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ABSTRACT MATERIALS AND METHODS Performance of MultiCode-RTx Enterovirus Prototype Test Analytical Limit of Detection of Cox A24 with EraGen and Cepheid Tests
Reference Reference
Introduction Specimen Acquisition and Processing Positive Negative Test TCIDsy/rxn | Avg Ct | Avg Tm | Positivity
The enteroviruses are a diverse group of viruses which are responsible for a broad f/[ t(c)it'al <1>fLS6b CSF SPGC}mecrlls that wer; submitted t(}){ %12 Molegulailr gigg'noiﬁcs Lc?borTa}tlory, Emory MultiCode-RTx 36 1 2.3E-05 33,603 |81.5+0.3 100%
- . . .- e . - e - edical Laboratories, for detection ol enterovirus were 1ncluded 1n the study. €se specimens Positive

{?n.ge(fgdlseasgs’ lncmdlgg the maj Z);‘lty Of.r ep(tzrted aseptli: men.mg.lt.ls cases 1 the were stored at -70°C prior to testing with MultiCode-RTx and Cepheid ASRs. The specimens were : , 4.6E-06 36.5+0.7 | 81.7+0.3 100%

nited States. rompt anc accurate diagnosis o enperowra menln.g.ltl.s 1S necessary extracted using the Roche MagNA Pure LC Total Nucleic Acid Isolation Kit for analysis with the Mult1C0d.e-RTx 1 48 MultiCode-RTx 9 4F07 385209 | 818202 100%
for the most effective patient management (1). The increased sensitivity and laboratory-developed real-time PCR assay. Each specimen was re-extracted using the Qiagen Negative ' ' ' ' ' 0
decreased turn-around time provided by real-time PCR has made it the preferred QIAamp Viral RNA Mini Kit for analysis with EraGen’s MultiCode-RTx Enterovirus Prototype Test 1.9E-07 472+19|81.5+0.2 16%
method for detection of enterovirus from various sample types, including cerebral and Cepheid’s Enterovirus ASR. Briefly, 140 pL primary specimen was extracted according to the 5 2 3E-05 33 3

. : . . ’ o — : . 3E- 3+0.2 NA 100%
spinal fluid (CSF). Although there is a significant degree of sequence variation manufacturer’s Spin Protocol and eluted into 70 pL elution buffer. Mezfs.ul.‘e VAIIE || S5770 (O s LT e) -
among the greater than 70 distinct serotypes of enterovirus, the 5" untranslated Control Template Processing Sensitivity 97.3% 86.2 —99.5% Cepheid ASR 4.6E-06 35.6+0.2 NA 100%
region (5’ UTR) .1s relatively conserved and has been a useful Fa.rg.et for mplegular Cultured Coxsackie A24 virus was used as control material for determining the analytical limit of Specificity 98.0% 89.3 —99.4% 9.4E-07 38.0+0.7 NA 100%
tests. The objective of the current study was to assess the sensitivity, specificity and detection of the MultiCode-RTx Enterovirus Prototype test and the Cepheid Enterovirus ASR. The Accurac 97 7% 91.9 — 99 6% 1.9E-07 409 + (03 NA 379%,
accuracy of the EraGen Biosciences (Madison, WI) MultiCode-RTx Enterovirus Cox A24 control material was extracted using the Qiagen QIAamp Viral RNA Mini Kit. Quantitation Y 7 : 7

of the cultured virus was performed by ViroMed Laboratories and values presented assume 100%
recovery during extraction.

prototype test compared to the Cepheid (Sunnyvale, CA) Enterovirus ASR and a
laboratory-developed real-time PCR assay.

Experimental Details
« 5-fold dilutions of Coxsackie A24 Viral RNA were tested in 16 replicates at each concentration.
* MultiCode-RTx Enterovirus Prototype Test was performed on the ABI 7500 Fast.

Experimental Details
« 86 CSF Specimens were extracted and tested using the MultiCode-RTx Enterovirus Prototype Test on the ABI

MultiCode-RTx Amplification 7500 Fast. Results were compared to results obtained with the Cepheid Enterovirus ASR and the Laboratory-

Materials and Methods For each MultiCode-RTx reaction the following 25 pL reaction was performed: developed Real-Time PCR Assay. ;{CGPI}tleid Enterovirus ASR was performed on the Cepheid SmartCycler II.
A total of 86 clinical CSF specimens were tested using three real-time PCR assays Results esults
. : 4 : - - : - « The limit of detection for Cox A24 with the MultiCode-RTx Test 1s 9.4E-7 TCID./reaction
. _ : ; * One specimen tested positive for Enterovirus with the MultiCode-RTx Test but negative by the Cepheid ASR 50 '
The MultiCode RTX Entergvnus prototype test was performed on the ABI 7500 o Step Time | Temperature | Repeat and the Laboratory-developed Assay.  The limit of detection for Cox A24 with the Cepheid ASR is 9.4E-7 TCID,/reaction.
Fast. The Cepheid Enterovirus ASR was performed on the Cepheid SmartCycler IT 5.0 uL - EraGen ISOlution™ (5X) Reverse 15 min 50°C 1 * One specimen tested negative for Enterovirus with the MultiCode-RTx Test but positive by the Cepheid ASR

