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Abstract: It is now believed that the variability in the genomic sequences of human papillomaviruses 
(HPV), as well as viral integration, play an important role in lowering the sensitivity of HPV genotyping 
assays. Additionally, the impact of a variety of HPV genotypes in cancer is not fully understood and their 
absence in screening programs may result in failure to early detect some cancer cases. The present 
work aims to address these two problems, proposing and validating a new generation of qPCR-based 
HPV genotyping assays, in which three DNA targets (i.e.E6, E7 and L1 genes) are used simultaneously, 
and applying it in an HPV73 epidemiology study to broaden the pre-existing knowledge of this 
controversial genotype. The proposed method was found to be a better option than the conventional 
strategy, enhancing the sensitivity of HPV73 detection. Detection was possible until 3.10 copies/µl, 
without any sign of cross-hybridization, and in a reproducible/repeatable way. The new assay was used 
to estimate HPV73 prevalence in Belgium (2.3%, 95%CI: 1.3-3.4%). This prevalence peaked in ages 
lower than 25 (11.7%, 95%CI: 6.3-20.7%, p=6×10-6) and was associated with increasing severity of 
premalignant lesions (p=0.005). Nevertheless, no coinfection association with any other HPV type was 
found to be statistically significant, even when analysed in a population with increased sexual risk 
behaviours. Although the carcinogenic potential of HPV73 was not fully addressed, its prevalence is 
comparable with the ones found for other high-risk HPV types (Hr-HPV) already included in screening 
programs and thus, may be important for individual patient treatment management. 
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1. Introduction 

 Cervical cancer is the seventh most commonly 
diagnosed cancer worldwide, the fourth in women. 
According to the World Health Organization 
(WHO), it is estimated that, at present, over a 
million women have cervical cancer, and an 
increase of 25% over the next 10 years is 
predicted if nothing is done (data from 2014)1. 
HPV is now considered the leading cause of this 
cancer, with Hr-HPV DNA being detected in 
around 99.7% of the cases. In fact, it is estimated 
that HPV16 and HPV18 alone account for 
approximately 70% of all invasive cervical 
cancers. 2,3 

Cervical cancer usually does not have clear 
symptoms until it reaches an advanced stage, 
when it is hard to treat. To reduce the burden of 
cervical cancer in the world, the WHO and the 
European Union recommend sexual active 
women aged 25 to 64, to perform regular 
cytological screening tests for cancer (once every 
three years, in normal conditions). Such tests have 
as main goal the early detection of cell changes 
(cervical lesions) or signs of disease, so that the 
problem can be treated in its early stages, even 
before it turns into cancer.4,5  

Due to the strong causal relationship between 
a persistent infection with Hr-HPV and 
development of cervical cancer and its precursors, 
the use of specific assays for the detection of viral 
DNA/RNA, followed by genotyping (identification 
of specific HPV types), has been pursued. HPV 

detection can be a valuable tool for: (1) primary 
screening, in combination with cytology, to 
increase sensitivity and effectiveness in detecting 
cervical cancer precursors; (2) assess the right 
treatment plan for each patient case, depending 
on the oncogenic potential of the HPV types 
detected; (3) follow-up of women that are negative 
at colposcopy/biopsy but show abnormal 
screening results; (4) follow-up examination of 
HPV persistence after treatment; (5) assess the 
patterns of type-specific HPV prevalence for 
epidemiology studies or to evaluate the impact of 
vaccination, in the past or even in the future.5,6  

Several HPV genotyping assays are already 
FDA approved for incorporation into cancer 
screening programs (Digene® HPV test using 
Hybrid Capture 2 system, Cervista™ HPV 16/18, 
Abbot RealTime High Risk HPV test, Cobas 4800 
HPV test and APTIMA®). However, none of them 
offer complete genotyping, broad HPV type 
detection and most of them are dependent on L1 
gene detection, which is believed to be lost during 
viral genome integration into the host genome and 
shows higher propensity to mutations.7  

The Molecular Diagnostics department from 
Algemeen Medisch Laboratorium (AML, RIATOL, 
Sonic Healthcare Benelux, Antwerp, Belgium) has 
established its own high-throughput HPV DNA 
detection assay, the RIATOL HPV Genotyping 
Assay. It is an in-house type-specific TaqMan-
based real-time quantitative polymerase chain 
reaction (qPCR) assay, for the specific E6/E7 
gene detection, quantification and full-genotyping 
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of 18 different HPV types (HPV6, 11, 16, 18, 31, 
33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 67 and 
68).8 

The main objective of the present work is the 
development and validation of a new triple-target 
HPV DNA detection, genotyping and 
quantification strategy to face the sensitivity 
losses caused by genetic modifications in the HPV 
genome. It is suggested to use 3 different gene 
targets: E6 and E7, the two oncogenic genes, but 
also L1 gene, the most widely used target 
throughout the history of HPV DNA detection 
tests. The efficiency of this strategy will be 
compared with the traditional single-target 
detection setup to assess if this new generation of 
assays should replace the current RIATOL HPV 
Genotyping, for all 18 types presently genotyped. 

The use of HPV73 as a template for this 
validation, allows to conduct an epidemiological 
study on HPV73 in Belgium, and assess the 
significance of introducing this rare, possible high-
risk type in cancer screening programs. Such 
broadening of HPV genotyping assays can play an 
important role in the correct identification of risk 
patients, in the development of risk-adapted 
individual patient strategies to prevent and 
manage cervical cancer, but also in increasing the 
available knowledge on rare HPV genotypes. This 
is considered the second objective of this work. 

