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Introduction

The human papillomavirus  (HPV) infection is one of the 
most common sexually transmissible infections in the world, 
especially in developing countries, where the prevalence of 
asymptomatic infection varies from 2% to 44%, depending on 
the population and studied region.[1] Some studies show that 

most sexually active individuals are exposed to and acquire 
infection from this virus at some phase in their lives.[2,3] HPV 
infection is most prevalent in young adults, at the beginning of 
their sexual activity, with a subsequent decline in the prevalence 
with increasing age, likely a result of the development of an 
immune response against the virus or due to the reduction of 
sexual activity as well as the number of partners.[4‑6]

Of the more than 120 different HPV types that have been 
catalogued, more than 40 are known to infect the epithelium of 
the anogenital tract and other mucosal areas of the human body. 
They are classified as high or low oncogenic risk according 
to their involvement in the genesis of benign or malignant 
lesions.[7,8] Among these, at least 15 are considered high‑risk 
HPV (HR‑HPV) and are strongly associated with progression 
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of the cervical lesions of low‑grade to high‑grade and invasive 
cancer.[9] Studies on the prevalence of genotypes indicate that 
HPV 16 is the most prevalent type in the different regions of 
the world.[1,10,11] Nevertheless, the frequency of the HR‑HPV 
types may vary according to geographic, demographic, and 
clinical‑pathological factors,[12,13] and may also be influenced 
by the methods used for detection.[14]

After many years of clinical, epidemiological, and experimental 
studies, it is widely accepted that epithelium cervical infection 
by HR‑HPV is a necessary, but not sufficient, cause of the 
development of cervical cancer as well as a significant 
proportion of other anogenital and oral squamous cell 
carcinomas preceded by cellular abnormalities that can be 
identified by cytological or histopathological exams.[3,15‑17]

In Brazil, cervical cancer is the third most prevalent malignant 
neoplasia among women and continues to be a serious public 
health problem, showing remarkable differences in the 
incidence among different regions of the country.[18,19] Studies 
have shown that HPV16 is the predominant type, but the 
prevalence of the other HR‑HPV types varies according to the 
region analyzed.[18,20‑22] This study evaluated the prevalence of 
infection and the distribution of HPV types in women of Rio 
Grande do Norte, North‑East Brazil, with normal cytology and 
with cervical lesions of different degree, including cervical 
cancer.

Subjects and Methods

Population studied and sample collection
The study involved 251 women who were referred to the Luis 
Antonio Hospital in Natal, Rio Grande do Norte, Brazil, with a 
previous history of cytological abnormalities and 185 women 
enrolled among those who voluntarily entered the cancer 
screening program and were analyzed by cytological analysis. 
The patients were enrolled in the period between January 2005 
and December 2008. All subjects participating in this study 
were informed about the methodology and objectives of the 
research. The inclusion criteria were agreeing to participate 
in the study and answering a standardized epidemiological 
questionnaire. On the other hand, the exclusion criteria were 
current pregnancy, having had a miscarriage or delivery 
less than 60  days before the collection, having undergone 
hysterectomy, and mental deficiency that would compromise 
their understanding and/or their responses when they filled out 
the questionnaire. All the patients included in the study signed 
an informed consent.

Two samples of uterine cervical exfoliated cells were collected 
from women participating in the screening program, using a 
cytobrush (Kolpalst LTDA, Brazil): One for cytological analysis 
by Pap smear, and the other for the molecular detection of 
HPV. The smears were analyzed by a trained pathologist from 
the Department of Pathology at the Federal University of Rio 
Grande do Norte, and the cytopathological reports were based 

on the 1991 Bethesda system for cytologic diagnosis.[23] The 
64 patients who presented alterations in the cytological exam 
were submitted to histopathological analysis. We excluded 
11  patients from analysis: Five presented scant squamous 
cellularity, considered unsatisfactory for evaluation, and in 
six specimens we did not obtain amplifiable deoxyribonucleic 
acid (DNA), leaving a total of 174 samples.

