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Kit (23 Genotypes - PCR - Fluorescence Probe) from SANSURE BIOTECH. This kit is used for
the qualitative in vitro detection of HPV types 6, 11, 16, 18, 26, 31, 33, 35, 39, 42,43, 45,51, 52,
53, 56, 58, 59, 66, 68, 73, 81, and 82 in exfoliated cervical cells. HPV positivity was defined as
the detection of at least one genotype by GPCR (HPV+/GEN+), and the overall and genotype-
specific prevalence (n, %) was estimated, as well as the number of coinfections based on the
positive genotype count,

The results of Pap smears or cervical cytology tests (PAP tests) were also collected from
patients who underwent this test within the sample. The findings were classified according to the
Bethesda System into the following categories: negative for intracpithelial lesion or malignancy
(NLIM), atypical squamous cells of undetermined significance (ASC-US), high-grade squamous
Iesion including severe dysplasia (CIN I, low-grade squamous intracpithelial lesion including
mild dysplasia (CIN D), and moderate cervicovaginal inflammatory process (cervicovaginitis).

The categorical variables sex, sample type, and cytological categories were summarized
using absolute and relative frequencies. Normality was assessed using the Kolmogorov-Smirnov
test, and when deviations from normality were observed (p < 0.01), age comparisons between
sexes were performed using the Mann-Whitney U test. The age variable was grouped using
Sturges' rule with n = 192, resulting in 9 classes; intervals were constructed, including the
minimum and maximum values (years). Spearman's rho coefficient, appropriate for dichotomous
variables (presence/absence), was used to assess genotype co-occurrence (coinfection); p < 0.05
was considered significant. Statistical analysis was performed using SPSS version 25 software.
The collected information was treated with confidentiality and discretion. Approval was received
from the Human Research Ethics Committee of the Technical University of Manabf (CEISH-
UTM), which in turn has the approval of the Ministry of Public Health (MSP) of Ecuador. The
approval code was CEISH-UM-INT_25-07-16_CFFA.

RESULTS AND DISCUSSION

Women, whose samples were obtained by cervical brushing, were more frequent (87.5%)
compared to men (12.5%), in whom urethral brushing was used. The mean age in women was
3625 + 1.33 years and in men 34,20 + 279 years (Table 1), with no statistically significant
difference (p = 0.182). Ages ranged from 16 to 70 years (Figure 1), with the highest concentration
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which can eventually progress to malignancy. These cofactors, which could not be elucidated in
this study duc to a lack of patient data, include, according to the literature, infection at a young
age, multiple births at a young age, smoking, HIV infection, genital tract infections (Trichomonas
vaginalis, Chlamydia trachomatis, and herpes simplex virus type 2), and immunosuppression.
Additionally, persistent infection with high-risk HPV genotypes leads to the development of
premalignant squamous epithelial lesions (CIN), which, if not detected and treated promptly, can
progress to invasive cervical cancer within 5 to 10 years (Joshi et al., 2023).

Finally, it is worth noting the findings of Garland & Smith (2010) regarding the availability
of two prophylactic cervical cancer vaccines based on HPV virus-like particle technology, which
have the potential to significantly reduce cervical cancer cases worldwide. However, to be a
successful public health tool, it must be applied without restrictions to the appropriate target
population, preferably before first sexual intercourse or at least to all young adult women up to age
26. Immunity to HPV is primarily type-specific, so the protection induced by the current generation
of vaccines cannot provide complete protection against all oncogenic HPV types. Therefore, it is
cssential to ensure affordable testing, provide cducation at all levels, and promote continued
adherence to screening programs.

‘CONCLUSIONS

The analyzed population was predominantly female and young adults, with no significant
age differences by sex, although cases decreased after age 51. 40.6% tested positive for HPV (>1
genotype), with HPV 68, HPV 16, and HPV 51 being the most frequent, in that order, Moderate
positive associations were identified between HPV 18 and 73, HPV 53 and 59, and HPV 73 and
53, suggesting coinfection patterns. The frequency of HPV detection decreased with age, with a
higher prevalence in women <29 years. HPV 68 showed the highest distribution in the Pap test
results, followed by HPV 16. The presence of multiple high-risk genotypes in all cytological
categories demonstrates the epidemiological complexity of HPV and highlights the need for
molecular typing for adequate risk stratification. The findings provide relevant local
epidemiological evidence for the Amazon region of Ecuador and reinforce the importance of
strengthening prevention strategies, molecular screening, and vaccination adapted to the context,
to reduce the burden of infection and its oncogenic consequences.
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and genotypic distribution that varies with age and between sexes, supporting the notion that
genotypic distribution is not homogeneous in the general population.
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Figure 5. Distribution of the most frequent HPV genotypes detected by qPCR according to sex
and age group in the studied population, regardless of their presence alone or in combinations
with three or more genotypes.

