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A real-time PCR assay was developed to identify
varicella-zoster virus (VZV) and herpes simplex
virus (HSV) DNA in clinical specimens from
subjects with suspected herpes zoster (HZ; shin-
gles). Three sets of primers and probes were used
in separate PCR reactions to detect and discrim-
inate among wild-type VZV (VZV-WT), Oka vac-
cine strain VZV (VZV-Oka), and HSV DNA, and
the reaction for each virus DNA was multiplexed
with primers and probe specific for the human
b-globin gene to assess specimen adequacy.
Discrimination of all VZV-WT strains, including
Japanese isolates and the Oka parent strain, from
VZV-Oka was based upon a single nucleotide
polymorphism at position 106262 in ORF 62,
resulting in preferential amplification by the
homologous primer pair. The assay was highly
sensitive and specific for the target virus DNA,
and no cross-reactions were detected with any
other infectious agent. With the PCR assay as the
gold standard, the sensitivity of virus culture was
53% for VZV and 77% for HSV. There was 92%
agreement between the clinical diagnosis of
HZ by the Clinical Evaluation Committee and the
PCR assay results. J. Med. Virol. 81:1310–
1322, 2009. Published 2009 Wiley-Liss, Inc.þ
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INTRODUCTION

Herpes zoster (HZ; shingles) results from reactivation
and replication of varicella-zoster virus (VZV) that has
remained latent in sensory ganglia following varicella
(chickenpox). A randomized double-blind placebo-con-
trolled trial with 38,546 subjects 60 years of age and
older, VA Cooperative Study #403: ‘‘The Shingles
Prevention Study’’ (hereafter referred to as ‘‘the Study’’),
demonstrated that a live attenuated Oka/Merck zoster
vaccine provided protection against HZ and posther-
petic neuralgia [PHN; Oxman et al., 2005a]. The validity
of any efficacy trial or natural history study depends
upon the evaluation of proven cases of the disease. The
diagnosis of HZ in this trial was determined primarily
(>93%) by a real-time PCR assay, developed and
validated for the Study, that distinguished among
wild-type strains of VZV (VZV-WT), the Oka/Merck
vaccine strain (VZV-Oka), and herpes simplex virus
(HSV).

Since all subjects enrolled in the Study were VZV
seropositive and latently infected with VZV-WT [Oxman
et al., 2005a], it was not expected that the attenuated
Oka/Merck VZV would establish latency and reactivate
to cause HZ. Therefore, the PCR assay’s primary
objectives were high sensitivity and specificity for
VZV-WT, in order to accurately diagnose HZ. This was
important because the threshold for the clinical diag-

nosis of HZ was intentionally low in order to capture
mild, atypical and potentially vaccine-modified cases of
HZ. Consequently, it was crucial to determine whether
or not ‘‘suspected cases of HZ’’ [unilateral rashes without
alternative clinical diagnoses; Oxman et al., 2005a] that
were diagnosed clinically were actually cases of HZ.
Thus, the PCR assay was required to differentiate low
virus-positive samples from true virus-negatives, which
was achieved by minimizing the risk of cross-contami-
nation during reagent, sample, and assay preparation.
To ensure the integrity of each Study specimen,
temporal and spatial separation of procedural steps
and unidirectional work flow were implemented
to minimize the risk of contamination. While the
potential for contamination is considerably less with
real-time PCR, which is performed in a closed system,
than with conventional PCR [Niesters, 2002], specimens
containing large amounts of viral DNA (�108 genomes)
were processed together with virus-negatives during
DNA extraction, introducing the risk of cross-contami-
nation. Thus, negative controls, including virus-nega-
tive clinical specimen submitted by Study sites and
labeled as specimens from suspected cases of HZ, were
introduced at different stages throughout the assay
procedure.

In addition to providing a definitive diagnosis of HZ, it
was also necessary to discriminate between VZV-Oka
and VZV-WT in clinical specimens because of the
potential confusion between vaccine-associated rashes
and mild or vaccine-modified HZ in the period immedi-
ately after vaccination, as well as the unlikely possibility
that the attenuated Oka/Merck VZV would establish
latency and subsequently reactivate to cause HZ.
A number of nucleotide polymorphisms have been
described that differentiate VZV-Oka from VZV-WT
strains circulating in the United States and Australia
[Martin et al., 1982; Adams et al., 1989; LaRussa et al.,
1992, 1998]. However, since VZV-Oka was derived from
a Japanese wild-type strain, these polymorphisms fail to
distinguish VZV-Oka from some Japanese VZV-WT
strains. More extensive analyses have identified a
number of polymorphisms that distinguish VZV-Oka
from Japanese VZV-WT strains [Takada et al., 1995;
Argaw et al., 2000; Gomi et al., 2000]. The T to C base
change in open reading frame (ORF) 62 at position
106262 (in the SmaI restriction site) in VZV-Oka is
absent in all known VZV-WT strains, thus providing a
useful marker that differentiates the VZV-Oka vaccine
from VZV-WT strains [Loparev et al., 2000a]. This single
nucleotide polymorphism is one of three within ORF 62
(at positions 106262, 107252, 108111) identified by
comparative analyses of sequence variations among
VZV isolates from post-vaccination varicelliform rashes,
from episodes of HZ, and from vaccine preparations
that distinguish VZV-Oka from all VZV-WT strains
[Quinlivan et al., 2004; Loparev et al., 2007; Breuer and
Schmid, 2008].