In patients who were referred to the hospital with a previous 
history of cervical alterations, the lesion was identified by 
colposcopy and a fragment of tissue was collected by biopsy 
and processed for histopathology. The detected uterine 
cervical lesions were classified as mild dysplasia cervical 
intraepithelial neoplasia (CIN 1), moderate dysplasia (CIN 2), 
severe dysplasia (CIN 3), and invasive cancer. In patients with 
the diagnosis of CIN 3 or invasive cancer, another fragment of 
tissue was obtained after the conization procedure in surgery 
and re‑examined for result confirmation, and a fragment of 
tissue was processed for DNA extraction.

DNA extraction
For molecular analysis, the samples of cervical exfoliated cells 
were conditioned in a tube containing a homemade preserving 
solution  [Phosphate Buffer Saline  (PBS) + vancomycin 
(0.25 U/mL) + nystatin (6.25 µg/mL)] and sent to a laboratory 
where it was processed for DNA extraction, using rapid 
isolation of DNA from mammals’ protocol, with proteinase 
K, according to Sambrook and Russel, 2001.[24]

Small fragments of tissue obtained by colposcopy‑directed 
biopsy or collected during the surgical procedure were 
conditioned as described for exfoliated cells. To DNA 
extraction, the samples were incubated in 200 µL of digestion 
buffer (0.01 M Tris‑HCl; 0.02 M EDTA; 0.1 M NaCl; 0.5% 
SDS; pH  8.0) and 20 µL Proteinase K 10  mg/mL  (© Life 
Technologies Corporation) at 42°C overnight, 56°C for 3 h, 
and further at 95°C for 5 min. After this, the DNA extraction 
was performed using the phenol/chloroform method, according 
to Sambrook and Russel, 2001.[24]

Aliquots with around 30  ng of DNA were submitted to a 
polymerase chain reaction (PCR) to amplify a 110 bp fragment 
of the human ß‑globin gene, using the primers PCO3+/
PCO4+[25] to analyze the quality of target DNA and the absence 
of PCR inhibitors.

Detection and typing HPV
All the samples that were ß‑globin positive were tested for HPV 
DNA detection by PCR using the primers MY09/11.[26] The 
PCR products were submitted to genotyping for the individual 
HPV types by dot blot hybridization, according to Manos 
et al.[26] using the probes for the following HPV types: 6, 11, 
16, 18, 31, 33, 35, 39, 42, 45, 51, 52, 53, 54, 55, 56, 57, 58, 
59, and 68. We used the term “multiple infections” to refer to 
cases in which we detected more than one HPV type. Also, we 
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classified the oncogenic risk of the detected virus according 
Muñoz et al.[9] HR‑HPV types included 16, 18, 31, 33, 35, 39, 
45, 51, 52, 56, 58, 59, and 68. HPVs 6, 11, 42 and 54 were 
considered low risk, and HPV 53 was considered like probable 
high‑risk. HPV 55 and 57 were classified like undetermined.

This study was performed in compliance with relevant laws 
and institutional guidelines and in accordance with the ethical 
standards of the Declaration of Helsinki. It was approved by 
the Ethical Committee in Research of Federal University of 
Rio Grande do Norte.

Results

We included in the study just the women who agreed in 
participate and do not present any exclusion criteria. From 
these 436 women initially enrolled, 11 were excluded from 
analysis, because their cytological samples were considered 
unsatisfactory for evaluation (5 women), or we did not obtain 
amplifiable DNA  (6 women). Thus, the studied population 
consisted of 425 women aged 15‑65 years, with an average 
of 39.4 years. All patients who had their samples analyzed 
for HPV detection responded to a questionnaire through, 
which it was possible to trace the epidemiological profile of 
the participants in the study. The majority (52.5%) (223/425) 
of participants were aged between 31 and 45 years had not 
completed the basic education level (52.9%) (225/425), were of 
non‑white ethnicity (54.6%) (232/425), were married or living 
in a stable relationship with their partner (73.2%) (311/425), 
had the first sexual intercourse at an age between 14 and 
17 years (53.6%) (228/425), and not had more than one sexual 
partner throughout life  (52.0%)  (221/425) and at least one 
pregnancy (79.1%) (336/425) [Table 1].

