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Abstract

Introduction

The burden of HPV-related Head and Neck Cancers (HNC) has been rising in the U.S. and

other developed countries but this trend has not been reported in Africa. Objective of study

was to evaluate the prevalence of HPV infection in HNC cancer cases seen between 1990

and 2011 at the tertiary health care institutions in Nigeria.

Methods

We retrieved 149 head and neck cancer formalin fixed, paraffin embedded tumor speci-

mens diagnosed between 1990 and 2011 from four teaching hospitals in Nigeria. One hun-

dred and twenty-three blocks (83%) contained appropriate HNC for analysis while DNA

extraction was successful in 60% (90/149). PCR amplification was successful in 33% (49/

149) and Linear Array genotyping for HPV was successful in 11% (17/149) of these cases.

These were in tumors from the larynx (6), cervical lymph nodes (3), nasal cavity (2), parotid

(1), palate (1), maxillary sinus (1) and mandible (1). Two cases were non-specific and none

were from the oropharynx. Histologically, 41% (7/17) of the successfully genotyped blocks

were squamous cell carcinomas (larynx 6, maxillary sinus 1).

Results and Conclusion

We were unable to detect HPV in any of the HNC samples in our study. Our result may sug-

gest that there is a low prevalence of HPV-related HNC among the adult population in Nige-

ria. Our results provide a benchmark to compare future incidence of HPV -related HNC in
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this community in future. We had significant analytical challenges from possible poor tissue

processing and urge that future studies should prospectively collect samples and ensure

high quality sample processing.

Introduction
Head and Neck Cancers (HNC) are a significant public health concern globally with worldwide
Age Standardized Incidence Rate (ASR) of 9.1 per 100,000 population according to GLOBO-
CAN 2012 data, 10.7 per 100,000 in the United States and 9.0 per 100,000 population on the
African continent[1]. While the term HNC could be used to refer to any cancer occurring any-
where from the base of the skull to the clavicles, conventionally it typically refers to cancers of
the oral cavity, oropharynx, nasopharynx, hypopharynx, and larynx. Cancers at these locations
account for 3% of all cancers in the United States and 4 percent of all cancers globally [1–4].

Risk factors for HNC include consumption of alcohol and smoking and their joint effect
can be synergistic [5–7]. Other risk factors are infection by oncogenic viruses including
Epstein-Barr Virus (EBV), Human Papilloma Virus (HPV), HIV and Herpes Simplex Virus
(HSV); chewing of betel nut, occupational exposure to toxins, radiation; diet, oral hygiene and
genetic factors[8].

As much as 25% of all cases of HNC globally are related to high risk HPV (hrHPV). Persis-
tent infection with hrHPV is now accepted to be a major risk factor for the development of
HNC, almost exclusively in the oropharynx. According to the International Agency for
Research on Cancer (IARC), HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58 and 59 are car-
cinogenic, and are responsible for all cancers of the cervix and a varying proportion of HNCs
[9]. Of all hrHPV types implicated in HNC, HPV 16 alone is responsible for almost 90% of all
HPV-related oropharyngeal carcinomas, with HPV 18 a distant second [1, 9–14]. HPV-related
HNC is now considered a separate disease entity with different molecular properties, risk fac-
tors, clinical manifestation, treatment and prognosis [15–19].

The incidence of HNC is rising throughout the world and most of this rise is attributed to
increasing prevalence of hrHPV infection [15, 20]. hrHPV is highly transmissible and most
oral infections are cleared within a year[21], although clearance for oral infections depends on
several factors like hrHPV type, gender, number of oral sex partners, age, and smoking status
[22]. The rise in prevalence of oral hrHPV infections has been primarily linked to changing
sexual behaviors particularly the increasingly common practice of oral sex. It has been hypoth-
esized that this is responsible for an increase in incidence of oral hrHPV infection and hrHPV
-related HNC. In addition, high number of oral sex partners, multiple vaginal sex partners,
younger age at sexual debut, anogenital warts and consumption of marijuana have been impli-
cated in the rising incidence of HNC[23].