Of the 79 cases with Pap test results, 53 had all genotypes negative, and 26 had at least one
positive HPV genotype. Of these, 15 cases had monoinfection, and 11 had coinfection. In all cases,
regardless of the histopathological result, high-risk oncogenic genotypes Were identified more
frequently, and the most frequent coincided with the overall QPCR detection results: HPV 68, 16,
and 51, with multiple coinfections observed. Most detections were associated with abnormal
cytology, although some genotypes were also identified in normal cytology (NLIM). In high-grade
lesions (CIN 1), GPCR was positive in 50% of cases (4/8). Six qPCR-positive cases were
identified even with negative Pap tests, indicating subclinical infection.

Figure 6 correlates PAP test cases with HPV genotypes found in positive GPCR results. A
heterogeneous distribution of HPV genotypes is evident according to the Papanicolaou cytological
categories, considering only cases with a positive PAP test and HPV (u = 26). The intensity of the
inverted grayscale coloration reflects the percentage of positivity for cach genotype within cach
cytological category, revealing differential patterns of genotypic presence.
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of participants in the 28-33 age group (25.5%). From age 51 onward, a progressive decrease in the
number of individuals was observed, with little representation in the age groups over 60 years.

Table L. Distribution of the sample by age and sex

Female 168 87.5 36.25 133 34 18 70
Male 24 125 34.20 279 32 16 64
= sex
w0 -
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Figure 1, Distribution of the sample according to sex and age group.

The observed age distribution pattern corresponds to global findings showing peaks in
infection in young populations and a progressive decrease in older individuals, although with
variations between geographic regions and detection methods. Similar age-related prevalence
patterns have been described in various populations, where HIV infection tends to be more
common in sexually active young adults and decreases in older age groups, which could be related
to changes in sexual exposure and acquired immune response over time (de Los Angeles Bayas-
Rea et al., 2024). The progressive decrease in the number of individuals from age 51 onward
observed in this study has been previously described in population-based research, which reports
lower participation of older adults in screening programs and a reduction in transient infections at
advanced ages (Mufioz et al., 2003; Arbyn et al., 2020). However, some studies (Trujillo et al.,
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‘Table 2. Distribution of cytological test (PAP-Test) results in the women studied
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Other factors may have also played a role, such as patient voluntary consent and/or
operational limitations inherent to the healthcare sctting, where the HPV test could be performed
independently of cervical cytology. In Amazonian and rural contexts, such as the province of
Napo, sociocultural factors, geographical barriers, limited access to gynecological services, and
the availability of trained personnel may have contributed to lower PAP test coverage, even when
women participated in other screening activities, such as HPV molecular testing.

Additionally, within the study, HPV determination by qPCR was performed independently
of the Pap test, using samples previously obtained or collected for molecular diagnostic purposes.
Finally, it should be noted that the study has an observational design, based on records and routine
clinical practices. Therefore, the Pap test coverage reflects the reality of screening in the studied
environment and not an intervention designed to administer cytology to all participants. These
factors explain why, in this study, a greater number of women have HPV test results, while only a
fraction underwent cervical cytology during the same period.

The PAP test remains essential as a complement to diagnosis. Kang et al. (2020) evaluated
the usefulness of the Pap smear and HPV tests as diagaostic screening tools in one institution and
found that the sensitivity and specificity for detecting high-grade squamous intracpithelial lesions
and squamous cell carcinoma were higher for vaginal cytology than for HPV testing. They
concluded that the Pap smear was more useful than the HPV test in diagnosing these cervical
lesions. Kim et al. (2020), in a published study, demonstrated that combining cytology and HPV
testing increased sensitivity and specificity compared to cither method alone, and that, therefore,
cytology and HPV testing are complementary.
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with HPV 68 standing out as the most frequently occurring genotype, followed by HPV 51, 53,
and 16, The coexistence of multiple genotypes in this category supports the association between
HPV infection and cervical inflammatory processes, as well as the possibility of coinfections in
inflammatory contexts.

In the CIN Il category, a marked intensification for HPV 68 is observed, along with the
significant presence of HPV 53, 59, and 16, suggesting a higher concentration of high-risk
oncogenic genotypes in high-grade intracpithelial lesions. This pattern reinforces the hypothesis
that, in addition to the classic HPV 16 and 18 genotypes, other high-risk genotypes, such as HPV
68 and 53, may play an important role in the progression of cervical lesions in this population. The
CIN I category shows a concentrated positivity rate primarily for HPV types 58 and 43, reflected
by high color intensity, suggesting that these genotypes were present in all cases with low-grade
intracpithelial lesions. Although the overall number of cases is limited, this finding points to a
possible role for these genotypes in the early stages of cytological abnormalities.

