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    Chapter 2   

 A Real-Time PCR Approach Based on SPF10 Primers 
and the INNO-LiPA HPV Genotyping Extra Assay 
for the Detection and Typing of Human Papillomavirus 

           M.     Isabel     Micalessi     ,     Gaëlle     A.     Boulet    , and     Johannes     Bogers   

    Abstract 

   A highly sensitive SPF10 real-time PCR was developed to achieve simultaneous amplifi cation and detection 
of the human papillomavirus (HPV) target. That way, LiPA analysis of the HPV-negative samples can be 
avoided, reducing workload and cost. Here, we describe in detail a SYBR Green I-based real-time PCR 
assay based on SPF10 primers using the LightCycler ®  480 system to generate and detect HPV amplicons, 
which are compatible with the LiPA assay.  
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1      Introduction 

 Cervical carcinoma is the third most prevalent cancer in women 
worldwide [ 1 ]. The causal relationship between a persistent infec-
tion with high-risk HPV and cervical cancer has resulted in the 
development of molecular technologies for viral detection [ 2 ,  3 ]. 

 The SPF10 primers target a 65-base pair region of the HPV L1 
open reading frame and enable the amplifi cation of at least 54 geni-
tal HPV types [ 4 ,  5 ]. After DNA amplifi cation, the INNO-LiPA 
HPV Genotyping Extra (LiPA) assay, i.e., a reverse line probe assay, 
can be used for the identifi cation of 28 different HPV genotypes. 
This assay shows a good clinical performance compared to other 
commercial tests for HPV genotyping in cervical cell specimens and 
formalin-fi xed material [ 6 ,  7 ]. Furthermore, the LiPA assay is com-
monly used in epidemiological studies and vaccination trials [ 8 ,  9 ]. 

 Our group has developed a SYBR Green I-based real-time 
protocol for the SPF10 primers on the LightCycler ®  480 to achieve 
simultaneous amplifi cation and detection of the HPV target [ 10 ]. 
The SPF10 real-time PCR shows a detection limit of 29.7 copies 
for HPV6, 16, 18 and 31 and generates amplicons, which are 
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compatible with the LiPA. Moreover, this approach immediately 
indicates the HPV-negativity, making the LiPA step redundant for 
the HPV-negative samples. Although the HPV prevalence in cervi-
cal samples depends on various geographical, demographical and/
or methodological factors, the percentage of HPV-positivity can be 
estimated between 7 and 18 % [ 11 – 14 ]. This means that the SPF10 
real-time PCR would reduce the cost and workload of the LiPA 
assay in 93 % of the cervical samples.  

2    Materials 

  Each run PCR should comprise a positive and a negative control:

    1.    Positive control contains HPV6 DNA and HLA-DPB1 DNA 
(INNO-LiPA HPV Genotyping Extra Amp, Innogenetics, 
Ghent, Belgium).   

   2.    Use PCR Grade water (Roche Applied Science, Penzberg, 
Germany) as a no template control (NTC). 

 Store the controls at −20 °C.      

  Prepare the real-time PCR master mix using the following reagents:

    1.    SYBR Green I (Sigma, Saint Louis, MO, USA): 1/2,000 dilu-
tion in Tris/EDTA buffer (pH 7.5) ( see   Note 1 ).   

   2.    PCR buffer II, 10× (Applied Biosystems, Foster City, CA, USA).   
   3.    MgCl 2 , 10 mM (Applied Biosystems).   
   4.    dNTP mixture, 10 mM each (Roche Applied Science).   
   5.    Biotinylated SPF10 primers (SPF10 primer set RUO, 10 μM 

of each primer (Innogenetics, Ghent, Belgium)).   
   6.    AmpliTaq Gold ®  DNA polymerase, 5 U/μl (Applied Biosystems).   
   7.    PCR Grade H 2 O (Roche Applied Science).     

