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Abstract

Human papillomavirus (HPV) is a common sexually transmitted infection, with particular
high-risk strains considerably contributing to the development of cervical cancer, a leading
cause of morbidity and death in women in low- and middle-income countries (LMICs). In
Togo, cervical cancer is a major public health concern. In response, the government has
initiated an HPV immunization program. However, detailed studies investigating the
distribution of HPV types in the Togolese population are rare, which is critical for improving
the vaccine program's efficiency. This mini-review provides a comprehensive analysis of
existing data on HPV prevalence and type distribution in Togo, as well as explores the
implications for the newly adopted HPV vaccination program and the immune responses
triggered by the various HPV vaccines. By examining current data on HPV prevalence and
type distribution, this study highlights the importance of local epidemiological data in guiding
vaccination choice and policy decisions.
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Introduction

Human papillomavirus (HPV) is one of the most
common sexually transmitted infections globally, with high-
risk genotypes playing a substantial role in cervical cancer
development. Cervical cancer remains a prominent source of
morbidity and mortality among women in low- and middle-
income countries (LMICs), including several regions in Sub-
Saharan Africa (1, 2).

HPV is a family of more than 200 related viruses, with
over 40 genotypes known to infect the genital epithelium.
These viruses are categorized into high-risk types, medium
and low risk types. The high-risk types are oncogenic and
associated with cervical and other anogenital malignancies,
while medium and low risk cause benign lesions such us
genital warts. Among the high-risk HPV types, HPV-16 and
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HPV-18 account approximately for 70% of cervical cancer
occurrences globally. However, HPV genotypes distributed
vary significantly across the different regions of the world (3,
4).

The introduction of prophylactic vaccines targeting these
high-risk types has shown significant prospects in reducing
the incidence of HPV infections and cervical cancer (5).
Currently, three prophylactic HPV vaccines, approved by the
U.S. Food and Drug Administration (FDA), are available,
and countries with established HPV vaccination programs
have reported significant reductions in the prevalence of
vaccine-targeted HPV types and a decline in cervical cancer
incidence (6, 7).

The burden of HPV and related cervical cancer in Togo (a
West African country), is substantial (8). To address this
public health challenge, Togo has recently initiated an HPV
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vaccination program to combat HPV-related diseases and
reduce cervical cancer incidence (9). Understanding the HPV
genotype distribution is critical for adjusting vaccination
approaches and enhancing screening programs to meet the
unique needs of various populations. Furthermore, factors
such as geographical disparities, age, sexual behavior, and
co-infections also have a substantial impact on HPV
prevalence and should be addressed when evaluating
vaccination efficacy. However, intensive investigations
focusing on HPV-type distribution in Togo are scarce.

The implementation of an HPV vaccination program in
Togo is a significant step towards reducing the burden of
HPV-related conditions. However, the success of this
program relies on a comprehensive overview of the local
HPV epidemiology. Detailed data on HPV type distribution
in Togo is critical to ensure that the vaccination program
targets the most prevalent and high-risk HPV types within
the given population, thereby increasing its efficacy.

This review aims to provide a comprehensive analysis of
the distribution of HPV types in Togo and discuss the
implications for the ongoing HPV vaccination program, as
well as the immune response triggered by the available HPV
vaccines. Understanding the prevalence and distribution of
various HPV types in Togo might assist policymakers, public
health officials, and stakeholders in identifying the most
effective vaccination strategies for reducing the burden of
HPV-related diseases and, ultimately, improving women's
health outcomes in Togo.

