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a b s t r  a  c t

HPV types 16 and 18  were studied in paraffin-fixed cervical biopsy collected in southern

Brazil.  HPV  16, HPV 18  and co-infection HPV 16/18 were identified in 10/57 (17.5%), 4/57  (7%)

and in 43/57 (75.4%) samples, respectively. Southern Brazil has one of the highest prevalence

rates of HPV 16/18 reported.

© 2018 Sociedade Brasileira de  Microbiologia. Published by  Elsevier Editora Ltda. This is

an  open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

Introduction

Human papillomavirus (HPV) is a  cause of cervical cancer

which is the fourth-most common cancer among women in

the worldwide. According to the World Health Organization,

there were more  than 528,000 new cases and 266,000 deaths

from cervical cancer in 2012. Furthermore, approximately
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85% of cervical cancer cases are diagnosed in less devel-

oped regions.1 In Brazil, cervical cancer is  the second-most

common cancer in women and a particularly high incidence

(16.3/100,000) for this disease has been reported in  South

region of Brazil.2,3

While most HPV infections are characterized by sponta-

neous viral clearance, some infections are persistent. This

condition involves oncogenic or high-risk HPV types (e.g.,
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16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 59) and these

have been consistently associated with grades 2 and 3 cer-

vical intraepithelial neoplasia (CIN), as well as cases of

cervical cancer.4 Among these types, HPV 16 and HPV 18

infections have been present in  more  than 70%  of all exam-

ined cervical cancer specimens.5 In Brazil, approximately

5.4% of women in  the general population are estimated to

harbor a cervical HPV-16/18 infection at any given time,

and 68.2% of cervical cancers have been attributed to  HPV

types 16 or  18.6 In Brazil, three HPV vaccines were licensed

(bivalent/quadrivalent/nonavalent), but only the quadrivalent

(Gardasil
®

, Merck Sharp & Dohme, USA) that protects against

HPV types 6, 11, 16, and 18 was  incorporated into the public

health system and it is  currently offered to girls 11–13 years of

age.7

Determining HPV prevalence and examining the genotype

distribution of HPV in premalignant and malignant lesions are

important parameters for estimating the impact of screen-

ing programs and the efficacy of HPV vaccines, particularly

in relation to variations in the prevalent HPV types accord-

ing to region. The aim of the present study was to evaluate

the prevalence of high-risk HPV types, 16 and 18, in archival

cervical biopsy samples with high-grade lesions collected in

southern Brazil.

In a retrospective cross-sectional study, conducted

between 2008 and 2009, a  total of 60 paraffin-embedded

samples graded as  cervical intraepithelial neoplasia I–III (CIN

I, CIN II, CIN III)  and cervical cancer (stained with hema-

toxylin and eosin) were collected at the Hospital of Lutheran

University of Brazil (ULBRA), Canoas, Rio Grande do Sul (RS)

(the southernmost state in Brazil). The city of Canoas is a

medium-sized urban center located in the metropolitan area

of the capital (Porto Alegre, RS). All samples were classified by

a certified pathologist. The study obtained approval from the

Ethics Committee of the Lutheran University of Brazil (proto-

col number 2008-601H) before releasing archival specimens

that were kept coded and confidential. Informed consent was

not needed because of the retrospective nature of the study.

Ten microtome serial sections of 10 �m (approximately

25 mg per sample) were sent to the Centro de Desenvolvimento

Científico e  Tecnológico (CDCT), Porto Alegre, Rio Grande do

Sul, Brazil. Excess paraffin was  removed with sterile blade, and

the remaining material placed in the microtube.

DNA extraction was performed in biopsy specimens using

the DNA kit QIAmp
®

FFPE Tissue (QIAamp DNA FFPE Tissue

Handbook, QIAGEN-Hilden, Germany) with minor modifica-

tions according to the protocol suggested by Simonato et al.8

and Vilanova-Costa9.  In brief, 1000 �L of xylene was  added to

microtubes containing the samples. The tubes were vortexed

vigorously for 30 s, and centrifuged for 5 min  at 10,000 rpm. To

the pellet was  added again 1000 �L of xylene, vortexed vig-

orously and incubated at 65 ◦C for 30 min. The tubes were

centrifuged at 10,000 rpm for 5 min, and then the  pellet was

washed  twice with 1000 �L  of 96% ethanol, vortexed for 30 s

and centrifuged at 10,000 rpm for 5 min. The tubes were open

and incubated at 42 ◦C for 20 min  for complete evaporation

of residual ethanol. After these steps of deparaffinization, the

kit protocol was  followed as  indicated in the  manufacturer’s

manual.

