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Introduction

Purpose
This document describes the use of a real-time (TagMan®) RT-PCR (rRT-PCR) assay for
detection of the viral protein 1 (VP1) gene of Enterovirus D68 (EV-D68).

Intended Use

The Enterovirus D68 2014 Real-time RT-PCR Assay (EV-D68 2014 rRT-PCRY@S intendedWior
the in vitro qualitative detection of RNA from the enterovirus D68 (EV-D6 N detecte@in

nasopharyngeal swabs (NP), oropharyngeal swabs (OP), dual NP/OP
washes) and sera in conjunction with patient-matched upper respir.

individuals with signs and symptoms of EV-D68 infection and/ factors
tested in qualified laboratories designated by the Centers for Prevention
(CDC).

Positive results generated from direct specimen testmg M Prefmeptive for the detection of RNA
from the EV-D68 strains detected in North Ameriga e Enterovirus D68 2014
rRT-PCR is run in conjunction with a cleared com i Say (as outllned in the EV-D68

Testing with the EV D68 2014 rRT- [ be performed unless the patient meets
iNY suspect specimens. Current information on
EV-D68, including case def e at http://www.cdc.gov/non-polio-

enterovirus/about/EV-Da8

The EV-D68 2014
proficient in p -lIMERT-PCR assays. Assay results are for the presumptive
rains detected in North America in 2014. The definitive identification

limited evalNgtion of serum specimens has been performed due to the scarcity of serum
specimens from individuals with EV-DG68 infection. Thus, sera may only be tested if a patient-
matched upper respiratory specimen is also tested with this assay.

The EV-D68 2014 rRT-PCR is only for use under the Food and Drug Administration’s

Emergency Use Authorization. Use is limited to qualified laboratories designated by CDC,
which includes qualified laboratories with training, facilities and equipment appropriate for
specimen handling, testing and interpretation of the results of this real-time RT-PCR assay.
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Specimens

Biosafety information: Infection control precautions should include Standard, Contact, and
Droplet Precautions for the current outbreak of EV-D68. See Enterovirus D68 for Health Care

Professionals.
http://www.cdc.gov/non-polio-enterovirus/hcp/EV-D68-hcp.html

General Information about Enterovirus D68 2014

See: Non-Polio Enterovirus (Enterovirus D68 Disease) at http://www.cdc 4#V/non-Y
enterovirus/index.html

Acceptable Specimens

e Upper Respiratory Specimens (preferred)
o Nasal washes

0 Swabs (dry or in VTM)
= Nasopharyngeal (NP) swa
= QOropharyngeal (OP) swabs
= Dual NP/OP swabs
Note: If testing a dry swab, elute
e Serum: expected diagnostic yiel
sera from a few patients ag
NOTE: Sera may only be te
specimen(s). See Nucleic Aci

uL VTM prior to extraction.
wever, EV-D68 2014 has been detected in

ction with patient-matched upper respiratory
tiolY section for use restrictions.

Specimen Collection
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Equipment and Consumables

Disclaimer: Names of vendors are provided as examples of suitable product sources. Use of
trade names is for identification purposes only and does not constitute endorsement by CDC or
the Department of Health and Human Services.

Materials provided by CDC

e EV-D68 2014 rRT-PCR Primer and Probe Set (CDC; Catalog #KT0158
Refer to product insert for storage and expiration information. Se
primers and 1FAM-labeled probe:

o VP1.2014 (forward primer [VP1.2014 -F], reverse pri
[VP1.2014 -P]

e RNase P Real-time PCR Primer and Probe Set (CDC;
Refer to product insert for storage and expiration info i et includes 1 set of
primers and 1 FAM-labeled probe:

o  Forward primer (RP-F), reverse primer (

Materials provided by CDC, but not included in

e EV-D68 2014 rRT-PCR Assay Posi ; catalog #KT0159) (1.5 mL/vial)

Materials required but not provi
gRY-PCR Kit (Invitrogen; catalog #11732-088)

o list of reagents and consumables under the easyMAG instrument
quipment and Consumables section (below).

T the following products may be used:
Human Genomic DNA from human blood (buffy coat) (Roche Applied Science;
Catalog #11691112001)

0 Human Genomic DNA (Promega Corporation; Catalog #G3041)
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Equipment and Consumables

e Acceptable surface decontaminants
o DNA Away™ (Fisher Scientific; catalog # 21-236-28)
0 RNase Away™ (Fisher Scientific; catalog #21-236-21). This product eliminates
RNase and DNA.

0 10% bleach (1:10 dilution of commercial 5.25-6.0% hypochlorite bleach), made
fresh daily
Disposable, powder-free gloves
Laboratory marking pen
P2/P10, P200, and P1000 aerosol barrier pipette tips
1.5 mL microcentrifuge tubes
\ortex mixer
Microcentrifuge
Micropipettes (2 or 10 pL, 200 pL and 1000 pL)
Racks for 1.5 mL microcentrifuge tubes
2 x 96-well -20°C cold blocks
PCR Instrument System and Consumables
0 7500 Fast Dx Real-Time PCR Systems
= 0.1 mL PCR reaction strip tubes ( g psystems; catalog #4358293)
= 0.1 mL PCR reaction plate d@P1osystems; catalog #4346907)
=  MicroAmp® Optical 8-cap St ied Biosystems; catalog #
4323032)
0 7500 Fast (Applied Bio
= 0.1mLPCRIg

e Blosyste s; catalog #4406984)

