Viral genome detection and quantitation in explanted heart tissues of end-stage dilated cardiomyopathy adult patients

using broad-range PCR amplification coupled with mass spectrometry analysis.
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= Several human viruses are suspected to be etiological causes of .PCRO_MS dentified single or mixed EV and PVB19 |qfectlgps |n.27 EV 8- > DM
idiopathic dilated cardiomyopathy (DCM) [1]. The pathophysiological (4f0 '2./") Of. 6723ample§, whereas (RT_)-qPCR assa31/s |_defnt|f_|ed viral - | 22.6% SPCRAT
importance of common viruses detected in cardiac samples remains to infections in 26 (38.8%) samples. Mixed EV-PVB19 infection was PCR-MS + 13 1 " _*
be explored [2]. To gain insight into the pathogenesis of virus-  €videnced by PCR-MS and (RT)-qPCR assays in 4 and 2 samples . . 0/,
associated DCM, detection of a broad panel of virus species combined respectively (Fig.1A). No viral species other than PVB19 and EV PCR-MS - 2 51 ; o
with the measurement of the viral load in heart tissue is required to was Iidentiflied using the new PCR-MS technology in analyzed 5 16.1% 16.1%
distinguish active from chronic or persistent cardiac viral infections [3]. samples. PCR-MS results correlated well with EV and PVB19 19.9% 12,90
= We identified cardiac viral infections and we assessed the viral load detection by (RT)-qPCR assays, kappa tests= 0.85 [0.72-1.00; 4 0T
levels in DCM patients, using a new technology that couples PCR ~ 95%] and 0.82 [0.66-0.99; 95%], respectively. PVB19
amplification to electrospray ionization/time-of-flight mass spectrometry 3 7
analysis (PCR-MS) [4]. Using PCR-MS, viral genomes were detected in heart tissues of 15 PCR-MS + 13 4 ,
(48.3%) of the 31 IDCM patients, whereas (RT)-gPCR assays
- identified viral infections in 16 (51.6%) of the study patients (Fig.1B) PCR-MS - 0 50 1 -
Patients & Controls
_ Table 1. Primer pairs used for the viral detection using the PCR —MS analysis. 0 | |
"Patients: Explanted heart tissues samples (n=67) were Primer‘_)air Target rwd Primer Rev Primer EV PVB19 FV + PVB19
retrospectively obtained from 31 adult patients (M/F= 23/8; mean age= | oas = AT ONTEEEERBEEEATE | TETEEEREEEEEEAETEER
44 .3 ears SD=12.2 with i1diopathic DCM accordin to the Adenovirus 2 HEX TCACCAACACCTACGAGTACAT | TGGTTGAAGGGATTTACGTTG . : : : : : : : : :
classifi{ation (o o] Eu)zopean Soci%ty o Cardiology (51 gFor cach [ - il - it Figure 1. Viral findings obtained in 67 heart .sainples taken from 31 patients with DCM using classical (RT)-qPCR and
patient, a mean number of 2.1 (SD=1.3, range = 1-7) large heart tissue 566 TTCGCA GAT PCR-MS analysis. * P>0.05 according to Fischer 's exact test.
samples were fixed in 10% neutral buffered formalin and paraffin- Alphavirus 2 NC TGCCAGCIACAITGTGIGAICAIA | TGACGACTATICGCTGGTTIAG
embedded. Enterovirus 1 5‘ UTR TGGCTGCGTTGGCGGCC TAGCCGCATTCAGGGGCCGG ° Only two of 14 healthy heart control SUbjeCtS were A B
=Healthy heart controls: For comparison, 14 adult patients who had ——— —_— positive for the detection of viral DNA genome that 100 | o e o Human Parvovirus B19
died accidentally or by suicide and who were autopsied between 2002 | a7se AGT was identified as PVB19, with viral loads of 90 and © ( ) 1900 a33 G22 16 T21)
and 2009 (Reims, France) and not exhibiting any known cardiac Plavivirus 1 NC TAGCCGAGCCATCTGGTACAT | TCTCTGGAAGCCAGTGGTCT 120 genomes per microgram of extracted nucleic = Llumir; é:gézagzgeggs B3
pathOk)gy W_ere _SeIeCted (not ShOWD). For each of these controls, two Flavivirus 2 NC TGTGTCTACAACATGATGGGAA | TGCTCCCAGCCACATGTACCA acids (not shown). 8. ( ) Internal Calibrant
ventricular biopsies sampled at the time of necropsy were analyzed. i;;erpesmﬂ ____ :::SQEQWGACAGCGAATT _________ . As depicted in Fig 2A and 2B, the estimated levels " (’ (A29 G22 C16 T20)
= Viral strains: Coxsackievirus B1, B3-B6 (CVB) strains (ATCC |s33es ceA cece of EV and PVB19 viral loads were not significantly 3 50 750 /
numbers VR_1032, VR_1034, VR_1035, VR_1036 and VR_1037) Were g\;?gh:herpesvirUSZ DNA-Pol '(I;CA'I(';GGAGTI_I'GACAGTGAATTC TAACTCGGGGGCGTACTGTTT dlﬂ-‘erent between the tWO mOleCUIar teChanueS 2
used as positive control for PCR-MS genOtyping identification. Betaherpesvirus 1 DNA-Pol | TCGCGCGCAGGTGGGC TGGCCCCCGCCTCGTAGTG (median values of 550 [178-3200] vs. 385 [50- g
Z::::herpesvirUSZ DNA-Pol TGACAAGGAGCAGCTGGCACT TAGCATGTCGCGACCTATGCG 2108] EV COpIeS/mg P= 026’ 486 [80_1157] VS \d;
3377 CAA GeT 504 [186—2730] PVB19 copies/mg; P=0.34). These =
S:c;r;maherpesvirus1 DNA-Pol TCGTCCCCATCGACATGTAC $g(;‘TGTGTCCAGCTTGTAGTC moderate medlan Vlral |Oad Va|ueS Obtalned for EV E 0 mM 0 '
.PCR and hlgh resolution mass Spectrometry analyses (PCR MS) ?:(;maherpesvirusZ DNA-Pol | TAAGCAGCAGCTGGCCATCAA ZGCCACCCCCGTGAAGCCGT and. PVB19 We[:e Compati.b|e with persistent g— 36 372 38.4 26.7 27 7 28.7
were carried out using the Ibis T5000 Biosensor (lbis Biosciences®, |5ie™ o AR AT A | R TGaCATA | TCOAGTTAAS {:/grgle}g;réfcélgtr:nlnggMIgé’il?emss. correlated well ) molecular mass (kDa)
. y 3110 AAC CATGCCATA o | | y _ W
tC?rllsbadI, CA, %SA) ft t?e fll\_’:qhog_enfz) Iaboratoryd (]Icrvme, ICA_’ USA) tﬁn e T | ace TVIETRIEEEEAAIT | gRTEAATEETIERACEARTE with those obtained by (RT)-qPCR assays (Fig.2C | Figure 3. Examples of mass spectra obtained from the PCR-MS
otal nucleic aclds extracts. {he viral assay used 1or analysis was the and 2D). analysis for one Enterovirus positive heart sample (Panel A) and for
Ibis Sterile Fluids Viral Surveillance Kit (Ibis Biosciences) consisting of ) one )I;arvovirus B19 positive r?eart sample (Panepl B)(. )
primer pairs targeted to Adenoviruses, Alphavirus, Herpes viruses (with A B  Positive PVB19 samples Figure 2. Viral load levels in cardiac
the notable exception of HHV-6), Parvovirus B19 (PVB19), Flavivirus Positive EV samples 3000- = :

