Chapter 20
Human Papillomavirus Research in Latin
America

Maria Alejandra Picconi and Luisa Lina Villa

1 Introduction

Papillomaviruses are 8000-base-pair (8000-bp), double-stranded, circular DNA
viruses that can cause warty and neoplastic changes in epithelia from many host
species. Their genome consists of double-stranded DNA and encodes sequences for
six early (E1, E2, E4, ES, E6, E7) and two late (L1, L2) proteins involved in capsid
formation [30, 79]. Viral types are defined as a viral genome with an L1 late gene
sequence that is at least 10% different from that of any other type. Interestingly, dif-
fering from most other viruses, papillomavirus infection is determined by DNA
detection and not viral isolation.

Of the nearly 200 human papillomavirus (HPV) types identified, approximately
40 can infect human mucosa, particularly the anogenital and aerodigestive tracts [8],
albeit cervical HPV infections are best understood.

The International Agency for Research on Cancer (IARC) has classified 12 HPV
types as group | carcinogens; they are called “high-risk HPVs” (hr-HPVs) and
include the following types: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 59 [12].
Among the hr-HPVs, HPV 16 is by far the most carcinogenic in terms of numbers of
cervical cancer (CC) cases and its precursors [11, 52]. HPV16 also causes most
HPV-related cancers in other anogenital epithelia and the oropharynx. HPV18 is
classified second in terms of etiological importance but accounts for a high propor-
tion of adenocarcinomas [52].
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The varying carcinogenicity of HPV types partly relates to the expression of two
early genes, the E6 and E7 oncogenes. Among other functions, E6 and E7 oncopro-
teins interfere with the functions of tumor suppressor proteins p53 and pRb, respec-
tively. During the carcinogenic process, the HPV genome may integrate into the
epithelial cell genome, and, during integration, parts of the HPV genome can be lost
[76,79]. However, the continued presence and expression of E6 and E7 gene regions
are needed to sustain cancers and cancer cell lines.

Latin America (LA) has one of the highest incidence and mortality rates from CC in
the world, with age-adjusted incidence rates ranging from 10 to 80 per 100,000 women/
year [26, 32]. Overall, mortality rates are extremely high despite cytological screening
in place in several countries. On the other hand, little is known about the rates of other
HPV-associated tumors such as vulvar, vaginal, anal, penile, and oropharyngeal can-
cers. HPV DNA prevalence and type distribution are well known in many LA countries
[15]. Moreover, data on the natural history of HPV infections and risk of disease devel-
opment are available from large cohort studies and serve to propose new primary and
secondary prevention modalities that include prophylactic HPV vaccination and HPV
testing, respectively. The HPV vaccine was introduced in several LA national immuni-
zation programs, and multiple screening experiences using HPV testing were intro-
duced in the region [45, 77]. Although promising, challenges to control HPV-related
tumors are significant, mainly because as a comprehensive strategy it should include
both components: vaccination and virological screening. Furthermore, information on
HPV prevalence and type distribution in several LA countries is key both to measure
the impact of HPV prophylactic vaccines and to establish appropriate post-vaccine
epidemiological surveillance, with virological and disease endpoints.

2 HPV Natural History and Cervical Carcinogenicity

The cervix provides the best model of HPV and anogenital neoplasia natural his-
tory. The major stages in cervical carcinogenesis include infection of the cervical
transformation zone metaplastic epithelium with one or more hr-HPV types, viral
persistence, clonal progression of the persistently infected epithelium to cervical
pre-cancer, and invasion.

Several epidemiological studies conducted in LA have contributed to establish
these fundamental stages and to shed light on the factors that influence each of these
transitions. Table 20.1 summarizes the main LA studies, pointing out their most
relevant findings. The following findings should be highlighted: the cohort studies
of the case-control studies conducted by IARC in Colombia, Paraguay, Brazil, and
Peru; the cohort studies of Proyecto Guanacaste (Costa Rica) and Ludwig-McGill
cohort (Brazil); and the HPV prevalence studies by IARC in Colombia, Mexico,
Argentina, and Chile.

