
Original Research Article 1 

High risk human papilloma virus genotyping and cervical cytology as screening tests for 2 

cervical cancer in human immunodeficiency virus positive women in Nigeria. 3 

 4 

Abstract 5 

Introduction 6 

The integration of high risk oncogenic strains of human papillomavirus into the genome 7 

of cells in the cervix results in specific cytopathic changes. The propensity for dysplastic 8 

changes is worst in the presence of depressed immunity. 9 

Aim: To compare screening methods by the identification of oncogenic strains of human 10 

papillomavirus (hrHPV) in cervical smears   and the cytopathic changes among human 11 

immunodeficiency virus (HIV) positive patients. 12 

 Study design: Prospective cross-sectional study 13 

Place and duration: Antiretroviral clinic and Cancer screening centre of the University 14 

of Port Harcourt Teaching Hospital, between 24th October- 30th of December, 2014. 15 

Methodology. Eighty -two HIV positive women from the antiretroviral clinic with an 16 

equal number of HIV negative women were recruited as control. The presence of hrHPV 17 

genotypes were identified using real time polymerase chain reaction technique. 18 

Cytological examination of cervical smears was done. The information obtained was 19 

processed using the SPSS version 20 software. Results are presented in tables, test 20 

validity computed, test of significance and association done using student’s t-test and 21 

Odds ratio with P value < 0.05.  22 

Results. HrHPV strains were more common among HIV infected women (P=0.03 OR 23 

3.34 CI 1.03-10.84). High grade intraepithelial neoplasia was significantly associated 24 

with hrHPV (P=0.006,OR 14.75 CI 2.32-93.91). HrHPV genotyping as a screening test 25 



was 88% specific with negative predictive value of 96.7% (CI 0.89-1.0) for determining 26 

high grade intraepithelial lesions 27 

Conclusion: Human immunodeficiency virus infected women are associated with higher 28 

risk of acquiring highly oncogenic strains of HPV. High risk HPV genotyping with high 29 

specificity and negative predictive values in identification of patients with dysplastic 30 

changes should be used as adjunct to cytological screening in HIV positive patients. 31 

 32 
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INTRODUCTION 34 

A large proportion of gynaecological cancer related mortalities have been linked to 35 

cervical cancer in Nigeria and other Sub-Saharan African countries [1,2]. In Asia, similar 36 

epidemiology have been identified [3,4] while converse is the case in Nordic countries 37 

where such mortalities have been reduced significantly by the adoption of organized 38 

screening modalities [5,6]. This unfortunate occurrence in the developing countries had 39 

been linked to the absence and lack of utilization of cervical cancer screening strategies 40 

among the at risk population [7]. 41 

The HIV pandemics largely affect same population of persons within the geographical 42 

entities associated with increased cervical cancer mortality [8,9].  The Nigerian statistics 43 

indicates that about 3.5 million women are living with the human immunodeficiency 44 

virus in Nigeria [10]. The presence of cervical cancer in patients with HIV had been 45 

categorized as an AIDs defining disease by the Centre for Disease Control [11].  This 46 

poses, a public health challenge because with the regular use of antiretroviral therapy, 47 

the life expectancy of patients are prolonged bringing into view the effect of persistent 48 

oncogenic strains of HPV and dysplastic changes culminating in increased incidence of 49 

cervical cancer in this subset[12]. 50 



There are several genotypes of human papilloma virus with each exhibiting different 51 

oncogenic properties [13,14]. High risk strains of human papillomavirus 52 

(16,18,33,35,39,45,51,56,58,59,68) have been linked with a high propensity for 53 

cytological changes associated with moderate to severe dysplasia in the epithelial 54 

tissues, which are precursors to cervical cancer [15]. Spontaneous regression of the HPV 55 

infection is the norm in most patients [16], however persistence of these oncogenic 56 

strains in the cellular matrix results in integration of the HPV genome resulting in 57 

modulation of tumor suppressor proteins such as p53 and Rb culminating  in cytopathic 58 

changes[17].  The persistence rate of high risk oncogenic strain in the cellular matrix 59 

have been shown to be higher in patients with HIV infection [18].  60 

The practice in Nigeria and most developing countries for screening among these highly 61 

susceptible cohort for premalignant transformation is the use of the traditional 62 

papanicolaou Smear [19,20].   Since, late presentation and lack of utilization of screening 63 

modalities had been noted in majority of the population at risk,[8] it is imperative to 64 

look inward for methods that will narrow the population  at risk  and ensure early 65 

diagnosis; bearing in mind that 99% of patients with cervical cancer are associated with 66 

high risk human papilloma virus infection[13-15]. 67 

It is based on the above, that this study seeks to look at high risk human papillomavirus 68 

genotyping and the traditional PAP smear as screening methods for cervical cancer in 69 

women attending the antiretroviral clinic in Port Harcourt, South-South, Nigeria. 70 

