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BACKGROUND

Human herpesvirus 8 (HHV-8) is involved in all forms of Kaposi's sarcoma (KS) and in two lymphoid malignancies: some forms of multicentric Castleman disease and primary effusion lymphoma [START_REF] Goncalves | Kaposi sarcoma herpesvirusassociated cancers and related diseases[END_REF][START_REF] Gonçalves | HIV-associated Kaposi sarcoma and related diseases[END_REF].

As others human herpesviruses, HHV-8 establishes latency after primary infection and can provide symptomatic reactivations in immunocompromised patients [START_REF] Gonçalves | HIV-associated Kaposi sarcoma and related diseases[END_REF]. Real-time Polymerase Chain Reaction (PCR) is an effective diagnostic tool for the detection and the quantification of HHV8-DNA and is based on the amplification of a conserved gene within different HHV-8 subtypes [START_REF] Speicher | Detection of human herpesvirus 8 by quantitative polymerase chain reaction: development and standardisation of methods[END_REF][START_REF] Goudsmit | Human herpesvirus 8 infections in the Amsterdam Cohort Studies (1984-1997): analysis of seroconversions to ORF65 and ORF73[END_REF][START_REF] Lallemand | Quantitative analysis of human herpesvirus 8 viral load using a real-time PCR assay[END_REF][START_REF] White | Quantitation of cell-free and cell-associated Kaposi's sarcoma-associated herpesvirus DNA by real-time PCR[END_REF]. In the peripheral compartment, HHV8-DNA viral load (VL) monitoring was reported to be an accurate biomarker for assessment of the risk of further disease progression [START_REF] Laney | Human herpesvirus 8 presence and viral load are associated with the progression of AIDS-associated Kaposi's sarcoma[END_REF][START_REF] Stebbing | Plasma HHV8 DNA predicts relapse in individuals with HIV-associated multicentric Castleman disease[END_REF][START_REF] Broccolo | HHV-8 DNA replication correlates with the clinical status in AIDS-related Kaposi's sarcoma[END_REF], but also to evaluate response to therapy [START_REF] Tedeschi | Viral load of human herpesvirus 8 in peripheral blood of human immunodeficiency virus-infected patients with Kaposi's sarcoma[END_REF][START_REF] Marcelin | Rituximab therapy for HIV-associated Castleman disease[END_REF] and to distinguish the three main HHV-8 pathologies at diagnosis [START_REF] Jary | Usefulness of Kaposi's Sarcoma-Associated Herpesvirus (KSHV) DNA Viral Load in Whole Blood for Diagnosis and Monitoring of KSHV-Associated Diseases[END_REF]. Otherwise, whole blood seems to be the best sample to evaluate HHV8-DNA VL rate since it allows quantifying latent HHV-8 (intracellular), replicating HHV-8 (intracellular) and free viral particles (extracellular).

OJECTIVES

In our virology department, HHV8-DNA detection and quantification is performed with an inhouse real time PCR amplifying ORF-73 [START_REF] Lallemand | Quantitative analysis of human herpesvirus 8 viral load using a real-time PCR assay[END_REF]. This study aimed to evaluate two real time PCR commercial kits for the detection and quantification of HHV8-DNA by comparing them with the in-house PCR.

STUDY DESIGN

Samples

Twelve whole blood samples were selected [Supplementary Table 1]: 3 with undetectable HHV8-DNA VL and 9 with detectable HHV8-DNA VL ranging from 10 1 to 10 5 per reaction (or from 1.56 to 5.79 log 10 copies/10 6 cells). Before extraction, DICO (Biomérieux®) internal control (IC) was added in each sample.

HHV-8 in-house real time PCR

HHV-8 in-house PCR was performed as previously reported [START_REF] Lallemand | Quantitative analysis of human herpesvirus 8 viral load using a real-time PCR assay[END_REF]. Five quantitation standards (QS): QS1, QS2, QS3, QS4 and QS5 corresponding respectively to 10, 100, 1000, 10 000 and 100 000 copies/reaction were used and results expressed in copies/10 6 cells through quantification of human albumin gene [START_REF] Bièche | Novel approach to quantitative polymerase chain reaction using real-time detection: application to the detection of gene amplification in breast cancer[END_REF]. Each run was validating by a negative (water RNAse-free) and two positive (QS2 and QS3) controls, and also by DICO IC amplified in the same well as the HHV-8.

Clonit HHV-8 PCR (Eurobio Ingen®)

This technique is based on the detection of a gene coding a minor capsid protein. The kit enabled 48 reactions and was composed as follows: R1 reagent amplification mix, R2 primers and probes, and R6, R5, R4 and R3 quantitation standard corresponding respectively to 500, 5000, 50 000 and 500 000 copies/reaction. IC corresponding to the human beta-globin gene, was amplified concurrently with HHV-8. The same controls as the in-house PCR were used.

HHV-8 Premix R-gene TM (Biomérieux®)

This test is based on the amplification of a 146 base pairs long of ORF26 and allows carrying out 20 reactions [START_REF] Deback | Detection of human herpesviruses HHV-6, HHV-7 and HHV-8 in whole blood by real-time PCR using the new CMV, HHV-6, 7, 8 R-gene kit[END_REF]. The quantification was performed with a calibration range (Quanti HHV-8 QS R-gene TM ) that included 4 QS: QS1, QS2, QS3 and QS4, corresponding to 50, 500, 5000 and 50 000 copies/reaction respectively. The amplification of HHV-8 and DICO was done in two separate wells for each sample. The same controls as the in-house PCR were used.

Results of the two commercial kits were converted in copies/millions cells through quantification of human albumin gene performed once on each extracted-DNA.