The great majority of sexually active women and men have been infected with
HPV at least once in their lifetime [16]. HPV is the most common sexually
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transmitted infection; thus, HPV prevalence peaks around the sexual debut age,
when exposure is high. Infections become undetectable within 2 years in more than
90% of individuals. Approximately 60% of these infections will prompt type-spe-
cific seroconversion, and if cervical samples are collected during productive viral
infection, they may be associated with mild cervical abnormalities [i.e., low-grade
squamous intraepithelial lesions (LSILs) or cervical intraepithelial neoplasia 1
(CIN1)]. Most of them are “transient” infections (cleared by the immune system)
and do not result in clinical complications. Genital warts are other benign and com-
mon clinical sequelae in low-risk cases of HPV infection [66]. On the other hand,
the hr-HPV infections that “persist” are more likely to progress to true cervical
cancer (CC) precursor lesions, that is, high-grade squamous intraepithelial lesions
(HSIL) or CIN3; progression to cervical cancer may take several years if left
untreated.

It is well known that cervical HPV infection is age dependent; an inverse rela-
tionship between age and HPV prevalence has been reported. HPV prevalence
peaks below age 25 and declines with age. Using data from the Guanacaste cohort
[39] and the TATI project (that only tested for 13 hr-HPVs) [2], the overall HPV
prevalence was 26% in women younger than 25, dropping to 12% in those aged
3544 and climbing again to 22% in those older than 54 (Table 20.1) [20]. This
U-shaped age-specific curve of hr-HPV prevalence was previously shown by inde-
pendent reports in Costa Rica [41], Mexico [49], Chile [34], Brazil (see r29,
Table 20.1), and Colombia [57]. In Argentina, the curve peaked below age 25 and
then dropped and plateaued around 30 to 35 years, reaching its minimum at 65 years
of age or older [55]; this pattern resembles more those of Europe and North America.

CC risk is largely, and almost exclusively, defined by HPV natural history.
Among HPV-infected women, the most important determinants of carcinogenic risk
are persistence of infection and viral genotype, HPV 16 being the most prominently
carcinogenic [67].

Although hr-HPV DNA is detected in almost all CC cases, HPV infection alone
is not sufficient to drive full carcinogenesis. A substantial part of the evidence of
risk factors for HPV infection and progression to cervical cancer comes from stud-
ies conducted in LA. The lifetime number of male sexual partners and their sexual
behavior are associated with an increased risk of HPV infection. High parity, long-
term oral contraceptive use, and smoking are associated with an increased risk of
HPYV infection progression to CC; the role of chronic inflammation, especially from
coinfection with Chlamydia trachomatis, and certain dietary deficiencies have also
been reported [1, 29].

Immunity is obviously an important risk factor; an effective cell-mediated
response to the early proteins is necessary for lesion regression. Host genetics and
other influences on host immunity might affect the immune response to HPV infec-
tion; weak associations of HLA with risk of CIN3+ have been noted [31, 54].
Coinfection with HIV is important because HIV-induced immunosuppression
impairs cell-mediated immune control of HPV infections [1].
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3 HPYV Prevalence and Type Distribution in Normal
Cytology and Cervical Lesions in LA

The genotype distribution in normal cytology and LSIL reveals a wide spectrum of
HPV types, both low- and high-risk types; as the severity of the cervical lesion
increases, hr-HPVs become the most frequent types, being the only types in CC,
with HPV 16 and HPV 18 accounting for about 70% of cases.

In one of the largest meta-analyses, including 48,171 women with normal cytol-
ogy from studies in Trinidad and Tobago, Costa Rica, Honduras, Guatemala, Belize,
Mexico, Argentina, Brazil, Chile, Colombia, Paraguay, and Peru, the prevalence of
HPV (any type) was 16.1%. The vaccine-targeted HPV types (16 and/or 18) were
identified in 4.3% of normal samples [15].

In LSIL, the most common viral types identified in samples from the LA region
were HPV16 (26%), HPV33 (13%), HPV6 (11%), HPV58 (8%), and HPV31 (7%)
[24].

In the regional meta-analyses including 2446 cases of HSIL and 5540 of CC,
46.5% of HSIL cases harbored HPV16 and 8.9% HPV18; in CC, 53.2% of cases
harbored HPV16 and 13.2% HPV 18, the next five most common types, in decreas-
ing frequency, being HPV31, HPV58, HPV33, HPV45, and HPVS52 [23].

