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Sexual transmission of human papillomaviruses in
heterosexual and male homosexual couples, studied by
DNA hybridisation
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SUMMARY The prevalence of human papillomavirus (HPV) 6, 11, 16, and 18 in 36 heterosexual
couples and seven male homosexual couples with genital warts was investigated for evidence ofsexual
transmission of genital HPV. The prevalence of virus type and number of copies of viral genome
equivalents/cell in the lesions were assessed, and the factors influencing transmission analysed. Our
results show that HPV 6 and, to a lesser extent, HPV 11 were the types most readily transmitted, and
that transmission appears to depend on the copy number and the duration and frequency ofexposure.

The results of clinical studies of patients with genital
warts have shown that these lesions are sexually
transmissible.' To date, there have been no extensive
studies of the transmission of different viral types
present in genital warts using deoxyribonucleic acid
(DNA) hybridisation techniques. We have developed
a technique for assessing the type and quantity of
human papillomavirus (HPV) DNA in cell samples
and biopsy specimens,2 and have applied it to a study
of the sexual transmissibility of HPV 6, 11, 16, and
18,j which commonly cause genital warts.
Campion et al reported that the female partners of

men with genital warts have an increased risk of
developing cervical intraepithelial neoplasia (CIN)
and cited this evidence to support the hypothesis that
HPV plays a part in cervical carcinogenesis.7 In this
study we have also investigated that aspect of infec-
tion.

PATIENTS, MATERIALS AND METHODS

PATIENTS
Patients presenting with genital warts to the Praed
Street clinic for sexually transmitted diseases were
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invited to bring their partners to the clinic within 28
days. Thirty six heterosexual and seven male homosex-
ual couples were recruited into the study. The patients
were questioned about the duration of their relation-
ships.

SPECIMENS
We took biopsy specimens from exophytic warts and
placed them in liquid nitrogen. From each female
patient we took a cervical scrape, which was placed in
phosphate buffered saline (PBS) for HPV DNA
analysis as described previously,28 and a cervical
scrape for Papanicolaou staining.
A total of 114 specimens were collected for DNA

hybridisation studies from the heterosexual couples as
follows: 36 cervical cell pellets and 55 penile, 15 vulval,
three cervical, two perianal, and three pharyngeal wart
biopsy specimens (table 1). Fifteen samples were
collected for DNA analysis from the homosexual
couples as follows: five penile, seven anal, and two
perianal wart biopsy specimens and one anal scrape
(table 2).
DNA was purified from the samples, immobilised

on nylon filters, hybridised to labelled DNA from one
of the four viral types, and then hybridised to a DNA
probe for gamma actin. The type, prevalence, and
number ofcopies of viral genome equivalents/cell were
assessed.

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://sti.bm

j.com
/

G
enitourin M

ed: first published as 10.1136/sti.64.1.34 on 1 F
ebruary 1988. D

ow
nloaded from

 

http://sti.bmj.com/


Sexual transmission ofHPV in heterosexual and male homosexual couples, studied by DNA hybridisation 35

Table 1 Prevalence ofhuman papillomavirus (HPV) types in 114 actin positive tissue samplesfrom 37 heterosexual couples

No (%) ofsamples with HPV type:

Sample No Any type 6 11 16 18 > I type

Penile wart biopsy 55 38 (69) 34 (62) 24 (44) 1(2) 1 (2) 21 (38)
Cervical scrape 36 5 (14) 3 (8) 2 (6) 0 0 1 (3)
Vulval wart biopsy 15 10 (67) 9 (60) 5 (33) 0 0 3 (20)
Cervical wart biopsy 3 3 (100) 1 (33) 1 (33) 1 (33) 2 (67) 2 (67)
Perianal wart biopsy 2 1(50) 1(50) 0 0 0 0
Pharyngeal wart biopsy 3 0 0 0 0 0 0

DNA PROBES
HPV 6 DNA was obtained as a 5.3 kilobase (kb)
restriction fragment cloned into the Bam HI and Eco
RI sites of the pBR 322 plasmid. HPV 11 and 16
DNAs were obtained as full length 7.9 kb viral
genomes, both cloned into the Bam H 1 site of the pBR
322 plasmid. HPV 18 DNA was obtained as a full
length 7.9 kb viral genome cloned into the Eco RI site
of the same plasmid.3
To assess the human DNA content, each sample

was hybridised to a probe for human gamma actin.
The human genome contains 20 actin genes,9 which are
all highly conserved and have a high degree of
sequence homology. The probe used in this study was
obtained as a full length cDNA of 1-6 kb'` cloned into
the pCDVI vector."