The real-time PCR assay developed for the Study used
two sets of homologous primers and a common probe
to detect and distinguish between VZV-WT (or the Oka
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parent strain, VZV-P) and the attenuated Oka vaccine
strain, VZV-Oka, on the basis of the single nucleotide
polymorphism at position 106262 in ORF 62. Clinical
specimens were collected from Study subjects with
suspected cases of HZ, and extracted DNA from these
specimens was assayed for VZV-WT and VZV-Oka in
two separate PCR reactions. The VZV-Oka primers also
amplified VZV-WT DNA and vice versa, but with lower
efficiency than the homologous target DNA (Fig. 1A).
A third PCR reaction tested clinical specimens for
the presence of HSV DNA. Each of these three PCR
reactions was multiplexed with primers and probe for
human b-globin to assess the presence of host cell DNA
and thus assess specimen adequacy.

MATERIALS AND METHODS

PCR Primers and Probes

All primers and probes were designed using Primer
Express software, Version 1.0 (Applied Biosystems,

Foster City, CA). The real-time PCR assay for VZV
DNA used two sets of primers and a single probe to
detect and discriminate between VZV-WT and VZV-Oka
DNA (Table I). Another set of primers and probe
(Table I), targeting a conserved region of the HSV
DNA polymerase gene, was used to detect both HSV-1
and HSV-2. VZV and HSV TaqMan fluorescent probes
were labeled with the reporter dye FAM.

The separate PCR reactions used to detect each viral
DNA were each multiplexed with primers and probe for
human b-globin DNA to detect and quantify host cell
DNA, and thus assess specimen adequacy. The b-globin
TaqMan fluorescent probe was labeled with the reporter
dye VIC.

Preparation of DNA Standards

Plasmid DNA standards for each viral target and
for b-globin were included in each PCR assay at
concentrations of 10, 100, 1,000, 10,000, and 100,000

J. Med. Virol. DOI 10.1002/jmv

Fig. 1. Shingles Prevention Study PCR assay specificity for VZV-
WT and VZV-Oka DNA. A: VZV amplification plots for a typical VZV-
WT positive clinical specimen: The specimen was assayed in duplicate
using VZV-WT (left) and VZV-Oka (right) primer-probe sets. With
VZV-WT primers and probe, the fluorescence signal crosses the
threshold at approximately cycle 13. With VZV-Oka primers and
probe, the fluorescence signal crosses the threshold at approximately
cycle 26. B: Difference in the average of replicate Ct values for mixtures

of purified VZV-WT and VZV-Oka viral DNA with the following VZV-
WT to VZV-Oka viral DNA ratios: 100/0, 98/2, 95/5, 90/10, 75/25, 50/50,
25/75, 10/90, 5/95, 2/98, and 0/100. These data indicate that when the Ct

for VZV-WT is 5 cycles lower than the Ct for VZV-Oka, there is 97.5%
confidence that �95.9% of the VZV DNA present is VZV-WT.
Conversely, when the Ct for VZV-Oka is 5 cycles lower than the Ct for
VZV-WT, there is 97.5% confidence that �93.9% of the VZV DNA
present is VZV-Oka.
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copies per 50 ml reaction to verify assay sensitivity.
The VZV-WT and VZV-Oka plasmids contained a
248 base pair insert amplified from VZV gene 62 of the
Oka-parent strain (VZV-P) and VZV-Oka, respectively,
cloned into pUC18. The HSV plasmid contained a 352
base pair insert from a conserved region of the HSV DNA
polymerase gene cloned into pUC18. The viral DNA
inserts included a BglI (in VZV-WT and VZV-Oka) or a
SmaI restriction site (in HSV) engineered within the
amplified segment to permit the identification of any
suspected contamination of samples by positive con-
trols. The b-globin plasmid contained a 237 base pair
insert amplified from the human b-globin gene from
MRC5 fibroblasts, which was subcloned into a pCR2.1
vector. The DNA concentration of each stock solution of
plasmid DNA standard was quantified using the Quant-
iT Pico Green dsDNA Assay Kit (Molecular Probes,
Eugene, OR).

Specimen Lysis and DNA Extractions

Specimens were lysed and DNA extracted using the
QIAamp DNA Mini Kit (Qiagen Inc., Valencia, CA) as
specified by the manufacturer. Lysis yielded two 200 ml
aliquots of lysate, one of which was stored below �808C.
The other aliquot was adjusted to 600 ml (with 200 ml of
AL bufferþ 200 ml of 100% ethanol) and applied to the
QIAamp spin column. The DNA was eluted in a volume
of 150 ml, yielding three 50 ml aliquots of extracted DNA
per 200 ml sample of lysate. Extracted DNA was stored
below �158C until assayed.

