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Summary

Varicella—zoster virus (VZV) infection (chickenpox) results in latency and subsequent reactivation
manifests as shingles. Effective attenuated vaccines (vOka) are available for prevention of both
illnesses. In this study, an amplicon-based sequencing method capable of differentiating between
VZV wild-type (wt) strains and vOka vaccine is described. A total of 44 vesicular fluid specimens
collected from 43 patients (16 from China and 27 from the UK) with either chickenpox or
shingles were investigated, of which 10 had received previous vaccination. Four sets of
polymerase chain reactions were set up simultaneously with primers amplifying regions
encompassing four single nucleotide polymorphisms (SNPs), ‘69349-106262-107252-108111".
Nucleotide sequences were generated by Sanger sequencing. All samples except one had a wt
SNP profile of ‘A-T-T-T’. The sample collected from a patient who received vaccine 7-10 days
ago, along with VZV vaccine preparations, Zostavax and Baike-varicella gave a SNP profile
‘G-C-C-C’. The results show that this method can distinguish vaccine-derived virus from wt
viruses from main four clades, (clades 1-4) and should be of utility worldwide.
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INTRODUCTION

Varicella—zoster virus (VZV) causes varicella
(chickenpox), a contagious human infectious disease
characterised by a generalised vesicular rash.
Subsequent to primary infection, lifelong latency is
established in the sensory nerve ganglia and reactiva-
tion may occur years or decades later to cause herpes
zoster (shingles) under conditions of declining immu-
nity and/or with increasing age [1, 2].
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VZV belongs to the family Herpesviridae, subfam-
ily Alphaherpesvirinae. It is an enveloped virus and
consists of an approximately 125 kb of linear, dou-
ble stranded DNA genome enclosed by an icosahe-
dral nucleocapsid, which contains 71 open reading
frames (ORFs), three of which are duplicated in
the inverted repeat regions. Two main coding regions,
one unique long (Uy) and one unique short (Us), each
bounded by inverted repeat regions and five repeat
regions (R1-R5) have been identified in the genome
[3, 4].

The VZV genome is highly conserved with an esti-
mated mutation rate of 107°~10"/site/year [5]. Five
clades (1-5) and two provisional clades (VI and VII)
have been identified based on an internationally
agreed genotyping scheme [6]. The universal
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nomenclature enables the interchange and comparison
of genotyping data worldwide. Genotypic differenti-
ation of the clades can be achieved using a panel of
16 single nucleotide polymorphisms (SNPs) scattered
across the whole genome [5]. It is known that historic-
ally clades 1 and 3 predominate in Europe, clade 2 is
found in Japan, China and Korea, and clades 4 and 5
are found mainly in India, Nepal, Bangladesh and
Africa [7-10]. Small numbers of possible novel geno-
types have been designated as provisional clades:
clade VI strains were found in France, Italy, USA
and Australia [10], a clade VII strain was isolated in
the USA in 2002 [11] and clade VIII and IX strains
have been reported in Germany [12]. All the VZV vac-
cine strains, apart from one formulation in Korea, are
based on the Oka strain of VZV isolated from a child
in Japan [13] and are clade 2 viruses.

Neither England nor China offers routine vaccin-
ation of children against varicella although the vac-
cine is licensed in both countries. Currently, in
China, population-based varicella vaccination is not
undertaken as national policy; however, vaccination
is available on a private basis for children aged 12—
18 months. From 1 September 2014 a shingles vaccin-
ation program for older adults has been launched in
England with the aim of reducing the incidence and
severity of shingles in those targeted. The English
shingles vaccination program offers Zostavax (Sanofi
Pasteur MSD, France), a live attenuated vaccine, to
adults aged 70 and currently there is a catch up pro-
gramme for those aged 78 and 79 [14, 15]. The
Zostavax vaccine used is derived from the Oka strain
of VZV (vOka) and has significantly higher antigen
content than the Varivax (Sanofi Pasteur MSD,
France) or Varilrix (GlaxoSmithKline, UK) varicella
vaccine used for vaccination against chickenpox.