Methods
A comprehensive search of databases, including PubMed,

Google Scholar, ELSEVIER, WHO, International Human
Papillomavirus Reference Center (IHPRC) and African
Journals Online (AJOL), was performed using the following
key terms: "HPV prevalence in Togo,” "HPV type
distribution in Togo," “cervical cancer in Togo," "HPV
vaccination in Africa," "HPV vaccines technologies,” "HPV
vaccines AND immune response,” and "HPV immunization
programs in low- and middle-income countries (LMICs)."
Articles, reports, and official health papers published until
2024 were curated. The inclusion criteria were papers that
reported HPV prevalence, genotyping data, HPV vaccines
technology, immunes response in HPV vaccines, and
cervical cancer epidemiology in Togo or other relevant West
African nations. The assessment omitted studies that did not
provide clear HPV type-specific data or were not directly
relevant to the Togolese population. Furthermore, duplicate
papers and research not related to cervical cancer or HPV
vaccination programs were excluded. The selected studies
included key information such as sample size, HPV
prevalence rates, HPV type distribution, and cervical cancer
incidence in Togo. The retrieved data were integrated and
analyzed to highlight the HPV burden in Togo, HPV
vaccine’s immune response with an emphasis on the
prevalence of high-risk HPV strains compared to those
addressed by the country's existing vaccinations. The
findings' implications were then examined in terms of public
health initiatives, such as vaccine policy optimization.
Finally, the evaluation highlighted gaps in the existing data
and prioritized future research to increase HPV vaccine
coverage and efficacy in Togo. The literature review process
is summarised in figure 1.

Articles retrieved from
PubMed, Google Scholar,
ELSEVIER, WHO, [HPRC
and AJOL

(n=194)

Full texts eligibles
(n=150)

Articles exempt from quality control
(n=98)

Articles Included in the
final Review

(n=51)

Figure 1: Flowchart of data curation process; A total of 194 publications were retrieved from various databases, including
PubMed, Google Scholar, ELSEVIER, WHO, IHPRC, and AJOL. 150 articles have been selected based on the availability of
full texts. Following a thorough evaluation of the entire texts, 98 articles fulfilled the inclusion criteria. Ultimately, 51 articles
met all the eligibility requirements and were included in the final review.
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HPV Vaccines technologies

Human papillomavirus (HPV) vaccines are a crucial tool
in the fight against HPV-related diseases, including cervical
cancer, genital warts, and other anogenital cancers. Since the
first HPV vaccine was introduced in 2006, advancements in
vaccine technology have expanded the scope and efficacy of
HPV vaccination programs worldwide (10). Three highly
effective prophylactic HPV vaccines licensed and approved
by U.S. Food and Drug Administration (FDA) are designed
to protect against two, four, or nine types of persistent HPV
infections (11). These vaccines have demonstrated
significant efficacy in reducing the burden of cervical cancer
(CC) in developed countries (12). The bivalent vaccine,
Cervarix™  (developed by GlaxoSmithKline), offers
protection against HPV types 16 and 18, which are strongly

Table 1: Available HPV vaccines and their immunogenicity.

associated with cervical and other anogenital cancers. The
quadrivalent vaccine, Gardasil 4®, targets HPV types 6, 11,
16, and 18. HPV Types 6 and 11 are primarily responsible
for the majority of genital warts cases. Furthermore, the
nonavalent vaccine, Gardasil 9% extends its protection to five
additional HPV types (31, 33, 45, 52, and 58), further
broadening the spectrum of prevention against cervical and
other related cancers (13). The Gardasil vaccines are
developed by Merck (Table 1). The widespread use of these
vaccines has resulted in a substantial decrease in the
incidence of HPV-related diseases, then significantly
transformed the landscape of public health concerning HPV-
related diseases. This transformation is particularly evident in
the reduction of HPV infections, cervical cancer rates, and
other HPV-associated conditions underscoring their critical
role in public health (14, 15).