2. Materials and methods 

RIATOL HPV genotyping assay: The use of 
18 different type-specific primer and probe sets, 
allows the accurate identification of the different 
HPV genotypes using qPCR. All primers are 
directed against the viral oncogenes (E6 or E7) 
and amplify fragments of approximately 100 bp.8 
β-globin is also measured to control extraction and 
DNA sample quality (Table 1). To reduce the 
amount of different PCR reactions needed, 
multiple HPV types are simultaneously detected 
by means of grouping the different primer/probe 
sets in eight multiplexes, with a maximum of three 
different targets per mix. Each target present in the 
same mix is detected and distinguished using a 
specific probe labelled with a different fluorophore 
(FAM, HEX or Cy5).    

The assay uses 2 µL of input DNA sample for 
amplification, automatically pipetted to 4 µL of 
PCR mix (1x LightCycler® 480 Probes Master - 
Roche Applied Science, Basel, Switzerland, cat. 
no. 04887301001 - and optimized primer/probe 
concentration ratios – see Table 1). Pipetting is 
performed on an JANUS® Automated Workstation 
with Varispan™ and Gripper arms (Perkin-Elmer, 
Waltham, MA, USA), while PCR reaction and 
analysis are performed on a LightCycler® 480 
System (Roche Applied Science, Basel, 
Switzerland). The PCR reaction conditions are as 
follows: (1) pre-incubation for 10 minutes at 95ºC; 

(2) temperature adjustment for 2 minutes at 60ºC; 
(3) 45 two-step cycles of amplification with 10 
seconds at 95ºC and 30 seconds at 60 ºC; (4) 
cooling for 30 seconds at 40 ºC. Two separate 
workstations, each comprising one JANUS® and 
one LightCycler® (LC), are available at AML for 
the RIATOL assay: system 1 and system 2. 

Three HPV73 primer/probe sets were 
designed to be included in the RIATOL assay. All 
the available sequences on GenBank (NCBI)9 for 
the human papillomavirus type 73 E6, E7 and L1 
genes were aligned and all the variable regions 
(single nucleotide polymorphisms – SNPs) 
between different strains were marked. These 
regions were avoided when designing the new 
HPV73 primers and probes (Table 1) with the 
PrimerQuest Tool from Integrated DNA 
Technologies (IDT, Inc., Coralville, IA, USA).10 All 
oligonucleotides were selected to have optimal 
performances at the RIATOL assay conditions: 
primers with melting temperatures (Tm) of 60ºC ± 
2ºC, and probe Tm of 65 ºC ± 2ºC. 

HPV quantification: A gBlock® Gene 
fragment containing all three amplicons generated 
by the primer/probe sets designed for the three 
genes of HPV73 (E6, E7 and L1) was ordered 
from IDT, with an exact amount of 500 ng. A 1/10 
gBlock dilution series starting from 1 × 10�� ng/µL 
until 1 × 10�� ng/µL was prepared and measured 
in triplicate. Standard curves were generated for 
the three assays, by plotting crossing point (Cp) 
values against the logarithm of starting DNA 
quantities (linear correlation). The Cp is the main 
PCR result and represents the number of cycles 
needed for the DNA amplification-associated 
fluorescence to reach the detection threshold.  

Further dilutions of ½ until reaching a 
concentration of 1.56 × 10�
�  ng/µL were 
measured in duplicate, to find the last 
concentration that falls in the linear range between 
Cp and logarithm of DNA concentration, in each 
assay. This concentration is commonly known as 
the limit of quantification (LOQ). The highest 
concentrations which do not fall in the linear region 
were then measured 20 times each, to find the last 
concentration where HPV DNA can be reliably 
assessed in 85% of the cases. This concentration 
is commonly known as the limit of detection (LOD). 
All these experiments were conducted on the two 
different workstations (JANUS, Roboseal and 
LightCycler) routinely used by AML. 

Analytical performance, repeatability and 
reproducibility: Each one of the three designed 
primer/probe sets for HPV73 was validated in 
terms of analytical accuracy, specificity, 
repeatability and reproducibility. 79 different DNA 
extracts were analysed, some from liquid-based 
cytology samples collected in the framework of 
cervical cancer screening in Belgium, and others 
from the 2014 WHO HPV proficiency panel 
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samples, provided by EQUALIS AB (Uppsala, 
Sweden). A positive (HPV 73 single infection) and 
negative control (PCR-grade water from Roche 
Applied Science, Basel, Switzerland, cat. no. 
03315932001) were included in each PCR run. 

DNA extracts from cervical samples were 
externally confirmed as HPV73 positive or 
negative by genotyping either with the clinical 
validated BSGP5+/6+-PCR/MPG or INNO-LiPA 
genotyping extra (Innogenetics, Ghent, Belgium) 
assays but also, due to shortage of externally 
confirmed samples, by the developed HPV73 
assays. In the last case, HPV73 positivity was 
measured with all the three sets in validation, and 
the criterion to only select samples classified as 
positive by the three targets was followed, to 
ensure the selection of true positives. Both strong 
and weak positives were tested. Stronger 
positives were diluted in TE buffer (IDTE from IDT, 
cat. no. 11-05-01-09: 10 mM Tris, 0.1 mM EDTA, 
pH 8.0) to cover a wide Cp range.  

Accuracy and specificity were analysed from 
40 samples, of which half was confirmed as 
HPV73 positive. These samples were pipetted 
manually to 384 well-plates. In a different 
experiment, 10 HPV73 positive and 10 HPV73 
negative samples were analysed in duplicate, in a 
384 well-plate automatically pipetted by each one 
of the automated workstations, in order to 
determine the assay repeatability (within-run 
variation) in each workstation. Afterwards, a new 
PCR reaction was performed, with the same 
samples and a new PCR mix, in order to 
determine the assay reproducibility (between-run 
variation).  