Cases of both local vaccine-related rash and dissemi-
nated rash have occurred following immunisation with
both varicella or zoster vaccine, especially if inadvert-
ently given to immunocompromised individuals and it
has been shown that the vaccine virus can establish
latency with subsequent reactivation [16]. Therefore, as
part of the roll out of the shingles vaccination pro-
gramme it has been recommended that all cases of
local or disseminated zoster following vaccination be
forwarded to the national laboratory at Public Health
England, Colindale to determine whether the VZV iso-
lated is wild-type (wt) or vaccine derived [14].

Differentiation of VZV vaccine strains from wt
strains has become important in VZV surveillance
for mainly three reasons: monitoring side reactions
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of vaccination, e.g. rashes and shingles occurring in
vaccinated individuals; assessing effectiveness of vac-
cination by measuring national incidences of varicella
and shingles; and identifying the frequency that the
attenuated vOka can establish latency and subse-
quently reactivate to cause disecase. Characterisation
of wt VZV and the Oka vaccine strains can be
achieved only by molecular genotyping methods. In
previous studies, the genotypic differentiations of
vOka from wt VZV strains were based mainly on
SNPs 69349 in ORF38 [17, 18] or 105705 or 106262
in ORF62 [19-24]. However, a number of studies
have shown that vOka vaccine preparations contain
a mixture of virus strains leading to the recommenda-
tion that a set of four-markers in ORF62 should be
used for diagnostic differentiation of wt VZV and
vaccine-type VZV [25, 26].

In this study, an amplicon-based approach for dis-
tinguishing vOka from all wt VZV strains has been
developed using four SNPs including three in
ORF62, which were recently recommended [26] and
one in ORF38 that has proved useful in the USA
[CDC SOP, Dr DS Schmid, personal communi-
cation]. The methodology established was verified
using samples from clades 1 to 4 collected from
patients in the UK and China and confirm that this
approach should have worldwide utility.

METHODS
Study populations

In this study, 44 vesicular fluid/swab specimens were
investigated. The 28 specimens from 27 UK patients
were received, including 17 for the purpose of chicken-
pox or shingles diagnosis and 10 enrolled as part of
Public Health England shingles surveillance in
patients over 70 (Table 1). Most (25/27) UK patients
presented with shingles and 10 of them had been vac-
cinated with Zostavax (Sanofi Pasteur MSD, France)
and one, a child had been vaccinated with the Varivax
(Sanofi Pasteur MSD, France). The 16 samples col-
lected from Chinese patients comprised 11 chickenpox
samples and five shingles samples. Nine of the samples
had previously been genotyped [27] and belonged to
clades 2 and 4 (Table 1). The vaccination histories
of Chinese patients were unknown, but routine vari-
cella and shingles vaccination is not offered in China.

Vaccine preparations and control strains used

Wild-type Dumas strain was obtained from the
European Collection of Cell Cultures (Porton Down,
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Table 1. Patients and clinical specimens investigated in the study

