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Introduction
One of the most outstanding scientific discoveries for vaccine-preventable diseases has been the identification
of the causal relationship between the human papillomavirus (HPV) and cervical cancer. This discovery was
made in 1977 by Harold Zur Hausen, who was awarded the Nobel Prize in Physiology and Medicine in 2008.1,2

Infectious Agent Profile

VACCINOLOGY IN LATIN AMERICA

The human papillomavirus (HPV) is a member of the Papillomaviridae family. Its genome consists of doublestranded deoxyribonucleic acid (DNA), containing approximately 8,000 base pairs covered by the major and
minor structural proteins, L1 and L2, respectively. The capsid proteins L1 and L2 develop structures that interact
with the cellular surface molecules and, therefore, facilitate cell penetration by the virus DNA; moreover, their
respective late genes (L) encode the proteins. Early genes (E) control virus replication during the virus cycle. The
study of L1 genome sequencing3,4 has led to the identification of more than 190 virus types, which have high
affinity to specific tissue and infect the cutaneous and mucosal epithelium without invading connective tissue
or spreading regionally or systemically. The transmission path is mainly sexual, and hard to prevent. The virus
incubation period is estimated to be three weeks to eight months; condyloma acuminata may occur at two or
three months after infection.5
Viruses are classified as low-risk HPV or high-risk HPV, depending on their potential to induce cancer. Currently,
the International Agency for Research on Cancer (IARC) defines 12 high-risk virus genotypes associated with
cancer in human beings: HPV-16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 59. Additionally, there is some
evidence about the oncogenic potential of two genotypes: 68 and 73.6 Most of the infections are temporary in
nature, and about 70% to 90% of them clear within 1 to 2 years.7,8 Histopathologically, the lesions of the cervix,
referred to as cervical intraepithelial neoplasia (CIN), fall into one of three categories: cervical intraepithelial
lesion 1 or CIN1, involving mild dysplasia; CIN2 or moderate to severe dysplasia, and CIN3 or severe dysplasia.9
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Progression of the lesions has been described as a potentially reversible phenomenon up to CIN3, the stage
at which neoplastic growth penetrates the basement membrane invading the stroma. Persistent infection
and integration of genetic material within the cells are the main factors contributing to oncogenesis.9-14
Progression from CIN1 to CIN3 may take about 10 years and progression from CIN3 to cervical cancer may
take about two years.10 The etiological role of HPV in cervical cancer has been demonstrated biologically and
epidemiologically.10,13-14

Epidemiology
Based on data provided by IARC, over 100,000 cases of HPV-related cancer are diagnosed yearly in Latin
America: cervical cancer (80%), oropharynx cancer (6.5%), as well as the remaining HPV-related cancers of the
anus, penis, vulva, and vagina.14
Mortality caused by cervical cancer varies in the different regions of the world, presumably due to differences
in health care systems, screening and access to health care. The highest mortality rate is observed in Africa, at
27.6 per 100,000 women, and the lowest rates occur in East Asia, Europe, Australia, and New Zealand, at 2 per
100,000 women.14
Most sexually-active individuals will have an infection at some point in their lives due to at least one HPV genotype.
A meta-analysis published in 2007, which included 157,879 women from 36 countries, estimated a 10% global
prevalence of HPV infection in women with normal cytology,15 with marked geographical differences: higher
frequency in Africa (22.9%) and Latin America (18.6%), and less frequency in Southeast Asia (8.3%) and Europe (6.6%).
In 2007, HPV-16 was considered the most prevalent genotype in every region (3–4% in North America; 2% in Europe)
followed by genotype 18. Similar results were derived from other studies,16 and from surveillance conducted by IARC
in 2005 in women aged 15–74 years from 11 countries.17 In every region, a peak in the infection rate was observed at
age 25, followed by a decrease and a subsequent increase at age 45.16,17
The distribution of HPV genotypes is variable amongst the populations even within the same region.18 A metaanalysis of HPV-infection and HPV-associated cervical cancer surveillance, including reports between 1990
and 2007 in Latin American and Caribbean women, also showed that a comparison of genotype prevalence
in women with normal cytology and prevalence in women with a lesion or cervical cancer, yields significant
differences in the HPV types detected. In all cases, type 16 was the most frequently identified and accounted
for 2.6% in women with normal cytology, 15.8% in low-grade intraepithelial lesions, 27.9% in high-degree CIN,
and 49.3% in invasive cancers.19 Figure 1 illustrates HPV-genotype distribution based on cytology status as
established in the meta-analysis. The full report is available online at: www.sabin.org.
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Figure 1. Distribution of Prevalence of Specific HPV Genotypes by Type of Lesion or Cytology Status
Among Women in Latin America and the Caribbean19
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Notes: LSIL: low-grade squamous intraepithelial lesion; HSIL: high-grade squamous intraepithelial lesion.