The more recent worldwide meta-analysis of cross-sectional HPV-type distribu-
tion in HPV-positive women of all types of clinical status (from normal cytology to
CC) included 35,895 samples from South and Central America studies, in which
genotyping was performed by polymerase chain reaction (PCR)-based methods
[36]. Overall HPV prevalence increased with growing severity of cervical disease
from 24% in normal cytology (substantially higher than worldwide prevalence esti-
mates) up to 90% in CC. HPV16 was the most frequently detected type in every
grade. HPV 16 positivity varied slightly across normal cytology (16.1%) and LSIL
(25.1%), but increased substantially in HSIL (53.5%), to reach 59.5% in CC.

4 HPYV Genetic Variability

Comparative nucleotide sequence analysis of these viruses has elucidated some fea-
tures of their phylogenetic relationship and pathogenesis implications.

HPV genomes have been classified into molecular variants when they present
more than 98% similarity to the prototype in the L1 gene sequence [27]. Nevertheless,
more recently, the comparison of the complete nucleotide sequence of HPV 16 iso-
lates from different phylogenetic branches showed that 4% of the full genome may
vary in the eight genes and that 9.9% of amino acid positions are variable [22].

The most extensive worldwide studies concerning HPV intratypic nucleotide
heterogeneity by far have been conducted for HPV 16 because of its global predomi-
nance, followed by HPV18 and HPV45, HPV6 and HPV11, HPVS5 and HPVS, and,
more recently, HPV58, HPV31, HPV33, HPV35, and HPV52 [17]. Table 20.2
presents a selection of the main studies on HPV variability performed in LA.
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Investigations of HPV type diversity have identified different phylogenetic
branches (variants); particularly for HPV 16, there are six branches: European (E),
Asian (As), African-1 (Af-1), African-2 (Af-2), Asian-American (AA), and North
American (NA) [17]. Different HPV16 variants exhibit differences in their biologi-
cal and biochemical properties.

The prevalence of HPV variants and their association with cervical cancer has
been reported in three case-control studies [9, 42, 69] and five cross-sectional
studies in LA women with different grades of cervical lesions [18, 47, 56, 62, 78].
Follow-up studies have reported the role of HPV variants in the persistence of infec-
tion and disease progression [69, 74]. Overall, studies conducted in Argentina,
Brazil, Costa Rica, Honduras, Mexico, and Paraguay have shown a large diversity
of variants, with a higher frequency of E variants compared to other phylogenetic
branches (Table 20.2). Interestingly, a high prevalence (>80%) of E variants was
also observed in indigenous groups from Argentina [28, 62, 71]. These studies also
suggested that the colonization of the American continent by Europeans and
Africans is reflected in the composition of its variants.

Studies carried out in Mexico, Costa Rica, and Brazil have shown that non-E
HPV16 variants, mostly AA variants, are associated with a higher risk of viral per-
sistence and/or HSIL and CC [9, 18, 42, 68, 69, 74]. These studies with a large
number of samples provide enough study power to detect associations between low-
prevalence variants and persistent infections or disease risk [1].

In vitro functional assays show that several HPV variants differ in their ability to
induce p53 degradation, Bax degradation, activation of mitogen-activated protein
kinase (MAPK) signaling, E2-related transcription, and immortalization activity.
Specific studies with non-E variants have shown enhanced transcription and replica-
tion efficiency in HPV16 and HPV 18 AA variants compared to E variants [17]. This
information may explain the increased oncogenic potential reported for these vari-
ants and their contribution for the high incidence of CC.

HPYV vaccines are based on virus-like particles (VLPs) composed of L1 protein,
the viral capsid main component. So far, serological studies of different HPV 16
variants have shown that the humoral immune response to HPV 16 does not seem to
discriminate between different molecular variants [60]. The cross-protection
between variants was confirmed by the near 100% prophylactic efficacy of vaccines
in multicenter studies [1].