 Store the SYBR Green dye I dilution at 2–8 °C protected from 
light for maximum 18 days ( see   Note 2 ) [ 15 ]. Keep all the other 
components of the mix at −20 °C. In this protocol, the multiwell-
plate- based LightCycler ®  480 system (Roche Applied Science) is 
used to perform the PCR reaction.  

  The HPV amplicons are subjected to the INNO-LiPA HPV 
Genotyping Extra assay (Innogenetics) for HPV typing. Store the 
reagents and strips of the kit at 2–8 °C. 

 The following reagents are supplied with this kit:

    1.    Denaturation solution.   
   2.    Hybridization solution.   
   3.    Stringent Wash solution.   

2.1  Controls

2.2  SPF10 
Real-Time PCR

2.3  HPV 
Genotyping Assay
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   4.    Conjugate.   
   5.    Conjugate Diluent.   
   6.    Substrate.   
   7.    Substrate Buffer.   
   8.    Rinse Solution.     

 Fully automated processing of the assay is possible using the 
Auto-LiPA 48 (Innogenetics). The hybridization patterns on the 
strips are objectively interpreted using the LiRAS ®  software for 
LiPA HPV (Innogenetics).   

3    Methods 

  A SYBR Green I-based real-time PCR is used to amplify and detect 
HPV DNA simultaneously. SYBR Green I is a fl uorescence dye 
which binds only to double-stranded DNA (dsDNA) [ 16 ]. The 
dye has virtually no fl uorescence in free solution. Upon binding to 
dsDNA, the specifi c fl uorescence of SYBR Green I is greatly 
enhanced. The more copies of target DNA are amplifi ed in the 
sample during PCR-cycling, the earlier the signal reaches a detect-
able threshold where it is signifi cantly higher than background lev-
els. The cycle at which this occurs is called the Ct (cycle threshold) 
of Cp (crossing point) value, which is always in the exponential 
phase of the PCR [ 17 ,  18 ]. In contrast to sequence-specifi c fl uo-
rescence labeled probes (e.g. TaqMan ® ), SYBR Green I binds to 
any dsDNA such as primer dimers. Therefore, a melting curve 
analysis has to be performed after the amplifi cation to assess the 
specifi city of the real-time PCR product [ 19 ]. 

 The SPF10 real-time PCR is carried out as follows:

    1.    Thaw sample extracts, positive control, PCR buffer II (10×), 
MgCl 2  (10 mM), dNTP mixture (10 mM each), the biotinyl-
ated SPF10 primers (10 μM each), and PCR Grade water. Mix 
the thawed reagents and the SYBR Green I dilution (1/2,000) 
by vortexing and spin down. Keep all substances in the pre- 
cooled (2–8 °C) benchtop cooler.   

   2.    Prepare a master mix for all samples, including the positive 
control and NTC plus one. Composition of the mastermix for 
one sample: 

 SYBR Green I (1/2,000)  5 μl  (fi nal dilution 1/20,000) 

 PCR buffer II (10×)  5 μl  (fi nal concentration 1×) 

 MgCl 2  (10 mM)  8 μl  (fi nal concentration 4 mM) 

 dNTP (10 mM each)  1 μl  (fi nal concentration 
200 μM each) 

3.1  HPV 
Amplifi cation 
and Detection by 
SPF10 Real-Time PCR

(continued)
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 SPF10 primers (10 μM each)  1.5 μl  (fi nal concentration 
300 nM each) 

 AmpliTaq Gold ®  (5 U/μl)  0.3 μl  (fi nal concentration 1.5 U) 

 PCR Grade H 2 O  19.2 μl 

 40 μl 

 Do not vortex, but spin down the AmpliTaq Gold ®  DNA 
polymerase in a benchtop centrifuge before use. This reagent 
is viscous and therefore requires extra care in pipetting in order 
to deliver the accurate volume of reagent.   

   3.    Vortex briefl y the master mix and spin down. Distribute the 
master mix (40 μl) in every well of a white LightCycler ®  480 
Multiwell Plate 96 with the same tip.   