A similar study published in 2011 regarding HPV prevalence in Canadian women concluded that type 16 was
the most common; however, 36 HPV types were isolated in 873 women with CIN and 252 women with cervical
cancer. The HPV types identified, and their frequencies, differed based on the extent of the lesion. The most
frequent genotypes in order of decreasing frequency were HPV-16, 51, 52, 31, 39, 18, and 56 in women with
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CIN1; HPV-16, 52, 31, 18, 51, 39, and 33 in women with CIN2; HPV-16, 31, 18, 52, 39, 33, and 58 in women with
CIN3; and HPV-16, 18, 45, 33, 31, 39, and 53 in women with invasive cervical cancer.20
In a study regarding the prevalence and genotype distribution of HPV infection in Chinese women who were
asymptomatic, HPV was found in 10.3% women (9.5% low-risk types and 1.1% high-risk types). HPV genotypes
16, 52, and 58 were found most frequently in 26.2%, 19.45%, and 13.8% in the study population, respectively.21
Prevalence data in men are sparse and difficult to assess. It is estimated that the frequency of infection in men
is typically 50%, with a higher rate of low-risk HPV infection when compared to women. However, genotype
distribution may change based on the sample collected and the technique used for analysis.16,22

Available Vaccines
HPV vaccines are synthesized from the L1 protein. Five proteins are assembled in highly immunogenic, noninfecting virus-like particles (VLPs).23 In 1993, researchers in the United States from the National Cancer Institute
(NCI) discovered a way to synthesize VLPs with the same structure as HPV-16, and it was later used by Merck to
manufacture the first quadrivalent vaccine.
Currently, three vaccines have been registered (Table 1), two of them manufactured by Merck/Co., Inc.
(quadrivalent vaccine and nonavalent vaccine) and the other one manufactured by GlaxoSmithKline (bivalent
vaccine).
As of May 2017, the WHO supports the recommendation for a 2-dose schedule with adequate spacing between
the first and second dose (with a 6-month interval) in those aged 9–14 years.24
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Table 1. Vaccination Characteristics and Schedules for the VLP HPV-16/18, VLP HPV-6/11/16/18,
and VLP HPV-6/11/16/18/31/33/45/52/58 Vaccines
Cervarix®
HPV-16/18
(GSK)

VACCINE
(MANUFACTURER)

9–14 years: 2 doses
Vaccination schedule
recommended by
manufacturers

(0.5 mL at 0 and 5–13
months)
≥15 years: 3 doses (0.5
mL at 0, 1, 6 months)

Gardasil®
HPV-6/11/16/18
(Merck)
9–13 years: 2 doses
(0.5 mL at 0 and 6
months or 0 and 12
months)
Alternative 3-dose
schedule: (0.5 mL at 0,
2, 6 months)

Gardasil 9®
HPV-6/11/16/18/31/33/45/52/58
(Merck)
9–14 years: 2 doses(0.5 mL at 0 and 5–13
months)
Alternative 3-dose schedule:
(0.5 mL at 0, 2, 6 months)
≥15 years: 3 doses
(0.5 mL at 0, 2, 6 months)

Enroll the high priority population: girls 9–14 years of age, before extending coverage to other
groups or males.
For individuals receiving the first dose before 15 years: 2-dose schedule with a 6-month interval
between doses.
WHO recommendation

If the interval between doses is shorter than 5 months, a third dose should be given at least 6
months after the first dose.

