
Recurrent Respiratory Papillomatosis: a Model for 
Gene Discovery of Uncommon Diseases

Farrel J. Buchinsky and James Christopher Post

The	Clinical	Problem
The Disease

Recurrent respiratory papillomatosis (RRP) is a disease characterized by be-
nign, wart-like lesions in the oral cavity and upper and lower airway. The lesions 
are a result of infection with human papilloma virus (HPV) 6 and 11 which are 
found in the respiratory mucosa of at least 20% of people (Smith, 2000; Rihkanen, 
1994; Nunez, 1994; Velyvyte at al 2002). In Juvenile Onset RRP (JORRP), the 
HPV is thought to be acquired by the newborn aspirating viral particles while 
descending through the birth canal . Interestingly, given the high percentage of 
people	with	HPV,	the	incidence	of	patients	with	clinically-significant	RRP	is	very	
small, estimated around 1 per 100,000 children per year (Armstrong, 2000). The 
spectrum of disease is variable, ranging from a small, barely symptomatic lesion 
on the free edge of the vocal fold, to a very aggressive, ultimately lethal course 
characterized by aphonia, airway compromise and pulmonary lesions. The disease 
in most patients eventually goes into remission. Given the rarity of the disease 
despite the ubiquity of the infectious agent, as well as the capricious nature of the 
clinical course, it has been suspected that the affected child possesses an underly-
ing	genetic	susceptibility	to	the	development	of	RRP.	Identification	of	the	gene(s)	
that confer susceptibility would provide insight into the mechanisms of interac-
tions between virus and host, as well as provide clues to a desperately-needed cure.
The	causative	agent:	HPV	6	and	11

The human papilloma virus (HPV) is a double-stranded DNA virus with over 
150	 identified	 types.	The	 types	have	different	 tissue	preferences	 (skin,	mucosa)	
and clinical courses (Dragonov, 2006). The majority of cases of RRP are associ-
ated with HPV types 6 and 11. 10,11 (Dragonov, 2006; Wiatrak, 2004), Other HPV 
types associated with RRP include types 16 and 18, with rarer instances of types 
19, 39, 40 and 56. (Glynn, 1999; Xue et al 2010, Mammas et al 2010). It has long 
been recognized that disease associated with HPV 11 had a more aggressive clini-
cal course when compared with HPV 6, and that early age of onset was also associ-
ated with more aggressive disease. Buchinsky et al noted that the patient’s age was 
more strongly associated with clinical course than was the HPV type ( Buchinsky, 
2008). Fortunately, in most cases patients require less frequent surgeries as they 
mature (Hawkes, 2008; Silverberg, 2004).
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Acquisition	of	disease
it is widely thought that neonates acquire HPV from their mothers in a verti-

cal transmission pattern, with a variable incubation period. Even though maternal 
infection with genital HPV 6 or 11 is quite common, it is actually rare for a child to 
develop RRP. Even in the setting of visible condyloma acuminata, the probability 
of the child developing RRP is estimated to be 1 in 144 (Silverberg, 2003). Deliv-
ering the baby via Cesarean section can reduce the risk even lower, but the protec-
tion conferred is not absolute. The fact that the majority of children with RRP are 
born to mothers without visible condyloma, as well as the morbidity, mortality and 
cost of the Cesarean section, preclude it from being a viable preventive strategy.
Diagnosis

It is important that clinicians caring for children maintain a high degree of 
suspicion regarding this disease. Papilloma have a predilection for the vocal folds. 
The wart-like mass disrupts the normal vibration of the vocal folds, such that dys-
phonia	is	typically	the	first	symptom.	However,	if	the	growth	is	in	the	larynx,	dys-
pnea and stridor are more common. Children displaying the signs or symptoms of 
hoarseness or other voice disorders, dyspnea, chronic cough, recurrent pneumonia, 
croup, stridor or asthma may well have papilloma. 

