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A human papillomavirus (HPV) type is defined as an HPV isolate whose L1 gene sequence is at least 10%
different from that of any other type, while a subtype is 2 to 10% different from any HPV type. In order to
analyze the phylogeny behind the subtype definition, we compared 49 isolates of HPV type 44 (HPV-44) and its
subtype HPV-55, previously misclassified as a separate type, and 41 isolates of the subtype pair HPV-68a and
-b, sampled from cohorts in four continents. The subtypes of each pair are separated by deep dichotomic
branching, and three of the four subtypes have evolved large phylogenetic clusters of genomic variants forming
a “star” phylogeny, with some branches specific for ethnically defined cohorts. We conclude that subtypes of
HPV types are natural and old taxa, equivalent to types, which either diverged more recently than types or
evolved more slowly.
continuous process of evolution created these discontinuities.
Variants, on the other hand, form a continuous spectrum; i.e.,
they differ from one another by one or a few individual nucleotide exchanges. As a result, they form a star phylogeny rather
than deep dichotomic branches. There are numerous variants
of each type, while subtypes are extraordinarily rare. The reason for this is not understood. Only four HPV genomes presently fulfill the definition of a subtype: HPV type 55 (HPV-55;
originally a separate HPV type, reclassified as a subtype of
HPV-44 with 5% genome diversity), HPV-46 and HPV-64
(reclassified as subtypes of HPV-20 and HPV-34, respectively)
(5), and the two subtypes of HPV-68, HPV-68a and -b (6, 9).
In order to explore the phylogeny of HPV types that gave
rise to subtypes, we examined the diversity of isolates of
HPV-44 and its subtype HPV-55 and of HPV-68a and -b by
amplifying and sequencing a segment of the long control region (LCR) of these PVs in samples from six geographically
and ethnically remote cohorts (Brazil, Hong Kong, Mexico,
Scotland, South Africa, and the United States). LCR sequences are typically more diverse than genes and therefore
phylogenetically more informative (2, 5, 8, 10). The samples
that we studied had been detected during ongoing clinical
research of genital smears unrelated to the objectives of our
project.
HPV-44 and -55 are “low-risk” HPV types related to HPV-6
and -11 and therefore normally not found in carcinomas.
HPV-44 was originally isolated from a vulvar condyloma (7),
and HPV-55, when isolated from a Bowenoid papulosis (reviewed in reference 3) was originally described as a separate
HPV type (3) and later reclassified as a close relative of

Papillomaviruses (PVs) form a separate family of viruses,
which can be hierarchically subgrouped into PV genera, species, and types, the last term traditionally being used to describe novel PV isolates. A PV type is defined as a complete
viral genome with a sequence organization typical of PVs and
an L1 gene sequence that is at least 10% dissimilar from that
of any other PV type (4). Each human PV (HPV) type can be
reisolated in the form of genomic variants, as found during
systematic worldwide searches and comparisons (2, 5, 8, 10).
These variants differ from one another in nucleotide exchanges
by maximally 2%, and they form intra-HPV-type phylogenetic
trees without discontinuities. Evolution of HPV types apparently predated the evolution of Homo sapiens, while variation
of each HPV type was linked to the evolution of humans (2),
occurring over tens to hundreds of thousands of years.
More than 20 years ago the term “subtype” was introduced
for HPV isolates whose genomes hybridized with a known
HPV type but differed by restriction analysis. Recently, subtypes became redefined as HPV genomes with L1 genes differing by 2 to 10% from that of the original HPV type, placing
the taxon “subtype” in between types and variants. While all
quantitative definitions in PV taxonomy were arbitrary, they
apparently describe natural taxonomic discontinuities, as there
are hundreds of different HPV types (1, 4) and no genomes
intermediate to any two HPV types. It is not clear how the
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FIG. 1. (A) Phylogenetic tree of 49 isolates of HPV-44 and its subtype HPV-55, which has been originally misclassified as an independent type
and therefore numbered differently. The samples came from five cohorts of patients living in Sao Paulo, Brazil (BR), Hong Kong (HK), Monterrey,
Mexico (MX), Cape Town, South Africa (SA), and Oklahoma City, Oklahoma (OK). The numerical codes following these abbreviations correlate
to patients, whose identities remained unknown to the principal investigators of this study. The major phylogenetic tree was generated by the
UPGMA (unweighted pair group method with arithmetic average) algorithm. The small inset was calculated by the neighbor-joining method and
included in this figure to increase the visual impact of a star phylogeny as opposed to evolution by deep dichotomic branching.
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FIG. 2. Phylogenetic tree of 41 samples of HPV-68a and -b. Abbreviations and procedures were as described in the legend to Fig. 1. In addition
to the samples from the above-named regions, there are samples from Edinburgh, Scotland (ED).
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HPV-44 and -55, HPV-68a and -b formed two deep dichotomic
branches, and all HPV-68b variants formed a tight cluster at
one end of these two branches (inset in Fig. 2). Among the
HPV-68b variants, we observed mutations in 29 positions and
maximal distances of 12 nucleotides. Correlation with geography was better than with HPV-44 and -55, as three of five
samples from Hong Kong formed a minor branch without
genomes from other localities, and four out of eight samples
from South Africa formed a tight cluster that included one
Brazilian clone.