SHeep ) e . ( ) . 3500 P=0.26 P=034 samples obtained by the new PCR-MS * Using the PCR-MS, a mass spectra was obtained from amplified
and Enterovirus (EV) (Table1).The assay-specific database contains _r=Y.20 v fvalv 1o th htained b ol DNA/RNA f (s in 27 (40.2%) of the 67 heart |
more than 80 viral species. Semi-quantitation was obtained by 3000- 2500- analysis comparatively 10 those obtained by viral LIN/ ' fragments 1n - (40.2%) o1 e edrt Sampies

classical (RT)-gPCR assays. allowing identification of 31 single or multiple viral heart infections

quantifying the total number of amplicons against an internal calibrant

< . e .

that is included in every well with a known copy number. | Z 2s0- EZOOO by comparative analyses of the base-compo.sltlon. S|gn§ture§.

= S Figure 3 shows examples of mass spectra of single infections in

-Results were compared to those obtained by classical real time *;322000 gv Panels A and B: Box plots demonstrating two distinct _heart samples. Pos.itive gen.otyping C\{B strain

quantitative PCR ((RT)-gPCR)assays and expressed as the number of g g 1500- me distrilbrtiodn (rredilan(aEn(i range vaIue(sE)Vc;f Con’;rolls prcilvlded by ATCC ]\C/Vﬁre 'I(;]C“:'df'e(il in eaé{]/ serial assaé/

. . L 8 1500 o e viral loads levels (Enteroviruses ; analysis; all were successfully identified as genus an

genomic DNA or RNA copies by g of total extracted nucleic acids [6-5] g £ 1000- (panel A); and Parvovirus B19 (PVB19) Coxsackieviruses B. Only the reference CVB5 strain was

§ 1000- 3 (panel B)) measured by (RT)-qg PCR assays misidentified as CVB3 strain (data not shown).

*A mixed infection was defined as the presence of both EV and PVB19
In a same sample or the presence of an EV positive sample and a 500 500-
PVB19 positive sample taken from the same patient.

and by the new PCR-MS system.
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Conclusions
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Statistical analyses: The Spearman’s rank correlation was used to (RT)-gPCR  PCR-MS (RT)-'qPCR PCR-MS

evaluate linear associations between viral load values obtained with C D

(RT)-gPCR assays and the PCR-MS system. Fischer's test, Mann- 3500 7' — 1200 b s C d D: C ati = We identified single or mixed EV and PVB19 cardiac infections as
Whitney and Kappa tests were carried out with SAS software, version 3000 - o =0.57,P=0.002 °1 1000 - r’=0.64, P<0.001 ban_e Sd N 2“ " orrefahlon (.:urveg leading potential causes of DCM. The low viral load levels were
8.2 (SAS Institute, Cary, NC, USA). Results were considered as cn25°°'- | © telunle 9 ylt elcomtp))tar.lsog Obt 65$t'm§§R compatible with chronic persistent cardiac infections.
statistically significant for two-sided P values <0.05. s 000 viral load levels obtained by (RT)-q . .

- F 2000 - assays and by the new PCR-MS system for *The PCR-MS analysis appeared to be a valuable tool to rapidly
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