1106)

es (Applied Biosystems; catalog #4358293)
plied Biosystems; catalog #4346907

trips (Applied Biosystems; catalog #

Bn strip tubes (Applied Biosystems; catalog #4316567 )
) ical 8- cap Strips (Applied Biosystems catalog #4323032)

YMAG Magnetic Silica (48 x 0.6 mL) ( bioMérieux; catalog #280133)
easyMAG Disposables (48 sets) (bioMérieux: catalog #280135)
easyMAG Lysis Buffer (bioMérieux; catalog #280134)

easyMAG Buffer 1 (bioMérieux: catalog #280130)

easyMAG Buffer 2 (bioMérieux; catalog #280131)

easyMAG Buffer 3 (bioMérieux: catalog #280132)

BioHit Pipette Tips (bioMérieux; catalog #280146)

Micro tubes w/caps (bioMérieux; catalog #200294)
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Quality Control

rRT-PCR is an exquisitely sensitive test method and should be conducted following strict quality
control and quality assurance procedures. Following these guidelines will help minimize the
chance of false-positive and false-negative results.

General Considerations

At a minimum, good laboratory practices at the Biosafety Level 2 (BSL-2)
followed, as described in the Biosafety in Microbiological and Biomedical

O assay reagent setup,
o handling of extracted nucleic acids and
0 rRT-PCR amplification.

e Wear clean, previously unworn, disposabl
assay reagent setup and handling of extracte
you suspect they may be contamina

e Store primer/probes and enzym StENQLX at appropriate temperatures (see product
inserts). Do not use reagen iration dates.

e Keep reagent tubes and reac uch as possible.

e Clean surfaces using rfaCe decontaminant (see above).

e To minimize cross-c Wati ot bring extracted nucleic acid or PCR amplicons

: ar any protective clothing that was worn in other

Assa run concurrently with all test samples.

T-PCR Positive Control —Used as a control for PCR reagent

-D68 2014 target RNA transcript; concentration adjusted to give a consistent
lue of 30-38. Two (2) positive controls must be run concurrently with all test

rRT-PCR reaction set-up. Used as a control for PCR reagent function and cross
contamination. Two (2) NTC must be run concurrently with all test samples.

e RNase P — All clinical specimens should be tested for human RNase P gene to control for
specimen quality and extraction.
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e RP Positive Control —Used as a control for RNase P primer and probe set function. The
material should be diluted to 50 ng/5 puL or 10 pg/mL with 10 mM Tris (pH 7.4-8.2) prior
to use. An acceptable Ct range is <30. Either of the following two products may be used:

(@ Human Genomic DNA from human blood (buffy coat); Roche Applied Science,
Catalog #11691112001
(b) Human Genomic DNA; Promega Corporation, Catalog #G3041

Table 1: Overview of positive and negative controls and expected results

Control Control Used to Monitor VP1.2014 RP Expecte
Type Name result result CtVal

EV-D68 Performance of the
2014 VP1.2014 primer and

Positive

rRT-PCR probe set.
Pos Ctrl
RNase P Performance of the
Positive positive RP primer and probe
control set.
Reagent and/or
. environmental ne
Negative NTC contamination during i - detected
PCR set-up

Nucleic Acid Extraction

ci sh be extracted with either the QIAGEN
maN@iacturer’s spin column protocol, or the

ollowing the manufacturer’s instructions.

total nucleic acid of sufficient volume to cover all
uL is recommended).

d block or on ice until testing. If testing will be delayed,

e Upper respiratory and seru
Viral RNA Mini Kit, followi
NucliSENS easyMA I

P1.2014 is positive (Ct <43), the specimen is considered positive for 2014 EV-
D68 North America RNA.

e |f the VP1.2014 assay is positive (Ct >43 and <45), the specimen is considered equivocal
for 2014 EV-D68 North America RNA.

e If the VP1.2014 is negative and RP is positive (Ct <43), the specimen is considered
negative for 2014 EV-D68 North America RNA.

e |f the VP1.2014 and the RP are negative, the specimen is considered inconclusive for
2014 EV-D68 North America RNA.
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rRT-PCR Assay

The EV-D68 rRT-PCR primer and probe set targets the coding region for the viral protein 1
(\VP1) gene of the Enterovirus D68 and shows >91% nucleotide identity with strains circulating
within the United States in 2014.

Stock Reagent Preparation

Precautions: These reagents should be handled only in a clean area and stor
temperatures (see below) in the dark. Freeze-thaw cycles should be avoi
when thawed.

1. Real-time Primers/Probes
e FEV-D68 2014 rRT-PCR Primer and Probe Set
0 Precautions:

appropriate temperatures (see below

be avoided. Maintain cold when tha

o Concentrated primer and probegtocks ted to the working
concentrations in nuclease free .

* Primers VP1.2014-F : ould be diluted to 10 uM (10
pmol/uL). Probe VP be diluted to 5 uM (5 pmol/uL).

o Sterilely suspend lyo ents in 0.40 mL PCR grade nuclease-free
) and allow to rehydrate for 15 min at room

r laboratory. Store a single working aliquot of
°C in the dark. Do not refreeze.

500 reactions. Store rehydrated aliquots of primers and probes at
Do not store in frost-free freezers. Rehydrated primers and probes
ay be stored frozen for up to 12 months. For complete information on
conditions, see package insert.

Primer and Probe

terilely suspend lyophilized reagents in
0.25 mL nuclease-free water and allow to rehydrate for 15 minutes at room
temperature.

