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1. Introduction

The mucosal human papillomaviruses (HPVs) pri-
marily infect the genital tract, but they also infect the
mucosa lining the aerodigestive tract where they are eti-
ologically linked to two clinical entities. The high-risk
HPV type 16, which is responsible for about 50% of
cervical cancers, is linked to a subset of oropharyngeal/
tonsillar cancers. Low-risk HPV types 6 and 11, which
cause a large majority of genital warts, are also respon-
sible for juvenile-onset as well as adult-onset recurrent
respiratory papillomatosis (RRP).

2. HPVs and Head and Neck Squamous Cell
Carcinomas (HNSCC)

Each year there are more than 550,000 newly di-
agnosed cases of HNSCC world wide, and these con-
tribute to 300,000 annual cancer-related deaths [1]. Of-
ten considered a single and uniform tumor type, HN-
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SCC in reality is a heterogeneous mix of cancers that
differ in many ways including site of origin, causation,
and behavior. Anatomically, HNSCCs originate from
the mucosa lining the sinonasal tract, oral cavity, larynx
and pharynx (inclusive of the nasopharynx, orophar-
ynx and hypopharynx). The contribution of various
risk factors is strongly influenced by social and ethnic
factors. Cigarette smoking and alcohol consumption
are by far the most widely recognized risk factors for
HNSCC as a whole, but they are not the only ones.
For example, oral cancers linked to betel quid chewing
predominate in parts of India, and nasopharyngeal can-
cers associated with Epstein-Barr virus are common in
China.

Infection with high-risk genital tract HPVs has long
been established as the etiology of cancers of the fe-
male and male genital tracts, but its contribution to tu-
morigenesis of the head and neck has been an unsettled
topic under intense investigation since the 1980s. Early
studies reporting on the prevalence of HPV sequences
in cancers and non-neoplastic tissues of the head and
neck were marred by widely disparate results [2]. In
one of the first studies to provide compelling evidence
for the etiological role of HPV in HNSCC, Steenbergen
et al. [3] observed the presence of integrated HPV-16
genome, HPV-16 transcripts and specific chromosomal
alterations in both a primary oral squamous cell carci-
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Fig. 1. Histology of the normal tonsil. The surface of the tonsil is lined by a layer of stratified squamous epithelium (left panel, arrows). Deep
invaginations of the epithelium into the underlying lymphoid tissue are known as tonsillar crypts (left panel, arrowheads). The epithelium lining
these crypts is disrupted by numerous permeating lymphocytes that separates the epithelium into cords of basaloid cells (right panel).

noma and in the cell line derived from the cancer. In
the early 1990s, reports from Europe began to more
clearly pinpoint the tonsil as an anatomic site targeted
by HPV-16. Using an in-situ hybridization approach,
Niedobitek et al. [4] frequently detected HPV-16 hy-
bridization signals in HNSCC arising from the pala-
tine tonsils. Using a PCR-based approach, Snidjers et
al. [5,6] reported HPV-16 viral transcripts and evidence
of HPV-16 integration in a high percentage of oropha-
ryngeal carcinomas compared to HNSCCs arising in
non-oropharyngeal sites.

As the role of HPV-16 in head and neck tumorigen-
esis becomes better understood, these HPV-16-related
cancers are becoming increasingly recognized as a bi-
ologically distinct subgroup of HNSCCs with a char-
acteristic pathological and clinical profile [7,8]. Com-
pared to their non-HPV counterparts, HPV-16-related
HNSCCs less frequently harbor inactivating mutations
targeting the p53 and retinoblastoma (Rb) tumor sup-
pressor genes. Under the microscope, HPV-16-related
HNSCCs consistently demonstrate a “basaloid” ap-
pearance in contrast to the conventional keratinizing
morphology of most non-HPV-16-related HNSCCs.
Patients with HPV-16-related HNSCCs are less likely
to use alcohol or tobacco, and they are more likely to
experience favorable outcomes. As first suggested by
Niedobitek and others [4], another distinctive feature of
HPV-16-related HNSCC is its strong tendency to local-
ize to the oropharynx – an anatomic site that includes
the base of the tongue, lingual and palatine tonsils, soft
palate and uvula. Within the oropharynx, HPV-16 ap-
pears to target the specialized reticulated epithelium
that lines the tonsillar crypts (Fig. 1).