Clinicians should be particularly suspicious of JORRP in the setting of ma-
ternal condyloma and the triad of: (Kashima, 1992)

•		 first	born	child
•		 young maternal age
•		 vaginal delivery (as opposed to cesarean section)
It is important to remember that even in the setting of the full triad, the abso-

lute	risk	of	clinically	significant	JORRP	remains	low.	
There can be a delay of months or years between the onset of symptoms and 

a correct diagnosis of RRP. The median age at diagnosis is 3.1 years (Reeves et 
al, 2003). Diagnosis is made by direct visualization in the operating room and a 
biopsy	is	mandated	to	confirm	the	diagnosis.	In	most	cases,	a	biopsy	is	not	needed	
with each subsequent surgery, although additional biopsies should be obtained if 
malignant transformation is suspected. It is important to quantify the extent of 
disease at each surgery. The most commonly used staging system is the Derkay-
Coltrera staging system ( Derkay, 1998). In this system, numerical scores are used 
to	describe	the	type	of	lesion	and	the	sites	affected,	with	a	derived	final	score	defin-
ing the overall extent of disease.
Spectrum	of	disease

There is enormous variability in HPV infection of the upper and lower air-
way. HPV may be indolent with no evidence of pathology, with an estimated inci-
dence of 20% (Nunez, 1994, Rihkanen, et al, 1994}, or be present as an isolated, 
asymptomatic papilloma on the uvula, soft palate or oropharyngeal mucosa. Thus, 
the	presence	of	HPV	is	necessary	but	not	sufficient	in	the	development	of	clinical-
ly-significant	disease.	
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Clinically	significant	recurrent	respiratory	papillomatosis	has	been	defined	as:	
•		 a history of symptomatic breathing, swallowing, and/or voice problems;
•		the presence of wart-like lesions in the upper aerodigestive tract;  
•	 	histopathology	demonstrating	pedunculated	masses	with	finger-like	pro-

jections	of	nonkeratinized	stratified	squamous	epithelium	supported	by	a	core	of	
highly vascularized connective tissue stroma. (Campisi, 2010).

Non-aggressive disease can resolve after a few surgeries, resulting in an as-
ymptomatic child with no sequelae. Patients with more aggressive disease undergo 
frequent surgeries, with the potential for voice compromise, aphonia, tracheotomy, 
and distal spread throughout the trachea and lungs. The most aggressive cases can 
be lethal, with papilloma occluding the airway, with unresectable distal pulmo-
nary spread (Armstrong, 1999). RRP is expensive to treat and degrades the qual-
ity of life of the patient and family.8 (Chadha, 2010).  Malignant transformation 
can rarely occur, but is more associated with HPV 16 and 18 12 (Rimell, 1992). 
Malignancy was almost always associated with HPV 11 and not with HPV 6, and 
generally occurred many years after diagnosis in the setting of pulmonary RRP 
(Lie, 1994)

While clinically important RRP can be diagnosed at any age, there exists a 
bimodal distribution, juvenile-onset RRP (JORRP) and adult onset RRP (AOR-
RP). JORRP is generally associated with a more aggressive course, perhaps due to 
the smaller airways in the pediatric population, or an immature immune response. 
AORRP is not associated with JORRP risk factors, but may be associated with 
an increased number of lifetime sexual partners (Ruiz et al., 2014). The genetic 
study has enrolled both those with JORRP as well as AORRP, albeit with greater 
representation by the former. 
Treatment