1.0 uL.  Enterovirus Primer Mix Transcription
1.0 uL  RNA Universal Reference (25X) Hot Start 2 min 95°C 1
0.5 uL  Titanium Taq (50X)

according to the manufacturer’s instructions. The laboratory-developed assay was
performed on the ABI 7000 and 7500 instruments. In addition, analytical sensitivity

and the Laboratory-developed Assay.

of the MultiCode-RTx Enterovirus prototype was evaluated on three different real- R 5 sec 95°C : :
: . . 0.5 uL  MMLV-RT (25 U/uL) ; MultiCode-RTx Instrument Equivalence
time PCR instrument platforms (ABI 7500 Fast, Roche LightCycler 1.2, and 12.0 uL Nuclease-Free Water g"t"ezg ;g - iig > 1
) xten sec . .
Cepheid SmartCycler I1). 5.0 uL Sample - £0°C 95°C : Performance of Cepheid Enterovirus ASR
Instrument TCIDsy/rxn | Avg Ct | Avg Tm | Positivity
I;lel§_1ﬂts 1 d e f L I fih All clinical specimens were tested on the ABI 7500 Fast Real Time PCR System. Cox A24 control Reference Reference 4.6E-06 347+08 | 81.3+0.1 100%
Irty-seven samples teste : I).OSltwe Of enterovirus in at .eaSt t.WO of the a55dYs. material was tested using the same reaction conditions on the ABI 7500 Fast, the Roche LightCycler Positive Negative ABI 7500 o

The PerfOl‘lflnance. szﬁraftgfls]t;cls of the three tests for classification of enterovirus 1.2, and the Cepheid SmartCycler I1. Cepheid 19 0 9.4E-07 36.8+0.8 | 81.3+0.3 100%

Cascs are SHowil 1 the table below. Positive 4.6E-06 39.6 0.5 | 82.1+£0.1 100%
MultiCode-RTx Data Analysis Cepheid : . °
Raw data was exported from each real-time PCR instrument and imported into EraGen’s MultiCode- Nepa tive 2 49 LightCycler 1.2 9.4E-07 42.5+0.8 | 81.7+0.3 100%

Test Sensitivity | Specificity | Accuracy RTx Analysis Software. Enterovirus positive samples were determined using the following criteria: - Cenheid 4 6E-06 362406 | 82.9+0.1 100%
EraG 97 39 9% 0% 97 79, real-time amplification curves in the FAM channel crossing the amplification threshold set at 10 SD cphel : : : : :
falsen 070 70 170 from the baseline and melt peaks between 81.0°C — 86.5°C. Negative samples were verified by Measure Value | 95% Confidence Interval SmartCycler II 9.4E-07 389+1.1 | 82.8+0.1 100%
Lab-developed 07.39%, 100% 08.8% amplification of the RNA Universal Reference, an amplification control, in the HEX channel. .
P Sensitivity | 94.6% 82.3 — 98.5%
: 0 0 0 . . . ) : : : Experimental Details
Cep heid 94.6% 100% I1.7% Cepheid Enterovirus ASR Amplification Speciﬁcity 100.0% 027 —-100.0% « Identical reaction conditions were used for the MultiCode-RTx Enterovirus Prototype Test on the ABI 7500

For every 2 Cepheid reactions the following 50 uL reaction mix was prepared and reactions were Fast, the Roche LightCycler 1.2 and the Cepheid SmartCycler II.

The analytical limit of detection for the MultiCode-RTx Enterovirus prototype was performed with the following cycling conditions on the SmartCycler II: Accuracy 97.7% 91.9 —99.4% « 8 replicates of Coxsackie A24 Viral RNA were tested at the limit of detection and at 5X the limit of detection.

Results

determined to be equivalent across each real-time PCR instrument tested. * 100% of replicates at the limit of detection for Cox A24 were detected across all three instrument platforms.

25.0 uL Invitrogen Reaction Mix (2X)

. 1 each Cepheiq ASR Bead Step Time Temperature Repeat Experimental Details
Conclusions 2.8 uL  Magnesium Sulfate (50 mM) Reverse | ., in 5500 1 « 86 CSF Specimens were extracted and tested using the Cepheid Enterovirus ASR on the Cepheid
The MultiCode-RTx Enterovirus prototype, the Cepheid Enterovirus ASR, and a 2.0 uL  RT/Platinum Taq Mix (50X) Transcription SmartCycler II. Results were compared to results obtained with the MultiCode-RTx Test and the Laboratory-
home-brew real-time PCR test demonstrate equivalent performance in the detection 18(2) HII: g‘ldelase'Free Water HotStart | 2min 957C : RdeVTtIOPed Assay. CONCLUSIONS
. . . . . _ RVRV} ample Denature 15 sec 95°C CSulls
of enterqwrus from clinical CSF spemmpns. In addljtl.OI?, the MultiCode-RTx Anneal 15 5500 50 * Two specimens tested negative for Enterovirus with the Cepheid ASR but positive by the MultiCode-RTx
Enterovirus prototype demonstrates equivalent sensitivity on three commonly used s = = e Test and the Laboratory-developed Assay.
. . xten sec °
real-time PCR instruments. Cepheid Data Analysis Three real-time PCR assays for the detection of enteroviruses were compared and

