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Differentiation of Wild-Type Varicella-Zoster Srains from India and the Oka Vaccine Strain Using a
VZV Open Reading Frame — 62 Based PCR-RFLP Technique
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Department of Microbiology, Armed Forces Medical College; Pune, India

Sincetheintroduction of varicellavaccination in India, surveillanceof circulatingVZV strainshasgained significance.
Differentiating wild-type VZV strains from the Oka vaccine strain can be achieved only by molecular genotyping
methods. The development of PCR methods for VZV strain differentiation has been hampered by the fact that the
VZV genomeis highly conserved. We used VZV ORF 62 PCR-RFL P analysisto identify and differentiate wild-type
VZV strainsin Indiafrom the Okavaccine strain. Digestion of VZV ORF 62 ampliconswith Smal, enabled accur ate
strain differentiation; the Oka strain was positive for three Smal sites, compared to two Smal sitesin the wild-type

VZV strainsthat we tested.
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Varicella-zoster virus (VZV) is the etiological agent of
primary varicella(chicken pox) in childhood; it establishesa
latent infection that may be reactivated to cause herpes zoster
(shingles). VZV infections are usually benign, but serious
and occasionally fatal complications do occur [1]. A live
attenuated vaccine against varicella using the Japanese Oka
strainis currently licensed for usein India[2]. This vaccine
provides protective immunity in more than 90% of healthy
adults [3]. Some vaccinees may be incompletely protected
against varicella, and when exposed to circulating wild-type
VZV strainsthey can develop “breakthrough” varicella[4]. In
addition, several rash-associated clinical syndromeshave been
described in vaccinees. Vaccinated individual s may experience
localized or disseminated rasheswithin afew weeksfollowing
vaccination [5]. In rare cases, transmission of the vaccine
strain to secondary contacts has also been described [6]. In
addition, the vaccine strain may reactivate, causing a zoster-
likeillness similar to that caused by reactivation of the wild-
type virus [7]. Thus, distinguishing the Oka vaccine strain
from circulating wild-type strains is important to monitor
potential VZV vaccine-related complications. Thiswould allow
us to determine which of these rash syndromes and other
side effects are attributable to vaccine strains and which are
attributable to the wild-type virus strains.

The development of PCR methods for VZV strain
differentiation has been hampered by the fact that the VZV
genome is highly conserved. Polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP)
analysis of Pstl and Bgll sitesin VZV open reading frames
(ORFs) 38 and 54, respectively, have been used to differentiate
the Oka vaccine strain and wild-type strains [8,9]. More
extensive genotyping methods, using amplification analysis
of polymorphic repeat regions R2 and R5, have also been
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analyzed to determine whether they distinguish the vaccine
strain from closely related Japanese wild type strains [10].
Argaw et d. identified asingle nucleotide polymorphism (SNP)
in ORF 62 of the Oka vaccine strain that was absent in the
parental isolatefromwhichit wasderived[11]. ThisSNPwas
caused by asubstitution of C for T at position 106262, which
established an additional Smal restriction site in the Oka
vaccine strain. Thisdatahas provided the basisfor devel oping
anew PCR-RFLP technique for differentiation of wild-type
VZV strainsfromthevaccinestrain[12]. Thus, Oka-like and
non-Okalike wild type strains can be discriminated from the
Oka vaccine strain by amplification and digestion of DNA
fragments of ORF 62. Thismethod could be universally applied
for differentiation between the Okavaccineand wild-typeVZV
strainsin circulation.

Surveillance of circulating wild-type VZV strains has
become important since the introduction of varicella
vaccination in India. Differentiation of these strainsfrom the
Okavaccine strain is necessary and can be achieved only by
molecular typing methods. We evaluated the utility of the
ORF-62-based PCR-RFL P assay to analyze the genotype of
circulating wild-type VZV strains in India and differentiate
them from thevaccine strain.

Material and Methods
Specimens

Twenty-five patientswith VZV infectionswho attended the
Department of Dermatology of our hospital were included in
the study. They comprised 22 cases of varicellaand three cases
of herpes zoster. Vesi clefluid was collected from these patients
at the time of presentation. Briefly, each vesicle was gently
unroofed using a 22G hypodermic needle. Specimens were
transported to the laboratory in Hank’svira transport medium
(VTM) and stored at —20°C. The Oka vaccine strain was
obtained from the commercia vaccine preparation Varivax®
(Genbiotech, India; Batch no: 200704041 Date of Expiry: 20/10/
08) and processed in parallel withtheclinica strains.