HPV73 prevalence in Belgium: 910 DNA 
extracts of cervical samples collected in ThinPrep 
preserve medium (Hologic, Inc., Bedford, MA) 
were analysed. All samples were collected in the 
framework of cervical cancer screening in 
Belgium, between May and June 2016, from 
women aged 15 to 86 years. This population was 
then supplemented with 100 ThinPrep samples 
from each one of the following cytology diagnosis: 
negative for intraepithelial lesion or malignancy 
(NILM), atypical squamous cells of undetermined 
significance (ASC-US), low-grade squamous 
intraepithelial lesions (LSIL), atypical squamous 
cells that cannot exclude high-grade squamous 
intraepithelial lesions (ASC-H) and high-grade 
squamous intraepithelial lesions (HSIL). All 
samples underwent cytological examination and 
HPV testing with the RIATOL HPV genotyping 
assay, including all three assays developed for 
HPV73. 

A proportion of each cervical sample (2.0 mL) 
was automatically transferred to a 96-well (2.2 mL) 
plate using a ThinPrep 5000 sample transfer 
system (Hologic, Inc.).11 An automated silica-
based DNA extraction was then performed on the 

Cervista MTA system (Hologic, Inc., Bedford, MA), 
in combination with the Genfind® DNA extraction 
kit (Hologic, Inc., ref: 95-449), according to the 
manufacturer’s recommendations.12 

Genotyping for the 18 HPV types covered by 
RIATOL assay and for HPV73, with the three 
targets, was then performed, as previously 
described. The samples in which discordant cases 
were found between the three different HPV73 
DNA targets were later analysed with INNO-LiPA 
HPV Genotyping Extra (Innogenetics, 
amplification kit ref. 81064 and hybridization kit ref. 
81063), following the manufacturer’s 
recommendations.13,14 

Thin-layer cervical slide preparations were 
made from the initial ThinPrep vials of each 
sample using an automated ThinPrep 5000 
processor (Hologic, Inc.) and transferred to a 
tissue-tek prisma & film automated slide stainer 
and coverslipper (Sakura, Torrance, CA), for 
hematoxylin-eosin staining, according to 
manufacturer’s recommendations.15. All coloured 
slides were pre-screened with a ThinPrep imaging 
system (Hologic, Inc.), an automated scanning 
system that screens every cell and cell cluster 
present in the slides, to identify the areas with 
possible interesting cell abnormalities. At the end, 
a cytotechnologist analysed the marked areas and 
classified the cytological results according to the 
2001 Bethesda system.16 

HPV73 prevalence in Kenya: 712 DNA 
extracts of liquid-based cytology samples 
collected in 2003 during a gynaecological health 
study in women from Kenya (Africa), and 
genotyped with the Riatol HPV genotyping assay 
in 2008 as described above, were used. In this 
case, HPV73 prevalence was only assessed using 
the validated primer/probe set for the E7 gene. 

Statistical analysis: Kappa statistics were 
used as standard measure of qualitative 
agreement to test the accuracy, specificity, 
reproducibility and repeatability of each HPV73 
detection assay. Coefficients lower than 0.20 were 
considered representative of a poor agreement, 
0.21 to 0.40 a fair agreement, 0.41 to 0.60 a 
moderate agreement, 0.61 to 0.80 a good 
agreement and 0.81 to 1.00 a very good 
agreement.17 Quantitative agreement was also  
assessed, by calculating coefficients of variation 
(CV) between Cp values obtained for the different 
PCR reactions. 

HPV prevalence was defined as the proportion 
of HPV positive cases in the complete study 
population. However, the prevalence of HPV was 
also determined by age and cytology groups. 95% 
confidence intervals (95% CI) were calculated for 
all the proportions using the Wilson score method 
without continuity correction.18 

The Pearson’s Chi-square test or Fisher’s 
exact test ( χ2 ), depending on sample size, were
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Table 1 –  Overview of the primers and fluorescent probes designed for the amplification and detection of HPV73 
E6, E7 and L1 genes, using the PrimerQuest tool form IDT10. The sequences (sense for forward primer - FP - and 
probe, and antisense for reverse primer - RP - with exception of β-globin probe sequence that is also represented 
in antisense), the length of the oligonucleotides in base pairs (bp), the melting temperature (Tm), the GC content 
(in %) and the final amplicon size (in bp) are shown. The same information is shown for β-globin. All probes are 
conjugated at the 5’ end with a fluorophore (Cyanine 5 for HPV and HEX for β-globin) and a dark quencher 
(3lAbRQSp: Iowa Black® RQ) at the 3’end. β-globin probe is double quenched with an internal ZEN quencher, which 
contributes to less background noise and increased signal in target detection. 

Oligonucleotide Sequence (5’ to 3’) Length 
(bp) 

Tm 
(ºC) 

GC 
(%) 

Amplicon 
Size (bp) 

Optimized 
concentration 

(nM) 
HPV73 E6 FP TGATATAAACCTGGACTGTGTG 22 60 41 

126 
200 

HPV73 E6 Probe AACGTGGACTGTACAGATCTGAGG 24 65 50 300 
HPV73 E6 RP CACGGTTGACATACACCATA 20 60 45 200 
HPV73 E7 FP AAACAACCTTGCAGGACATTAC 22 62 41 

106 
200 

HPV73 E7 Probe CCTGAAACCAACAACCGAAATTGACC 26 66 46 300 
HPV73 E7 RP CTGTCTGTTTCATCCTCATCCT 22 62 46 200 
HPV73 L1 FP ACTTATTTAACAGGGCTGGTGAT 23 62 39 

121 
200 

HPV73 L1 Probe AGGCACAGGCAATACTGCAACA 24 67 50 250 
HPV73 L1 RP ATGGAACCACTAGGTGTAGGA 21 62 48 200 
β-globin FP GCTTTCTTGCTGTCCAATTTC 21 60 43 

100 

200 
β-globin probe TTGGACTTAGGGAACAAAGGAACC 24 65 46 100 
β-globin RP CAGAATCCAGATGCTCAAGG 20 60 50 200 

employed to investigate the statistical significance 
of HPV positivity differences between the three 
HPV detection targets or the correlation 
significance between HPV prevalence and other 
categorical variables (age, cytology findings and 
positivity of different HPV genotypes). Moreover, 
Chi-square test for linear trend was computed to 
evaluate the trend of HPV infection distribution 
according to severity grade of cervical lesions. 
IBM SPSS statistics (version 23) was used for 
these calculations. P-values lower than 0.05 were 
considered to indicate a statistically significant 
result.  

