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Development of a Transcription-Reverse Transcription Concerted
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from Clinical Specimens
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A transcription-reverse transcription (RT) concerted reaction (TRCR) method was developed for rapid and specific detection of
EV71 from clinical specimens. This method was validated with EV71 strains from all of the known genotypes (genotypes A, B1 to
B5, and C1 to C5), with detection limits of 10 to 10> copies, and was useful for identification of EV71 from throat swabs of pa-

tients with hand, foot, and mouth disease (HFMD).

nterovirus 71 (EV71) is a major etiological agent for hand,

foot, and mouth disease (HFMD) and herpangina, along with
coxsackievirus A (CVA) types such as CVA10 and CVA16 (1, 10).
In contrast to CVA infection (3), EV71 infection is also associated
with severe neurological diseases, such as brain-stem encephalitis
and poliomyelitis-like paralysis (4, 9, 14) with a high incidence
(case severity rate of <0.3%) (6). Effective vaccines are not avail-
able at present, and only supportive care can be provided for the
treatment of severe brain-stem encephalitis (reviewed in reference
15). Because of the rapid progression of symptoms in fatal cases of
EV71 infection (=12 h after hospitalization) (2), rapid diagnosis
of EV71 infection is essential for severely EV71-infected patients
to provide proper care among patients with or without HFMD
caused by other EV infections.

In this study, we aimed to develop a diagnostic test for EV71 by
using a transcription-reverse transcription (RT) concerted reac-
tion (TRCR) method (7, 13). The TRCR method is an isothermal
RNA amplification method as well as an RT-loop-mediated iso-

thermal amplification (LAMP) method, but it utilizes T7 RNA
polymerase and avian myeloblastosis virus (AMV) reverse trans-
criptase instead of DNA polymerase (7, 13). The major advantages
of the TRCR method are (i) rapid detection (20 min of reaction
time), (ii) high specificity (by intercalation activating fluorescence
[INAF] probes) (8), and (iii) high sensitivity (as low as 10 copies).
For its rapid measurement of RNA, the TRCR method has been
used as a diagnostic tool for Mycobacterium tuberculosis, Mycobac-
terium avium, and Mycobacterium intracellulare in some hospitals
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Forward primer 1
Forward primer 2

Scissor probe 1  GACATAAATGGCACTGAGACTT
Scissor probe 2 GACATGAATGGAACTGAGACCT
Reverse primer CTGACATGCTTCATTCTCAT
INAF probe 1 CGCACCG*AGAAAGTGCCCAT
INAF probe 2 CCCACGGTCCG*CACTGAGAA

INAF probe 3 ACAGTCCGTACTGAG*AACGTGCC

in 5 uL of RNA samples

AATTCTAATACGACTCACTATAGGGAGAATTTATGTCACCTGCAAG
AATTCTAATACGACTCACTATAGGGAGAATTCATGTCACCCGCGAG

FIG 1 A TRCR method for the detection of EV71 from clinical specimens. (A) Procedure and a primer-probe set for the TRCR method. Viral RNA and TRCR
reagents and enzymes were preincubated at 43°C for 5 min and 2 min, respectively, and then were mixed. EV71-targeting regions and T7 promoter regions of the
forward primers are colored red and blue, respectively. The positions of oxazole yellow dye in INAF probes are indicated by green asterisks. (B) Histogram of RNA
samples extracted from throat swabs of HFMD or herpangina patients in Japan (total 58 samples) grouped by the numbers of copies of viral RNA.
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Forward primer 2 5' ATTTATGTCACCTGCAAG 3'
Forward primer 1 5' ATTCATGTCACCCGCGAG 3'

Scissor probe 2 5' GACATGAATGGAACTGAGACCT 3'

(AGGTCTCAGTTCCATTCATGTC)

Scissor probe 1 5' GACATAAATGGCACTGAGACTT 3'

A-EV71-BrCr-TR

(AAGTCTCAGTGCCATTTATGTC)

(nt 3004) AAGTCTCAGTGCCATTTATGTCACCTGCAAG (nt 3034)
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FIG 2 Comparison of the nucleotide sequences of the EV71 and CVA16 genomes examined for the primers and scissor probes. Genomic sequences of the EV71
and CVA16 strains are shown with their genotypes. Nucleotide differences in EV71 genomic sequences and in primers or probes are highlighted in red (genotype

A), blue (genotype B), and green (genotype C).

in Japan (11, 12). The procedure for using a TRCR method for
EV71 detection is summarized in Fig. 1A.