Methods verification

We supported our method comparison using the following graphs: a regression curve presenting results of commercial kit compared to the in-house technique; a diagram presenting difference between commercial and in-house PCR results and plotted against the in-house PCR results; a diagram presenting ratio between commercial and in-house PCR results and plotted against the in-house PCR results. GraphPad software was used to perform Student's t-test (risk at 5%) and Spearman rank-order correlation. Repeatability and reproducibility were performed with 3 samples: each one was tested three times during the same experiment (repeatability) or four times in different experiments (reproducibility).

RESULTS

HHV-8 Clonit® and in-house PCR

Qualitative results obtained by the two techniques were identical; samples 1, 2 and 3 were undetectable whereas samples 4 to 12 were detectable [Figure 1A]. HHV-8 quantitation results between the two methods were significantly correlated (r s =1, p<0.001). However, Student's t-test showed that the slope was not significantly different from 1, but the intercept was from 0, suggesting that Clonit® results were significantly higher compared to the in- Repeatability and reproducibility tests were performed with an undetectable sample (n 0 2), and two detectable samples (n 0 5, Ct=32.87 and n o 10, Ct=24.23). For positive samples, both tests succeeded with a variation coefficient lower than the 5% accepted in our laboratory [Supplementary Table 2]. However, repeatability and reproducibility tests failed with sample 2 which was detectable once and twice, respectively. In order to exclude a contamination, we tested the same extracted-DNA and a new extracted-DNA from the same sample with the inhouse PCR, and HHV8-DNA remained undetectable.

HHV-8 R-gene TM and in-house PCR

Qualitative results obtained by the two techniques were identical; samples 1, 2 and 3 were undetectable whereas samples 4 to 12 were detectable [Figure 2A]. HHV-8 quantitation results between the two methods were significantly correlated (r s =0.98, p<0.001). Student's ttest performed found that the slope was significantly different from 1 but the intercept was not from 0, suggesting that R-gene TM results were not significantly higher compared to the in- Repeatability test was performed with the same positive samples (no5 and 10) but with a different undetectable sample (n o 1). For all samples, repeatability tests succeeded with a variation coefficient lower than 5% [Supplementary Table 2]. R-gene TM reproducibility could not be achieved due to a limited number of PCR-test.

DISCUSSION

In this study, we determined that none of the commercial assays were comparable with the inhouse PCR. Indeed, although HHV-8 quantitation was correlated in both cases, there was an overestimation of the values. This could be explained by a better sensitivity, with more efficient amplifications and different molecular targets. However, this overestimation was less than 0.5 log 10 with R-gene TM , as opposed to Clonit® results which overestimated by more than 1 log 10 . Clonit® results overestimation may be explained by two parameters: a nonspecific amplification as seen with reproducibility and repeatability tests failures of undetectable sample; the QS which ranged from 500 to 500 000 copies/reaction while the inhouse PCR QS ranged from 10 to 10 000 copies/reaction. Moreover, Clonit® lower limit of quantification was high (45 000 copies/ml after correction of dilution factor) compared to the VL levels usually found in HHV-8 associated pathologies. Indeed particularly in KS, HHV8-DNA values were reported to be in median 2 log 10 copies/10 6 cells [START_REF] Jary | Usefulness of Kaposi's Sarcoma-Associated Herpesvirus (KSHV) DNA Viral Load in Whole Blood for Diagnosis and Monitoring of KSHV-Associated Diseases[END_REF].

Two limitations of this study are probably the number and the type of samples tested.

However, although other specimens as effusion liquid and biopsies could be tested, blood sample remains the main specimen for diagnosis and management of HHV-8 associated diseases. Moreover, although few samples were used, wide range of VL rates including those found in the three main HHV-8 pathologies were tested.

In conclusion, R-gene TM technique seems to be the most suitable commercial kit since it showed consistent qualitative results with in-house HHV-8 PCR [START_REF] Deback | Detection of human herpesviruses HHV-6, HHV-7 and HHV-8 in whole blood by real-time PCR using the new CMV, HHV-6, 7, 8 R-gene kit[END_REF], a good quantitative correlation, an overestimation not significantly different and inferior to 0.50 log 10 copies/10 6 cells and a good repeatability. 

  house results [Fig 1B]. This observation was further confirmed by difference and ratio analysis: respectively, Clonit® results were (i) in median [IQR] 1.16 log 10 copies/10 6 cells [1.12-1.18] greater compared with the in-house PCR results [Fig 1C] and (ii) in median 1.34 [1.24-1.44] times higher than the in-house results [Fig 1D].

  house results [Fig 2B]. Commercial test values were in median 0.46 log 10 copies/10 6 cells [0.37-0.52] greater compared with the in-house PCR results [Fig 2C], and thus less than 0.50 log 10 usually accepted. The ratio chart showed that R-gene TM results were in median 1.13 [1.12-1.14] times higher than the reference technique results [Fig 2D].
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 1 Figure 1: Results of methods comparison between HHV-8 Clonit ® kit (Eurobio Ingen ® )
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 2 Figure 2: Results of methods comparison between HHV-8 R-gene TM kit (Biomérieux ® )
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1 Patients [HHV8] In-house (log 10 copies/10 6 cells) [HHV8] R-gene TM (log 10 copies/10 6 cells)

  

		Undetectable	Undetectable
		Undetectable	Undetectable
		Undetectable	Undetectable
		1.56	1.77
		1.98	2.50
		2.48	2.89
		3.20	3.63
		3.27	3.53
		3.87	4.35
	10	4.68	5.21
	11	4.97	5.56
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