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ABSTRACT 

In this pilot study we investigated the prevalence of HPV in vaginal and vulvar squamous cell 

carcinomas collected from the pathology department in Maputo Central Hospital in 

Mozambique. Vaginal and vulvar carcinomas are rare gynecological malignancies that to 

some extant are HPV induced. HPV prevalence in anogenital cancers is higher in the sub-

Saharan area compared to the rest of the world due to the generally high STI prevalence.     

In this series of vaginal and vulvar SCC (n=44), we found that 75 % and 81.3 % respectively 

were positive for HPV using a specific genotyping method. A general multi primer method 

instead showed lower percentage of positives with 37.5 % for the vaginal samples and 57.1 % 

for the vulvar samples. This difference in HPV positives between methods is statistically 

significant.     

The most common genotypes in both the vaginal and the vulvar series were hr HPV 16 and 

33. The lr HPV 6 and 11 were also found in several samples. Double infections were found in 

20.6 % of the cases in total.  

Results in prevalence of HPV, genotype distribution and amount of double infections differs 

from result from studies in other parts of the world made in vulvar and vaginal SCC which 

makes it interesting to continue this project further.    
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Abbreviations: 

VSCC - Vulvar squamous cell carcinomas  

SCC – Squamous cell carcinomas 

HPV - Human papillomavirus 

E genes – early genes 

L genes – late genes 

LCR - long control region 

Hr HPV - high-risk HPV  

Lr HPV - low-risk HPV 

VIN – Vulvar intraepithelial neoplasia  

VAIN – Vaginal intraepithelial neoplasia  

TSG - tumor suppressor genes  

P53 - tumor protein 53  

pRb - retinoblastoma protein 

SSA - Sub-Saharan Africa 

PCR – Polymerase chain reaction  

RT-PCR – Real time polymerase chain reaction  

FFPE - Formalin fixed paraffin embedded  

MGP -   Modified general prime
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BACKGROUND 

Vaginal and vulvar cancer constitute a small part of the genital cancer cases and represents 

only about 2 % and 5 % of all genital cancer (1,2). Both vaginal and vulvar carcinomas are 

usually squamous cell carcinomas (SCC). The vulvar squamous cell carcinomas (VSCC) can 

be divided in two different types; the basaloid and warty kind that are found in younger 

women and the more rare keratinizing type that is typically found in older women. The 

basaloid and the warty kind of VSCC is associated with vulvar intraepithelial neoplasia that in 

turn is associated with human papilloma virus (HPV) infection; this does not apply in the 

same extent for the keratinizing kind that has a low HPV prevalence (3). 

Vaginal and vulvar cancer can both be staged by the FIGO-classification system identifying 

the spread of the tumor in different stages which depends of localization and size. Lymph 

node status and metastasis of the tumor is important information for staging.  

Lymph node status is a critical prognostic factor for vulvar cancer whereas the stage of the 

stage of the tumor is the most important prognostic factor for vaginal cancer. Vulvar cancer is 

primarily treated with surgery and in some cases with preoperative radiotherapy and vaginal 

cancer is primarily treated with radiotherapy and in some cases surgery (4).   

Anogenital cancer and human papilloma virus infections 

Anogenital cancers have for some time been known to be associated with HPV infection and 

cervical cancer is with few exceptions a result of a persistent HPV infection (5). Vaginal and 

vulvar carcinomas and their precursor lesions vulvar- and vaginal intraepithelial neoplasia 

(VIN and VAIN) are not as strongly related to HPV infections as cervical carcinomas. 

Vaginal and vulvar carcinomas were in a meta-analysis including all published data 

worldwide by De Vuyst et al shown to have a HPV prevalence of 40.4 % in vulvar carcinoma 

and 69.9 % in vaginal carcinoma (6).  

Human papillomavirus is a small double stranded DNA virus and in humans over 100 

different genotypes have been found. HPV is primarily considered a sexually transmitted 

virus and can also be transmitted from mother to child at the time of birth. Virus in the 

papillomaviridae family can infect epithelia in both skin and mucosal areas. The circular HPV 

genome is contained in a capsid and only one of the DNA stands are transcribed. 
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The genome consists of an early (E) gene region with genes coding for proteins with non-

structural functions, the late (L) gene region with genes coding for proteins forming the capsid 

and the non-coding region in between called the non-coding long control region (LCR) that 

regulates the viral gene expression and replication (7).  