   4.    Pipette 10 μl of the sample extract into the master mix. Add 
10 μl of the positive control to the positive control well and 
add 10 μl PCR Grade water to the negative control well.   

   5.    Seal the Multiwell Plate with LightCycler ®  480 Sealing Foil.   
   6.    Place the Multiwell Plate in a swinging-bucket centrifuge and 

balance it with a suitable counterweight. Centrifuge for 2 min 
at 1,500 ×  g .   

   7.    Load the Multiwell Plate into the LightCycler ®  480 system.   
   8.    Run PCR with the corresponding program on the LightCycler ®  

480 system ( see   Note 3 ). 

 Ramp rate (°C/s)  Fluorescence 
acquisition 

 AmpliTaq Gold ®  
activation 

 95 °C for 10 min  4.4  None 

 Amplifi cation  95 °C for 30 s  4.4  None 

  40 cycles  52 °C for 45 s  2.2  None 

 72 °C for 45 s  4.4  Single 

 Melting curve  95 °C for 5 s  4.4  None 

 52 °C for 1 min  2.2  None 

 97 °C  /  Continuous 

 Cooling  40 °C for 10 s  1.5  None 

       9.    Use the Fit Points method implemented in the LightCycler ®  
480 software version 1.5 to obtain a Cp value for each 
sample.   

   10.    Perform a melting temperature (Tm) calling analysis for the 
SYBR Green I format using the LightCycler ®  480 software 

(continued)
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version 1.5. The Tm corresponds with the maximum of the 
negative fi rst derivative of the melting curve. Samples with a 
Tm in the range of 79–83 °C are considered HPV-positive ( see  
Fig.  1 ). Samples without a sharp peak on the melting peak 
chart or with weak peaks (width: 0, height: 0), or with a Tm 
outside the predefi ned range are considered as HPV-negative.

       11.    Store the Multiwell Plate at −20 °C ( see   Note 4 ) or subject the 
HPV amplicons immediately to the LiPA assay.      

  The LiPA assay is based on the reverse hybridization principle. 
Biotinylated HPV amplicons are denatured and hybridized to spe-
cifi c oligonucleotide probes immobilized on the strip. After strin-
gent washing, streptavidin-conjugated alkaline phosphatase is 
added and binds to any biotinylated hybrid previously formed. 
Incubation with BCIP/NBT chromogen gives a purple/brown 
precipitate ( see  Fig.  2 ). The results can be interpreted visually or by 
the LiRAS ®  HPV software.

3.2  HPV Genotyping 
by the LiPA Assay
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  Fig. 1    Example of an amplifi cation plot and melting peak for HPV detection by SPF10 real-time PCR. ( a ) 
Amplifi cation plot of SPF10 real-time PCR. ( b ) Melting peak showing a HPV16-positive sample, Tm 81 °C       
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    The LiPA protocol is carried out using the Auto-LiPA 48 and 
consisted of the following steps:

    1.    Bring all reagents and the tube containing the strips to room 
temperature (RT) (20–25 °C) approximately 1 h before use. 
All these components should be returned to the refrigerator 
(2–8 °C) immediately after use.   

   2.    Heat the shaking water bath to 49.5 or 50 °C ( see   Note 5 ). 
Prewarm the Hybridization solution and Stringent Wash solu-
tion to at least 37 °C but do not exceed 50 °C. Mix before use.   

   3.    Prepare the LiPA reagents according to the number of sam-
ples. Each LiPA run contains HPV-positive samples, a positive 
amplifi cation control and a NTC.   

   4.    Rinse Solution should be diluted 1/5 in distilled H 2 O to make 
Rinse working solution. Prepare 8 ml Rinse working solution 
for each LiPA well plus 20 ml (i.e., total volume 
needed = 8 × number of wells + 20). This solution is stable for 2 
weeks at 2–8 °C.   

