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Table 1  Nucleotide sequences of primers and fluorogenic probes
ation®
f:ig:;ea Sequence 5'—=3' T, /C* gﬁi}e Size/bp gfmem . ﬁ:p“”“/
EV71pPf* AGTGATGAGAGTATGATTGAGACACG 57.6 2613-2638 26 4.3 89
EV71Pr* CCCGCTCTGCTGAAGAAACT 58.3 2682-2701 20 55.0
EV71Pb° FAM-TCGCACAGCACAGCTGAGACCACTC-BHQ1 68.8 2652-2672 25 60.0
ICPb® CY5-TGAGACCAGCACTAGCACCTCGCAC-BHQI 67.6 25 60.0
CAl6Pf GAACCATCACTCCACACAGGAG 58.1 2650-2671 22 54.5 90
CAl6Pr* GTACCCGTGGTGGGCATTG 60.6 2721-2739 19 60.6
CA16Pb° VIC-CAGCCATTGGGAATTTCTTTAGCCGTG-BHQ2 68.5 2673-2699 27 48.1

* primers and probes were designed by using Primer Express V2.0 software ® FAM VIC and CY5 are fluorescent reporter dyes and BHQ1 BHQ2 are the quencher
dyes. © melting temperature estimated by Primer Express 2.0 primer test document dyes are not accounted for in the calculations. ¢ nucleotide positions are based

on GenBank AF302996 for EV71 and AY790926 for CA16. © Pf forward primer Pr reverse primer Pb probe.
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0.01 mol/LL 10 pmol/L 0.6 pL EV71Pb 10 pmol/L 0.5 pL 1CPb
PBS PH7.5 0.5¢ 0.5 mL 10 pmol/L 1.0 pl. CAI6Pf 10 pmol/L 1.2 pL
5 mL PBS 12000 x ¢ 10 min CA16Pr 10 pmol/I. 0.6 pLL EV71Pb 10 pmol/L
RNA 40 pL. DEPC 42°C 30 min 94°C 4 min
-80C 94°C 15 s 55°C 1 min 40
1.6 RT-PCR EV71 CAl6
2
RT-PCR TaKaRa One CT 21.5 24.3
Step RNA PCR Kit 25 pl 1-A
EV71 CAl6 EV71 CAl6 FAM  VIC
TagMan ABI 7500 CY5
RT-PCR RT-PCR PCR
TagMan 1-B
CcT ARn
1.7 RT-PCR s
RT-PCR s Y
400K
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1.8 RT-PCR OK &
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Reed-Muench & Cycle number
TCID, 10
S 100K
0.1~ 10" TCIDs,/mL RT-PCR
SOK [+ i
B
1.9 RT-PCR = ' e
EV71  CAI6 ERRC |
10 ~ 0.1 TCID,, /ml. RT-PCR = 20K|
CT ok
1.10 RT-PCR _EOKI 4 7 10 13 16 19 22 23 28 31 34 37 40
RT-PCR 408 Cyele number
'1 RT-PCR
Fig.1 The results of multiplex real-time RT-PCR. A Simultaneous
detection of enterovirus 71 and coxsackievirus A16. B Detection of
2 negative control.
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2 EV71 CAl6 RT-PCR
Table 2 Specificity of real-time RT-PCR for EV71 and CA16

