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      Abstract


      Background


      There are few studies about the circulation of Human Papillomavirus (HPV) in Ecuadorian women from Cañar province.


      Objective


      To determine HPV infection, circulating genotypes, viral load of the most frequent genotypes, intraepithelial cervical lesions and other cervical damages. Also, some social demographic, clinical and epidemiological behavior and its association with viral infection were analyzed.


      Methods


      Two groups of Ecuadorian women were included, indigenous from rural region and urban women, both from Cañar province. A descriptive cross-sectional study was conducted from July 2017 to September 2018. Two hundred endocervical cytological samples were collected from both women populations between 15 and 55 years of age, residing in this province. Samples were analyzed by Papanicolaou test and mucosal cells were submitted to DNA extraction and subsequently HPV detection and genotyping using a commercial kit CLART® HPV 2 (Genomic, Spain). The viral load from more frequent genotypes was determined by qPCR using the commercial kit HPV Genotypes 14 Real-TM Quant (Sacace, Biotechnologies Srl. Italy).


      Results


      Overall, infection frequency of HPV was 42.5% (85/200) with a predominance of oncogenic types, with a higher prevalence in women from urban area (51%). Cervical intraepithelial lesions were detected in 11% (22/200) of cases, mostly low-grade lesions (6%; 12/200). HPV31, 58, 66 and 59 were the most frequently HPV detected, however HPV16 was higher frequency in rural women. The high-risk HPV viral load was higher in urban women, except for HPV16. There were significant differences between the means of viral load values when high and low grade cervical lesions were compared. Smoking, hormonal contraceptive use, and a history of sexually transmitted infections were factors associated with viral infection (p < 0.05). Differences between risk factors were observed between rural and urban women.


      Conclusion


      The high frequency of oncogenic HPV types detected indicates the need to incorporate the population of Cañar province into the early detection programs for cervical cancer and the vaccination program in Ecuador.


      Keywords
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      Introduction


      Human Papillomavirus (HPV) infection is the most frequent viral infection sexually transmitted in women and the third cause of cervical cancer [1]. Worldwide, 300 million people are estimated to carry HPV and among them nearly 500 000 women will develop cervical cancer, mainly in underdeveloped countries [2]. Therefore, current prevention strategies depend on periodic Papanicolaou (Pap) testing. However, the incorporation of the HPV DNA testing for cervical cancer screening has become advisable due to the low sensitivity of Pap testing and the importance of HPV [3]. The main risk factors associated with HPV infection are sex, age, race, socio-demographic characteristics, prior sexually transmitted infections, parity, contraceptive methods, smoking and HPV oncogenic potential (low, high and intermediate risk types) [4].


      In Ecuador, HPV epidemiology and cervical cancer prevalence are imprecise. Few epidemiological studies have been done in the last 20 years and most of them are based on diverse methods of detection and HPV genotyping. Therefore, there are discrepancies regarding to the prevalence of HPV genotype circulation [5]. However, there are reports about the high frequency of HPV 16 genotype followed by HPV 58 [6]. Concerning to cervical cancer (CC) it is the first most common cancer among women at reproductive age and the highest incidence rates are observed in the 40 to 64 year-age group. The National Cancer Registry from Ecuador revealed that the incidence rates are not homogeneous throughout the country, with the highest incidence rates observed in Cuenca city and the lowest in Quito [7,8]. Although these results came from studies in women populations, covering different areas of Ecuador, such as coastal, littoral and southern regions, only urban cohorts were included [5,9,10]. Then, the present work provides further insights in HPV prevalence in both indigenous and urban women populations, from Cañar province. Therefore our results may contribute to a better understanding of HPV epidemiology in Ecuador.


      Materials and Methods


      Study design and population


      A cross-sectional study was conducted from July 2017 to September 2018 in Cañar province, Ecuador. The studied population using an opportunistic patient selection method, and comprised all women between 15 and 55 years old, who agreed to participate and accomplished the inclusion criteria. In total 200 women were selected, 100 from a rural community and 100 from the urban community of Cañar province, Ecuador. Women from rural community were indigenous-Quechua ethnicity as much as socio-cultural and linguistic point of view; meanwhile those from urban community were mainly mestizos.