   5.    Conjugate should be diluted 1/100 in Conjugate Diluent to 
make Conjugate working solution. Prepare 2 ml Conjugate 
working solution for each LiPA well plus 10 ml (i.e., total vol-
ume needed = 2 × number of wells + 10). This solution is stable 
for 8 h at RT if stored in the dark.   

   6.    Substrate should be diluted 1/100 in Substrate Buffer to make 
Substrate working solution. Prepare 2 ml Substrate working 

3.2.1  The LiPA Protocol

  Fig. 2    Principle of the LiPA assay       
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solution for each LiPA well plus 10 ml (i.e., total volume 
needed = 2 × number of wells + 10). This solution is stable for 
8 h at RT if stored in the dark.   

   7.    Using a clean forceps, remove the required number of strips 
from the tube (one strip per sample). Place the strips in the 
wells of the LiPA tray and put an identifi cation number above 
the marker line using a pencil.   

   8.    Pipette 10 μl Denaturation solution into the upper corner of 
each well from the LiPA tray.   

   9.    Add 1 μl of amplifi ed biotinylated sample ( see   Note 5 ) to the 
Denaturation solution. Allow denaturation to proceed for 
5 min at RT.   

   10.    Place the LiPA tray in the shaking water bath at 49.5 or 
50 °C. Add 2 ml prewarmed Hybridization Solution to each 
well and incubate for 1 h.   

   11.    Wash each strip twice with 2 ml prewarmed Stringent Wash 
solution for 10–20 s.   

   12.    Incubate each strip in 2 ml prewarmed Stringent Wash solu-
tion in the shaking water bath at 49.5 or 50 °C for 30 min.     

 The following steps are carried out on a shaker at RT:
    13.    Wash each strip twice using 2 ml Rinse working solution for 

1 min each.   
   14.    Add 2 ml Conjugate working solution to each well and incu-

bate 30 min while shaking.   
   15.    Wash each strip twice using 2 ml Rinse working solution for 

1 min and wash once more using 2 ml Substrate Buffer.   
   16.    Add 2 ml Substrate working solution to each well and incubate 

for 30 min while shaking.   
   17.    Stop the color development by washing the strips twice with 

2 ml distilled water while shaking for at least 3 min.   
   18.    Using forceps, remove the strips from the wells and place them 

on absorbent paper. Let the strips dry completely and fi x them 
to the data reporting sheet. The uppermost line is the marker 
line. The conjugate control line under the marker line aids cor-
rect alignment of the strips on the data reporting sheet.      

  The hybridization patterns can be interpreted visually using the 
INNO-LiPA HPV Genotyping Extra Reading Card supplied with 
the kit. Our group employed the LiRAS ®  HPV software to obtain 
an objective interpretation of the results.

    1.    Each clear purple/brown line should be scored as positive.   
   2.    The fi rst line is the Conjugate Control line. This line controls 

for the addition of reactive Conjugate and Substrate working 

3.2.2  Interpretation 
of the LiPA results

SPF10 Real-Time PCR



34

solution during the detection procedure. It should always be 
positive and have the same intensity on each strip in the same 
test run.   

   3.    The second line is a human DNA control. Because of the 
absence of HLA-DPB1 primers in the real-time PCR master 
mix, this line should always be negative.   

   4.    A sample is considered HPV-positive if at least one of the type- 
specifi c lines or one of the HPV control lines is positive.   

   5.    If a positive band is obtained on the strip for the NTC, the 
entire run should be considered as invalid and the complete 
procedure should be repeated.    

4        Notes 

     1.    SYBR Green I should be diluted in Tris/EDTA buffer of 
pH 7.5 but not in a buffer of pH 8.0. Tris-buffered solutions 
of pH 8.0 at RT will change to about pH 8.5 when stored at 
4 °C. This increase is suffi cient to render the dye unstable and 
to generate SYBR Green I degradation products, which are 
potent PCR inhibitors. Therefore, SYBR Green I has to be 
diluted in Tris/EDTA buffer of pH 7.5 [ 15 ].   