3. Results and discussion 

All qPCR primers and probes were designed to 
be highly specific for the different targets and 
intensive in silico work was done to assure that no 
secondary structures (hairpins or dimers) would 
compromise the assay. All sequences showed 
optimal performances at the assay annealing 
temperature, when using the concentrations 
indicated in Table 1. 

Analytical performance: 20 confirmed 
HPV73 positive samples, including strong and 
weak positives, and 20 confirmed HPV73 negative 
samples, but positive for other genotypes, were 
analysed with all three HPV73 targets (E6, E7 and 
L1 gene). Each independent target was 
considered one individual assay and was 
validated independently from the others. The 
results obtained were qualitatively compared with 
the external test results, and positive/negative 
agreements between tests were analysed to 
assess the analytical performance of the HPV73 
assays (Table 2).  

The L1 assay did not miss any positive or 
negative sample, therefore showing an analytical 
accuracy of 100% (95%CI: 91.2 to 100%). E6 

missed one positive, showing an analytical 
accuracy of 97.5% (95%CI: 87.1 to 99.6%) when 
compared with the external genotyping results, 
followed by E7 assay with two missed positives 
and an accuracy of 95.0% (95%CI: 83.5 to 98.6%). 
Nevertheless, the acceptance criterion stipulated 
by AML for the RIATOL HPV genotyping assay 
was met in all cases: analytical agreements higher 
than 80.0%. In fact, the obtained values were 
comparable to the general analytical accuracy of 
the FDA approved Abbott RealTime High Risk 
HPV, which denotes the validity of the developed 
assays.19  

The possibility of agreement by chance was 
taken into account by calculating Cohen’s Kappa 
coefficient (k). This coefficient is based on the 
difference between the observed agreement and 
the agreement that would be expected by chance, 
standardized to an interval of -1 to 1.20 A 
coefficient of zero indicates exactly what would be 
expected by chance, positive values indicate 
several grades of agreement and negative values 
are indicators of disagreement between ratters. All 
obtained kappa coefficients were indicative of a 
very good agreement, which rules out agreement 
by chance (Table 2).17 

The discordant cases found occurred in two 
different samples, with very low externally 
determined HPV loads (data not shown), so one 
can assume that HPV concentration is possibly 
close to the detection limit of the HPV73 assays, 
and they are not able to detect HPV DNA. This 
assumption was supported by the high Cp value 
obtained with E6 assay for one of the samples 
classified as negative with E7: Cp of 40.00, higher 
than 34.00, the clinical cut-off of RIATOL 
genotyping. The higher the amount of initial DNA, 
the less cycles are needed to reach the 
fluorescence threshold, so, in these cases, viral 
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DNA is present in such low quantities that is 
impossible to be sure if what is being measured in 
the PCR reaction is in fact viral DNA. 

The analytical specificity of each assay was 
determined as the percentage of samples 
correctly classified as negative with RIATOL 
HPV73, from all the confirmed negative samples 
tested. All assays showed a specificity of 100% 
(95%CI: 83.9 to 100%) for HPV73, since all 
negatives were correctly classified as so, stating 
that no cross-reactivity with other HPV genotypes 
occurred.  

HPV quantification: quantification with qPCR 
is possible if comparing the Cp values obtained in 
one run, with a standard curve that correlates Cp 
values with the logarithm of a series of different 
exact initial concentrations of a DNA standard 
(linear correlation). Standard curves were 
constructed for all HPV73 assays, in both 
workstations, using a 1/10 dilution series of a 
synthetic DNA standard (gBlock), starting from 
2.48 × 10� copies/µL until 2.48 × 10
 copies/µL 
(from 1 × 10��  to 1 × 10�� Gblock dilution). All 
curves showed acceptable slopes and correlation 
factors according to the guidelines for absolute 
quantification using qPCR (data not shown).21,22 
Amplification efficiencies were determined by the 
standard curve slope (s) according to Equation (1). 
This efficiency measures the rate at which a PCR 
amplicon is generated and represents the overall 
performance of a real-time PCR assay. 

�������������� = �10�
 ��  − 1 (1) 

Acceptable amplification efficiencies were 
achieved for all designed assays. The best results 
were obtained in system 2, with 94.7% for E6, 
96.4% for E7 and 89.5% for L1 assay, whereas 
efficiencies of 92.4%, 93.7% and 85.8% were 
achieved for E6, E7 and L1, respectively, in 
system 1. The L1 assay showed the worse 
amplification efficiency, with values very close to 
the lowest acceptable limit. E6 and E7 assays 
showed good and similar performances. 21,23 

Further dilutions were measured to determine 
the whole linear range between Cp values and 
logarithm of concentration. The lowest 
concentration that falls in the linear region and can 
still be reliably quantified is called LOQ.24 Different 
values were obtained in the different workstations, 
however, to simplify and standardize, the highest 
value obtained for each assay was considered the 
general LOQ (policy of the worst case scenario). 
This way, HPV73 E6 assay showed the best 
sensitivity, with an LOQ of 12.4 copies/µL while 
the LOQ of both L1 and E7 assays was 
24.8 copies/µL.  