      As exclusion criteria, pregnancy, the use of medical treatments or exposure to gynecological procedures three months before the research and having sexual relationships or genital touch 48 hours before the test, were considered. Other exclusion criteria included the use of some drugs which can affect the results of the cytological test or viral detection as colchicine, estrogens, podophyllin, progestagens and silver nitrate use [11].


      Once participants agreeing to contribute through, written informed consent they fulfilled a questionnaire including variables to be studied as age, ethnicity, habits such as smoking, drugs and alcohol use. Other questions included gynecological and obstetrical background, the use of contraceptive methods, sexual practices, lifetime and current sexual partners, and history of sexual transmitted infections (STI). This questionnaire was completed under the supervision of the researcher in charge of the study who checked that the informed consent form was signed properly.


      Once all the requirements were achieved, a personal interview was performed with each participant, together with a gynecologist, a psychologist, a lawyer and the researcher in charge of the study.


      Cervical swabs was collected from each woman in order to determine HPV infection, circulating genotypes, viral load of the most frequent genotypes, intraepithelial cervical lesions and other cervical damages. Also, some socio-demographic, clinical and epidemiologic behavioral factors and its association with viral infection were analyzed.


      Ethical requirements


      Women attended to the announcement through divulging from local church of Cañar, meeting with community leaders, warnings, dispatches disposed in free places of the community keeping the ethical and lawful aspects. Participants were informed about the advantages of the study and they could withdraw from the study at any time. Informed consent was obtained before the collection of the cervical specimens. All procedures were in accordance with the Helsinki Declaration and International Ethical WHO-CIOMS [12].


      Clinical samples and Pap test


      Cervical cells were collected for liquid-based preparations by brushing into endocervical canal to obtain endo and exo cervical cells. Pap test was interpreted once and at later time by three different observers, who were cytology trained technicians. Smears for cyto-morphological analysis were classified as useful according to Bethesda System 2014 [13]. Cells were kept in commercial solution of Sure Path (Becton Dickinson, Sparks, MD, USA) at -20 ℃ until DNA extraction for HPV detection and typing.


      DNA extraction


      Cellular suspensions were homogenized by vigorous stir and DNA extraction was performed using commercial QIAamp® DNA Mini Kit (QIAGEN, Hilden, Germany) according to the manufacturer's protocol. Purification yielded between 50 to 100ng/µL DNA per sample, which was diluted in 100 µL of elution buffer and stored at -20 ℃ until next use.


      Detection and genotyping of HPV


      Detection and genotyping of HPV samples collected was achieved using low density microarrays by the commercial kit CLART® HPV 2 (IVD, registered Trademark of GENOMICA, Spain), following manufacturer's instructions. Briefly, a 450 bp fragment into ORF L1 from viral genome was amplified to hybridize with specific primers per each genotype. Amplification reactions were performed with 5 µL of purified DNA from each clinical simple. Each microarray included an internal DNA control from the clinical sample, an external amplification control and a control for marking and visualization of the amplified products. This assay detects 35 genotypes of HPV, most of which are of clinical importance, such as 15 low risk (LR-HPV) types (6, 11, 40, 4 2, 43, 44, 54, 61, 62, 71, 72, 81, 83, 84, 85 and 89) and 20 high-risk or probably high-risk HPV (HR-HPV) types (16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 70, 73 and 82) according to International Agency for Research on Cancer criteria [14].


      Viral load of HR-HPV


      The viral load of most frequent HR-HPV types detected in both groups of women were determined by quantitative real-time PCR (qRT-PCR) using the commercial kit HPV Genotypes 14 Real-TM Quant (Sacace Biotechnologies Srl, Italy, REF V67-100FRT) according to manufacturer's instructions. Four multiplex PCR reactions were performed for each clinical sample. Controlling DNA quality β-globin was amplified from each sample. Each genotype was detected in one fluorescent channel (FAM, JOE, ROX y Cy5). The assay had a detection limit from 10 to 100 million copies of HPV DNA for all genotypes. Clinical samples quantification was established according to standard reference values from 104 to 107 copies/mL, for all genotypes and internal control in the assay. Assay and analysis were performed in Rotor-Gene® Q (QIAGEN, Hilden, Germany) equipment, RT-PCR program following manufacturer's instructions of commercial kit HPV Genotypes 14 Real-TM Quant.