Several recent reviews have discussed different as-
pects of the role of HPVs in tumors of the aerodigestive
tract [8–10]. This review will summarize the charac-

teristics of HNSCC etiologically linked to HPV infec-
tions.

2.1. Virologic characteristics

Kreimer et al. [9] systematically reviewed 60 PCR-
based studies to describe the prevalence, viral geno-
types, and anatomic distribution of HPVs in over 5000
HNSCCs. In the combined results of the studies, the
prevalence of HPV DNA in squamous cell carcinomas
of the oropharynx (36%) was significantly higher than
that in squamous cell carcinomas of the oral cavity
(24%) and larynx (24%). For all three groups, HPV-
16 was by far the most common HPV type detected
in the HPV-positive carcinomas. The predominance of
HPV-16 type in HNSCC is a common finding in the
PCR-based studies.

These PCR-based studies reported the presence of
HPV-16 in HNSCCs across various anatomic sites,
but were unable to describe the distribution of the vi-
ral genome in tumor tissues. Unlike PCR-based de-
tection methods, currentin situ hybridization meth-
ods permit direct visualization of HPV-16 in tumor
cells. Moreover, thein situ methods are highly sensi-
tive and are able to detect a single HPV DNA copy per
cell and they are applicable to formalin-fixed paraffin-
embedded clinical samples. Punctate staining in the
nucleus of the tumor cell is suggestive of an integrated
state of the viral genome. Begum et al. [11] performed
in situ hybridization for HPV-16 DNA on a tissue ar-
ray assembled from HNSCCs representing all anatomic
subsites of the head and neck. They detected HPV-16 in
82% of the oropharyngeal cancers but in only one of 131
cancers (0.8%) arising from non-oropharyngeal sites.
All 115 cancers from the oral cavity and the larynx were
HPV-16 negative. The HPV prevalencedata comparing
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Table 1
HPV prevalence in tumor biopsies from different HNSCC sites by PCR and byin situ hybridization

Study Assay Oropharynx Oral Cavity Larynx
No. (% prev) No. (% prev) No. (% prev)

Kreimer et al. [9] PCR for all HPVs 969 (35.6) 2642 (23.5) 1435 (24.0)
Kreimer et al. [9] PCR for HPV-16 969 (30.9) 2642 (16.0) 1535 (16.6)
Begum et al. [11] ISH for HPV-16 in tumor cell nuclei 45 (82) 61 (0) 54 (0)

Fig. 2. HPV16 in-situ hybridization and p16 immunohistochemistry
of a tonsillar carcinoma. Distinct dot-like hybridization signals are
localized to the tumor nuclei involving a tonsillar crypt (outlined by
arrows), but they are not present in the overlying surface epithelium
(asterisk) (A, HPV in-situ hybridization). The pattern of high p16
expression reflects the distribution of HPV virus (B, p16 immuno-
histochemistry).

PCR-based detection andin situ hybridization detec-
tion across three anatomic sites [11] are shown in Ta-
ble 1. They show that although cancers at all three HN-
SCC sites are HPV-positive by PCR, only the oropha-
ryngeal cancers demonstrate the presence of HPV as
visualized by hybridization signals within the tumor
nuclei (Fig. 2A). The same conclusion was reached in
a study of paraffin sections of metastatic lymph nodes
from 68 HNSCC patients byin situ hybridization [12].
HPV-16 DNA was found in the tumor nuclei of 22

of 31 patients (71%) whose primary tumor was in the
oropharynx, but in none of 37 patients with primary tu-
mors at other sites (21 in oral cavity, 11 in larynx and 5
in hypopharynx).In situ hybridization was performed
only with HPV-16 probe; thus these studies likely un-
derestimate the true prevalence of HPV-associated can-
cers by missing the few oropharyngeal cancers asso-
ciated with some other HPV type. In confirmation of
the in situ hybridization studies, high copy number of
HPV DNA and the presence of HPV E6 and E7 tran-
scripts strongly correlate with tumor origin from the
oropharynx [6,13–16]. Gillison et al. [13] tested HPV
PCR-positive HNSCC biopsies byin situ hybridization
and/or Southern hybridization of tissue DNAs. They
found that PCR-positive oropharyngeal cancers were
much more likely to be positive by either or both of
these assays (17 of 24 (71%)) than PCR-positive biop-
sies from non-oropharyngeal HNSCC sites (one of 13
(8%)).