Although the coevolution of human populations and HPV16 and HPV 18 variants
is well supported, the geographic association for variants of other types remains
unresolved. Global studies of HPV variant lineages from worldwide populations are
needed to better understand the relationship between HPV and the recent and past
evolution and dispersion of their human hosts, as well as the genetic basis of the
pathogenesis of specific HPVs, viral-host interactions, and host evolution, among
other applications and scientific inquiries. Multicenter studies and/or meta-analyses
will be useful to validate the nucleotide level of pathogenesis and provide insights
into the molecular basis of HPV-associated disease [17].
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5 Epidemiology of HPV-Related Neoplasias

About 1.1 million new cancer cases and 600,000 cancer deaths per year are estimated in
Latin America and the Caribbean [32]. Estimates indicate a 72% increase in the incidence
of cancer and 78% increase in mortality between 2012 and 2030 [26]. Cancer rates vary
considerably within LA: although breast cancer remains the leading cause of death for
women worldwide, CC is the main cause of death from cancer in Bolivia, Honduras, and
Nicaragua. Also, cervical cancer incidence rates vary considerably in the region, ranging
from 11.4 cases per 100,000 in Costa Rica to 47.7 cases per 100,000 in Bolivia [59].
Decades of Papanicolaou-based screening to detect precancerous cervical lesions
have not had a major impact in reducing CC incidence and mortality rates, which
are still high in the region (Fig. 20.1). Despite efforts to reorganize screening pro-
grams in a few countries of the region, only a slight reduction in cervical cancer
mortality has been noted [59]. Among the difficulties to control the burden of cancer
in the region are the uneven allocation of resources, variable infrastructure and ser-
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Fig. 20.1 Cervical cancer mortality rates for selected countries in Latin America. (Adapted from
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vice availability, limited number of population-based cancer registries, and scarce
distribution of public health posts, which is more evident in rural areas, distant from
the large urban centers. These difficulties result in a scenario of disproportionate
care provided to individuals affected by cancer.

The global burden of HPV infections and related diseases is significant [35].
HPV was associated with 83,195 new cases of cervical cancer and 35,673 associ-
ated CC deaths in LA in 2012 [14]. Most of the cases are associated with HPV16
and HPV 18, followed by five additional hr types (HPVs 31, 33, 45, 52, 58), which
together account for about 90% of CC cases worldwide.

Information concerning HPV-related tumors outside the uterine cervix in LA
countries is scarce [14, 32]. A recent systematic review of the presence of HPV in
noncervical sites suggests a high HPV prevalence and higher clearance rates than in
the uterine cervix [70]. Anal cancer incidence rates vary from as low as 0.2 X
100,000/year to 1.4 x 100,000/year in the northeast of Brazil and some areas of
Argentina [26]. Estimates for other LA are limited or nonexistent. Similarly to high-
income countries, anal cancer incidence is increasing with time in both women and
men. This neoplasia is associated with hr-HPV types, particularly HPV16. In fact,
most HPV-positive neoplasias outside the cervix are related to HPV16 [70].

Vulvar and vaginal cancers are relatively rare tumors with incidence rates less
than 1 x 100,000/year [59]. Information is very limited in LA. Regional data show
that HPV 16 is the most prevalent type and is found in 75% to 100% of the basaloid/
warty vulvar cancers that are more common in young women. About two thirds of
vaginal cancers are linked to HPV, in particular HPV 16 [14].

In some LA countries, the incidence of penile cancer is significantly higher than
in more developed parts of the world: the central region of Brazil and some areas in
Colombia and Paraguay account for about 2.0 x 100,000/year as compared to other
countries with incidence rates around 0.4 x 100,000/year [26, 73]. Studies performed
in LA show HPV DNA positivity in 30% and 50% of penile cancers [10, 70].

In the head and neck anatomical sites, some cancers are linked to HPV, although in
variable frequencies, being more HPV associated in the base of the tongue and tonsils
[19]. The most common HPV type found is HPV16 worldwide and in series of cases
from LA [19, 46, 64, 70]. Notwithstanding, there have been reports of lower HPV posi-
tivity in oropharyngeal cancers from LA countries as compared to other countries in
the Northern Hemisphere [37, 53, 65]. Further studies are warranted to better under-
stand the basis for such differences and the impact on cancer patient management.