HPYV type 68 emerges as the most frequently occurring genotype, with a wide distribution
across the different cytological categories of the Pap test, from normal to high-grade lesions. The
presence of several high-risk genotypes in all Pap test categories underscores the complexity of
HPV epidemiology and highlights the importance of genotyping using molecular techniques for
appropriate risk stratification and clinical decision-making.

Low-risk genital HPV types have been primarily associated with genital warts, while high-
risk types are frequently associated with invasive cervical cancer. Despite this, there is no
consensus on the risk associated with low-frequency HPV genotypes. For these reasons, clear
criteria are still needed to classify HPV types into low- and high-risk groups based on molecular
epidemiological studics of different populations, providing estimates of risk and oncogenic
potential (Mufioz et ., 2003; Le et al., 2024).

Itis important to note that in this study, HPV was detected by GPCR in 52 patients who did
not undergo Pap testing, highlighting the valuc of molccular diagnosis independent of cytological
screcning. On the other hand, high-risk HPV infection is a necessary but not sufficient cause of
cervical cancer, since, according to the IARC, most women who contract the infection will not
develop cancer. Some cofactors can increase & woman's susceptibility to persistent HPV infection,
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services. In Ecuador, cervical cancer appears among the main cancers in women, with 1,792 new
cases and 939 deaths; the S-year prevalence is approximately 5,456 cases (Ervik et al., 2026).
Currently, mortality has decreased, mainly in developed countries, due to the application of timely
detection programs through cytological studies available to a greater number of women
(Mogrovejo et al., 2024).

Developed in the 1940s, the PAP-Test reduced cervical cancer incidence and mortality as
a population screening strategy (Pangarkar, 2022). Richard and Barron (1969) described its
cytological progression from intracpithelial neoplasia (CIN I to CIN III and carcinoma in sifu),
until invasive cancer. The Bethesda System, created in 1988 by the National Cancer Institute (NC)
to standardize reporting, has been periodically updated and endorsed by WHO and the American
Society of Colposcopy and Cervical Pathology (ASCCP). Although cytology has high specificity
for immediate risk, its lower sensitivity and negative predictive value compared to HPV molecular
tests limit long-term risk prediction (Perkins et al., 2020). Since the 20005, gPCR has become a
fundamental scrcening and risk-stratification tool, complementing and sometimes surpassing
conventional cytology (WHO, 2021).

The PAP test and cervical brushing qPCR are screening tests, but for a definitive diagnosis,
a colposcopy (visual inspection with 3-5% acetic acid to observe arcas compatible with
precancerous lesions), biopsy, and/or endocervical scraping must be performed (Tests for cervical
cancer, n.d.). Molecular techniques are indispensable for the carly detection of high-risk genotype
infections, which have direct implications for the prevention of precancerous cervical lesions and
cancer. However, their high cost is a limiting factor in reducing mortality rates (Estrada ct al.,
2018). Lineros-Hurtado et al. (2020), in a study in Uruguay, indicated that molecular testing
followed by cytology showed greater sensitivity for detecting lesions and that identifying high-
risk genotypes benefits the selection of women who should be referred for colposcopy.

Regarding the genotypes detected by GPCR, according to & 2023 update from the NCI,
which coincides with the findings of the IARC/WHO (Joshi et al., 2023), there are twelve high-
risk HPV genotypes for various types of cancer: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 59,
with the first two causing 70% of cervical cancer cases globally (Lazcano-Ponce et al., 2001; Vives
et al., 2020). However, the most frequent genotypes globally arc not those that predominate in
several Latin American and Caribbean countries (Aguilar ct al., 2024). In Ecuador, a 2006 study
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Itis important to note that regarding the frequency of HPV 16, studies should be conducted
in the studied population on variants according to mutations in the E6, E7, and L1 genes (Le ctal.,
2024; Solis-Ponce et al., 2025). Long-term viral persistence is necessary for malignancy, and HPV
has several mechanisms to evade an cffective immune response, which can lead to failure to
climinate the infection. The two main viral oncoproteins involved arc E6 and E7, which promote
cell immortality and, consequently, transformation and carcinogenesis. On the other hand, the L1
gene is fundamental for the early interaction of the capsid with the host cell. The two HPV 16
genetic lineages that cocirculate in the global population and that could represent differences in
pathogenicity and epidemiology impacting screening and treatment are the European (A1, A2, A3)
and Asian (D1, D2, and D3) lincages. Asian HPV 16 is gencrally much more aggressive than its
European counterpart, leading to the development of precancerous cervical lesions in & much
shorter time (Bedoya-Pilozo ct al., 2018). An analysis of HPV 16 sublineages in a population from
the Peruvian Amazon (Solis-Ponce et al., 2025) revealed a predominance of Al variants, while
viral integration was detected in nine cases, three of which were associated with CIN IT lesions.
These findings highlighted the urgent need to expand vaccination and implement molecular
screening strategies in the Peruvian Amazon.

