
Original Article

HPV 18 variants in women with cervical cancer in

Northeast Brazil

Gerusinete Rodrigues Bastos dos Santos a, Ana Paula Almeida Cunha a,
Zulmira da Silva Batista a, Marcos Antonio Cust�odio Neto da Silva b,
F�abio Vidal de Figueiredo a, Fl�avia Rodrigues Bastos dos Santos c,
Elmary da Costa Fraga d, Maria Claudene Barros d,
Fl�avia Castello Branco Vidal a,
Maria do Desterro Soares Brand~ao Nascimento a,*
aUniversidade Federal do Maranh~ao, Programa de P�os-Graduaç~ao em Sa�ude do Adulto, S~ao Luís, MA, Brazil
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A B S T R A C T

Background: Human Papillomavirus (HPV) is themain etiological factor for the development of cer-

vical cancer. HPV 18 is the second most frequent type, accounting for up to 65% of all cases. HPV

intratypic variationmay influence the potential for progression to invasive cancer. The aim of this

studywas toevaluate theprevalenceofhumanpapillomavirus18 intratypicvariants incervical can-

cer samples fromwomen in thestateofMaranh~ao,Brazil.

Methods: The study included 118 women over 18 years of age with a diagnosis of cervical cancer.

Tumor fragments were collected and subjected to DNA extraction and Polymerase Chain Reaction

(PCR) forHPVdetection using the PGMY09/11 andGP+5/6 primers. Positive sampleswere submitted

to automated sequencing for viral genotyping. To determine the HPV 18 lineages, positive samples

weresubmitted toPCR,using specificprimers toamplify theLCRandE6 regionsofHPV18virus.

Results: HPV was present in 88 women (73.3%). Of those, 48 (54%) were HPV 16, the most preva-

lent, followed by 12 (13.6%) HPV 18. Histologically, squamous cell carcinoma was predominant

(79.1%). Among the HPV 18 variants identified, 10 (80%) belonged to lineage A, and sublineages

A1, A2, A3, and A4. Two (29%) HPV 18 B variant was also detected, with the sublineages B1 and

B2. In this study, the C variant was not found. There was no statistically significant association

between the HPV 18 lineages found and sociodemographic and lifestyle variables (p > 0.05).

Conclusions: Ahigher frequency of HPV 16 and 18were found inwomenwith cervical cancer in the

stateofMaranh~ao, Brazil,withahighprevalenceof the lineageAamongwomenwithHPV18.
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Background

