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Summary
There is now compelling evidence that persistent infection with certain types
of human genital papillomaviruses (HPV) may, after many years, lead to cer-
vical cancer. However, HPV have been detected in asymptomatic women,
infants and children. Several studies have demonstrated that infants can
acquire high-risk HPV infections from their mothers at birth. Thus, the tradi-
tional view that cervical-cancer associated HPV infections are primarily sex-
ually transmitted needs to be re-assessed. Accordingly, the role of mother to
child transmission of cancer-associated HPVs may need to be investigated
further. These facts are pertinent to those developing prophylactic vaccines to
prevent high-risk HPV infections and cervical carcinoma.
OOOOOOOOOOOOOOOOOOOOOO

John Cason
Richard Dimbleby Laboratory of Cancer Virology, Department of Virology
Rayne Institute, Guy’s, Kings College and St. Thomas’ School of Medicine, Kings College
Lambeth Palace Road, London SE1 7EH (UK)
Tel. +44 171 928 9292, ext. 2216/1848, Fax +44 171 922 8394, E-Mail jwcason@aol.com

ABC
Fax + 41 61 306 12 34
E-Mail karger@karger.ch
www.karger.com

© 1999 S. Karger AG, Basel
0300–5526/98/0415–0213$17.50/0

Accessible online at:
http://BioMedNet.com/karger

Introduction

Of the more than 100 human papillomavirus (HPV)
types currently identified about 27 cause anogenital infec-
tions, with HPV types 6, 11, 16, 18, 31, 33, 35 and 42
being most prevalent [1]. HPV types 16, 18, 31, 33, 51
and 54 are associated with anogenital carcinomas and are
thus believed to be of high cancer risk [2–4]. About 95%
of cervical cancers contain high-risk HPV DNA, usually
HPV-16 [4]. In contrast, HPV-6 or HPV-11 virions occur
in genital warts, but are rarely associated with carcinoma,
and are classified as low cancer risk. The remaining geni-
tal HPVs are of intermediate risk [1]. Evidence linking
HPV-16 and HPV-18 with cervical cancer has been the
subject of several excellent reviews [3, 4].

Sexual Transmission of High-Risk HPVs

Until recently, it was believed that high-risk genital
HPVs caused only genital infections and were transmitted
solely by sexual contact. In fact cervical carcinoma exhib-
its the characteristics of a sexually transmitted disease.
Sexual transmission of high-risk HPVs was believed to be
dependent upon a reservoir of infected males with sub-
clinical HPV infections [5]. Thus initially, there was a
very clear story of high-risk HPVs occurring essentially in
a small proportion of women, primarily those with cervi-
cal neoplasia.

This view was supported by the finding a low preva-
lence of high-risk HPV infections among women with
normal cervical smears. However, this was based upon
data collected using insensitive methods to detect viral
DNA (e.g. in situ, dot-blot and Southern blot hybridiza-
tion assays). Even the commercial Hybrid CaptureTM test
for high-risk HPVs has an analytic sensitivity of only
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100,000 HPV genomes/sample. Thus, studies using these
techniques will underestimate the true prevalence of in-
fection. More recently, use of sensitive polymerase chain
reactions (PCR) has revealed that HPV-16 DNA is more
common amongst women with no evidence of cervical
lesions [6].

Although there is no doubt that sexual transmission
occurs, there remain significant problems with the con-
cept that this mechanism completely explains the trans-
mission of this virus. Several authors have described a low
concordance of HPV genital infections between hetero-
sexual partners. Hippelainen et al. [7] showed that of 270
couples investigated for genital HPV DNA by in situ
hybridisation, both partners of 66 couples were positive
whereas only 15 (23%) of these had identical HPV types
in their genital tract. Whilst women with low-risk HPV
infections had male partners with identical HPV types in
50 and 37% of cases, respectively, the rate of concordance
was much lower amongst those with high-risk HPV-16 or
HPV-18 infections (24 and 16%). Another study of het-
erosexual partners using dot-blot assays found a concor-
dance between partners with HPV-16 infections of 57%
and of just 29% for HPV-18 [8]. Unfortunately, interpre-
tation of such studies is frequently confounded by the
inclusion of short-term and non-monogamous relation-
ships. In a DNA sequencing study Ho et al. [9] described
the occurrence of HPV-16 genomic variants in 8 HPV-
16-DNA-positive heterosexual couples. Whilst 4 couples
had identical HPV-16 genomic variants, 4 had mis-
matched variants. The many interpretations of these data
were discussed by the authors who formed the opinion
that sexual transmission of HPV-16 does occur, but with
low infectivity.