   2.    After 21 days, SYBR Green I exhibits an inhibitory effect on 
PCR reactions [ 15 ].   

   3.    The melting program is 5 s at 95 °C followed by an increase of 
2.2 °C/s from 52 °C up to 97 °C. The complete run takes 2 h 
and 7 min.   

   4.    Thaw the Multiwell Plate with the real-time PCR amplicons. 
Centrifuge the plate for 2 min at 1,500 ×  g  and carefully remove 
the seal from the plate. After that, the samples can be subjected 
to the LiPA assay.   

   5.    The high amplifi cation effi ciency of the SPF10 real-time PCR 
results in higher amplicon concentration than with conven-
tional PCR, leading to cross-reactivity when the LiPA assay is 
performed under default conditions. Performing the LiPA 
assay at an increased hybridization temperature and stringent 
wash incubation temperature (49.5 or 50 °C) in combination 
with a lower amplicon volume (1 μl) eliminated this cross-reac-
tivity [ 10 ].         

  Acknowledgement  

 This work was fi nancially supported by the Industrial Research 
Fund of the University of Antwerp (IOF/SBO 3501/3494) and 
Innogenetics NV. We would like to thank D. De Rijck for his 
assistance with the fi gures.  

M. Isabel Micalessi et al.



35

   References 

    1.    Arbyn M, Castellsagué X, de Sanjosé S, Bruni 
L, Saraiya M, Bray F, Ferlay J (2011) Worldwide 
burden of cervical cancer in 2008. Ann Oncol 
22:2675–2686  

    2.    Bosch FX, Lorincz A, Muñoz N, Meijer CJ, 
Shah KV (2002) The causal relation between 
human papillomavirus and cervical cancer. J Clin 
Pathol 55:244–265  

    3.    Boulet GA, Horvath CA, Berghmans S, 
Bogers J (2008) Human papillomavirus in 
cervical cancer screening: important role as 
biomarker. Cancer Epidemiol Biomarkers Prev 
17:810–817  

    4.    Kleter B, van Doorn LJ, ter Schegget J, 
Schrauwen L, van Krimpen K, Burger M, ter 
Harmsel B, Quint W (1998) Novel short- 
fragment PCR assay for highly sensitive 
broad- spectrum detection of anogenital 
human papillomaviruses. Am J Pathol 153:
1731–1739  

    5.    Kleter B, van Doorn LJ, Schrauwen L, Molijn 
A, Sastrowijoto S, ter Schegget J, Lindeman J, 
ter Harmsel B, Burger M, Quint W (1999) 
Development and clinical evaluation of a highly 
sensitive PCR-reverse hybridization line probe 
assay for detection and identifi cation of ano-
genital human papillomavirus. J Clin Microbiol 
37:2508–2517  

    6.    Galan-Sanchez F, Hernández-Menendez M, 
De Los Rios Hernandez MA, Rodriguez- 
Iglesias M (2011) Performance of the New 
INNO-LiPA HPV extra to genotype human 
papillomavirus in cervical cell specimens. Acta 
Cytol 55:341–343  

    7.    Martró E, Valencia MJ, Tarrats A, Castellà E, 
Llatjós M, Franquesa S, Matas L, Ausina V 
(2012) Comparison between two human papil-
lomavirus genotyping assays targeting the L1 
or E6/E7 region in cervical cancer biopsies. 
Enferm Infecc Microbiol Clin 30:225–229  

    8.    Castellsagué X, Iftner T, Roura E, Vidart JA, 
Kjaer SK, Bosch FX, Muñoz N, Palacios S, San 
Martin Rodriguez M, Serradell L, Torcel- 
Pagnon L, Cortes J, CLEOPATRE Spain 
Study Group (2012) Prevalence and genotype 
distribution of human papillomavirus infection 
of the cervix in Spain: the CLEOPATRE study. 
J Med Virol 84:947–956  