Surgery has been the mainstay of management, with the average patient un-
dergoing more than 20 surgeries at a rate of approximately 5 surgeries per year 
(Reeves et al, 2003). The goal of surgery is to remove as much of the disease as 
possible, while preserving normal tissue and maintaining function, in particular, 
the voice. Injured tissue is prone to scar and stenosis, leading to permanent dys-
phonia and airway compromise. Occasionally the disease is present distally mak-
ing airway management more challenging and generally with severe outcomes 
since pulmonary RRP can be lethal. RRP surgery is a good example of “primum 
no nocere”, and iatrogenic complications should be minimized while shepherding 
the patient toward remission. There are multiple surgical modalities including the 
microdebrider, and the CO2	 laser	 (both	 line-of-sight	 and	fiber-delivered),	while	
older methods included debulking with instruments such as biopsy cup forceps. 
Debulking carried the risk of damage to adjacent, normal tissue, while laser treat-
ments	include	the	risk	of	fire	and	deep	tissue	injury.	Another	concern	with	regards	
to laser ablation is the potential for aeresolization of HPV DNA in the laser plume, 
with the fear that members of the operating room team could inhale the smoke and 
potentially develop RRP.

Powered microdebriders have become more popular than other modalities 
for the management of laryngotracheal papilloma. The use of the microdebrider is 
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associated with reduced operative and anesthesia time and with an avoidance of 
thermal injury when compared to the CO2 laser (Patel, 2003). The voice outcomes 
in children treated with microdebriders are better, with better acoustic results using 
objective evaluations (Holler, 2009). 

Patients with life-threatening airway obstruction may be treated with tra-
cheotomy, but there is a clinical concern that a tracheotomy may contribute to 
the spread of disease to the lower respiratory tract (Blackledge, 2000). Thus, the 
procedure is viewed as an option of last resort, and decannulation should be per-
formed as soon as feasible.

As might be imagined, a large number of adjuvant therapies have been at-
tempted in treating RRP. Unfortunately, there are few quality studies that dem-
onstrate	any	agent	as	efficacious.	A	partial	list	of	adjuvants	that	have	been	tried	
include acyclovir, ribavirin, indole-3-carbinol, COX-2 inhibitors, retinoids, and 
zinc.	The	natural	history	of	the	disease	is	that	of	regression,	and	it	is	difficult	to	
enroll enough patients into a randomized trial to control for natural resolution of 
the disease. Indications for adjunctive therapy include more that 4 surgeries per 
year, airway compromise secondary to rapid regrowth, and distal spread of disease 
(Derkay, 2008).

The two adjuvants that have been most carefully studied are interferon and 
cidofovir (Gallagher, 2009). Two studies have indicated some improvement with 
interferon, but the improvement was only temporary, or required repeated admin-
istration	with	poorly-tolerated	side	effects	such	as	fever,	flu-like	symptoms,	sei-
zures, decrease in growth rate, leukopenia). (Healy, 1988; Leventhal, 1988)

Cidofovir has been widely used for RRP, either as an intralesional injection 
or less commonly as an intravenous systemic treatment. One randomized, double-
blind,	placebo-controlled	trial	found	significant	improvements	over	time	in	RRP	
patients receiving cidofovir (McMurray, 2008) but no more so than those receiving 
placebo. Concerns regarding drug toxicity limited the dose of intralesional injec-
tion to 0.3 mg/kg. This dosage is less than what was commonly used clinically (5 
mg/ml) . The potential for oncogenesis exists with cidofovir, therefore it has been 
recommended that the drug only be used in very recalcitrant cases (Derkay, 2005; 
Donne, 2009). A report that used serial RRP histological specimens found no evi-
dence of dysplastic progression ( Gupta, 2010)

Papilloma have been found to overexpress proteins in the EGFR-Rac1-
COX-2 pathway (Lucs et al., 2012). Celecoxib is a known COX-2 inhibitor, and 
administration of celecoxib to three adult patients with severe RRP resulted in 
remission of disease in all cases. 

There	is	some	evidence	that	control	of	extraesophageal	reflux	disease	may	be	
helpful in controlling aggressive RRP (McKenna, 2005).