Studies in the United States have shown that the burden of hrHPV-related Head and Neck
Cancers (HNC) is lower in African Americans compared to white Americans[24–28], and
most of the recent increase in incidence has been seen largely in white Americans[29, 30]. Few
studies have been done to quantify the burden of hrHPV-related HNC in Africans. In this
study, we evaluated the prevalence of hrHPV infection in HNC cases diagnosed at 4 tertiary
health care centers in Nigeria between 1990 and 2011.
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Methods
In this multi-center cross-sectional study in Nigeria, HNC tissue samples fixed using 10% Neu-
tral Buffered Formalin (NBF) and embedded in paraffin blocks were used. We retrieved clinical
data and Formalin Fixed, Paraffin-Embedded (FFPE) blocks of malignant head and neck
tumors diagnosed between 1990 and 2011, from the Pathology Departments of 4 tertiary health
institutions in Nigeria: University of Benin Teaching Hospital (UBTH) and University of Cala-
bar Teaching Hospital (UCTH) in Southern Nigeria; including University of Abuja Teaching
Hospital (UATH) and University of Ilorin Teaching Hospital (UITH)–both in North-central
Nigeria. The tumor blocks were shipped to the United States where pathologists at the Univer-
sity of Maryland Greenebaum Cancer Center reviewed them to confirm the diagnosis. After
confirmation of the histological diagnosis, we took sections from the tumor blocks and
extracted DNA from these sections using QIAamp DNA FFPE Tissue Kit1. We tested for
HPV types using Roche Linear Array1 HPV Genotyping Test according to manufacturer’s
instructions. Ethical approval for study was obtained from the National Health Research Ethics
Committee of Nigeria (NHREC). The study used anonymized data from which patient identifi-
ers had been removed prior to analysis.

Results
Of the 149 tumor blocks retrieved (see Table 1), most, 123 (83%), were eligible for analysis—of
the ineligible 26 blocks, 18 blocks had no identifiable tumors, diagnosis was uncertain for 5
blocks, 2 blocks contained uterine tissue and 1 block contained a pleomorphic adenoma of the
nasal septum. DNA extraction and purification was successful in 60% (90/149) and PCR ampli-
fication was successful in 33% (49/149) and Linear Array genotyping was successful in 11%
(17/149) of these cases (See Table 2). Mean age (SD) of patients in samples tested for HPV
DNA was 43.3 years (20.27), 10 were males, 6 were females; and mean age (SD) of tissues was
4.0 years (1.54), (See Table 3). At histological review of these 17 tumors, 6 were from the larynx,
3 from cervical lymph nodes, 2 from nasal cavity, 1 parotid, 1 palatine, 1 maxillary sinus 1 from
the mandible while 2 were non-specific head and neck cancers (See Table 4). None of the
tumors were from the oropharynx. Morphologically, 41% (7/17) of the successfully genotyped
blocks were squamous cell carcinomas (larynx 6, maxillary sinus 1). None of the cancers were
found to be positive for HPV of any type.

Discussion
In this retrospective study of HNC tumor blocks from 4 referral hospitals in Nigeria, we found
that out of the 149 FFPE blocks available for studies, we did not identify any Oropharyngeal
cancers; HPV genotyping was successful in 17 (11%) cases and none of these were positive for
HPV DNA. We also did not find any tumor that specifically originated from the oropharynx in
this sample. Despite studies from other parts of the world that indicate that the Oropharyngeal
cancers account for a huge proportion of all HPV-related HNC[2, 4], our result suggest that
hrHPV-related HNC has not yet emerged as a significant health burden in the Nigerian popu-
lation. Another study from north-central Nigeria reveals that most of the HNC treated at a ter-
tiary health center there were nasopharyngeal carcinomas while Oropharyngeal cancers were
not as common as expected, accounting for only about 7%[31]. Other reports show a similar
paucity of oropharyngeal carcinomas in Nigeria [32–34].

The low prevalence of hrHPV-related HNC among Nigerians may be due to several factors.
hrHPV -related HNC has been associated with practice of oral sex and the prevalence of this
sexual behavior has been rising among youths and young adults with a recent study showing
that oral sex practice, though widely common, is more prevalent in younger age groups[35–37].
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In the U.S., studies suggest that whites are much more likely to report having had more than 5
oral sex partners than blacks and Hispanics of both sexes; whites are also at least 3 times less
likely than blacks and Hispanics to report never having had oral sex. Consequently, oral hrHPV
infection is commoner among whites compared to African Americans and this may explain the
higher prevalence hrHPV-related HNC in white Americans [37–39].

Furthermore, the practice of oral sex appears to be less common among Africans than in
Americans of any race. Studies on adolescents for example, shows that prevalence of having

Table 1. Characteristics of Samples (N = 149).

Age of Patient in Years

Mean (SD) 43 (20.10)

Gender, n (%)

Male 89(63.60)

Female 51(36.40)

Age of Tissue Blocks in Years

Mean (SD) 6 (3.12)

Site, n (%)

Nasopharynx 26 (18.31)

Larynx 24 (16.90)

Nasal Cavity 21 (14.79)

Cervical Lymph Node 7 (4.93)

Mandible 7 (4.93)

Parotid Gland 6 (4.23)

Sinonasal 5 (3.52)

Thyroid 5 (3.52)

Oral Cavity 6 (4.23)

Palate 4 (2.82)

Oropharynx 3 (2.11)

Parapharynx 3 (2.11)

Lower Lip 2 (1.41)

Maxilla 2 (1.41)

Oesophagus 2 (1.41)

Others 19 (13.38)

Diagnosis, n (%)

Squamous Cell Carcinoma 63 (44.37)

Nasopharyngeal Carcinoma 25 (17.61)

Undifferentiated Carcinoma 6 (4.23)