From the 174 women enrolled in the screening program and 
included in the study, 110 presented normal cytology and the 
remaining 64 who were re‑analyzed by histopathology showed 
alterations classified as CIN 1. After the histopathological 
analysis, the patients were divided into five groups, based on 
their health status. Of the 425 samples analyzed, 110 (25.9%) 
did not present any cytological abnormalities in the exam 
and were classified in the normal cytology group, 64 (15.1%) 
exhibited mild dysplasia  (CIN 1), 32  (7.5%) had moderate 
dysplasia (CIN 2), 121 (28.5%) had severe dysplasia (CIN 3), 
and 98 (23.1%) had invasive cervical cancer.

Among the 425 patients included in the study, 277 (65.2%) 
were positive for HPV, with 85.9% (238/277) of the samples 
containing a single HPV infection, and 14.1% (39/277) were 
infected by more than one HPV type. Considering both 
single and multiple infections, the overall HPV prevalence of 
infection varied in the different groups, according to health 
status. The overall prevalence of HPV found in this study was 
65.2% (277/425), being 24.5% (27/110) in women with normal 
cytology, 62.5% (40/64) in those with mild dysplasia (CIN 1), 
75.0% (24/32) in moderate dysplasia (CIN 2), 82.6% (110/121) 

in severe dysplasia  (CIN 3) and 87.8%  (86/98) in patients 
with invasive cervical cancer. We identified 14 different 
HPV genotypes and in 5 samples the genotypes could not be 
identified with the used probes.

Most patients were infected with HPV genotypes of high 
oncogenic risk, regardless of their health status. In women with 
a normal cytology, the most prevalent HPV genotypes were 
HPV 16 (14.5%) and HPV 58 (6.3%). In the group of women 
with CIN 1, the most common types were HPV 16 (20.3%), 
HPV 58 (14.1%), HPV 57 (10.9%), and HPV 56 (2.5%). In 
the lesions classified as CIN 2, the most prevalent types were 
HPV 16 (43.8%), HPV 58 (15.6%), followed by HPV 18, HPV 
45, and HPV 59, each of them with 6.2%. In patients with 
severe dysplasia (CIN 3) the most prevalent types were HPV 
16 (52.9%), HPV 18 (8.3%), and HPV 58, (8.3%), followed by 
HPV 31 (6.6%). In patients with invasive cervical cancer, the 
HPV genotypes with higher prevalence were HPV 16 (56.1%), 
HPV 18 (11.2%), HPV 58 (8.2%), and HPV 31 (5.1%) [Table 2].

Table 1: Socio‑demographic characteristics of the studied 
population

Variable N %
Age (years)

15‑30 112 26.3
31‑45 223 52.5
46‑65 90 21.2

Ethnicity
White 193 45.4
Non‑white 232 54.6

Education
Less than elementary 225 52.9
Elementary 109 25.7
High school or higher 91 21.4

Marital status
Single 114 26.8
Married or in a stable relationship 311 73.2

Family income (monthly minimum wage)
Up to 1 218 51.3
2‑4 179 42.1
>4 28 6.6

Age at 1st sexual intercourse (years)
14‑17 228 53.6
18‑21 169 39.8
>21 28 6.6

More than one sexual partner throughout life
No 221 52.0
Yes 204 48.0

Age at 1st pregnancy (years)
Never became pregnant 89 21.0
14‑17 222 52.2
≥18 114 26.8

Number of pregnancies
Never became pregnant 89 21.0
1‑3 227 53.4
4‑6 95 22.3
>6 14 3.3
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Considering only the HPV positive cases, and including 
single and multiple infection, the distribution of HPV 
genotypes showed that HPV 16 was the most prevalent 
genotype, independently of the health status of patients, 
presenting overall prevalence of 58.5%, followed by HPV 
58 (14.4%), HPV 18 (10.1%), HPV 31 (5.8%), and HPV 45 
with (5.1%) [Table 3].