Is Sexual Transmission the Only Route?

That high-risk HPVs are transmitted exclusively by the
sexual route is currently being re-appraised, as high-risk
HPVs have been detected in virgins, infants and children
(below and table 1). Indeed, it would perhaps be surpris-
ing if high-risk HPVs were not transmitted in other ways,
particularly from mother-to-child since many other geni-
tal infections are transmitted by this route (e.g. herpes
simplex, hepatitis B and human immunodeficiency vi-
ruses, Treponema pallidum, Chlamydia trachomatis and
Neisseria gonorrhoeae). Furthermore, there is also evi-
dence for non-sexual parent-to-child transmission of low-
risk HPVs [10] and another member of the Papovaviri-
dae, JC polyomavirus.

Table 1. Evidence for the non-sexual transmission of high-risk
HPVs

High-risk genital HPVs infect the oral mucosa and are associated
with oral carcinomas

Low concordance of HPV types between heterosexual partners and
of HPV genomic variants within married couples

Genital HPV DNA was detected in virgins
High-risk genital HPV infections are common amongst infants and

children

High-Risk HPV Infections amongst Sexually
Inexperienced Populations

Virgins
Whilst some investigators were unable to detect HPV

DNA in swabs from virginal women, or in cervical-vagi-
nal specimens from young girls others have found HPV
DNA in vulval swabs from 9 (14.8%) of 61 women who
claimed no history of sexual intercourse [11]. Jochmus-
Kudielka et al. [12] also investigated vulval swabs from 24
asymptomatic virgins by PCR and in 5 cases (21%) HPV-
16 DNA was detected. Similarly, 3 of 15 (20%) women
who had never had vaginal intercourse with a man were
positive at the vulva, but not at the cervix [13].

The obvious caveat attached to these reports is that the
true virginal state of the women investigated may be ques-
tionable. Whilst acquisition of high-risk HPVs may occur
in virgins vulval, rather than cervical, HPV infections are
most common. Nonetheless, investigations of children
[14] and of adult women [15] have indicated that external
genital HPV infections are usually accompanied by inter-
nal (cervicovaginal) HPV infections.

Children
Whilst HPV-16 is considerably more prevalent at geni-

tal sites than either HPV-6 or HPV-11 in the general adult
population, few groups have investigated high-risk HPV
infections amongst children. This is probably due to the
fact that there are only a few reports of clinical lesions in
childhood attributable to infection with high-risk HPVs.
There are occasional case reports of children with condy-
lomata acuminata which contain HPV-16 [16, 17] or
HPV-16 and HPV-18 [18] and one report of a 12-year-old
child with a laryngeal carcinoma that contained HPV-18
and HPV-33 [19].

Evidence that high-risk HPV infections may occur
among children came initially from the observation that
foreskins from 3 of 70 (4.3%) unselected normal new-
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borns were HPV DNA-positive, 2 (2.8%) of which con-
tained HPV-16 DNA in dot-blot assays [20]. Further indi-
cations that childhood HPV-16 infections occur are pro-
vided by seroprevalence studies. Anti-HPV-16 E4 anti-
bodies have been demonstrated in 30–40% of sera from
children and adolescents up to 20 years of age, and in
another study of 1,707 individuals aged 1–95 years, anti-
HPV-16 E4 antibodies were common amongst children
and teenagers (20%), but not adults (1.14%). This led the
authors to conclude that HPV-16 infections may occur
frequently in early life [21]. Antibodies to HPV-16 capsid
proteins have also been detected in up to 25% of children
when peptides or fusion proteins were used as antigens
[22, 23]. In addition, 80 of 200 (40%) sera from children
aged between 1 month and 10 years had IgM antibodies to
an HPV-16 L2 protein expressed in insect cells via a
recombinant baculovirus [24]. In other studies, anti-
bodies reactive with HPV-16 were detected in 6–14% of
children [25].