All recombinant plasmids were transferred into
Escherichia coli HB 101 cells. Storage and culture of
bacteria, plasmid amplification and isolation, and all
molecular cloning procedures were performed as
described previously.'2

After plasmid preparation, the probes were
separated from the vectors by digestion with the
appropriate restriction enzymes and then electro-
phoresed into 1% low gelling temperature agarose.
The gel was stained and photographed before excision
of the band containing the probe, which was then
melted and stored at -20C in 100I1 aliquots until
required.

HYBRIDISATIONS
Biopsy specimens and frozen cells were thawed and the
biopsy specimens finely chopped before DNA extrac-
tion. DNA was extracted as described previously by
overnight proteinase potassium and sodium dodecyl-

suphate (K/SDS) digestion of the samples followed by
phenol extraction and cold ethanol precipitation.8
Purified DNA was then spotted on a "Zetaprobe"
nylon membrane filter, previously treated in a solution
of 0 5% SDS, 0.1 x sodium chloride and trisodium
citrate (SSC), and x 5 Denhardt's solution for one
hour at 65°C, using a 72 slot "Slot Blotter" suction
manifold (Schliecher and Schuell Ltd) to give slots of
DNA of equal area. Pure human DNA and pure
linearised recombinant HPV DNA of an appropriate
type were also spotted on the filter to provide a series
of calibration standards. For each set of samples, four
duplicate filters were prepared, one calibrated to each
viral type.

Before initial hybridisation all filters were treated
for one hour in the following solution at 65C: 0 1 x
SSC, 0.05% SDS, and x 5 Denhardt's solution
containing 01 mg/ml sonicated denatured salmon
sperm DNA. The filters were then prehybridised
overnight in the following solution at 42C: 0.05%
SDS; 0.08 mol/l TRIS and hydrochloric acid (pH 7.8),
0.004 mol/1 edetic acid (EDTA), 0.75 mol/l sodium
chloride, 0 1 mg/ml sonicated denatured salmon
sperm DNA, and deionised formamide 50%.

After prehybridisation the filters were hybridised to
one ofthe DNA probes in 1 ml ofthe prehybridisation
mix containing at least 5 ng probe DNA labelled with
radiophosphorus (32P) to a specific activity of not less
than 109 disintegrations per minute (dpm)/pg by
random oligomeric primer extension.'3 Hybridisations
were carried out for 36 hours at 42C, and the filters
were subsequently subjected to three stringent washes
at 65C in a solution of 0.1 x SSC and 0-1% SDS.
After being washed the filters were autoradiographed
on preflashed Fuji RX-100 x ray film for five to 14 days

Table 2 Prevalence ofhuman papillomavirus (HPV) types in 15 tissue samplesfrom seven male homosexual couples

No ofsamples with HPV type:

Sample No Any type 6 11 16 18 > I type

Penile wart biopsy 5 5 3 2 0 0 2
Perianal wart biopsy 2 2 1 2 0 0 1
Anal wart biopsy 7 7 5 5 1 0 4
Analscrape 1 0 0 0 0 0 0
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Table 3 Distribution ofhuman papillomavirus (HPV) types in 36 heterosexual couples

No (%) ofcouples with HPV DNA type:
Partners infected
(positivefor probe) Any type 6 11 16 18 > 1 type

Both 11(31) 8 (22) 4 (11) 0 1(3) 2 (6)
One 14 (39) 13 (36) 12 (33) 2 (6) 1(3) 14 (39)
Neither 11(31) 15 (42) 20 (56) 34 (94) 34 (94) 20 (56)

at - 70°C. After autoradiography, the probe was
washed offthe samples three times for one hour each at
95°C cooling to 65TC in a-s-6olution of 0.5 x SSC and
0.1% SDS. After re-exposure to x ray film for a time
comparable to the original exposure to check the
efficiency of the washing procedure, the filters could be
returned to the prehybridisation stage described above
to permit- subsequent rehybridisation to another
probe.