(Global)

There is no maximum interval (no more than 12–15 months is suggested).
For individuals receiving the first dose ≥15 years:
3-dose schedule (0, 1–2, 6 months).
The 3-dose schedule should be used for those younger than 15 years known to be
immunocompromised and/or HIV-infected.
TAG reiterates the importance of prioritizing
high coverage in girl cohorts aged 9–14 years
to ensure full protection against HPV among
girls and induce herd immunity among boy
populations.

PAHO/WHO TAG
recommendation
(Americas)

Following the WHO recommendation,
countries and territories should implement and
monitor the two-dose strategy (with HPV2 or
HPV4) with a six-month interval between doses
for individuals receiving the first dose before
age 15 years. Intervals no greater than 12–15
months are suggested.

VACCINOLOGY IN LATIN AMERICA

Three-dose schedules are only recommended
for individuals that initiate vaccination at
>age 15 years, or those of any age who are
immunocompromised and/or HIV-positive.
225 µg amorphous
aluminum
hydroxyphosphate
sulfate (AAHS)

500 µg amorphous aluminum
hydroxyphosphate sulfate (AAHS)

Adjuvant

500 μg aluminum
hydroxide & 50 µg
of 3-O-desacyl-4monophosphoryl lipid
A (AS04)

Substrate system
with recombinant
technology

Baculovirus
expression system
(Trichoplusia ni cells)

Yeast substrate
(Saccharomyces
cerevisiae)

Yeast substrate

Intramuscular

X

X

X

Source: World Health Organization, 2017.

(Saccharomyces cerevisiae)
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Bivalent HPV Vaccine
The bivalent vaccine, Cervarix®, includes two antigens: genotypes 16 and 18. The L1 purified proteins in both
genotypes are absorbed onto aluminum hydroxide, with the addition of the AS04 adjuvant.25,26 A special
characteristic of this vaccine is the AS04 adjuvant, comprised of deacylated monophosphoryl lipid A (MPL), a
non-toxic derivative from Salmonella Minnesota R595 lypopolysaccharide, which activates the humoral immune
and cell-mediated response and induces the activation of antigen-presenting cells (APC).27
The Phase I study of this vaccine was conducted in 49 North American women aged 18–30 years. The results
were favorable in terms of immunogenicity and safety.28
Phase II studies were conducted in a method similar to studies for the quadrivalent vaccine. The first study was a
randomized, double-blind study in 61 women aged 18–30 years.28 The experimental group received the bivalent
vaccine and the control group only received aluminum hydroxide. The second study was also randomized,
double-blind in 60 women aged 18–30 years to compare the safety and immunogenicity of the bivalent
vaccine with two different adjuvants.28 One group received the vaccine with AS04 while another group received
the aluminum hydroxide vaccine and the third had no addition of adjuvant. In a third study, 209 women aged
18–30 years were randomized to study the effect of dosing.28 The fourth randomized, double-blind, placebocontrolled study included women aged 15–25 years (560 participants received the vaccine and 553 participants
received the placebo).28,29
Phase III studies demonstrated an efficacy of 98.1% (95% CI: 88.4–100) against CIN3 caused by HPV-16/18
based on a causality algorithm. In 2010, the bivalent vaccine was registered and recommended by ACIP.30
The vaccine is marketed in vials of one or two doses or in pre-filled syringes. It is administered intramuscularly.
Each 0.5 mL dose has 20 µg HPV-16 L1 protein and 20 µg HPV-18 L1 protein absorbed onto 500 µg aluminum
hydroxide, and 50 µg monophosphoryl lipid A (MPL). The vaccine is indicated for girls starting at 9 years of age
for the prevention of premalignant cervical, vulvar, and vaginal genital lesions and type-specific cervical cancer,
in a two-dose schedule at 0 and 5–13 months.24,30 The immune response to the bivalent vaccine is measured
through a type-specific enzyme-linked immunosorbent assay (ELISA) using a technology adapted by GSK.31
Vaccine efficacy was assessed through the PApilloma TRIal against Cancer In young Adults (PATRICIA) study in
three cohorts of women aged 15–25 years. This randomized, double-blind, controlled trial intended to assess
vaccine efficacy for type-specific CIN2+ against HPV-16 and 18 (Table 2). Mean follow-up for these cohorts was
34.9 months (SD: 6.4) after the third dose.32