Different HPV genotypes infect cutaneous and mucosal areas and the mucosal HPVs are 

divided into two groups; high-risk HPVs (hr HPV) and low-risk HPVs (lr HPV) depending on 

their ability to evoke malignant transformation. The lr HPVs which include the common types 

6 and 11 and the more rare type 42 are associated with genital warts, also called condylomas. 

Neoplastic lesions are rarely caused by the lr HPV genotypes and are more commonly 

associated with the hr HPVs such as type 16, 18, 31, 33 and 45 (8,9). 

The HPV genotypes most frequently found in vulvar and vaginal carcinomas are genotypes 

16, 33 and 18 in vulvar carcinomas and 16, 18 and 31 in vaginal carcinomas according to the 

results from the meta-analysis by De Vuyst et al (6). 

 

During infection the virus gains access to the epithelial basal layer where it enters the basal 

cells and is stored in the cytoplasm as a stabile episome and divide with the cellular DNA. 

The viral DNA, initially in low numbers, follows the differentiating epithelial cells as they 

migrate upwards to the epithelial top layer and increase in count while doing this by using the 

cellular replication system. The increase in virus count affects the normal lifecycle of the cell 

(7). When the epithelial cells leave the basal layer the normal cells do not divide, since the 

HPV virus need the host cell replication system to be active to enable viral DNA replication 

the E6 and E7 genes stimulate the host cell to re-enter the cell cycle (3).       

The HPV oncogenes HPV E6 and E7 have the ability to down regulate the tumor suppressor 

genes (TSG) tumor protein 53 (p53) and retoblastoma protein (pRb) which leads to increased 

cell immortalization because of the disruption of normal cell-cycle activity (figure 1) (9). 
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Figure 1. Show HPV infection and cervical cancer development. During infection the virus enters into 
the epithelial basal cells and the DNA get stored in the cytoplasm. Viral DNA is replicated with the 
cellular DNA and follows the differentiating epithelial cells upwards to the epithelial top layer.  The 
HPV oncogenes HPV E6 and E7 have the ability to down regulate the host tumor suppressor genes 
which leads to increased cell immortalization because of the disruption of normal cell-cycle activity. 
Source: Perez-plasencia et al; licensee BioMed central ltd, www.intarchmed.com 
 

 

PRb controls the transition of the cell cycle from G1 phase to S phase. Unphosphorylated pRb 

bind and inactivates E2F transcription factors, when phosphorylated the pRb releases the E2F 

that is needed for the transition of G1 to S phase. 

P53 protein monitors activity in the cell, at any sign of metabolic disorder or genetic damage 

P53 is activated. Activated P53 leads to cell cycle arrest and depending on the type of damage 

reparation can be made or the cell is put into apoptosis (10).  

    

The immortalization of the host epithelial cells by E6 and E7 is highly active in the hr HPV 

while the lr HPVs demonstrate week immortalization activity. 

Integration of the HPV into the host cell-genome is frequently found in cases with invasive 

cancer. When integrated the HPV genome loses a part of the HPV E2 gene that regulates the 

E6 and E7 genes and this results in higher expression of E6 and E7 and increased risk of 

developing neoplasia (3,9).         

 

http://www.intarchmed.com/
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Both women and men can be asymptomatic carriers of HPV and the half-life of an HPV-

infection has been estimated to approximately 8-10 months for the hr HPVs and about half the 

time for the lr HPVs.  

Most of the HPV-infections in women will spontaneously resolve and only a small fraction of 

women become chronic carriers. Other parameters can affect the development and persistence 

of the HPV infection in a host; a few of these are other infections like chlamydia or herpes 

and the immune status in the host (8,9). 

A compromised immune status as a result of an HIV-infection or other reason can cause 

increased rates of HPV infections with increased severity and duration which can lead to 

development of HPV-related benign or malign tumors.   

Premalignant and malignant HPV-related lesions are more common in immunocompromised 

hosts and studies have shown that HIV-positive women have a 29 times increased risk of 

developing vulvar intraepithelial neoplasia.  

Infection with multiple HPV genotypes can occur and studies have indicated that an infection 

of more than one HPV genotype can prolong the duration of the infection. Multiple HPV 

infections are more commonly found in immunocompromised hosts than in general(9).   