6 Control of HPV Infections and Related Diseases

6.1 Primary Prevention: HPV Vaccines

Since 2006, two vaccines composed of HPV L1 proteins self-assembled into virus-
like particles (VLP) have been approved in LA: one containing VLPs of HPV types
6, 11, 16, and 18 (Merck & Co.) and one composed of HPV 16 and 18 VLPs
(GlaxoSmithKline). Large phase II and III clinical trials to assess prophylactic
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efficacy have been conducted in which both HPV infection and cervical disease end-
points were evaluated, particularly HSIL (CIN2 or CIN3) as well as vulvar and vagi-
nal intraepithelial neoplasias (VIN and ValN, respectively) and genital warts for the
quadrivalent vaccine [75]. Very high efficacy rates were noted in different popula-
tions that included young women between 16 and 26 years and older (up to 55 years).
The quadrivalent HPV vaccine has also proven to be efficacious in men to prevent
genital and anal infection and disease caused by the types included in the vaccine
[13, 40]. Importantly, several clinical trials of HPV prophylactic vaccines conducted
in LA clearly demonstrated the safety, immunogenicity, and efficacy of such recom-
binant vaccines among Latin Americans [61]. Furthermore, data collected in these
clinical trials concerning the incidence and prevalence of genital HPV-associated
infection and disease have provided important insights on the burden of genital HPV
in the region [40, 61]. Moreover, seminal demonstration studies and surveys have
shown that the HPV vaccine acceptability is very high in the region [3, 6, 50].

Most LA countries have a well-developed public immunization infrastructure
including adolescent vaccination, which has facilitated the introduction of national
immunization programs in the region (Fig. 20.2). Organizations such as the United
Nations Children’s Emergency Fund (UNICEF), Global Alliance for Vaccines and
Immunization (GAVI), and the PAHO revolving fund have enhanced HPV vaccine
introduction in LA. After an initial phase, most countries are adopting the two-dose
program supported by WHO [77] and are vaccinating girls aged 9 to 13 years at 0
and 6 months. Moreover, in several countries of the region, the HPV vaccine is
offered to HIV-positive women up to 26 years of age.

Interestingly, a broad evaluation of the programs is driving a revision of the entire
CC control strategies adopted by each country, which includes HPV vaccination for
female adolescents and cytology/HPV testing for adult women [72]. Implementation
of effective vaccine programs might seem straightforward and obvious in light of the
vaccine efficacy and lack of serious adverse events to date; nonetheless, significant
challenges remain. These problems include the cost of the program, covering two
doses of vaccine and extending the vaccination to boys and other populations at risk
including HIV-positive individuals. Equally important is to monitor the impact of
this intervention that requires tools and strategies unavailable in many countries of
the region. Introduction of cost-effective measures such as HPV vaccination only or
vaccination supplemented with screening, with good coverage rates, will reduce
HPV-related tumors in LA, as is happening in several countries of the world [13].

6.2 Secondary Prevention: HPV Testing as Primary Screening

For more than 50 years, cervical cytology [the Papanicolaou (Pap) smear) has been
the standard of care for CC screening. Cytology-based mass screening programs have
been successful in reducing incidence and mortality in developed countries (such as
the U.S. and European countries). Unfortunately, most LA countries tried unsuccess-
fully to replicate these results, evidencing, however, after decades of efforts, high inci-
dence and mortality rates, with little impact on the disease burden [58].
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B introduced* to (66 countries or 34%)
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Fig. 20.2 Countries with prophylactic HPV vaccine in their immunization programs, 2016.
Countries with partial introduction are not included. (Adapted from a WHO Immunization,
Vaccines and Biologicals image 61, using data from the WHO Immunization, Vaccines and
Biologicals database (accessed May 2016))

