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Abstract
Background: Human papillomavirus (HPV) family of viruses is the leading cause of cervical cancer in
women worldwide. More than 67 types of HPV are known to infect humans, and their distribution varies
from region to region. HPV prevalence studies in Brazil have focused on cervical cancer; however, a
detailed understanding of HPV type prevalence in women with normal cervix is absent in the literature.
Our primary aim is to systematically review the literature and summarize the prevalence and distribution
of HPV types in Brazilian women with HPV positive but normal cervical cytology and lack observed
abnormal cells on their cervix's surface upon cytology analysis.
Methods: This protocol was designed following the PRISMA-P guidelines. We conducted this systematic
review with an active search in PubMed, Web of Science, and CINAHL databases and supplemented by a
secondary screening of all included articles' reference lists. The search terms "Brazil", "HPV", "Human
Papillomavirus", "prevalence", "distribution", "Human Papillomavirus types", and "normal cervical cytology"
were used for screening the databases. Of 1048 articles retrieved and subjected to duplicates
assessment, title and abstract assessment, and full-text assessment of eligibility, 11 articles were
included in the review. We excluded articles from the male population, known cervical cancer cases, and
studies with a sample size of <15. Qualitative assembly of the data and analysis was performed using
GraphPad Prism 5.0
Results: The articles included in the study reported the prevalence of HPV types in women with normal
cytology and HPV positive from ten Brazilian states. The total sample size ranged from 80 to 432, and
the sample size for the HPV positive and normal cervical cytology group ranged from 28 to 209. HPV
prevalence ranged from 0 to 89.4%, and a total of 43 HPV types were identified in the study population.
There was variation between studies on the distribution of HPV types because of the detection and
genotyping technique used and geographical location. HPV66 was the only HPV type detected in every
study reviewed, regardless of geographical region and methods.
Conclusions: Due to variation in genotyping techniques used in these studies, HPV type prevalence and
geographical distribution may be misestimated or underestimated. But results of these studies give a
clear view of the total prevalence of HPV types in Brazil. It is also essential to consider the HPV types
present in women with normal cervical cytology before the HPV-mediated progression to abnormal
cervical lesions.
Systematic Review Registration: Prospective Register for Systematic Reviews (PROSPERO)
registration CRD42020151655

Background
Human Papillomavirus (HPV) belongs to the Papillomaviridae family. There are over one hundred and
fifty Alpha-papillomavirus identified in genital mucosa and cutaneous lesions in humans[1]. These Alphapapillomavirus HPV types are classified into low-risk HPV and high-risk HPV types based on their ability
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to cause genital benign lesions or cancer [2]. Low-risk HPV types which are associated with anogenital
warts and benign epithelial lesions, includes HPV2, 3, 6, 7,10, 11, 13, 27, 28, 29, 32, 40, 42, 43, 44, 54, 57,
61, 62, 71, 72, 74, 78, 81, 83, 84, 86, 87, 89, 90, 91, and 94. While high-risk HPV types HPV16, 18, 26, 30,
31, 33, 34, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 67, 68, 69, 70, 73, 82, and 85 can cause cancer like cervical,
penile, throat, tongue, tonsils, and anal cancers. There are HPV types of Undetermined risk which includes
HPV77, 97, 102, 106, 114, 117, 125, 160, and 177 [3].
In Brazil, with a population estimated at 210 million [4], about 5.4% of women in the population are
estimated to have HPV infection and harbor at least two HPV types in their cervix at a given time[5].
Cervical cancer is the third most frequent cancer (excluding non-melanoma skin cancer) in women aged
15 to 44 years in Brazil. In 2018, the age-standardized incidence of cervical cancer was estimated at 12.2
per 100,000 women, and the mortality rate is estimated at 5.8 per 100 000 women [4]. Across South
America, cervical cancer mortality and incidence rates have shown to differ significantly among nations.
For example, of the thirteen countries examined, Bolivia has the highest mortality rate of 19 per 100 000
women, while French Guiana is 3.7 per 100 000 women. Similarly, Bolivia has the highest incidence rate
of 38.5 per 100 000 women, while Brazil is 12.2 per 100 000 women[6].
The high incidence and mortality rates can be attributed to various factors such as socioeconomic
conditions, the conditions of medical facilities, or government support for the women’s health that
influences access to cervical cancer screening. These socioeconomic variables can lead to late diagnosis
of cervical lesions and cancer [7], and thus, most studies that assessed the prevalence of HPV types in
women, diagnosed at different grades of abnormal cervical lesions; cervical intraepithelial neoplasia-1
(CIN-1), CIN-2, CIN-3, and invasive cervical cancer[8–16].
Consequently, these socioeconomic variables propelled a limited number of studies focusing on the
prevalence of HPV types in women with normal cervical cytology/HPV positive. No abnormal cells were
observed on the surface of their cervix upon cytological analysis. It should be noted that the World Health
Organization (WHO) recommends the standard practice of cervical cancer assessment is to screen
women using a cervical cytology test (Pap test). WHO recommends that once a woman has been
screened negative, she should not be rescreened for at least five years but should be rescreened within
ten years[17, 18]. However, results show that normal cervical cytology and HPV-positive women have a
significantly higher risk of increased overall and type-specific HPV infection and CIN3 than double
negative women [19, 20]. This result suggests a lack of guidelines and care-management for HPV typespecific tests in women with normal cervical cytology and HPV positive.
Hence, this systematic review’s primary objective is to summarize the prevalence and distribution of HPV
types in Brazilian women who are HPV positive and have normal cervical cytology and assess any
association between geographical location and distribution of HPV types.