0 Store rehydrated aliquots of primers and probes at < -20°C. Do not store in
frost free freezers. Rehydrated primers and probes may be stored frozen for
up to 12 months. For complete information on storage conditions, see
package insert.
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Invitrogen SuperScript™ I11 Platinum®One-Step Quantitative RT-PCR System

Place Invitrogen 2X PCR Master Mix and Superscript 111 RT/Platinum Tagq
enzyme mix in a cold rack at 2-8°C.

Completely thaw the 2X PCR Master Mix vial.

Mix the 2X PCR Master Mix by inversion 10 times.

Pulse centrifuge 2X PCR Master Mix and Superscript I11 RT/Platinum Taq
enzyme mix then place in cold rack.

No Template Control (NTCs) (not provided)

EV-D68 2014 rRT-PCR Positive Control

Sterile, nuclease-free water
Aliquot in small volumes
Use to check for contamination during plate set-up

Precautions: This reagent should be handled wit
acid handling area to prevent possible contamj
be avoided. Maintain on ice when thawed.
Used to assess performance of VP1.2014ngi
Centrifuge tube in microcentrifuge at ma
bottom (pellet will be a bright pin
Add 1500 pL of cold nuclease-free
is in solution when no pink Tal
To ensure complete rehygdrati
further.

Aliquot in 15 pL vo
concentrations.
Thaw a singl

ded. Maintain on ice when thawed.
Used to assess performance of RP primer and probe set.

Dilute material to 50 ng/5 pL or 10 pug/mL with 10 mM Tris, pH 7.4-8.2 prior to
use.

Add 5 pL of human genomic DNA to each specific RP positive control reaction.
Expected Ct value <30.

Equipment Preparation

1. Turn on AB 7500 Fast Dx (or AB7500 or AB7500 Fast) and allow block to reach

optimal temperature.
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2. Perform plate set up and select cycling protocol on the instrument

Cycling Conditions
Table 2: rRT-PCR cycling conditions

AB 7500 Fast Dx
Step Cycles Temp Time
Reverse transcription 1 50C 30 min
Taq inhibitor inactivation 1 95:C 2 min
e L 95C 15 sec
PCR Amplification 45 55°C 1 min
72°C 5 sec

= Fluorescent detection at the 55°C annealing step.

Instrument Settings

Table 3: Instrument Settings

7500 Fast Dx 7500 Fast 7500
Reporter: FAM Reporter: FAM Reporter: FAM
Quencher: None Quencher: None cher: None
Passive Reference Dye: Passive Refer Passive Reference Dye:

None
Run Mode: Standard
Sample Volume: 25 uL

None None
Run Mode: Standard Run
Sample Volume: 25 uL Sa

Master Mix and Plate Set-Up
Note: Plate set-up or strip tube confi
day organization. NTCs, RR4msitive
be included in each run.

hon ca@pyvary with the number of specimens and work
and EV-D68 2014 rRT-PCR positive control must

e buffer and primers/probes and return to ice.
5 mL microcentrifuge tube for the master mix.
the number of reactions (N) to set up per assay. It is necessary to make
xcess reaction mix for the NTC, EV-D68-PC, and RP reactions and for pipetting
r. Use the following guide to determine N:
e If the number of samples (n) including controls equals 1 through 14,

thenN=n+1
e If the number of samples (n) including controls is greater than 15-40,
thenN=n+3

e |If the number of samples (n) including controls is >40, thenN=n+5
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rRT-PCR Reaction Mix:
For each primer and probe set, calculate the amount of each reagent to be added for
each reaction mixture (N = number of reactions).

NOTE: Reactions are singleplex, thus reaction mixtures for VP1.2014 primer/probe
set and RP primer/probe set must be prepared separately.

Table 4: rRT-PCR Reaction Master Mix
SuperScript® Il Platinum® One-Step qRT-PCR Kit

Component VP1.2014
2X Reaction Mix = N x 12.50 pL
SS 11 RT/Platinum Taq Mix = N x 0.50pL
Forward primer VP1.2014-F (10uM = N x 0.80puL
stock )
Reverse primer VP1.2014-R (10 uM
stock)
Probe VP1.2014-P (5 uM)
MgSO,4 (50 mM)
Water, nuclease-free
Total volume

Sample RNA

1]
=2
x

Component
2X Reaction Mix

12.50 pL

SS Il RT/Platinum T ix x 0.50 pL
Forward primer, N x 0.25puL
Reverse primer N x 0.25puL
Probe RP-P = Nx 0.25puL
= N x 0.50puL
= N x 575uL
= N x 20.00 pL
5uL

plate as¥est meets the number of samples and standard operations of the laboratory.
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Figure 1: Example Plate Set-Up for primers/probes
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10.
11.

12.
13.

14.
15.

16.
17.
18.
19.
20.

22,

Data Analysis

After completion of
instructions. Anal

Before moving the plate to the nucleic acid handling area, add 5 pL of nuclease-free

water to the NTC wells.

Loosely apply the optical strip caps to the tops of the reaction wells and move

plate/strip tubes to the nucleic acid handling area on cold block.

Gently mix specimen RNA extracts and positive controls and pulse centrifuge.

Set up the extracted RNA specimen reactions.

() Remove the optical strip caps.

(b) Pipette 5 pL of the first sample into all the wells designated for that sample For
example, dispense 5 uL of sample A into the wells labeled “A” in
Follow in sequential order to your plate/strip tube template.

Change tips after each specimen addition.

Cap the column/strip to which the RNA has been added. This

keep track of where you are on the plate/strip tubes.