Case ID Age, gender Clinical symptom Rash onset post-vaccination Location 4-SNPs result Genotype result
UK-1 18 years, M Shingles Unvaccinated England Wild Not done
UK-2 19 years, F Shingles Unvaccinated England Wild Not done
UK-3 57 years, ' Shingles™® Unvaccinated England  Wild Not done
UK-4 1 years, F Chickenpox Unvaccinated England Wild Not done
UK-5 44 years, M Shingles” Unvaccinated England Wild Not done
UK-6 68 years, M Shingles Unvaccinated England Wild Not done
UK-7 78 years, F Shingles® Yes (9 days) England Wild Not done
UK-8 79 years, M Shingles Yes (9 days) England  Wild Not done
UK-9 70 years, F Shingles Yes (7 days) England Wild Not done
UK-10 72 years, F Shingles® Yes (14 months) England  Wild Not done
UK-11 78 years, F Shinglesa’b Yes (4 months) England  Wild Not done
UK-12 3 years, M  Chickenpox Yes (7 days) England Wild Not done
UK-13 72 years, ' Shingles® Yes (20 months) England Wild Not done
UK-14 78 years, M Shingles Yes (3 days) England  Wild Not done
UK-15 70 years, F Shingles Yes (2 days) England Wild Not done
UK-16 56 years, M Shingles Unvaccinated England Wild Clade 3
UK-17 65 years, F Shingles® Unvaccinated England Wild Clade 1
UK-18 76 years, F Shingles®” Unvaccinated England Wild Clade 1
UK-19 65 years, F Shingles® Unvaccinated England Wild Clade 1
UK-20 55 years, F Shingles® Unvaccinated England Wild Clade 1
UK-21 90 years, M Shingles™® Unvaccinated England  Wild Clade 1
UK-22 70 years, M Shingles® Unvaccinated England Wild Clade 1
UK-23-1 Unvaccinated

23-2 50 years, M Shingles® England Wild Clade 3
UK-24 70 years, F Shingles Yes (1 day) England Wild Not done
UK-25 3 years, M ? Shingles® Unvaccinated England  Wild Not done
UK-26 55 years, F Varicella rash Unvaccinated England  Wild Not done
UK-27 71 years, M Varicella like rash ~ Yes (7-10 days) Scotland ~ Vaccine Not done
JL14-2 2 years, F Chickenpox Unknown China Wild Clade 2
JL14-4 10 years, M Chickenpox Unknown China Wild Clade 2
JL14-5 21 years, M Chickenpox Unknown China Wild Clade 2
JL14-6 11 years, M Chickenpox Unknown China Wild Clade 2
JL14-8 11 years, F Chickenpox Unknown China Wild Clade 2
JL14-9 20 years, F Chickenpox Unknown China Wild Clade 2
JL14-13 18 years, F Chickenpox Unknown China Wild Clade 2
QH13002 8 years, M  Chickenpox Unknown China Wild Clade 2°
QH13003 12 years, F  Chickenpox Unknown China Wild Clade 2°
QH13008 17 years, M Chickenpox Unknown China Wild Clade 2°
QH13009 11 years, M  Chickenpox Unknown China Wild Clade 2°
GD-09-14 53 years, M Shingles Unknown China Wild Clade 2°
GD-09-20 50 years, M Shingles Unknown China Wild Clade 2°
GD-09-21 64 years, F  Shingles Unknown China Wild Clade 4°
GD-09-22 56 years, M Shingles Unknown China Wild Clade 2°
GD-09-23 55 years, M  Shingles Unknown China Wild Clade 2°

 Patient with immunosuppression.
® Previous shingles.
¢ Genotype/clade result from previous study [27].

UK). ROD VZV gDNA with a known concentration
of 6x 10> genomic copies/ml was used as a positive
control for the real-time polymerase chain reaction
(PCR) and was purchased from Source Bioscience
(Nottingham, UK). The vaccine preparations, Zostavax
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(Sanofi Pasteur MSD, France) and Baike-varicella
(Changchun BCHT Biotechnology Co., China) were
used as sources of vOka. The Zostavax vaccine con-
tained 19 400 P PFU/dose and the Baike-varicella vac-
cine contained 3300-4000 PFU/dose. These control
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ORF SNP Primer Primer sequence 5'- Amplicon size (SNP/size excluding primers)
38 69349 vzv49f TGAGCAACTTGATCCGTGTC 347 bp (190/307 bp)
vzv49r CCTCGCCATAAAGCCACTAC
62 106262 vzv62f ACAAACACAGGGGTTGTTCG 339 bp (194/299 bp)
vzv62r GCGTTTTATTACTGTCGACC
107252 vzv52f CGGTGGACACACAGAAAGAG 360 bp (121/320 bp)
vzv52r GCCCTGAACCAGTTCTACCA
108111 vzvl1f ACCCACCATCATTTGAGTCC 350 bp (127/310 bp)
vzvllr GCCGTTTGAGACCGATGATA

strains were reconstituted and diluted using sterile
nuclease-free water before DNA extraction.