Table 2. Results of the PATRICIA Study in Women aged 15–25 Years
Cohorts

ATP*

TVC**

TVC-Naive***

Vaccinated (n)

8,093

9,319

5,822

Controls (n)

8,069

9,325

5,819

Vaccine efficacy (%)
96.1% CI

92.9

30.4

70.2

79.9–98.3

16.4–42.1

54.7–80.9

Source: Paavonen et al., 2009.32
Notes: *According-to-protocol analysis (primary analysis). **Total vaccinated cohort (TVC): included all women receiving at least one vaccine dose,
regardless of their baseline HPV status; represents the general population, including those who are sexually active; therefore, it is representative of the
general population. ***Total vaccinated cohort: no evidence of oncogenic HPV infection at baseline; represents women before sexual debut.
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Additionally, cross-protection against CIN2+ associated with HPV-31, 33, and 45 was seen.
It is possible to extrapolate the efficacy results for both vaccines from studies performed in women over 15
years of age to girls 9 to 15 years of age through immunogenicity bridge studies, since performing efficacy
studies in underage girls is unethical. Immunogenicity studies in girls have demonstrated a response in antibody
titers at least two folds the levels seen in women over 15 years.

Quadrivalent HPV Vaccine
The quadrivalent vaccine has four genotypes: 16, 18, 6, and 11 — the first two being the main high-risk
oncogenic viruses and the last two being the low-risk viruses. These VLPs are absorbed onto aluminum
hydroxyphosphate.33-36
Phase I studies conducted in approximately 290 individuals established that 20 µg, 40 µg, and 50 µg doses
generated a significant immune response as compared to 10 µg.37 Phase II studies for vaccine administration
in approximately 6,000 individuals across Europe, Australia, North America, and Latin America, established that
the vaccine is safe, and immunogenic as compared to the placebo.38,39 Subsequently, Phase III studies were
conducted in 17,500 individuals in North America, Latin America, Asia, and Australia and established the efficacy
and safety of the vaccines.
In 2006, the FDA authorized the first prophylactic HPV vaccine, Gardasil®, which contains the two major
oncogenic genotypes, 16 and 18, accounting for about 60% of cervical intraepithelial lesions at risk of
progressing to cancer and the two low-risk genotypes, 6 and 11, accounting for approximately 90% of genital
warts (i.e., condyloma accuminata) as well as other pathologies such as recurrent respiratory papillomatosis.

VACCINOLOGY IN LATIN AMERICA

The vaccine is marketed in single-dose vials or pre-filled syringes. It is administered intramuscularly and each
dose contains 0.5 mL of 20 µg HPV-6 L1 protein, 40 µg of HPV-11 L1 protein, 40 µg of HPV-16 L1 protein, and
20 µg of HPV-18 L1 protein absorbed onto 225 µg of adjuvant. The vaccine is indicated for women and men as
of 9 years of age for the prevention of premalignant genital lesions (cervical, vulvar, and vaginal), premalignant
anal lesions, cervical cancer, anal cancer causally related to oncogenic HPV-16 and 18, and the prevention of
condyloma accuminata.40 The vaccine was registered with a three-dose administration schedule, but is currently
being recommended for use with a two-dose schedule with a 6-month interval between doses.24
A specific type immunoassay (Luminex) was conducted to assess vaccine immunogenicity.41 Two Phase III
studies, referred to as Females United to Unilaterally Reduce Endo/Ectocervical Disease (FUTURE) I and II,
were conducted to assess efficacy with a mean follow-up of 42 months. The studies demonstrated high
efficacy (Table 3): 100% (95% CI: 92.9–100.0) against cervical intraepithelial lesions type 2/3 or CIN2/3 caused
by genotypes 16 and 18, in receptors uninfected by HPV. Clinical efficacy against vaginal and vulvar cervical
infections and HPV-16 and 18 associated lesions was also demonstrated.42,43 Intention-to-treat analysis (ITT)
demonstrated efficacy significantly lower than 45.1% (95% CI: 29.8–57.3), which could be explained by the
inclusion of HPV-infected women.42
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Table 3. Results of the FUTURE I and II Studies in Women Aged 16–26 Years
Women Aged 16–26 Years