Continue with the remaining samples. Change gloves b

suspect they have become contaminated.

Pipette 5 pL of the positive controls (EV-D68 201 ve control)

Centrifuge the plate at 500 x g for 1 minut temperatre to remove bubbles
or drops that may be present in the wells. S
a strip microcentrifuge. Be sure to u
Place plate/strip tubes on pre-programe
and start run.
For detailed instructions on4auntg amming the Applied Biosystems

ate, IT necessary.
Fast Dx (AB 7500 or 7500 Fast)

located under Docume ramming and Maintenance on the LRN
secure website.

med using a manual threshold setting. The threshold
[ ¥exponential phase of the fluorescence curves and above any
)y ocedure chosen for the setting the threshold should be used
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Interpreting Test Results

Accurate interpretation of rRT-PCR results requires careful consideration of several assay
parameters. The following are general guidelines:

Interpret Run Controls:

Are
all NTC’s
negative?

INVALIDATE RUN.
REPEAT TESTING.

Are all
positive contro
reactions
positive?

INVALIDATE . 'N.
TSRPEAT TESTIN

Run is valid. Proce 1 with
specimen r” ~ult . ~rpre 3tion.

For each specimen:

NEGATIVE

Is VP1.2014
Ct value
< 43?

PRESUMPTIVE
POSITIVE

Figure 3: Order of Interpretation of Assay Results
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a.

Interpretation of Controls
1. The Positive Controls must be positive and with Ct values within the values listed in
Table 1 for all primer and probe sets.
a. If positive controls are negative, the testing results for that plate are invalid.

i. Repeat rRT-PCR test.

ii. If repeat testing generates negative EV-D68 2014 Positive Control results,

send the experiment run file (extension .eds) to LRN@cdc.gov for

consultation.

2. NTCs must be negative.
a. If NTCs are positive, the testing results for that plate are in
i. Clean potential DNA contamination from bench
the reagent setup and template addition work a
ii. Discard working reagent dilutions and rem ro
iii. Repeat extraction and test multiple NTC ing rR
iv. Repeat rRT-PCR test.

in

$ or undetermined) and the

EV-D68 2014 Real-time PCR assa for specimen samples:

i.  Report result as Inconclusive

ii. Repeat rRT-PCR testo and VP1.2014 assay.

iii. Repeat extraction frgm ne i iquot if RP Assay is negative for
specimens after

iv. After repeat ext

consider the resu

rRT-PCR testing, if VP1.2014 is positive,
ive and continue to follow the testing

olve the results for this specimen, test other specimens
ilable, or request the collection of additional
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PCR Base Line Subtracted CF RFU

PCR Base Line Subtracted RFL

If all controls have been performed appropriately, proceed to analyze each target.
e True EV-D68 2014 rRT-PCR positives should produce exponential curves with
logarithmic, linear, and plateau phases (Figure 4).

e Note: Weak positives will produce high Ct values that are sometimes devoid of a plateau
phase; however the exponential plot will be seen.

Linear View Log View
Plateau
z000 phase 2000 10000 Linear
1800 1800 phase
1600 1600
T 1000
1400 - 1400 z Exponential
1200 Linear 1700 2 Log phase
phase Ju
1000 1000 5
o1
800 00 =
E
o
800 - 00 4
Exponential &
=4
400 Log phase 400 5
200 \ 200
0 0
-200 -200

02z 4 6 & 1012 14 16 15 20 22 24 26 26 30 32 34 36 36 40 42 44 46 46 50 52

3B Arplitication vs Cyeldr $5Ble Gradient Fik.opd ficstion v Oyl SHE e Bradiont 2 cpd

Figure 4: Linear and log views of PCR curves noti lification plots

e For a sample to be a true positive, t
as shown in Figure 4. It must N
threshold.

e Figure 5 shows examples o

the threshold in a similar fashion
d and then dive back below the

t do not amplify exponentially.

40 40
a0
. g o T 20
w
40 S0 0
£
20 i}
g -0 -20
o a
»
5 o 40
20 -
Ed
0 w60 -60
&
-0 =
-80 -0
-100 -100

02 4 6 8 1012 14 16 16 20 22 24 26 28 30 32 34 36 38 40 42 44 46

FOR Amplitication vr R cxomple opd

background fluorescence view (Rn versus Cycle with AB software) to determine if the
curve is actually positive. In this view, a sharp increase in fluorescence indicates a true
positive while a flat line (or wandering line) indicates no amplification.
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e Figure 6 shows a curve with a Ct value of 29.2 though it is evident that the sample is
negative by looking at the background fluorescence view.

e Figure 7 shows an amplification plot with 3 curves: a moderately weak positive (black), a
very weak positive (red), and a negative control (blue). The weak positive is verified to
be positive by the sharp increase in fluorescence seen in the background fluorescence

view.
+ 450
30 30
400
z @ = 20
5 10 = =] 10 g
i o Bans o Eam
E T £
20 -10 & 250
E -20 -20 ‘é
b £ 200
& -30 30 E
5 @ 150
= -4 -40
0 =0 100 HT g
-60 -&0 g0 ‘
o 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 47 44 46 0z 4 6 8§ 1012 L 20 22 24 26 28
¥CR ampiitication v CE A srample &.0pa T A T pte 4.0p0
Figure 6: Amplification plot of a sample with a “wandering” curve (leTt) an corresponding background

fluorescence view (right)
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Figure 7: Amplification plotgf thr the linear view (left) and the corresponding background
fluorescence view (right