Furthermore, the LOD of each assay, the 
lowest concentration of HPV DNA that can be 
reliably detected while ensuring less than 15% of 
false negatives, was also determined.24 Once    

Table 2 -  Overview of qualitative comparison between 
AML laboratory results (with the assays developed for 
HPV73) and the respective external test that identified 
the samples as being negative or positive for the 
HPV73. The results are shown in the form of 
frequencies (number of samples that simultaneously 
satisfy the specific criteria indicated in the column and 
row). The kappa coefficients (k) obtained are also 
represented. 

No. of samples with 
AML test result 

No. of samples with external test 
result 

HPV73 E6 Negative Positive Total 
Negative 20 1 21 
Positive 0 19 19 

Total 20 20 40 
k = 0.95 (95%CI: 0.85 to 1.00) 

HPV73 E7 Negative Positive Total 
Negative 20 2 22 
Positive 0 18 18 

Total 20 20 40 
k = 0.90 (95%CI: 0.77 to 1.00) 

HPV73 L1 Negative Positive Total 
Negative 20 0 20 
Positive 0 20 20 

Total 20 20 40 
k = 1.00 (95%CI: 1.00 to 1.00) 

again, when talking about LOD of each assay in a 
general way, the highest value obtained between 
both workstations should be considered the true 
value. The lowest concentration that HPV73 E6 
assay was able to reliably detect was 
6.20 copies/µL, for E7 assay was 3.10 copies/µL 
and for L1 assay was 12.4 copies/µL. 

Reproducibility and repeatability: Intra-run 
variation (repeatability) was measured using 
duplicates of 10 HPV73 positive and 10 HPV73 
negative DNA extracts. For the inter-run variation 
(reproducibility), the same samples were run in a 
different PCR reaction. Qualitatively speaking, 
excellent agreements were obtained on system 1, 
both between measurements from the same run 
and from two different runs (Table 3), with a 
repeatability and reproducibility of 100% (95% CI: 
83.9 to 100%), and kappa coefficients of 1.00 
(95%CI: 1.00 to 1.00), for all assays. 

On the other hand, when testing the assays on 
system 2, although 100% (95% CI: 83.9 to 100%) 
of intra-run variation was obtained (kappa 
coefficient of 1.00), one positive sample was 
incorrectly classified as negative by E7 and L1 
assays. Then, in the second run, the sample was 
again correctly diagnosed as positive with the 
three different assays, resulting in a reproducibility 
of 100% (95% CI: 83.9 to 100%) with a kappa 
coefficient of 1.00 for E6 assay, but 95.0% (95% 
CI: 76.4 to 99.1%) with a kappa coefficient of 0.90 
(95%CI, 0.71 to 1.00), for E7 and L1. However, all 
values are still indicative of a very good 
agreement, according to the kappa coefficient 
scale, and acceptable for validation purposes.17    
In fact, all assays performed accordingly to the  
guidelines for HPV DNA test requirements for 
primary cervical cancer screening, where kappa
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Table 3 –  Agreements obtained between PCR measurements of duplicates from the same sample (repeatability) 
and of the same sample in different runs (reproducibility). Mean Cv for the Cp values obtained are also represented. 

System 1  System 1 
No. of samples  

2nd duplo 
No. of samples 

1st duplo 
 No. of samples 1st run  No. of samples  

2nd run 
HPV73  

E6, E7 and L1 Negative Positive Total 
 HPV73  

E6, E7 and L1 Negative Positive Total 

Negative 10 0 10  Negative 10 0 10 
Positive 0 10 10  Positive 0 10 10 

Total 10 10 20  Total 10 10 20 
CV for Cp (%) 0.4  CV for Cp (%) 0.5 

System 2  System 2 
No. of samples 2nd 

duplo 
No. of samples 

1st duplo 
 No. of samples 1st run  No. of samples  

2nd run 
HPV73  

E6 Negative Positive Total 
 HPV73  

E6 Negative Positive Total 

Negative 10 0 10  Negative 10 0 10 
Positive 0 10 10  Positive 0 10 10 

Total 10 10 20  Total 10 10 20 
HPV73  

E7 and L1 Negative Positive Total 
 HPV73  

E7 and L1 Negative Positive Total 

Negative 11 0 11  Negative 10 1 11 
Positive 0 9 9  Positive 0 9 9 

Total 11 9 20  Total 10 10 20 
CV for Cp (%) 0.6  CV for Cp (%) 1.3 

values higher than 0.50 are suggested for the 
variability experiments.25    

Interestingly, once again all negatives were 
correctly classified as so. Furthermore, once the 
discrepancies were not systematically found on 
both workstations and runs, one can assume that 
the non-detection problem is not related with 
assay performance but with automated pipetting, 
probably a pipetting error due to the combination 
of low sample volume remaining in the well and 
small DNA volume used for the experiment (2µL).  

The repeatability and reproducibility of DNA 
quantification were also evaluated. Excluding 
discordant cases, the mean CV (measurement of 
the variability between several samples) of Cp 
values were 0.5% (range = 0.0-1.7%) for the 
within-run and 0.9% (range = 0.0-12.4%) for the 
between-run variation. The quantification 
performance is comparable to the one found for 
FDA approved Cobas® HPV test.26 

Clinical significance of triple-target 
detection in HPV genotyping: the proposed 
assay was tested in a cohort of 910 Belgian 
women, whose cervical cell samples were 
processed at AML in the framework of cancer 
screening. HPV73 Detection was performed using 
the three different targets in separate reaction 
mixes, to enable the comparison between targets 
and clearly observe the difference in using three 
targets instead of one. 

