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(Summary)

In the present study, a quesﬁonnaire survey was
conducted involving 3,799 parents of children who attend
schools for special needs education, and 1,752 responses
were obtained (response rate : 46.1%). My previous
paper reported the backgrounds of the children and their
immunization status. The present paper reports the
results of a content analysis of the subjects’ requests in
relation to immunization, stated in the comments field
of the questionnaire.

The subjects’ requests included : [Consideration should
be given to the place of immunization] : [its period] ; [its
fee]; [More information should be provided]:and [Special
consideration should be given to children with develop-
mental problems and an impaired motor function]. As
it is more difficult to manage the health condition of chil-
dren of special education school compared to normal chil-
dren, it is necessary to provide them and their parents
with support, including an improvement in the environ-
ment and the provision of adequate information, so that

they will have less difficulty with immunization.
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Rapid differentiation between wild-type varicella zoster virus (VZV) and Oka-vaccine (vOka) strains is
important for monitoring side reactions of varicella vaccination. To develop a high-throughput molecular
diagnostic method for the differentiation of wild-type VZV and vOka strains based on cycling probe
technology. The primers were designed to amplify common sequences spanning a single nucleotide -
polymorphism (SNP) in gene 62 of VZV. DNA-RNA chimeric probes (cycling probes) were designed to
detect the SNP at nucleotide 105705. The cycling probe real-time PCR assays for VZV wild-type and

nglwoms‘ vOka strains specifically amplified plasmids containing target sequences that ranged between 10 and
Oka vaccine 1 x 108 copies per reaction. The inter- and intra-assay coefficients of variation were less than 5%. After
Cycling probe initial validation studies, the clinical reliability of this method was evaluated using 38 swab samples
Real-time PCR that were collected from patients suspected of being zoster. Compared to the loop mediated isothermal

amplification method, which is defined as the gold standard, cycling probe real-time PCR was highly
sensitive and specific. The cycling probe real-time PCR technology is a reliable tool for differentiating

Molecular epidemiology

between wild-type VZV and vOka strains in clinical samples.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Varicella is a common childhood disease caused by varicella-
zoster virus (VZV). VZV infects latently dorsal root ganglia after
primary infection and it can reactivate in elderly individuals or
immunocompromised hosts causing zoster. Live attenuated vac-
cine (Oka-vaccine strain; vOka) was developed initially for the
prevention of varicella in children (Takahashi et al., 1974), and
it has been used for universal vaccination in several countries
(Marin et al., 2008; Pozza et al, 2011; Quian et al., 2008). Addi-
tionally, recent studies have shown that vOka could prevent VZV
reactivation in elderly individuals, which may reduce the frequency
of zoster and post-herpetic neuralgia (Oxman et al., 2005). Because
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there are rare cases of mild adverse reactions to VZV vaccination
in healthy children (Ota et al., 2008), as well as the development
of zoster following VZV vaccination, it is important to determine
whether these reactions are caused by vOka or wild-type strain
(Gershon et al., 1986; LaRussa et al., 2000). In addition, the trans-
mission of the vaccine strain to susceptible individuals has been
demonstrated (LaRussa et al., 1997, 2000), therefore necessitating
molecular epidemiological analyses to allow the precise evaluation
for side reaction of the VZV vaccine.

The initial method to differentiate between the wild-type strain
and the vOka strain was restriction fragment length polymorphism
(RFLP) analysis of the viral genome (Hayakawa et al., 1986). Then,
several other molecular methods such as polymerase chain reaction
(PCR)-RFLP (LaRussa et al., 1992), loop-mediated isothermal ampli-
fication (LAMP)-RFLP (Higashimoto et al., 2008), and reai-time PCR
(Campsall et al, 2004; Loparev et al.,, 2000; Parker et al., 2006)
were developed. Our previous reports demonstrated the utility of
the LAMP-RFLP method (Higashimoto et al.,, 2008) for differenti-
ating between the wild-type strain and the vOka strain in a small
number of samples because of its ease to perform and low cost;
however, real-time PCR is better than LAMP assay for the analy-
sis of a large number of samples and quantitation of viral DNA.
Therefore, we would like to develop a new molecular method to
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monitor VZV vaccine safety that satisfies the following require-
ments: easy to perform, low-cost, high-throughput, and low risk of
contamination.

Cycling probe technology is an appropriate method for the
detection of single nucleotide polymorphisms (SNPs) because of
the ease for designing sequence-specific probes to detect SNPs
(Ducket al., 1990). The sequence-specific DNA-RNA chimeric probe
hybridizes to a complementary target DNA sequence, thus becom-
ing a substrate for RNase H (Bekkaoui et al., 1996). Previous studies
have suggested the use of cycling probe real-time PCR for the detec-
tion of SNPs because it is easy to design a chimeric probe that
anneals to SNP sequences (Dapat et al,, 2012; Suzuki et al., 2010;
Yabutani et al.,, 2009).