Some clinical specimens from subjects with HZ or with
HSV infections were virus DNA-positive with very high
copy numbers, while others from rashes not caused by
VZV or HSV were virus DNA-negative. To assure the
integrity of each specimen and to minimize the potential
for cross-contamination, lysis and DNA extraction
procedures were spatially and temporally separated
from each other and from sample loading and PCR
assay. Each clinical specimen was lysed individually in a
dedicated biosafety cabinet with disinfection of the
workspace between samples. DNA extraction of speci-
men lysates was carried out in batches of �3 samples
in a dedicated biosafety cabinet, accompanied by one
mock specimen (PBS) control to monitor for cross-

contamination. Mock specimen control samples were
PCR assayed for all three viral DNA targets prior to
assaying the associated clinical specimens to verify the
absence of cross-contamination during DNA extraction.
Disposable gloves, which were used during every step of
specimen handling, were changed between samples, and
the workspace was disinfected between extraction runs.
A separate Clean Room, equipped with a dedicated
biosafety cabinet, was used to store PCR reagents and to
add PCR reaction mixes with the appropriate primer-
probe sets to 96-well reaction plates. Personnel and
specimen flow was always unidirectional from the Clean
Room to rooms and biosafety cabinets used for sample
receiving, preparation and lysis, DNA extraction or the
addition of extracted DNA to reaction plates.

Real-Time PCR Assay for Viral and b-Globin DNA

Extracted DNA from each specimen was subjected to
three separate PCR assays for VZV-WT, for HSV and for
VZV-Oka DNA, each multiplexed with primers and
probe for human b-globin DNA. Extracted DNA from
Study specimens, control extracts, and negative ampli-
fication controls, as well as plasmid DNA standards,
were added in a volume of 5ml in duplicate to 45ml of PCR
reaction mixture in 96-well optical plates (Applied
Biosystems), using separate plates for each viral DNA
target. Final assay concentrations were 600 nM each of
forward and reverse primers for the viral DNA targets
(Baron Biotech, Milford, CT), 50 nM each of forward
and reverse primers for b-globin DNA (Baron Biotech),
100 nM FAM-labeled viral fluorescent probe (Applied
Biosystems), and 50 nM VIC-labeled b-globin fluore-
scent probe (Applied Biosystems) in 1� TaqMan
Universal Master Mix (Applied Biosystems). Negative
amplification controls included four replicates contain-
ing salmon testes DNA as template (No Template
Control [NTC]) and six replicates containing PBS buffer
as template (PBS controls) in each 96-well reaction
plate. Up to 11 mock specimen controls were assayed
prior to PCR assay of the up to 33 corresponding samples
of extracted DNA from Study specimens. Serial dilu-
tions of viral and b-globin plasmid DNA standards were
assayed as positive amplification controls to verify assay
sensitivity. Study specimens also included negative

J. Med. Virol. DOI 10.1002/jmv

TABLE I. Sequences of Primers and Probes Used for the Detection of VZV-WT, VZV-Oka, HSV, and b-Globin DNA

Primers
VZV-WT (VZV-P) gene 62-50 50-CAA AGC GGG TCC ATC CCTa-30

VZV-Oka gene 62-50 50-AA AGC GGG TCC ATC CCCa-30

VZV gene 62-30 50-ACC TGG CCT TTG CCG G-30

HSV-50 50-GAT CAA GCT CGA GTG CGA A-30

HSV-30 50-CCG GAT ACG GTA TCG TCG TAA-30

b-Globin-50 50-TTG CTT CTG ACA CAA CTG TGT TCA CTA GC-30

b-Globin-30 50-ACA GGG CAG TAA CCG CAG ACT TCT C-30

Probes
VZV gene 62 6FAM-CCG TCG AGT ATC TAG GCT CGC GGT T-TAMRA
HSV 6FAM-CCA AGC TGC TGC TCA TCG CCA AGA-TAMRA
b-Globin VIC-ACC TCA AAC AGA CAC CAT GGT GCA CCT GAC TCC-TAMRA

aPolymorphism (T/C) in ORF 62 at position 106262 allows distinction between VZV-WT strains, including the Oka parent strain (VZV-P), and the
VZV-Oka vaccine strain.
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clinical control specimens submitted by the Study sites
and labeled as specimens from suspected cases of HZ.
One complete assay of DNA extracts from 33 Study
specimens for the three viral DNA targets consisted of a
total of 432 reaction wells (including the separately
assayed mock specimen controls), 234 (54%) of which
were occupied by negative and positive amplification
controls, including serial dilutions of plasmid DNA
standards. After sample loading, the 96-well optical
plates were centrifuged for 1 min at 500 rpm and
then incubated in a Prism1 7700 Sequence Detection
System (Applied Biosystems) at 508C for 2 min, and
958C for 10 min, followed by 40 cycles of 948C for 30 sec
and 668C (608C for HSV target) for 75 sec. After
completion of thermal cycling, the raw data were
analyzed with a threshold setting of 0.05 for all DNA
targets.