Ecusdor, for its part, is home to a multiethnic society resulting from contact between
Indigenous communities, the conquistadors, and enslaved Africans. Ecuadorian mestizos primarily
have Native American ancestry (66.1%), with some European admixture (30.0%) and small
amounts of African (2.4%) and East Asian (1.5%) genetic ancestry (Nagar et al,, 2021). The long-
term impact of HPV 16 detection in the Ecuadorian trihybrid population will need to be analyzed
to assess whether any polymorphisms promote the development of endocervical lesions or cervical
cancer, or whether, on the contrary, these genetic changes could have the opposite effect (Rivera
ctal, 2018).

Regarding the Pap test, of the 168 women screened, only 79 (47.0%) underwent the test,
with the results distributed in Table 2. This low percentage can be attributed, in part, to clinical
screcning criteria such as gynecological and obstetric history, time clapsed since the last screening,
and the presence of symptoms. Screening guidelines recommend specific intervals for cervical
cytology, so women with a recent Pap test or outside the prioritized age range may not be retested
at the time of the molecular study.

San Gregorio de Portoviefo University | Ecuador





index-23_1.jpg
Revisia Grogoriana do Cloncas do la S, Blaalpoer-reviewed piblcaion 1SS 3028.8940 Iy Docamber 2026:3227:51

Stefano, M. (2025). Epidemiology of high-risk human papillomavirus among women of
the north-central region of Ecuador: A retrospective study. Infectious Agents and Cancer,
20, 73. https://doi.org/10.1186/513027-025-00700-2

Mufioz, N., Bosch, F. X., Sanjosé, S. de, Herrero, R., Castellsagu, X., Sheh, K. V., Snijders, P. I.
F., & Meijer, C. J. L. M. (2003). Epidemiologic Classification of Human Papillomavirus
Types Associated with Cervical Cancer. New England Jowrnal of Medicine, 348(6), 518-
527. https:/doi.org/10.1056/NEIMoa021641

Nagar, S. D., Conley, A. B., Chande, A. T., Rishishwar, L., Sharma, S., Marifio-Ramfrez, L.,
Aguinaga-Romero, G., Gonzélez-Andrade, F., & Jordan, I K. (2021). Genetic ancestry and
cthnic identity in Ecuador. Human Genetics and Genomics Advances, 2(4), 100050.
https://doi. 10.1016/j.xhgg.2021. 1

Osmani, V., Horner, L., Nkurunziza, T., Raok, S., Tanaka, L. F., & Klug, S. J. (2025). Global
prevalence of cervical human papillomavirus in women aged 50 years and older with
normal cytology: A systematic review and meta-analysis. The Lancet Microbe, 6(1).
https://doi. '10.1016/j.lanmic.2024. 1t

Osmani, V., Rossiter, M., Hérner, L., Nkurunziza, T., Rank, S., Tanaka, L.F., & Klug, S. J. (2025).
Worldwide burden of cervical human papillomavirus (HPV) in women over 50 years with
abnormal cytology: A systematic review and meta-analysis. BMJ Global Health, 10(4).
hitps://doi.org/10.1136/bmigh-2024-017309

Pangarkar, M. A. (2022). The Bethesda System for reporting cervical cytology. CytoJournal, 19,
28. https//doi.org/10.25259/CMAS_03 07 2021

Perkins, R. B., Guido, R. S., Castle, P. E., Chelmow, D., Einstein, M. H., Garcia, F., Huh, W. K.,
Kim, I. L., Moscicki, A. B., Nayar, R., Saraiya, M., Sawaya, G. F., Wentzensen, N.,
Schiffman, M., & 2019 ASCCP Risk-Based Management Consensus Guidelines
Committee. (2020). 2019 ASCCP Risk-Based Management Consensus Guidelines for
Abnormal Cervical Cancer Screening Tests and Cancer Precursors. Journal of Lower
Genital Tract Disease, 24(2), 102-131. https://doi.org/10.1097/LGT.0000000000000525