Features Cervarix™ Gardasil 4® Gardasil 9%
Manufacturer GlaxoSmithKline, GSK, Kenilworth, NJ, USA Merk  Kenilworth, NJ, USA
Brentford, and Co, Merk and Co,
UK., Inc., Inc.,
Antigen L1VLP L1VLP L1 VLP
HPV genotypes HPV 16, 18 HPV 6, 11, 16, 18 HPV 6, 11, 16, 18, 31,
33, 45, 52, 58
Adjuvant Aluminum salt + TSL agonist ~ Aluminium salt Aluminium salt

Additional ingredients

Immune response

Ref

(monophosphoryl lipid A)

Sodium chloride

Polysorbate 80
Sodium dihydrogen phosphate

dehydrate

Water for injection

Specific CD4 T cells

Broadly neutralizing antibody

IL-2 and TNF-a

(16-18)

Sodium chloride Polysorbate
80
L-histidine

Sodium borate

Water for injection

Specific CD4 T cells
Broadly neutralizing
antibody

IL-2, IFN-y and TNF-a

(19-22)

Sodium chloride

Polysorbate 80
L-histidine

Sodium borate
Water for injection

Broadly neutralizing
antibody
Specific CD4 T cells

IL-2 and IFN-y

(11, 18, 19, 23, 24)




WoSciMIB 01 (2024) 1-12

Kamassa et al

All HPV vaccines comprise virus-like particles (VLPSs)
which are based on the major HPV capsid protein L1 from
the specific HPV types. HPV L1 protein can self-assemble
into virus-like particles (VLPs) that mimic the structure of
the native virus but do not contain viral DNA, making them
non-infectious (25). HPV vaccines are made from different
technological approaches (Figure 2). The recombinant
proteins forming the virus-like particle (VLPs) are produced
by separate fermentation in different expression systems, a
baculovirus expression system was used for the bivalent
vaccine while the recombinant Saccharomyces cerevisiae
was used for the Gardasil vaccines (5). The quadrivalent and
nonavalent vaccines utilize only aluminum salts as an
adjuvant, while, VLPs of Cervarix are adsorbed on
aluminum hydroxy phosphate sulfate adjuvant (AS04),
which includes aluminum hydroxide salts and the Tall-like
receptor  (TLR-4) agonist MPL  (3-O-desacyl-4’-
monophosphoryl lipid A). Additionally, Cervarix contains
sodium dihydrogen phosphate dehydrate, polysorbate 80,

sodium chloride, and water for injection. In contrast, both
Gardasil vaccine’s formulations include sodium chloride, L-
histidine, polysorbate 80, sodium borate, and water. The final
product is presented as a sterile suspension in a single-dose
vial for intramuscular injection (26). WHO recommends the
vaccination should start at the age of 9, early at the onset of
sexual activities, however, the recommended dosage and
schedule for HPV vaccines depends on the age at which the
vaccination series is initiated. For girls aged between 9 and
14, a 2-dose series is recommended, with the second dose
given 6 to 12 months after the first dose. The minimum
interval between the two doses is 5 months. For 15-year-old
and beyond ladies; a 3-dose series is recommended, with the
second dose given 1 to 2 months after the first dose, and the
third dose given 6 months after the first dose. The minimum
intervals are 4 weeks between the first and second dose.
Lastly, a 3-dose series is recommended for those with
immunocompromising conditions, including HIV infection
(27).

I nogen

o Vaccine type

Bivalent

|

AcMNPV
Baculovirus

|

Aluminum
salt + TLR4
agonist

o Expression system

o Adjuvants

Recombinant L1 VLP

Quadrivalent Nonavalent

| l

_| Saccharomyces | Saccharomyces

cerevisiae cerevisiae
Aluminum Aluminum —
salts salts

Figure 2: HPV Vaccine strategies; HPV vaccines rely on vaccines made from virus-like particles (VLPs), which are
produced through fermentation in various expression systems. The bivalent vaccine (Cervarix) uses a baculovirus expression
system, while the Gardasil vaccines are produced using yeast (Saccharomyces cerevisiae). The VLPs in the bivalent vaccine
are adsorbed onto an adjuvant system composed of amorphous aluminum hydroxyphosphate sulfate, whereas the
quadrivalent and nonavalent vaccines utilize only aluminum salts as an adjuvant.
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Immune response against HPV Vaccines