      Data Analysis


      All personal data, including clinical, epidemiological and laboratory results from each patient were stored in an Excel database with a code in order to keep the confidentiality. Variables analyses were performed by the statistical package SPSS version 19.0 (IBM Inc., Berkeley, CA, USA). Proportions were analyzed by contingence tables and Chi-square test. Odds ratios (OR) and 95% confidence intervals (CI) were calculated in a univariate logistic regression to estimate the association of socio-demographic, clinical and epidemiological variables and HPV infections. In order to predict a potential relationship between viral load of the most frequent HR-HPV genotypes in clinical samples and others variables of interest, the statistical package Graph Pad Prism 3.0 was used. Kruskall-Wallis and Mann Whitney tests were used to compare viral load medians.


      Results


      The minority of indigenous women interviewed recognized HPV infection as a cause of CC, contrarily to the most urban women. Indigenous women also ignored cytology as a diagnostic tool for HPV detection and most of them revealed had not been tested before our cytology study.


      The median of age from the general studied women population was 40 years old and the higher percentage corresponded to the group of 41 to 51 years old. Illiteracy was predominant in indigenous women meanwhile women residing in urban areas had higher percentage of instruction level. Regarding to occupation status, it was superior in urban population similar to homemaker's percentage. Women from rural areas were mainly agriculturist. Most of women from both areas were married being higher in rural women who also had healthy alimentary but not smoking habits. Epidemiological and socio-demographics data are shown in Table 1.


      Sexual history and gynecological data showed that, the majority of women had the menarche before 14 years old and began sexual relationship among 16 to 20 years old. About 50% had more than one pregnancy and delivery during their reproductive live; meanwhile 92% performed an abortion in the same period. Concerning to sexual partner, 82% mentioned just one partner in the last 2 years and 50% of these women were examined by cervical cytology test sometime in their sexually active live. Table 2 shows sexual history and gynecological data from examined women.


      In almost 50% of cases, inflammatory process were detected during cytological study, 21% showed cervical atrophy and 38% had previous STI. Regarding contraception, 50% of women referred the use of hormonal contraceptive use and 4% admitted to be non-condom users.


      Pap test results


      According to the observers in the last Pap examination, from 200 women examined 89% (178/200) were negative for malignancy and 11% (22/200) showed cervical intraepithelial lesions. From these, 54.5% (12/22) had LSIL, 27.3% (6/22) had AS-CUS and 18.2% (4/22), HSIL. There were minor differences between both groups; urban and rural (See Table 3).


      Quality control for Pap test was 100% satisfactory for samples adequacy, in both groups of studied women. There were differences at first Pap examination for both groups as previously reported [15,16]. From indigenous women 92% of samples were negative for malignity and 8% showed cytological changes. From negative cytology 23.9% (22/92) did not revealed any benign change and 48% (45/92) had an inflammatory pattern, mainly light inflammation (21/45), over moderate (18/45) or severe (6/45). Of these women 27.2% (25/92) showed cervical atrophy, mainly women aged ≥ 40 years.


      In women who residing in urban area, the 86% of samples was negative for malignity and in the 14% cytological changes were displayed. There was not any kind of benign cytological changes in the 21% (18/86) of negative cytology for malignity. However, the 60.5% (52/86) of these women had some inflammatory pattern (22/52) mainly mild inflammation. Light (19/52) and sever inflammations (11/52) were less frequent. Twenty two percent (19/86) exhibited cervical atrophy, only in women aged ≥ 40 years.