Rivers, A., Picdrahita, P., Sénchez, E., Moreno, A., Espinosa, M., Arreaga, C., Espafia, K.,
Parrales, E., Zhingre, A., Sénchez, S., Campoverde, A., Dalgo, P., Arévalo, P., Mendoza,
M., Ruiz, I, Séinchez, M., Medina, L., Tbarra, A., Quimfs, M., & Vega, P. (2018). Estudios

San Gregork e Portovieo Uniersiy | Ecuador 4





index-2_1.jpg
PV genonpes typed wih reak s PCR i an Amazonln roon of Eevador
Frere, Howiand, & Fosado

INTRODUCTION

Human papillomavirus (HPV) is the name given to a group of 200 related viruses that make
up the Papillomaviridae family. These non-eaveloped viruses have a protein coat or capsid made
up of smaller protein nits or capsomers, which are repetitive structures that together form a small
structure, protecting the viral genetic material, in this case, DNA. HPVs have a replication cycle
depending on epithelial differentiation, since their initial infection in stem cells occurs by
microscopic rupture of the epithelium (Mogrovejo et al., 2024).

Women can be infected by more than one type of HPV at the same time, and approximately
90% of sexually active men have an infection during their lifetime. The symptoms only appear
when the infection, instead of disappearing, persists and progresses, and gives ise to skin lesions
on the extremities orin the genital arca (genital warts or condylomas). In 90% of cases, the immune
system climinates the infection on its own; however, a persistent infection can progress to
precancerous lesions due to high-risk types that can cause cancer of the cervix, vulva, vagina,
‘mouth/throat, penis, and anus. The main prevention method is inoculation through the vaccine that
protects before contact, and in addition to vaccination, screening s applied for an early diagnosis
and therapeutic approach with a better prognosis. Its presence is common in the population;
however, immunocompromised people are those most predisposed to contagion (World Health
Organization [WHO, 2024).

Cervical cancer is a global public health problem that primarily affects low- and middle-
income countries. According to estimates from the International Agency for Research on Cancer
(IARC/WHO) GLOBOCAN project (Ervik et al., 2026), approximately 662,301 new cases of
cervical cancer were diagnosed worldwide in 2022, with 348,874 attributable deaths. to this
discase, which makes it onc of the most frequent and lethal neoplasms among women globally.

In Latin America and the Caribbean, the burden of this disease is also significant: around
63,171 new cases and 33,514 deaths from this cancer were estimated, which represents around 9%
of cascs and deaths worldwide. Furthermore, data from the Global Cancer Observatory (Ervik et
al., 2026) indicate that, in the Americas region, more than 78,000 women were diagnosed and
more than 40,000 died from this cancer in 2022, with considerably higher mortality rates in Latin
America than in North America, reflecting inequalities in prevention, detection, and treatment
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2017; Arrossi, 2019) in contexts with limited access to molecular screening have described a
second peak in prevalence among older women, suggesting that age-related patterns may vary
according to sociodemographic conditions and healthcare coverage.

The predominance of females and the collection of samples via cervical brushing reflect
the historical orientation of cervical cancer prevention programs, which have prioritized screening
in women. Globally, it is estimated that approximately 12% of women have HPV infection, with
higher prevalence rates in regions such as Latin America, where factors such as social inequality,
limited access to screening programs, and variability in vaccination coverage influence the
persistence of the infection (WHO, 2024). In this context, the use of sensitive molecular techniques
such as PCR is essential for the detection and accurate characterization of circulating genotypes.
This situation has been documented in the literature, which acknowledges that male participation
in HPV studies remains limited, despite their role in virus transmission (Garland & Smith, 2010;
Vives et al., 2020). The lower male representation and the use of urethral brushing observed in this
study are consistent with previous reports from several years ago in Latin American populations
(Lazcano-Ponce et al., 2001; Aguilar, 2006).

The absence of statistically significant differences between the ages of women and men
coincides with studies indicating that the age of acquisition of the viral infection does not differ
substantially between sexes when analyzing general populations (Bosch & de Sanjosé, 2007).
However, it has been described that the persistence of the infection and the progression to
associated lesions can be modulated by hormonal, immunological, and behavioral factors,
particularly in women (de Los Angeles Bayas-Rea ct al., 2024).

