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Abstract. Viral load of high risk HPV types 16 and 18 can be useful biomarkers in detecting women with cervical 

dysplasia in early stage, prior to development of cervical cancer. Purpose of the study was to assess the clinical utility of 

viral load determination for HPV 16 and 18 in relation with the severity of cervical dysplasia and the association of 

classical risk factors. The HPV 16 and 18 positive women were selected from a cohort study, using one HPV DNA test 

for screening. METHODS: Viral load quantification was performed with Real Time PCR MX3005P. RESULTS: The 

viral load for HPV 16 was between 3.45 - 7.177 x 106 copies / µl, and 1.138 x 103 to 7.119 x 104 for HPV 18. 

CONCLUSIONS: Viral load of high risk HPV types seems to be one sensitive and objective biological marker in 

detecting women at risk for developing cervical cancer. No significant association was fount for the risk factors 

investigated. 

  

INTRODUCTION 

 
Human papillomaviruses (HPV) are the cause of cervical cancer, and among them, HPV 16 and 18 are the leading types, 

because they alone cause over 70% of cervical cancers (Walboomers JM et al., 1999). Natural history of HPV infection 

shows that in 80% of High Risk HPV (HR HPV) infections there are transitory infections, in 20% of cases, in 2 - 4 years 

will appear productive infection and after 10 – 30 years will be developed cervical cancer. To evaluate the risk of HR 

HPV positive women to develop cervical cancer it was proposed several biological markers: virus related markers, 

disease markers and cell cycle related markers (Meyer CJLM, 2009). One of the virus related factors is the viral load of 

HR HPV types and it is presumed that a higher risk for cervical neoplasia is associated with higher viral loads of high-risk 

HPV types, in particular HPV 16 (WHO & IARC, 2007). The association between viral load and cervical disease varies 

with the HPV type, the physical state of the virus and the heterogeneity of the cervical lesion (Woodman CB et al., 2007).  

A few reports stated that viral load of HR HPV (16, 18, 31 and 33) can be used to select women wich need a more 

aggresive treatment, because they are consider to have high grade cervical intraepithelial lesions (Cricca M et al., 2007, 

Snijders PJ et al., 2006). Our aim in this study was to evaluate the clinical usefulness of copies number of DNA HPV 16 

and 18 in relation with the severity of cervical dysplasia and classical risk factors known as oncogenic.  

 

MATERIAL AND METHODS 

 
In the period between September 2009 – December 2010 we invited to participate in one HPV prospective genotype  

prevalence study women with abnormal Pap smear and with colposcopic suspicion of HPV infection. All the study 

participants have signed the informed consent approved by the Bioethical Committee of “Gr. T. Popa” University of 

Medicine and Pharmacy, Iasi.  

From 267 genotyped samples, we identified 26 (9.7 %) positive for HPV 16 and 9 (3.4 %) positive for HPV 18, using 

Linear Array HPV Genotyping Test (ROCHE®). HPV/DNA was purified with High Pure PCR Template kit (ROCHE®). 

Viral load was assed with 2 x Precision TM Mastermix, Path-HPV16 Real-time PCR detection kit for Human 

Papillomavirus, Path-HPV18 Real-time PCR detection kit for Human Papillomavirus kits (PRIMER DESIGN®) and 

MX3005P instrument (STRATAGENE). 

The HPV 16 and 18 specific primers and probes mix can be detected through the FAM channel. The primers and probes 

mix provided exploits the TaqMan principle. During PCR amplification, forward and reverse primers hybridize to the  

HPV16 and 18 DNA/cDNA. A fluorogenic probe is included in the same reaction mixture which consists of a DNA 

probe labeled with a 5`-dye and a 3`-quencher. During PCR amplification, the probe is cleaved and the reporter dye and 

quencher are separated. The resulting increase in fluorescence can be detected on real-time PCR platforms. 

Preparation of standard curve dilution series was performed using the positive control in dilution from 2 x 106/µl up  to 2 

copies / µl. Pathogen detection mix contained: 10 µl 2 x Precision TM  Master Mix,1 µl Pathogen Primer/Probe mix, 4 µl 

RNA se / DNAse free water: the final volume was 15 µl. Endogenous ACTB detection mix contained: 10 µl 2 x Precision 

TM  Master Mix,1 µl Endogenous ACTB Primer/Probe mix , 4 µl RNA se / DNA se free water. 15 �l of each of this two 

mixes was pipetted into each well according to real-time PCR experimental plate set up. 5�l of diluted DNA wad added 

into each well, according with the experimental plate set up.  Amplification Protocol supposed one cycle for enzyme 
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activation – 10 minutes / 95 ° C  and the 50 cycles each one with one denaturation step – 10 s / 95° C and one for data 

collection using FAM channel  - 60 s / 60 ° C. 

 

RESULTS AND DISCUSSION  
 

The mean age of HPV 16 positive women was 36.31 years old (limits 23 – 59). 6 

(23.1%) patients had never performed one cytologic exam, 1 (3.8%) had one normal Pap smear 

and also 1 (3.8%) has atypical cells, 3 (11.5%) had ASCUS (Atypical Squamous Cells of 
Undetermined Significance), LGSIL (Low Grade Squamous Intraepithelial Lesion), and ASCH 

(Atypical Squamous Cells for which a High-grade lesion cannot be excluded), each, and 9 

(34.6%) were detected with HGSIL (High Grade Squamous Intraepithelial Lesion). Regarding 

risk factors, 4 (15.4%) women were smokers and 9 of them (34.6%) declared that they used oral 

contraceptive in the past. 16 (61.5%) patients presented unique infection with HPV 16 and 10 

(38.5%) were detected with multiple HPV types infections, besides HPV 16.  