With respect to the physical state of HPV-16 DNA
in HPV-positive oropharyngeal/tonsillar cancers, evi-
dence has been presented for the viral genome being
predominantly episomal [14] as well as for its being
integrated [6,8,15].

In summary, the majority of squamous cell carcino-
mas arising from the oropharynx have a transcription-
ally active HPV genome localized to the tumor cells,
suggesting that they are a result of a clonal expansion
of HPV-transformed cells. Tumors with these charac-
teristics appear to be virtually absent from other HN-
SCC anatomic sites such as the oral cavity and the lar-
ynx. Although squamous cell carcinomas of the larynx
can arise from malignant transformation of recurrent
respiratory papillomas caused by the non-oncogenic
HPV types 6 and 11, this is an exceedingly rare phe-
nomenon [17]. HNSCCs which have small copy num-
bers of HPV DNA by quantitative PCR assays, or HN-
SCCs that are HPV-negative byin situ hybridization,
are very likely not etiologically linked to HPV infec-
tion.

2.2. Pathogenesis

2.2.1. Pathological aspects
The HPV-associated HNSCCs have a characteris-

tic appearance under the microscope that is distinct
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Fig. 3. Characteristic basaloid appearance of an HPV16-related
oropharyngeal carcinoma. The carcinoma grows as expanding cel-
lular lobules with central cystic necrosis. The tumor cells are
non-keratinizing and have a high nuclear to cytoplasmic (N:C) ratio.

from their non-HPV-related counterparts. In contrast to
the keratinizing morphology of conventional HNSCC,
these HPV-related tumors tend to be seen as expanding
lobules of poorly differentiated and non-keratinizing
squamous cells, imparting a “basaloid” appearance [15]
(Fig. 3). Of note, this same basaloid morphology has
also been observed in the HPV-related squamous car-
cinomas of the vulva and penis [18].

The consistent localization of HPV-related HNSCC
to the oropharynx may reflect viral targeting of the
epithelium lining the tonsillar crypts [16]. This spe-
cialized lymphoepithelium has a distinctly “basaloid”
appearance, is involved in the capture and processing
of antigens, and serves as a replication site for im-
portant pathogenic viruses (e.g., Epstein-Barr virus,
adenoviruses, and herpes simplex virus) and perhaps
may serve as a reservoir for HPV following expo-
sure [19]. In their description of the HPV-16 distribu-
tion in oropharyngeal carcinomas as visualized byin
situ hybridization, Begum et al. [11] found that all of
the 37 HPV-positive oropharyngeal carcinomas arose
either from the lingual (n = 17) or palatine (n = 20)
tonsils, whereas four of the eight HPV-negativeoropha-
ryngeal cancers arose from the soft palate, a site unas-
sociated with crypt epithelium. In those HPV-positive
cases where all histologic stages of tumor progression
were present from epithelial dysplasia to invasive car-
cinoma, the premalignant changes localized to the ton-
sillar crypts and were HPV-16 positive. These obser-
vations suggest that HPV-16 targets the tonsillar crypt
epithelium for the initiation and maintenance of the
malignant phenotype.

The propensity of HPV-16 to initiate tumorigenesis
from deep within the tonsillar crypts may help account
for certain well recognized but poorly understood clin-
ical characteristics of tonsillar carcinoma. First, pre-
malignant changes of the tonsils are rarely clinically
evident. This inability to visualize tonsillar dysplasia
diminishes the opportunity to remove the tonsils during
the early stages of tumor development. Second, tonsil-
lar carcinomas are prone to metastatic spread to region-
al lymph nodes even when the surface of the tonsils ap-
pears visibly unremarkable [20]. Indeed, a significant
number of metastatic carcinomas from occult primary
tumors are HPV-16 positive (Westra, unpublished re-
sults), likely reflecting origin from the deep recesses
of the tonsillar crypts. It is not known if this location
of HPV infection to the tonsillar crypts will adversely
affect the ability to detect HPV as part of screening
protocols for early cancer detection. Of note, HPV is
readily recovered from exfoliated cervical cells, but it is
not consistently recovered in oral rinses obtained from
patients with HPV-positive HNSCCs [21].