Follow-Up of 42 Months

Impact on Lesions

Efficacy % (95% CI)

Cervical intraepithelial lesion 2/3 caused by HPV-16/18

100.0 (93–100)

Vulvar or vaginal intraepithelial lesions 2/3 caused by HPV-16/18

100.0 (82.6–100)

Cervical intraepithelial lesions 1 caused by HPV- 6/11/16 or 18

96.0 (91–98.4)

Vulvar lesions I caused by HPV- 6/11/16 or 18

100.0 (74–100)

Vaginal lesions I caused by HPV-6/11/16 or 18

100.0 (64–100)

Vaginal warts caused by HPV-6 or 11

99.0 (96–100)

Source: Schiller et al., 2012.43

In 2007, the Centers for Disease Control and Prevention (CDC) Advisory Committee on Immunization Practices
(ACIP) recommended the vaccine for women of 9 to 26 years of age44, and the American Cancer Society
recommended routine vaccination for women ranging between 9 and 18 years of age.45

Nonavalent HPV Vaccine
The nonavalent (9-valent) vaccine, Gardasil 9®, is now available and it adds five new HPV virus genotypes to the
four already included in the quadrivalent vaccine. These genotypes are: 31, 33, 45, 52, and 58. An efficacy and
immunogenicity study was conducted in women aged 16–26 years, by applying a series of three intramuscular
injections on day 1, month 2 and month 6. In connection with antibody response, the demonstrated outcome is
non-inferior to the one generated by the quadrivalent vaccine. Regarding efficacy, in an per-protocol analysis,
the rate of high-grade cervical, vulvar, or vaginal disease associated with HPV- 31, 33, 45, 52, and 58 was 0.1 per
1,000 person/year in the 9-valent group and 1.6 per 1,000 person/year in the quadrivalent vaccine group, thus
demonstrating a 96.7% efficacy (95% CI: 80.9% – 99.8%).46

Follow-Up of the Vaccinated Cohorts
The bivalent and quadrivalent vaccines were initially registered with a three-dose schedule and, later on, studies
were conducted to assess the presence of neutralizing antibodies. For the bivalent vaccine, 100% of women
remained seropositive at 8.4 years of follow-up. For the quadrivalent vaccine, seropositivity measured as IgG
class antibodies was 94.3%, 89.4%, 99.5%, and 88.8% for HPV-6,11,16, and 18, respectively at 8 years of followup.47 To date, 9.4–years of follow-up data of the bivalent vaccine have been reported.48
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Two-Dose Versus Three-Dose Schedule
At the global level, there is interest in simplifying vaccination schedules to increase compliance and the
advantages of vaccine adherence, including reduced logistical challenges of vaccinating in schools and lowering
related costs and resources.
Studies conducted to demonstrate the non-inferiority of the immune response with a two-dose schedule as
compared to a three-dose schedule are valid provided they are conducted concurrently, using the same protocol, in
girls and women of the same age, enrolled and randomized to one of the two vaccination schedules.
Non-inferiority of a treatment group is understood as the lower bounds of the multiplicity adjusted 95%
Confidence Intervals (CI) for the Geometric Mean Titers (GMT) ratio resulting (girls or women) greater than 0.5.
The ratio is estimated for each alternative schedule and every specific genotype.
A study conducted in Vietnam49 was intended to assess the non-inferiority of alternative vaccination schedules
by comparison with the standard three-dose schedule using the quadrivalent vaccine in girls aged 11–13 years.
The alternative schedules with the quadrivalent vaccine were administered at 0, 3, 9 month intervals; 0, 6, 12
month intervals; and 0, 12, 24 month intervals. Non-inferiority criteria were met with the first two schedules
for the four vaccine genotypes; however, this criterion was not met for genotypes HPV-16 and HPV-6 a
month upon conclusion of the schedule at 0, 12, and 24 month intervals. The cohort of girls was followed
for 36 months to establish the duration of the antibodies based on these three different schedules. Results
demonstrated that there was no inferiority in the response to the alternative schedules as compared to the
standard schedule.50
In another study, a two-dose versus a three-dose schedule in girls aged 9 and 13 years was compared as well
as the response to the two-dose schedule in girls and the three-dose schedule in women aged 16–26 years.
The GMT were measured at 7, 18, 24, and 36 months after the last vaccine dose. The results established that the
only differences observed in terms of inferiority were in girls that received the two-dose schedule versus the
girls that received the three-dose schedule against genotype 18 as of the 18 month and against genotype 6 as
of the 36 month. The antibodies response expressed as GMT was non-inferior in a two-dose schedule in girls as
compared to a three-dose schedule in women.51
In May 2017, the WHO stated the current evidence supports the recommendation for a 2-dose schedule with
adequate spacing between the first and second dose in those aged 9–14 years.24