      HPV infection


      The infection frequency (IF) of HPV among all studied women was 42.5% (85/200) and 26 different genotypes were identified, most of them oncogenic. From HR-HPV types, the HPV 31 was the most frequently detected, as it represented 50.6% (43/85) from all positives cases, followed by HPV 58, which represented 32.9% (28/85). Genotypes 66 and 59 were detected in 24.7% (21/85) and 16.5% (14/85) of all positives cases, respectively. LR-HPV genotypes were identified in 54.1% (46/85), mainly HPV 61 (23.5%; 20/85). Confections with several HPV genotypes were detected in 50.6% (43/85) of cases, mostly with more than 3 types (Figure 1).


      The IF of HPV for each group was studied previously by Carrión et al. Indigenous women showed an IF of 34% with one or more genotypes. Twelve genotypes were recognized being the oncogenic types predominated [16]. Moreover, urban women had higher IF of 51%, as well as more genotypes detected (26 different genotypes) [17].


      HPV infections and cytological findings


      Of the 22 women with cytological changes, all of them were infected with HPV. In LSIL, HPV 31, 16 and 58 were the most prevalent genotypes. HPV 16 seems more directly associated with HSIL, representing 75% (3/4) of all cases (See Table 4).


      Viral load of HR-HPV types


      Medians viral load were over than 1000 copies/mL, for all HR-HPV genotypes detected in infected women. HPV 53 showed the lowest viral load. However, statistical differences were not observed (Figure 2A). HR-HPV types viral load were significantly higher in urban women, over 106 copies/mL, p < 0.0001, compared to women from the rural community (Figure 2B). On the contrary, HPV 16 viral load from rural women was significantly higher (> 106 copies/mL, p = 0.0021), compared to urban women (Figure 2C).


      Genotypes 31 and 58 were the most frequently detected and the median viral loads were significantly higher in urban (106 and 107 copies/mL) (Figure 3A and Figure 3B) followed by HPV 59 and 66 (Figure 4A and Figure 4B).


      HPV 35 was only circulating in urban women, meanwhile viral load of HPV 18 and 53 were not different in both groups, with high values from 107 to 108 copies/mL.


      The median viral loads showed differences according to cytological diagnosis, p = 0.0020 (See Figure 5). HR-HPV viral loads were significantly higher in HSIL cases compared to LSIL cases (p = 0.0009). All cases with cytological changes had significantly high viral loads compared with women who had negative cytology (p < 0.001).


      Clinical, epidemiological and socio-demographic factors associated to HPV infection


      Variables associated to HPV infection in studied women are shown in Table 4. There were significant differences in IF of HPV when both groups of women (rural and urban) were compared, being higher in women between 20-30 years old and lower in those with more than 50 years.


      The risk of HPV infection was increased in single women, in those who had menarche before 14 years old and women with previous STI. Women who referred smoking habit had 5 more times probabilities to be HPV infected. Moderate and severe inflammatory process in cervical mucosa were associated with viral infection as same as pathological gynecological symptoms as vaginal discharge. Women who referred the used of hormonal contraceptive methods showed a major risk of HPV infection (Table 4).


      Analysis of variables in women from rural area showed that the group between 20-30 years old (44.1%; 15/34) had 5 times more probabilities to get HPV infection than women from other age groups. In single women the IF of HPV was higher, also in those with 2 or 3 pregnancies and similar deliveries number. Also, previous sexual history was a variable associated to HPV infection (Table 4).


      A protective effect to acquire HPV infection was observed in some variables. HPV was lower in women over 40 years old who were married and started their first intercourse after 20 years. Likewise, IF of HPV was lower in women with more than 4 pregnancies and deliveries.


      Multiple infections with HPV genotypes were significantly more frequent in women of 20-30 years old, in single women and women with previous STI. HPV 16 was associated to hormonal contraceptive use during more than 2 years and inflammatory processes in cervical cytology. Meanwhile, HPV 31 was predominant in single women and those aged between 20-30 years, as it was previously reported [16].