HPV vaccines are formulated to prevent infections by
high-risk human papillomavirus (HPV) types, notably HPV
16 and 18, which are causally linked to cervical cancer and
other malignancies. These vaccines utilize virus-like particles
(VLPs) that structurally mimic the viral capsid while being
non-infectious, thereby eliciting a robust immune response
(28). Vaccination induces high titers of neutralizing
antibodies, particularly 1gG, which effectively block viral
entry into host cells. This immune response is durable, with
studies demonstrating sustained antibody levels over
extended periods, negating the need for booster doses (29,
30). Additionally, certain vaccines confer partial cross-
protection against non-vaccine HPV types through structural
similarity. While systemic antibody responses are central to
protection, mucosal immunity is critical, as vaccine-induced
IgG transudates into cervical mucus, offering frontline
defense at the primary sites of HPV infection (31). When
administered before HPV exposure, typically in adolescence,
these vaccines have shown exceptional efficacy in
significantly reducing the incidence of HPV-related diseases
(32).

Cervarix™ generates a strong and durable immune
response, marked by high levels of neutralizing antibodies
and HPV-specific CD4* T cells, which are likely key to its
high efficacy in preventing HPV infection and related
diseases. The vaccine induces a robust immune response
against HPV types 16 and 18, with over 99% of initially
seronegative individuals seroconverting to both HPV-16 and
HPV-18 one month after the third dose (33). Specific 1gG
antibody levels peak around month 7 and subsequently
decline to a plateau that remains at least 10 times higher than
levels induced by natural infection, persisting for up to 113
months (9.4 years) after the first dose (34). Cervarix has also
been shown to produce significantly higher serum levels of
neutralizing antibodies, specifically 1gG, against HPV-16
and HPV-18 compared to Gardasil after administering three
doses (17, 18). Moreover, Cervarix induces higher
frequencies of CD4* T cells producing IL-2 in response to
HPV-18 L1, along with a general trend toward elevated
frequencies of CD4* T cells producing IL-2 and TNF-a for
HPV16, 18, 33, and 45. In addition, Cervarix appears to offer
greater cross-protection against non-vaccine HPV types,
before the development of Gardasil 9® particularly HPV-31
and HPV-45, compared to Gardasil 4® (18).

The Gardasil 4® vaccine elicits a robust and sustained
immune response, against four HPV types (6, 11, 16, and 18)
through the production of high levels of neutralizing
antibodies, which are key to preventing infection. Upon
vaccination, nearly all individuals seroconvert, achieving
seropositivity rates of 96.4% to 99.9%, with peak antibody
titers typically observed around Month 7. These titters,

represented as geometric mean titers (GMTSs), remain
significantly elevated compared to natural infection levels,
although a decline over time is expected. Notably, age-
related differences in GMTs are observed, with younger
individuals generally exhibiting higher titers, reflecting the
stronger immune responses typically seen in younger
populations (19). In addition to humoral responses, Gardasil
9® also promotes a significant T cell-mediated immune
response, contributing to its protective efficacy against HPV-
related diseases. This includes the activation of CD4* T cells,
which play a critical role in sustaining antibody production
and enhancing immune memory (20). Gardasil 4 elicits the
production of cytokines like IL-2, INF-y, and TNF-q,
indicating a strong Thl-type immune response, which is
important for long-term protection (21). Studies have shown
that the antibodies produced are highly effective at
neutralizing live HPV virions, further underscoring the
vaccine’s protective capacity (22). Over time, antibody levels
naturally decline; however, long-term studies indicate that
the immune memory remains intact. When individuals
receive a booster dose several years later, there is a rapid and
robust increase in antibody titters, demonstrating the
presence of an anamnestic response (35). This memory
response is crucial for ongoing protection even as circulating
antibody levels wane. Gardasil 9®°s combination of high
initial antibody titters, effective CD4* T cell responses, and
durable immune memory provides broad and lasting
protection against HPV-related conditions, including genital
warts and cancers linked to high-risk HPV types 16 and 18.
The vaccine’s ability to elicit this comprehensive immune
response is central to its success in reducing HPV-related
morbidity across diverse populations (36).