Cervical cancer is the fourth most common type of cancer

among women in the world.1 Each year, 527,624 women are

diagnosed with cervical cancer and 265,672 die from this dis-

ease.1 According to the National Institute of Cancer (INCA),

16,370 new cases of cervical cancer were estimated to occur

each year in Brazil in the biennium 2018−2019, with an approxi-

mate risk of 15.43 cases per 100,000 women.2 Most cases of cer-

vical cancer occur in Africa, Latin America and Asia, where for

every nine cases of cancer, at least one is cervical cancer.3 In

developed North American and European countries, the inci-

dence of cervical cancer is less than nine per 100,000 inhabi-

tants.4 In developing countries, less than 50% of women

affected by cervical cancer survive for more than five years

compared to 66% in developed countries.5 This type of malig-

nant neoplasm presents a variety of histological types, with

squamous cell carcinoma accounting for up to 95% of cases, fol-

lowed by adenocarcinoma and adenosquamous carcinoma.6

Human papillomavirus (HPV) infection is the main etio-

logic factor for cervical cancer, with more than 200 types

already identified and classified according to their oncogenic

potential.7 Among subtypes, HPV 18 is the second most fre-

quent, accounting for up to 65% of all cases of invasive cervi-

cal cancer worldwide.8 Studies have reported that HPV 18 is

closely associated with the development of glandular lesions

and adenocarcinoma (ADC) compared to squamous cell carci-

noma (SCC).8 This finding indicates that HPV 18 shares phylo-

genetic traits that favor the development of adenocarcinoma

compared to other HPV genotypes.8

HPV intratypic variants show different distribution and

specificity in various parts of the globe. These variants are

characterized based on the isolation of the same viral type

and have a difference of less than 10% in the nucleotide

sequence of the L1 region of the virus.9 These differences pro-

mote changes in pathogenicity and oncogenic potential

between variants of the same viral type.10 Studies suggest

that different HPV 18 variants co-evolved with the three

major human phylogenetic branches, namely African, Cauca-

sian, and Asian. In view of this, the variants were classified

into three distinct lineages, the African (AF), the European (E),

and Asian-Amerindian (As/Ai).8,10 Currently, a new nomen-

clature classifies HPV 18 variants in three lineages: A (includ-

ing the lineages previously classified as As/Ai and E), B, and C

(previously classified as lineage Af).8 In addition to classifica-

tion in variants (up to 10% divergence), there is the classifica-

tion into sublineages, when a divergence of 0.5 to 1% occurs

between the same variant. For HPV 18, the sublineages are

classified into: variant A (A1, A2, A3, A4 and A5), variant B (B1,

B2 and B3), and variant C (has no sublineages).11

Genetic variations in the same viral type may influence the

potential for infection, viral persistence, development of pre-

cursor lesions, and progression to invasive cancer.9,12 Com-

pared to studies conducted with HPV 16, few reports have

described the frequency of invasive cervical cancer associated

with HPV 18 infection. It is therefore necessary to develop

researches to understand their association with pathological

and oncogenic aspects of cervical lesions.8,9 The objective of

this study was to evaluate the prevalence of HPV 18 intratypic

variants in cervical cancer samples in women assisted in the

Northeast of Maranh~ao state, Brazil.

Methods

Study design

This was a descriptive, cross-sectional study. The research

sample consisted of 118 women older than 18 years with diag-

nosis of cervical cancer, treated at a reference oncology hospi-

tal in the state of Maranh~ao, between January 2016 and June

2017. This study was approved by the Research Ethics Com-

mittee of the Federal University of Maranh~ao - UFMA under

number 1.289.419/2015. The women who agreed to participate

in the study signed an Informed Consent Form (ICF). Stan-

dardized questionnaires were used to collect sociodemo-

graphic information of the patients.

Sample collection, DNA extraction, PCR for HPV detection

Fresh tumor biopsies were collected and stored in Later RNA

at �80 °C. DNA extraction was performed using the QIAmp

DNA Mini Kit (Qiagen, Hilden, Germany) according to the

manufacturer’s instructions. The presence of HPV DNA was

detected by the nested polymerase chain reaction (PCR) tech-

nique, with a first round of reactions with the PGMY09/11 pri-

mers, and a second with the GP+5/6 primers, amplifying the

sequence of the L1 region of the virus genome.

Sequencing to identify HPV types

PCR products from positive samples were purified using the

DNA and Gel Band Purification kit (GE Healthcare) and

sequenced using the Big Dye Terminator v3.1 Cycle Sequenc-

ing kit (Applied Biosystems) on ABI Prism3130XL Genetic Ana-

lyzer (Applied Biosystems). Chromatograms of the sequences

obtained were initially analyzed and edited in the 4Peaks soft-

ware (Nucleobytes, Amsterdam, Netherlands). The sequences

were then submitted to the online BLASTn software (Basic

Local Alignment Search Tool, http://blast.ncbi.nlm.nih.gov/)

for the identification of HPV types.

Identification of HPV 18 variants

Two pairs of initiators were used to amplify the entire CSF

region and the E6 gene, specific for HPV 18. The reaction was

performed in 25 mL of a mix containing 1X PCR Buffer, 2.5 mM

MgCl2, 0.2 mM of each DNTP, 100 mmol/L of each primer, 50

−100 ng of DNA, and 2.5 U of Platinum Taq DNA Polymerase

(Life Technologies). Amplification was performed as follows:

95 °C for 10 min; followed by 40 cycles of 1 min at 95 °C, 1 min

at annealing temperature, and 1 min at 72 °C, followed by a

final extension at 72 °C for 15 min. Consensus sequences

were aligned according to lineage-specific reference sequen-

ces suggested by Burk (2013) using the Mega software (version

6, www.megasoftware.net). Then, in the step of PCR reactions,

the products generated were subjected to the same purifica-

tion protocols and direct sequencing for identification of HPV

type.
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Editing, sequence assembly, and phylogenetic analysis