 

Human papillomavirus prevalence in sub-Saharan Africa  

Sexually transmitted infections (STIs) are a serious health problem in Mozambique and the 

whole of sub-Saharan Africa (SSA). The prevalence of STIs in general is high, among them 

HIV and HPV, as can be seen in the high incidence of cervical cancer in this area that is the 

highest in the world (figure 2) (11,12). 
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Figure 2. Shows an overview of the cervical cancer incidence in the world. Age standardized per 
100 000 women per year. Source: ICO HPV Information Centre, http://www.hpvcentre.net/ 

  
 
The most common genotype among women with cervical carcinoma in SSA in a study by De 

Vuyst et al(12) was HPV 16 which also applies to other parts of the world. The results showed that 

also women with no cervical transformation had high incidence of carcinogenic HPV-infections and 

that at least one out of four women tested were infected with some kind of hr HPV. 

In a study by Castellsagué et al (13) the most frequently detected HPV genotypes in women with 

cervical cancer in Mozambique where HPV 16, 18, 51 and 52 and among women without cervical 

transformation the most common genotypes where HPV51, 35, 18 and 31.    

Detection of HPV in tissue 

Methods used to detect HPV can target the viral DNA, either by target-amplification methods 

that use PCR with specific primers or with signal-amplification methods that uses liquid phase 

or in situ hybridization. 

Target-amplification PCR methods are used to detect HPV from human material such as pap-

smear samples, tissue samples or formalin fixed paraffin embedded (FFPE) tissue, the 

detection systems for this method can be of consensus type that detects all mucosal HPV, 

group specific that distinguishes between hr HPV and lr HPV or type specific detection that 

targets the specific genotypes(14).      

FFPE tissue is frequently used in clinic. The method is cost effective, the material becomes 

easy to handle and can be stored for a long time. The problem with this method is that protein 

http://www.hpvcentre.net/
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cross binding develop and nucleic acid is reduced over time which can result in problems to 

get sufficient nucleic acid quality and amount for extraction(15).  

Detection of HPV using consensus primers  

Modified general primers (MGP) as any other PCR method with general primers for HPV is 

targeting the L1 gene of the HPV genome. The MGP method is like the name implies a 

modified version of the classical GP5+/GP6+ method in which only one primer pair was used 

unlike in this modified method where a multi primer system (five forward and five reverse 

primers) is used (for sequences see table 4, appendix 1).     

This method version is reported to detect at least 14 HPV genotypes (16, 18, 31, 33, 35, 39, 

42, 43, 45, 51, 56, 58 and 70) and is more sensitive than the original method however the total 

number of genotypes the method can detect is not yet investigated(16). This method informs 

of the HPV status with HPV-negative or HPV-positive result and for specifying of genotype 

additional sequencing can be done.   

Detection of HPV using genotype specific primers 

One method used for genotyping of HPV was developed by Lindh et al(17), the primers and 

probes (for sequences see table 5, appendix 1) targets the E6/E7 region of the HPV genome 

and detects 2 lr HPVs (6 and 11) and 12 hr HPVs (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 

and 59) and uses the housekeeping gene β-globulin as a control for DNA quality(17).        

 

AIM 

To establish methods to detect and genotype human papillomavirus in vaginal and vulvar 

FFPE samples in a pilot study in Maputo, Mozambique. 
 

HYPOTHESIS 

We expect to find a higher prevalence of vaginal and vulvar carcinoma samples positive for 

HPV in general and with a different genotype distribution than reported in other parts of the 

world.  
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MATERIALS & METHODS    

Selection of tumor tissue 

Tissue samples from patients diagnosed with vulvar and vaginal SCC in the Department of 

Pathology in Maputo Central Hospital between 2010 and 2013 were consecutively selected. 

The number of collected samples was 28 vulvar samples and 16 vaginal samples. The tissues 

were biopsy samples or surgical excision from time of diagnosis after which they were 

formalin-fixed and paraffin-embedded. 2 µm cuttings of paraffin tissue were disposed on 

slides and stained with hematoxylin-eosin staining. 

The samples were anonymized by giving them new study identification numbers that could 

not be linked to any patient data. 