Ameloblastoma 5 (3.52)

Metastatic Carcinoma 5 (3.52)

Mucoepidermoid Carcinoma 5 (3.52)

Adenoid Cystic Carcinoma 4 (2.82)

Kaposi Sarcoma 4 (2.82)

Anaplastic Carcinoma 3 (2.11)

Burkitt's Lymphoma 3 (2.11)

Papillary Carcinoma 3 (2.11)

Follicular Carcinoma 2 (1.41)

Rhabdomyosarcoma 2 (1.41)

Spindle Cell Carcinoma 2 (1.41)

Others 10 (7.04)

doi:10.1371/journal.pone.0152828.t001
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ever had oral sex for African adolescents ranges from 5.4%, to 13.3% compared with> 75% in
American adolescents, population-wide studies of oral sex behavior in Africans shows a preva-
lence of less than 12% compared with at least 70% in Americans of all ethnicities[37, 38, 40–
43]. The relatively lower prevalence of oral sex practice among Africans may be one reason
why hrHPV -related HNC occurs less frequently in this population.

The difference in incidence of hrHPV -related HNCmay also be related to genetic differ-
ences between Africans and White Americans. Ndiaye et al[44] showed that the burden of
HPV -related HNC is lower in African-Americans than in white Americans, even after control-
ling for sexual behavior and age although this may be due to residual confounding[38]. Conse-
quently, some have suggested that there are innate differences in host-virus interactions
between whites and blacks which may account for differential impact of hrHPV infection on
the etiology of HNC[45]. There is also suggestion that the microbiome may be a factor in per-
sistent HPV infection of the uterine cervix, it is possible that a similar mechanism is at play
with regard to the oral microbiome and oral HPV infection[46].

There was a high prevalence of inadequate tumor samples for molecular biology analysis
and HPV genotyping in this study, which may reflect poor infrastructure for tumor pathology
in Nigeria. A study of HNC FFPE tumor blocks in South African blacks with oropharyngeal
cancer detected HPV DNA in 94.1% of cases [47]. This result differs from previous Africans
studies, including 3 prior studies in South Africa that show prevalence of HPV at 1.4%, 1.5%
and 11.5% [48–50]. Furthermore, a study HNC FFPE tumors from Senegal, found HPV DNA
in only 3.4% of cases[44]. There is no reason to suspect that hrHPV -related tumors would be

Table 2. Outcomes of Molecular Analysis.

Study Site Calabar Illorin Benin Abuja Total

Blocks provided 46 41 28 34 149

Suitable for DNA core 42 32 20 29 123

DNA concentration>1ng/μl 41 25 18 6 90

Genotyping success (attempted) 11 (32) 4 (7) 2 (6) 0 (0) 17 (45)

HPV positive 0 0 0 0 0

doi:10.1371/journal.pone.0152828.t002

Table 3. General Characteristics of Samples Tested for HBV DNA (n = 17).

Study Site Calabar Illorin Benin Total

Gender: M, F 7, 3 2, 2 1, 1 10, 6

Age (years): Mean (SD) 39.2 (19.2) 43.8 (24.0) 62.5 (14.9) 43.3 (20.27)

Age of Tissue Blocks (years): Mean (SD) 5.0 (2.0) 4.0 (1.0) 5.0 (1.0) 4.0 (1.54)

doi:10.1371/journal.pone.0152828.t003

Table 4. Distribution by Anatomical Site and Pathological Diagnosis of Final Sample (n = 17).

Anatomical Site n (%) Pathological Diagnosis n (%)

Larynx 6(35.29) Anaplastic Carcinoma 1 (5.88)

Cervical Lymph Nodes 3(17.65) Squamous Cell Carcinoma 7 (41.17)

Nasal Cavity 2(11.77) Metastatic Carcinoma 2 (11.77)

Palate 1(5.88) Non-Hodgkin Lymphoma 2 (11.77)

Maxillary sinus 1(5.88) Adenoid Cystic Carcinoma 2 (11.77)

Others 4(23.53) Others 3 (17.65)

doi:10.1371/journal.pone.0152828.t004
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more difficult to analyze than HNC that are not associated with hrHPV. Fresh frozen biopsies
would yield better HPV detection rates than FFPE but the logistics of obtaining these types of
tumors in Africa is quite challenging[9]. Other potential challenges of HPV DNA detection
from FFPE include barrier effect of paraffin, DNA cross-linkages due to formaldehyde and tis-
sue fragmentation[51].

There has been significant variation in prevalence of hrHPV-related HNC between studies
that utilized different HPV detection techniques. Higher prevalence of HPV has been reported
in HNC when PCR methods were used instead of in situ hybridization, making it even more
complicated to pool results from several studies[19]. Different assay techniques are available
and all having different levels of sensitivities when used for HPV identification. Results can
also vary depending on the anatomic origin of tumor [52, 53].