Molecular testing was negative in 114 paticnts (59.4%), and 78 cascs (40.6%) were GPCR-
positive for HPV (1 genotype). HPV genotypes 68, 16, and 51 predominated, followed by 58 and
39, while several genotypes (HPV 33, 35, 73, and 82) were infrequent (<2 cases), and no positivity
was found for HPV 26 and 11 (Figures 2 and 3). Among the genotypes identified in samples
infected with a single genotype (1=43) detected by GPCR, the following were found in order of
frequency: HPV 68 (9 cases; 11.5%), HPV 51 (6 cases; 7.7%), HPV 39 and 16 (cach in 4 cases;
5.1%), HPV 42 and 59 (cach in 3 cases; 3.8%), HPV 58, 56, 52, and 31 (cach in 2 cases; 2.6%),
and HPV 81, 43, 82, 45, 35, and 18 (cach in 1 case; 1.3%).
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Figure 2. Distribution of HPV genotypes detected by qPCR in the analyzed sample (n=78),
expressed as absolute frequency and percentage.
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Figure 3. Distribution of the number of HPV genotypes detected per sample. The bars represent
the absolute frequency (n) of samples with one, two, or three or more genotypes identified by
GPCR.
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‘Among the most frequent exact combinations of two genotypes (n=19), the most frequent
were HPV 51468 and 16+43. HPV 16+68 and HPV 16+51 (each in 2 cases; 2.6%). Among the
exact combinations of coinfection with three or more viral genotypes (n=16) detected by gPCR,
the co-occurrence of HPV 16+51+68 was observed in two cases (2.6%). In total, coinfections of
three different types were observed in 10 cases, four different types in 3 cases, and five different
types in 2 cases. Figure 4 shows which pairs most frequently co-occurred in the studied population,
regardless of their presence within combinations with three or more genotypes.

HPV 53 4 PV 59

HPV 51 4 HPV 68

HPV 16 + HPV 68

PV 16 + HPV 51

i z 3 : s [ 7
Frequency (n)
Figure 4. Distribution of the most frequently co-occurring human papillomavirus (HPV)
genotype pairs in the studied population, regardless of their presence within combinations with
three or more genotypes.

According to Mufioz et al. (2003) in a study that included more than a thousand women
from nine countries (including four South American countries), concluded that, in addition to HPV
genotypes 16 and 18, types 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68, 73, and 82 should be
considered carcinogenic or high-risk, and types 26, 53, and 66 should be considered probably
carcinogenic. Coinfection has been described by Cassini et al. (2024) and has been associated with
high-grade epithelial lesions, but exposure may be primarily determined by the persistence of the
highest-risk genotype, and evidence regarding any type of synergy between genotypes is
heterogeneous. In some populations, coinfection may be associated with more severe lesions, but
it is acknowledged that the results are not conclusive (Jing et al., 2025).
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HPYV genotypes typed with real-time PCR in an Amazonian region of Ecuador
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ABSTRACT

The objective of this study was (o characterize the most frequent HPV genotypes in patients seen at a clinical
laboratory in the province of Napo, Ecuador, between October 2022 and December 2024. A descriptive, cross-
sectional, retrospeetive study of HPY genotyping resuls using real-time PCR was conducted. Using non-probabilistic
convenience sampling, results were obtained from 192 patients of both sexes residing in the province. The
predominant age group was 28-33 years old, female. There were no statistically significant differences between the
ages of women and men. Molecular testing showed positive results for HPV (21 genotype) in 40.6% of the patients.
The three most common genotypes were: HPV 68 (25.6%); HPV 16 (23.1%); HPV 51 (21.8%). HPV 68 was also the.
‘genotype with the highest relative frequency and distribution in the PAP test results analyzed. The presence of several
high-risk genotypes in all Pap test categories underscores the complexity of HPV epidemiology and highlights the
importance of genotypic typing using molecular techniques for adequate risk stratification and clinical decision-
‘making.

Keywords: HPV, human papillomavirus genotypes, cervical cancer, PCR.

RESUMEN

El objetivo de este trabajo fue caracterizar los genotipos de VPH més frecuentes en pacientes atendidos en un
laboratorio clinico de la provincia de Napo, Ecuador, entre octubre de 2022 y diciembre de 2024, Se realiz6 un estudio
descriptivo, transversal y retrospectivo de resultados de genotipificacién de VPH mediante PCR en tiempo real.
Mediante un muestreo no probabilistico por conveniencia, se obtuvieron resultados de 192 pacientes de ambos sexos,
residentes de la provincia. Predomin el grupo etario de 28-33 aios, del sexo femenino. No hubo diferencias
estadisticamente significativas entre las edades de mujeres y hombres. Las pruebas moleculares fueron positivas para
VPH (21 genotipo) en el 40,6% de los pacientes. Los tres genotipos més frecuentes fueron: VPH 68 (25,6 %); VPH
16 (23.1 %) y VPH 51 (218 %). EI VPH 68 también result6 ser el genotipo con mayor frecuencia relativa y
distribuci6n en los resultados del PAP-Test analizados. La presencia de varios genotipos de alto riesgo en todas las
categorfas del PAP-Test subraya la complejidad de la epidemiologia del VPH y destaca la importancia de la
genotipificacién mediante écnicas moleculares para una adecuada estratificacion del riesgo y la toma de decisiones
clinicas.