Extraction of virus DNA from tissue 

Place of  tumor growth were marked in slides by a pathologist (CF) and tissue cores were 

punched out from tissue sample paraffin block with a 2 mm biopsy punch (Miltex GmbH, 

Germany) after matching slide to paraffin block.  

The tissue cores were deparaffinated with xylene (BHD laboratory supplies, England) and 

total DNA was extracted with QIAamp DNA mini kit (QIAGEN GmbH, Germany) following 

instructions from the manufacturer.         

Detection of HPV with real time PCR 

 

HPV status of the samples was investigated using the MGP primer system. Analyses were 

made in sample duplicates of 25 µl together with negative and positive controls for both MGP 

and the housekeeping gene β-globulin that was used to control DNA quality. Sample reactions 

contained 1x Quantitect SYBR green master mix (Qiagen, Germany), either 0.3 µM forward 

and reverse primers for β-globulin or 0.3 µM forward and reverse MGP primer mix and DNA 

of approximately 50ng and were manually applied on 96 well plates. Plates were analyzed on 

the 7500 fast real-time PCR system (Applied Biosystems, Netherlands) with the standard 

program standard using denaturation step at +95ºC for 10 minutes followed by 5 cycles at 

+95ºC for 0.5 minutes, +42ºC for 0.5 minutes and +72ºC for 0.75 minutes, 45 cycles at +95ºC 

for 0.5 minutes, +64ºC for 0.5 minutes and +72ºC for 0.75 minutes and a final step at +72ºC 

for 10 minutes. Software 7500 fast system SDS (Applied Biosystems, Netherlands) were used 
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to analyze results and the curves were manually assessed using a threshold at 35 cycles for 

positive result. Every plate was analyzed with positive and negative control.  

          

Genotyping of the same samples was carried out with a Taqman real-time PCR method (17) 

in eight separate reactions for every sample in the 7500 fast real-time PCR system (Applied 

Biosystems, Netherlands). Samples were analyzed for 12 hr HPV, 2 lr HPV and the 

housekeeping gene β-globulin in 20µl reactions containing 1x Taqman universial PCR 

mastermix, either one or two 0.9 µmol /L forward and reverse primer pairs, 0.2 µmol /L probe 

(Applied biosystems, Netherlands), DNA of approximately 50 ng as described by Lindh et.al 

and Lillsunde et. al  (2,17). 

The samples were manually applied on 96 well plates and every run were analyzed with 

positive and negative controls.  

The PCR program standard 7500 was run with an initial step at +50ºC for 2 minutes, 

denaturation step at +95ºC for 10 minutes, 40 cycles at +95ºC for 0, 15 minutes and a last step 

at +60ºC for 0, 5 minutes. Results were analyzed in software 7500 fast system SDS (Applied 

Biosystems, Netherlands) and the curves were manually assessed using a threshold at 35 

cycles for positive result. The positive control consisted of a mixture of all 14 detectable 

genotypes as well as human DNA and the negative control was nuclease free water.                

 
 

Statistical analyses  

For comparison of proportions (HPV-positives among both methods) we used the Pearson 

chi-square test, with p < 0.05 considered statistically significant. The IBM SPSS Statistics 

version 22 was used for the statistical analyses.  

Ethical considerations  

Ethical permission for the project has been applied for to the Bioethics Committee of the 

Faculty of Medicine and Hospital Central de Maputo with the title Human papilloma virus 

(HPV) in anogenital carcinoma diagnosed at Maputo Central Hospital, Maputo, Mozambique. 

For this limited pilot study, using anonymized samples to establish tecnical methods no 

ethical approval is neccesary.   
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RESULTS 

HPV prevalence  

In order to investigate the amount of HPV  in all vulvar and vaginal FFPE samples found in 

Maputo, Mocambique a total number of 44 tumors; 28 vulvar and 16 vaginal SCC were 

analyzed using the MGP primer system as well as genotyped. The total number of HPV 

positive samples with the MGP method were 22 of 44 (50.0 %) and with the genotyping 

method 34 of 44 (77.3 %) and the negatives of the MGP method where 22 of 44 (50.0 %) and 

10 of 44 (22.7 %) with genotyping method. This difference of tumors positive for HPV 

between methods was statistically significant (Pearson chi-square; p = 0.004). 