To determine the detection limits of the TRCR method, the
numbers of copies of EV genomes in throat swabs from patients
with HFMD or herpangina were determined by real-time PCR
(5), with quantified viral genomic RNA of EV71(BrCr-TR) as the
standard. The numbers of copies of EV genomes in 5 .l of purified
viral RNA samples extracted from throat swabs were in a range of
10*7 to 107”7 copies, with a median of 10>~ copies (Fig. 1B). There-
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fore, we set the detection limit at 10*° copies of EV viral genomes
to develop a TRCR method for EV71 detection.

Primers and probes were designed in the VP1 coding region
(nucleotides [nt] 3004 to 3214): there were two forward primers
and two scissor probes, one reverse primer, and three INAF
probes (Fig. 2). The specificity of the TRCR method to EV71 was
mainly conferred by the INAF probes (Fig. 3), which require 100%
nucleotide identity to the complementary target sequences for ef-
ficient emission of the fluorescence after hybridization (8). To
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INAF probe 3 5' ACAGTCCGTACTGAGAACGTGCC 3'

(GGCACGTTCTCAGTACGGACTGT)

INAF probe 2 5' CCCACGGTCCGCACTGAGAA 3'

(TTCTCAGTGCGGACCGTGGG)

INAF probe 1 5' CGCACCGAGAAAGTGCCCAT 3'

(ATGGGCACTTTCTCGGTGCG)

A-EV71-BrCr-TR (nt 3126) ATGGGCACATTCECAGTELGGACTGTGGG (nt 3154)
Bl-EV71-Nagoya  eeeeeees T|. . BISSGIE. Al . . .....
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dhkkkk kk ek |00 [kx ** k%
VP1-230 VP1-239
EV71 M G T F B r v G
CVAlé6 M G T F S T V G

FIG 3 Comparison of the nucleotide sequences of the EV71 and CVA16 genomes for the INAF probes. Genomic sequences of EV71 and CVA16 strains are
shown with their genotypes and names. Nucleotide differences in the EV71 genomic sequences and in INAF probes are highlighted in red (genotype A), blue
(genotype B), and green (genotype C). Flanking nucleotides of oxazole yellow dye are colored in cyan in the INAF probe sequences. INAF probes (1, 2, and 3) and
the target EV71 strains are colored in cyan, yellow, and pink, respectively. For detection of genotype C3 of EV71, INAF probes 2 and 3 were required. The amino
acid sequences of EV71 and CVA16 in the INAF probe-binding region are shown below.

validate the test for negative samples, we used an internal control
(an artificial control RNA [10° copies] and INAF probe), the sig-
nals of which could validate the reaction in negative samples.
The conditions for the TRCR method are as follows. Briefly, 10
.l of the primer solution (330 mM potassium chloride, 0.24 n.M
scissor probe 1,0.24 wM scissor probe 2, 1.5 WM forward primer 1,
1.5 wM forward primer 2, 1.5 wM reverse primer, 15 nM INAF
probe 1, 15 nM INAF probe 2, 30 nM INAF probe 3, and 150 nM
INAF probe for internal control), 10 ul of the TRCR substrate
solution (51 mM magnesium chloride, 180 mM Tris-HCI [pH
8.6], 6 U RNase inhibitor, 3 mM dithiothreitol, 0.75 mM deoxy-
nucleotide triphosphate, 8.4 mM nucleotide triphosphate, 10.8

TABLE 1 Detection of EV71 and CVA16 by the TRCR method

mM ITP, and 10’ copies of internal control RNA), and 5 ul of
purified viral genomic RNA sample were mixed in a reaction tube
(TRCR sample), and then the mixture was incubated at 43°C for 5
min. The TRCR enzyme mixture (6.4 U of avian myeloblastosis
virus [AMV] reverse transcriptase and 142 U of T7 RNA polymer-
ase) (5 pl) was incubated at 43°C for 2 min and then added to the
TRCR sample. Fluorescence intensity ratios of samples (at 520 nm)
or of an internal control (at 610 nm) were measured for 20 min or 30
min by using a TRCRapid-160 analyzer (Tosoh Corp.): samples with
a reading of =1.3 of the fluorescence intensity ratio were judged as
EV71 positive, and internal controls with >1.2 of the fluorescence
intensity ratio were judged as valid in EV71-negative samples.

Reaction time (min)?