The simultaneous infection by two different types of HPV 
was found in 39 of the 277 patients who tested positive for 
HPV, representing prevalence of 14.1%. The most prevalent 
association occurred between HPV 56 and HPV 57, found in 
12.5% of women with CIN1 and in 7.4% of those with a normal 
cytology, followed by the combinations HPV 52 + HPV 53 and 
HPV 16 + HPV 18, both found in 5.0% of the samples from 
patients with CIN 1 [Table 4].

Discussion

Studies have shown that HPV 16 is the predominant genotype 
in all regions of Brazil, independently of the health status of 
the women analyzed. However, regional variations in the 
prevalence have been observed. In relation to the other HPV 
genotypes, even greater regional variations in prevalence 
have been found.[20,22,27] In the present study, we analyzed the 
distribution of HPV genotypes found in women from Rio 
Grande do Norte, North‑East of Brazil.

HPV 58 was the second most common genotype in women 
with a normal cytology as well as in those with CIN 1 
and CIN 2. The prevalence found in women with normal 
cytology was 6.3%, more than that found in women from 
Recife,[27] also in North‑East Brazil, where HPV 58 was 

the third in prevalence (1.8%), and it was also higher than 
the prevalence reported for the countries of South America, 
including Brazil[1] in a meta‑analysis  (1.4%). In women 
with CIN 1, the prevalence  (14.1%) was higher than that 
found in women of Recife,[27] where HPV 58 was only the 
fourth in prevalence with a percentage of 6.4%. The highest 
prevalence of HPV 58 (15.6%) observed in this study was 
found in women with cervical lesions classified as CIN 2. In 
this study, the prevalence of HPV 58 in women with invasive 
cervical cancer was 8.2%, higher than that found in women 
from Recife (3.4%).[27]

Considering only cases positive for HPV, the overall prevalence 
obtained showed that the five most common genotypes in 
descending order were HPV 16 (58.5%), HPV 58 (14.1%), 
HPV 18  (10.1%), HPV 31  (5.8%), and HPV 45  (5.1%). In 
a similar study involving women from South Brazil  (22), 
the five most prevalent genotypes were HPV 16  (26.9%), 
HPV 58 (12.9%), HPV 11 (9.7%), HPV 33 (8.6%), and HPV 
18 (7.5%). In both studies, HPV 58 was found to be the second 
most prevalent genotype, showing very similar prevalence. 
The higher prevalence of HPV 16 and HPV 18 observed in 
this study, compared to Paesi et al.[22] may have been caused 
by the inclusion of more cases of severe dysplasia and invasive 
cervical cancer in our study.

When we considered only women with normal cytology, the 
prevalence of HPV in general, and of the HPV 58 individually, 
found in this study was higher than the average reported for six 
South American countries, including Brazil.[1] In our study, we 
found a higher prevalence of HPV 58 infection among young 
women aged up 30 years, differing in this respect, from results 
obtained in women in Taiwan.[28]

Table 2: Distribution of HPV types with respective prevalence, including single and multiple infection, stratified according 
to health status of the patients

HPV type Patients’ health status and their respective HPV prevalence
Normal % CIN 1% CIN 2% CIN 3% Cancer % Overall %