2. Objective

In this study, a rapid assay system was developed using cycling
probe real-time PCR to discriminate between wild-type and vOka
strains, and for the quantitation of viral DNA load.

3. Materials and methods
3.1. Viruses and samples

A live attenuated varicella vaccine (Biken; lot BVZ0038), man-
ufactured by the Research Foundation for Microbial Diseases of
Osaka University, was used as the vOka strain. The Kawaguchi
strain, which was a kind gift from the Foundation for Microbial Dis-
eases of Osaka University, was used as the reference wild-type virus
strain. Thirty-eight swab specimens were collected from vesicular
skin lesions or crusts of patients suspected of having varicella or
zoster. These patients were seen at the outpatient clinic of Fujita
Health University Hospital. After written informed consent was
obtained from the patients or their guardians, swab specimens
were collected and placed into 1 ml of sterilized water for storage
at -20°C.

3.2. DNA extraction

Viral DNA was extracted from varicella vaccine fluid, Kawaguchi
strain stock, and patient swab samples using a QIAamp Blood Kit
(Qiagen, Chatsworth, CA). After extraction, the DNA was eluted in
100 pl of TE buffer and stored at —20 °C. Swab samples without DNA
extraction and the DNA extracted from the swab samples were used
for the analysis of clinical specimens.

3.3. Primers, probes, and conditions for the cycling probe
real-time PCR

Locations and sequences of the primers and probes for the
cycling probe real-time PCR are shown in Fig. 1. The primers
(VZORF62_F and VZORF62_R) were designed to amplify common
sequences spanning the SNPs in gene 62 of the wild-type and
vOka strains. In order to discriminate between the wild-type
strain and the vOka strain, two different cycling probes were
labeled with different fluorescent dyes (hexachloro-fluorescein
for the wild-type strain and carboxyfluorescein for the vOka
strain). The probes for wild-type (VZORF62p_wild) and vOka strains
(VZORF62p_vac) were designed to detect the SNP (C to T substitu-
tion) at nucleotide 105705 (vOka: Accession AB097932.1 and pOka
(Dumas): X04370.1).

Cycling probe real-time PCR was carried out using the Cycleave
®PCR Reaction Mix (Takara Bio, Otsu, Japan) according to manufac-
turer’s instructions and a StepOne real-time PCR system (Applied
Biosystems, Foster City, CA). PCR conditions were as follows: initial

denaturation for 10s at 95°C and 45 cycles-denaturation for 5s at
95°C, primer annealing for 15s at 55°C, and extension/emission
of fluorescence for 25s at 72°C. The 20 pl of cycling probe real-
time PCR reaction mixture contained 10 pl of 2x Cycleave reaction
mixture, 5 pl of extracted DNA, 0.3 uM of primer, and 0.25 M of
wild-type cycling probe (VZORF62p_wild) or 0.25 M vOKka strain
cycling probe (VZORF62p_vac). The samples were diluted with
RNase-free water (50-fold) to avoid nonspecific amplification.

3.4. Construction of positive control plasmids

The plasmid containing wild-type strain sequences and vOka
strain sequences were constructed using the PCR products result-
ing from amplification of each strain with commen PCR primers
(VZORF62_F and VZORF62 R). The purified PCR products were lig-
ated and cloned into the pGEM-T vector (Promega, Madison, WI)
according to the manufacturer’s instructions. The constructed plas-
mids (pVZV ORF62-wild and pVZV ORF62-vOka) were used as
positive controls for quantitative analysis of the target DNAs.

3.5. TaqMan real-time PCR for VZV

The real-time PCR is used to evaluate the reliability of quanti-
tative analysis of the target DNAs by the newly developed cycling
probe real-time PCR. The sequence of primers and probes of the
real-time PCR has been described by Kimura et al. (2000). PCRs were
performed using the TagMan PCR Fast Kit (Applied Biosystems,
Foster City, CA) according to the manufacturer’s instructions.

3.6. LAMP-RFLP analysis

In order to discriminate between wild-type and vOka strains
in clinical samples, previously reported VZV LAMP-RFLP analy-
sis (VR-1 VZV LAMP targeting SNP 105705) was used in this
study. The LAMP reaction was performed using the Loopamp DNA
amplification kit (Eiken Chemical, Tokyo, Japan) according to the
manufacturer’s instructions. The LAMP products were detected
based on turbidity using a LA-200 (Teramecs, Kyoto, Japan). The
LAMP product (2 pl) was incubated with the appropriate restriction
enzyme, then each sample was electrophoresed on a 1.5% agarose
gel, and the gel was stained with ethidium bromide.