Limited PCR studies have confirmed such serological
findings and indicate that up to 19% of children under
6 years have HPV-16 DNA in their buccal cavities [23].
Oral scrapings from 33 of 95 (35%) of children aged 1–11
years were HPV DNA-positive, 16 (17%) were positive
for HPV-16/HPV-18 or HPV-6/HPV-11. We are current-
ly performing a large cross-sectional study of the preva-
lence of buccal infection with HPV-16 amongst 350 Lon-
don schoolchildren aged 1 through 11 years. To date, of
208 children tested 48% were positive when tested by a
highly sensitive PCR (analytic sensitivity "10 HPV-16
copies/sample) [26], whereas only about 15% were posi-
tive using the MY09/11 consensus primer PCR (analytic
sensitivity " 500 HPV-16 copies/sample). Moreover, in
16% of these children we have been able to detect HPV-
16 early region mRNA indicating that many of these
infections are replicative. Together these data indicate
that exposure to and infection with HPV-16 are relatively
common in childhood.

Perinatal Transmission of High-Risk HPVs

Pregnancy
Whether there is an increase in the prevalence of geni-

tal HPV infections during pregnancy is controversial,
although several studies have reported an increase of such
infections [27, 28]. Rando et al. [28] using Southern blot-
ting reported that 52.5% of patients were HPV DNA-pos-
itive in the third trimester of pregnancy, compared with
only 17.5% postpartum. Schneider et al. [27] reported

that 28% of pregnant women and 12.5% of nonpregnant
controls were HPV positive, with HPV-16 being the dom-
inant genotype amongst the former group. This apparent
increase in detectable HPV infections may be the result of
two factors which may permit pre-existing low-copy-num-
ber, latent, and de novo infections, to be detected. These
are the hormonal changes which may encourage increased
transcription mediated by the glucocorticoid response
elements in the non-coding region of HPV-16 and the
transient immunosuppression which accompanies preg-
nancy.

Detection of High-Risk HPV DNA in Mothers and
Their Infants
The concept of HPV transmission from mother-to-

infant at birth was first proposed by Sedlacek et al. [29]
after showing that HPV DNA could be detected by South-
ern blotting in nasopharyngeal aspirates from 11 of 23
(48%) infants born to HPV DNA-positive mothers. How-
ever, although HPV DNA in maternal cervical cells was
genotyped DNA from infant samples was not. Smith et al.
[30] reported HPV DNA in oropharyngeal cells from two
of 72 (2.8%) infants delivered to HPV positive mothers,
but these authors used the ViraPap/ViraType assay which
is neither as sensitive, nor as specific as Southern blot-
ting.

One report of 3-year-old children and their HIV-
infected mothers in Zaire revealed that whilst 10 of 81
(12.3%) children were positive for high-risk HPV DNA
this did not correlate with HPV infection in the mothers
[31]. This ambiguity may again be explained by use of the
ViraPap/ViraTypeTM kit or alternatively that transient
maternal HPV infections among mothers may have re-
gressed during the 3 years since delivery.

More convincing evidence of perinatal transmission of
high-risk HPVs comes from other studies [32] in which
HPV-16 or HPV-18 DNA was demonstrated by PCR on
swabs from the external genitalia and/or in buccal cavities
of 50% of 24-hour-old infants delivered to HPV-16- or
HPV-18-infected mothers. Whilst at 24 h HPV-16 DNA-
positive infants could just be smeared with infected ma-
ternal cells, high-risk HPV DNA persisted in at least half
of the infants until they were 6 weeks of age, suggesting
that replicative infections had been established. At 6
months of age, over half of the children remained positive
and 13 HPV-16 DNA-positive children followed to 2
years of age remained infected [33, 34].

Fredericks et al. [35] were also able to demonstrate
high-risk HPV DNA by PCR analysis of samples from the
genital tracts of mothers and in the buccal cavities of their
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Table 2. Potential routes for the transmission of high-risk HPVs
to infants

Probable
Mother to infant during parturition
Ascending infection via ruptured amniotic membranes
Horizontal spread from relatives/friends
Shared bathing with parents
Sexual abuse

Possible
Infected fomites/clothing

Improbable
Breast milk
HPV genome in gametes
Blood

infants when swabs were taken 6 weeks after parturition.
HPV DNA was detected in cervical epithelial cells of 11
of 30 (37%) women and in buccal cells from 8 of 11 (73%)
infants born to HPV-positive women. Concordant HPV-
18 infections were detected in 6 mothers and their infants.
Whilst these data suggest HPV-18 may be transmitted at
birth from mother to child it remains possible that some
children acquired infection from another source in the
intervening period between delivery and testing.