Of 910 tested samples, 19 were at least 
positive for one of the targets. Positive results 
showing Cp values higher than 34.00 were not 
considered since AML defined this value as the 
positivity threshold for RIATOL genotyping assay. 
An overall agreement of 99.2% (95%CI: 98.4 to 
99.6%) was obtained between the three targets, 
with a kappa coefficient of 0.87 for overall 

concordance, which represents a very good 
agreement.17 The overall kappa is represented by 
the average of all the coefficients obtained when 
comparing E6 target with E7, E6 with L1 and E7 
with L1 target (Table 4).  

Of the 19 positive cases, 7 had discordant 
results between the three targets. After repeat 
testing (manually pipetted), 6 were accepted as 
true positives when all HPV73 targets were 
detected. One case, considered positive only for 
L1, was found to be a false positive in the retest, 
and later confirmed by INNO-LiPA genotyping 
extra assay. 

The statistical significance of the genotyping 
differences found between different targets was 
assessed using Pearson’s chi-square test (χ2), 
which expresses the independence of two or more 
categorical variables. A p-value of 0.83 was 
obtained, indicating that there is no statistical 
significance in the discordances found, at a 
significance level of 5%. However, despite the 
good agreement and the non-statistical 
significance of the discordances obtained, 6 out of 
18 positive women could be wrongly diagnosed if 
only one target was to be used. In a clinical point 
of view, having 33.3% (n=6/18 samples, 95% CI: 
16.2 to 56.3%) of the women wrongly diagnosed 
as negative, is considered significant. 

The lowest performance was obtained in the L1 
assay, with 27.8% of positives (n=5 samples, 
95%CI: 12.5 to 50.9%) missed and introducing 
one false positive, while E6 and E7 assays missed 
5.6% of the positives (95%CI: 1.0 to 25.8%), each 
one missing one different sample. The bad 
performance in detecting L1 gene could be related 
to the bad amplification efficiency of the primers 
but could also be due to possible viral integration 
or presence of variability in the L1 sequence since, 
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Table 4 –  Analysis of the agreement obtained between the three HPV DNA targets used for HPV73 genotyping. 
Percentage of agreement is indicated in the left/lower part of the table and kappa coefficient in the right/upper part. 
These statistics were determined for the total population of 910 samples. 

                           k 
Agreement             

E6 E7 L1 Average k 

E6 - 
0.94   

[95%CI, 0.85 to 1.0] 
0.80  

[95%CI, 0.63 to 0.96] 

0.87 E7 99.8% 
[95%CI: 99.2 to 99.9%] 

- 0.86 
 [95%CI, 0.73 to 1.0] 

L1 
99.3% 

[95%CI: 98.6 to 99.7%] 
99.6% 

[95%CI: 98.9 to 99.8%] - 

Overall  
Agreement 

99.2%  
[95%CI: 98.4 to 99.6%] 

- 

as described in the literature, L1 is believed to be 
lost during viral integration and to have higher 
propensity to mutations.7 These results raise 
concerns about all the genotyping tests that 
currently rely on L1 gene detection, and support 
the hypothesis of using the oncogenic genes as 
HPV detection targets. 

Even though this was a relatively small study, 
mostly due to the low number of positive cases 
found, it was seen that, if the three sets were used 
as a triple-target detection assay, the global assay 
performance did increase and all the 18 positive 
samples were correctly identified as HPV73 
positive. This overall increase in performance and 
the achievement of a 100% HPV73 positive 
discrimination, states the clinical significance of 
using multiple-target detection in HPV genotyping 
assays. Furthermore, the non-statistical 
significance obtained may result from the small 
number of positive samples present in the study 
population, which is only due to the prevalence of 
HPV73. Thus, increasing the sample size may be 
a good option to correctly assess the significance 
of this new HPV DNA detection strategy. 

On the other hand, the validation protocol used 
did not evaluate the clinical sensitivity and 
specificity to correctly diagnose women with 
severe cervical lesions or cancer, since confirmed 
HPV73 samples with this cytological information 
are not easy to find (this genotype is not widely 
studied). If this test is to be included in future 
cervical cancer screening, this validation point 
should be addressed.  

HPV73 prevalence in Belgium: from the 
previously analysed population of 910 Belgian 
women, only 800 met all the criteria to be 
considered suitable for an epidemiology study. 
The remaining 110 samples were excluded due to 
the absence of basic patient information like age 
(confidential samples) or HPV genotyping results. 
One of the HPV73 positive cases is included in this 
group and was left from the study.  

Overall HPV prevalence for the 18 HPV 
genotypes covered by the RIATOL HPV 
genotyping assay, together with HPV73, was 
23.9% (n=191, 95%CI: 21.1 to 26.9%). From 
these, 17 samples were found to be infected with 
HPV73, corresponding to an overall prevalence of 

2.3% (95%CI: 1.3 to 3.4%) in Belgian women. 
Interestingly, this value is comparable with the 
prevalence of some Hr-HPV types in Belgium, as 
previously described by Schmitt at al. 2013 27. 
HPV73 prevalence was determined based on the 
criteria that if a sample was found to be positive 
with at least one of the targets, then HPV73 DNA 
is present and the sample is considered positive 
for this genotype. 

Cervical cancer screening can be performed 
for preventive reasons, when the woman is 
following the recommended timelines for 
screening without any abnormal results or after a 
successful treatment, but also for diagnostic 
reasons, when abnormal results are found in the 
previous screening and more studies are advised 
within shortened time intervals as the ones 
recommended for preventive screening. In the 
population selected for this study, 61.5% (n=492 
samples) of the screenings were performed for 
preventive reasons, whereas 20.8% (n=166) were 
performed for diagnostic reasons. The remaining 
cases were performed for others reasons (not 
specified). As expected, samples collected and 
analysed for diagnostic purposes showed a high 
percentage of HPV positive results (56.0%, 95% 
CI: 48.4 to 63.4%) when compared with the 
preventive cases (15.0%, 95%CI: 12.2 to 18.5%). 
The same tendency was observed for HPV73, with 
4.8% (n=7, 95%CI: 2.1 to 8.4%) of the diagnostic 
cases being positive for HPV73 compared with the 
1.6% (n=8, 95%CI: 0.8 to 3.2%) found in 
preventive cases. This seems to imply an 
association of HPV73 with cervical lesions. Two 
HPV73 positive cases were not classified as 
preventive nor diagnostic.  