16 14.5 20.3 43.8 52.9 56.1 38.1
18 1.8 4.7 6.2 8.3 11.2 6.8
31 ‑ 4.7 ‑ 6.6 5.1 3.8
33 ‑ ‑ ‑ 5.8 3.1 2.3
45 ‑ 4.7 6.2 4.1 4.1 3.3
52 ‑ 3.1 3.1 1.6 ‑ 1.2
53 ‑ 1.6 3.1 ‑ ‑ 0.5
54 ‑ 1.6 ‑ ‑ ‑ 0.2
55 0.9 1.6 ‑ ‑ ‑ 0.5
56 1.8 12.5 ‑ 0.8 1.0 2.8
57 1.8 10.9 ‑ ‑ 2.1
58 6.3 14.1 15.6 8.3 8.2 9.2
59 0.9 4.7 6.2 ‑ ‑ 1.4
68 ‑ ‑ 3.1 ‑ 1.0 0.5
Untyped 1.8 1.6 ‑ 0.8 1.0 1.2
Positive samples 27 (24.5) 40 (62.5) 24 (75.0) 100 (82.6) 86 (87.8) 277 (65.2)
Negative samples 83 (75.5) 24 (37.5) 8 (25.0) 21 (17.4) 12 (12.2) 148 (34.8)
Total 110 (100) 64 (100) 32 (100) 121 (100) 98 (100) 425 (100)
CIN: Cervical intraepithelial neoplasia, HPV: Human papillomavirus
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It is important to highlight the presence of HPV 57, which was 
not described in other studies performed in Brazil,[20,22,27] nor in 
countries of South America, including Brazil,[1] and HPV 59, 
which had only been detected in a study performed in Northern 
Brazil.[29] In our study, these two types of HPV were found 
with the overall prevalence of 2.1% and 1.4%, respectively. 
Individually, the prevalence of HPV 59 in the women with 
moderate dysplasia (6.2%) and HPV 57 was higher among the 
women with mild dysplasia (10.9%). Considering that HPV 
57 is not considered a HR‑HPV type and that it was detected 
only in normal and CIN 1 lesions, and in co‑infection with a 
HR genotype, HPV 56, there is a possibility that HPV 57 acts 
as only a passenger genotype.

HPV 58 is a virus cloned in 1990 that is phylogenetically related 
to HPV 16 and classified in the genus Alfapapillomavirus, 
species groups a‑9, consisting almost entirely of carcinogenic 
types, having as the main type specie HPV 16, covering 
also several other type species that are HR‑HPV 16‑related, 
including HPV 58.[30] HPV58 presents a strong association with 
CIN of a different grade and has been isolated from specimens 
of condiloma, pre‑malignant lesions, and invasive cancer.[31] 
In a study done by Chan et al.[32] it was observed that HPV 58 
infection presented a positive predictive value of 68.6% for 
CIN among Chinese women. In the present study, we observed 
a high HPV 58 prevalence, principally in the women with mild 
and moderate dysplasia, being slightly lower in those with 
severe dysplasia and invasive cancer. In the study, involving 
women of Southern Brazil, Paesi et al.[22] reported that HPV 
58 is more likely to be found in women with mild rather than 
moderate or severe dysplasia.

Our study found a high prevalence of HPV 58 in the studied 
population. However, the decrease of its prevalence in more 
severe lesions suggests that infection with HPV 58 is more 
likely to cure, compared with HPV 16 and HPV 18. It has 
been reported that patients infected with the HPV 58‑related 
group presented a more favorable prognosis when compared to 
those infected with the HPV 18‑related group. The multivariate 
analysis, in which the relative risk of mortality was set by the 
Cox hazards model, found that the risk of death for the HPV 
58 and 18‑related groups was 0.32 and 1.87, respectively, when 
compared with HPV 16.[12]

Studies show that HPV 16 is considered the most prevalent 
HPV type around the world, followed by HPV 18 and 45.[9,33] 
According to some studies conducted in different regions 
of Brazil, the prevalence of HPV 58 genotype in Brazilian 
women seems to be great.[20,22] This study indicates that 
HPV 58 is a common genotype in the studied population. 