Enterovirus positive samples were identified by a real-time amplification curve in the FAM channel
or the Alexa® 532 channel that crosses the amplification threshold set at 30 RFU.

found to give equivalent performance on a set of 86 CSF specimens. Both the
MultiCode-RTx Enterovirus Prototype Test and the Laboratory-developed Assay gave
a sensitivity value of 97.3% (missing one positive sample each). The Cepheid

Laboratory-developed Real-Time PCR Assay Amplification Performance of Laboratory-Developed Real-Time PCR Assay

MultiCode-RTx Technolo Reporter For the Laboratory-developed Assay, a reverse transcriptase reaction was first performed with the Enterovirus ASR gave 94.6% sensitivity (missing two positive samples). All three tests
gy I isoC following setup. gave specificity and accuracy values of at least 97%.
M Reference Reference
S Positive Negative : : : e
_ o é g uli 1I\{/IT gflszgs(m@ Time | Temperature 5 The MultiCode-RTx Test and the Cepheid ASR gave equivalent sensitivities on
' — el 2 uL Mg m - - Lab-Developed : : _ : 4
YOS N— Ribose Reporter 2.0 pL dNTPs (10 mM) 10 o 25°C Positive 36 0 Coxsgclqe A24 virus jat .9.4E 7 TCIDSO/reactlon. An.ac.ic.htlonal benefit of the
IR G/N v 4l _ 0.5 uL Random Hexamers (50 uM) 30 min 48°C Lab-Developed Ml}lthode-RTx Test 1s 1ts b;oad instrument compa.tlblhty that makes use qf a
et Y " | 0.2 pL RNase Inhibitor (20 U/uL 5 min 95°C i 1 49 universal protocol for reaction setup and PCR cycling. Equivalent sensitivity was
4 | L1 1l > Inh Ul | Negative p LS¢ P : yclng. BEq Yy
C T 0.25 pL MultiScribe Reverse Transcriptase (50 U/uL) observed for Cox A24 at the limit of detection on the ABI 7500 Fast, the Roche
Pape [ Peoc 4.0 uL Sampl - i
o . 4% oG .0 ul Sample LightCycler 1.2 and the Cepheid SmartCycler II.
Ribose L RITTTTTTTTITITI T Measure Value |95% Confidence Interval
L | o wcs @ Following reverse transcription, 40 YL reaction mix was added to the RT reaction and PCR cycling ——
oA H/NTN Quencher o was performed on the ABI 7000 or the ABI 7500 Real Time PCR System. Sensitivity 97.3% 860.2 —99.5%
A 0 Reporter , Specificit 100.0% 92.7 —100.0%
\5(‘3)\ o R (’D IsoC 25.0 uL TagMan Universal Master Mix Step Time Temperature Repeat p Y 0 0 REFERENCES
T T HMEHHHH 100 l"l’L Enterovims primers Hot Start 2 min 50°C 1 ACCuraCY 98.8% 93.7 - 99.8%
Ribose  H . @ 5.0 uL Enterovirus probe 10 min 95°C 1
Quencher 10.0 pL RT Reaction Denature 15 sec 95°C 40 Experimental Details 1. Stellr.echt KA, Harding I, Wgrop AM, Lepgw ML, Venezia RA. The impact of an enteroviral RT-PCR assay on
MultiCode bases have altered base pairing MultiCode-RTx system schematic. AnncalExtend| 1 min 60°C +86 CSF Specimens were extracted and tested using the Laboratory Developed Real-Time PCR Assay, the diagnosis of aseptic meningitis and patient management. J Clin Virol 2002: 25 (Suppl 1): S19- S26.

Laboratory-developed Assay Da.ta Analysis . . _ Results were compared to results obtained with the Cepheid ASR and the MultiCode-RTx Test.
Instruments were set to auto baseline and auto Ct for analysis of amplification curves. Any samples Results

with Ct <40 were considered positive.

specificity.

The pattern of hydrogen bond donors and
acceptors is rearranged for the MultiCode base
pair between 5-methyl-isocytosine (iC) and
isoguanosine (1G) compared to a standard
cytosine (C) guanosine (G) base pair.

Targets are PCR amplified with one standard
primer and one primer that contains a single iC
nucleotide adjacent to a fluorescent reporter.
Amplification is performed in the presence of
dabcyl-diGTP. Site-specific incorporation places
the quencher in close proximity to the reporter
resulting in a decrease in fluorescence (2).

2. Sherrill CB, Marshall DJ, Moser MJ, Larsen CA, Daude-Snow L, Jurczyk S, Shapiro G, Prudent JR. 2004.
Nucleic acid analysis using an expanded genetic alphabet to quench fluorescence. ] Am Chem Soc. 126(14):
4550-6.

* One specimen tested negative for Enterovirus with the Laboratory-developed Assay but positive by the
Cepheid ASR and the MultiCode-RTx Test.
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