The PCR assay results for Study specimens were
determined according to the criteria listed in Table II,
which incorporated the results of assay validation. For
assays to be valid, both replicates of any tested specimen
were required to be either positive or negative for the
target virus DNA. Specimens that were negative for
viral DNA but positive for b-globin DNA were scored
as virus-negative; specimens negative for both viral and
b-globin DNA were considered to be inadequate speci-
mens. If the first Study specimen from a suspected case
of HZ was negative or inadequate, all other specimens
from the same episode were assayed.

Assay Validation

Peripheral blood mononuclear cells (PBMC; used in
lieu of keratinocytes) were prepared at high (105 PBMC/
extraction) and low (200 PBMC/extraction) concentra-
tions and ‘‘spiked’’ with 0, 10, 100, 1,000, and 10,000
copies of each plasmid viral DNA standard prior to lysis
and extraction to determine assay precision and percent
recovery. During this phase of validation, three different
lots of TaqMan Universal Master Mix and three differ-
ent lots of the QIAamp DNA Mini Kit were tested in a
total of nine assays to determine assay ruggedness.

Twenty-six specimens, consisting of infectious agents
other than HSV-1, HSV-2, or VZV that might be present

in HZ skin lesions or in skin lesions resembling HZ were
tested for all three viral DNA targets to assess assay
specificity. These consisted of diploid human fibroblasts
(DHF) infected with Cytomegalovirus AD169; concen-
trated virus stocks of Epstein Barr Virus strains B95-8
and HH514-16; lymphocytes infected with Human
Herpesvirus (HHV)-6A, HHV-6B, HHV-7, and HHV-8
and tested at 1:1 and 1:100 dilutions; primary Rhesus
monkey kidney cells infected with prototype Coxsack-
ievirus A7 and Enterovirus 71 and tested at dilutions
of 1:1 and 1:100; primary Rhesus monkey kidney cells
infected with prototype Coxsackieviruses A9, A16, B2,
B5 and Echoviruses 11 and 71 and tested at a 1:1
dilution; and concentrated partially purified Human
Papillomavirus-6. Other microorganisms tested con-
sisted of log phase cultures of primary clinical isolates
of Staphylococcus aureus, S. epidermidis, S. xylosus,
Escherichia coli, Diphtheroids, Group A Streptococcus,
Pseudomonas aeruginosa, and Candida albicans.
In addition, two specimens from non-infectious skin
lesions, that is, a swab specimen from folliculitis and a
crust from a traumatic contusion, were tested.

Mixtures of purified viral DNA from VZV-WT and
VZV-Oka grown in DHF were prepared containing the
following ratios of VZV-WT to VZV-Oka DNA: 100/0, 98/
2, 95/5, 90/10, 75/25, 50/50, 25/75, 10/90, 5/95, 2/98, and
0/100. The DNA concentration of the purified viral DNA
was quantified using the Quant-iT Pico Green dsDNA
Assay Kit (Molecular Probes). Mixtures were tested
at high (�107), medium (�105), and low (�103) copy
number. Three sets at each copy number were prepared
independently, added directly to PCR mixtures, and
assayed.

DHF infected with VZV-WT, VZV-Oka, HSV-1 or
HSV-2 were enumerated by direct fluorescent antibody
staining. Constructed samples containing known num-
bers of infected and uninfected DHF at total con-
centration of 5,000 cells/75 ml were prepared, stored
with and without cotton-tipped swabs, and then lysed,
extracted and assayed.

Samples used to assess concordance between the
two PCR laboratories (Merck PCR Laboratory in West
Point, PA and the CSP #403 Central Diagnostic PCR
Laboratory at the VA Medical Center in San Diego, CA)

J. Med. Virol. DOI 10.1002/jmv

TABLE II. Criteria for the Determination of the Final PCR Result

VZV-WT VZV-Oka HSV b-Globin
No template

control
PBS

controls
Target DNA
standards Result

þþ þ � þ or � � � þ VZV-WTa,b

þ þþ � þ or � � � þ VZV-Okab,c

� � þ þ or � � � þ HSV
� � � þ � � þ Negatived (assay all other specimens

from the same suspected case of HZ)
� � � � � � þ Inadequated (assay all other specimens

from the same suspected case of HZ)

aIf the Ct value for VZV-WT is at least 5 cycles lower than the Ct value for VZV-Oka, the specimen is defined as positive for VZV-WT.
bIf the specimen is positive for both VZV-WT and VZV-Oka, but there is less than 5 cycles difference between the two Ct values, the specimen is
defined as VZV positive, but of indeterminate VZV strain.
cIf the Ct value for VZV-Oka is at least 5 cycles lower than the Ct value for VZV-Wt, the specimen is defined as positive for VZV-Oka.
dThe presence or absence of host cell (b-globin) DNA was assessed in the PCR reaction wells in which the b-globin primers and probe were
multiplexed with the VZV-WT primers and probe.
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consisted of two separate sets of 33 individual samples
for each viral target (a total of 198 samples). Each set of
33 concordance samples (assayed for VZV-WT, VZV-
Oka, or HSV DNA) consisted of nine virus-negative
patient samples, nine typical virus-positive samples,
and three sets of five 4-fold serial dilutions of lysate from
constructed swab samples containing 10 virus-infected
and 5,000 uninfected DHF. Virus-positive samples were
either patient samples proven by virus culture to be VZV
or HSV-positive, or constructed swab samples contain-
ing 1,000 DHF infected with VZV-WT or HSV-2. All
VZV-Oka virus-positive samples were constructed swab
samples containing 1,000 VZV-Oka infected DHF. All
concordance samples and all clinical specimens were
received or constructed, stored, and lysates prepared at
the San Diego PCR Laboratory. One 200 ml aliquot of
the lysate was shipped to the Merck Laboratory for
DNA extraction and the remaining 200 ml aliquot was
extracted at the San Diego site. DNA extractions were
performed in both laboratories in groups of three, with
a mock specimen control extracted with each group of
three samples.