2.2.2. Molecular aspects
Tumorigenesis of the head and neck almost always

involves inactivation of the p53 and Rb pathways – two
pathways that are intimately involved in regulation of
the cell cycle [22]. In non-HPV-related HNSCCs, dis-
ruption of the p53 pathways occurs via genetic alter-
ations targeting the p53 gene; and disruption of the Rb
pathway predominantly occurs via genetic and/or epi-
genetic silencing of the p16(INK4A) tumor suppressor
gene. In HPV-related HNSCCs, genetic alterations tar-
geting p53 and p16(INK4A) are much less common.
Instead, the viral oncoproteins E6 and E7 are expressed
and they physically bind and functionally inactivate the
p53 and pRb proteins, respectively. Andl et al. [7] were
among the first to note the disparity between Rb pro-
tein expression and Rb mutational status as a function
of HPV infection. Compared to other HNSCCs, Rb
protein expression was disproportionately reduced in
the tonsillar carcinoma, even though these carcinomas
lacked Rb mutations. HPV DNA was identified in 11
of 12 tonsillar carcinomas with reduced Rb expression,
but in none of nine tonsillar carcinomas with normal
levels of Rb protein. A growing number of studies have
also consistently shown that HPV-associated oropha-
ryngeal carcinomas are much less likely to harbor p53
mutations than oropharyngeal carcinomas that are not
HPV related [13].

In HPV-positive cervical carcinomas, transcription
of the viral oncoprotein E7 physically binds and func-
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tionally inactivates the Retinoblastoma (Rb) gene prod-
uct, causing a perturbation of other key components of
the Rb pathway. As one example, functional inactiva-
tion of Rb by E7 is known to induce an upregulation of
p16 expression [23], reaching levels that can be readily
detected by routine immunohistochemistry (IHC) [24].
In effect, immunohistochemical detection of high p16
expression serves as a surrogate marker of infection
with high-risk HPVs and, in turn, a marker for neo-
plastic transformation of the cervix [25]. Immunohis-
tochemical detection of high p16 expression is also an
effective ancillary tool for identifying HPV-associated
HNSCC. Presence of p16 by IHC correlates very well
with the presence of HPV genome byin situ hybridiza-
tion [26] (Fig. 2B). Testing of paraffin-embedded tissue
sections for both HPV-16in situ hybridization and p16
IHC is an effective way to screen for HPV-associated
HNSCC; positive results in both assays would be ex-
pected for most of the HPV-associated HNSCC, and
positive results only for p16 IHC may indicate HNSCC
associated with HPVs other than HPV-16.

Other differences between HPV-associated and
HPV-unassociated HNSCC have been described. Com-
pared with their non-HPV-related counterparts, HPV-
related HNSCC are less likely to be associated with in-
activation of the tumor suppressor RASSFIA [27], less
likely to be associated with inactivation of 14-3-3 sig-
ma, a regulator of senescence in keratinocytes [28]; and
less likely to exhibit gross chromosomal changes [29].

2.3. Serologic correlates

Mork et al. [30] conducted a case-control study nest-
ed in a large Nordic cohort to examine if the presence
of antibodies to HPV-16 and some other HPV types in
pre-diagnostic sera (a measure of previous HPV infec-
tion) was a risk factor for subsequent HNSCC. They
found that antibodies reactive with HPV-16 VLPs in
pre-diagnostic sera (on average 9.4 years before diag-
nosis) conferred a high14-fold risk for oropharyngeal
cancers and a lower risk for HNSCC at other anatomic
sites. They also examined 160 archived HNSCC tu-
mors for HPV DNA and found HPV-16 DNA in 15
tumors. Detection of HPV-16 DNA in the tumors cor-
related with pre-diagnostic seropositivity to HPV-16
VLPs.