The limitations inherent in cervical cytology prompted the development of new
screening technologies: tests to detect the presence of hr-HPV DNA, which should
be clinically validated for this purpose. HPV testing offers numerous potential advan-
tages compared to cytology-based screening, such as greater sensitivity, high nega-
tive predictive value (which allows to extend the screening intervals in HPV-negative
women), and automation [21]. However, even among women over 30 years of age,
the cancer to transient infection ratio is low, and HPV assays must overcome the
intrinsic problem of low positive predictive value. This lower specificity of HPV test-
ing requires an additional test (“triage”’) in women who are HPV DNA positive in the
primary screening to identify those who are at risk of having a cervical cancer pre-
cursor and to reassure those who only have transient or low-risk infections. Triage
includes visual inspection methods, cytology, and molecular biomarkers (high-risk
HPV E6/E7 mRNA, high-risk HPV E6 proteins, p16, among others). Locally adapted
algorithms employing primary screening with HPV testing are being developed in
different settings [63]. The initial HPV tests were very expensive and unaffordable
for several LA countries, but in recent years, more HPV tests became available and
the prices have started to drop, making them more affordable.

During the past decade, there have been multiple experiences with HPV testing
in LA, some as part of research studies and others to pilot the implementation of
HPYV tests in the public system and, more recently, the implementation of HPV test-
ing as part of the public programs provided by the ministries of health [45]. Pilot
studies that took place in Argentina [4, 5], Chile [33, 51], Colombia [58], El Salvador
[25], Mexico [38, 48], and Nicaragua [7, 44] were highly efficacious to detect pre-
cancerous cervical lesions and good feasibility and acceptance of self-sampling.
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Similarly, in 2011 Argentina was the first country in the region to implement HPV
DNA testing for primary screening within its public system for all women aged 30
or older. In recent years, Mexico has expanded the implementation of HPV DNA
testing to 17 sites across the country, applying its extensive knowledge in this field.
El Salvador, Guatemala, Honduras, and Nicaragua are beginning to institutionalize
HPYV testing at population level [45].

The need to develop a comprehensive quality assurance program associated with
the specific HPV test to be implemented should also be considered to guarantee
reliable test results in real-world settings. Despite the fact that most tests have their
own internal quality control, quality control procedures should be put in place to
ensure proper transportation and storage of reagents and samples, correct sample
labeling and processing, suitable monitoring of positivity rates, and other test char-
acteristics to rule out contamination [45, 63].

LA is slowly shifting toward HPV testing for cervical cancer screening, with the
endorsement of several regional experiences that have resulted in increased coverage
and better detection of pre-cancer lesions using HPV tests. In line with this, the
ESTAMPA study, recently launched in LA countries by the International Agency for
Cancer Research, will contribute valuable information about the performance of
emerging CC screening and triage techniques and the feasibility of different approaches
to implement organized HPV-based screening programs in the region [43].

Finally, it is important to emphasize that the screening test is important, but it is
only one component of many other aspects of population-based programs that
should be implemented to effectively impact CC cancer incidence and mortality.

7 Conclusions and Perspectives

The prevalence and incidence of HPV-related infection and disease in LA under-
score the importance of supporting CC prevention strategies in the region. CC is one
of the leading killers among women in LA, a region where many countries have not
been successful in implementing population-level cytology-based screening pro-
grams. Hence, a more comprehensive CC control approach is required, wherein
primary and secondary prevention strategies are implemented with both high cover-
age and sustainability.

Although regional data seem to indicate a favorable trend in prevention, signifi-
cant challenges still remain. In primary prevention these include the cost of the
program, covering two doses of vaccine, and extending the vaccination to boys and
other populations at risk, including HIV-positive individuals. Equally important is
to monitor the impact of this intervention that requires tools and strategies unavail-
able in many countries of the region.

In secondary prevention, it is crucial to change the paradigm by implementing
HPYV testing as primary screening in the most appropriate way. Among several chal-
lenges for its implementation, it should take into account the need to update screen-
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ing guidelines, strengthen treatment capacity, and develop a comprehensive quality
assurance plan for HPV testing.

Finally, gaps still exist in the knowledge and the future lines of research, policy,
and advocacy for noncervical HPV cancer prevention, mainly anal and oropharyn-
geal cancers and precancers; further studies are warranted to better understand their
pathogenesis and the impact on cancer patient management. Public health commit-
ment and research to implement HPV-based preventive strategies, together with
stronger and common advocacy to counter barriers affecting the adoption of these
strategies, are likely to yield major benefits in reducing the burden of HPV-associated
diseases in LA.
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