Methods
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A systematic review was conducted with an active search in the PubMed database, Web of Science, and
the Cumulative Index to Nursing and Allied Health Literature (CINAHL) from June- July 2019. We used the
search terms "Brazil", "HPV", "Human Papillomavirus", "prevalence", "distribution", "Human Papillomavirus
types", and "normal cervical cytology" for searching the databases. Gender (women only) and language
(English only) restrictions were also applied.
This study's inclusion criteria included published reports evaluating HPV infections in the cervix,
evaluating HPV types in women with normal cervical cytological, and studies with clearly stated HPV
detection and genotyping method. While exclusion criteria were HPV type-specific results from the male
population, HPV type-specific results from known cervical cancer cases, studies with a sample size < 15,
and studies unrelated to the subject matter. Full-text Evaluation of the articles for final exclusion was
carried out using the - NHLBI, NIH- Quality Assessment Tool for Observational Cohort, and Cross-Sectional
Studies. We used this assessment tool to rate every article on a final score (poor, fair, or good). Two
independent reviewers (ND and SB) evaluated the articles with a third-party tiebreaker (EB) to minimize
the risk of bias.
Data extracted include publication authors, publication year, journal, study design, and location in Brazil.
For the sample characteristics, we collected the age range of participants, the total number of samples,
the total number of the HPV positive and normal cervical cytology group, pregnancy status, Human
Immunodeficiency Virus (HIV) status, and sampling methods. We also collected HPV detection and
genotyping techniques and the number of HPV types detected by the method.
We performed a qualitative assembly of the data by analyzing frequencies of individual HPV types.
However, some articles presented the HPV type prevalence as frequencies, while others presented the HPV
type prevalence as the whole number. Therefore, the HPV types presented as a whole number were
converted to frequencies by dividing the number of HPV types by the total number of HPV types in the
HPV positive and normal cervical cytology group. Due to variations in HPV detection and genotyping
techniques and geographical locations, no effective statistical analysis was possible. High-risk and Lowrisk HPV types, not assessed in the studies, were reported in the HPV type-specific analysis to identify
HPV type detection gaps. The analysis was performed using GraphPad Prism 5.0 to make visuals aids
like graphs, flowcharts, and tables to aid the findings and interpretations.

Results
Out of 1048 articles originally retrieved from the database search, 800 articles were selected after
duplicates were removed. Of the 800 articles, 57 were selected after the title and abstract analysis. After
full-text assessment for eligibility, 11 articles met the inclusion criteria, while 46 articles were excluded
with reasons presented in Fig. 1.
Eleven studies were included from ten states in Brazil: one study from the North region, Amazonas[21],
four studies from the Northeast Region of Bahia, Sergipe, Maranhão, and Pernambuco[22–25], one from
the Central-West region of Goais[26], four from the Southeast region of Minas Gerais, Rio De Janeiro, with
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two studies from Sao Paulo[27–29], and one from the South Region of Parana[30] Our results from each
region are given below.
North Region
In the North region state of Amazonas, the participants' age range was 16–60 years. A total of 180
samples were obtained, and 48 were HPV positive/ normal cervical cytology and were obtained by
cervical swab [21] (Table 1a).
Table 1a: Study Sample characteristics for the North region

The molecular assay used in the study was a Polymerase chain reaction (PCR) based technique, with
26.7% of all identified Alphapapillomavirus HPV types were detected (Table 1b). The only 22 HPV types
detected includes High Risk HPV:16, 18, 31, 33, 52, 53, 58, 59, 66, 70, 82 and Low Risk HPV: 6, 54, 61, 62,
72, 81, 83, 102. HPV16 was the most detected
Table 1b: HPV detection and typing assay used in the North region.