The mean age of HPV 18 positive patients was 30.8 (limits 21 – 41 years). Two had one 

normal Pap test, one was never testes by cytologic exam, and one had ASCUS and two LGSIL. 

One patient declared having more than 3 sexual partners, another declared 3 abortion and another 

patients had genital warts.  

The parameters of the standard curves was calculated by the Stratagene software: 

efficiency = 97,3%, RSq (the linearity is denoted by the R squared (Rsq) value - R2 or Pearson 

Correlation Coefficient) = 0.988, slope = - 3.389 for HPV 16 and efficiency = 93.1%, RSq = 

0.993, and slope = - 3.500 for HPV 18. All this parameters was between the normal limits 

(efficiency: 90 – 110%, RSq: 0.985 – 1.00, linearity / slope: –3.1 and –3.6). The NTC (negative 

controls) proved that there was no contamination of the experiments. The Ct values for ACTB 

control (beta actin gene) confirmed that the cervical cells were optimal collected. The 

amplifications plots for HPV 16 positive samples and the standard curve can be seen in figure 1 

and figure 2.   

The samples was tested in duplicate. The Ct / Qc (cycle threeshold / quantification 

cycle) values were between 19.68  and 33.94. The mean of viral load of HPV 16 was 684515,68 

copies (limits 3,45 - 7.177 x 10
6 copies). Ct values for HPV 18 were between 25.44 – 46.93, 

according with input DNA quantity in the samples.   

The highest viral loads (105 and 106 copies number of DNA / HPV 16, respectively) was detected 

in 40% of LGSIL cases and in 60% in HGSIL HPV 16 positive cases. (fig. 3)  
High viral loads of HPV 16 were found in the group age 31 – 40, in percent of 40%. 

Smoking condition was not associated with high number of copies number, but 80% of oral 

contraceptive users had viral loads of HPV 16 of 106. If we compare the copies number detected 

in unique infections with multiple HPV type infections, we observe higher viral loads in single 

HPV 16 infections. 

6 patients did not have any cytological test, 1 had one normal Papanicolau test, but all 

these women had a colposcopic suspicion of HPV infection. Theses remind the type of cervical 

cancer in our country, which is one opportunistic screening, whith the drawback that population 

at greatest risk is ofteen not screened and may mask the true risk of cancer in the population 

(Marks M. et al., 2011)   

In HPV 18 positive cases, we did not found any direct correlation between viral load 

and the severity of cytologic result. In both situations – HPV 16 and 18 we had cases with normal 

Pap smear results and with high viral load of DNA/HPV. This fact is in accordance with 
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sensitivity of DNA/HPV tests (96%) in comparison with sensitivity of cytology (53%). (Cuzick 

J. et al., 2006) 

 Some authors sustain that there is one direct relationship between viral load and the CIN 

severity (high viral loads has the risk 60 times bigger to develop CIN III), in comparison with 

other papers which states that viral load is difficult to interpret because of integration of HPV 

genome in the host genome or because of the multiple HPV types infections.  Some reports 

published that high viral loads of HR HPV types are associated with abnormal Pap smear / severe 

CIN lesion, (Peitsaro P et al., 2002, van Duin M. et al., 2002,  De Marco L et al., 2002, Cricca M 

et al., 2007), while others authors did not found any relations between the viral load and cervical 

dysplasia severity (Andersson S. et al., 2005,  Fontaine J  et al. 2005).     
Cricca M et al. established in 2007 that the viral load of HPV 16 is 1.38 x 106copii 

genom/300 ng total DNA, a value that allow detection of high grade CIN lesions.   

Snijders PJ  et al. (2009) concluded that in a cervical screening setting viral load 

assessment of HPV16, 18, 31 and 33 has no additive value to stratify high-risk HPV GP5+/6+-

PCR-positive women for risk of >or=CIN2 or>or=CIN3.  

On the other hand, two years later, Marks M. et al., (2011) demonstrated that repeated 

measurement of HPV 16 viral load may be a useful predictor in determining the outcome of early 

endpoints of viral infection.  

Literature data are controversial because the viral load depends on the type of the 

pathologic product (cervical biopsy, vaginal washing) which is collected from the patients, 

mainly because they are containing specially cells from the surface of epithelium. Also, the risk 

for cervical neoplasia is associated with higher copy numbers of different HPV types and the 

variability in copy numbers is too great for viral load to be used as a predictor of CIN lesions. It 

is preferable to conclude that low viral copy numbers are associated with a low risk for 

developing CIN. However, further studies are warranted (WHO & IARC, 2007).  Although some 

authors (Xi LF et al., 2009) found one significant association between viral load of HPV 16 and 

18 with the current status smoker, in our cases we did not found one significant correlation (only 

4 / 26 HPV positive cases was smoker: one had one viral load around 103 copies and two had the 

viral load around 105. No significant association was observed with other known HPV risk 

factors such as oral contraceptive use, and our findings are similar with the reports of Flores R. et 
al. 2006. 

 

CONCLUSIONS 

 

In a prospective study with 267 patients we found one positive correlation between dysplasia 

severity and viral load of HPV 16, but we have not found the same relation for HPV 18. No 

significant association was fount for smoking and oral contraceptive use.  

Although the initial optimism regarding the clinical value of HPV viral load testing now 

seems misplaced, robust measurements of type-specific viral load in samples in which the 

integration status is also defined, could provide useful insights into the natural history of HPV 

infections and their relationship to disease.  

The identification of more robust markers of disease progression requires a more 

complete understanding of the natural history of type-specific HPV infections. 
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Fig. 1: Amplifications plots for HPV 16 positive samples   

 
Fig. 2: Standard curve for HPV 16 positive samples   

 

 
 Fig. 3: Correlations viral loads of HPV 16 – Pap smear 
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