The Gardasil 9% vaccine elicits a robust and comprehensive
immune response, targeting nine HPV types (6, 11, 16, 18,
31, 33, 45, 52, and 58) through the coordinated activation of
both humoral and cellular immunity. Clinical studies
demonstrated that 98.2% to 100% of individuals vaccinated
with Gardasil 9 become seropositive for all nine HPV types
by month 7, indicating a strong antibody response. GMTs for
HPV types 6, 11, 16, and 18 are comparable to those seen
with the earlier Gardasil vaccine, confirming non-inferiority
in humoral immunity. This response is sustained over time,
with 78% to 100% of individuals remaining seropositive for
up to five years, and 81% to 98% among those vaccinated at
ages 9 to 15, reflecting durable immune memory (23). The
cellular immune response is equally critical, with Gardasil 9
effectively activating CD4* T helper cells, which support
antibody production and memory B cell formation, alongside
CD8* cytotoxic T cells that target HPV-infected cells (18).
Key cytokines like interferon-gamma (IFN-y) and
interleukin-2 (IL-2) are upregulated, promoting a Th1-biased
response that enhances cellular immunity and long-term
protection (22). Moreover, the vaccine demonstrates a strong
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memory response, with a rapid and significant increase in
antibody titers following a booster dose five years after
initial vaccination, underscoring the robust immune memory
established (37). This immune landscape, marked by high
initial antibody levels, effective cellular responses, and key
cytokine production, ensures that Gardasil 9 provides broad
and lasting protection against HPV-related conditions,
including genital warts and cancers associated with high-risk
HPV types (24).

HPV prevalence and genotype distribution in
Togo

Numerous studies have investigated the prevalence of
HPV in Togo; however, these studies have employed a
variety of methodological approaches over the years. These
studies highlight the complexity and diversity of HPV
infections in the country, particularly among vulnerable
populations such as women living with HIV, female sex
workers, and helminth-infected women. However, the
varying methodological approaches used in HPV studies in
Togo, including differences in detection methods, target
populations, temporal factors and geographical focus, not
only contribute to discrepancies in the overall prevalence but
may also lead to variations in the distribution of HPV types,
age-specific rates, and regional prevalence across different
studies. In addition, the use of different sampling techniques,
diagnostic criteria, and population demographics, each study
may vyield distinct results, highlighting the need for
standardized methodologies to obtain a clearer understanding
of HPV distribution in the country. Such standardization
would not only enhance the reliability of the data but also
facilitate more effective public health interventions aimed at
reducing the burden of HPV-related diseases in Togo.

Understanding the local epidemiology of HPV is critical
for assessing the potential impact of vaccines, as genotype
prevalence directly influences vaccine effectiveness. In
Togo, where certain high-risk HPV types may differ in
prevalence from global patterns, this becomes particularly
relevant. By examining the local distribution of HPV
genotypes alongside vaccination efforts, we can better
evaluate how well current vaccines address the strains most
prevalent in this region. This alignment between genotype-
specific prevalence and vaccine efficacy forms the
foundation for optimizing HPV vaccination strategies in
Togo.

HPV-related studies in Togo reveal a complex landscape
influenced by various factors, including demographic
characteristics and health status. For instance, a notable study
conducted between September 2014 and September 2015
assessed HPV prevalence among HIV-infected women in
Lomé, Togo. This cross-sectional study found that the
overall prevalence of HPV was 22.2%. The same study

identified specific high-risk HPV (HR-HPV) genotypes
among the participants. The most prevalent genotypes
included: HPV 18 (8.6%), HPV 68 (4.1%), and HPV 62/81
detected in 2.7%. and HPV 16 which was notably low at
1.3% (38). These findings underscore a unique distribution
pattern of HPV genotypes in Togo in 2015, with HPV 18
being more prevalent than HPV 16, which is often associated
with a higher risk of cervical cancer in other populations.