The general primers GP5+ and GP6+, which span a region

of 140–150-bp from the L1  open reading frame of a  broad spec-

trum of HPV genotypes, were used in the PCR, as  described by

De Roda Husman et al.,10 with the exception that the  GP6+

primer was biotinylated. A negative control (no  DNA) was

included in each PCR run  to ensure that no cross contamina-

tion had occurred. The amplification reaction was performed

under the following conditions: 95 ◦C for 5 min  for initial

denaturation, followed by 40 cycles of 95 ◦C  for 1 min, 52 ◦C for

1 min, 72 ◦C for 1 min, and 72 ◦C for 10 min  for final extension.

Tubes were kept at 4 ◦C for storage of the amplified mate-

rial. PCR products were electrophoresed on 1.5% agarose gel

containing 0.5 mg/mL  ethidium bromide and visualized under

ultraviolet light. As a control of DNA quality, all samples were

pre-screened with �-globin primers PCO3 (5′ ACACAACTGT-

GTTCACTAGC 3′)  and PCO4 (5′ CAACTTCATCCACGTTCACC 3′)

(110 bp fragment).11

Biotinylated PCR products generated by the GP5+/GP6+ PCR

were identified using microplate colorimetric hybridization

assay (Immobilizer Amino Surface, Nunc, Roskilde, Denmark)

developed in our lab.12 Each amplicon was hybridized sepa-

rately using probes for the two most prevalent HPV types in

cervical cancer (HPV 16 and 18).

Data were evaluated using the software Statistical Pack-

age for Social Sciences (SPSS) v.16.0. Fisher’s exact tests were

used to compare the age and the different degrees of cervi-

cal lesions. Fisher’s exact tests were also used to compare the

prevalence of single and combined HPV infection across histo-

logical (CIN I vs CIN 2 or worse) strata. p  < 0.05 was  considered

significant.

Of the 60 paraffin-embedded cervical biopsies with lesions

that were examined, 39 were confirmed to be  CIN I (65.0%), 7

were CIN II (11.7%), 11  were CIN III (18.3%), and 3 cervical can-

cer (5.0%). The distribution of the available biopsy specimens

according to patient age were:  15/60 samples (25.0%) were from

women 16–25 years of age, 38/60 (63.3%) from women  26–35

years of age, 4/60 (6.7%) from women  36–45 years of age, and

3/60 (5.0%) from women  46–55 years of age. The mean age of

the patients was 29.6 years. There was no significant differ-

ence between mean patient age and degrees of cervical lesions

(p > 0.05).

DNA was extracted from each biopsy samples and was sub-

jected to PCR to  amplify a  �-globin fragment to assess sample

integrity. Positive amplification was detected for 57/60 of the

cervical biopsy samples. The remaining three samples, two

CIN I samples and one CIN II sample, were excluded from

further analysis. These 57 samples were subjected to ampli-

fication of the HPV L1 region and the amplicons analyzed in

agarose gel and using a  microplate colorimetric hybridization

assay. In the first case, amplification products were observed in

33/57 (57.9%) samples. However, using a microplate colorimet-

ric hybridization assay that employed specific probes to detect

HPV 16 and HPV 18, the amplicons were detected in all 57

(100%) samples. Among these samples, HPV  16  was detected

in 53/57 (93%) of the  samples and HPV 18  was detected in 47/57

(82.5%) of the samples. Regarding single infections versus co-

infections, HPV 16 was present in 10/57 samples (17.5%), HPV

18 was present in 4/57 samples (7%), and co-infection of HPV

16/18 was  detected in 43/57 samples (75.4%).
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Fig. 1 – HPV types distribution according to

histopathological diagnosis. CIN, cervical intraepithelial

neoplasia I–III; CC, cervical cancer.