HPV 18 lineages were identified according to high-quality

electropherograms of the LCR and E6 sequences and charac-

terized according to lineage-distinctive single-nucleotide var-

iations (SNVs) of HPV 18 CSF and E6 sequences. Sequence

alignment was performed using the MEGA software 5.2. Phy-

logenetic analysis of HPV 18 sequences was done using the

Maximum Likelihood method in the PHYML software and the

GTR model. Bootstrap values were estimated after 1000 repli-

cations to evaluate the support of the internal branches. Phy-

logenetic reconstruction was performed using 1300 bp

sequence data from the LCR and E6 regions, including refer-

ence sequences suggested by Burk et al.13

Statistical analysis

Descriptive statistical analysis was performed in the Stata

software (version 14.0), and data were presented in the form

of figures and tables. The chi-square test was used to check

the association between HPV and sociodemographic and clin-

ical variables; p-values ≤ 0.05 were considered statistically

significant. The Fisher’s exact test was used to verify the

association between HPV18 and clinical variables; p-values ≤

0.05 were considered statistically significant.

Results

Characterization of the population

Table 1 shows the sociodemographic data of 118 patients

diagnosed with cervical cancer assisted at reference oncology

hospitals in the state of Maranh~ao. Of these, 88 (73.3%) had

HPV infection, 48 (54%) HPV 16, the most prevalent, followed

by 12 HPV 18 (13.6%). Viral types HPV35, HPV33, HPV45,

HPV52, HPV58, HPV59, HPV53, HPV31 were also found in this

cohort. Squamous cell carcinoma (79.1%) was the predomi-

nant tumor type. The majority of the study sample consisted

of self-reported non-white women (83.9%), aged between 40

and 49 years (45.8%), married or common-law married

(51.7%), with elementary school (45.8%), and monthly income

less than oneminimumwage (90.7%).

Regarding risk factors for HPV infection, 57.6% of the

women reported being non-smokers, 67.8% had more than

three sexual partners in a lifetime, 40.6% had more than three

Table 1 – Sociodemographic characteristics and risk factors of cervical cancer patients. S~ao Luís, state of Maranh~ao, Brazil,
2016−2017.

Variables Categories Total HPV p-value

Yes No
n % n % n %

Age group 20 − 39 years 29 24.6 26 89.7 3 10.3 0.645

40 − 59 years 54 45.8 46 85.2 8 14.8

60−79 years 32 27.1 29 90.6 3 9.4

More than 80 years 3 2.5 3 100.0 − −

Marital status With partner 61 51.7 54 88.5 7 11.5 0.892

Single 57 48.3 50 87.7 7 12.3

Schooling Comp./incomp. Elementary school 54 45.8 49 90.7 5 9.3 0.128

Comp./incomp. Secondary school 20 16.9 19 95.0 1 5.0

Comp./incomp. Higher education 2 1.7 2 100.0 − −

Illiterate 42 35.6 34 81.0 8 19.0

Skin color White 19 16.1 19 100.0 − − 0.121

Non-white 99 83.9 85 85.9 14 14.1

Family income less than

1minimumwage

Yes 107 90.7 94 87.9 13 12.1 0.765

No 11 9.3 10 90.9 1 9.1

Residence Capital 43 36.4 38 88.4 5 11.6 0.952

Countryside 75 63.6 66 88.0 9 12.0

Smoking Yes 50 42.4 47 94.0 3 6.0 0.091

No 68 57.6 57 83.8 11 16.2

First intercourse ≤ 15 years Yes 38 32.2 32 84.2 6 15.8 0.363

No 80 67.8 72 90.0 8 10.0

Up to 3 lifetime sexual partners Yes 81 68.6 69 85.2 12 14.8 0.142

No 37 31.4 35 94.6 2 5.4

Number of pregnancies 0 to 2 25 21.2 22 88.0 3 12.0 0.085

3 to 6 45 38.1 33 73.3 12 26.7

More than 6 48 40.7 43 89.6 5 10.4

Know the purpose of

preventive examination

Yes 87 73.7 79 90.8 8 9.2 0.133

No 31 26.3 25 80.6 6 19.4

Family history of CC Yes 23 19.5 18 78.3 5 21.7 0.102

No/Does not know 95 80.5 86 90.5 9 9.5

CC, cervical cancer.
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pregnancies, 73.7% knew the purpose of the Papanicolaou test

in CC prevention, and 80.5% had no family history of cervical

cancer. There was no statistically significant association

between the presence of HPV and sociodemographic and life-

style variables among cervical cancer women (p > 0.05).