      Analysis in urban women as it has been reported before [17] demonstrated that women older than 50 years old and homemakers had lower probability to get infected by HPV. Infection frequency was substantially high in single women, those with menarche ≤ 14 years old and with smoking habits. Previous STI, inflammatory cervical process, specifically severe process, were associated with HPV infection. Gynecological symptom related with HPV infection was vaginal discharge.


      Clinical, epidemiological and socio-demographic variables were also associated to specific HPV genotypes and HPV multiple infections.


      Co-infections with several HPV types were significantly frequent in women: with menarche ≤ 14 years old; 100% (30/30), p = 0.001, OR = 1,57 CI 95% (1.33-1.84), hormonal contraceptive users; 70% (21/30), p = 0.039, OR = 2.47 CI 95% (1.00-6.14), previous STI; 50% (15/30); p = 0.035, OR = 2.5 CI 95% (1.03-6.05) and with severe inflammatory process in cervical mucosa; 23.3% (7/30); p = 0.016, OR = 5,02 CI 95% (1.35-18.74).


      HPV 31 had higher prevalence in women with other previous STI: 58.6% (17/29), p = 0.002, OR = 4.17 CI 95% (1.68-10.39) and severe inflammatory process in cervical mucosa: 24.1% (7/29), p = 0.013, OR = 5.33 CI 95% (1.42-19.94).


      Women aged 31 to 40 years had a probability almost three times higher to be infected with HPV 58: 45.5% (10/22), p = 0.029, OR = 2.99 CI 95% (1.10-8.10). Also HPV 58 was predominant in professional women: 27.3% (6/22), p = 0.022, OR = 4.5 CI 95% (1.28-15.78). It also was related to severe inflammatory process in cervical mucosa: 40.9% (9/22), p = 0.020, OR = 3.46 CI 95% (1.23-9.77) and vaginal discharge as gynecological symptom: 86.4% (19/22), p = 0.003, OR = 5.72 CI 95% (1.56-20.89).


      HPV 66 infection was the third more frequent HPV detected and it was associated to hormonal contraceptive use for more than 2 years. It was identifying in 53.3% (8/15) of positive cases; p = 0.045, OR = 3.08 CI 95% (1.00-9.46).


      Discussion


      In Ecuador, CC is one the most frequent cancers in women population where high-risk group are in women aged 30-64 years. Currently, there are few available studies about HPV epidemiology in Ecuador [9,15]. This study in women from Cañar province (indigenous and urban) revealed a series of cultural, socio-demographic, clinical and epidemiological factors which significantly relates to the presence and evolution of HPV infection.


      Ecuadorian women began their sexual relationships after 20 years, although previous studies have reported 15 years old as a median for both Ecuadorian genders [16]. Illiteracy or low education level, poverty and difficult to access public health services restrain to indigenous women cytological diagnostic and therefore CC early detection. As consequences, most of women under our study revealed had not been tested before our cytology study. On the other hand, the majority of Ecuadorian health institutions and private medicine have not high training level or elevated quality standards resulting in differences among the observers in Pap examinations [17,18].


      The recognition of one sexual partner might be explained by the social and cultural characteristics of Cañar population restricted by moral and religious rigid precepts even in the urban area [19]. In Latin America indigenous populations present similar behavior, where 50% of women of 30 years on average inform just one sexual partner. This fact demonstrates the idiosyncrasies in this ethnic [20]. However, is possible they have STI since promiscuous men conduct which is the most frequent cause of these kinds of infections [5,21]. These features are even more rooted in indigenous communities, where only husbands or the community leader authorize women to attend medical service, specifically gynecological examination [21].


      Cytological changes in urban women presented major proportion of lesions even with 3 cases of HSIL. However, the percentage of cytological changes were into reported ranges (ASC-US: 0.6-10.4%; LSIL, 1.8-14.5%; HSIL, 2%) such Ecuador as other Latin-American countries [21,22]. Conventional cytology is the main diagnostic tool used for Ecuadorian Public Health National System for CC early detection. This method, established in the network of public health services, has very low national coverage (28%) and lack of organization and not available for all social stratus [23,24].