Methods/materials  71 

 A cross sectional prospective study on 82 human immunodeficiency virus positive 72 

women from antiretroviral clinic of the University of Port Harcourt Teaching Hospital, 73 

Port Harcourt between 21st October and December 2014 was conducted. All women 74 

between 15 and 70 years were included in the study while women who had total 75 



abdominal hysterectomy, failed to give consent for the study, treated for premalignant 76 

lesion of the cervix, who were adequately immunized against the HPV, women receiving 77 

antineoplastic therapy and those who are not eligible for papanicolaou smear such as 78 

women who were menstruating, had intercourse in the last 48 hours, etc were excluded 79 

from the study. An equal number of human immunodeficiency virus negative women 80 

were recruited from the gynaecological/family planning clinics of the hospital as 81 

control, applying same exclusion and inclusion criteria as the principal. The HIV status 82 

of all patients from the gynaecological and family planning clinics were determined 83 

using the “Determine” rapid diagnostic test kit (Alere medical co Ltd Japan), before 84 

commencement of the research and only those identified as negative were recruited 85 

into the study as control.  86 

The sample size was determined using the Leshe–kish formula for single proportion 87 

[21] with prevalence of human papilloma virus in women in Ibadan, Nigeria used as 88 

reference prevalence[22].  Allowing a precision of 100%, the minimum study population 89 

estimated was 73. A total of 82 persons each were recruited for the study. 90 

 91 

After due counseling on the research, informed consent was obtained and patients were 92 

recruited into the study using simple random sampling technique as they presented 93 

until the required sample size was achieved.  94 

The cervical smears were collected with the cytobrush for Papanicolaou smear and HPV 95 

genotyping. In collecting the sample, the women were placed in lithotomy position, the 96 

cervix was exposed using the bivalve disposable plastic speculum and then inspected. 97 

The cytobrush was introduced into the transformation zone scrapped in a clockwise 98 

manner to 3600.  The specimen for the HPV genotyping was collected in the same 99 

manner using the cytobrush. After collecting the samples, the cytobrush was spun and 100 



the condensate was smeared on an already labeled frosted end glass slide. The smeared 101 

slides were stained using the papanicolaou staining method and stained slides were 102 

reported in the Anatomical Pathology Department of UPTH.  The cytobrush for HPV 103 

serotyping was inserted into an already numbered specimen bottle, which contained a 104 

physiological saline solution. This was then cut short which allowed the specimen bottle 105 

to be covered. All the collected samples were packaged in an ice pack container and 106 

couriered to the Safety Molecular Pathology laboratory at Enugu, which was used for 107 

HPV DNA testing.  108 

The samples were tested using a multiplex PCR method for the detection of 13 different 109 

high risk HPV genotypes namely: 16,18,31,33,35,39,45,51,52,56,58,59 and 61 using the  110 

High pure PCR preparation kit (Roche Diagnostics, United Kingdom) 111 

In determining the HPV genotypes, a PCR mixture was prepared in a tube. The mixture 112 

contained the DNA sample (extracted from the cytobrush scrappings), primers –Gp 168, 113 

my313 and OLis35 (Eurofin, Germany) and reaction buffer from magnesium chloride. 114 

Other contents of the mixture included deoxynucleosides triphosphates (dNTPs) and 115 

Taq DNA polymerase. 116 

DNA-extraction: This was done using the DNA extraction buffer. The cytobrush was 117 

washed in 1.0ml of normal saline, vortex vigorously and centrifuged at 13000rpm for 15 118 

minutes. The supernatant from the tube was removed and discarded. Thereafter, 1.0ml 119 

of normal saline was added and the pellet suspended with the vortex. This was 120 

centrifuged at 13000rpm for 5 minutes. The supernatant was again removed and 121 

discarded. Then 50ul of the DNA extraction buffer was added and the tube and vortex 122 

closed for 10 seconds. This was spun down briefly in a table centrifuge. The tube was 123 

incubated for 10 minutes at 100 degrees centigrade and centrifuged at 13000rpm for 5 124 



minutes. The supernatant, which contained the extracted DNA, was used for PCR 125 

template. 126 

The aliquot mixture was placed into well plates and the plates covered with a microseal 127 

film. The plate was placed in a real-time PCR machine that ran a programme that has 128 