Age-specific prevalence of HPV73 in 
Belgian women: The final population used for the 
prevalence study included women from 17 to 84 
years of age, which were clustered in 5 different 
groups: ≤25, 26-35, 36-45, 46-55 and >55 years. 
Women distribution was uniform, with exception of 
the ≤25 years that were slightly underrepresented: 
77 women included in this group, contrasting with 
an average of 200 included in each one of the 
other. This is, however, concordant with the fact 
that cancer screening is only advised to women 
older than 25 years.5  



8 

Age-specific prevalence was determined by 
dividing the number of positive women in each 
group, by the total number of women included in 
that age group (Table 5). HPV73 peaked in 
women with less than 25 years (p=6×10-6 with 
Fisher’s exact test), followed by a quick decrease 
in the next age group (25-35 years of age), after 
which a lower and constant prevalence of 
approximate 1.0% is observed (Table 5). The 
average age of women infected with HPV73 was 
47 years. HPV positivity (for the 18 HPV types 
covered by RIATOL genotyping assay and 
HPV73) also peaked at younger ages (p=0.001 
with Fisher’s exact test) and decreased over the 
next age groups, without a clear plateau area.  

The peak of HPV in younger ages (older 
teenagers and women in their early 20ies) is 
consistent with previous studies performed 
worldwide. It is usually associated with the onset 
of sexual relations and are characterized as 
transient infections that clear rapidly.5,28 

Sometimes, a second peak at older age 
(⩾ 45 years) is also observed, hypothesised to be 
associated with immunosenescence (natural and 
gradual age-related deterioration of the immune 
system) or changes in sexual behaviour.29 
Nevertheless, this does not seem to happen with 
HPV prevalence in the Belgian population, 
possibly stating the effectiveness of the national 
screening programs. 

Cyto-virological correlation of HPV73: the 
correlation of overall HPV positivity and HPV73 
prevalence with different severity grades of 
cervical lesions was also analysed in the screened 
Belgian population (Figure 1, A). Although both 
normal (NILM) and abnormal cytological findings 
were represented, cytology information was only 
available for 773 women from the 800 of the initial 
population. Therefore, 27 samples (3.4%, 95% CI: 
2.3 to 4.9%) were not included in the cytology-
based studies.  

From the 773 women tested, 20.3% (n=162 
cases, 95%CI: 17.6 to 23.2%) showed cytological 
abnormalities. Several grades of cervical lesions 
were represented, including one case of atypical 
glandular cells (AGC), 65 of ASC-US, 77 of LSIL, 
6 of ASC-H, 12 of HSIL and 1 case of squamous 
cell carcinoma (SSC). Owing to the variable and 
small sample size of each group, the cyto-
virological study was also performed on a side 

population composed by equal numbers (n=100) 
of NILM, ASC-US, LSIL and HSIL samples (Figure 
1, B). ASC-H, AGC and SSC were excluded due 
to the small sample size available. This 
contributed to obtain narrow 95% CI in the 
proportions calculated and consequently, 
decrease the uncertainty associated with the 
values. 

Overall HPV prevalence was found to be low in 
NILM cases and peak in higher grade lesions 
(p=0.0 with Fisher’s exact test), after a rather 
stable and low prevalence in ASC-US and LSIL 
cases. The same happened for HPV73 (p=0.0003 
with Fisher’s exact test). In general, the results 
found for the side population followed the same 
tendency as the general screening population 
(p=0.0 with Pearson’s Chi-Square test). The 
inability to detect HPV73 positive HSIL cases in 
the Belgian population of this study seems to be a 
problem of small sample size since in the side 
population some positive cases were detected. 
The increase of HPV73 prevalence with 
increasing lesion severity (p=0.005 with Chi-
Square test for linear trend computed for the side 
population), supports the possible carcinogenic 
potential of this genotype.27 

When comparing the prevalence from the 
different groups with data found in literature for 
other high-risk types, it is concluded that HPV73 
seems to be more prevalent in cervical lesions 
than some high-risk types already included in HPV 
screening programs. Special attention should be 
drawn to HSIL cases, where HPV73 showed a 
higher prevalence than the ones indicated for HPV 
18, 33, 35, 39, 45, 52, 56, 58, 59, 66, or 68.27 This 
seems to support the inclusion of HPV73 detection 
in cancer screening programs. However, no 
concrete conclusions can be drawn about the 
carcinogenic potential of this genotype since no 
significant amount of single HPV73 infections was 
observed and, in multiple infections, it is not clear 
which HPV type is responsible for the lesion. In 
addition, no data involving squamous cell 
carcinomas positive for HPV 73 was found in this 
study. 

Patterns of coinfection: HPV 73 patterns of 
coinfections with each one of the other 18 HPV 
genotypes tested were examined, to determine if 
one combination was significantly more common 
than any other combination. Women infected with 

Table 5 -  Age-stratified HPV and HPV type 73 prevalence (%) among Belgian women 17-84 years of age. The 95% 
confidence intervals were calculated with the Wilson score method without continuity correction and p-values of 
zero were estimated using the Fisher’s exact test. 

Age 
group 

Tested women, 
no. 

HPV positive 
samples, no. 

Overall HPV prevalence 
(%, 95% CI) 

HPV73 positive 
samples, no. 