A recent advance has been the development of a quadrivalent HPV vaccine 
protective against HPV types 6, 11, 16, and 18, currently FDA approved for the 
prevention of cervical carcinoma, dysplasia and genital warts (Markowitz, 2007). 
There is the potential that widespread vaccination could reduce the number of par-
ents with HPV 6 and 11, thus decreasing the number of newborns exposed and, by 
extension, the number of children developing RRP (Larson, 2010). Obstacles to be 
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overcome	include	the	costs	of	vaccinating	a	sufficiently	large	global	population,	
overcoming objections to the vaccine, and the decades needed to see a reduction 
in the incidence of RRP. 

Although the natural course of disease is remission (Ruparelia, 2003), dys-
phonia can persist, and the disease can recur (Derkay, 1995; Ilmarinen , 2011).
Relationships	Among	Pathogens,	Host	And	Environmental	Factors

That there is an interaction among pathogen, host genome and vigor, and 
environmental factors in the development of clinical disease has long been recog-
nized. It has become clear that host genetics play a major role in governing suscep-
tibility to almost all infections (Alcaïs, 2009). Reports by Danish epidemiologists 
have shown that adopted children had a 5.8 relative risk of dying from infection 
if their biologic parents had also died prematurely of an infectious disease. (Sø-
rensen et al., 1988). This relative risk exceeded that of dying from cardiovascular 
or neoplastic diseases. Subsequent reports examining cohorts adopted in later de-
cades demonstrated a lower relative risk of developing an infectious disease, but 
a	strong	genetic	 influence	on	having	a	fatal	outcome	(Petersen,	2010).	A	recent	
twin study demonstrated a smaller association between hereditary and deaths from 
infectious etiologies. (Obel, 2010).

In	terms	of	disease	specific	examples,	an	intensive	effort	has	identified	some	
of the genetic polymorphisms that partially explain the clinical variability in the 
development	of	acquired	immune	deficiency	syndrome	(AIDS)	subsequent	to	in-
fection	with	the	human	immunodeficiency	virus	(HIV).	There	are	at	least	30	genes	
(the majority encoding for chemokines, cellular viral cofactors, cytokines and the 
HLA system) that have been associated with clinical variation in patients infected 
with HIV, explaining approximately 20% of the observed variability (An and Win-
kler, 2010). One of the most well-known examples is that mutations in the CCR5 
gene are associated with decreased susceptibility to HIV infection, as well as a 
prolongation of lifespan once infected. The CCR5 gene encodes for a chemokine 
receptor on the surface of various cells associated with the immune system  (Dean, 
1996).	The	HIV	uses	this	receptor	to	gain	entry	into	the	cells.	One	specific	muta-
tion,	(CCR5Δ32)	truncates	the	coreceptor,	thus	limiting	the	entrance	of	the	virus	
to the cells. Having two copies of the mutation (homozygous) confers a degree 
of protection to the patient as compared to having only one copy (heterozygous).

An	older	example	of	the	influence	of	human	host	genetics	on	the	course	of	
infectious disease is malaria. Since the 1950s, it has been known that patients 
who are heterozygous for HgbS are relatively protected against Plasmodium fal-
ciparum, while those patients homozygous for HgbS develop sickle cell anemia, 
which carries a high degree of morbidity and mortality. Thus, on a population 
level, HgbS is protective to humans, given the relative gene frequencies in the 
population, (Allison,1954). 

It has recently been reported that mutations in TIR-domain-containing 
adapter-inducing	interferon-β	(TRIF)	reduce	the	capacity	of	children	to	respond	
to herpes simplex (another double-stranded DNA virus) encephalopathy (Sancho-
Shimizu, 2011). 
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The Genetics of RRP
Animal	studies

