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extracted with the two manual methods the results were concordant in 75% of the cases both for the Human Papillomaviruses (HPVs) are the etiological agents of cervical carcinoma, the second most 41 common malignancy among women after breast cancer [START_REF] Munoz | Chapter 1: HPV in the etiology of 306 human cancer[END_REF][START_REF] Zur Hausen | Papillomaviruses in the causation of human cancers -a brief historical 327 account[END_REF].
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Virtually all cases of cervical carcinoma worldwide are HPV-positive, although only a limited 43 number of HPV genotypes among the more than 100 types identified so far seem to have a role in type-specific viral persistence [Kjaer et al., 2010], to plan a correct management of the patient, and 65 to predict treatment effectiveness in cervical cancer patients [START_REF] Nagai | Persistence 308 of human papillomavirus infection as a predictor for recurrence in carcinoma of the cervix 309 after radiotherapy[END_REF]Nobeyama et al., 66 2004]. high-risk (HPVs 16,31,33,39,56) and 2 possible high-risk types (HPVs 53 and 66), as shown in 174Table III. In the case of the 5 samples with a discordant INNO-LiPA type-specific profile, lack of 175 concordance was observed for 7 high-risk (HPVs 16,18,45,51,53,58,70) and 1 low-risk HPV 176 types (HPV 54), as shown in Table IV. The comparison between the Linear Array and the Inno-LiPA results on HC2-positive samples 182 showed that most, if not all, the genotyping results were either concordant or compatible, as already 183 demonstrated in previous studies performed on much larger sets of samples [START_REF] Castle | Comparison of 275 two PCR-based human papillomavirus genotyping methods[END_REF]van 184 Hamont et al., 2006]. The data also confirmed that the Linear Array is able to detect more multiple 185 infections and a greater number of HPV types per multiple infection (data not shown) [Castle et al.,186 2008]. The differences observed between the two methods may be due to the fact that these assays 
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  Linear Array and the INNO-LiPA. When comparing the Linear Array results obtained on either of 30 the two manual extracts with those obtained following automated extraction, 65% of the samples showed type-specific concordance in both cases. The INNO-LiPA results were concordant in 80% 32 of the cases comparing the AmpliLute vs. the automated extract, while concordant results were 33 observed in 90% of the cases when comparing the QIAGEN vs. the automated extract. In 34 conclusion, the Linear Array and INNO-LiPA results are affected by the method of DNA 35 extraction. Consequently, different HPV type-specific profiles may be observed using different 36 extracts of the same sample. The use of consistent protocols for DNA purification is a priority to 37 guarantee intra-assay reproducibility over time. 38 KEY WORDS: HPV genotyping, DNA extraction, cervico-vaginal cytology INTRODUCTION 40
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  the development of cervical cancer. In particular, 12 genotypes have been classified as

  67 PCR-based methods are used widely in clinical and research laboratories. The Linear Array HPV 68 Genotyping Test (Roche) and the INNO-LiPA (Innogenetics) has received the CE mark 69 certification, are registered for in vitro diagnostic use in Europe and, among all the available 70 methods, have the most extensive clinical validation. The Linear Array, which is based on the 71 amplification of a 450 bp sequence within the L1 region using PGMY primers, identifies 37 ano-72 genital HPV genotypes. The INNO-LiPA HPV Genotyping Extra is based on the use of SPF10 73 primers for the amplification of a 65 bp fragment within L1, and is designed for the identification of 74 28 different genotypes. The Linear Array is validated only with a specific, ad hoc developed 75 method: cervical samples have to be collected in PreservCyt and only the AmpliLute Liquid Media 76 Extraction kit (Roche) is validated for sample preparation. In contrast, in the case of the INNO-77 LiPA, a variety of media can be used for collection of cervical material (e.g. water, PBS, 78 PreservCyt) and DNA extraction can be carried out using proteinase K or commercial kits. 79 Several studies have shown that the Linear Array and the INNO-LiPA often lead to different 80 genotyping results, because of the different primer sets, reaction conditions, sensitivity, specificity, 81 plus a number of other parameters [van Hamont et al., 2006]. However, not many studies have 82 focused on the influence of the DNA extraction method on the genotyping results [Dunn et al., 83 2007]. 84 The aim of the present study was to investigate the influence of the method used for DNA 85 extraction from cervico-vaginal samples on HPV genotyping results obtained by the Linear Array and research laboratories. Finally, an automated extractor was included in the 91 present investigation as automated extraction instruments are now widely adopted in many 92 laboratories, because they are highly flexible, allow the simultaneous processing of many different 93 samples and they reduce the hand-on time of the technicians. Samples. Cervico-vaginal samples were obtained from women attending the Pathology Department 96 of the Regina Elena Cancer Institute, Rome (Italy). Specimens, collected in PreservCyt (Cytyc 97 Corp., Rome, Italy) using a cytobrush (Cytyc) and an Ayre spatula (Cytyc), were tested by the HC2 98 high-risk HPV DNA test (QIAGEN, Milan, Italy) according to the manufacturer's instructions. 99 Twenty HC2-positive samples (i.e. specimen RLU/cutoff value>1) and 8 HC2-negative samples 100 (i.e. specimen RLU/cutoff value<1) were selected. 101 DNA Extraction. The three methods of extraction used are explained in Figure 1. The specimen 102 preparation with the AmpliLute Liquid Media Extraction kit (Roche, Milan, Italy) was performed 103 following the manufacturer's instruction. Briefly, cervico-vaginal samples were vortexed and 250 104 µl aliquots of each specimen were used for the extraction. The final elution step was performed 105 using 120 µl of the provided elution buffer (AVE), obtaining "extract A". The "DNA purification 106 from Blood or Body Fluids Spin Protocol" of the QIAamp DNA Blood mini kit (QIAGEN, Milan, 107 Italy) was used to purify the DNA from 1 ml of the cervico-vaginal specimens. 100 µl of the 108 provided elution buffer (AE) were used for the final elution step, obtaining "extract B". For the 109 extraction with the NucliSENS EasyMAG automated platform (bioMérieux, Florence, Italy), the 110 lysis step was performed by the instrument ("on-board protocol") and the "Specific B" protocol was 111 then used to extract total nucleic acids from 500 µl of the cervico-vaginal samples. The elution step 112 was carried out with 110 µl of NucliSENS Elution buffer (bioMérieux, Florence, Italy), obtaining 113 "extract C". All extracts were stored at -20°C prior to processing. 114 HPV Genotyping tests. HPV amplification, amplicons hybridization and detection were performed 115 in parallel on each extract following the Roche and Innogenetics instructions for the Linear Array 116 and the INNO-LiPA, respectively. The volume of each extract used to perform the PCR was 117 calculated in order to correspond to the same volume of the original cervico-vaginal sample and, 118 whenever required, adjusted to 50 µl for the Linear Array and 10 µl for the INNO-LiPA. The Gold-