30 smpiticsion v 0} W 3.8
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e AB software has a spectra component that also can help evaluate challenging curves
more efficiently. The spectra component shows the difference in total fluorescence at
every cycle. If there is an obvious difference in the fluorescence from cycle 1 to cycle
43, the sample is a true positive. Figure 8 shows the spectra view of a positive sample.
Filter A is the FAM filter and indicates if there is an accumulation of fluorescence during
the reaction. Filter D is the ROX filter and should remain constant.

xxxxxxxx

sssssss

[ © o
Fas
[
G 'y

e Asdescribed above, close examination of ation curves can help determine if a
sample is truly positive or not and eliminates to rely solely on Ct values.

ination occur during or after sample
during sample collection, extraction, and

sample truly positive for the pat
collection? It is important t

these results. If curves are true exponential curves,
S positive.
imen is necessary, it is important to repeat the sample in
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Overall Test Interpretation and Reporting Instructions

Table 5: EV-D68 2014 rRT-PCR Test Interpretation and Reporting Instructions

D68 RP Interpretation Reporting Actions
Refer to the CDC EV-D68
i + EV-D68 2014 EV-D68 North America Respiratory Disease Algorithm.
Negative RNA not detected by rRT-PCR

Inconclusive for 2014 EV-D68

North America RNA by rRT-
- - Inconclusive PCR. An inconclusive result may
occur in the case of an inadequate
specimen.
2014 EV-D68 North Ame
RNA detected by rRT-PCR.
: vom | Ao b el | YAECOCEY0%
Ct <43 +or- Presumptive Refer to CDC E 3 '
PSS = Report results to CDC.
C Repeat PCR on extracted nucleic
’ . Testing will be acid from the specimen
acn:jidfs +h- Equivocal Sen forwarded AND
jonal analysis. forward specimen to CDC.
NOTE: All test results generat i 2014 rRT-PCR Assay by LRN laboratories must be
sent to CDC using LRN Resy lease refer to the LRN Data Messaging Policy (found under
Documents/LRN Specif olicy Statements on the LRN website). For questions
@ N Helpdesk at LRN@cdc.gov.
RANerpretmy Test Results section for detailed guidance on interpreting weak
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Assay Limitations, Warnings and Precautions

Interpretation of rRT-PCR test results must account for the possibility of false-negative and
false-positive results. False-negative results can arise from:
e poor sample collection or
degradation of the viral RNA during shipping or storage or
specimen collection conducted prior to symptom onset or late in illness
failure to follow the authorized assay procedures
failure to use authorized extraction kit and platform

followed up
with another specimen taken 24-48 hours later. Refer to,CDC EV-D6 oratory guidance for
current advice (http://www.cdc.gov/non-polio-enterovi tml) and consultation
instructions.

The most common cause of false-positive r i tion with previously amplified
DNA. Liberal use of negative control samp can help ensure that laboratory
contamination is detected and that false Y@siti st results are not reported.

tefovirus D68 and should not be used as the
deCfsion. All results should be interpreted by a

of the patient’s history and clinical signs and

rum specimens has been performed due to the scarcity

trained professional in conj
symptoms. Only a limijgs
PCR.

s@nostic use under FDA Emergency Use Authorization only and is
tories designated by CDC.

Proper collection, storage and transport of specimens are essential for correct results.

Extraction of nucleic acid from clinical specimens must be performed with either the bioMérieux
NucliSENS easyMAG instrument with its associated reagents, the QlAamp Viral RNA Mini Kit,
or the QlAamp DSP Viral RNA Mini Kit from QIAGEN. Other extraction Kits have not been
evaluated for use with this assay.
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Performance has only been established with the specimen types listed in the Intended Use. Other
specimen types have not been evaluated.

Performance Characteristics

The EV-D68 2014 rRT-PCR has been developed and evaluated by the CDC Picornavirus

Laboratory from mid-September to mid-October 2014. The assay and protocol are pgigarily
focused on evaluating respiratory disease due to EV-D68 strains detected in Nortg#® i
2014.

QIAGEN QIlAamp Viral RNA Mini Kit for specimen extraction.
employed in several of the evaluations listed below, the enterovj
semi-nested PCR followed by sequencing (EV VP1 Sequenci
following publication:

Nix, W.A., M. S. Oberste, and M. A. Pallansch.
amplification of VP1 sequences for direct gdenti
original clinical specimens. Journal of Cli iqbiology 2006, 44(8):2698-2704.

The EV-D68 2014 specific ass
576 EV-D68 partial VP1 seque
phylogenetic ancestors f

2014 US outbreak and recent EV-D68

tat€s (2013 viruses; CDC database), Spain (2012
763167, KC763162), China (2012 viruses;
JX898785, JQ92436 2011 virus; JQ411807).

shared fiv asenta D68 Canadian outbreak sequences with CDC in December

es were first analyzed phylogenetically and clustered with US 2014 co-
ins. In silico inspection of the VP1.2014 primer sites and probe site
tide identity with all five Canadian EV-D68 strains.

a) PreNgpinary Limit of Detection (LoD) in Minimum Essential Medium (MEM)
Serial ten-fold dilutions of RNA extracted from EV-D68 US/MO/14-18949 strain (10
CCIDso/mL) were prepared in MEM. The serial dilutions from 10 to 10™° were tested in
triplicate using the EV-D68 2014 rRT-PCR. The lowest dilution at which all replicates were
positive was at 107 CCIDso/mL or 10" CCIDs/5uL with the EV-D68 2014 rRT-PCR.
Results of testing with the EV VP1 Sequencing Assay at each concentration are also
included to aid in interpretation of comparative study data presented in the clinical
performance sections.
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Table 6: EV-D68 2014 rRT-PCR Assay Limits of Detection Estimation with EV-D68 Isolate RNA?
Diluted in Minimum Essential Medium® and Comparison to Limits of Detection Estimation with the EV
VP1 Sequencing Assay.