From our study of the genomic diversity of two HPV types
from which subtypes have been identified, we conclude that
subtypes originate through phylogenetic processes similar to
those of HPV types, namely, through a dichotomic split in
some ancestor population rather than representing fortuitous
isolates of a large diverse cluster of viral genomes with extensive continuities between nucleotide sequences. Three of the
four subtypes that we investigated had given rise to clusters of
genomic variants with indications of the geographic and ethnic
group specificity of some variants. While subtypes are quantitatively defined by having less diversity than HPV types, these
two properties—namely, dichotomic division and separately
evolved star-like clusters of variants—make them taxa resembling HPV types. Our research aimed to understand the phylogenetic pathway of the origins of subtypes, but we abstain
from a proposal to change the “type” and “subtype” definition,
which would be confusing without serving a scientific or clinical
need. The evolutionary origins of HPV subtypes, just like those
of HPV types, are not well understood but may lie in genetic
bottlenecks that separated populations of previously continuous viral nucleotide sequences, possibly created by the extinction of prehuman host species. This view is supported by the
close subtype-like relationship of the chimpanzee and the
pigmy chimpanzee PVs (4, 11), which may have diverged at the
time that their closely related ape hosts diverged. These two
ape PVs are closely related with HPV-6, -11, -13, -44, -55, and
74, with whom they form HPV species 10 (4). This supports the
views that PV type diversification even between closely related
types (and the subtype pair -44 and -55) took place over a time
frame of up to a few million years (the age of the common
ancestor of humans and chimpanzees) and that PV types originated both by splits between host species and by divergent
evolution of HPVs within their human host.
Nucleotide sequence accession numbers. The sequences of
all variants are deposited with the following GenBank accession numbers: for HPV-44, AY829114 to AY829131; for HPV55, AY829174 to AY829202; and for HPV-68, AY829132 to
AY829173).
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HPV-44 (4), by definition a subtype of HPV-44. Figure 1 shows
the phylogenetic tree of all samples originally diagnosed as
HPV-44 or HPV-55. The genomic segments were PCR amplified with primers that recognized the sequences of both viruses (HPV-44SF, 5⬘-ACCCCATGAGTAAGTGTTGTAGTG3⬘; HPV-44SR, 5⬘-AATTCGGTTCCTCCTCTTTTT-3⬘; HPV55SF, 5⬘-ACCCCATGAGTAAGTGTTGTAGTAT-3⬘; and
HPV-55SR, 5⬘-AATTCGGTCCCTCCTCTTTTCT-3⬘) and
generated 524- and 511-bp segments, respectively, between the
genomic positions 7354 and 44 (HPV-44) and 7353 and 41
(HPV-55), respectively. The tree contains the two HPV-44 and
HPV-55 reference sequences as well as 18 and 29, respectively,
new isolates of each type, together representing a total of 15
variant genomes: six in an HPV-44 cluster and nine in an
HPV-55 cluster. The reference genomes of HPV-44 and -55
differed in the analyzed LCR segment by 42 nucleotide exchanges and eight insertions and deletions, respectively. As
expected, these numbers exceed the criterion of 2 to 10%
dissimilarity, which was defined for the conserved L1 gene,
while the LCR is hyperdiverse. Among the HPV-44 variants,
we observed mutations in five positions, and maximal distances
of 4 nucleotides. Among the HPV-55 variants, there were 11
nucleotide exchanges, one insertion (33 bp), and maximal distances of six mutations. These clusters form a tree with two
deep dichotomic branches representing the two HPV subtypes,
while at the tips of these branches the variants form star-like
clusters of minor branches (inset of Fig. 1). Several variants
from Hong Kong and South Africa were not represented in
other cohorts, which may indicate the restriction of some variants to specific ethnic groups. Unfortunately, since most of the
cohorts that we analyzed were multiethnic, a detailed linkage
between the evolution of HPV-44 and -55 and humans is difficult to determine, unlike that of other HPV types (2, 5, 8, 10).
HPV-68 has been originally observed as a partial genome
integrated into a chromosome of the carcinoma cell line
ME180 (9). It was later isolated as a full-size genome from a
low-grade cervical intraepithelial neoplasia (6). In view of a 7%
divergence of the sequence of the two isolates, the latter was
termed HPV-68a and the former HPV-68b. In our research,
we first completed the published partial sequence of the LCR
of the original clone of HPV-68a (kindly supplied by G. Orth
and M. Favre) by amplifying a segment of this clone, whose
sequence has not been published. This was accomplished with
primers modeled according to two sequences that were conserved between the HPV-68a and -b genomes, namely, HPV68F (5⬘-CAGGCAGGTGTTCGCAGAC-3⬘), corresponding
to positions 1607 to 1625 of the published L1 sequence (GenBank accession number X67161), and HPV-68R (5⬘-GCAAT
TTGTATGGCCGTTCCTCA-3⬘), corresponding to positions
300 to 322 of the published E6 sequence (GenBank accession
number X67160). Within the resulting 963-bp segment, we
amplified and phylogenetically evaluated the 547-bp segment
based on the HPV-68a genes with the primers 68-2AF (5⬘-G
ACTGCAACATTTCCTACAT-3⬘) and 68-2ABF (5⬘-CGTTT
TCGGTCACTCCCTTTAT-3⬘). The corresponding segments
of HPV-68a and -b differed in 52 bp from one another. We
then amplified and sequenced the same LCR segment of 41
clinical samples from the same five cohorts as described above.
Surprisingly, HPV-68a was never found again, as all 41 clinical
samples contained 1 of 15 different HPV-68b variants. Just like
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