For clinical validation, 56 negative control clinical
specimens from subjects with rashes on the torso below
the neck and above the waist, which were considered
by the Study physician not to be caused by VZV or
HSV (negative control Study specimens), were collected
by Study sites and shipped to the San Diego PCR
Laboratory in a manner indistinguishable from speci-
mens from suspected cases of HZ. In addition, 10 VZV-
positive clinical specimens were collected from patients
with culture-proven HZ who were not participants in
the Study. Four lysates of diagnostic specimens from
patients with VZV-Oka-positive rashes [confirmed by
restriction fragment length polymorphism analysis
of PCR products; LaRussa et al., 1992], 7 samples of
extracted DNA from VZV-Oka positive diagnostic speci-
mens [confirmed by melting curve analysis [Loparev
et al., 2000b], and one clinical swab specimen from a
child with a rash due to VZV-Oka were tested to further
investigate assay specificity.

Clinical Specimens

Swab specimens from vesicular or pustular lesions
and crusts or skin scrapings from maculopapular lesions
in Study subjects with suspected cases of HZ (Study
specimens) were collected at Study sites and shipped
frozen overnight to the PCR Laboratory in San Diego.
Specimen collection kits that included instructions,
specimen containers, pre-evaluated cotton swabs, and
stainless steel scalpel blades were sent to all study sites.
Most specimens were swabs from the base of unroofed
vesicles or pustules; a minority were crusts or scrapings
from maculopapular lesions. A total of 68 negative
control Study specimens from 48 subjects were ran-
domly interspersed with ordinary Study specimens from
suspected cases of HZ to monitor in real time for possible
cross-contamination. They were not identified as neg-
ative controls to the PCR laboratories.

All clinical specimens examined were obtained from
subjects who provided written informed consent or were
aliquots of diagnostic specimens from patients who
were not Study subjects, which had been de-identified.
The Study protocol and consent documents were
approved by the VA Cooperative Studies Human Rights
Committee and local Institutional Review Boards.

RESULTS

Assay Validation

The PCR assay was validated as a qualitative assay.
Results were reported as Ct (cycle threshold) values,
that is, the amplification cycle number at which the
fluorescence of the PCR product exceeded the detection
threshold. Initial validation experiments consisted of 27
PCR assay runs designed to evaluate the cutoff Ct value
for sample positivity, the limits of detection (LOD) for
the three viral and one b-globin DNA targets, assay
precision, percent recovery from samples ‘‘spiked’’ with
varying levels of virus, and the effect of extraneous
uninfected cells on viral DNA recovery. In order to
generate Ct cutoff and LOD values that reflected the
clinical performance of the assay, additional validation
runs assessing assay specificity were carried out with
56 virus-negative and ten VZV-WT-positive clinical
specimens. A common Ct cutoff value for all four DNA
targets was chosen to simplify the assay procedure
and minimize errors in evaluation of assay results.
The Ct cutoff value was established by subtracting
three Standard Deviations of all 10 copy number
plasmid DNA standards (where variability was greatest
within and between assays) from the maximum Ct value
of 40. This resulted in a Ct cutoff value of 36.35 for all
DNA targets. Using this cutoff value, the LOD (defined
as the lowest DNA copy number that has a 95%
probability of producing a Ct value below the cutoff for
the assay) was calculated to be 13 copies of VZV-WT
plasmid DNA, 13 copies of VZV-Oka plasmid DNA, 31
copies of HSV plasmid DNA, and 93 copies of b-globin
plasmid DNA. Because of the diploid nature of ORF 62
(duplicated as ORF 71), the assay’s LOD for VZV-WT
and VZV-Oka viral DNA is 7 genomes. Samples with
Ct values greater than 36.35 were scored as negative.
Serial dilutions of lysates from samples constructed
with 10 VZV-WT infected DHF showed that the LOD for
VZV-WT corresponded to approximately 1/2,000 of the
VZV-WT DNA in a single VZV-infected DHF.

Assay ruggedness with respect to different lots of
TaqMan Universal Master Mix and of extraction kits
was evaluated by testing each combination of three
master mix lots and three extraction kit lots across a
total of nine assays. No significant differences due to
Master Mix lot or extraction kit lot were observed,
regardless of virus DNA or PBMC concentration,
indicating that the assay is rugged with respect to both
(data not shown).