Result Result EV
.. .. . | Concentration Replicates : VP1
Rtk ot (CCIDsy /5 pL) (Ct Values) AL AU Sequencing
rRT-PCR
Assay
10* 10** 15.8 16.0 16.3 3/3 Positive | 3/3 Positive
10° 10%° 19.3 19.7 19.6 3/3 Positive
10° 10%° 24.5 24.7
10 10%° 29.1 29.6
10° 1009 33.7 33.6
10°® 10°* 37.7 36.9 3/3 Positive
107 10 40.6 41.9 3/3 Positive
-8 21 1/3%quivocal | 2/3 Positive
10 10 435 2/3 Negative | 1/3 Negative
10° 1031 Negative 3/3 Negative | 3/3 Negative
10" 10! 3/3 Negative | 3/3 Negative
2Serial dilutions were prepared from froze
® Minimum essential medium is a cell i can be substituted for the several commercial formulations
of viral transport medium, used for
©1:10 dilution series of EV-D68 US/ NA (lot 10/16/14) from titered virus control stock

b) LoD Confirmation i I Pooled Dual NP/OP Swabs (PCR Instrument and

e the limits of detection for VP1.2014 in pooled leftover
S¥n viral transport media across PCR instruments and across
Rrior to use in the study, the leftover dual NP/OP swab eluents had

PCR instrument system. The limits of detection observed for each PCR instrument
tion method combination are presented in Table 17.

Al three PCR instrument systems yielded the same limit of detection, 10°* CCIDsg/5 L,
with material extracted manually using the QIAGEN QlAamp Viral RNA Mini Kit. With
this extraction method, the three instruments achieved equivalent limits of detection for the
EV-D68 2014 rRT-PCR and are all considered to be acceptable for use with this assay.

Material extracted on the easyMAG generated the same limit of detection for the EV-D68
2014 rRT-PCR as the QlAamp extracts when tested on the AB 7500. However, the other
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two instrument systems (7500 Fast and 7500 Fast Dx) missed the 95% cutoff for this
concentration by 1 and 2 reactions, respectively. Thus, the limit of detection for these two
instruments with the easyMAG is set at the next highest concentration (10%° CCIDso/5 L).
Though the 7500 Fast and Fast Dx instruments, when used with the easyMAG, did not
achieve the same LoD as the 7500 Fast, the performance was similar enough to consider
these instrument/extraction method combinations acceptable for use with the EV-D68 2014
rRT-PCR.

The RNase P primer and probe set was tested against each nucleic acid sampl ing was

evaluation.

Table 7: EV-D68 2014 rRT-PCR Limits of Detection - Spiked Pooled Dual

Matrix
: PCR Platforms
Extraction Methods 7500 7500 Fast

Qiagen QlAamp 10! CCIDsy/5 uL | 10" CCIDsyl,

easyMAG 10" CCIDsy/5 uL | 10%9 CCIDsy/5 Ul °? CCIDsy/5 L

c) LoD Confirmation in Clinical Matrix — Pooled action Method Bridging
Study)

testing with the EV-D68 2014 r he study was performed using pooled leftover
sera. Prior to use in the stu i
presence of enterovirus nucl
and splked with EV-DS8 US/

difig EV-D68. The pooled matrix was divided
at three concentrations (10%° CCIDso/5 pL,

uL). Each concentration was extracted 20 times
sulting nucleic acid samples were each tested once by

anually using the QIAGEN QlAamp Viral RNA Mini Kit generated
10" CCIDsy/5 pL. Material extracted on the easyMAG generated

As limits of detection for sera extracted with the QlAamp method and the easyMAG
method were the same or lower than the limits of detection achieved in the evaluation of
pooled dual NP/OP swabs with the EV-D68 2014 rRT-PCR, both are acceptable for use
with serum in preparation of nucleic acid for subsequent testing by this assay.

The RNase P primer and probe set was tested against each nucleic acid sample. RP

testing was performed exclusively on the AB 7500 instrument and yielded 100% positive
results in this evaluation.
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Additional information and line listing data may be found in Attachment E.

Table 7: EV-D68 2014 rRT-PCR Limits of Detection - Spiked Pooled Sera
. PCR Platform
Extraction Methods 7500 Fast Dx
Qiagen QlAamp 10" CCIDsy/5 pL
easyMAG 10! CCIDsy/5 L

d) Performance of RNase P Primer and Probe Set with Recommended Human
Controls

Table 9: EV-D68 2014 rRT-PCR Performance of Hum Is with the RNase P Primer

and Probe Set

Platform AB 7500 AB 7500 Fast Dx
[DNA] Promega Promega Roche
50ng/5uL 28.4 26.0 24.8
50ng/5uL 29.3 28.2
0.5ng/5puL . 33.2 32.2
0.05ng/5uL . 38.6 37.3 36.4
0.005ng /5 pL i egative 40.4 39.9

Note: This study was no
similar.