Characterization of HPV 18 positive women

Table 2 reports the sociodemographic data of HPV 18 positive

women. The majority of HPV 18 infected women were aged

between 40 and 49 years (54.5%), married or common-law

married (75%), with schooling up to complete or incomplete

elementary education (50%), and had a monthly income less

than 1/2 minimumwage (83.3%).

Most of HPV 18 positive women reported being non-white

skin color, non-smokers (58.3%), having less than three sexual

partners in a lifetime (75%), and having more than three preg-

nancies (58.3%). There was no statistically significant associa-

tion between the HPV 18 lineages and sociodemographic and

lifestyle variables among cervical cancer women (p > 0.05).

HPV 18 variants

HPV 18 variants were sequenced from PCR products, corre-

sponding to the E6 and LCR regions of the viral genome. Of

the 12 women with HPV 18 infection, 10 presented the variant

A (83.3%) and two the variant B (16.7%). Sublineages A1, A2,

A3 and A4 were identified in the case of lineage A. As for the

lineage B, the sublineages B1 and B2 were identified. The line-

age C of HPV 18 was not documented in this study.

Table 3 shows data regarding histological aspects of

tumors of HPV 18 infected women. The most prevalent type

was squamous cell carcinoma - SCC (66.7%), followed by ade-

nocarcinoma (25.0%). Among HPV 18 lineage A positive

women, 66.7%% presented SCC and 33.3% adenocarcinoma

tumors. Among the cases of adenocarcinoma, all (100%) had

lineage A. There was no statistically significant association

between these variables.

Regarding the size of the tumor, 58.3% of the cases had

tumors smaller than or equal to 4 cm, of which 85.7%

belonged to lineage A. Cases in which the tumor was larger

than 4 cm, 60% belonged to the lineage A. The same was

observed in relation to the staging of the disease, where

stages II and III were predominant, with 33% and 25%, respec-

tively. HPV 18 lineage A was also predominant among these

cases. There was no statistically significant association

between HPV 18 lineages and histopathological variables (p >

0.05).

Discussion

There was a high prevalence of HPV in cervical tumor sam-

ples of women resident in the Northeast of Brazil in this

study. HPV 16 and 18 were the most common subtypes, simi-

lar to other studies carried out in Brazil.14-17

Regarding HPV 18 infected women, our data show high

prevalence of lineage A, followed by lineage B, while lineage C

was not found. Regarding the sublineages, the A1, A2, A3 and

A4 were documented for lineage A. In turn, the sublineages

B1 and B2 were found for the lineage B. Moreover, our data

show that cervical cancer women infected with HPV 18 had

similar sociodemographic data as women infected with other

virus types, mainly low-level of education, low-income, and

Table 2 – Sociodemographic and clinical characteristics of HPV 18 infected patients with cervical cancer. S~ao Luís, state of
Maranh~ao, Brazil, 2016−2017.

Variable Categories Total HPV 18 p-value

Lineage A Lineage B

Age group 20 − 39 years 3 (25%) 1 (33.3%) 1 (33.3%) 0.400

40 − 59 years 6 (50%) 5 (83.3%) 1 (16.6%)

60 − 79 years 3 (25%) 3 (100%) −

Marital status With partner 9 (75%) 8 (88.8%) 1 (11.1%) 0.505

Single 3 (25%) 2 (66.6%) 1 (33.3%)

Schooling Comp./incomp. Elementary school 6 (50%) 5 (83.3%) 1 (16.6%) 0.400

Comp./incomp. Secondary school 2 (16.6%) − 1 (100%)

Comp./incomp. Higher education 1 (8.3%) 1 (100%) −

Illiterate 3 (25%) 3 −

Skin color White 2 (16.6%) 1 (50%) 1 (50%) 0.395

Non-white 10 (83.3%) 8 (80%) 1 (10%)