ORF 62 PCR Assay
Vira DNA wasextracted fromtheclinical specimensusing
the QlIAamp® DNA mini kit (Qiagen, Hilden, Germany),
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according to the manufacturer’ singtructions. PCR amplification
of ORF 62 was performed on dl the clinical specimensand the
vaccine strain using the PKVL6U-PKVL1L (genome position
106036-106284) st of previoudy-published primers[12]. ThePCR
assay wascompletedinavolumeof 100 L master mix containing
10X PCR buffer (50mM KCl, 15mM Tris-HCI), 25mM MgCl,
200uM concentration (each) of dATP, dGTP, dCTPand dTTP,
and 2.5 units of Tag DNA polymerase (Invitrogen, UK). Each
reaction mixtureincluded 0.1 uM of each oligonucleotide primer.
For amplification, 200-300 ng of extracted DNA was used asa
template. Cycling conditionsincluded aninitial denaturation step
of 94°Cfor 5min, followed by 35 cyclesof amplification (94°Cfor
1min, 72°Cfor 1 min) and afina extensonstepat 72°Cfor 3min
(Perkin Elmer Cetus). ThePKVLBU-PKVL1L primer set offersthe
advantage of eliminating anannealing step, asat 72°C both primer
annealing and polymerase enzyme reaction take place. For
detection, 15 uL of PCR product was loaded onto a 10%
polyacrylamide gel in Tris-borate-EDTA (TBE) buffer. The gel
was run a 150V for 2 hrs; it was then stained with ethidium
bromide (0.5ug/mL in TBE buffer for 30min).

Restriction Digestion Reaction

Restriction digestion of PCR productswas performedina
25 uL reaction that was comprised of 20 uL PCR product, 2.5
pL (10 units/ul) of regtriction enzyme Smal (Sigma, Bangd ore,
India) and 2.5 pL of accompanying RE buffer. The reactions
wereincubated at 30°C overnight. Therestriction digestswere
separated by a10% polyacrylamide gel electrophoresisrun at
150V for 2.5 hrs. Gelswere stained with ethidium bromide (0.5
mg/uL in TBE buffer for 30 min). The 100-bp DNA ladders
(Sigma, India) were used as molecular weight markers.

DNA Sequencing

The nucleotide sequences of PCR products of clinical
specimens and the vaccine strain were sequenced with an
ABI Prism dye terminator cycle sequencing kit (Applied
Biosystems, UK), according to manufacturer’s instructions.
The sequences were subjected to BLAST analysis and
compared with reference sequencesin the GenBank database.

Results

PCRamplification of VZV ORF 62wasachievedinal of the
25 specimens of vesicle fluid that were processed. The primer
pair PKVL6U-PKVL1L generated a268-bp ampliconin boththe
vaccineOkastrainand clinicd VZV strains(Figure 1). Digestion
products resulting from Smal RFLP analysis of the amplified
268-bp PCR amplicon produced 112, 79, 41 and 36 bp for the
Okavaccinestrainand 153, 79 and 36 bpfor al theclinica VZV
srains(Figure 2). Thus, fragmentsobtained from Smal digestion
of the ORF 62 of the Oka vaccine strain could clearly be
differentiated from fragmentsobtained fromclinicd VZV gtrains.
Analysisof nucleotide sequences of the vaccine and wild-type
strains revealed a substitution of C for T at position 106262,
resulting in a substitution of glycine for arginine. This change
leadsto the gain of an additional Smal restriction endonuclease

cleavage site (CCC"GGG) inthe Okavaccine strain compared
tothewild-typeVZV strains. Thus, the Okavaccinestrainwas
positive for the additional Smal restriction site in ORF 62
(Smal*), whileall thecirculatingwild-typeVZV grainsinIndia
were negative (Smal-). Nucleotide sequencesof the 25 clinical
VZV srains and the vaccine strain sequenced in our study
were submitted to GenBank (EU264076-EU264101). Wefound
that the wild-type VZV strains in circulation in India can
efficiently be differentiated from the Oka vaccine strain with
the ORF 62 PCR-RFL Ptechnique.