theWAB 7500 Fast; however, the performance is expected to be

3. Analytical SP8

species D (EV-D) cell culture isolates (n=7) that included the EV-D68, 1962

on prototype strain. Respiratory clinical specimens positive for EV-D68 Fermon,
EV¥®70, EV-D94, EV-D111 were not available for testing, therefore RNA from these
viruses was extracted from frozen undiluted cell culture supernatants and tested. The
EV-D68 2014 rRT-PCR did not cross-react with other enterovirus species D viruses
including the Fermon prototype strain.
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Table 10: EV-D68 2014 rRT-PCR Analytical Specificity Confirmed Using EV-D Cell Culture

Isolates
EV-D68 2014 rRT-
EV-D Cell Culture Isolate® PCR Result Assay
Result
EV-D70, Prototype J670/1971 Negative
EV-D94, Nigeria 2010, a Negative
EV-D94, Nigeria 2010, b Negative
EV-D94, Angola 2012 Negative
EV-D111, Angola 2012, a Negative
EV-D111, Angola 2012, b Negative
EV-D68, Prototype Fermon 1962 Negative

2purified RNA in elution buffer

EV-D120, isolated from gorillas and a chimpanzee, i

Rhinovirus Species A and B
Other genetically related common Rhinov
tested using undiluted cell culture

lating during the EV season were
| of 95 rhinoviruses (RV),

including 70 species A (RV-A) an V-B) were tested (Table 11).
Results demonstrated no cross-fe@gtiv ith the Enterovirus species tested.

Table 11: EV-D68 2014 rRT-P aly Spetificity Confirmed Using Undiluted RNA
Extracted from Rhinovirus Cell Su atants
EV-D68
Enterovirus T 2014 rRT- | EV-D68
Species” \rus Types PCR (neg/total)
Result
A7, A8, A9, Al0, All, Al2,
3, Al5, Al16, Al18, Al19, A20, A21,
A 23, A24, A25, A28, A29, A30,
1, A32, A33, A34, A36, A38, A39,
R a 40, Adl, A43, A45, A46, A47, A49, All 70/70
A50, A51, A53, A54, A55, A56, A57, Negative
A58, A59, A60, A61, A62, A63, Ab4,
AB65, A66, A67, A68, A71, A73, A74,
AT75, A76, A77, A78, A80, A82, A85,
A88, A89, A90, A9%4, A96, A100
RV-B3, B4, B5, B6, B14, B17, B26, B27,
B35, B37, B42, B48, B52, B69, B70, B72, All
RV-B B79, B83, B84, B86, B91, B92, B93, B97, | Negative 25/25
B99

8 RV = rhinovirus; Species A is the most abundant in humans
P Undiluted RV RNA extracted from cell culture supernatants was tested.
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b) Cross-reactivity with Other Common Respiratory Viruses

RNA extracted from fourteen common respiratory viruses and pooled nasal wash
(containing Streptococcus pneumoniae, rhinovirus and adenovirus) were tested using the
EV-D68 2014 rRT-PCR on both the AB 7500 and the AB 7500 Fast Dx. RNA was
extracted from viral cell culture supernatants (except for the pooled nasal wash clinical
specimen) and tested undiluted. All results matched expected results.

Table 8: EV-D68 2014 rRT-PCR Cross-Reactivity with Common Respiratory

Number Virus AB 7500

1 Adenovirus C1 (Ad Negative
71)

2 CoV 229E Negative
3 CoV 0C43 Negative
4 CoV MERS Negative
5 HMPV (CAN99-81) Negative Negative
6 Influenza A HIN1 egative
7 Influenza A H3N1 Negative
8 Influenza B Negative
9 PIV1 (C35) Negative
10 PIV2 (Greer) Negative
11 PIV3 (C-43 Negative
12 PlIV4a (CH Negative
13 Negative
14 Negative Negative
15 Negative Negative
16 Positive (Ct 32.4) Positive (Ct 35.7)

novirus; adenovirus

diluted.” Testing was performed by CDC laboratories in Atlanta, Georgia, and Ft.
ins, Colorado. Results are presented in Table 13.

Table 93: EV-D68 2014 rRT-PCR Cross-reactivity with other clinically relevant organisms

Virus/Bacteria/Fungus VP1.2014 Result
Dengue Virus 1* Negative
Dengue Virus 2* Negative
Dengue Virus 3* Negative
Dengue Virus 4 Negative
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d)

Eastern Equine Encephalitis Virus*
Western Equine Encephalitis Virus*

Colorado Tick Fever Virus
Powassan Virus*

Japanese Encephalitis Virus*
West Nile Virus*

Yellow Fever Virus*
Lacrosse Encephalitis Virus*
St. Louis Encephalitis Virus*
Chikungunya Virus*

Herpes Simplex Virus-1
Herpes Simplex Virus-2
Varicella Zoster Virus
Measles Virus

Mumps Virus

Neisseria meningitides
Listeria monocytogenes
Escherichia coli

Bacillus cereus
Lactobacillus acidophilus
Crytococcus neoformans

*Results for these agents were generated using a

2014 rRT-PCR.