DNA extraction

DNA extraction was carried out directly from 100 ul
diluted vesicle fluid or diluted control samples using
the automated BioMerieux NucliSENSeasyMAG sys-
tem (Biomérieux, France) for quantitative real-time
PCR testing. For the purpose of genotyping 200 ul
vesicle fluid was extracted using the QIAamp DNA
Mini kit (Qiagen, Valencia, CA) according to the
manufacturer’s instruction. The eluted DNA (50 pl)
was stored at —30 °C before PCR amplification.

Detection of VZV DNA

All patient samples were initially confirmed VZV DNA
positive by real-time PCR, which targeted a 77-base
pair (bp) region of ORF29 in the VZV genome [28].
The assay was slightly modified; 2-5 ul of extracted
sample was amplified with 12-5pul of 2X QuantiTect
Probe PCR Master Mix (Qiagen), 25 pmol of both for-
ward and reverse primers and 5 pmol of the probe in a
total reaction volume of 25 ul. The real-time PCR was
performed using an ABI 7500 real-time PCR system
(Applied Biosystems).

Genotypic discrimination of wt VZV and vOka
vaccines

The genotyping methodology for distinguishing
between vaccine and wt strains was based on four pre-
viously reported SNPs [26]. Three of the SNPs were
located within ORF62 at positions 106262, 107252,
108111 and the fourth one at 69349 in ORF38. Four
pairs of primers for the PCRs and sequencing were
designed (Table 2) with software Primer 3 [29] and
BLAST searched for confirmation. Four separate
PCR reaction mixtures were set up simultancously
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using Katara Ex Taq = kit (RR001A). Each contained
5 ul of 10x Ex-Taq buffer, 4 ul of 2:5 mM Ex-dNTP
mix and 0-25 ul of Ex-Taq polymerase, in addition
to 20 pmol of each primer and 5-10 pul sample DNA
to make up to 50 pl with sterile nuclease-free water.
The reactions were processed for 30 cycles of 40 s at
94 °C, 40 s at 55 °C and 1-5 min at 72 °C after an ini-
tial denaturation step for 2 min at 95 °C, and followed
by extension at 72 °C for 5 min. PCR products were
visualised by electrophoresis in a 2% agarose E-gel
(Invitrogen). A positive result should display amplicon
bands of molecular size 339-360 bp depending on the
primer pairs used (Table 2).

Confirmation of VZV clades

To confirm that the assay could distinguish vaccine
from all four major clades VZV clade identification
was carried out as previously described [6, 7]. Five
SNPs in positions 37902, 38019, 38055, 38081 and
38177 within a 447 bp region of ORF22 (Dumas,
GenBank No. X04370) were detected to identify all
clades except for the clades 1 and 3; then the 6th
SNP in position 39394 of ORF22 were further
sequenced to discriminate between clades 1 and 3
(Table 3).

Clean-up of PCR amplicons was performed using
Agencourt AMPure XP PCR purification kit (Auto
Q Biosciences Ltd, Berkshire, UK) and Sanger
sequencing undertaken by the PHE Genomic
Services Unit. Sequence data were analysed using an
appropriate software program SeqMan (DNAStar).