One of the challenges in conducting HPV research is that HPVs only affect 
humans. Other papillomaviruses exist that infect other species, in particular the 
cottontail rabbit papillomavirus (CRPV), which causes cutaneous warts in rabbits. 
These warts have a variable course (regression, persistence or malignant degen-
eration) similar to RRP in children. Interestingly, strong linkage has been reported 
between wart regression and two genes in the class II region of the rabbit major 
histocompatibility	complex.	(polymorphisms	of	DRα	DQα	)	(Han,	1992).	Canine	
oral papillomavirus (COPV) is a useful model to study vaccine development, with 
a	lymphocytic	infiltrate	that	resembles	HPV	(Nicholls,	et al, 2001).
Human	Studies

The vast majority of people exposed to HPV 6 or 11 do not show susceptibil-
ity to other infectious diseases, and are able to clear or peacefully co-exist with 
the virus. Children with JORRP do not appear to have a global immunological 
difference that render them susceptible to HPV 6 or 11. These lines of evidence 
suggest	that	there	is	a	discrete	immunological	defect,	or	specific	susceptibility	in	
those patients with RRP. 

In	 an	 effort	 to	 identify	 this	 specific	 susceptibility,	 efforts	have	 focused	on	
the	major	histocompatibility	complex	 (MHC),	which	 is	a	significant	part	of	 the	
immune system that assists in the recognition of elements that are foreign to the 
host. The MHC is a suite of cell surface molecules which mediate interactions 
with white cells, and are encoded by a large gene family. In humans the MHC 
is also referred to as Human Leukocyte Antigens (HLA). Two separate research 
groups have noted an association between HLA type DRB1*0301 and an increased 
susceptibility to developing RRP. (Gelder et al., 2003; Bonagura et al., 2004). A 
potential mechanism for this association is the observation that peripheral blood 
mononuclear cells of RRP patients with the HLA-DRB1*0301/DQB1*0201 geno-
type	had	reduced	interferon-γ	expression	when	exposed	to	HPV-11	early	protein	
E6.	Interferon-γ	plays	an	important	role	in	stimulating	expression	of	MHC	class	II	
molecules in antigen-presenting cells (Bonagura et al., 2004). The gene frequen-
cies of HLA-DRB1*11:01 and DQB1*03:01, as well as the haplotype frequency 
of DRB1*11:01-DQB1*03:01, were higher in Korean RRP patients than controls 
(Song, et al, 2013). It has also been demonstrated that there is a defect in the pro-
inflammatory	 innate	 immune	 responses	made	 by	 immature	Langerhans	 cells	 in	
response	to	IL-36γ	(Devoti,	2014)

HPV has been associated with other diseases and there is some evidence that 
the	 natural	 history	 of	 the	HPV	 infection	may	 be	 influenced	 by	 polymorphisms	
at various gene loci. These disease include cutaneous warts (Spelten, Grussen-
dorf-2004); epidermodysplasia verruciformis (Ramoz et al., 2002; Tate et al., 
2004); squamous cell carcinoma of the oropharynx (Guan et al., 2010; Perrone et 
al., 2007); and cervical cancer (Carrington et al., 2005; ; Madeleine et al., 2008). 
In laryngeal cancer, oncogenic HPV types are not more commonly found in cancer 
or leukoplakias as compared to controls, but there is an increased risk of cancer 
after controlling for alcohol and tobacco use (Smith, et al, 2000). Similar to RRP, 
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many more people exhibit evidence of various HPV types than are actually af-
fected with the disease, an observation that further suggests that host genetics play 
a role in susceptibility to the development of overt disease. The tissue and HPV-
specific	 immune	deficiencies	associated	with	RRP	have	been	 recently	 reviewed	
(Bonagura, 2010).
RRP	Disease	gene	discovery

Two major gene discovery strategies exist: the candidate gene approach and 
genome-wide association studies. In the candidate gene approach, a selection of 
genes are examined that have an a priori relevance to a proposed pathophysiology 
mechanism. Thus, the investigators must envision the steps that could lead to the 
disease phenotype, and then identify previously-known host genes that, by their 
putative mechanism, would be biologically plausible in conferring susceptibility 
to the disease. A major advantage of the candidate gene approach is that the in-
vestigative effort is focused on a relatively small suite of genes, reducing costs 
and effort, while allowing for a high-resolution approach.  A good example of this 
approach is the discovery that TRAF1/C5 locus increases the susceptibility to and 
severity of rheumatoid arthritis (Kurreeman, et al, 2007).