Discussion

With the introduction of varicella vaccination in India,
surveillance of VZV strainsoccurring in cases of varicellaor
herpeszoster isneeded. Several genetic markersthat can detect
and differentiatewild-typeVZV strainsfrom the vaccine Oka
strain have been evaluated previously, such as ORF 6 (Alul),
ORF 38 (Pstl), ORF 54 (Bgll), ORF 62 (Smal, VZV ORF 62
based genotyping Nael, BssHII) [8-10]. Genetic
polymorphisms in ORFs 38 (Pstl) and 54 (Bgll) have been
used widely invaccineand epidemiological studies[8,13,14].

Wild-typeVZV strainscirculating in Indiaare of the Pstl*-
Bgll* genotype, as opposed to the Oka vaccine strain, which
hasthe Pstl-Bgll* genotype[15,16]. However, the limitation
of thistechniqueisthat it fail sto distinguish certain Japanese
wild-type strains and isolates from other Asian regions that
were misidentified as the Oka vaccine strain [17]. Thus, the
ORF 38-54 PCR-RFLPtechniqueislikely tofail in detecting
such strains if they are already circulating or subsequently
enter the circulating pool of wild-typeVZV strainsin India.
The necessary differentiation appears to be possible by
analysis of polymorphismsin ORF 62 of the VZV genome.
Argaw et d. identified a SNP in ORF 62 of the Oka vaccine
strain that was absent in the parental isolate fromwhichit was
derived [11]. ThisSNPintroduced anew Smal restriction site
into the Oka vaccine strain and provided the basis for
developing anew PCR-RFL P techniquefor differentiation of
wild-typeVZV strainsfromthevaccinestrain.

We successfully differentiated circulating wild-typeVZV
strainsin Indiafrom the vaccine Okastrain with the ORF-62-
based PCR-RFL P method. The vaccine strain was positivefor
an additional Smal restriction site in ORF 62 (Smal*) as
opposed to all thecirculating wild-typeVZV strainsanalyzed,
which were negative (Smal). The ORF 62-based method can
be used to characterize wild-type VZV strains presently in
circulationin India In addition, the method will also serveto
identify and differentiate Oka-like wild-type strainsthat may
possibly enter circulation and are likely to be missed by less
discriminatory methods. An additional advantage of this
technique, strain discrimination, can be achieved using asingle
DNA amplification and asinglerestriction enzymedigestion,
requiring half the cost, time and labor in comparison to the
ORF 38-ORF-54 method [12].

ORF62isthemajor VZV regulatory protein, and therefore
polymorphisms within this gene have been considered to be a
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Figure 1. PAGE showing 268-bp DNA fragments after
amplification by polymerase chain reaction of the ORF 62
region. Lane 1: Vaccine Okastrain; Lanes2-5: Wild-typeVZV
strains; Lane M: Molecular weight marker (100-1,500 bp in
100-bp multiples).
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part of thevird mechanism of atenuation. Wild-typeVZV drains
display aunique homogeneity at position 106262 of ORF 62,
which as demonstrated has adifferent sequencein the vaccine
strain. Thiscould be dueto sel ective pressure against mutations
of thisnucleotide among thewild-typestrains[11]. Thelargest
number of polymorphismswasfound in the ORF 62 region of
thewild-type strainswhen compared with theVZV-Dumas ORF
62 region [18]. Thus, substitutions that have accumulated in
the ORF 62 region aremost likely to beimportant for differences
in the replication and relative attenuation of the Oka vaccine
strain as compared to thewild-type VZV strains.

The ORF 62 PCR-RFL P method can be successfully used
to genotype and differentiate wild-type VZV strainsin India
from the Oka vaccine strain. Analysis of additional clinical
specimens from different parts of the country will help to
strengthen the validity of this approach, particularly in
identifying Okarlikewild-type strainsthat may bein circulation.
This method should be a useful tool for definitive
differentiation of wild-typeVZV strainsfromthevaccinestrain
and provide new insight into the molecular epidemiology of
VZV infectionsin our country.
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