Northeast Region
In the North region study, the participants' age range was 30-41.3 years. A total of 1325 samples were
obtained, and 356 were HPV positive/ normal cervical cytology and included in this study. Cervical swab
or cervical scraping sampling techniques were used to collect the samples (Table 2a).
Table 2a: Study Sample characteristics for the Northeast region
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These studies used molecular assays for HPV detection and typing that included PCR-based technique,
hybrid capture, PapilloCheck, linear array, and sequencing (Table 2b).
Table 2b: HPV detection and typing assay used in the Northeast region.

In the Northeast Region states of Bahia, Sergipe, Maranhão, and Pernambuco, HPV16 was the most
common across the region. However, different states in the region differed in the most prevalent HPV
types. In Pernambuco, HPV16 was the most prevalent; in Bahia, HPV56 was the most prevalent; in
Maranhão, HPV68 was the most prevalent, and in Sergipe, HPV16 was the most prevalent. (Fig. 3).
Central region
In the Central region of Goais, the study participants' age range was 17-61 years. A total number of 150
samples were obtained, and 48 were HPV positive/ normal cervical cytology and were obtained by
cervical swab (Table 3a).
Table 3a: Study Sample characteristics for the Central region
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The HPV detection and typing assay used in the study was a Polymerase chain reaction (PCR) based
technique in combination with Restriction Fragment Length Polymorphism(RFLP), with 32% of all
identified Alphapapillomavirus HPV types were detected (Table 3b). Identified 27 HPV types were as
follows: High Risk HPV types: 16, 18, 31, 33, 35, 39, 52, 53,56, 58, 59, 66, 67, 68, 70, and Low-risk HPV: 6,
11, 32, 40, 54, 61, 62, 71, 81. Regarding the prevalence, Low-risk HPV81 was the most detected at the
frequency of 21.6%, contrary to common HPV16, which was detected at 13% (Figure 4).
Table 3b: HPV detection and typing assay used in the Central region.

Southeast region
In the Southeast region states of Minas Gerais, Rio De Janeiro, and Sao Paulo, the study participants' age
range was 39.5-46 years. A total number of 1207 samples were obtained by cervical swab and cervical
scraping, and 379 samples were HPV positive/with normal cervical cytology and were processed further
(Table 4a).
Table 4a: Study Sample characteristics for the Southeast region
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As the samples were analyzed by a combination of Nested PCR, Hybrid capture, RFLP, and sequencing for
HPV detection and typing, but the common technique for all samples was a PCR-based technique (Table
4b).
Table 4b: HPV detection and typing assay used in the Southeast region.

Based on the variety of the HPV detection and typing techniques used in each study, we observed
differences in the frequencies in the HPV types detected. (Figure 5)
South region
In Parana's South region, the age range for the study participants was 25-55 years. A total number of 418
samples were obtained by cervical swab, and 28 were found to be HPV positive/ normal cervical cytology
and were analyzed for HPV types (Table 5a).
Table 5a: Study Sample characteristics for the South region