    9.    Kovanda A, Juvan U, Sterbenc A, Kocjan BJ, 
Seme K, Jancar N, Vrtacnik-Bokal E, Poljak 
M (2009) Pre-vaccination distribution of 
human papillomavirus (HPV) genotypes in 
women with cervical intraepithelial neoplasia 
grade 3 (CIN 3) lesions in Slovenia. Acta 

Dermatovenerol Alp Panonica Adriat 18:
47–52  

     10.    Micalessi MI, Boulet GA, Vorsters A, De Wit 
K, Jannes G, Mijs W, Ieven M, Van Damme P, 
Bogers JJ (2013) A real-time PCR approach 
based on SPF10 primers and the INNO-LiPA 
HPV Genotyping Extra assay for the detection 
and typing of human papillomavirus. J Virol 
Methods 187:166–171  

    11.    Clavel C, Masure M, Bory JP, Putaud I, 
Mangeonjean C, Lorenzato M, Nazeyrollas P, 
Gabriel R, Quereux C, Birembaut P (2001) 
Human papillomavirus testing in primary 
screening for the detection of high-grade cervi-
cal lesions: a study of 7932 women. Br J Cancer 
84:1616–1623  

   12.    Ratnam S, Franco EL, Ferenczy A (2000) 
Human papillomavirus testing for primary 
screening of cervical cancer precursors. Cancer 
Epidemiol Biomarkers Prev 9:945–951  

   13.    Riethmuller D, Gay C, Bertrand X, Bettinger 
D, Schaal JP, Carbillet JP, Lassabe C, Arveux P, 
Seilles E, Mougin C (1999) Genital human 
papillomavirus infection among women 
recruited for routine cervical cancer screening 
or for colposcopy determined by Hybrid 
Capture II and polymerase chain reaction. 
Diagn Mol Pathol 8:157–164  

    14.    Schneider A, Hoyer H, Lotz B, Leistritza S, 
Kühne-Heid R, Nindl I, Müller B, Haerting J, 
Dürst M (2000) Screening for high-grade cer-
vical intra-epithelial neoplasia and cancer by 
testing for high-risk HPV, routine cytology or 
colposcopy. Int J Cancer 89:529–534  

      15.    Karsai A, Müller S, Platz S, Hauser MT (2002) 
Evaluation of a homemade SYBR green I reac-
tion mixture for real-time PCR quantifi cation 
of gene expression. Biotechniques 32:790–
792, 794–796  

    16.    Morrison TB, Weis JJ, Wittwer CT (1998) 
Quantifi cation of low-copy transcripts by con-
tinuous SYBR Green I monitoring during 
amplifi cation. Biotechniques 24:954–958, 
960, 962  

    17.    Gibson UE, Heid CA, Williams PM (1996) A 
novel method for real time quantitative 
RT-PCR. Genome Res 6:995–1001  

    18.    Heid CA, Stevens J, Livak KJ, Williams PM 
(1996) Real time quantitative PCR. Genome 
Res 6:986–994  

    19.    Ririe KM, Rasmussen RP, Wittwer CT (1997) 
Product differentiation by analysis of DNA 
melting curves during the polymerase chain 
reaction. Anal Biochem 245:154–160    

SPF10 Real-Time PCR



http://www.springer.com/978-1-4939-2012-9


	Chapter 2: A Real-Time PCR Approach Based on SPF10 Primers and the INNO-LiPA HPV Genotyping Extra Assay for the Detection and Typing of Human Papillomavirus
	1 Introduction
	2 Materials
	2.1 Controls
	2.2 SPF10 Real-Time PCR
	2.3 HPV Genotyping Assay

	3 Methods
	3.1 HPV Amplification and Detection by SPF10 Real-Time PCR
	3.2 HPV Genotyping by the LiPA Assay
	3.2.1 The LiPA Protocol
	3.2.2 Interpretation of the LiPA results


	4 Notes
	References