EV71-86- EV71-
No. of EV71- 11316- EV71-SK-  EV71-C7-  2972- EV71-003- EV71-75-
copies EV71- Nagoya NETH-86 EV006 Osaka Yamagata- EV71-0236 EV71-1095 KOR-00 Yamagata- EV71-209
of RNA BrCr(A)  (Bl) (B2) (B3) (B4) 2003 (B5) (C1) (C2) (C3) 2003 (C4) (C5) CVAl6-G-10
10 18.2(1.37) ND (1.05) ND (1.00) NT NT ND (1.11) ND (1.08) 14.5(1.60) NT NT NT NT
10* 12.5(1.70) 16.0 (1.49) 18.9(1.34) 16.5(1.45) ND (1.12) ND(1.05) 19.4(1.34) 11.5(1.88) NT ND (1.05) 14.9(1.57) NT
10° 11.1(1.61) 10.7(1.70) 12.3(1.91) 11.1(1.77) 15.2(1.63) 10.6(2.60) 10.4(1.98) 9.7(1.95) 19.7(1.30) 12.4(1.75) 15.2(1.52) NT
10* 8.5(16.7) 10.4(1.70) 10.6(2.03) 9.9(1.79) 11.9(1.80) 9.0(2.67) 8.6(2.06) 8.6(2.01) 14.1(1.36) 10.2(1.86) 9.7 (1.77) NT
10° 7.8 (1.74) 9.1(1.71) 9.4(2.10) 8.8(1.80) 10.1(1.88) 8.1(2.71) 7.7(2.05) 7.6(2.03) 12.4(1.39) 9.2(1.92) 8.4(1.85) NT
10° 7.1(1.74) 8.0(175) NT 8.0(1.82) 89(1.92) NT 7.3(1.99) 6.8(2.04) 12.1(1.38) 8.0(1.97) 7.4(1.89) NT
10" NT NT NT NT NT NT NT NT NT NT NT ND (1.06)

@ The reaction time that the fluorescence intensity ratio took to reach the threshold value (1.3) is shown. The fluorescence intensity ratio at 20 min of reaction is shown in

parentheses. NT; not tested; ND, not detected.
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TABLE 2 Detection of EV71 from throat swabs by the TRCR method