In 2017, another pivotal study was the first national
assessment of HPV prevalence among female sex workers in
Togo. This multicentric cross-sectional study involving 310
female sex workers (FSW) was conducted in four major
cities of Togo: Lomé, Kara, Sokodé, and Atakpamé revealed
a higher prevalence of HR-HPV at 32.9%. The most
common HR-HPV types included HPV 58, HPV 35, and
HPV 31. The study also noted a correlation between HIV
status and HR-HPV prevalence, with higher rates observed in
HIV-positive participants (39). Additionally, the findings
indicated that the prevalence of HR-HPV and multiple HPV
infections was significantly higher in the cohort of
individuals co-infected with both HPV and HIV compared to
those who were infected with HPV alone. This highlights the
critical interaction of these infections and underscores the
urgent need for targeted public health interventions to
address the dual burden of HIV and HR-HPV among FSWs
in Togo.

In 2017, another study conducted among women attending
four main gynaecological clinics in Lomé, the capital city of
Togo, revealed that 53.3% of the 240 participants were
infected with high-risk human papillomavirus (HR-HPV).
The analysis identified HPV 56 as the most prevalent
genotype at 22.7%, followed closely by HPV 51 (20.3%),
HPV 31 (19.5%), HPV 52 (18.8%), and HPV 35 (17.2%). In
contrast, HPV 33 and HPV 16 were the least common
genotypes, each detected in only 2.3% of the cases (40).
These findings underscore the significant burden of HR-HPV
among women in Lomé and highlight the need for targeted
public health interventions, including vaccination and
screening programs, to address the risks associated with
HPV-related diseases.

In the same year, Dolou et al. focused on northern Togo
and enrolled a total of 238 women, including those from the
general population as well as women seeking care at one
main gynecological clinic. For HPV screening alongside
cervical lesions determination at Kara. The findings revealed
an overall HR-HPV prevalence of 35.71%, with HPV 31
(18.7%), HPV 52 (13.82%), and HPV 68 (13.01%) being the
most commonly detected genotypes, while HPV 16 was
found to be the least frequent at 0.81% (41). These results
provide valuable insights into the distribution of HR-HPV
genotypes among women in Kara, Togo, which can inform
the development of targeted prevention and management
strategies for cervical cancer.
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Recently, in 2022, our team conducted a multicentric
study in helminth-endemic areas of the central region of
Togo revealing significant findings regarding the prevalence
of helminth infections and their association with human
papillomavirus (HPV) infections among women. We found
that 19.2% of the participants have HPV infections, with the
majority being infected with a single HPV type. The most
prevalent HPV types detected in this cohort were HPV 52
(17%), HPV 45 (15%), and HPV 35 (13%). Notably, the
research highlighted a substantial association between
hookworm infection and an increased load of HPV infection,
indicating that women with hookworm were at a higher risk
of HPV infection. Surprisingly, the study found that women
with  co-infection of HPV and hookworm were
predominantly infected with HPV type 16 (42). This finding

Table 2: HPV genotypes prevalence and distribution in Togo.

raises significant concerns, as HPV type 16 is one of the
most well-established high-risk types associated with
cervical cancer. Indeed, globally, approximately 70% of
cervical cancer cases are linked to infections with HPV types
16 and 18, both of which are known to play a critical role in
the development of cervical carcinogenesis. In addition, the
predominance of HPV 16 in women co-infected with
hookworm may be attributed to immune modulation by
hookworm that suppresses viral clearance, HPV 16’s high
oncogenic potential and ability to evade immune detection,
geographical and environmental factors increasing exposure
to both infections and shared risk factors such as poor access
to healthcare and lower socioeconomic status. The HPV
genotype distribution in Togo is summarised in Table 2.