VACCINOLOGY IN LATIN AMERICA

Vaccine Impact
Vaccination impact data is derived from information on HPV epidemiology before and after vaccination and
vaccine coverage (even with one or two vaccine doses higher than 50%). A recently published meta-analysis
reports the following data: A) in girls aged 13–19 years, infections caused by HPV-16/18 have decreased by 64
% (p = 0.01); infections caused by HPV-31/33/45 have decreased by 28% (p= 0.44); infections caused by HPV31/33/45/52/58 show basically no decrease (p = 0.32); B) in women aged 20–24 years, infections caused by
HPV-16/18 have decreased by 31% (p=0.00001). 52
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Australia is the country with the most extensive HPV vaccination experience, since their National Immunization
Program started administering the quadrivalent vaccine in girls and boys in 2007. Five years after vaccination,
the condyloma acuminata in women under 21 years of age decreased from 11.7% in 2007 to 0.85% in 2011.53
Another researcher in Australia measured HPV genoprevalence amongst women aged 18–24 years who
attended family-planning centers. The 2005–2007 pre-introduction data was compared to the 2010–2011
post-introduction data. The number of infections caused by HPV-16/18/6/11 decreased from 28.7% to 6.7%,
p<.001; infections caused by high-risk genotypes were reduced from 47.0% to 34.2%, p<.05.54
In the United States, prevalence of HPV-16 and 18 in CIN2/3 and adenocarcinoma in situ (CIN2+) in women has
been compared via the epidemiological surveillance system through population-based sentinel centers from
2008 to 2012. The prevalence of CIN2+ lesions caused by HPV-16/18 decreased from 53.6% to 28.4% amongst
women who had received at least one vaccine dose. This decrease, however, was observed in unvaccinated
women (57.1% vs 52.5%). Estimation of vaccine efficacy in the prevention of CIN2+ was 21% (95% CI: 1–37); 49%
(95% CI: 28–64) and 72% (95% CI: 45–86) in women who had initiated the schedule 25–36 months, 37–48
months, and more than 48 months before screening, respectively. 55
These findings confirm the following:
1. An extended vaccination schedule administered at 0, 1 and 12 month intervals or at 0, 2 and 12 month
intervals does not yield lower immunogenicity than a traditional schedule administering the last dose at 6
months. Moreover, higher GMT levels may be obtained with an extended schedule.
2. A two-dose schedule administered at 0, 2 months vs. 0, 6 months shows that the latter with a 6-month
interval had higher Geometric Mean Concentrations (GMC) in girls aged 9–14 years.