The genome-wide approach does not require an a priori hypothesis regard-
ing the potential pathophysiological pathway, but is a much less focused approach 
that requires the search of the entire genome. Fortunately, with advances in high-
throughput technologies and the explosion in the number of genetic markers avail-
able, genome-wide scans are becoming more and more feasible. This approach 
is particularly useful in disease states where the pattern of inheritance is unclear, 
and the understanding of the basic pathophysiology of the disease is limited. The 
all-inclusive net cast by the genome-wide approach is a decided advantage, but 
mandates strict attention to false positives, and large sample sizes. In the case of 
RRP, where any one institution does not have the requisite number of patients and 
families, a multi-center collaboration is imperative. 
Challenges	in	discovering	the	gene(s)	that	confer	susceptibility	to	RRP

No one institution has enough patients 
By	definition,	no	one	clinician	or	institution	will	have	an	extensive	population	

of patients with a rare disease. Thus, it was immediately mandated that the search 
for RRP genes be a multi-institutional collaborative effort. The RRP Task Force had 
already been formed, with members from the American Society of Pediatric Otolar-
yngology (ASPO), the American Bronchoesophagological Association (ABEA) and 
interested members from multiple other organizations such as the Interamerican As-
sociation	of	Pediatric	Otolaryngolgy	(IAPO).	Led	by	the	first	author,	and	headquar-
tered at the Center for Genomic Sciences at the Allegheny-Singer Research Institute, 
Allegheny	Health	Network	in	Pittsburgh,	PA,	USA,	the	RRP	Task	Force	identifies	
potential probands and their families, and meets regularly at national meetings and 
periodically publishes the results. (Buchinsky et al., 2004, 2008).

Two patient support groups, the Recurrent Respiratory Papillomatosis Foun-
dation in Lawrenceville, NJ, USA and the International RRP Information, Support 
and Advocacy (ISA) Center based in Bellingham, WA, USA, have been of inesti-
mable value in this project. 
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Prior to enrolling probands and their families, Institutional Review Board 
(IRB) permission was obtained in each case. Obtaining IRB approval proved to 
be a Herculean task that has been previously described (Sherwood, 2006). Origi-
nally approved by the IRB of the Allegheny-Singer Research Institute, Pittsburgh, 
PA, the protocol was subsequently submitted over a ten year period to over 40 
additional IRBs. Ultimately, informed consent was obtained for human subjects 
enrolled in this protocol. Assent was obtained from enrolled minors in accordance 
with the mandates of the IRB having jurisdiction. 
The	difficulty	of	establishing	a	control	group

It is not feasible or ethical to perform direct laryngoscopy, bronchoscopy and 
biopsies on potentially exposed, but asymptomatic children. Therefore, there is 
no objective method for establishing a true control group, i.e. children who were 
known	to	have	exposure	to	HPV	6	or	11,	but	definitively	did	not	develop	RRP.
No	known	mode	of	inheritance

Inheritance patterns are classically described as autosomal dominant (one 
copy	of	the	mutated	gene	is	sufficient	to	cause	disease),	autosomal	recessive	(two	
copies of the mutated gene are needed to cause disease), sex-linked (a character-
istic inheritance pattern as the disease gene is on the X or Y chromosome); or mi-
tochondrial (a rare pattern in which the gene is not in the nucleus but rather in the 
mitochondria). While susceptibility to RRP may well be inherited in one of these 
patterns, the available families are too small, the exact status of the clinically-
unaffected siblings (i.e., controls) is unknown, and the status of the mother (HPV 
presence and serologic protection) varies between births. These factors combine to 
obscure	the	mode	of	inheritance.	This	lack	of	a	defined	inheritance	pattern	impacts	
the statistical analyses that can be performed. Additionally. It may well be that 
susceptibility to RRP is conferred by multiple gene, i.e., polygenetic.
Study	design
Sample	composition