Antibodies to HPV oncoproteins E6 and E7 are
markers of HPV-associated invasive cancer. In a case-
control study of women with invasive cervical cancer,
Sun et al. [31] found that 63% of cases and 10% of
controls had HPV-16 E6 and/or E7 antibodies, and that

21% of cases and 0.5% of controls had antibodies for
both HPV-16 E6 and E7. Similar patterns of E6/E7
antibody prevalence are seen with HNSCC. Zumbach
et al. [32] reported the presence of HPV-16 E6/E7 an-
tibodies in 7 of 19 (37%) HNSCC patients who had
HPV-16 DNA in their tumors and lower prevalences
in other groups. In the large international multicenter
study [21], the seroprevalence of HPV-16 E6/E7 anti-
bodies was high (65.4%) in patients with HPV DNA-
positive oropharyngeal cancers, and low (3.2–4.2%) in
patients with HPV DNA-negative oropharyngeal can-
cers, in patients with oral cancers and in individuals
without cancer.

In summary, serologic studies have established that
HPV-16 infection precedes the development of HPV-
16 DNA-positive HNSCC and that patients with HPV-
16-positive oropharyngeal cancer develop antibodies
which are markers of HPV-caused cancers.

2.4. Clinical features

Several studies have shown that patients with HPV-
positive HNSCCs have a better prognosis than patients
with HPV-negative HNSCCs [13]. Mellin et al. [33]
compared the clinical outcomes of patients with HPV-
16-positive (n = 23) and HPV-negative (n = 29) tonsil-
lar carcinomas, and found that the risk of cancer-related
death was reduced by one-half in the HPV-positive
group. In the group of patients with oropharyngeal car-
cinoma reported by Gillison et al. [13], HPV-positivity
was associated with fewer cancer related deaths (3 of
24 HPV-positive cases vs. 10 of 26 HPV-negative cas-
es) and significantly improveddisease specific survival.
Of the 99 cases of oropharyngeal carcinomas reported
by Lindel et al. [34], the 14 HPV-positive cases were as-
sociated with a lower recurrence rate and longer patient
survival. Li et al. [35] studied 67 patients with tonsillar
cancer, 31 of whom had HPV-positive tumors. They
found that patients with HPV-positive tumors were 3
times less likely to have recurrence and 5 times less like-
ly to die of the disease than patients with HPV-negative
tumors. Weinberger et al. [36] divided 77 patients with
oropharyngeal cancers into three groups based on the
HPV-16 and p16 status of their tumors. Patients who
had HPV-16-positive tumors with high p16 expression
(18 cases, group 3) had a better prognosis (five year sur-
vival 79%) than patients with HPV-16-negative tumors
with low p16 expression (30 cases, group 1, five year
survival 20%) or patients with HPV-16-positive tumors
with low p16 expression (29 cases, group 2, five year
survival, 18%). The HPV-16 viral load was ten-fold
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Table 2
Characteristics of HPV-associated HNSCC

Defined by: Transcriptionally active HPV genome localized to tumor cell nuclei
Tumor

– Located almost exclusively in the oropharynx, constituting a significant subset
of oropharyngeal carcinomas arising from the lingual and palatine tonsils

– Basaloid histology
– High expression of cellular p16
– Mostly with wildtype p53 and pRb

Patient – compared to other HNSCC patients

– Less likely to have a history of alcohol and tobacco exposure
– More likely to have a history of multiple sexual partners
– More likely to have improved clinical outcomes
– More likely to have antibodies to HPV16 E6 and E7 proteins

higher in group 3 tumors (median, 46 copies per cell)
as compared to group 2 tumors (median 3.6 copies per
cell). It is possible that the group 3 patients in this study
had tumors etiologically linked to HPV-16 and that pa-
tients in group 2, with low copy numbers of HPV-16,
had tumors not etiologically linked to HPV-16.

The biology underlying the clinical observation of
improved prognosis for patients with HPV-associated
HNSCC remains to be clarified. Improved outcomes
associated with HPV infection is thought to be related to
any combination of multiple factors including immune
modulation, increased tumor sensitivity to chemoradi-
ation, and a less complex profile of genetic alterations.

2.5. Epidemiologic findings

Patients with HPV-associated oropharyngeal carci-
nomas are less likely to have a history of exposure
to alcohol and tobacco than patients with non-HPV-
associated HNSCCs [8].