When dividing the results for tumor originating from vulva and vagina the number of HPV 

positive samples among the vulvar carcinomas where 16 of 28 (57.1 %) with the MGP 

method and 21 of 28 (75.0 %) with the genotyping method and for the vaginal carcinoma 

samples 6 of 16 (37.5 %) with MGP method and 13 of 16 (81.3 %) with genotyping method 

(table 1). 

 

Table 1. Human papilloma virus-positive samples after investigation with MGP 
method and Genotyping method in vulvar and vaginal carcinomas (n = 44).   

 HPV-positive in MGP HPV-positive in genotyping 

N total 22 of 44 (50.0 %) 34 of 44 (77.3 %)  
 

N Vaginal 6 of 16 (37.5 %) 
 

13 of 16 (81.3 %) 
 

N Vulvar 16 of 28 (57.1 %) 21 of 28 (75.0 %) 

 

Thirteen samples were found that had a HPV-negative result from the MGP method and 

HPV-positive result from the genotyping method (table 2). Eleven of these samples were 

single positives and two samples double positives. HPV genotypes found in the discordant 

samples were HPV 11, 16, 18, 33 51 and 59. One sample was HPV-positive with MGP 

method and negative with genotyping method. 
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Table 2. HPV-positive samples with the real-time genotyping method that simultaneously were 
negative with the real-time MGP consensus method (N=13) and one sample HPV-positive with 
MGP method and negative with the genotyping method. 

Sample MGP primer system Genotyping system Genotypes found Series 
HPV004 Negative Postive HPV 16 Vulva 
HPV010 Negative Positive HPV 33 Vulva 
HPV018 Negative Positive HPV 51 Vulva 
HPV025 Negative Positive HPV 33 Vulva 
HPV027 Negative Positive HPV 11 Vulva 
HPV030 Negative Positive HPV33 Vagina 
HPV033 Negative Positive HPV 33 Vagina 
HPV034 Negative Positive HPV 16+ HPV 33 Vagina 
HPV035 Negative Positive HPV 33 Vagina 
HPV040 Negative Positive HPV 33 Vagina 
HPV041 Negative Positive HPV 59 Vagina 
HPV044 Negative Positive HPV 16 Vagina 
HPV045 Negative Positive HPV 16+ HPV 18 Vagina 
     
HPV003 Positive Negative N/A Vulva 
 

Distribution of genotypes 

The most frequently detected genotype in both the sample series of vulvar and vaginal 

carcinomas was HPV 16 with a total of 21 positive cases (47.7 %) and the second most 

frequently detected genotype in both series was HPV 33  (table 3).        

 

Table 3.Human papillomavirus genotype prevalence in HPV-
positive vulvar and vaginal carcinomas (n=44).   
 

HPV Genotype N Total N Vaginal N Vulvar 
HPV 16 21 9 12 

HPV 18 2 1 1 

HPV 33 8 4 4 

HPV 51 1 0 1 

HPV 52 1 0 1 

HPV 56 2 0 2 

HPV 59 1 1 0 

HPV 6 2 0 2 

HPV11 3 0 3 
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Double infections were found in 7 of 34 positive cases (20.6 %) in total. In the vulvar 

carcinoma samples double infections where found in 5 of  21 cases (23.8 %) with the 

genotype combination HPV 16+33, 16+56, 52+56 for one sample each and 6+11 for two 

samples and in 2 of 13 (15.4 %) of  cases among the vaginal carcinoma cases with the 

genotype composition HPV 16+18 and 16+33.  

For all samples negative for HPV the human control gene β-globulin was detected.   

 

  



12 
 

DISCUSSION 

The aim of this study was to establish methods to evaluate occurrence and genotype of HPV 

DNA in vulvar and vaginal SCC in Maputo, Mozambique. This is to our knowledge the first 

study to evaluate HPV-prevalence and HPV-genotyping in vulvar and vaginal carcinomas in 

this area.  

Two different methods were used to determine HPV status in the samples and the results 

showed positive samples in 37.5 % of the cases in the vaginal series and 57.1 % in the vulvar 

series with the MGP method and 81.3 % for the vaginal samples and 75 % for the vulvar 

samples with the genotyping method.  

The fact that the human control gene was detected in all samples and both the positive and the 

negative controls were in order makes us confident that the data is without contamination and 

that DNA extractions were successfully carried out.  

