. Given the LCR contains a

higher degree of variability than the combined E6/E7 gene region,

the ability to distinguish between HPV6 sublineages B1 and B3 is

limited for the E6/E7 gene region resulting in fewer Australian

isolates and variant groups for HPV6 sublineage B3 in the LCR.

Isolates sequenced in this study for the LCR in HPV11, revealed

the same single nucleotide alterations at one [35,45] and, four

[43,44] sites with previous studies. A similar number of HPV11-

LCR variant groups were identified between this study (11) and

(10) [45]. Despite the high number of variant groups identified for

the LCR in both HPV6 and HPV11, the majority of these variant

groups were made up of a single isolate. This may reflect the high

degree of conservation observed in the LCR, and/or a low

frequency of these variants circulating in the population. In

addition, the four E2 transcription factor binding sites located

within the LCR of HPV6 and HPV11 were found to be highly

conserved, with no mutations identified in any of the isolates.

Furthermore, a high degree of conservation was observed between

isolates across each of the regions investigated for both HPV6 and

HPV11. Normalising for the size of each region, the ratio of

variable sites based on the most variable isolate for HPV6 E6, E7

and LCR were 0.7%, 0.7% and 1.3% respectively. While the ratio

of variable sites based on the most variable isolate for HPV11 E6,

E7 and LCR were 0.8%, 0.34% and 0.9% respectively. This study

further demonstrates a high degree of conservation between

isolates in these regions within the Australian population for these

low risk HPV types. Further to this, Australian HPV6 variants

identified within this study clearly demonstrated both HPV6

lineages A and B described by [47] with the majority of isolates

clustering to sublineage B1. Australian HPV11 variants all

clustered to sublineage A2.

Genomic regions such as the LCR have been used by previous

studies to identify genetic variants as it provides enough genetic

variation to differentiate between variants in both HPV6 and

HPV11. For this reason, the LCR was selected for comparative

phylogenetic sequence analysis between this and previous studies

to determine whether genetic lineages previously described

[35,37,40,41,42,43,47] are consistent between Australian and

other geographical regions throughout the world. A comparative

phylogenetic nucleotide analysis of Australian HPV6 variants to

publicly available LCR sequences from Slovenia and South Africa

further demonstrated a high level of conservation of this region

throughout the world, with six instances of identical sequence

observed between geographical regions, and the majority of

variants clustering to HPV 6 lineage B, sublineage B1. Compar-

ative phylogenetic sequence analysis of Australian isolates for the

LCR of HPV11 with published LCR sequences from Solvenian,

Chinese, Hungarian and Thai isolates demonstrated only several

variants from Slovenia and China clustering to HPV11 sublineage

A1, while the majority of variants clustered to sublineage A2.

These results further support the high degree of sequence

conservation between different geographical regions throughout

the world, suggesting that geographically specific variants are not

common for HPV6 or HPV11.

This current study also provides unique pre-vaccination data on

the genetic variation present in RRP, anal cancer, cervical cells

samples for HPV6 and HPV11 within the Australian population.

For genital warts, based on age (14% female .26 years) and sex

(74% male), at least 88% of these samples would have come from

women and men ineligible for publically funded prophylactic HPV

vaccination. The remaining 12% of genital warts were derived

from women ,26 years, whose vaccination status was unknown.

The high proportion of genital wart isolates positive for HPV6 or

HPV11 suggests that lesions developed either in unvaccinated

patients, or in women who were vaccinated with prevalent

infection. Australia was the first country to introduce a govern-

ment-funded, population-based mass vaccination program in 2007

of the female population (12 to 26 years), using the quadrivalent

vaccine GaradasilH (Merck, New Jersey, USA) targeting HPV

types 16, 18, 6 and 11. It has already seen a reduction in the

number of cases of genital warts due to a high coverage of vaccine

[61,62]. For example, the Melbourne Sexual Health Centre

reported that the proportion of women less than 28 years of age

presenting with genital warts declined by 25% per quarter through

2008, irrespective of their vaccination status [63], and genital

warts are now rarely seen in women under the age of 25 years

[64]. A later study involving eight sexual health clinics Australia-

wide found that there was no change in the proportion of women

or heterosexual men diagnosed with genital warts before the

vaccine program, whereas there was a substantial decline in

diagnosed cases of genital warts in women 12–26 years of age [65].

Although the vaccine was licensed for boys 9–15 years of age,

males were not eligible for the government program, so very few

men/boys have received the vaccine. Despite this, the incidence of

genital warts in young (,26 years) heterosexual men appears to be

declining, thought to be due to the effect of herd immunity from

Variants of HPV6 and HPV11 in Australia
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female vaccination. There has, however, been no reduction in the

rates of anogenital warts in MSM or older heterosexual men [65].

The results of our study suggest that there is no causal association

between specific variants and lesion type. This, in addition to the

high level of sequence conservation observed for these low risk

HPV types between variants throughout the world, implies the

vaccine is unlikely to have an impact on the distribution of

circulating types throughout the world.

In summary, we found slight association between HPV6 with

anogenital lesions with sublineage B1 being predominate. This is

consistent with the findings of other studies and suggests that viral

and/or host epigenetic and other host factors (such as those

associated with immune response) may play significant roles in

disease susceptibility and progression. In addition, larger studies

investigating whole genome sequences may shed further light on

possible associations with pathogenesis. However, this study makes

a significant contribution toward the slowly expanding knowledge

about HPV6, and in particular HPV11 genomic diversity and pre-

vaccination circulating HPV6/11 variants within the Australian

population.
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