Most prevalent

Year T:rgfgtion Study site (L;ecazlcl)g; Prevalence  Genotypes Reference
Pop g identified
2015 HIV infected Lomé Maritime 22.2% HPV 18, 68, 62 (43)
individuals
2017  Female  sex Lomé- Tsévié Maritime 44.9%. HPV 35, 16 (44)
workers Atakpamé Central
Kara Kara
2017  Women Lomé Maritime 53.3% HPV 56, 51,31 (45)
attending
gynecological
clinics
2017  General Kara Kara 35.71%, HPV 31, 52, 68 (46)
population
and
gynecological
clinic
attendees
Tseve
2022  Hookworm Sagbadai Centrale 19.2% HPV 52, 45, 35 47
infected Sakalaoude
women Fazao
Kikimini

Alheridé
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Implication of HPV prevalence and genotypes distribution
for HPV vaccination

The choice of HPV vaccines depends on the HPV types
targeted, regional prevalence, vaccine availability, cost, and
public health goals, with broader protection offered by
Gardasil 4® and Gardasil 9® compared to Cervarix TM,
which focuses on preventing cervical cancer caused by HPV
types 16 and 18. Differences in HPV prevalence can
significantly affect public health strategies, particularly
vaccination campaigns. Regions with higher prevalence rates
of high-risk HPV types, such as HPV 16 and 18, may require
more aggressive vaccination efforts to prevent cervical
cancer. The presence of HPV types 16 and 18 suggests that
vaccines like Cervarix could provide essential protection.
However, Gardasil 9® may offer even greater benefits by
covering additional high-risk types that could also contribute
to cervical cancer, thereby providing a more comprehensive
preventive strategy.

Variations in HPV prevalence across studies can be
attributed to differences in sample sizes, populations studied,
and methodologies used. For instance, studies focusing on
specific demographics, such as HIV-infected women or
homosexuals may report different prevalence rates compared
to those examining the general population. This variability
necessitates a careful analysis of local epidemiological data
to guide vaccine choice effectively.

The introduction of the HPV vaccine in Togo is
particularly aimed at adolescent girls aged 9 to 14, as this age
group is at the ideal stage for vaccination before the onset of
sexual activity. Given the high incidence of cervical cancer
in women of childbearing age, a vaccine that targets the most
prevalent and high-risk HPV types in this demographic is
essential for maximizing the public health impact. The
choice between Cervarix and Gardasil 9® should consider
the local prevalence of HPV types, with an emphasis on
ensuring that the selected vaccine is accessible and
affordable for the target population. Gardasil 9®, with its
broader coverage, may be more beneficial in regions with
diverse HPV genotypes.

Effective communication strategies should be developed
to inform communities about the importance of HPV
vaccination and its role in preventing cervical cancer. This
includes educating parents and guardians about the specific
types of HPV covered by the vaccines and the significance of
vaccination in protecting their daughters. Continuous
monitoring of HPV prevalence and vaccination outcomes
will be essential to assess the effectiveness of the chosen
vaccine and to make necessary adjustments in vaccination
strategies (43). This data will also help in advocating for the
inclusion of the most effective wvaccines in national
immunization schedules. Effective vaccination strategies for
human papillomavirus (HPV) infection and cervical cancer

based on the mathematical model with a stochastic process
have shown high success rates in preventing HPV-related
diseases and cancers (44). The implications of HPV
prevalence and the choice of vaccine in Togo are critical for
developing an effective cervical cancer prevention strategy.
By selecting a vaccine that aligns with the local
epidemiological landscape and ensuring its accessibility,
Togo can make significant strides in reducing the burden of
cervical cancer among its population.
Concept of trained immunity and HPV vaccination
Trained immunity refers to a functional state of the innate

immune system, marked by long-lasting epigenetic
reprogramming of innate immune cells (45). It is a
phenomenon where innate immune cells, such as