Risk factors for oral HPV infections are related to
sexual behavior and include orogenital contact, multi-
ple sexual partners and HIV infection [37]. In healthy
individuals, the prevalence of HPV DNA sequences in
tonsillar epithelium is quite low and estimated to be
1% by Kreimer et al. [38] and 0.64% by Hansson et
al. [39]. HPV is more prevalent in tonsillar epithelium
and in oral rinse specimens in HIV-infected individu-
als compared to the general population [38]. Further,
HPV-associated carcinomas are more likely to occur
in HIV-infected individuals than in the general popula-
tion [40].

2.6. Magnitude of the problem

In his estimates of the global burden of infection-
related cancers in 2002, Parkin [41] used a combina-

tion of HPV PCR and E6/E7 serology data from cases
and controls in the international study of HNSCCs [21]
to suggest that, worldwide, 3% of oral cancers (8,200
cases) and 12% of oropharyngeal cancers (6,300 cas-
es) were attributable to HPV infections. By the cri-
teria described earlier in this review (transcriptionally
active HPV genome or HPV genome localized to tu-
mor cells), at least one half of all oropharyngeal can-
cers and practically no oral cavity cancers in the USA
and Europe are HPV-associated. If the contribution of
HPVs to oropharyngeal cancers is similar elsewhere in
the world, about 25,000 of the 51,200 oropharynxcases
worldwide might be HPV-related. However, the contri-
bution of HPV infections to these cancers may be geo-
graphically variable. Li et al. [35] have reported that 31
of 67 (46%) tonsillar cancers from Australia, but none
of 16 tonsillar cancers from China, were HPV-positive
by PCR. Also, the incidence of tonsillar cancers has
been increasing over the past few decades [42] and it
has been suggested that this may be, in part, because
of the increasing contribution of HPVs to tonsillar can-
cer over time [43]. Thus, a crude estimate of HPV-
associated cancers worldwide may be in the range of
15,000–25,000 per year.

2.7. Prevention and control

Both of the recently introduced Merck and Glaxo
Smith Kline (GSK) HPV-based prophylactic vaccines
against cervical cancer include HPV-16 and HPV-18
VLPs. In clinical trials in young women, both vaccines
have been shown to be nearly 100% effective in pre-
venting incident HPV-16 and HPV-18 infections and
cervical intraepithelial neoplasia (CIN) associated with
these types. Trials of the effectiveness of the vaccines
in men are in progress. Because the vaccines prevent
incident infections, it is very likely that wide-spread
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Table 3
Comparison of HPV-associated oropharyngeal squamous cell carcinoma with squamous cell
carcinoma of the cervix

HPV-associated squamous cell HPV-associated squamous cell
carcinoma of the oropharynx carcinoma of cervix

Attributed to HPVs At least 50% of 100%
oropharyngeal cancers

Attributed to HPV-16 90+% of HPV-positive 50% of HPV-positive
Site of precursor lesion tonsillar crypt transformation zone
Gender male predominance Females

Fig. 4. Distribution of age at diagnosis for children enrolled in the recurrent respiratory papillomavirus registry (from [54]).

utilization of these vaccines will reduce the burden of
HPV-associated HNSCC.

A number of HPV-16 E6- and E7-based therapeu-
tic vaccines have shown promise in animal models
where they protect mice against challenge with HPV-
16-transformed tumor cells [44]. Some of these vac-
cines are in trials in patients with HPV-16-associated
oropharyngeal cancers.

2.8. Summary

The characteristics of HPV-associated HNSCC are
summarized in Table 2. A comparison of some aspects
of HPV-associated squamous cell carcinomas of the
oropharynx and the cervix is shown in Table 3.

3. HPVs and Recurrent Respiratory
Papillomatosis (RRP)

Genital HPVs are also etiologically linked to the
benign condition, recurrent respiratory papillomatosis,

in the aerodigestive tract. RRP may have onset in
childhood (juvenile-onset RRP (JORRP)) with most of
the cases occurring in the first 4 years of life (Fig. 4), or
in adult life (adult-onset-RRP (AORRP)) with a small
peak at 21–30 years.

3.1. Virologic characteristics

The non-oncogenic HPV types 6 and 11 that com-
monly infect the genital tract and are responsible for a
large majority of genital warts (condylomas) also ac-
count for almost all cases of JORRP and AORRP.