The results from the MGP consensus method show a lower prevalence of HPV in vaginal 

carcinomas compared to other studies from around the world presented in a meta-analysis by 

De Vuyst et al (6) where 69.9 % and 40.4 % of vaginal and vulvar carcinomas were HPV-

positive. The positive MGP result in our study with 57.1 % in our study in the vulvar series 

was higher than in the meta-analysis results.   

We also found in our pilot study a significant difference in HPV-positive results between the 

two methods. This can probably be explained by the MGP method not picking up any of the 

HPV 33 positive cases and some additional genotypes in a more random manner that the 

genotype method shows. This makes the results from the MGP method unreliable as a general 

indicator for HPV-positivity. The results with the genotyping method shows a higher 

occurrence of HPV-positives than the results from the meta-analysis including studies from 

other parts of the world. This can be expected looking at findings from studies on HPV 

prevalence showing that the prevalence of HPV in general is among the highest in the world 

in this area (12).   

The percentage of HPV-positive samples in vulvar and vaginal carcinomas in this study is 

considerably higher than in studies in Sweden made by Lillsunde et al (1,2) on the same 

subject using the same genotyping method. Their results showed HPV-positives in 53.6 % of 

the vaginal cases and 30.8 % of the vulvar samples.  
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The HPV genotype most frequently detected in our pilot study was HPV 16, in both the 

vulvar and vaginal carcinoma series. HPV 16 was the most common genotype found in 

vaginal and vulvar carcinomas in the world wide meta-analysis by De Vyst et al and the 

studies by Lillsunde et al as well (1,2).  

We found several cases of lr HPV in the vulvar carcinoma series and two of the cases were 

double infections with another lr HPV genotype and this has not been shown in the studies 

from Lillsunde et al. lr HPVs are not typically known to cause neoplastic lesions or carcinoma 

and this phenomena may be explained by double or multi infection with other hr HPV 

genotypes that we are not targeting in this study. But we should not overlook the possibility 

that this relatively high percentage of lr HPV findings in the vulvar series can be a result of 

the high prevalence of HIV and other viral infections in this area and that cancer progression 

from an lr HPV genotype lesion have been developed as a result of a compromised immune 

system. No HIV data was available in this material.  

Double infections were found in 20.6 % of the cases in total (23.8 % in vulva and 15.4 % in 

vagina) which could not be found in the Swedish vulva and vaginal studies. This was also 

found to a lesser extent in the meta-analysis that presents data from other parts of the world. 

Multi infections were found in 3.4% of the vaginal and 2.8 % of the vulvar cases in this meta-

analysis(6). This may also be a reflection of the STI incidence in general which may have 

affected receptivity to HPV-infections.      

Human papillomavirus infections are widely spread in Mozambique. Genital cancer as a result 

of this infection is more common than in other parts of the world and cervical cancer is the 

most common cancer related cause of death in women. Vaccination programs can contribute 

to solving this problem and it is important to identify the most frequently found HPV 

genotypes in each area.  

Vaccines used today protect against HPV genotypes 6, 11, 16 and 18 and give protection 

against the most common genotype causing vaginal and vulvar cancer, HPV 16 (9). However 

many other commonly found genotypes in vulvar and vaginal cancer both in our study and in 

other studies made over the world like HPV 33 is not included in any vaccine used today. It is 

therefore important to identify occurring HPV genotypes in anogenital cancer, information 

that can be used in future vaccination programs in the area which is currently on pilot basis in 

Mozambique.       
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CONCLUSION 

In the vaginal and vulvar SCC sample series the majority of the samples were positive for 

HPV with the genotyping method. The general multi primer method showed lower percentage 

of positives but these results cannot be considered to be reliable since the method failed to 

detect several HPV positive samples that the other method detected.     

The most common genotypes in both the vulvar and the vaginal series were hr HPVs 16 and 

33 and the lr HPVs 6 and 11 were found in several samples. Double infections were found in 

several cases.  

Results in prevalence of HPV positives, genotype distribution and amount of double 

infections differs from result from studies in other parts of the world made in vulvar and 

vaginal SCC which makes it interesting to continue this project further.    
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APPENDIX 1 
 

Sequences for primers and probes used for detection and genotyping of HPV in vaginal and 

vulvar carcinoma (table 4 and 5). 

 

Table 4. MGP sequences for used for detecting HPV. F represents forward primer, R 

represents reverse primer. 