Table 4: Distribution of cases of multiple infection by HPV, according to health status of the patients

Multiple infection Patients’ health status and their respective prevalence of multiple infection
Normal (%) CIN 1 (%) CIN 2 (%) CIN 3 (%) Cancer (%)

16+18 1 (3.7) 2 (5.0) 1 (4.2) 2 (2.0) 2 (2.4)
16+45 ‑ 1 (2.5) ‑ ‑
16+58 1 (3.7) 1 (2.5) ‑ 2 (2.0) 1 (1.2)
16+52 ‑ ‑ ‑ 2 (2.0) ‑
16+59 ‑ 1 (2.5) ‑ ‑ ‑
16+66 ‑ ‑ ‑ 1 (1.0) ‑
31+33 ‑ ‑ ‑ 2 (2.0) ‑
45+58 1 (3.7) 1 (2.5) 1 (4.2) 1 (1.0) ‑
45+59 ‑ ‑ 1 (4.2) ‑ ‑
52+53 ‑ 2 (5.0) ‑ ‑ ‑
55+58 1 (3.7) 1 (2.5) ‑ ‑ ‑
56+57 2 (7.4) 7 (12.5) ‑ ‑
56+58 ‑ ‑ ‑ ‑ 1 (1.2)
Total 6 (22.2) 16 (40.0) 3 (12.5) 10 (10.0) 4 (4.7)
Positive/total 27/110 40/64 24/32 100/121 86/98
CIN: Cervical intraepithelial neoplasia, HPV: Human papillomavirus

Table 3: Prevalence of genotype infection of human 
papillomavirus in 277 women with normal cytology and 
with cervical lesions of different grade

HPV 
genotype

Classification 
by monogenic 
risk

Incidence of 
HPV types 

N=277

% of 
genotype 
isolated

16 High 162 58.5
58 High 39 14.1
18 High 28 10.1
31 High 16 5.8
45 High 14 5.1
56 High 12 4.3
33 High 10 3.6
57 Undetermined 9 3.2
59 High 6 2.2
52 High 5 1.8
53 Probably high 2 0.7
55 Undetermined 2 0.7
68 Probably high 2 0.7
54 Low 1 0.4
Untyped Undetermined 5 1.8
HPV: Human papillomavirus. Typing by dot blot hybridization, according to Manos 
et  al.  [1989]. These data include all the HPVs, single and multiple infections classified 
according to Muñoz et al. [2003]
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This finding can help to define the strategies to combat the 
HPV‑related disease.

It has been demonstrated that prophylactic vaccination with 
virus‑like particles induces an efficient immune response 
against HPV 16 and 18.[34] For the other less prevalent HPV 
genotypes, the current vaccine appears to offer just a modest 
cross‑protection.[35] In Brazil, the HPV vaccination has already 
been approved, but it has not been effectively implemented in 
public health units. Based on our results, the HPV vaccination 
would protect more than 70% of the patients against high‑grade 
lesions and cancer. However, the relatively high prevalence 
of HPV 58 found in studies conducted in different regions of 
Brazil[20,22,27,29] as well as in other countries,[28,36] highlights the 
importance of future vaccines to include other HPV genotypes, 
particularly HPV 58, to increase the potential for prevention 
of cervical cancer, and other HPV‑associated diseases, closer 
to 100%.[37]

The present study has some limitations, such as the fact that 
it included only women attending public health units, which 
generally present a lower socioeconomic status, who may not 
be so representative of the local female population. Besides, 
there are some cultural and socio‑demographic differences 
among the populations from the different states of Northeast 
Brazil that can limit the extrapolation of our findings to the 
whole region.

Conclusion

The high prevalence of HPV 58 detected in this and in other 
studies conducted in Brazil suggests that this HPV genotype 
circulates in a high frequency in the female population and 
highlights the importance of inclusion of this genotype in the 
composition of future vaccines against HPV, especially, those 
directed towards Brazilian women.
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