Strain_source No. Original source Result* Strain_source No. Original source Result”
Human Enterovirus 71 SHZH98 stool 1998 + Human Coxsackievirus A13 SZA13-FT stool 2007 -
Human Enterovirus 71 SHZHO1 stool 2001 + Human Coxsackievirus A21 GZA21-1A stool 2006 -
Human Enterovirus 71 SHZHO3 stool 2003 + Human Enterovirus 68 GZ07-2A stool 2007 -
Human Enterovirus 71 SHZHO03-NS vesicle 2003 + Human Poliovirus | Sabin vaccine 2008 -
Human Enterovirus 71 SHZHO6-YT stool 2006 + Human Poliovirus [ Sabin vaccine 2008 -
Human Enterovirus 71 SHZHO7-FT vesicle 2007 + Human Poliovirus [[l Sabin vaccine 2008 -
Human Enterovirus 71 SHZHO8-YTI vesicle 2008 + Human Coxsackievirus B2 SHZH-CB2-a stool 2005 -
Human Enterovirus 71 SHZHOS-YT2 stool 2008 + Human Coxsackievirus B3 SHZH-CB3-a stool 2004 -
Human Enterovirus 71 AHFY08-ST02 stool 2008 + Human Echovirus 5 GZECV5-1X-1 stool 2003 -
Human Enterovirus 71 AHFY08-ST07 stool 2008 + Human Echovirus 6 NSECV6-1 stool 2003 -
Human Coxsackievirus A16 shzh99-ca stool 1999 + Human Echovirus 9 SHZH-ECV9-1121 stool 2004 -
Human Coxsackievirus A16 sz200-lu vesicle 2000 + Human Echovirus 11 SHZH-ECV11-a stool 2003 -
Human Coxsackievirus A16 shzhOO-1f stool 2000 + Human Echovirus 13 SHZH-ECV13-06 stool 2006 -
Human Coxsackievirus A16 SZCAO6 vesicle 2006 + Human Echovirus 18 GZECV18TH-1 stool 2007 -
Human Coxsackievirus A16 SZCAOQ7 stool 2007 + Human Echovirus 25 GZECV25-HZ-b stool 2007 -
Human Coxsackievirus A16 SZCA08-1 stool 2008 + Norovirus GII SZNV2-06 stool 2006 -
Human Coxsackievirus A16 SZCA0S-2 stool 2008 + Norovirus GIT SZNV2-07 stool 2007 -
Human Coxsackievirus A16 SZCA08-3 vesicle 2008 + Rotavirus A SZRV-A-061110 stool 2006 -
Human Coxsackievirus Al GDCA1-2 stool 2006 - Rotavirus A SZRV-A-071213 stool 2007 -
Human Coxsackievirus A3 GDCA3-1 stool 2004 - Rotavirus B SZRV-B-050121 stool 2005 -
Human Coxsackievirus A4 NS-CA4-1 stool 2005 - Rotavirus B SZRV-B-071008 stool 2007 -
Human Coxsackievirus A11 NS-CA-11-1 stool 2007 -
“ results of real-time RT-PCR + positive result for EV71 or CA16 — negative result.
2.3 RT-PCR 2.3%
EVT71 CAl6 4 d
10 0.1~ 10° TCIDy /ml. 4 CT 2.0%
RT-PCR 3
EV7l  CAl6 0.1 TCIDs,/ml, RT-PCR EV71 CAI6
1 TCID,/mL.
2.5 RT-PCR
2.4 RT-PCR
408 238
EV71
) 15 12 43
CAl6 10" ~ 0.1 TCIDsy/mL RT-PCR
RT-PCR
4 RT-PCR
4 CT
3 EV71 CAl6 RT-PCR

Table 3 Intra-and inter-assay reproducibility of real-time RT-PCR for EV71 and CA16
Replicate CT* value

¢ specimens / ] 2 3 4 CT mean S.DY CV°/ %
TCIDsy/mL
EV71 CAl6 EV71 CAl6 EV71 CAl16 EV71 CAl6 EV71 CAl6 EV71 CAl6
Intra-assay
10 18.53  20.32 19.15 19.87 18.91 20.27 18.77 19.52 18. 0.26 20.0 0.38 1.4 1.9
10° 22.41 23.97  21.97 24.01 22.35  23.54  22.13  23.83 22. 0.20 23.8 0.21 0.9 0.9
107 26.01 27.81 25.87 26.95 25.18 27.62 25.54  26.81 25.7 0.37 27.3 0.49 1.4 1.8
10! 29.11 31.32 28.19  32.07 28.37 31.63 29.44 33.05 28.8 0.59 32.0 0.75 2.0 2.3
1 32.50  35.35  31.97 34.83 32.02 36.02 31.68 35.79 32.0 0.34 35.5 0.52 1.1 1.5
0.1 35.71 NDd 36.23 ND 37.31 ND 36.57 ND 36.5 0.67 ND 1.8 ND
Inter-assay
10 18.41 20.11 19.13 19.87 18.68 19.59 19.07  20.03 18.8 0.34 19.9 0.23 1.8 1.2
10° 2213 23.76  22.93 23.89 22.68 24.11 23.15 24.23 22.7 0.44 24.0 0.21 1.9 0.9
107 26.22 27.35 26.18 26.87 26.76  26.91 26.57  27.61 26.3 0.28 27.2 0.36 1.1 1.3
10" 28.80 31.98 29.12 31.46 29.63 31.25 30.01 32.30 29.4 0.54 31.7 0.48 1.8 1.5
1 32.43 36.10 33.23  35.11 32.890 34.85 32.57 36.41 32.8 0.36 35.6 0.75 1.1 2.1
0.1 37.18 ND 36.92 ND 36.24 ND 36.31 ND 36.7 0.46 ND 1.3 ND