The molecular assay used in the study was a PCR- based and Restriction Fragment Length
Polymorphism(RFLP). Only 6.7% because of the HPV detection and typing techniques used. Of the HPV
types were detected, which includes the following High-Risk HPV: 16 ,18, 31, 33, 35, 52, 58, 59, 66, 67, 68,
69, 70 and Low-Risk HPV: 6, 44, 55, 61, 72, 81, 83, 91 (Figure 6).
Table 5b: HPV detection and typing assay used in the South region.
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Discussion
HPV is known to be the major cause of cervical cancer and deaths in women worldwide[2]. HPV is a large
family of viruses with more than 100 types of HPV is known. These HPV types appear to differ
significantly in their propensity for oncogenesis. Even though HPV vaccines are now available, these
vaccines are extremely limited in resisting only a few known HPV types that infect humans.
Furthermore, it appears that the HPV spectrum seems to be different in different regions of the world.
Nonetheless, the extent of the HPV spectrum divergence from one region to another remains mostly in the
dark due to a lack of adequate data and systematic investigation in that regard. This review is designed
to elucidate the HPV spectrum in South America, focusing on Brazil.
In this review, we showed that HPV types: 6, 11, 32, 40, 42, 43, 44, 54, 57, 61, 62, 71, 72, 74, 78, 81, 83, 84,
89, 90, 91,16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 67, 68, 69, 70, 73, 82, 02,114 were found
in women in Brazil in the absence of any cervical lesion. Besides, this review demonstrated that the most
commonly detected HPV16 was not found in all Brazilian states. HPV66 was detected in all four regions
of Brazil. In addition, in Sergipe state, only four HPV types, HPV16, 66, 6, and 71, were detected.
Conventional PCR-based methods were widely used in these studies in Brazil because of the specificity,
sensitivity, and lower cost. However, PCR techniques detect only a few HPV types. Not all HPV genotypes
present in a sample cannot detect all HPV types in patients with multiple HPV infections, which is quite
common in certain demographics [31]. The Hybrid Capture® 2, on the other hand, is a superior method as
it can differentiate between many high-risk and low-risk types, but it still does not genotype all HPV types
[32]. Several other methods used in these studies are commercial assays such as COBAS® 4800 and
PapilloCheck® assay, which detects and genotypes only a single HPV type [33]. Consequently, these
detection methodologies could not have identified all HPV types in these patient populations.
As most of these methods largely screen for only HPV16 and HPV18 because of their abundance and
high risk of causing HSIL or underlying CIN2-3 or cancer. However, other non-16/18 high-risk HPV types
are being lumped together and not individually evaluated. As stated earlier, there are more than one
hundred fifty different HPV types. Studies show that a negative- HPV16/18 result does not necessarily
exclude the possibility of HPV infection and future cytologic change, including cancer[34]. Individual
evaluation of all HPV types is important for proper diagnosis.
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An interesting finding in our study is that many women in the age-range 14–25 years with normal cervical
cytology were infected with both high-risk and low-risk HPV types. The International Agency for Research
on Cancer (IARC) showed that women aged 25–65 + with normal cervical cytology had high-risk and lowrisk HPV types [35]. However, this age-specific HPV prevalence results seen in Brazilian women are not
unusual in the age group. Nevertheless, in the United States of America, the American Cancer Society's
recommendation for cancer screening using pap smear tests begins at age 25[36]. This recommendation
does not fit with the Brazilian population. Women are infected with HPV as early as 14 years old,
demonstrating that Pap smear screening would have to be recommended early.
In this review, we analyzed all available data derived from a variety of HPV detection and genotyping
methods in 11 published reports. These studies may have excluded some HPV types, particularly in
multiple infections, due to limitations of various detection methodologies. These limitations of described
methodologies can be addressed more effectively with a more sensitive and specific technique, such as
next-generation sequencing. Some studies included women that are HIV positive, as well as some who
are HIV negative women in the study populations making the results more complex. These may have
altered the HPB distribution since HIV-positive populations can be immuno-compromised, increasing the
chances of multiple HPV infections. Furthermore, some of the studies examined both women with normal
and abnormal cytology, which could have added to the sample population's diversity of interest.

Conclusion
Comprehensive characterization of all HPV types in the state or country population is critical to
evaluating the HPV spectrum and their oncogenic potential. Modern techniques with a broad and
accurate HPV diagnosis like next-generation sequencing will help determine the region's HPV diversity.
With the observed frequency of HPV56, HPV68, and HPV81 in Brazil, the current 9-valent HPV vaccine
that protects against HPV 6, 11, 16, 18, 31, 33, 45, 52, and 58 is inadequate for determining HPV diversity
in a region.. This finding also suggests the need for a new generation, perhaps region-specific, vaccines
that will be more effective. In this review, we have demonstrated the need for more research for
determining the HPV spectrum in various regions of the world.,
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Figure 1
The PRISMA Flow diagram of the inclusion and exclusion process. PRISMA Flow Diagram Adapted from
Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for
Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(7): e1000097.
doi:10.1371/journal.pmed1000097
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Figure 2
Frequency of HPV types in normal cervical cytology/HPV positive in a sample of women in the North
Region (A) Frequency of high-risk HPV types. (B) Frequency of low-risk HPV types
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Figure 3
Frequency of HPV types in normal cervical cytology/HPV positive in a sample of women in the Northeast
Region. (A) Frequency of high-risk HPV types. (B) Frequency of low-risk HPV types.
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Figure 4
Frequency of HPV types in normal cervical cytology/HPV positive in a sample of women in the Central
Region (A) Frequency of high-risk HPV types. (B) Frequency of low-risk HPV types.
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Figure 5
Frequency of HPV types in normal cervical cytology/HPV positive in a sample of women in the Southeast
Region (A) Frequency of high-risk HPV types. (B) Frequency of low-risk HPV types.
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Figure 6
Frequency of HPV types in normal cervical cytology/HPV positive in a sample of women in the South
Region (A) Frequency of high-risk HPV types. (B) Frequency of low-risk HPV types.
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