Our study suffers from several limitations. The quality of fixation was suboptimal in a sig-
nificant proportion of the tumor blocks and DNA detection (tumor availability, DNA recovery,
purification, amplification and genotyping) was not successful for many samples. Attempts to
repair formaldehyde-induced DNA damage did not yield meaningful success. Future studies of
HNC and hrHPV -related HNC in Nigeria should be done prospectively and processed in
good quality laboratories with standard QA/QC procedures in order to ensure that the result-
ing tumor blocks are amenable to molecular biology studies. Our sample size was small and
this may be a reflection of the low incidence of HNC in our population. Many patients may
also present late or do not present at all to hospital and die before a definitive diagnosis of
HNC is made[54].

In conclusion, we did not find any case of hrHPV-related HNC in our sample. While this is
probably a result of low prevalence of HPV-related HNC, our results should be interpreted cau-
tiously because of the small effective sample size and low DNA yield.

Supporting Information
S1 Table. Dataset.
(XLSX)

Acknowledgments
We especially thank Ms. Yinka Owoade and Mr. Jesse James of the Institute of Human Virol-
ogy Nigeria (IHVN) for their support in carrying out this work.

Author Contributions
Conceived and designed the experiments: EAO LMS BSA DO AU IAB GE OO TA SNA PD
KC CAA. Performed the experiments: EAO LMS KC CAA. Analyzed the data: EAO LMS BSA
DO AU IAB GE OO TA SNA PD KC CAA. Contributed reagents/materials/analysis tools:
EAO LMS BSA DO AU IAB GE OO PD KC CAA. Wrote the paper: EAO LMS BSA DO AU
IAB GE OO TA SNA PD KC CAA.

References
1. Ferlay J, Soerjomataram I, Ervik M, Dikshit R, Eser S, Mathers C, et al. GLOBOCAN 2012 v1. 0, Cancer

Incidence and Mortality Worldwide: IARC CancerBase No. 11. Lyon, France: International Agency for
Research on Cancer; 2013. Visit: http://globocan.iarc.fr. 2014.

2. Chai RC, Lambie D, Verma M, Punyadeera C. Current trends in the etiology and diagnosis of HPV-
related head and neck cancers. Cancer Med. 2015. doi: 10.1002/cam4.424 PMID: 25644715.

3. Diaz EM Jr, Sturgis EM, Laramore GE, Sabichi AL, Lippman SM, Clayman G. Neoplasms of the Head
and Neck. In: Kufe DW, Pollock RE, Weichselbaum RR, et al. editors. Holland-Frei Cancer Medicine.

Paucity of HPV-Related Head and Neck Cancers (HNC) in Nigeria

PLOS ONE | DOI:10.1371/journal.pone.0152828 April 6, 2016 6 / 9

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0152828.s001
http://globocan.iarc.fr
http://dx.doi.org/10.1002/cam4.424
http://www.ncbi.nlm.nih.gov/pubmed/25644715


6th edition. Hamilton (ON): BC Decker; 2003. Chapter 90. Available from: http://www.ncbi.nlm.nih.
gov/books/NBK12895/.

4. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global cancer statistics. CA Cancer J Clin.
2011; 61(2):69–90. doi: 10.3322/caac.20107 PMID: 21296855.

5. Sturgis EM, Cinciripini PM. Trends in head and neck cancer incidence in relation to smoking preva-
lence: an emerging epidemic of human papillomavirus-associated cancers? Cancer. 2007; 110
(7):1429–35. doi: 10.1002/cncr.22963 PMID: 17724670.

6. Mashberg A, Boffetta P, Winkelman R, Garfinkel L. Tobacco smoking, alcohol drinking, and cancer of
the oral cavity and oropharynx among U.S. veterans. Cancer. 1993; 72(4):1369–75. PMID: 8339227.

7. Marron M, Boffetta P, Zhang ZF, Zaridze D, Wünsch-Filho V, Winn DM, et al. Cessation of alcohol
drinking, tobacco smoking and the reversal of head and neck cancer risk. Int J Epidemiol. 2010; 39
(1):182–96. doi: 10.1093/ije/dyp291 PMID: 19805488; PubMed Central PMCID: PMCPMC2817090.

8. Stenson KM, Brockstein BE, Ross ME. Epidemiology and risk factors for head and neck cancer. UpTo-
Date; 2014.

9. IARCWorking Group on the Evaluation of Carcinogenic Risks to Humans. International Agency for
Research on Cancer. Human papillomaviruses. Lyon, France. Geneva, Switzerland: World Health
Organization. Distributed byWHO Press; 2007. viii, 670 p. p.

10. Boscolo-Rizzo P, Del Mistro A, Bussu F, Lupato V, Baboci L, Almadori G, et al. New insights into
human papillomavirus-associated head and neck squamous cell carcinoma. Acta Otorhinolaryngol Ital.
2013; 33(2):77–87. PMID: 23853396; PubMed Central PMCID: PMCPMC3665382.