Children with RRP and managed by otolaryngologists constituted the pro-
bands in this study. Every effort was made to also enroll available parents or full 
siblings.	Patients	were	 identified	both	 through	satellite	sites	and	patient	support	
groups. In the satellite site approach, probands were enrolled by their attending 
otolaryngologist, and clinical data, DNA obtained from a blood specimen, and a 
biopsy of the papilloma obtained. Follow-up clinical data was obtained after one 
year. In the patient-support group approach, the study was advertised and potential 
families contacted the principal investigator at the Center for Genomic Sciences. 
If they decided to proceed, a DNA kit was mailed to the family and clinical data 
obtained . DNA was obtained from a buccal sample, and no papilloma biopsy was 
obtained.

Over the past 10 years, 602 subjects affected by RRP and 791 of their rela-
tives have been entered in the study from 37 sites around the world. This collection 
is the largest repository of DNA specimens from unique individuals with RRP and 
their available families in the world.
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Analysis
Linkage studies are designed to determine if there is an association between 

a	disease	locus	and	a	marker	locus.	The	markers	are	specific	and	discrete,	known	
points on a particular chromosome that are analogous to signposts along a road-
way. Thus, if there is linkage between the disease locus and a marker, the location 
of the disease locus will be known. While a variety of markers are available, in this 
study, single nucleotide polymorphisms (SNPs, pronounced “snips”) were chosen. 
SNPs are changes in a single nucleotide that occur throughout a person’s genome, 
generally without a clinical effect. There are approximately 10,000,000 SNPs in 
the human genome, with an average of one SNP per 300 nucleotides. With modern 
techniques,	the	identification	of	SNP	inheritance	patterns	is	relatively	straightfor-
ward.	Significance	is	determined	by	the	transmission	disequilibrium	test	(TDT),	
which is a family-based association test designed to detect linkage between a ge-
netic marker and a trait. The genotype of each affected patient is compared to the 
available parents, comparing the observed genotypes against the expected geno-
types, if segregation had been random. Non-random segregation is an indication 
that the disease gene is on the same chromosome and physically close to particular 
SNP marker.
Conclusion

Very	 little	 is	 understood	 regarding	 the	 fundamental	 pathophysiology	
of	RRP.	Identification	of	 the	gene(s)	 that	govern	susceptibility	could	reveal	
disruptions	 in	 important	proteins	or	metabolic	pathways	that	result	 in	dis-
ease,	thus	providing	an	opportunity	to	develop	rational	therapies,	including	
novel	drug	development.	A	pharmacogenetic	approach	(optimization	of	phar-
maceutical	strategies	based	upon	the	patient’s	genome)	could	better	identify	
those	 patients	who	would	benefit	 from	 existing	 therapies.	A	deeper	 under-
standing	of	genetic	susceptibility	could	better	predict	which	fetus	would	ben-
efit	from	a	Cesarean	section	delivery,	particularly	in	the	setting	of	maternal	
genital	warts.	Cesarean	section	 is	known	to	be	associated	with	a	decreased	
risk	of	the	newborn	developing	RRP,	however,	the	majority	of	mothers	with	
genital	warts	do	not	 give	birth	 to	 children	who	go	on	 to	develop	RRP.	An	
understanding	of	the	genetic	susceptibility	to	RRP	could	potentially	predict	
which	patients	will	enjoy	an	indolent	course,	and	which	patients	will	be	af-
flicted	with	aggressive	disease.	Finally,	elucidating	the	basis	for	susceptibility	
to	HPV	should	provide	insights	into	the	basic	mechanisms	underlying	suscep-
tibility	to	viruses	in	general.
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