The same data used to assess ruggedness were
employed to estimate assay precision. The overall
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precision estimates across different concentrations of
PBMC and expected copy numbers was 22.5% for VZV-
WT, 46.0% for VZV-Oka, and 33.9% for HSV. When the
expected copy number was 10 and the PBMC concen-
tration was low, the percent recovery was between 53%
and 76% for each virus DNA. However, the percent
recovery was low (between 5% and 15%) when the
expected copy number was 10 and the PBMC concen-
tration was high, suggesting amplification competition
by the b-globin multiplex reaction. When the expected
copy number was �100, the percent recovery was
generally �80%. Typically, samples with higher copy
numbers of viral DNA had higher percent recovery,
whereas in samples with lower copy numbers of viral
DNA, the percent recovery was dependent on PBMC
concentration.

The second phase of assay validation assessed
specificity. For this purpose, samples of other infectious
agents that might be present in skin lesions resembling
those of HZ and samples from non-infectious lesions that
might be confused with HZ were tested. None of these
were amplified by the primer-probe sets designed
to detect DNA from VZV-WT, VZV-Oka, or HSV. In
addition, constructed swab samples with known num-
bers of uninfected DHF and DHF infected with VZV-WT,
VZV-Oka, or HSV were assayed to assess the assay’s
specificity for these three viral DNA targets. The results
demonstrated that the PCR assay distinguished among
the three targets without exception.

DNA sequencing of the amplicons from PCR assays of
three VZV-WT and three VZV-Oka specimens showed
the predicted nucleotide sequences, which were identi-
cal, except at position 106262, where the ‘‘T’’ in the VZV-
WT amplicon was replaced by a ‘‘C’’ in the VZV-Oka
amplicon. Sequencing of the amplicons from PCR assays
of three HSV specimens showed the expected nucleotide
sequences for the conserved region of the HSV DNA
polymerase gene selected for the PCR assay (data not
shown).

In addition, the incidence of cross-contamination
during DNA extraction was evaluated. Thirty-two (32)
mock specimen control samples, each extracted together
with three virus-positive specimens, were all negative
for all viral DNA targets and for b-globin DNA,
demonstrating the absence of cross-contamination dur-
ing DNA extraction (data not shown).

Discrimination of VZV-WT DNA From
VZV-Oka DNA in Mixed Samples

The distribution of the average replicate Ct values for
samples with different ratios of VZV-WT to VZV-Oka
viral DNA at different total copy numbers is shown in
Figure 1B. These data indicate that when the Ct value
for VZV-WT is 5 cycles lower than the Ct value for VZV-
Oka, there is 97.5% confidence that �95.9% of the VZV
DNA present is VZV-WT. Conversely, when the Ct value
for VZV-Oka is 5 cycles lower than the Ct value for VZV-
WT, there is 97.5% confidence that �93.9% of the VZV
DNA present is VZV-Oka. Based on these findings,

we defined clinical specimens with a Ct value �5 cycles
lower for VZV-WT than for VZV-Oka as positive for
VZV-WT viral DNA and vice versa. We also defined
clinical specimens with a difference in Ct value of less
than 5 cycles between the VZV-WT and VZV-Oka
reactions as positive for VZV-DNA, but of indeterminate
virus strain.

Specificity of the PCR Assay Evaluated
With Constructed Samples

When constructed samples (swabs and solutions)
prepared with known numbers of VZV-WT or VZV-
Oka infected and uninfected DHF were assayed,
amplification with the homologous primers and probe
was always greater than amplification with the heter-
ologous primers and probe (Table III). With individual
VZV-WT samples, Ct differences in amplification by the
VZV-WT and heterologous VZV-Oka primers and probe
ranged from 5.00 to 8.52 cycles, with an average of 6.11
cycles. With individual VZV-Oka samples, the Ct value
difference with the homologous and heterologous pri-
mers and probe ranged from 1.92 to 3.63 cycles, with an
average of 2.94 cycles.

Concordance Between Laboratories

Prior to testing Study specimens, concordance
between the Merck and the San Diego VA PCR
Laboratories was assessed (data not shown). There
was no cross-contamination of the negative samples in
either laboratory. The positive and negative PCR results
for detection of viral target DNA in adequate negative
and adequate positive samples were 100% concordant
between the two laboratories. In addition, the two
laboratories demonstrated comparable sensitivity
(within fourfold) with samples containing low concen-
trations of each of the three target DNAs, that is, with
samples having Ct values in the region of the assay
cutoff.