11. Monk BJ, Tewari KS. The spectrum and clinical sequelae of human papillomavirus infection. Gynecol
Oncol. 2007; 107(2 Suppl 1):S6–13. PMID: 18499914.

12. Bouvard V, Baan R, Straif K, Grosse Y, Secretan B, El Ghissassi F, et al. A review of human carcino-
gens—Part B: biological agents. Lancet Oncol. 2009; 10(4):321–2. PMID: 19350698.

13. Kreimer AR, Clifford GM, Boyle P, Franceschi S. Human papillomavirus types in head and neck squa-
mous cell carcinomas worldwide: a systematic review. Cancer Epidemiol Biomarkers Prev. 2005; 14
(2):467–75. doi: 10.1158/1055-9965.EPI-04-0551 PMID: 15734974.

14. Friedman JM, Stavas MJ, Cmelak AJ. Clinical and scientific impact of human papillomavirus on head
and neck cancer. World J Clin Oncol. 2014; 5(4):781–91. doi: 10.5306/wjco.v5.i4.781 PMID:
25302178; PubMed Central PMCID: PMCPMC4129541.

15. Joseph AW, D'Souza G. Epidemiology of human papillomavirus-related head and neck cancer. Otolar-
yngol Clin North Am. 2012; 45(4):739–64. doi: 10.1016/j.otc.2012.04.003 PMID: 22793850.

16. Betiol J, Villa LL, Sichero L. Impact of HPV infection on the development of head and neck cancer. Braz
J Med Biol Res. 2013; 46(3):217–26. PMID: 23532264; PubMed Central PMCID: PMCPMC3854371.

17. Licitra L, Zigon G, Gatta G, Sánchez MJ, Berrino F, Group EW. Human papillomavirus in HNSCC: a
European epidemiologic perspective. Hematol Oncol Clin North Am. 2008; 22(6):1143–53, vii–viii. doi:
10.1016/j.hoc.2008.10.002 PMID: 19010264.

18. Ndiaye C, Mena M, Alemany L, Arbyn M, Castellsagué X, Laporte L, et al. HPV DNA, E6/E7 mRNA,
and p16INK4a detection in head and neck cancers: a systematic review and meta-analysis. Lancet
Oncol. 2014; 15(12):1319–31. doi: 10.1016/S1470-2045(14)70471-1 PMID: 25439690.

19. Lajer CB, von Buchwald C. The role of human papillomavirus in head and neck cancer. APMIS. 2010;
118(6–7):510–9. doi: 10.1111/j.1600-0463.2010.02624.x PMID: 20553531.

20. Psyrri A, Gouveris P, Vermorken JB. Human papillomavirus-related head and neck tumors: clinical and
research implication. Curr Opin Oncol. 2009; 21(3):201–5. PMID: 19370803.

21. Kreimer AR, Pierce Campbell CM, Lin HY, Fulp W, Papenfuss MR, Abrahamsen M, et al. Incidence
and clearance of oral human papillomavirus infection in men: the HIM cohort study. Lancet. 2013; 382
(9895):877–87. doi: 10.1016/S0140-6736(13)60809-0 PMID: 23827089; PubMed Central PMCID:
PMCPMC3904652.

22. Beachler DC, Sugar EA, Margolick JB, Weber KM, Strickler HD, Wiley DJ, et al. Risk factors for acquisi-
tion and clearance of oral human papillomavirus infection among HIV-infected and HIV-uninfected
adults. Am J Epidemiol. 181. United States: The Author 2014. Published by Oxford University Press on
behalf of the Johns Hopkins Bloomberg School of Public Health For permissions, please e-mail: jour-
nals.permissions@oup.com; 2015. p. 40–53. doi: 10.1093/aje/kwu247 PMID: 25480823

23. Tribius S, HoffmannM. Human papilloma virus infection in head and neck cancer. Dtsch Arztebl Int.
2013; 110(11):184–90, 90e1. doi: 10.3238/arztebl.2013.0184 PMID: 23555322; PubMed Central
PMCID: PMCPMC3608229.

24. Chernock RD, Zhang Q, El-Mofty SK, ThorstadWL, Lewis JS. Human papillomavirus-related squa-
mous cell carcinoma of the oropharynx: a comparative study in whites and African Americans. Arch