Autoradiographs were scanned on a Joyce Loebl
"Chromoscan 3" integrating densitometric scanner,
the area under each absorbance peak being related to
the intensity of the signal on the filter and hence to the
mass of DNA in the sample. By relating the values
obtained from the sample to those obtained from the
calibration slots it was possible to obtain an accurate
estimate of the relative quantities of viral and human
DNA in each sample and thus to estimate the number
of copies of viral genome equivalents/cell.

Results

PREVALENCE OF HPV TYPES IN BIOPSY SPECIMENS
The results obtained with the DNA probes are presen-
ted, on a sample basis, in tables 1 and 2. All samples
contained sufficient DNA for analysis by hybridisa-
tion to the gamma actin probe. In heterosexual
couples (table 1), HPV DNA was detected in 38 (69%)
of 55 samples from penile warts, five (14%) of the 36
from cervical scrapes, 10 (67%) of the 15 from vulval
warts, and all (3/3) from cervical warts. HPV 6 and 11
were the most prevalent viral types, and HPV 16 and
18 were found only in penile and cervical warts. In the
male homosexual couples (table 2), HPV DNA was
detected in 14 of the 15 samples collected, and HPV 6
and 1 1 were again the most common viral types found.

Multiple samples were collected from a total of 24

heterosexual patients, the number of samples ranging
from two to seven from each patient. Sixteen of these
patients were positive for HPV DNA, and in 15 (94%)
the distribution of HPV types was homogeneous, the
same type or types being found in all samples. Only
one patient had different viral types in different
samples.

DISTRIBUTION OF HPV TYPES IN PARTNERS
Of the 36 heterosexual couples, 25 (69%) had both
partners who were postive for HPV DNA, and 11
(31%) yielded no viral DNA in either partner. HPV
DNA was detected in one or both partners in the seven
homosexual couples investigated. In tables 3 and 4 the
couples are divided into three groups; those in which
both partners were infected with the same type, those
in which only one partner was infected with a par-

ticular type, and those with neither partner infected.
Thus, as shown in table 3, HPV 6 was found in both
partners in eight (22%) of the 36 heterosexual couples
studied, HPV 11 in both partners in four (11%)
couples, and HPV 18 in both partners of one couple
only. Couples with the same multiple type infection
were also rare; only two heterosexual couples had a

shared mutiple infection. HPV 6 and 11 were also the
most common types in couples with one partner
positive for one specific type. Multiple infections were
more common in this group, with 14 (39%) people
harbouring more than one viral type. A similar pattern
was found in the homosexual couples (table 4).

HPV DNA COPY NUMBERS
We estimated numbers of copies of virus genome
equivalents/cell for HPV 6 and 1 1 only. Copy numbers
for HPV 6 ranged from 100 to 68 000 (mean 9509), and
HPV 11 copy numbers ranged from 100 to 16 000
(mean 2388). The figure shows the mean (SD) copy
numbers for HPV 6 in the heterosexual population. In

Table 4 Distribution ofhuman papillomavirus (HPV) types in seven homosexual couples

No ofcouples with HPV DNA type:
Partners infected
(positivefor probe) Any type 6 11 16 18 > I type

Both 4 2 4 0 0 2
One 3 5 0 1 0 3
Neither 0 0 3 6 0 2
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Figure Numbers ofcopies ofhuman papillomavirus type 6
genome equivalents/cell in 21 infected heterosexual couples.
Means of (a) eight partners with higher copy numbers, (b)
their eight partners, and (c) 13 partnersfrom couples with
only one infectedpartner. (Bars represent SD.)

couples with both partners infected with the same
virus, one always had a much higher copy number
than the other, the mean higher copy number for HPV
6 being 19 683 and the mean lower copy number being
3077. This was an appreciable difference (as assessed
by t distribution analysis). When only one partner was
infected the copy numbers were much lower, the mean
copy number in these patients being 4987.
The duration of relationships in the heterosexual

couples ranged from six months to more than 10 years,
the mean duration being 28 months. All had steady
partners and only 12 had had casual sexual encounters
in the previous 12 months. In contrast, the male
homosexual couples had much shorter relationships,
the maximum being two years, and had numerous

casual sexual encounters in addition to their steady
partners. The mean duration of relationship for all
heterosexual couples who were both infected with
HPV 6 was 22 months, and for those in which only one
partner was infected was 17 months. Analysis of this
result by t distribution has shown that the five month
difference between the mean duration of relationship