RESULTS

Differentiation between vaccine and wt strains by the
4-SNPs method

The 4-SNPs assay for differentiation between vaccine
and wt strains was evaluated by testing the wt Dumas
and vaccine vOka strains from both Zostavax and
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Table 3. SNP patterns for classification of VZV clades
[6, 12]

Residue in ORF22 (447 bp) ORF22

(6th SNP)

Clade 37902 38019 38055 38081 38177 39394

1 A G T A G G

2 G G C C A A

3 A G T A G A

4 A A C C A G

5 A G T C G A

VI A G T C A A

VII G G T C G Unknown

VIII A G T C A A

X A G C A G G

Baike-varicella. The 4-SNPs, 69349-106262-107252—
108111 were confirmed as identical with those previously
reported respectively, a wt SNP profile ‘A-T-T-T’
(GenBank accession number X04370 for Dumas strain
and AB097933 for pOka strain) or vaccine SNP profile
‘G-C-C-C’ (GenBank accession number AB097932
for vOka strain). Whereas the results in a 1 : I mixture
of wide: vaccine adjusted based on the real-time CT
value showed a mixed profile ‘G-C-T-T" repeatedly,
targeted during PCR amplifications that two wt
SNPs and two vaccine SNPs were detected (Table 4).

VZV characterisation in clinical specimens and Rod
VZV DNA

All clinical specimens, except for UK-27 (Table 1) plus
the Rod strain tested had the profile ‘A-T-T-T°,
belonging to wt VZV. One sample from a HIV positive
patient (case UK-23) who had two vesicular fluids
tested, showed A-T-T-T whereas the second sample
showed A—T-C-T. The SNP 107252 was identical to
that of the vaccine strain; however, it became T after
re-testing by PCR and sequencing. Sample UK-27
was collected from a 71-year-old patient who presented
varicella like rash 7-10 days post-vaccination, showed
vaccine SNP profile G-C-C-C. In addition to the 44
samples, five vesicular fluids collected from patients
previously vaccinated with Zostavax were untypable
by this approach due to their low DNA content (real-
time PCR CT >30).

Identification of VZV clades

Due to the available volume of samples, 15 (eight
from the UK and seven from China) specimens were
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further genotyped. Including the nine Chinese samples
genotyped previously [27], there were six clade 1, 15
clade 2, two clade 3 and one clade 4 samples. All
clade 1 and 3 samples were found in England and
the clade 2 and 4 samples were found in China
(Table 1).

DISCUSSION

Following the introduction of the vaccine programme,
in order to determine the long-term consequences if
vaccine strain persists and transmission from varicella
vaccine recipients, a simple and reliable assay is
needed, which reliably differentiates between wt
VZV strains and vOka vaccine strains in clinical speci-
mens as a part of the enhanced shingles in England.
Recent studies reported that the wt allele has been
shown to be present in a small percentage (2-6%) of
genomes in the Oka vaccine preparation [25, 26]
thus using just one of the loci is not reliable for dis-
crimination between vOka and wt VZV and a min-
imum of three vaccine markers (106262, 107252 and
108111) in ORF62 must be used all together. In
order to provide a simple and definitive assay for dir-
ectly testing clinical specimens, we developed a
PCR-Sanger sequencing-based approach, which tar-
gets the three markers recently recommended [26],
and an additional one at position 69349 in ORF38.
The fourth SNP 69349 in ORF38 was chosen because
the nucleotide A creates a PstI restriction site in most
wt strains, including clades 1, 3, 4, 5, IV and VII and
70% of clade 2 strains but the substitute G detected
only in vOka and 30% of clade 2 strains abolishes
this PstI site [18, 26, 30].

Although limited clinical specimens were tested, the
approach reported here has been validated and shown
to be capable of differentiating between vaccine and
wt VZV strains from different geographical locations.
In our study, 11 patients were recently vaccinated who
presented with shingles (10 patients) or chickenpox
(one patient). The samples were collected over a
period of between 2 days and 20 months after vaccin-
ation. Only one vaccine-type VZV was detected
(9:1%), of which the patient (UK-27, Table 1) received
the vaccine 7-10 days prior to rash onset, while wt
VZV was detected in 10 patients, confirming that vac-
cination was in most cases not the source of the illness.
Rates of skin rash due to vaccination have been
reported to be approximately 5% in healthy children
and 10% in adults following varicella vaccination
[6, 31]. Only a few studies have applied laboratory
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Table 4. Four SNPs detected for differentiation between wt and vaccine VZV strains