Family income less

than 1minimumwage

Yes 10 (83.3%) 8 (80%) 1 (10%) 0.345

No 2 (16.6%) 1 (50%) 1 (50%)

Smoking Yes 5 (41.6%) 4 (80%) − 0.454

No 7 (58.3%) 5 (71.4%) 2 (28.6%)

First intercourse ≤ 15 years Yes 3 (25%) 1 (33.3%) 1 (33.3%) 0.345

No 9 (75%) 8 (88.8%) 1 (11.1%)

Up to 3 lifetime sexual partners Yes 9 (75%) 8 (88.8%) 1 (11.1%) 0.345

No 3 (25%) 1 (33.3%) 1 (33.3%)

Up to 3 pregnancies Yes 5 (41.6%) 3 (60%) 1 (20%) 0.999

No 7 (58.3%) 6 (85.7%) 1 (14.3%)

*We were unable to identify the HPV 18 lineage of one patient.
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residence in the countryside. We have also showed that there

was no statistically significant association between HPV pres-

ence and sociodemographic variables in women with cervical

cancer.

Regarding the characteristics of cervical tumors, squa-

mous cell carcinoma was predominant in both HPV 18 and

other HPV-types infected women, as well as in HPV 18 lineage

A. Regarding staging and tumor size, both HPV 18 lineage A

and B tumor samples were primarily staging 2 and 3, with

tumor size up to 7 cm.

The prevalence of HPV in cervical tumor samples may

range from 70 to 100% depending on the technique used for

virus detection. Other studies have indicated that the four

most prevalent types of HPV in South and Central America

are HPV 16, 18, 31, and 45.18,19 The HPV 16 and 18 variants

have been extensively studied to analyze their role in the

development of cervical intraepithelial neoplasms and pro-

gression to invasive cervical cancer, taking into account the

geographical and ethnic influence in the distribution of var-

iants worldwide.8,11,14 Specific variations of HPV 18 may pres-

ent high oncogenic potential and influence the variation of

distribution of cervical cancer in different regions.20

Few studies with HPV 18 variants have been carried out

until present, preventing comparisons of the present findings

with other studies and regions. Some studies reported that

the lineage A of HPV 16 and HPV 18 are more prevalent in

European populations, while the lineage D of HPV 18 predom-

inates in populations with Amerindian ancestry. The lineages

B and C are more prevalent in the African continent.14,21 Most

studies have been conducted in women with cervical intrae-

pithelial lesions, also showing a high prevalence of the line-

age A. Previous studies reported a high risk of cervical

intraepithelial lesions in women with European or Asian HPV

18 variants. It has also been reported that infection by Euro-

pean HPV 18 variants were more likely to become persistent.

However, a study by Villa et al. (2000) indicated that infection

by non-European variants presented a greater chance of per-

sistence of infection and association with pre-invasive

lesions.20,22 Thus, more research is needed to understand

which virus lineages may be associated with persistence and

progression of cervical lesions.

The population of Maranh~ao is made up of people of differ-

ent genetic background, with up to 75% African ancestry,

besides Amerindian and indigenous.23 Due to the high contri-

bution of African offspring, it was expected that there would

be a greater distribution of HPV 18 B and C lineages in the pop-

ulation of Maranh~ao. The low prevalence of these lineages

may be associated with intense ethnic mixture, with individ-

uals presenting varying proportions of several ancestries, or

with the level of carcinogenic potential in the studied

population.14,21,24 Other studies in Brazil were carried out to

investigate the HPV 16 lineages in Brazilian regions, but this

is the first study to identify the HPV 18 lineages in the popula-

tion of Maranh~ao.

In a study conducted in Brazil by Vidal et al. (2016), a

cohort of 71 women with cervical cancer infected with HPV 18

had a higher prevalence of lineage A followed by lineage B;

lineage C was not found either.14 A study carried out by Xu et

al. (2018) with 138 women diagnosed with HPV 18 infection

sought to identify the variants present in the population of

Taizhou, China. The study concluded that all HPV 18 variants

found belonged to the A lineage, while B and C lineages were

not found in that population.8

In a study conducted in the Netherlands by King et al.