Immune Response
The HPV infection caused by any genotype is quite common. Between 50% and 80% of women are expected to
be infected at some point in their lives.56 After infection, the first barrier the virus encounters is innate immunity
— phagocytes, soluble proteins (such as cytokines and the epithelial barrier) — which clears the virus in almost
90% of infections. However, innate immunity does not demonstrate specific memory. The other defense
mechanism, adaptive immunity, is activated by natural immunity, which is characterized by high-specificity
and immune memory. Antibody response to L1 after vaccination affords protection against HPV infection
via adaptive immunity. The antibody-mediated humoral immunity can prevent viral reinfections, while cellmediated immune responses are key to clearing temporary infections. CD4(+) T-lymphocytes play a central
role in humoral immunity and cell-mediated immunity. Seroconversion and generation of antibodies against
the major virus proteins or the L1 protein occur simultaneously upon activation of cell-mediated immunity or
shortly thereafter.5
The generation of the secondary antibody response to exposure as well as the preservation of antibody levels
at all times are the main roles of memory B cells. High levels of memory B cells, for example, may represent a
biomarker indicative of high levels of long-lasting serum antibodies.
Natural immune responses to HPV infection are weak due to HPV evasion mechanisms. The natural infection
does not cause viremia or the elimination of cells thus resulting in a minimally inflammatory process.57
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To date, no protection marker or antibody concentration indicative of protection has been established. 57
In connection with the HPV-vaccine-induced immune adaptive response, the following has been described58:
1. The VLPs, with no viral genome, activate CD4(+) helper lymphocytes which go into a proliferation and
differentiation state and interact with B cells. The activated CD4(+) lymphocyte cytokines contribute to
maturation of B cells, which generate specific antibodies against the virus VLPs.
2. Virus-specific T-lymphocytes and memory B cells are generated for the VLPs.
3. On the next contact with the virus VLP or HPV, a T-cell dependent immune response is generated in a
short period ranging between 24 and 48 hours.
4. The VLPs in HPV vaccines generate a significant immune response, with antibody titers 10 to 100 folds
higher than the response induced by natural infection.59
5. Immune response in girls aged 9–14 years is higher than in women over 15 years. A significant difference
has been shown to exist between receptors in girls and receptors in adult women, with a higher number
of memory B cells in the former group, suggesting that at least for the purpose of inducing memory B cell
creation, immunization of girls aged 9–13 years could be advantageous to maximize the response to HPV
vaccines and to obtain higher efficacy.59-61
6. The bivalent vaccine which has an aluminum hydroxide-adjuvant with the addition of AS04 generates a
higher antibody response than the quadrivalent vaccine.62–65
7. A “head-to-head” study comparing the immune response generated by the bivalent versus the
quadrivalent vaccine against HPV-16 and 18 demonstrated that the bivalent vaccine generated 3.7 and
7.3 folds more neutralizing antibodies respectively in women aged 18– 26 years at 7 months after the
introduction of the three-dose schedule. After 48 months of follow-up, the GMT remained 2.0 and 5.2
folds higher against HPV-16 and HPV-18, respectively. However, to date there is no clarity as to the clinical
impact these differences may have, i.e., how it translates clinically into protection against infection.63,66