Table 5 Duration ofrelationships of21 heterosexual couples
infected with human papillomavirus type 6 (HPV 6) with one
or both partners infected

No ofcouples with
Duration of
relationship One partner Both partners
(months) infected infected

Lessthan 6 1 0
6-12 3 2
12-24 6 3
More than 24 3 3

for the two populations is significant (p <0 1) at the
95% level. This would suggest that couples in which
both partners were infected tended to have relation-
ships of longer duration than did the couples in which
only one partner was infected (table 5).

ASSOCIATION OF HPV WITH CERVICAL NEOPLASIA
Cervical cytology, which has an accuracy of 89% in
this laboratory, was undertaken for all the female
partners of men in the heterosexual group. Examina-
tion using a speculum showed a normal cervix in each
case, which was confirmed by cytology. In only one of
these women was any abnormality noted; changes
indicative of HPV infection were seen, but there was
no evidence of malignancy. Her cytology sample was
found to be positive for HPV 11.

Discussion

In the heterosexual couples, HPV 6 was the predomin-
ant viral type found, being present in 73% (8/11) of
couples in which both partners were infected (coinfec-
ted) and in 93% (13/14) of couples with only one
partner infected, thus being present in 84% (21/25) of
the total infected population. These data show that
HPV 6 is a ubiquitous infection in the heterosexual
population suffering from genital warts, and on the
basis that coinfection is a criterion for transmissibility,
is the most readily transmitted of the viral types
commonly found in genital papillomavirus infections.
A surprising result was the finding that HPV 11

appears to be the viral type most readily transmitted
between homosexuals. Although HPV 6 was common,
being found in all homosexual couples examined, it
was only present in both partners of two couples. This
may reflect a preference of HPV 11 for the anal
mucosa. The samples from the 11 couples with both
partners negative for HPV all contained adequate
DNA for analysis. Our test was very stringent, and the
samples in which a negative result was obtained may
have been infected with a genital HPV type for which
we did not probe, such as HPV 10, or with a non-
genital HPV type in the three patients with pharyngeal
warts.

Analysis of the mean copy number of virus genome
equivalents/cell in samples from the heterosexual
couples provides a possible explanation for the trans-
missibility patterns ofHPV 6. The mean copy numbers
of HPV 6 were much higher in couples with both
partners infected than in those with one partner
infected. It was also observed that when both partners
were infected one had a much higher viral copy
number than did the other. These data suggest,
therefore, that the virus must replicate in the cell to a
high level before it can be sexually transmitted to the
other partner.
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The finding that coinfection appears to correlate

with longer duration of the relationship indicates that,
in addition to replication to higher levels before
transmission, the recipient also must be subjected to
repeated exposure to the virus before becoming infec-
ted. This is supported by the observation that those
couples in which one or both were negative for HPV
tended to have had shorter relationships.
The finding that HPV was absent from all but five of

the cervical cell pellets that we examined, and that all
but one of these cervices were cytologically normal
irrespective of HPV infection, must call into question
the suggestion that female partners ofmen with genital
warts have an increased risk of CIN,7 although they
are clearly at risk of developing genital warts them-
selves.

In summary, the data presented here suggest that
HPV 6, the viral type most-often associated with
exophytic warts, is a common and easily transmitted
papillomavirus. This suggestion is supported by
earlier work that has shown that genital warts are
common, being found in 2% of a randomly selected
population.'4 and by other DNA hybridisation studies
that show that HPV 6 is widely prevalent in such
lesions.2 We have also shown, we think for the first
time on a molecular biological basis, that the risk of
becoming infected with these viruses appears to
depend on viral copy numbers and the duration of
exposure.

This study did not enable us to investigate the
incubation period of genital papillomaviruses, but
follow up of couples with only one infected partner
should provide this information.
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