Correlations between the type of HPV present and the

histopathological type of the lesions were also examined. Of

the samples diagnosed as CIN I, HPV 16 was  detected in 5/37

(18.5%) of the samples, HPV 18 was detected in  3/37 (8.1%), and

HPV 16/18 was  detected in 29/37 (78.4%). Among the  samples

diagnosed as CIN II, 3/6 (50.0%) presented with HPV 16 and

3/6 (50.0%) were co-infected with HPV 16/18. Among the CIN

III samples, HPV 16 was  present in  1/11 (9.1%) samples, HPV

18 was present in 1/11 (9.1%) samples, while co-infection of

HPV 16/18 was  detected in 9/11 (81.8%) samples. Among the

cervical cancer samples, HPV 16 was  detected in 1/3 (33.3%)

samples and 2/3  (66.7%) samples were co-infected with HPV

16/18 (Fig. 1). There were no statistically significant differences

between the prevalence of single versus combined HPV infec-

tions across the histological strata (p  > 0.05).

In the present study, HPV DNA was  detected in 100% of

the premalignant and malignant lesions that were present in

the cervical biopsy specimens analyzed. This level of preva-

lence is similar to the levels reported by studies conducted in

other countries that also examined paraffin-embedded sam-

ples graded as CIN I–III and cervical cancer: United States

(95%),13 Zambia (94%),14 Ethiopia (93%),15 and Pakistan (88%).16

These findings reinforce the causal role of HPV infections

in developing cervical malignancy5 and the importance of

archival biopsy samples as  a source of material for studies

related to the identification of HPV types.

The prevalence rates of HPV types 16 and 18 in the  present

set of samples were high (93% and 82.5%, respectively), with

HPV 16 being the most frequent genotype identified in all of

the stages of disease that were analyzed. This predominance

of HPV 16 is in agreement with previous studies of various

geographical regions of Brazil17 and populations worldwide.18

Concurrent infections with multiple HPV genotypes in

high-grade lesions of the cervix are a  common finding,

and some studies have shown that women with multiple

infections, particularly those with co-infections involving

oncogenic HPV types, have a  significantly higher risks of

progressing to cervical cancer compared with women with

single infections.19 The following prevalence rates of multiple

HPV genotypes in high-grade squamous intraepithelial lesions

(HSIL) have been reported: 36.9% in  Portugal,20 43.2% in  Costa

Rica,21 52% in Brazil,22 62.5% in  the United States23 and 64.9%

in Pakistan.24 To our knowledge, the present study showed

one of the highest prevalence rates of HPV co-infection (75.4%)

reported, and corroborate with studies that found HPV 16/18 as

a frequent combination of HPV infection found in high-grade

lesions worldwide.18 In contrast, some studies have shown

that other HPV types combinations can be more  frequent than

HPV 16/18. In Portugal, the  rate of co-infections of HPV 16/51

(12.3%) was higher than HPV 16/18 (4.6%). In Campinas (Brazil),

co-infections with HPV 16/58 (12.7%) and HPV 16/52 (8%) were

more  frequent than co-infection with HPV 16/18 (6.7%) in  high-

grade lesions.22

It is noteworthy to mention that the samples analyzed

in the present study is from a region (Canoas city) which

the mortality rate (age-standardized) for cervical cancer in

2008 was higher (8.72/100,000) than the Brazilian popula-

tion (5.12/100,000) in the same year,25 and the global average

(6.8/100,000) in 2012.26 Furthermore, from 1979 to 1998, the

metropolitan area of Porto Alegre, which includes Canoas, had

the highest mean annual mortality rate (9.72/100,000) com-

pared to other meso-regions of the State of RS.27 So, these rates

observed in  the target population suggest a continuum failure

of the cervical cancer screening programs.

In the population screened in the present study, the mean

age was 29.6 years. Similarly, another study reported the mean

age of women infected with two or more  HPV types as 31

years.19 Younger women of this population could be benefited

with the  prophylactic HPV vaccines, thus reducing the burden

of cervical cancer, probably associated to HPV 16  and 18. Future

studies like this in CIN I-III/cervical cancer lesions, using larger

sample and, after HPV vaccination, could be helpful to char-

acterize the oncogenic HPV types and analyze if HPV 16 and

18 are still the most prevalent in this particular region.