Results of the PCR Assay of Study Specimens

One or more clinical specimens were received from
1,220 of the 1,308 suspected cases of HZ in the Study,
and the diagnosis in 1,156 (88.4%) of the 1,308 suspected
cases of HZ was determined by PCR assay [Oxman et al.,
2005a]. The case distribution is shown in Figure 2A. A
total of 1,479 clinical specimens from 1,220 of the 1,308
suspected cases of HZ were assayed by PCR (Fig. 2B). Of
these, 971 (66%) were positive for VZV-WT DNA, 49 (3%)
were positive for HSV DNA, 325 (22%) were negative for
virus DNA (but positive for b-globin DNA, indicating
that the specimens were adequate for PCR diagnosis)
and 133 (9%) were inadequate (negative for both virus
and b-globin DNA). One specimen was positive for
both HSV and VZV-WT DNA. This specimen, which
contained a large amount of VZV-WT DNA and a very
small amount of HSV DNA (Ct values of 16.68 and 34.50,
respectively), was from a subject with a unilateral facial
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rash, which might have reflected overlapping episodes
of facial HZ and herpes labialis, a rare event in
immunocompetent patients [Giehl et al., 2008]. No
Study specimen contained VZV-Oka DNA or DNA from
an indeterminate VZV strain.

None of the negative control samples extracted with
each group of �3 Study specimens showed any ampli-
fication with any of the four primer-probe sets, with one
exception: During the first extractions of Study speci-
mens by a new technician, three of the mock specimen
control samples showed some amplification with the
VZV-WT primers and probe. Investigation revealed that
the technician had not changed gloves between each
sample during the DNA extraction procedure as speci-

fied in the protocol. With subsequent strict adherence
to the extraction protocol no additional negative control
samples showed any amplification for the duration of
the Study. In the case of the nine Study specimens
associated with the three mock specimen controls
described above, which were suspect for cross-contam-
ination during DNA extraction, DNA was extracted
individually (to avoid the possibility of cross-contami-
nation) from the second retained aliquot of each speci-
men lysate and subsequently assayed per protocol.

Virus-positive Study specimens with Ct values
between 36.35 and 32 were considered to be ‘‘low virus-
positive.’’ Although the assay was not intended to be
quantitative, serial dilutions of each plasmid DNA
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TABLE III. Average Ct Values for Extracted DNA From Constructed Samples (Swab and Non-Swab) With Different Ratios of
VZV-WT Infected and Uninfected Cells (A) and VZV-Oka Infected and Uninfected Cells (B)

Specimen
VZV-WT

infected cells
Uninfected

cells
Mean VZV-WT

Ct valuea SD
Mean VZV-Oka

Ct valuea SD
Mean Ct difference

Oka-WT

(A) VZV-WT
Swab 10 5,000 28.33 0.81 34.24 0.43 5.91
Non-swab 10 5,000 28.13 0.87 33.98 0.71 5.85
Swab 100 0 24.08 0.33 31.11 0.86 7.03
Non-swab 100 0 23.87 0.26 30.85 1.31 6.98
Swab 100 4,900 23.77 0.23 30.42 0.53 6.65
Non-swab 100 4,900 24.04 0.24 29.54 0.31 5.50
Swab 1,000 4,000 19.90 0.44 25.76 0.77 5.86
Non-swab 1,000 4,000 20.09 0.19 25.19 0.24 5.10

Specimen
VZV-Oka
infected cells

Uninfected
cells

Mean VZV-WT
Ct valuea SD

Mean VZV-Oka
Ct valuea SD

Mean Ct difference
WT-Oka

(B) VZV-Oka
Swab 10 5,000 32.29 0.26 29.15 0.30 3.14
Non-swab 10 5,000 32.11 0.36 29.67 0.41 2.44
Swab 100 0 29.04 0.23 25.74 0.41 3.30
Non-swab 100 0 28.33 0.31 25.45 0.16 2.88
Swab 100 4,900 28.80 0.22 25.52 0.16 3.28
Non-swab 100 4,900 28.36 0.46 25.60 0.51 2.76
Swab 1,000 4,000 25.05 0.52 22.15 0.33 2.90
Non-swab 1,000 4,000 24.36 0.21 21.56 0.30 2.80

aMean Ct value for DNA extracted from four constructed samples per specimen.

Fig. 2. Shingles Prevention Study PCR assay results. A: PCR Assay
Results for Suspected Cases of HZ in the Shingles Prevention Study.
Of a total of 1,308* suspected cases of HZ, 1,156 (88.4%) were diagnosed
by PCR assay. Nine hundred eighteen cases (79%) were positive for
VZV-WT, 46 (4%) positive for HSV DNA and 192 (17%) were negative
for both VZV and HSV DNA. No cases were positive for VZV-Oka DNA
or of indeterminate VZV strain. (B) PCR Assay Results for Shingles
Prevention Study Specimens. A total of 1,479 clinical specimens from
1,220 of the 1,308* suspected cases of HZ in the Shingles Prevention

Study were assayed for viral and cellular DNA. Nine hundred seventy-
one (66%) of the clinical specimens were positive for VZV-WT and 49
(3%) were positive for HSV DNA. One specimen (0.1%) was positive for
both VZV-WT and HSV DNA. 325 (22%) of the clinical specimens were
negative for virus DNA and 133 (9%) were inadequate specimens
(negative for viral and b-globin DNA). No specimens were positive
for VZV-Oka DNA or of indeterminate VZV strain. *Includes two PCR-
positive cases unrecognized clinically.
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standard were incorporated in each assay; a Ct value
within this range would correspond to between 7 and
100 copies of VZV DNA, or 31–300 copies of HSV DNA.
Only 13 (1.3%) of the VZV-WT positive Study specimens
were low virus-positives, with Ct values between 36.35
and 32.00. Over 86% of the VZV-WT positive Study
specimens had Ct values under 20, corresponding to
>400,000 copies of VZV-WT DNA/reaction (Fig. 3). Of
the 49 HSV positive Study specimens, 1 was low virus-
positive, and 22 (44.9%) had Ct values below 20 (Fig. 3).
None of 68 negative control Study specimens from
48 subjects with rashes considered by the Study
physician not to be caused by VZV or HSV and submitted
as specimens from suspected cases of HZ were virus
DNA-positive by PCR assay.