4. Results

Serial dilutions of pvVZV ORF62-wild and pVZV ORF62-vOka plas-
mids containing the target sequences of wild-type and vOka strains,
respectively, were used to evaluate the specificity and sensitivity
of the cycling probe real-time PCR. The threshold cycle (Ct) value
for each strain was determined by measuring the background fluo-
rescence intensity for the amplification of 1 x 108 copies of plasmid
DNA with non-matching primers. No cross reaction was observed
(Fig. 2). The optimized Ct values for the cycling probe real-time PCRs
of the wild-type and vOka strains were 0.03 and 0.3 (mean +3SD),
respectively. It should be noted that no amplified DNA was detected
in the sample containing herpes simplex virus type-1 and -2 DNAs,
despite the fact that they belong to the same herpes virus subfamily
as VZV (data not shown).

To evaluate the sensitivity and reproducibility of the cycling
probe real-time PCR assays, inter- and intra-assay variability were
evaluated. Ten-fold serial dilutions of the positive control plas-
mids (pVZV ORF62-wild and pVZV ORF62-vOka) were assayed.
The Ct values of the standard curves were measured in dupli-
cate and the mean Ct values and coefficients of variation were
calculated on five consecutive days to determine the intra-assay
variability. A strong linear relationship was detected for both the
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A: ORF 62 sequence of Dumas (upper: GenBank accession number X04370.1%) and vOka (lower: GenBank accession
number AB097932.1%%)

105576 CGTCTCCGCGGCCCCAAAACCGGGCGGCCACATTACTCTGGGAATCGGGGGGAGGGCATT

105564 CGTCTCCGCGGCCCCAAAACCGGGCGGCCACATTACTCTGGGAATCGGGGGGAGGGCATT
g e Rk A R ok e R s o e R R R R e e ko kR R Ak R R R R R R R R B K Rk R kR R R %k

VZORF62_F

105636 CCGAGCCTCGTCCGCCGACGCATACAGCGCCACCGACCGACCGGCCACGGGTGGAAGCAC

105624 CCGAGCCTCGTCCGCCGACGCATACAGCGCCACCGACCGACCGGCCACGGGTGGAAGCAC
e gk Ak o O R R i RS A R K s R s R R B SR s R A R s R R s R o R B R R

SNP:105705
105696 GAGTGGTTCIGCGGCAGGGTCGGGTTCCAGCAGGGCGTGGCGGCAAAACACCCTCGCCCA
105684 GAGTGGTTCCGCGGCAGGGTCGGGTTCCAGCAGGGCGTGGCGGCAAAACACCCTCGCCCA

HOH R A R ok R K R K B K R B R K K R R ok R ok R R R R H R K ok Sk R Rk R R R R R R R R R R R R R R R R R R

VZ ORF62p wild ACCAAGACG

VZ ORF62p _vac

CAAGGCGC

105756 GGTGGGTACGTCGCCGGCCTCCGGCCCGGCGGCCCCCGGTCTCCGTCCCTCGGGAAGGAA
105744 GGTGGGTACGTCGCCGGCCTCCGGCCCGGCGGCCCCCGGTCTCCGTCCCTCGGGAAGGAA
AR EEERERE LR EEEEEREEEEEREEEEE RN R R E R E RS
VZORF62_R
B
Name of primer and probes Sequence (5~ 3%) Location
Primer VZ ORF62_F 5’-GGGCGGCCACATTACTC-3” *105597-105613
VZ ORF62Z_R 5-GGCGACGTACCCACCT-3" *105755-105770
Probe VZ ORF62p_wild 57-Eclipse-GCAGAACCA-HEX-3’ *105699-105707

VZ ORF62p_vac

5’-Eclipse-CGCGGAAC-FAM-3”

#%105689-105696

Fig. 1. (A) Comparison of the nucleotide sequences from ORF62 of wild-type and vOka strains that were used to design the cycling probe real-time PCR. The primer binding
sites are underlined. The single nucleotide polymorphisms (SNPs) in the strains are indicated in bold. The cycling probe sequences containing the SNP are indicated for each
viral strain. (B) The names, sequences, and locations of primers and probes used for the cycling probe real-time PCR. (*pOka Dumas: Gene Bank accession no. X04370.1,

**yQka: Gene Bank accession no. AB097932.1.)

wild-type (R?=0.992) and vOka (R% =0.982) positive control plas-
mids between the concentrations of 10 and 1 x 10° copies per
reaction (Fig. 3). In order to evaluate the reproducibility of the
method, a coefficient of variation that is defined as the ratio of
the standard deviation to the mean was calculated. As shown
in Table 1, the coefficients of variation of the intra-assay exper-
iments ranged from 0.4% to 1.5% for the wild-type strain and
1.0% to 2.9% for the vOka strain. To evaluate the inter-assay

A: Wild-type probe: VZ ORF62p_wild
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reproducibility, the Ct values of five replicates were determined.
The coefficients of variation for the inter-assay studies ranged
from 0.5% to 2.1% for the wild-type strain and 0.4% to 3.7% for the
vOka strain.