3.2. Pathogenesis

For JORRP, the transmission of HPV-6 or HPV-11
most likely occurs intra-partum from mother to child
when the fetus is passing through an infected birth
canal. This mode of transmission is similar to that of
neonatal transmission of herpes simplex virus 2. The
manner of transmission in AORRP is not known but it
is unlikely that the infection is acquired at birth.
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In a child with JORRP, latent HPV infection is appar-
ently widespread throughout the respiratory tract [45].
Papillomas are most frequently found on the vocal
cords in the larynx, but may occur at any other site in
the respiratory tract. In the genital tract, infection with
HPV-6 is more frequent than with HPV-11, but HPV-11
is responsible for a majority of JORRP cases, suggest-
ing that HPV-11 is transmitted more readily than HPV-
6 from mother to child. HPV-11 is associated with a
more severe clinical course of JORRP [46], as well as
with a greater likelihood of malignant transformation
of the papilloma [47].

3.3. Clinical features

The course of the disease is highly variable. Al-
though the papillomas are benign and malignant con-
version is rare, the recurrent nature of the disease, and
the need for repeated surgical interventions to keep the
airways open, often impose an enormous burden on
the patients and their families (Fig. 5). The number of
surgeries required is highest in children with an early
onset of disease (Fig. 6), and in severe cases, may ex-
ceed 100 [48]. Extension of the disease to the trachea
and lungs is a serious complication and it sometimes
results from the seeding of infected cells at these sites
by the repeated surgical procedures.

3.4. Epidemiologic findings

Maternal condyloma during pregnancy is the over-
whelming risk factor for JORRP. About 50% of the
mothers of JORRP cases give a history of genital warts
during pregnancy [49]. In a population-based study in
Denmark [50], maternal condyloma during pregnancy
was estimated to increase the risk of JORRP in the child
by more than 200 fold. However, the risk of JORRP in
a child born to a mother who had condyloma in preg-
nancy was not large and was estimated to be less than
1%, and a majority of JORRP cases were born to moth-
ers who did not have a history of condyloma during
pregnancy.

3.5. Magnitude of the problem

The estimates of the number of JORRP cases in the
USA, based on extrapolations from questionnaire data
and from a small population-based study are imprecise
and have varied from a low of 80 to a high of 2340 [51].
The number of reported cases of JORRP in one survey,
without extrapolations, was 840 for the year 1976 [52].

Fig. 5. Clinical presentations of RRP: (a) papilloma on the vocal cord;
(b) papilloma obstructing the airway; and (c) papilloma spreading
into lungs.

3.6. Prevention and control

Cesarean delivery of the at-risk child might be help-
ful in preventing JORRP, but it has not been possible to
directly evaluate this possibility, because the disease is
rare, and the frequency of JORRP even in the high-risk
group is low. Indirect evidence for the effectiveness
of cesarean delivery has been sought by comparing the
cesarean delivery rate in mothers of JORRP cases with
national rates [51]. While the data were not consis-
tent across different studies, they suggest that cesarean
delivery may afford some protection.
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Fig. 6. Number of annual surgeries by age of patient in the Recurrent Respiratory Papillomavirus Foundation Registry (courtesy of Bill Stern).

Prophylactic HPV VLP-based vaccines which in-
clude HPV-6 and HPV-11 VLPs, such as Merck’s
Gardasil , are anticipated to completely change the
landscape for prevention of both JORRP and AOR-
RP. In clinical trials, Gardasil has been shown to be
very effective in protecting young previously uninfect-
ed women against incident HPV-6 and HPV-11 infec-
tions and against genital warts associated with these two
HPV types [53]. Women immunized with Gardasil
are likely to be fully protected against having a child
with JORRP. Currently, the Merck Gardasilvaccine
approved by the US FDA is recommended for pre-teen
and young women. But older women, pregnant women
who have condyloma during pregnancy and even in-
fants born to women who had condyloma during preg-
nancy could conceivably benefit from the vaccine [51].
Surveillance for JORRP after the introduction of the
vaccine will be necessary to evaluate the effectiveness
of the vaccine in preventing JORRP.

3.7. Summary

JORRP and AORRP are significant public health
problems which at present are difficult to prevent or
treat. The HPV VLP-based prophylactic vaccines
which include HPV-6 and HPV-11 VLPs have great
promise for the reduction of the burden of these dis-
eases.
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