been set up earlier. The programme involved denaturation, annealing and 129 

extension/elongation steps. The initial denaturation was done by heating the mixture to 130 

a temperature of 95 degrees centigrade for 10 minutes. Further heating of the mixture 131 

for about 30 seconds at the same temperature carried out further denaturation. The 132 

annealing step was carried out by cooling the mixture to a temperature between 58 133 

degrees centigrade for 45 seconds. The extension step was achieved by heating the PCR 134 

mixture to a temperature of 72 degrees centigrade. 135 

The above steps were repeated 40 times. This resulted to exponential growth of the 136 

target DNA. DNA amplification was done based on the cleavage points on the E1, E6-E7 137 

and L1 regions of the HPV genome. A billion copies of the DNA of the target fragment 138 

were created over 4 hours. The mixture was heated again to 92 degrees centigrade and 139 

cooled again to 55 to 72 degrees centigrade for 5 minutes in the final extension step. 140 

This step ensured that the remaining single strands are fully extended. The 141 

exponential/amplification to 40 times resulted in 68 billion copies. A hold of the 142 

mixture at 4 degrees centigrade for indefinite time limited the polymerase activity and 143 

made the sample ready for analysis of the HPV DNA genotypes. The PCR was carried out 144 

in a thermal cycler that heated and cooled the reaction tube, which achieved the 145 

required temperature at each step of the reaction.  146 

Information obtained at the end of this study was processed using a computer Software 147 

Statistical Package for Social Science version 20.0 (SPSS Inc; Chicago USA). Frequency 148 

tables were generated and the results tested for significance using student t-test and 149 



chi-square. The validity of the screening tests was assessed by determination of the 150 

sensitivity, specificity and negative predictive values. The risk of acquiring high risk 151 

HPV was estimated with odds ratio. Statistical test of association was carried out at the 152 

level of significance set at P value <0.05 at 95% confidence interval. 153 

Results 154 

The prevalence of high risk human papillomavirus genotypes in HIV positive patients 155 

was 14.6% as against the control of 4.8%. (P=0.03, OR3.34 CI 1.03-10.84). 156 

Among the HIV positive, hrHPV positive patients, 50%(6) had genotypes 18, 25%(3) 157 

genotype 16 while 16.7(2) and 8.3(1) had genotypes 33 and 35 respectively. Among the 158 

control 50% had genotypes 16 and 35 respectively.  159 

Table 2 showed the correlation of hrHPV to cervical intraepithelial lesions. Among the 160 

hrHPV patients 66.7% (8) had normal cytology while 33.3% (4) had high grade 161 

squamous intraepithelial lesions while among the control 72%(59) had normal cytology 162 

2.4% (2) each had LGSIL, HGSIL and AGC respectively while 6.2% had inflammatory 163 

changes on cytology. 164 

Presence of high risk HPV was significantly associated with high grade squamous 165 

intraepithelial lesions (P=0.006,OR 14.75 CI 2.32-93.91) 166 

The sensitivity of the HPV serotyping compared to cytology as a screening test for 167 

cervical cancer was 66.7% with a specificity of 88.1%. The positive predictive value was 168 

33.3% (95% CI 0.09-0.65) with a negative predictive value of 96.7%(95% CI 0.89-1.0) 169 

Discussion 170 

This study identified a three fold increase in the prevalence of high risk oncogenic 171 

strains of HPV among HIV infected women as against the control. This finding is in 172 

agreement with similar studies in Nigeria and other parts of the world which indicate 173 

higher risk [23-25].Regional variations in the prevalence of HPV infections among HIV 174 



positive patient is influenced by socio-sexual risk factors and the place of antiretroviral 175 

therapy [12, 26]. The advent of antiretroviral therapy had prolonged the survival of HIV 176 

positive patients while making the occurrence of HPV related cervical cancer a public 177 

health challenge.  178 

The oncogenic strains identified in the HIV positive group were HPV 18,16,33 and 35 in 179 

descending order of frequency as against that of the control, which identified genotypes 180 

of 16 and 35. The predominance of 18 and 16 tends to conform with the global 181 

prevalence rates [27] as against findings by Nweke et al and sally et al in Nigeria [23, 182 

28] who identified genotypes 31,35, 52 and 53 as predominant among HIV patients.  183 

There is an up to 80% risk of acquisition of the HPV virus in any sexually active female 184 

during her reproductive lifespan [14]   with most having spontaneous regression in the 185 

presence of adequate cellular immunity, however in HIV positive women local 186 

persistence and higher progression rates had been observed to be more 187 

common[29,30]. The impregnation of the HrHPV genome into the cervical epithelium 188 

facilitated by the higher persistence rate causes the cytopathic changes whose 189 

identification formed the basis for the traditional screening method developed by 190 