Paucity of HPV-Related Head and Neck Cancers (HNC) in Nigeria

PLOS ONE | DOI:10.1371/journal.pone.0152828 April 6, 2016 7 / 9

http://www.ncbi.nlm.nih.gov/books/NBK12895/
http://www.ncbi.nlm.nih.gov/books/NBK12895/
http://dx.doi.org/10.3322/caac.20107
http://www.ncbi.nlm.nih.gov/pubmed/21296855
http://dx.doi.org/10.1002/cncr.22963
http://www.ncbi.nlm.nih.gov/pubmed/17724670
http://www.ncbi.nlm.nih.gov/pubmed/8339227
http://dx.doi.org/10.1093/ije/dyp291
http://www.ncbi.nlm.nih.gov/pubmed/19805488
http://www.ncbi.nlm.nih.gov/pubmed/23853396
http://www.ncbi.nlm.nih.gov/pubmed/18499914
http://www.ncbi.nlm.nih.gov/pubmed/19350698
http://dx.doi.org/10.1158/1055-9965.EPI-04-0551
http://www.ncbi.nlm.nih.gov/pubmed/15734974
http://dx.doi.org/10.5306/wjco.v5.i4.781
http://www.ncbi.nlm.nih.gov/pubmed/25302178
http://dx.doi.org/10.1016/j.otc.2012.04.003
http://www.ncbi.nlm.nih.gov/pubmed/22793850
http://www.ncbi.nlm.nih.gov/pubmed/23532264
http://dx.doi.org/10.1016/j.hoc.2008.10.002
http://www.ncbi.nlm.nih.gov/pubmed/19010264
http://dx.doi.org/10.1016/S1470-2045(14)70471-1
http://www.ncbi.nlm.nih.gov/pubmed/25439690
http://dx.doi.org/10.1111/j.1600-0463.2010.02624.x
http://www.ncbi.nlm.nih.gov/pubmed/20553531
http://www.ncbi.nlm.nih.gov/pubmed/19370803
http://dx.doi.org/10.1016/S0140-6736(13)60809-0
http://www.ncbi.nlm.nih.gov/pubmed/23827089
http://dx.doi.org/10.1093/aje/kwu247
http://www.ncbi.nlm.nih.gov/pubmed/25480823
http://dx.doi.org/10.3238/arztebl.2013.0184
http://www.ncbi.nlm.nih.gov/pubmed/23555322


Otolaryngol Head Neck Surg. 2011; 137(2):163–9. doi: 10.1001/archoto.2010.246 PMID: 21339403;
PubMed Central PMCID: PMCPMC3863596.

25. Haraf DJ, Nodzenski E, Brachman D, Mick R, Montag A, Graves D, et al. Human papilloma virus and
p53 in head and neck cancer: clinical correlates and survival. Clin Cancer Res. 1996; 2(4):755–62.
PMID: 9816227.

26. Weinberger PM, Merkley MA, Khichi SS, Lee JR, Psyrri A, Jackson LL, et al. Human papillomavirus-
active head and neck cancer and ethnic health disparities. Laryngoscope. 2010; 120(8):1531–7. doi:
10.1002/lary.20984 PMID: 20564751; PubMed Central PMCID: PMCPMC3051373.

27. Wang XI, Thomas J, Zhang S. Changing trends in human papillomavirus-associated head and neck
squamous cell carcinoma. Ann Diagn Pathol. 2012; 16(1):7–12. doi: 10.1016/j.anndiagpath.2011.07.
003 PMID: 22001331.

28. Settle K, Posner MR, Schumaker LM, Tan M, SuntharalingamM, Goloubeva O, et al. Racial survival
disparity in head and neck cancer results from low prevalence of human papillomavirus infection in
black oropharyngeal cancer patients. Cancer Prevention Research. 2009; 2(9):776–81. doi: 10.1158/
1940-6207.CAPR-09-0149 PMID: 19641042

29. Chaturvedi AK, Engels EA, AndersonWF, Gillison ML. Incidence trends for human papillomavirus-
related and -unrelated oral squamous cell carcinomas in the United States. J Clin Oncol. 2008; 26
(4):612–9. doi: 10.1200/JCO.2007.14.1713 PMID: 18235120.

30. Colevas AD. Population-based evaluation of incidence trends in oropharyngeal cancer focusing on
socioeconomic status, sex, and race/ethnicity. Head Neck. 2014; 36(1):34–42. doi: 10.1002/hed.23253
PMID: 23633438.

31. Adeyi A, Olugbenga S. The challenges of managing malignant head and neck tumors in a tropical ter-
tiary health center in Nigeria. Pan Afr Med J. 2011; 10:31. Epub 2011/12/22. PMID: 22187613; PubMed
Central PMCID: PMCPMC3240933.

32. Otoh EC, Johnson NW, Danfillo IS, Adeleke OA, Olasoji HA. Primary head and neck cancers in North
Eastern Nigeria. West Afr J Med. 2004; 23(4):305–13. PMID: 15730089.

33. Nwawolo CC, Ajekigbe AT, Oyeneyin JO, Nwankwo KC, Okeowo PA. Pattern of head and neck can-
cers among Nigerians in Lagos. West Afr J Med. 2001; 20(2):111–6. PMID: 11768008.

34. Ologe FE, Adeniji KA, Segun-Busari S. Clinicopathological study of head and neck cancers in Ilorin,
Nigeria. Trop Doct. 2005; 35(1):2–4. PMID: 15712528.