In silico Analysis of Common Respi
Other Flora Found in Respirat

against common ca
BLASTN analyss

Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative

ausing Flora and a Selection of

ecificity of the EV-D68 rRT-PCR was

of the VP1.2014 primer and probe sequences
iliness and other clinically relevant organisms.
P1.2014 primers and probe were performed against

-PCR results. Conditions and associated causative agents
ilico specificity analysis are presented in Table 14.

ase/condition Tax ID Agent
man parainfluenza 11226 Parainfluenza virus 4b
Human parechovirus 12063 Parechovirus 1b

ommon cold, bronchiolitis,

208895 Respiratory syncytial virus B

pneumonia

Sinusitis 1280 Staphylococcus aureus

Pertussis (whooping cough) 520 Bordetella pertussis

Mycoplasma pneumonia 2104 Mycoplasma pneumoniae

Pharyngitis, bronchitis, atypical 83558 Chlamydia pneumoniae

pneumonia (or Chlamydophila

pneumonia)
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Bacteremia, pneumonia, epiglottitis 727 Haemophilus influenza
and acute bacterial meningitis

Tuberculosis 1773 Mycobacterium tuberculosis
Lyme disease 139 Borrelia burgdorferi
Respiratory infection 550 Enterobacter cloacae
Septicaemia 1354 Enterococcus hirae
Foodborne illness 1502 Clostridium perfringens
Abdominal infection (rare) 46503 Parabacteroides merdae

Human gastrointestinal bacterium 1680

Human gastrointestinal bacterium 216816

Human gastrointestinal bacterium 40518
4. Precision

Time Period: October 16, 2014- October 19, 2014
Number of Days Tested: 1 assay run (5 replicates/sample
days with two separate PCR instruments (one on Day 1,
Number of Operators: 1 operator
Number of Samples Types in Each Run:
e Two concentrations of EV-D68 US/MO/14-18
(lot: 10/8/14).
0 A low cell culture 50% infectious doseQGCIDSg dilution of EV-D68 US/MO/14-
18949 control RNA contained input RNA
0 A high CCIDs dilution contain
e Two clinical NP swab specimei i (one high Ct Positive and one low Ct
positive). Swabs were collg ifferent patients.
e NTCs
Cumulative results are p

Table 11: EV-D68 20 14mRT- Testing

Cumulative Results Posmye
Replicates (N) (Positive) DEESI07
Rate (%)

15 15/15 100

15 15/15 100

15 0/15 100

15 15/15 100

5: EV-D68 Positive Clinical
Specimen (high Ct)° 15 1515 100

2 purified RNA from virus cell culture isolate
P RNA extracted from clinical specimens
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Clinical Evaluation

The clinical study was conducted from September to October 2014. A total of 128
specimens (116 respiratory and 12 sera) were tested using the EV-D68 2014 rRT-PCR and
the enterovirus VP1 reverse transcription semi-nested PCR assay followed by sequencing
(EV VP1 Sequencing Assay). All controls were run in duplicate. The same lot of non-
infectious control RNA was run concurrently with all test samples. The following standard
controls were used during the clinical study.

e Positive control: 2014 outbreak strain EV-D68 US/MO/14-18949 vira

concentration adjusted to yield Ct value of 30-32 (low but consistent p
¢ Negative control: no-template controls (NTC) of nuclease free
e RNase P (RP) Primer and Probe Set: Included as a control for, i d for

presented in Table 18.

Table 12: EV-D68 2014 rRT-PCR Clinigal P ary for Upper Respiratory Specimens
EV-D68 Negative by EV
Specimen VP1 Sequencing Assay
Type PCR PCR NPA
; _ | Toal | 506 1y
NP and OP X 95.2%
Swabs® (g;:$£)' 00|42 (e o0 08.700)
Nasal 100% 10 1 91.6%
(43.9%- 100%) (64.6% - 98.5%)

1 result (Ct value > 43 and <45).

~A10 positive by VVP1 sequencing and generated a positive result (Ct 31.2) for VP1.2014.

ed a negative result for enterovirus species with the VVP1 sequencing assay and a high positive
VP1.2014 primer and probe set. This fluorescent signal demonstrated a clear sigmoid curve.

Table 137: EV-D68 2014 rRT-PCR Clinical Performance Summary for Sera Specimens

EV-D68 Positive by EV VP1 EV-D68 Negative by EV
Specimen Sequencing Assay VP1 Sequencing Assay
Type PCR | PCR PPA PCR NPA
v | e T gs0ecny | - | TORN (9506 c1
100% 100%
Sera ! 0 7| (6a6%- 100%) | ° 5 | (56.6% - 100%)
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Table 14: EV-D68 2014 rRT-PCR Breakdown of Clinical Respiratory Specimens Negative for EV-D68
by EV VP1 Sequencing Assay

EV-D68 2014 rRT-PCR
Species? Type(s) Results
# Tested # Negative

RV-A2, Al10, Al6, A24, A31,
RV-A® | A34, A40, A49, A58, A59, 22 21°
A67, A63, A73, A85

RV-B RV-B4, B6, B27, B83, B48 5
RV-C Types not determined 2
EV-B E9, E11, CVB4 3
EV-A CV-Al0 1
Negative for Enterovirus species 21
Total 54

8 RNA extracted from clinical respiratory specimens
PRV = rhinovirus; A species is the most abundant in humans
One specimen gave a positive result with the EV-D68 2014 rRT PCR. Fu
co-infection with a clear mixture of virus sequences on the sequence chromatogram.
BLAST of the readable portion of the sequence was RV-A10. The 3
Data suggests that the EV-D68 2014 rRT-PCR can detect a specifidig
¢ Two “false positive” specimens had high EV-D68 2014 rRT-PCR
these specimens demonstrated a clear sigmoid curve.

gl 40.9). The fluorescent signal from

Contact Information

When questions arise in the real-ti
the AB 7500 experiment file as an a

RN@cdc.gov with an explanation of what the
issue is and we will get back

ments and suggestions.
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