In order to evaluate the reliability of the cycling probe real-time
PCR for analysis of clinical specimens, swab samples collected from
skin lesions of 38 patients were assayed. The LAMP-RFLP analy-
sis was used as a gold standard for discrimination between the

B: vOka probe: VZ ORF62p_vac

Cycle
A pVZV ORF62-vOka (10%)

o pVZV ORF62-vOka (108)

Fig. 2. Amplification plots of cycling probe real-time PCR using wild-type probe (A) and vOka probe (B). No cross reaction was detected between wild-type and vOKka strains.
The threshold cycle (Ct) levels for each viral strain were determined using the background fluorescence intensity for amplification of plasmid DNA (1 x 10% copies) that

contained opposite target sequences.
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A: pVZV ORF62-wild
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B: pVZV ORF62-vOka
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Fig. 3. Standard curves were generated by amplification of the plasmids pVZV ORF62 wild-type (A) and pVZV ORF62-vOka (B) that were serially diluted between 10 and
1 x 108 copies per reaction. The Ct values according to PCR cycle number were plotted against the copy number of each viral standard.

Table 1

Intra- and inter-assay variability of VZV wild-type strain and vOka strain cycling probe real-time PCRs.

Plasmid (/reaction) Intra-assay (5 days)

Inter-assay (n=5)

Wild-type vOka Wild-type vOka

Ct SD (4% Ct SD (%3 Ct SD V% Ct SD (4%
1x108 233 0.3 11 255 0.7 29 244 0.5 2.1 242 0.9 3.7
1x10° 25.5 0.2 0.8 273 0.5 1.8 26.5 0.5 1.9 26.0 0.7 25
1x10% 284 0.1 0.4 30.2 04 13 29.4 0.3 1.1 28.7 0.4 04
1x10% 31.7 0.2 0.5 336 04 1.1 32.8 0.3 0.9 321 0.4 04
1x10% 35.2 0.2 0.7 37.0 04 1.0 36.2 03 0.8 355 0.5 0.5
10 39.0 0.6 1.5 41.5 0.6 15 40.2 0.6 0.5 39.6 0.7 1.7

Ct, threshold cycle; SD, standard deviation; CV, coefficients of variation. The coefficient of variation is expressed by an average and the ratio of standard deviation of the Ct

value.

wild-type and vOka strains. Meanwhile, VZV real-time PCR was
used to measure copy numbers of VZV DNA in the samples. As
shown in Table 2A, using the LAMP-RFLP method wild-type DNA
was detected in 25 of the 38 samples. Meanwhile, 23 of these 25
samples were positive for wild-type DNA using the cycling probe
real-time PCR method. An additional three samples were positive
in the cycling probe real-time PCR even though no viral DNA was
detected using the LAMP-RFLP assay. vOka DNA was detected in
only one swab sample by either LAMP-RFLP or the cycling probe
real-time PCR. In comparison to the standard LAMP-RFLP, the sensi-
tivity, specificity, positive predictive value, and negative predictive
value of the wild-type-specific cycling probe real-time PCR were
92.0%,75.0%,88.5%,and 81.5%, respectively. Meanwhile, using swab

A:DNA
Threshold cycle
40 1
35 4
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2
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25 1 y =1.2078x +5.1033
R2=0.8493
20 T T T ]
10 15 20 25 30
Threshold cycle

Taq man probe

samples without DNA extraction, a sample that was positive by the
cycling probe real-time PCR using extracted DNA was later found
to be negative (Table 2B). Thus, sensitivity, specificity, positive pre-
dictive value, and negative predictive value of the direct (without
DNA extraction) wild-type cycling probe real-time PCR were 92.0%,
83.3%, 92.0%, and 83.3%, respectively.

In order to evaluate the reliability of the cycling probe real-
time PCR for quantitative analysis, threshold cycles determined by
this method were compared to the results of real-time PCR. Strong
correlations were observed between threshold cycles determined
by TagMan real-time PCR and wild-type cycling probe real-time
PCR in samples with (R? =0.8493) and without (R? =0.7559) DNA
extraction (Fig. 4). The efficiency of the cycling probe real-time

B: Swab
Threshold cycle
4,0 -
35
2
g e
EE
S
O
25 1 s y=1.2283x - 0.3681
e R2=10.7559
20 * g T v
15 20 25 30 35
Threshold cycle

Taq man probe

Fig. 4. Comparison of the threshold cycle for TagMan PCR and cycling probe real-time PCR using swab samples with DNA extraction (A) or without DNA extraction (B).
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