Source and Routes of Infant Infections with HPV
It seems probable that passage of the neonate through

an infected birth canal might explain the source and route
of high-risk HPV DNA detected in infants (tables 1, 2).
Indeed, estimation of viral load in the genital tracts of
HPV-16 DNA-positive pregnant women revealed that
women who transmitted infection to their infants had sig-
nificantly greater quantities of HPV-16 DNA than those
who did not [36]. Furthermore, amongst 13 HPV-16
DNA-positive children, we have also shown that mothers
are usually the source of infant infections by using DNA
sequencing to detect the occurrence of concordant HPV-
16 variants in maternal and infant samples [34]. Other
evidence for a maternal source of infant infections comes
from a report of 2 mothers with dual HPV-16/HPV-18
infections who both produced infants who were similarly
co-infected [33]. In addition to passage through an in-
fected birth canal, transplacental HPV-16/HPV-18 infec-
tions have been documented. HPV DNA has been de-
tected in 75% (12 of 16) of amniotic fluids from cervical
HPV DNA-positive pregnant women, implying that as-
cending infections may occur [37].

Other routes of infant infection with high-risk HPVs
may also exist (table 2). Some viruses (e.g. HIV) can be
transmitted via breast milk, but it seems unlikely that
HPVs are present in breast milk since there is no viraemic
phase and HPVs are not associated with breast lesions.
Certain retroviruses can be transmitted vertically by in-
fecting the gametes and there is one report of HPV DNA
sequences in purified human sperm cells [38]: this again
seems unlikely given the high degree of tissue specificity
of genital HPVs for keratinocytes.

Discussion

There is now convincing evidence that high-risk HPVs
may be transmitted from mother to infant, although it is
unknown whether such infections play a role in the aetiol-
ogy of cervical neoplasia in later life. The main areas of
controversy on this issue are the incidence of mother-to-
child infection and whether persistent replicative infec-
tions are established. High-risk HPV infections may be
common in asymptomatic women, however only a minor-
ity of such infections are believed to result in malignancy
and then probably only when co-carcinogens are present.
Thus at present, there is no rationale either for testing
neonates for high-risk HPV DNA or for offering Caesar-
ean section to pregnant women with such infections. Fur-
thermore, based upon the evidence presented, detection
of infant infection with genital HPVs should not be con-
sidered as evidence for sexual abuse.

What is currently required is the determination of age-
related prevalences of high-risk HPV infections according
to age amongst unselected children. In particular studies
of genital infections are virtually impossible to perform
since virus replication could be restricted to the transfor-
mation zone which would be unethical to sample in young
virginal females. However, high-risk HPV DNA on in-
fants can be detected at external genital and at buccal sites
with sensitive type-specific PCRs [39].

Serological evidence suggests that infant infections
with high-risk HPVs may persist and utilisation of im-
proved immunoassays employing assembled HPV-16 vi-
rus-like particles [40, 41] would make epidemiological
studies of childhood infections considerably easier. How-
ever, the authors of one preliminary study (using HPV-
16-virus-like particles as antigens) were unable to detect
antibodies in 94 16-year-old virginal female students [42].

HPV infection acquired before the infant’s immune
system is mature may lead to immunological tolerance.
This could permit persistence of such infections and/or a
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reduced ability to clear subsequent high-risk HPV re-
infections in later life. Thus, acquisition of high-risk HPV
infections at birth has significant implications for the
design of, and timing of the delivery of vaccines against
genital HPV.

Finally, the potential impact of vertical transmission
on the epidemiology of high-risk HPV infections may
have been underestimated since (1) between 5 and 40% of
the young female population have asymptomatic HPV-16
infections [43, 44], (2) this may increase to about 52%
during pregnancy [27, 28] and (3) HPV-16/HPV-18 ap-

pear to be transmitted vertically in 50–73% of children
born to infected mothers [33, 35]. Thus, between 26 and
38% of children may be infected with high-risk HPVs at
birth or in early infancy.
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