macrophages and natural Kkiller cells, exhibit enhanced
responses upon re-exposure to pathogens after an initial
encounter with a vaccine or infection (46). Traditionally, the
lack of immunological memory has been a key factor
differentiating innate immunity from adaptive immunity, but
this notion is currently being involved. Indeed, unlike
adaptive immunity, which relies on T and B cells and
provides long-lasting, specific immunity, trained immunity
involves a form of immunological memory that enhances the
innate immune response to subsequent infections, potentially
offering broader protection against various pathogens (47)
(figure 3). Research indicates that HPV vaccines may induce
trained immunity, which could provide additional benefits
beyond protection against HPV itself (48). For instance,
studies, have recently investigated the innate immune
responses and the phenomenon of trained immunity induced
by two HPV vaccines, Cervarix and Gardasil 4®, revealing
that while Cervarix significantly enhances cytokine
expression, Gardasil 9®, despite lower initial cytokine levels,
promotes trained immunity in macrophages that enhances
responses to subsequent Toll-like receptors (TLR)
stimulation. The trained immunity observed was ascribed to
aluminum adjuvant that robustly stimulates macrophages
upon second stimulation of mice with the Gardasil 9® vaccine
(49). For instance, studies have hypothesized that HPV
vaccination might reduce the risk of infections such as
SARS-CoV-2, this suggests that HPV vaccination could have
a role in enhancing overall immune resilience in vaccinated
individuals, potentially lowering the incidence of other viral
infections (50).

In addition, HPV vaccines have been shown to modulate
pro-inflammatory cytokine expression in response to
secondary Toll-like receptor stimulations, which are crucial
for initiating immune responses. This modulation indicates
that the vaccine may enhance the ability of pattern
recognition receptors (PRR) to respond to various pathogens,
thereby contributing to the concept of trained immunity. The
HPV vaccine has also been demonstrated to boost immune
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memory, particularly through the activation of memory B
cells. These cells are essential for producing antibodies that
can effectively neutralize HPV. Research has shown that
even a single dose of the HPV vaccine can significantly
increase the quantity and quality of HPV-specific antibodies,
enhancing the immune system's readiness to combat future

infections (51). This highlights the importance of HPV
vaccination not only in preventing cervical cancer and other
HPV-related diseases but also in potentially offering broader
immune benefits. Further studies are necessary to fully
understand the mechanisms and implications of this trained
immunity in the context of HPV vaccination.
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Figure 3: Immune response following HPV vaccination: The complex process involved in the immune response to HPV
vaccine begins following intramuscular administration. Vaccine antigens are processed by antigen-presenting cells (APCs),
which present them to naive T cells, initiating their activation. Upon activation, naive T cells differentiate into cytotoxic and
memory CD8 T cells (1), effectors and memory CD4 T cells (2); or activated B cells that mature into Plasma cells, leading to
antibody production (3). Additionally; APCs may acquire a trained memory; enhancing their ability to respond more
robustly to the vaccine-specific antigens, upon subsequent stimulation, and to various unrelated pathogens, including
bacteria, other viruses, and yeast (4). The available HPV vaccines may also provide cross-protection against additional
genotypes not specifically targeted by the vaccine. Created with BioRender.com

regions. Cervical cancer is a preventable disease, and with
the right public health strategies such as vaccination,
screening, and education, its incidence can be significantly
reduced. Efforts are underway globally to eliminate cervical
cancer as a public health problem, particularly in regions
where the burden is high. This review highlights the
importance of evidence-based approaches in maximizing
vaccine coverage and integration with existing cervical
cancer prevention efforts. Ultimately, leveraging these

Conclusion

The epidemiological assessment of HPV genotypes
distribution in Togo is crucial for successfully implementing
the recently initiated HPV vaccination program. By
understanding the current prevalence, type distribution, and
associated risk factors of HPV, we can tailor vaccination
strategies to effectively target high-risk populations and
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in cervical cancer incidence and mortality, and improving the
overall health of women in Togo.

In addition, this mini-review underscores the critical need
for comprehensive local epidemiological data to refine HPV
vaccination strategies in Togo. To optimize vaccination
coverage and effectiveness, it is essential to focus on
increasing access and targeting high-risk populations,
including HIV-infected women and female sex workers.
Implementing these recommendations will significantly
enhance public health outcomes and promote more effective
HPV prevention in the region.
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