Primer Sequence 5’-3’ Oligo 

MGPA ACGTTGGATGTTTGTTACTGTGGTGGATACTAC F 

MGPB ACGTTGGATGTTTGTTACCGTTGTTGATACTAC F 

MGPC ACGTTGGATGTTTGTTACTAAGGTAGATACCACTC F 

MGPD ACGTTGGATGTTTGTTACTGTTGTGGATACAAC F 

MGP31 ACGTTGGATGTTTGTTACTATGGTAGATACCACAC F 

MGPG ACGTTGGATGGAAAAATAAACTGTAAATCATATTCCT R 

MGPH ACGTTGGATGGAAAAATAAATTGTAAATCATACTC R 

MGPI ACGTTGGATGGAAATATAAATTGTAAATCAAATTC R 

MGPJ ACGTTGGATGGAAAAATAAACTGTAAATCATATTC R 

MGP18 ACGTTGGATGGAAAAATAAACTGCAAATCATATTC R 

 

 

Table 5. Sequences for primers and probes used for genotyping of 12 hr HPV, 2 lr HPV and 

β-globulin. The probes were labeled with the reporter 5’FAM and the quencher were labeled 

with 3’TAMRA. F represents forward primer, R represents reverse primer and P represents 

probe. R stand for A and G and Y stand for C and T. 

 

Genotype  Sequence 5’-3’ Oligo  

6 RCGGTTYATAAAGCTAAATTGTACGT F  

 AGGGTAACATGTCTTCCATGCA R  

 AAGGGTCGCTGCCTACACTGCTGG P  

11 GCTTCATAAAACTAAATAACCAGTGGAA F  

 GTCAGGAGGCTGCAGGTCTAGTA R  

 TCCAGCAGTGTAAGCAACGACCCTTCC P  

16 TTGCAGATCATCAAGAACACGTAGA F  
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 CAGTAGAGATCAGTTGTCTCTGGTTGC R  

 AATCATGCATGGAGATACACCTACATTGCATGA P  

18 AGAGGCCAGTGCCATTCGT F  

 GGTTCTCTGGCTCGTTGGAGT R  

 TCCTGTCGTGCTCGGTTGCAGC P  

31 ATTCCACAACATAGGAGGAAGGTG F  

 CACTTGGGTTTCAGTACGAGGTCT R  

 CTCCAACATGCTATGCAACGTCCTGTC P  

33 ATATTTCGGGTCGTTGGGCA F  

 ACGTCACAGTGCAGTTTCTCTACGT R  

 GGACCTCCAACACGCCGCACA P  

35 TCGGTGTATGTCCTGTTGGAAAC F  

 CATAGTCTTGCAATGTAGTTATTTCTCCA R  

 TGCATGATTACACCTCGGTTTCTCTACGTG P  

39 GCAGGAAGCTATACAGGACAGTGTC F  

 CTTGGGTTTCTCTTCGTGTTAGTCT R  

 CCCGTTTTGTGGTCCAGCACCG P  

45 GGACAGTACCGAGGGCAGTGTAA F  

 TCCCTACGTCTGCGAAGTCTTTC R  

 CATGTTGTGACCAGGCACGGCA P  

51 AAAGCAAAAATTGGTGGACGA F  

 TGCCAGCAATTAGCGCATT R  

 CATGAAATAGCGGGACGTTGGACG P  

52 GACATGTTAATGCAAACAAGCGAT F  

 CATGACGTTACACTTGGGTCACA R  

 TGTTCAGAGTGTTGGAGACCCCGACC P  

56 TGCATTGTGACAGAAAAAGACGAT F  

 CTCCAGCACCCCAAACATG R  

 CCCGGTCCAACCATGTGCTATTAGATGA P  

58 GGCATGTGGATTTAAACAAAAGGT F  

 TCTCATGGCGTTGTTACAGGTTAC R  

 CACTGCCACAGCGCCCTGTCCAA P  

59 TGTATGGAGAAACATTAGAGGCTGAA F  
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 TGGACATAGAGGTTTTAGGCATCTATAA R  

 AGACACCGTTACATGAGCTGCTGATACGC P  

Betaglobulin GCTCATGGCAAGAAAGTGCTC F  

 GCAAAGGTGCCCTTGAGGT R  

 AGTGATGGCCTGGCTCACCTGGAC P  
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