EV71 detection (520 nm) Internal control (610 nm)
Sample No. of copies Reaction time Fluorescence intensity Reaction time Fluorescence intensity
no. of viral RNA Identified virus (min)“ ratio (min)“ ratio
1 1.4E+06 EV71 10.6 1.54 19.4 1.46
2 2.3E+04 CVALl6 ND? 1.05 10.8 2.30
3 1.2E+05 EV71 12.6 1.51 12.9 1.97
4 2.4E+05 EV71 12.3 1.50 13.6 1.91
5 4.8E+05 CVALl6 ND 1.05 13.1 2.02
6 1.4E+04 CVA1l6 ND 1.05 18.2 1.45
7 8.6E+05 EV71 13.2 1.50 26.6 1.22
8 1.4E+04 EV71 15.8 1.44 11.2 2.34
9 1.2E+05 CVA1l6 ND 1.14 20.0 1.37
10 3.0E+05 CVALl6 ND 1.06 15.0 1.69
11 1.4E+05 CVALl6 ND 1.07 15.6 1.67
12 2.3E+05 CVA1l6 ND 1.05 17.0 1.59
13 6.2E+03 EV71 13.1 1.46 10.9 2.21
14 3.2E+05 CVA1l6 ND 1.05 17.1 1.53
15 3.0E+05 CVALl6 ND 1.06 13.3 1.98
16 1.9E+07 CVA4 ND 1.12 13.5 1.95
17 1.4E+05 CVA1l6 ND 1.05 19.4 1.39
18 2.4E+06 CVB4, CVA4 ND 1.05 29.1 1.20
19 6.0E+03 CVAL6 ND 1.05 12.4 2.00
20 1.4E+01 Rhino ND 1.04 12.9 1.97
21 2.2E+05 CVA4 ND 1.04 11.0 2.21
22 1.3E+05 CVAl6 ND 1.04 10.6 2.27
23 2.1E+05 EV71 13.4 1.50 16.1 1.63
24 7.9E+05 CVB4, CVA4 ND 1.05 11.0 2.20
25 1.9E+06 CVA4 ND 1.12 10.6 2.32
26 4.6E+06 CVA4 ND 1.06 15.4 1.61
27 5.2E+07 CVA4 ND 1.07 ND¢ 1.10
28 3.9E+05 EV71 13.5 1.51 18.3 1.40
29 1.6E+06 CVB4 ND 1.06 12.4 1.97
30 6.6E+06 CVB4 ND 1.05 12.4 2.08
31 9.1E+05 CVA6 ND 1.06 11.0 2.27
32 1.2E+05 CVB4 ND 1.04 10.5 2.24
33 5.9E+03 CVA1l6 ND 1.05 23.0 1.23
34 1.9E+06 CVA6 ND 1.07 15.5 1.75
35 3.8E+05 CVB4 ND 1.04 12.1 2.23
36 2.3E+06 CVA2 ND 1.05 14.8 1.75
37 9.9E + 04 CVA10 ND 1.05 13.6 1.96
38 1.5E+06 CVA6 ND 1.04 11.7 2.15
39 8.0E+06 CVAI0 ND 1.06 16.5 1.72
40 4.4E+04 Echoll ND 1.07 18.4 1.49
41 1.3E+06 CVA10 ND 1.23 11.9 2.15
42 9.3E+06 CVAI0 ND 1.05 12.8 2.02
43 4.3E+04 CVB3 ND 1.05 10.3 2.27
44 5.5E+03 CVB3 ND 1.05 9.7 2.37
45 2.3E+04 CVB3 ND 1.05 10.4 2.24
46 4.5E+06 EV71 10.4 1.54 19.5 1.43
47 8.4E+05 EV71 10.1 1.57 15.1 1.72
48 2.1E+04 EV71 16.0 1.45 15.5 1.64
49 4.9E+05 EV71 10.3 1.50 14.7 1.83
50 1.3E+05 CVALl6 ND 1.05 11.4 2.18
51 5.9E+05 EV71 10.5 1.53 12.6 1.98
52 9.5E+06 CVA4 ND 1.07 13.5 1.91
53 5.2E+04 EV71 12.0 1.54 10.6 2.27
54 3.5E+05 CVA3 ND 1.04 10.0 2.30
55 6.9E+05 EV71 11.6 1.55 15.6 1.54
56 8.7E+05 CVA2 ND 1.04 14.6 1.84
57 1.2E+04 EV71 16.6 1.41 12.2 2.22
58 3.7E+05 CVALl6 ND 1.04 17.4 1.59

@ The reaction time that the fluorescence intensity ratio took to reach the threshold value (1.3) is shown.
?ND, not detected.
¢ For sample 27, a retest was performed with RNA sample diluted by 10-fold. Signal of the internal control (1.60), but not that of EV71 (1.05), was detected in the retest.
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The detection limits and the specificity of this TRCR method
were evaluated with the EV71 strains from all known genotypes
(A, Bl to B5, and C1 to C5) (Table 1). The detection limits of this
TRCR method varied among the genotypes: the highest sensitivity
was found for genotypes A and C2 (10 copies), moderate sensitiv-
ity was found for genotypes B1, B2, B3, C1, and C5 (10% copies),
and the lowest sensitivity was found for genotypes B4, B5, and C3
(10 copies). In contrast to positive signals for EV71 strains (10*
copies), CVA16 (10'° copies) did not show positive signals at all,
and only the signal of the internal control was detected (Table 1)
(data not shown). We also analyzed the specificity of this TRCR
method using viral RNAs of clinical isolates of CVA2, -4, -6, -10,
-14, and -16. We could not detect these viral RNAs (>10° copies)
by this TRCR method (data not shown).

Next, we tested the TRCR method with 58 throat swab sam-
ples from patients with HFMD or herpangina (Table 2). Clin-
ical specimens (throat swabs) collected from HFMD or her-
pangina patients in 2009 and 2010 in Japan and those identified
as EV positive by a cell culture method were used for the vali-
dation of this TRCR method. The experiments performed in
the present study have been approved by the Committee for
Ethical Regulation of the National Institute of Infectious Dis-
eases, Japan. EV71 was successfully detected from all EV71-
positive throat swab samples by this TRCR method, but not
from samples positive for other EVs.

In summary, we developed a TRCR method for the specific
detection of EV71 from clinical specimens. This TRCR method
would be useful for simple, rapid, and specific diagnosis of EV71
infection and for rapid diagnosis of patients with severe EV71
infection, who need proper emergency care and need to be distin-
guished from among a large number of patients with HFMD
caused by other EV infections.
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