      The frequency of HPV infection had unequal distribution between both group of women demonstrating marked social and cultural differences. Similar results have been also reported in the provinces of Guayas and Azuay from Ecuador [5, 15] and in other world regions, indicating that HPV prevalence drastically vary among countries and even in the same country [25].


      Our research revealed the absolute predominance of oncogenic genotypes being the most frequent HPV 31, followed by HPV 16, 58 and 66, in indigenous women and HPV 58, 66 y 59 genotypes, in urban women. HPV 16 has been reported as the most frequent genotype in women from all age groups, with negative and positive cytology, from Latin-American countries and in global scale [26]. In Latin America, the circulation pattern of HPV genotypes differs in each geographical area [27,29].


      Studies in Ecuador have revealed dissimilar HPV genotype circulation patterns and some studies relate them with the incidence of cervical changes. Some province has reported as the most frequent HR-HPV (16, 52, 58, 59) and LR-HPV (62, 71, 72 y 83) [15]. Meanwhile, others with predominance of genotypes 16 and 31 [30]. Related to cervical changes (chronic cervicitis, CIN 1 and CIN 2-3, respectively) HPV prevalence varies as HPV genotype frequency. The HPV 16 genotype is the most prevalent followed by HPV 58 [31]. HPV 18 genotype had been showed the highest incidence, especially in women with pre-cancer vaginal and cervical lesions, and cervical cancer [32].


      Relationship between HPV co-infections and cervical lesions up to develop CC has been established [33]. It is also associated multiple infections and cytological changes, non-use of condom and higher number sexual partners which are commonly observed in women with multiple infections with HR-HPV compared to simple infections with LR-HPV [34]. Although the role of multiple infections is questioned in women with premalignant lesions, it have been reported that number of genotypes detected decline with severity of lesions [35]. This result was documented in our study despite its limitations.


      HPV multiple infections in women have been also associated with the risk to develop CC, particularly when viral load is > 103 copies/mL in LSIL, between 105 y 107 copies/mL in HSIL and insitu carcinoma [36]. Consequently, viral load has been considered as progression and severity marker in HPV infection evolution, [37,38]. Genotype specific viral load and integration status of HPV 16, 18 and 58 are reported as diagnostic biomarkers of high grade cervical intraepithelial lesions and CC [39]. According to this criterion, our results suggest that women infected with oncogenic genotypes have a high probability to develop persistent infections and precursors lesions of CC.


      There are others markers which allow characterize HR-HPV infections and contributing to cervical lesion evolution and cervical cancer. Social, cultural, demographic, clinical and epidemiological variables are also associated to HPV infection, presence and evolution of cervical intraepithelial lesions [40]. Concerning to socio-demographic and clinical-epidemiological variables associated to HPV infection, the present work found in young indigenous women (20-30 years) 5 more times probabilities to be infected. Meanwhile, urban women > 50 years had less probabilities to be infected regarding all women studied; which was analogous to international literature [40,41]. On the other hand, HPV acquisition is common in teenagers and young women in the first intercourse and HR-HPV and cervical lesions are temporary and also disappear with age [42,43]. However, in our research we did not find this behavior in urban women. There were not differences in the IF of HPV among all age groups. Additional reports in Ecuadorian women had described similar results where the infection even discreetly increases among women of 40-50 years old [15]. Probably, HPV infection with new genotypes or possible persistent infections may explain this behavior. However, it just can be confirmed if positive previous evidences with same HPV genotypes identified at the moment of the research.


      One relevant finding in our work was the association of HPV infection and cigarettes consumption and hormonal contraceptive use, particularly in urban women demonstrating a typical metropolises behavior. Socio-demographic and clinical-epidemiological variations among different regions of the same country depend on sociocultural and conducts of their resident women. They influence, in this case, in the practice of toxic habits as cigarettes consumption and contraceptive hormonal treatments [44, 45].


      The high prevalence of HR-HPV infection suggests the necessity to incorporate Cañar population in CC early detection programs and to promote health campaigns in order to prevent SIT and improve sexual and reproductive education. Since these findings relied on small number of cases, further studies with large number of cases may be of significance to support these findings.
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