@ Cycle threshold value " Standard deviation © Coefficient of variation = S.D./CT mean 9 Not detected.
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EV71 50.0%
53.3% 32.1% 48.8% RT-PCR
31.5% 40.0% 26.8% 39.5% RT-PCR 7.3%
CAl6 16.4% 0.8% 4
20.0% 13.4% 7.0%
11.8% 20.0% 12.5% 7.0% 4
RT-PCR EV71  CAl6 PCR
RT-PCR RT-PCR CY5
RT- RT-PCR
PCR
2.6 PCR
4 Real-time RT-PCR 408
Table 4 Comparison of detection results of 408 suspected positive samples by real-time RT-PCR and common assay
408 suspected positive samples
Real-time RT-PCR/Common assay" Stools 238 Vesicles 15 Rectal swabs 112 Throat swabs 43
EV71 CAl6 EV71 CA16 EV71 CA16 EV71 CA16
Positive/ Positive” 71 26 6 3 29 13 16 3
Negative/ Positive® 4 2 0 0 1 1 1 0
Positive/ Negative! 48 13 2 0 7 2 5 0
Negative/ Negative® 115 4 197 6 7 12 751 9 1 21 40 1
Real-time PCR positive ratio’ 50.0% 16.4% 53.3% 20.0% 32.1% 13.4% 48.8% 7.0%
Common assay positive ratio® 31.5% 11.8% 40.0% 20.0% 26.8% 12.5% 39.5% 7.0%
Real-time PCR false negative rate" 1.7% 0.8% 0% 0% 0.9% 0.9% 2.3% 0%
Common assay false negative rate’ 20.2% 5.5% 13.3% 0% 6.3% 1.8% 11.6% 0%
Samples containing inhibitory factor % 1 3.4% 3.4% 0.0% 0.0% 1.8% 1.8% 2.3% 2.3%

* Including virus isolation and serotypes identification by neutralization testing and IFA. ¢ Real-time PCR negative samples with IC negative indicated that the

samples contained inhibitory factor and then detected by Common assay

the result were positive. ¢ Real-time PCR positive samples were confirmed by

Sequencing. © numbers in brackets are the numbers of inhibition samples in the negative samples group. ' Real-time PCR positive ratio = number of positive

samples in  + / number of all samples in the same row. & Common assay positive ratio = number of positive samples in  + ¢/ number of all samples in the same
row. " Real-time PCR false negative rate = number of negative samples in ¢/ number of all samples in the same row. ' Common assay false negative rate = number

of negative samples in / number of all samples in the same row. | The sample containing inhibitory factor % = number of inhibition samples in © + ¢/ number of

all samples in the same row.
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Time Reverse Transcriptase-Initiated PCR Assay with Single-

Simultaneous detection of enterovirus 71 and coxsackievirus A16 by multiplex real-
time PCR with an internal control

Xinglong Xiao' * Yaqing He* Yigang Yu' Hong Yang® Huifang Li® Xiaoquan Yang' Jingwei Zhang’ Gu Chen'
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Abstract Objective To rapidly identify EV71 and CA16 simultaneously. Methods A multiplex real-time PCR with an
internal control IC was developed. The specificity sensitivity reproducibility of the real time RT-PCR assay were estimated and
more over 400 clinical samples were tested. Results The results showed 100% specificity for the selected panel. The assay
met the sensitivity of 50% tissue culture infective dose TCIDs, per milliliter samples for CA16 and 0.1 TCIDs, for EV71.
Analysis with 10* ~ 0.1 TCIDsy/mL EV71 or CA16 samples demonstrated high reproducibility with a coefficient of variation CV

of 0.9% ~2.0% for EV71 and 0.9% ~2.3% for CA16. More than 400 clinical samples were detected by real-time PCR The
results showed that the average positive ratio for EV71 and CA16 were 46.1% and 14.2% higher than common assay 34.5%
and 12.8% . Moreover the result statistics indicated that there were PCR inhibition in stools rectal swabs and throat swabs
specimens with inhibition ratio from 1.8% to 3.4% . The inhibition ratio of these samples showed the importance of IC when
PCR was used to detect the RNA of EV71 CA16 or other enterovirus. Conclusion As a result of its high specificity sensitivity
and avoiding false negative results by using an internal control the assay is suitable for rapid clinical diagnosis of EV71 and
CAl6.

Keywords internal control multiplex real-time PCR  human enterovirus 71 coxsackievirus A16 detection
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