George Papanicolaou et al in the 1950[31]. 191 

This study showed that patients with hrHPV were observed to have a 15 fold increase in 192 

the risk of having high grade squamous intraepithelial neoplasia, compared to non HIV 193 

patients, which is a precursor with a greater risk of malignant transformation. This 194 

transformation of the impregnated normal cellular matrix to high grade intraepithelial 195 

lesion takes an average of 10 -20years in non immune compromised patients as against 196 

that observed in HIV infected patients which takes a shorter duration. 197 

 The implications of the shorter duration of transformation and the obvious relations 198 

between hrHPV and cervical cancer makes it imperative for steps to be taken for early 199 



detection of at risk patients. In this study, it was observed that 66.7% of all oncogenic 200 

HPV positive patients had normal cytological features, which implies that cytologic 201 

screening alone may not be sufficient to pick patients who are at risk of developing 202 

cervical dysplasia/cancers. This observation was also reported by other investigators 203 

[32, 33]. The high negative predictive value and specificity of HPV genotyping in 204 

determining cytopathic changes noted in the study makes hrHPV genotyping an 205 

important tool in isolating those at less risk of the precursors of cervical cancer and thus 206 

allowing the lean resources of Government to be concentrated on those who are really 207 

at risk. 208 

Thus any modality of screening that identifies the actual group of patients at risk should 209 

be encouraged at any opportunity, these women have contact with health care facilities 210 

creating an avenue for enforcement of the message of more vigilance for cervical cancer.  211 

The lack of use of cervical cancer screening strategies by most Nigerians and the poor 212 

sensitivity of the traditional cervical cytological evaluation of patients brings to the 213 

front burner the need to adopt a screening method that encourages early surveillance 214 

especially in HIV infected patients which the HPV testing offers. 215 

There is need to develop a national cervical cancer screening policy which should 216 

incorporate high risk hrHPV serotyping among high risk population instead of the 217 

commonly used traditional practice of PAP smear. The limitations of PAP smear poor 218 

sensitivity, need for a trained pathologist and inter-observer errors [34] makes it a 219 

draw back as a sole screening modality among HIV positive patients as is currently 220 

practiced in Nigeria and most countries of the world. 221 

This study is limited by the fact that the population studied was hospital based hence 222 

community based study is thus advised, which may be hindered by the cost of hrHPV 223 

genotyping in our environment. 224 



In conclusion, the observations of Ronco et al [35] which identifies HPV screening 225 

ability to improve screening of cervical cancer compared to conventional Pap smear 226 

screening supports the observation of the authors for a possible change of  screening 227 

modality among HIV positive patients. Adoption of this recommendation may reduce 228 

the economic burden on the health sector by narrowing down on the actual persons at 229 

risk and possibly prolonging the interval of PAP smear screening. 230 

 231 

Ethical clearance: Approval for the study was obtained from the Ethics committee of the 232 

University of Port Harcourt Teaching hospital before the commencement of the study. 233 
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TABLES 329 

 330 

Table 1:Distribution of high risk HPV serotypes according to HIV status 331 

 332 

HIV 

status 

                              hrHPV status 

 

 

Negative 

 n(%) 

 

          Positive 

           n(%)  

Total hrHPV 

positive 

 

    n(%) 
 

    16 

 

18 

 

33 

 

35 

Positive 

 82(100) 

 

Negative 

 82(100)  

 

70(85.4) 

 

 

78(92.7) 

 

3(3.7) 

 

 

2(2.4) 

 

6(7.3) 

 

 

- 

 

2(2.4) 

 

 

- 

 

1(1.2) 

 

 

2(2.4) 

 

12(14.6) 

 

 

4(4.8) 

 333 

 334 

Table 2: Correlation of hrHPV to cervical cytological lesions  335 

 336 

hrHPV status                  Cytological changes  

                              n(%) 
 

 

 

 
 

Total 
 

Normal 
 
ASCUS 

 
LGSIL 

 
HGSIL 

 
AGC 

 
IC 

Positive 8(9.8) - - 4(4.8) -  12(14.6) 

Negative  59(72.0)  2(2.4) 2(2.4) 2(2.4) 5(6.2) 70(85.4) 



NB: ASCUS-Atypical squamous cells of unspecified significance; LGSIL- low grade 337 

squamous intraepithelial lesion; HGSIL- High grade squamous intraepithelial neoplasia, 338 

AGC-Atypical glandular cells, IC –inflammatory cells 339 