Palabras clave: VPH, genotipos del virus del papiloma humano, céncer cervicouterino, PCR..
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of the correlation analysis, these findings should be interpreted with caution and do not imply a
direct causal relationship between the genotypes.

The HPV genotypes most frequently detected by QPCR were predominantly associated
with females (Table 4), mainly concentrated in age groups under 49 years, which coincides with
the period of greatest sexual activity and risk of viral persistence. HPV 16, followed by genotypes
51 and 68, was the most frequently identified and was observed more often in women with
abnormal cytology results, especially low- and high-grade intracpithelial lesions. However,
infections with high-risk genotypes were also identified in patients with negative Pap smears,
demonstrating the usefulness of GPCR for detecting subclinical infections not evident by cytology.

‘Table 4. Distribution of positive genotypes by sex

riable n_ Percentage

el Female 64 82.1

jumber of genotypes
HPV pasitive Male 14 179
Total 78 100

A decreasing trend in the frequency of HPV detection was observed with increasing age,
being highest in women <39 years (Figure 5). Genotypes 68, 16, and 51 had the highest detection
frequency and a broad distribution across young and middle-aged adults. Genotype 58 was
detected exclusively in women and showed sustained presence across Various age ranges, while
genotype 39 exhibited a more balanced distribution between sexes. Genotypes 42 and 59 showed
lower frequencies and limited age dispersion, suggesting a secondary contribution to the overall
burden of infection.

Taken together, these patterns reflect a heterogencous HPV genotypic distribution,
consistent with clinical populations as described above, and highlight the utility of molecular
screening by qPCR for identifying high-risk genotypes beyond HPV 16 and 18. A recent
epidemiological study (Zhu et al., 2025) assessed how the prevalence of high-risk HPV genotypes
varies among different age groups and between women and men, finding that the prevalence of
high-risk genotypes was significantly higher in adolescents and decreased with age, and that
women had higher infection rates with high-risk genotypes than men in virtually all age ranges
analyzed (p < 0.001). Another recent study in Tran (Mojarrad ct al., 2025) also shows a prevalence
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Regarding the higher frequency of the high-risk HPV genotypes 68, 16, 51, 58, and 39
found in this study, alone or coexisting with others, there are some consistencies and discrepancies
with other studics. However, it is important to mention that the virus distributions reported in
clinical populations support the idea that the prevalence and distribution by genotype vary between
studies and between countrics, reflecting epidemiological heterogeneity (Mosquera-Yuqui et al.,
2025; Osmani, Homer, et al., 2025; Osmani, Rossiter, et al., 2025). Matches were observed in only
two genotypes (HPV 16 and 58) with the five most prevalent genotypes in women with positive
results worldwide, which, according to Le et al. (Le et al., 2024) are HPV 16, 18, 31, 58, and 52.
Agreements were found with Chinese studies (Liu et al., 2023) that reported HPV 58, 16, 68, and
51 as the most frequent genotypes, and that of Zhou et al. (2009), who described HPV 58, 16, 51,
and 39 in their top genotypes.

Correa et al. (2022) described that in Latin America, the most frequent HPV genotypes
were 16 and 31, while HPV 52, 58, 33, 18, and 39 were found at frequencies below 13%. Solis-
Ponce et al. (2025) described oncogenic HPV types in 35.7% (192/538) of the participants in their
study, with HPV 16 and 52 being the most prevalent.

Regarding Ecuador, and according to IARC/WHO (Bruni et al., 2023), local patterns may
differ and should be interpreted with a regional focus. The frequency of HPV 16, 58, and 52 is
described for cervical cancer. De los Angeles Bayas-Rea et al. (2024) reported that in women of
different ethnicities in the rural Northwest, HPV genotypes 58, 16, 68, and 39 were the most
common, and explicitly noted that the distribution varies widely and changes according to
population/ethnicity. Garcfa et al. (2025) in patients of the Society for the Fight Against Cancer
(SOLCA) in Guayaqui, describe HPV genotypes 16, 18, and 58 as the most frequent, and describe
other high- and probable-high-risk types that were also common, such as HPV 31, 52, 53, and 56.
Some studies have shown a high diversity of circulating high-risk oncogenic HPV genotypes in
Ecuador, among which HPV 16 and 58 stand out.