  compared the HPV genotyping results obtained by the Linear Array HPV 179 Genotyping Test and the INNO-LiPA HPV Genotyping Extra performed on three different nucleic 180 acids extracts of the same cervico-vaginal samples.
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  187differ in several ways, such as the length of the amplicons and the amplicon detection. Neither the 188 detailed genotyping results obtained for each sample nor a detailed discussion concerning the direct 189 comparison between the two assays were considered in this study, since studies aimed at comparing 190 results obtained by these two methods have been reported extensively.191A variability in the HPV type-specific profiles obtained both by the Linear Array and the LiPA on different extracts of the same samples was found, suggesting that both assays are affected 193 by the DNA isolation method used. These data are consistent with the results of a previous study 194 that showed the influence of the extraction protocol on the Linear Array performance[Dunn et al., 195 2007]. However, the present study seems to indicate that the INNO-LiPA is less affected than the 196 Linear Array by the DNA purification technique used.197Interestingly, the inclusivity level of the Linear Array for most of the 9 HPV types discordant 198 among the several extracts is medium to high (900-30,000 copies/ml), i.e. this assay detects 199 consistently these genotypes across replicates and different runs only at high concentration, with the 200 exception of HPVs 16, 53 and 66 for which the 95% positive hit rate concentration level predicted 201 by Probit analysis is 195, 256 and 250 copies/ml, respectively, as reported in the Roche Linear 202 Array Genotyping test manual. The most frequent discordant HPV type among the three extracts 203 ) have an increased risk to progress to high-grade lesions[START_REF] Castle | Human papillomavirus type 16 infections 277 and 2-year absolute risk of cervical precancer in women with equivocal or mild cytologic 278 abnormalities[END_REF].217In the case of the INNO-LiPA, it was more difficult to interpret the discordant cases. In fact, while 218 in the Linear Array each hybridization band corresponds to one genotype (with the exception of 219 HPV 33, 35 and 58 that require the presence of a type-specific band together with a cross-reactive 220 band), by the INNO-LiPA samples are scored positive for certain genotypes only when a 221 combination of two or more hybridization lines is observed. Thus, discordant type-specific profiles 222 were due to the absence of one or more lines that form the specific hybridization pattern of a certain 223 genotype. 224 DNA concentration in the several extracts was not evaluated in the current study. However, it is 225 plausible that the overall amount of DNA recovered from each extraction procedure and then used 226 for PCR was different. Nevertheless, it is also possible that the observed differences in the 227 genotyping results depend on a differential recovery of different HPV genotypes achieved using 228 different methods. The preferential amplification of certain types, present at higher concentration, important role in determining non identical genotyping results for all the extracts of the 230 same sample. Dunn et al. [2007] have shown that even small variations in the extraction protocol, 231 for instance in the centrifuge speed used to process the PreservCyt cervico-vaginal samples, 232 determine a difference in the Linear Array performance.233The Linear Array results showed higher concordance when the two manual extraction protocols spite of these limits, the present study confirms previous results that showed that 256 changes in the DNA extraction method modify HPV genotyping tests performance[Dunn et al., 257 2007]. Thus, the consistent use of the same DNA isolation protocol is recommended, in order not to 258 have an extraction-dependent variability. 259 In conclusion, these preliminary data suggest that DNA extraction is a critical step for HPV 260 genotyping tests, although a larger sample size is needed in order to evaluate thoroughly how 261 different DNA extraction protocols affect these assays and to obtain a statistical validation of the 262 results.
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TABLE II .