35. Rettig E, Kiess AP, Fakhry C. The role of sexual behavior in head and neck cancer: implications for pre-
vention and therapy. Expert Rev Anticancer Ther. 2015; 15(1):35–49. doi: 10.1586/14737140.2015.
957189 PMID: 25193346.

36. Gillison ML, D'Souza G, Westra W, Sugar E, XiaoW, Begum S, et al. Distinct Risk Factor Profiles for
Human Papillomavirus Type 16–Positive and Human Papillomavirus Type 16–Negative Head and
Neck Cancers. Journal of the National Cancer Institute. 2008; 100(6):407–20. doi: 10.1093/jnci/djn025
PMID: 18334711

37. D'Souza G, Cullen K, Bowie J, Thorpe R, Fakhry C. Differences in oral sexual behaviors by gender,
age, and race explain observed differences in prevalence of oral human papillomavirus infection. PLoS
One. 2014; 9(1):e86023. doi: 10.1371/journal.pone.0086023 PMID: 24475067; PubMed Central
PMCID: PMCPMC3901667.

38. Leichliter JS, Chandra A, Liddon N, Fenton KA, Aral SO. Prevalence and correlates of heterosexual
anal and oral sex in adolescents and adults in the United States. J Infect Dis. 2007; 196(12):1852–9.
doi: 10.1086/522867 PMID: 18190267.

39. Sanders AE, Slade GD, Patton LL. National prevalence of oral HPV infection and related risk factors in
the U.S. adult population. Oral Dis. 2012; 18(5):430–41. doi: 10.1111/j.1601-0825.2011.01892.x PMID:
22251072.

40. Bamidele JO, Abodunrin OL, AdebimpeWO. Sexual behavior and risk of HIV/AIDS among adolescents
in public secondary schools in Osogbo, Osun State, Nigeria. International journal of adolescent medi-
cine and health. 2009; 21(3):387–94. PMID: 20014641

41. Cherie A, Berhane Y. Oral and anal sex practices among high school youth in Addis Ababa, Ethiopia.
BMC Public Health. 12. England 2012. p. 5. doi: 10.1186/1471-2458-12-5 PMID: 22216887

42. Kazaura MR, Masatu MC. Sexual practices among unmarried adolescents in Tanzania. BMC Public
Health. 9. England 2009. p. 373. doi: 10.1186/1471-2458-9-373 PMID: 19804651

43. Kerwin JT, Thornton RL, Foley SM. Prevalence of and factors associated with oral sex among rural and
urban Malawian men. International Journal of Sexual Health. 2014; 26(1):66–77.

44. Ndiaye C, Alemany L, Diop Y, Ndiaye N, Diémé MJ, Tous S, et al. The role of human papillomavirus in
head and neck cancer in Senegal. Infect Agent Cancer. 2013; 8(1):14. doi: 10.1186/1750-9378-8-14
PMID: 23594504; PubMed Central PMCID: PMCPMC3637397.

Paucity of HPV-Related Head and Neck Cancers (HNC) in Nigeria

PLOS ONE | DOI:10.1371/journal.pone.0152828 April 6, 2016 8 / 9

http://dx.doi.org/10.1001/archoto.2010.246
http://www.ncbi.nlm.nih.gov/pubmed/21339403
http://www.ncbi.nlm.nih.gov/pubmed/9816227
http://dx.doi.org/10.1002/lary.20984
http://www.ncbi.nlm.nih.gov/pubmed/20564751
http://dx.doi.org/10.1016/j.anndiagpath.2011.07.003
http://dx.doi.org/10.1016/j.anndiagpath.2011.07.003
http://www.ncbi.nlm.nih.gov/pubmed/22001331
http://dx.doi.org/10.1158/1940-6207.CAPR-09-0149
http://dx.doi.org/10.1158/1940-6207.CAPR-09-0149
http://www.ncbi.nlm.nih.gov/pubmed/19641042
http://dx.doi.org/10.1200/JCO.2007.14.1713
http://www.ncbi.nlm.nih.gov/pubmed/18235120
http://dx.doi.org/10.1002/hed.23253
http://www.ncbi.nlm.nih.gov/pubmed/23633438
http://www.ncbi.nlm.nih.gov/pubmed/22187613
http://www.ncbi.nlm.nih.gov/pubmed/15730089
http://www.ncbi.nlm.nih.gov/pubmed/11768008
http://www.ncbi.nlm.nih.gov/pubmed/15712528
http://dx.doi.org/10.1586/14737140.2015.957189
http://dx.doi.org/10.1586/14737140.2015.957189
http://www.ncbi.nlm.nih.gov/pubmed/25193346
http://dx.doi.org/10.1093/jnci/djn025
http://www.ncbi.nlm.nih.gov/pubmed/18334711
http://dx.doi.org/10.1371/journal.pone.0086023
http://www.ncbi.nlm.nih.gov/pubmed/24475067
http://dx.doi.org/10.1086/522867
http://www.ncbi.nlm.nih.gov/pubmed/18190267
http://dx.doi.org/10.1111/j.1601-0825.2011.01892.x
http://www.ncbi.nlm.nih.gov/pubmed/22251072
http://www.ncbi.nlm.nih.gov/pubmed/20014641
http://dx.doi.org/10.1186/1471-2458-12-5
http://www.ncbi.nlm.nih.gov/pubmed/22216887
http://dx.doi.org/10.1186/1471-2458-9-373
http://www.ncbi.nlm.nih.gov/pubmed/19804651
http://dx.doi.org/10.1186/1750-9378-8-14
http://www.ncbi.nlm.nih.gov/pubmed/23594504