While HPV genotypes 16 and 18 continue to be the most relevant worldwide due to their
close association with cervical cancer, this study identifies other high-risk oncogenic genotypes
that, along with those described in the literature, exhibit significant genotypic diversity in local
populations and should be considered in the planning of prevention, screening, and therapeutic
approaches to optimize the cffectiveness of interventions in specific epidemiological contexts.
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Figure 6. Distribution of HPV genotypes according to Papanicolaou cytological categorics. The
heat map represents the percentage of positivity for each genotype within each cytological
category. NLIM: Negative for intracpithelial lesion or malignancy; ASC-US: Atypical squamous
cells of undetermined significance; CIN III; High-grade squamous lesion; CIN I; Low-

squamous intracpithlial lesion; and Moderate inflammatory: cervicovaginitis.

In the NLIM category, a higher relative frequency of HPV genotypes 68, 51,43, and 16 is
observed, indicating that these genotypes can be detected even in cytologically normal samples.
This finding suggests the presence of infections that could be subclinical or transient, consistent
with the natural history of HPV, where infection can precede the appearance of cytological
abnormalities. In cases of cervicovaginitis, the heat map shows a broader distribution of genotypes,
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found the following HPV genotypes: 6, 11, 31,40, 51, 52, 53, 59, and 68, and that 80% of patients
showed infection with more than one HPV genotype (Rodriguez et al., 2006).

Studies in coastal and northwestern Ecuador report HPV 16 and 58 as dominant genotypes
and multiple pregnancies as a risk factor (Bedoya-Pilozo et al., 2018; de Los Angeles Bayas-Rea
et al, 2024). Similarly, HPV 31 was most frequent in indigenous women from Cafiar, linking
infection to sociodemographic factors (Carrién ct al., 2019). Although Ecuador's carly detection
program recommends PAP tests from sexual initiation, national coverage was only 58.8% in 2018
due to promotion eficits, result delays, and specialist shortages (Herrera ct al., 2021).

Given that persistent infection with high-risk HPV is the cause of cervical cancer, the
identification of circulating genotypes using molecular methods such as GPCR provides evidence
for the implementation of carly detection and prevention programs for cervical cancer. In this
context,itis relevant to characterize the most frequent HPV genotypes in patients seen at a clinical
Iaboratory in the province of Napo, Ecuador, between October 2022 and December 2024, to
generate local evidence that contributes to optimizing screening, guiding prevention strategies, and
supporting decision-making in public health and clinical practice.

METHODOLOGY

A descriptive, cross-sectional, and retrospective study was conducted on HPV genotyping
results from patients who visited a clinical laboratory in the Tena canton of Napo province,
Ecuador, between October 2022 and December 2024, The analysis was performed using
anonymized databases from the LABTENA S.A.S. laboratory, without access to or manipulation
of biological samples. Viral DNA detection results obtained from cervical and urethral samples
using qPCR were included.

The study population consisted of all HPV genotyping records obtained by GPCR from
individuals scen at the laboratory during the study period. A non-probability convenience sample
of 192 patients of both sexes, residing in Napo province, was slected. To avoid duplicate
observations, only one record per patient was considered, selecting the first available result from
the analysis period. Only records containing demographic variables (age and sex) and analytical
variables (HPV genotypes) in the database were included.

The qPCR results were obtained using the Human Papillomavirus (HPV) DNA Diagnostic
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To study the correlation between the different genes, Spearman's rho correlation coefficient
was calculated, as well as their significance. The genes with significant correlations are
summarized in Table 3. The correlation analysis identified statistically significant positive
associations between certain HPV genotypes, highlighting the correlations considered to have a
sufficient detection frequency. Moderate positive correlations were identified between GEN18 and
GENT3 (p=0.490; p<0.001), as well as between GENS3 and GENS9 (p=0.414; p<0.001).
Additionally, GEN73 showed a consistent association with GENS3 (p=0.395; p<0.001),
suggesting a pattern of co-occurrence or coinfection between these genotypes. Other correlations,
although statistically significant, were excluded due to low detection frequency.

‘Table 3, Statistical correlation between the different genes detected.

The positive correlations observed between certain HPV genotypes, while suggesting the
presence of non-random patterns of coinfection, particularly among high-risk oncogenic
genotypes, could reflect shared exposure, common biological susceptibility, or viral persistence
dynamics.

Itis important to note that Spearman’s rank correlation coefficient does not imply causality,
that the correlations were mostly moderate (p = 0.25-0.49), and that the magnitude suggests
froquent coexistence, ot strong dependence. Furthermore, most genotype pairs did not show a
statistically significant correlation, which could indicatc that many genotypes circulate
independently, that there is no pattern of coinfection, and that coinfection appears selective, not
widespread. Overall, the associations could be related to shared mechanisms of viral transmission
or persistence; however, due to the cross-sectional design of the study and the exploratory nature
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