(2016) with 835 male and female subjects, HPV 18 was identi-

fied in 108 individuals. Of these, 86% belonged to variant A,

14% belonged to variant B. The (non-European) variant C was

also identified in 15 samples, most of which were taken from

non-Dutch individuals.25 In a study by Chen et al. (2015) with

711 HPV 18 positive samples from 39 countries, there was pre-

dominance of variant A in all regions, except in sub-Saharan

Africa where variant B prevailed. Variant C occurred only in

Africa. In samples belonging to variant A, the sublineage A1

(248 samples) was predominant. Similarly, the sublineage B1

(46 samples) prevailed in the variant B.11

In Brazil, HPV vaccine was incorporated into the National

Immunization Program (NIP) in 2014.26 The target population

are girls aged 9 to 14 years and boys aged 11 to 14 years.27 In

Table 3 – Characteristics of cervical tumors in women who presented HPV 18 infection. S~ao Luís, state of Maranh~ao, Brazil,
2016−2017.

Variable Categories Total HPV 18 P-value
Lineage A Lineage B

Histological type SCC 8 (66.6%) 6 (75%) 1 (12.5%) 0.236

ADC 3 (25%) 3 (100%) −

UMT 1 (8.3%) 0 1 (100%)

Tumor size up to 4 cm Yes 7 (58.3%) 6 (85.7%) 1 (14.3%) 0.999

No 5 (41.6%) 3 (60%) 1 (20%)

Cancer staging I 2 (16.6) 2 (100%) − 1.000

II 4 (33.3%) 3 (75%) −

III 3 (25%) 3 (100%) −

IV 2 (16.6%) 1 (50%) 1 (50%)

No stage 1 (8.3%) 1 (100%) −

SCC, squamous cell carcinoma, ADC, adenocarcinoma, UMT, undifferentiated malignant tumor.

*Two patients with no data on HPV 18 lineage had histological type squamous cell carcinoma (SCC).

** One patient with HPV 18 lineage A were not evaluated for cancer staging.

*** One patient with no data on HPV 18 lineage had cancer stage II.
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the state of Maranh~ao, only 70.8% of girls and 47.5% of boys

were vaccinated.28

Studies also indicate a variation in the distribution of HPV

types associated with histological types. HPV 16 has been

associated with SCC, whereas HPV 18 has a higher prevalence

in ADC.29 Nonetheless, in this research SCC was more preva-

lent among HPV 18 infected patients. Prevalence studies have

shown that 60−70% of SCC cases occurred in HPV16 or HPV18

infected women.30

In this study, there was no statistically significant associa-

tion between HPV presence and sociodemographic variables

in women with cervical cancer. A similar result was obtained

by Chen et al. (2015), who sought to analyze the distribution

of HPV 18 variants according to histological type (SCC or

ADC). HPV 18 sublineages were compared in 453 cases of can-

cer and 236 controls, as well as in 81 cases of ADC and 160

cases of SCC. However, no statistically significant difference

was found in the distribution of HPV 18 variants between

cases and controls or between ADC and SCC at both general

and regional level.11 The study of Arias-Pulido et al. (2005)

with 15 cases of ADC and 10 of SCC have not found statisti-

cally significant differences in the distribution of HPV 18 var-

iants among the patients analyzed. These results indicate

that the high prevalence of HPV 18 in ADC is due to the spe-

cific tropism of HPV 18 variants for glandular cells.11,31,32

Strengths and limitations

The limiting factor in this study was the low number of women

infected with HPV 18 and the lack of a control group to compare

women with HPV 18 and cervical cancer and those with HPV 18

but without cervical cancer. This was the first study conducted in

the Northeast of Brazil to analyze the distribution of HPV 18 var-

iants in women with cervical cancer who were not vaccinated

against HPV. This population is resident in one of the regions

with lowest socioeconomic and educational levels, with difficult

access to health and education services.

Conclusions

In conclusion, the results showed that women with cervical

cancer are associated with a higher frequency of HPV 16 and

18 in the Northeast region of Brazil, and with a high preva-

lence of lineage A among women infected with HPV 18. Infor-

mation about the diversity of HPV may contribute to the

development of diagnostic and therapeutic approaches in

order to reduce the number of cervical cancers.