45. Ji X, Sturgis EM, Zhao C, Etzel CJ, Wei Q, Li G. Association of p73 G4C14-to-A4T14 polymorphism
with human papillomavirus type 16 status in squamous cell carcinoma of the head and neck in non-His-
panic whites. Cancer. 2009; 115(8):1660–8. doi: 10.1002/cncr.24184 PMID: 19197996; PubMed Cen-
tral PMCID: PMCPMC2668747.

46. Dareng E, Ma B, Famooto A, Akarolo-Anthony S, Offiong R, Olaniyan O, et al. Prevalent high-risk HPV
infection and vaginal microbiota in Nigerian women. Epidemiology and infection. 2015:1–15.

47. Paquette C, Evans MF, Meer SS, Rajendran V, Adamson CS, Cooper K. Evidence that alpha-9 human
papillomavirus infections are a major etiologic factor for oropharyngeal carcinoma in black South Afri-
cans. Head Neck Pathol. 2013; 7(4):361–72. doi: 10.1007/s12105-013-0453-0 PMID: 23797844;
PubMed Central PMCID: PMCPMC3824804.

48. Van Rensburg EJ, Van HeerdenW, Venter E, Raubenheimer E. Detection of human papillomavirus
DNA with in situ hybridisation in oral squamous carcinoma in a rural black population. 1995.

49. Van Rensburg E, Engelbrecht S, Van HeerdenW, Raubennheimer E, Schoub B. Human papillomavi-
rus DNA in oral squamous cell carcinomas from an African population sample. Anticancer research.
1995; 16(2):969–73.

50. Boy S, Rensburg EJV, Engelbrecht S, Dreyer L, Heerden M, HeerdenW. HPV detection in primary
intra‐oral squamous cell carcinomas—commensal, aetiological agent or contamination? Journal of oral
pathology & medicine. 2006; 35(2):86–90.

51. Steinau M, Patel SS, Unger ER. Efficient DNA extraction for HPV genotyping in formalin-fixed, paraffin-
embedded tissues. J Mol Diagn. 2011; 13(4):377–81. doi: 10.1016/j.jmoldx.2011.03.007 PMID:
21704270; PubMed Central PMCID: PMCPMC3123789.

52. Schlecht NF, Brandwein-Gensler M, Nuovo GJ, Li M, Dunne A, Kawachi N, et al. A comparison of clini-
cally utilized human papillomavirus detection methods in head and neck cancer. Mod Pathol. 24.
United States 2011. p. 1295–305. doi: 10.1038/modpathol.2011.91 PMID: 21572401

53. Braakhuis BJ, Brakenhoff RH, Meijer CJ, Snijders PJ, Leemans CR. Human papilloma virus in head
and neck cancer: the need for a standardised assay to assess the full clinical importance. Eur J Cancer.
2009; 45(17):2935–9. doi: 10.1016/j.ejca.2009.08.018 PMID: 19766476.

54. da Lilly-Tariah OB, Somefun AO, AdeyemoWL. Current evidence on the burden of head and neck can-
cers in Nigeria. Head Neck Oncol. 2009; 1:14. doi: 10.1186/1758-3284-1-14 PMID: 19476614; PubMed
Central PMCID: PMCPMC2694192.

Paucity of HPV-Related Head and Neck Cancers (HNC) in Nigeria

PLOS ONE | DOI:10.1371/journal.pone.0152828 April 6, 2016 9 / 9

http://dx.doi.org/10.1002/cncr.24184
http://www.ncbi.nlm.nih.gov/pubmed/19197996
http://dx.doi.org/10.1007/s12105-013-0453-0
http://www.ncbi.nlm.nih.gov/pubmed/23797844
http://dx.doi.org/10.1016/j.jmoldx.2011.03.007
http://www.ncbi.nlm.nih.gov/pubmed/21704270
http://dx.doi.org/10.1038/modpathol.2011.91
http://www.ncbi.nlm.nih.gov/pubmed/21572401
http://dx.doi.org/10.1016/j.ejca.2009.08.018
http://www.ncbi.nlm.nih.gov/pubmed/19766476
http://dx.doi.org/10.1186/1758-3284-1-14
http://www.ncbi.nlm.nih.gov/pubmed/19476614