In conclusion, the present study showed one of the highest

prevalence of HPV 16  and 18 co-infection in CIN I–III/cervical

cancer lesions reported. In this setting, measures to ensure

better health for the population are urgently needed which

include the advocacy of administration of prophylactic vac-

cines currently available by these two  oncogenic types in

Brazil.

Conflicts  of  interest

The authors have no conflicts of interest.

r  e  f  e  r  e n c e  s

1. Ferlay J, Soerjomataram I,  Dikshit R, et al. Cancer incidence
and mortality worldwide: sources, methods and major
patterns in GLOBOCAN 2012. Int  J Cancer.
2015;136(5):E359–E386.

2. GLOBOCAN – Brazil; 2012. Available from:
http://globocan.iarc.fr/Pages/fact sheets population.aspx
[homepage on the Internet] [updated 2012. Accessed
29.08.17].

3.  INCA – Instituto Nacional do Cancer; 2016. Available from:
http://www.inca.gov.br/estimativa/2016/mapa.asp?ID=5
[homepage on the Internet] [updated 2016; Accessed
29.08.17].

4.  IARC – International Agency for Research on Cancer; 2015.
Available from: http://monographs.iarc.fr/ENG/

http://globocan.iarc.fr/Pages/fact_sheets_population.aspx
http://www.inca.gov.br/estimativa/2016/mapa.asp?ID=5
http://monographs.iarc.fr/ENG/Classification/List_of_Classifications.pdf


b r a z i  l i  a n j o  u r  n a l o f  m  i  c r  o b i  o l  o g y 4 9 S (2 0 1 8)  220–223 223

Classification/List of Classifications.pdf [homepage on the
Internet] [updated July 2017; Accessed 29.08.17].

5.  Bosch FX, Lorincz A,  Muñoz  N, Meijer CJ, Shah KV. The causal
relation between human papillomavirus and cervical cancer.
J  Clin Pathol. 2002;55(4):244–265.

6. ICO – Institut Català d’Oncologia on HPV and Cervical Cancer
(HPV Information Centre). Summary report on HPV and
cervical cancer statistics in Brazil; 2017. Available from:
http://www.hpvcentre.net/statistics/reports/BRA FS.pdf
[homepage on the Internet] [updated 2017; Accessed
29.08.17].

7. Nicol AF, Andrade CV, Russomano FB, Rodrigues LL, Oliveira
NS,  Provance DW Jr. HPV vaccines: a controversial issue? Braz

J  Med Biol Res.  2016;49(5):e5060.
8. Simonato LE, Garcia JF, Nunes CM,  Miyahara GI. Evaluation of

two  methods of DNA extraction from paraffin-embedded
material for PCR amplification. J  Bras Patol Med Lab.
2007;43(2):121–127.

9. Vilanova-Costa CAST, Nóbrega JB, Cruz RSAD. Extração e
purificação de  DNA em material Biológico parafinado.
Estudos, Goiânia.  2008;35(1/2):143–152.

10. De Roda Husman AM, Walboomers JM, van den Brule AJ,
Meijer CJ, Snijders PJ. The use of general primers GP5 and
GP6  elongated at their 3′ ends with adjacent highly
conserved sequences improves human papillomavirus
detection by  PCR. J Gen Virol. 1995;76:1057–1062.

11. Saiki RK, Scharf S,  Faloona F, et al. Enzymatic amplification
of beta-globin genomic sequences and restriction site
analysis for diagnosis of sickle cell anemia. Science.
1985;230(4732):1350–1354.

12. Barcellos RB, Almeida SE, Sperhacke RD, et al. Evaluation of a
novel  microplate colorimetric hybridization genotyping
assay for  human papillomavirus. J  Virol Methods.
2011;177(1):38–43.

13. Bryan JT,  Taddeo F, Skulsky D, et al. Detection of specific
human papillomavirus types in paraffin-embedded sections
of  cervical carcinomas. J Med Virol. 2006;78(1):117–124.

14. Bateman AC, Katundu K, Polepole P, et al. Identification of
human papillomaviruses from formalin-fixed,
paraffin-embedded pre-cancer and invasive cervical cancer
specimens in Zambia: a  cross-sectional study. Virol J.
2015;12:2.