VACCINOLOGY IN LATIN AMERICA

Adverse Events
The World Health Organization (WHO), through its Global Advisory Committee on Vaccine Safety, concluded
in March 2014 that available HPV vaccines have an excellent safety profile.67 The vaccine efficacy studies have
included an assessment of potential short-term (assessments at 7 and 30 days after vaccination) and longterm (follow-up of 39 months) adverse events.48,68 Local events at the HPV injection site, including pain and
edema, occur more frequently and some systemic events, such as fatigue and headaches, are less frequent
when compared to the control group.69 However, no statistically significant differences have been shown in the
occurrence of other adverse events as a result of HPV vaccination as compared to the control group.68 Some
reports have related the onset of some autoimmune diseases to vaccination; however, properly conducted
population-based studies have ruled out such associations. In a study published in the British Medical
Journal in 2013, no difference was observed in the number of autoimmune diseases, neurological changes or
thromboembolic vein disease in 300,000 girls who received the HPV quadrivalent vaccine when compared to
the control group.70
Vaccine safety and efficacy in individuals less than 9 years has not been established. As a precautionary measure,
the vaccine is not recommended for administration in pregnant women.
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Vaccine Coverage in Latin America
In July 2017, the Technical Advisory Group (TAG) on Vaccine-preventable Diseases of the Pan American Health
Organization (PAHO) provided an update on the use of HPV vaccines in the Region of the Americas. As of June
2017, 29 countries and territories in the Americas have introduced the vaccine into their national immunization
programs. Through routine immunization, an estimated 80% of the adolescent female cohort has access to the
HPV vaccine. The worldwide administration of approximately 1.7 million HPV doses has been reported, yet there
is a paucity of country-level vaccination coverage data, including in the Region.71
Per the 2017 TAG meeting report, “In 2016, only 14 of 29 countries and territories reported HPV vaccination
coverage for the full recommended series in their national schedules, either two or three doses. Among these
countries, the highest full-series coverage reported was 86% and the lowest 6%, with a median range of 47–
55%. There is confusion regarding the selection of denominator populations for each dose in the series as well
as additional challenges in making inter- or intra-country comparisons because of differing target populations.”71

Conclusion
The role of HPV as a cause of cervical cancer and the risk attributable to this virus on other types of cancers
such as oropharynx, penis, anal, vulvar, and vaginal cancers are undisputable. Cervical cancer is one of the main
causes of death amongst women in every region of the world, with the highest impact in Africa. This complex
virus has more than 190 genotypes, out of which 12 are high-risk based on their oncogenic potential. The
epidemiology of the infection is also complex since it progresses to cervical cancer in only a small percentage
of infected women and most infections are temporary.
Given that HPV-associated diseases are a public health priority, the development of vaccines against HPV has
been long-awaited by clinicians, epidemiologists, civil society, and national and international public health
authorities.
Currently, there are three vaccines available that differ in the number and type of genotypes they include. The
bivalent vaccine includes two oncogenic genotypes, 16 and 18; the quadrivalent vaccine includes two low-risk
genotypes, 6 and 11 and two high-risk genotypes, 16 and 18; and more recently the 9-valent vaccine has added
five new genotypes to the ones included in the quadrivalent vaccine: HPV-31/33/45/52/58.
The recommended age of HPV vaccination in most immunization programs is in girls aged 9–13 years, since the
immune response obtained in this age group is several folds higher than the response obtained in women over
15 years, which is potentially due to lack of exposure to the virus and higher memory B cell induction capacity in
the former group.
Regarding dosing, scientific evidence has demonstrated that the antibody levels expressed as GMC in the twodose schedule were non-inferior to the ones attained with the three-dose schedule in individuals less than 15
years. These findings have led to the recommendation for a two-dose schedule. Regarding the interval between
the first and the second dose, scientific evidence has demonstrated that the response at 6 months and up to
12–15 months is higher in individuals less than 15 years as compared to schedules with a one or two month
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interval. The three-dose schedule continues to be recommended for women aged 15 years and older, as well as
immunocompromised or HIV-infected patients.
A number of developed countries have included the HPV vaccine in their routine immunization programs,
and the effectiveness of the intervention has already been assessed. For instance, as the first country to adopt
the vaccine, Australia has reported that between 2007 and 2011, prevalence of condyloma acuminatum has
diminished from 11.7% to 0.85%. The United States has reported a reduction in the prevalence of CIN2+ caused
by HPV-16 and 18 from 53.6% to 28.4%.
In late September 2015, the WHO reported that more than 65 countries had adopted the HPV vaccine into their
immunization programs and more than 200 million doses had been distributed exhibiting a safety profile. In
the Americas Region, the TAG reported that 29 countries had included the vaccine and approximately 80% of
adolescent girls had access to it as of June 2017.
Since there is still a long way to go, countries need to implement epidemiological surveillance and permanent
monitoring prior to the introduction of HPV vaccines into their immunization programs.
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