 II HPV type-specific concordance in Linear Array and INNO-LiPA results

		No. (%) of concordant samples
	HPV Test	A vs B vs C A vs B A vs C B vs C
	Linear	11/20	15/20	13/20	13/20
	Array	(55)	(75)	(65)	(65)
	INNO-	15/20	15/20	16/20	18/20
	LiPA	(75)	(75)	(80)	(90)
			F o r
				P
					e
					e r
					R
					e
					v i e
					w

TABLE III .

 III Non-concordant cases among samples tested by Linear Array

	Sample Extract		HPV genotypes
		A	16 42 58 [52]
	4	B	16 42 58 [52]
		C	16	58 [52]
		A	18	42 45
	5	B	18 39 42 45
		C	18	42 45
		A	31 84
	6	B	84
		C	31 84
		A	42 53 56 66
	7	B	42 53 56 66
		C	39 42 53 56 66
	8 10	A B C A B C	6 42 52 73 6 42 52 73 6 52 73 6 45 51 6 45 51 53 54 59 70 54 59 70 6 45 51 53 54 59 70 F o r
	15 16 19	A B C A B C A B	16 16 66 70 70 16 66 70 6 [52] 58 59 6 [52] 58 59 6 42 [52] 58 59 66 73 P 73 73 e 45 53 73 82 84 CP6108 16 45 53 56 73 82 84 e r
	C NOTE. HPV types not detected in all the three extracts of 33 45 53 73 82 84 CP6108 R the same sample are shown in bold. HPV types between brackets are possibly present as co-e infections. v i e
				w

TABLE IV .

 IV Non-concordant cases among samples tested by INNO-LiPA

	Sample Extract		HPV genotypes	
		A	[52] 53			
	9	B	[52]		58		
		C	52				
		A	45	51	54	70	
	10	B		51			
		C	45	51	54	70	
		A	39 [52] 58		
	11	B	39	52			
		C	39	52			
		A		51			
	12	B	16		53		
		C	16		53		
		A	6		[52] 39 58 66
	16	B	6	18	52	39	66
		C	6	18	52	39	66
	NOTE. HPV types not detected in all the three extracts
	of the same sample are shown in bold.		
	HPV types between brackets are possibly present as co-
	infections.						

atypical squamous cells of undetermined significance (ASCUS)/low-grade squamous intraepithelial
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other hand, the INNO-LiPA results were concordant in 16/20 cases (80%) when extract A 165 (AmpliLute) was compared with extract C (automated extract), while concordant results were 166 observed in 18/20 cases (90%) when comparing extract B (QIAGEN) with extract C. The sample 167 size was too limited to perform any statistical analysis to determine if the observed differences were 168 statistically significant.

169 For all the 9 samples with a discordant Linear Array type-specific profile and for 4 out of the 5 170 samples with a discordant INNO-LiPA type-specific profile, there was at least one HPV type in common in all the three extracts (TABLE III-IV). More specifically, the lack of type-specific 172 concordance in the Linear Array results concerned 9 HPVs, 2 low-risk (HPVs 42 and CP6108) 5 when tested by Linear Array was HPV 42, which has an inclusivity level of 30,000 copies/ml. In 204 fact, among the 6 samples that tested positive for HPV 42 in at least one of the extracts, only in 3 205 cases was HPV 42 detected in all the three extracts of the same sample (data not shown). On the 206 contrary, only in 1 out of 6 cases was HPV 16 not detected in all the three extracts (data not shown).
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These data indicate that the reproducibility of the results obtained on different extracts is lower for 208 HPV types with a higher inclusivity level. Although the reliable detection of both low-risk and 209 high-risk genotypes is important to assess the prevalence of individual genotypes in epidemiological 210 studies, failure in detecting low-risk types, such as HPV 42, might not have a major clinical 211 implication. On the contrary, failure in detecting high-risk HPVs, such as HPVs 16 and 33, is 212 significant because of the clinical relevance of infections by these high-risk types. In fact, HPVs 16 213 and 33 are among the 5 high-risk types which are found most frequently in high-grade cervical 214 lesions and cervical cancer cases [START_REF] Bosch | Epidemiology and natural history of human papillomavirus 269 infections and type-specific implications in cervical neoplasia[END_REF]de Sanjose et al., 2010] and HPV 16-positive