15. Abate E, Aseffa A,  El-Tayeb M, et al. Genotyping of human
papillomavirus in paraffin embedded cervical tissue samples
from women in Ethiopia and the Sudan. J  Med Virol.
2013;85(2):282–287.

16. Gul S, Murad S, Javed A.  Prevalence of high risk Human
Papillomavirus in cervical dysplasia and cancer samples
from twin cities in Pakistan. Int J  Infect Dis. 2015;34:14–19.

17. Rabelo-Santos SH, Zeferino L, Villa LL, Sobrinho JP, Amaral
RG, Magalhães AV. Human papillomavirus prevalence among
women  with cervical intraepithelial neoplasia III  and
invasive cervical cancer from Goiânia, Brazil. Mem Inst

Oswaldo  Cruz. 2003;98(2):181–184.
18. Li  N, Franceschi S, Howell-Jones R, Snijders PJ, 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(4):927–935.

19. Schmitt M, Depuydt C, Benoy I,  et al. Multiple human
papillomavirus infections with high viral loads are
associated with cervical lesions but do not differentiate
grades  of cervical abnormalities. J Clin Microbiol.
2013;51(5):1458–1464.

20. Beca F,  Pinheiro J, Rios E, Pontes P, Amendoeira I.  Genotypes
and prevalence of HPV single and multiple concurrent
infections in women with HSIL. Diagn Cytopathol.
2014;42(11):919–923.

21. Chaturvedi AK, Katki HA, Hildesheim A,  Rodríguez, et al.
Human papillomavirus infection with multiple types:
pattern of coinfection and risk of cervical disease. J  Infect Dis.
2011;203(7):910–920.

22. Resende LS, Rabelo-Santos SH, Sarian LO, et al. A portrait of
single and multiple HPV type infections in Brazilian women
of different age strata with squamous or glandular cervical
lesions. BMC  Infect Dis. 2014;14:214.

23. Wheeler CM, Hunt WC,  Schiffman M, et al. Atypical
squamous cells of undetermined significance/low-Grade
squamous intraepithelial lesions triage study group Human
Papillomavirus genotypes and the  cumulative 2-year risk of
cervical precancer. J Infect Dis. 2006;194(9):1291–1299.

24. Siddiqa A, Zainab M, Qadri I, Bhatti MF, Parish JL. Prevalence
and  genotyping of high risk human papillomavirus in
cervical  cancer samples from Punjab, Pakistan. Viruses.
2014;6(7):2762–2777.

25. Atlas On-line de  Mortalidade. Available from: https://
mortalidade.inca.gov.br/MortalidadeWeb/pages/Modelo08/
consultar.xhtml [homepage on the  Internet] [Accessed
12.03.18].

26. ICO/IARC Information Centre on HPV and Cancer. Disease
burden estimates – cervical cancer – mortality rate. Available
from: http://www.hpvcentre.net/parser.php?xml=M2
Cervical Cancer Mortality Rates&iso=XWX&title=M2
[homepage on the Internet] [updated Nov 2015; Accessed
12.03.18].

27. Kalakun L, Bozzetti MC. Evolution of uterine cervical cancer
mortality from 1979 to 1998 in the  State of Rio Grande do Sul,
Brazil. Cad Saude Publica. 2005;21(1):299–309.

http://monographs.iarc.fr/ENG/Classification/List_of_Classifications.pdf
http://www.hpvcentre.net/statistics/reports/BRA_FS.pdf
https://mortalidade.inca.gov.br/MortalidadeWeb/pages/Modelo08/consultar.xhtml
https://mortalidade.inca.gov.br/MortalidadeWeb/pages/Modelo08/consultar.xhtml
https://mortalidade.inca.gov.br/MortalidadeWeb/pages/Modelo08/consultar.xhtml
http://www.hpvcentre.net/parser.php?xml=M2_Cervical Cancer_Mortality Rates&iso=XWX&title=M2
http://www.hpvcentre.net/parser.php?xml=M2_Cervical Cancer_Mortality Rates&iso=XWX&title=M2

	A high prevalence of human papillomavirus 16 and 18 co-infections in cervical biopsies from southern Brazil
	Introduction
	Conflicts of interest
	References