SNP
ORF62

ORF38
VZV Sample 69349 106262 107252 108111 GenBank accession number
Dumas-wild A T X04370
Zostervax-vaccine G C C C KY405826-K'Y405829
Baike-vaccine G C C C KY405830-K'Y405833
Wild:Vaccine (1 : 1) mix G C T T Not applicable
ROD - Commercial strain A T T T KY405834-K'Y405837
Case UK-27 (Table 1) G C C C Not applicable
Other 43 clinical specimens (Table 1) A T T T Not applicable

methods to distinguish between vaccine and wt, 33%
(two of six) [32] and 48% of 83 vaccinated subjects
(<18 years old) were attributable to the vaccine fol-
lowing varicella vaccination [33]. According to the
national guidance [14,15], Zostavax since it is a live
vaccine should not be given to patients who have a
known primary or acquired immunodeficiency state
or patients who are receiving current immunosuppres-
sive therapy, including high-dose corticosteroids, bio-
logical therapies or combination therapies. Fourteen
of the 27 (51-9%) of the UK patients investigated
including four who had received the shingles vaccine
(case UK-7, 10, 11 and 13) were immunocomprom-
ised or had shingles previously (Table 1). The method-
ology established would facilitate a broad investigation
in countries where VZV vaccination has been launched
and contribute to investigations determining whether
shingles vaccination can reduce the frequency and
severity of clinical symptoms in these patients.

VZV strains have been classified into seven clades
including two preliminary ones [6], in addition, clades
VIII and IX were reported [12] (Table 3). Genotyping
15 of the 44 strains showed that samples from England
were either clade 1 or 3, whilst the samples from China
were clade 2 or in once case clade 4 (Table 1) con-
firming previous reports that clades 1 and 3 predomin-
ately circulate in Europe and the Americas, clade 2 is
mainly found in Korea, Japan and China, and clades
4 and 5 are mainly detected in India, Nepal,
Bangladesh and Africa [6-12, 27, 34]. To show that
the technique could be used elsewhere for distinguish-
ing between wt and vaccine VZV in various clades,
especially clade 2 as vaccine Oka belongs to clade 2,
it is important that this method was shown to work
in representative clade 2 samples. It appears that the
methodology, which we have established is suitable
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to support the epidemiological surveillance of VZV
during the vaccination era. However, it is still possible
that this method may not work for all clade 2 viruses
and caution using fixed loci should be taken as there is
not only the possibility that recombination episodes
may be missed, but that there also may be mixed
infections.

The PCR-dependent sequencing approach may ran-
domly amplify the majority of existing virus genomes
as we discovered that SNP107252 was detected as vac-
cine once in one of two samples of case UK-23, who
was an unvaccinated HIV positive shingles patient
suggesting that VZV genomic mutations may occur
in immunocompromised individuals. A wt VZV strain
with a characteristic vOka vaccine marker at position
107252 was previously reported, which caused a small
outbreak in the USA [35], suggesting that it is essential
to differentiate wt VZV from vaccine strains using as a
minimum the recommended panel of three vaccine
markers within ORF 62 (at positions 106262,
107252 and 108111) and further monitoring the
SNPs in larger numbers of patient groups is necessary.
The safety and efficacy of varicella vaccination for
susceptible individuals and zoster vaccination for
immune individuals has been established [36-38].
However, the continual monitoring of patients who
have been recently vaccinated is important as poten-
tial acquisition in a mixture of vaccine and wt of
VZV genomes may occur. The approach established
in our study could contribute to such investigations.
Deep sequencing directly from clinical specimens
using next generation sequencing should identify all
variants [39] and recombination, but currently such
an approach still remains expensive and may not
have the required sensitivity for patients with low
viral loads. The methodology established in our
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study contributes to VZV surveillance in the era of
vaccination.
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