HPV73 prevalence 
(%, 95% CI) 

≤25 77 31 40.3 (30.0 to 51.4) 9 11.7 (6.3 to 20.7) 

26-35 192 71 37.0 (30.5 to 44.0) 3 1.6 (0.5 to 4.5) 

36-45 211 42 19.9 (15.1 to 25.8) 2 0.9 (0.3 to 3.4) 

46-55 178 30 16.9 (12.1 to 23.0) 2 1.1 (0.3 to 4.0) 

>55 142 17 12.0 (7.6 to 18.3) 1 0.7 (0.1 to 3.9) 
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one HPV type are more likely to acquire more, and 
information about the patterns of coinfection could 
make it possible to predict the probability of new 
infections. On the other hand, this question is of 
particular importance to evaluate if the use of 
prophylactic vaccination for specific HPV types 
can play an important role in the prevention of 
other HPV genotypes.30 

Coinfection of two particular HPV types is 
called association. As a way to normalize the 
results by the specific prevalence of each 
genotype, an association is considered as the 
proportion of HPV73 positive cases associated 
with a specific HPV type among all the coinfection 
cases involving that genotype. Each genotype 
was evaluated independently and considered as 
present in a coinfection if associated with at least 
one other HPV type. 

From the same screening population as 
indicated before, 36.3% (n=70/191, 95%CI: 30.1 
to 43.7%) of the HPV positive women were 
identified as carrying coinfections. The number of 
genotypes present as a multiple infection in the 
same women ranged from two to seven. For HPV 
73 in particular, the majority of the participants 
infected had an HPV 73 single infection (n=8 
samples, 47.1%, 95% CI: 26.2 to 69.0%). 

Among the HPV types tested, no concrete and 
statistically significant evidence (at a confidence 
level of 5.0%) was found to support the likelihood 
of any coinfection combination with HPV73 over 
the others (p=0.985, with Fisher’s exact test). 
These observations support the hypothesis that 
existing vaccines will not impact the burden of 
HPV73 in Belgium since the decrease of HPV 
16/18/6/11 does not impact this genotype. 
Analogously, HPV prevalence of any other types 
does not seem to drive HPV73 infections and vice 
versa. Previous studies also stated that no 
statistically significant coinfection patterns were 
found between two different HPV types.30  

HPV73 prevalence in Kenya: The HPV73 
prevalence was also analysed among a 
population of Kenya’s tea plantation workers, 
known for having high sexual risk behaviours. As 
a consequence, HPV prevalence in these 
populations are usually higher since genital HPV 
types are sexually transmitted. HPV73 prevalence 
was assessed only using the E7 target, the one 
that showed the highest amplification efficiency 
and the lowest LOD. 

In all 712 specimens included in this 
population, no personal information nor cytological 
findings were available, therefore only HPV 
prevalence and type-specific association with 
HPV73 was analysed and compared with the 
Belgium population. HPV prevalence in Kenya 
was found to be 2.1-fold higher than in Belgium. 
Similarly, HPV73 was 2-fold higher in Kenyan 
women. This increase in HPV73 prevalence with 
increased sexual risk behaviour corroborates that 
HPV73 infection is sexually transmitted.   

 Likewise, the percentage of coinfections in 
HPV positive women was 1.8-fold higher in Kenya 
than in Belgium, with the number of genotypes 
found together in multiple infections ranging from 
two to nine. Furthermore, contrary to what was 
found in Belgian women, the majority of the 
participants infected with HPV73 had a multiple 
infection (n=24/31 cases, 77.4%, 95%CI: 60.2 to 
88.6%). These findings support the already known 
tendency for higher prevalence of multiple 
infections in women with more lifetime sex 
partners, due to a higher sexual transmission of 
genital HPV infections. 

However, despite the increased number of 
infections and coinfections involving HPV73, once 
again, at a confidence level of 5.0 %, no concrete 
and significant evidence was found to support the 
higher likelihood of any HPV type combination in 
a coinfection with HPV73 (p=0.427 with Fisher’s 
exact test). In the future, an increase of the sample

A)

 

B)

 
 

Figure 1 -  Prevalence of HPV73 (%) in different cytology groups for the screened population (A) and for the 
cytologicaly stratified side population (B). Overall HPV prevalence by cytology group was also included for the 
screened Belgian population (A). Error bars represent the 95% confidence intervals of each proportion. NILM: 
Negative for Intraepithelial Lesion or Malignancy; ASC-US: Atypical squamous cells of undetermined 
significance; LSIL: Low-grade squamous intraepithelial lesions; ASC-H: Atypical squamous cells that cannot 
exclude high-grade squamous intraepithelial lesion; HSIL: High-grade squamous intraepithelial lesions. 
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size may be pursued to increase the chance of 
finding statistical significance in coinfection 
associations between HPV73 and other HPV 
types.  
4. Conclusions  

When validated as individual qPCR assays, the 
designed HPV73 assays were found to have 
similar performances as other FDA approved 
tests. Moreover, despite the limitation of small 
sample size and although not reaching statistical 
significance, it was considered that from a clinical 
point of view, if six out of 18 women can be 
correctly diagnosed with the new triple-target 
strategy, and not with the single-target version, 
then the proposed approach is promising as a way 
to improve overall performance of screening 
programs. 

As for HPV73, in the light of these results, 
some will possibly still be reluctant with its 
inclusion in cancer screening programs, even 
knowing its high prevalence and its tendency to be 
associated with high-grade cervical lesions. The 
lack of information about the concrete 
carcinogenic potential may support this belief 
since burdening people with unnecessary 
information can lead to increased patient 
overtreatment. However, being screening the 
easiest way to assess the effects of HPV 
infections, implementing full genotyping assays in 
cervical screening programs, even if not for a real 
prevention application in a first phase, can be a 
valuable tool to study cervical cancer progression 
and consequently, how individual patient 
treatment management can lighten the cervical 
cancer burden in the world.  
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