The data from this study provide important information

regarding the distribution of HPV in this population and will

provide a basis for future studies on the distribution of HPV

after the implementation of HPV vaccination and how it

impacts on the number of cervical cancer cases in Brazil.
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papilomavírus humano 6, 11, 16 e 18 (recombinante) − vacina
HPV quadrivalente e meningoc�ocica C (conjugada) [Internet].
2018.

28. Moura LM, Codeço CT, Luz PM. Human papillomavirus (HPV)
vaccination coverage in Brazil: spatial and age cohort
heterogeneity. Rev Bras Epidemiol. 2021;24:E210001.

29. Burk RD, Chen Z, Van Doorslaer K. Human papillomaviruses:
genetic basis of carcinogenicity. Public Health Genomics.
2009;12:281–90.

30. Munoz N, Bosch FX, de Sanjose S, Herrero R, Castellsague X,
Shah KV, Snijders PJ, Meijer CJ. Epidemiologic classification of
human papillomavirus types associated with cervical cancer.
N Engl J Med. 2003;348:518–27.

31. Li N, Franceschi S, Howell-Jones R, Snijders PJF, Clifford GM.
Human papillomavirus type distribution in 30,848 invasive
cervical cancers worldwide: variation by geographical region,
histological type and year of publication. Int J Cancer.
2011;128:927–35.

32. Arias-Pulido H, Peyton CL, Torrez-Martínez N, Anderson DN,
Wheeler CM. Human papillomavirus type 18 variant lineages in
United States populations characterized by sequence analysis of
LCR-E6, E2, and L1regions. Virology. 2005;338:22–34.

braz j infect dis. 2023;27(1):102734 7

http://www.hpvcentre.net/statistics/reports/XWX.pdf
http://www.hpvcentre.net/statistics/reports/XWX.pdf
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0003
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0003
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0003
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0004
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0004
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0004
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0004
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0004
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0005
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0005
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0005
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0005
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0006
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0006
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0006
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0006
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0007
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0007
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0008
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0008
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0008
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0009
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0009
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0009
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0010
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0010
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0010
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0010
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0010
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0011
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0011
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0011
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0012
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0012
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0012
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0013
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0013
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0014
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0014
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0014
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0014
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0015
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0015
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0015
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0015
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0015
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0016
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0016
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0016
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0017
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0017
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0017
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0018
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0018
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0018
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0019
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0019
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0019
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0020
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0020
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0020
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0020
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0021
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0021
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0021
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0021
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0021
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0022
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0022
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0022
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0022
http://servicodados.ibge.gov.br/Download/Download.ashx?http=1&u=biblioteca.ibge.gov.br/visualizacao/livros/liv49891.pdf
http://servicodados.ibge.gov.br/Download/Download.ashx?http=1&u=biblioteca.ibge.gov.br/visualizacao/livros/liv49891.pdf
http://servicodados.ibge.gov.br/Download/Download.ashx?http=1&u=biblioteca.ibge.gov.br/visualizacao/livros/liv49891.pdf
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0024
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0024
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0024
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0024
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0024
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0025
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0025
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0025
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0025
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0028
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0028
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0028
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0028
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0029
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0029
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0029
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0030
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0030
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0030
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0030
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0031
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0031
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0031
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0031
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0031
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0032
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0032
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0032
http://refhub.elsevier.com/S1413-8670(22)00427-5/sbref0032

	HPV 18 variants in women with cervical cancer in Northeast Brazil
	Background
	Methods
	Study design
	Sample collection, DNA extraction, PCR for HPV detection
	Sequencing to identify HPV types
	Identification of HPV 18 variants
	Editing, sequence assembly, and phylogenetic analysis
	Statistical analysis

	Results
	Characterization of the population
	Characterization of HPV 18 positive women
	HPV 18 variants

	Discussion
	Strengths and limitations
	Conclusions
	List of abbreviations
	Ethics approval and consent to participate
	Consent for publication
	Availability of data and materials
	Funding
	Authors' contributions
	Conflicts of interest
	Acknowledgments
	References