Among the VZV-WT DNA-positive Study specimens,
the average Ct difference between VZV-WT and
VZV-Oka primer-probe sets was 12 cycles (range:
5.27–24.47 cycles) with 82.8% of all samples showing
a Ct difference �10 cycles (see Fig. 1A for the VZV-WT
and VZV-Oka amplification plots from a typical clinical
specimen).

PCR Assay Results for Non-Study Specimens
From Rashes Caused by VZV-Oka

In clinical specimens from rashes caused by VZV-Oka
obtained from non-Study patients, the average Ct value
difference between VZV-Oka and VZV-WT primer-
probe sets was 5.60 (range: 3.41–7.50; Table IV). Two
of these specimens (18%) were low virus-positive for

VZV-Oka DNA, and three (27%) had Ct values below
20 cycles. The remaining six specimens (55%) had
Ct values between 20 and 31.99 cycles (Table IV). The
single clinical specimen from a child with a rash due to
VZV-Oka processed and assayed in the San Diego
PCR Laboratory showed a Ct value difference between
VZV-Oka and VZV-WT primer-probe sets of 5.41 with a
Ct value of 18.06 with the VZV-Oka primer probe set,
corresponding to >1.5 million genomes of VZV-Oka
DNA per 5 ml (Table IV).

Concordance of PCR and Virus
Culture Results

Although local virus culture was not required by the
Study protocol, some Study sites obtained viral cultures
from subjects with suspected HZ when possible. A total
of 470 of the 918 suspected cases of HZ that were PCR-
positive for VZV-WT DNA were also cultured for VZV
and HSV. Of the 470 VZV-WT DNA positive cases, 250
(53.2%) were VZV culture-positive. In one case (0.2%)
the culture result was reported to be HSV. Viral culture
results for the remaining 219 (46.6%) of the VZV-WT
DNA positive cases were virus culture-negative. No case
evaluated by both PCR and virus culture was culture-
positive and PCR negative.

Virus culture results were available for 26 of the
46 cases with PCR specimens that contained HSV DNA.
Twenty (76.9%) of these 26 cases were HSV-positive
by virus culture and 6 (23.1%) were HSV culture-
negative.
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Fig. 3. Average Ct values for virus positive clinical specimens. The VZV-WT and HSV positive Shingles
Prevention Study specimens were grouped according to mean Ct value. Low virus positive specimens are
defined as those with Ct values between the cutoff of 36.35 and 32. There were only 13 specimens that tested
low positive for VZV-WT DNA and 1 specimen that tested low positive for HSV DNA.
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Concordance of the Clinical Diagnoses of the
Clinical Evaluation Committee With the

PCR Assay Results

The Study’s Clinical Evaluation Committee (CEC),
which consisted of five physicians (LDG, MJL, MNO,
KES, SES) with expertise in HZ, adjudicated every
suspected case of HZ without knowledge of treatment
or laboratory results. Each CEC member provided an
independent individual clinical diagnosis for each
suspected case of HZ, and all non-unanimous cases were
discussed and voted upon, with three or more votes
required to establish a clinical diagnosis of HZ; other-
wise the case of suspected HZ was classified as ‘‘not a
case of HZ’’ [Oxman et al., 2005a]. Under the Study’s
rules of operation, ‘‘indeterminate’’ cases were scored as
‘‘not a case of HZ’’ for the zoster vaccine efficacy analysis.
To avoid potential bias in favor of zoster vaccine that
might be introduced if mild or atypical vaccine-modified
cases of HZ were missed, the index of suspicion was high
and the threshold for diagnosing HZ was intentionally
low, both at the 22 Study sites and during CEC

adjudication. HSV was not a diagnostic choice, and the
CEC members were instructed to score as HZ cases
suspected of being HSV in which there was no history
of prior recurrences of a similar rash in the same
dermatome. According to the hierarchical algorithm
used in the Study, PCR results, where available, had
priority over the CEC’s clinical diagnosis in determining
‘‘confirmed cases of HZ’’ for the zoster vaccine efficacy
analysis [Oxman et al., 2005a]. Consequently, the
diagnosis in more than 93% of the confirmed cases of
HZ was determined by the PCR assay [Oxman et al.,
2005a]. Comparison of the CEC’s clinical diagnoses with
the PCR assay results (Table V) shows that there was a
high degree of agreement. Without incorporating ‘‘inde-
terminate’’ cases and without including the cases that
were HSV DNA positive by PCR, the CEC’s sensitivity
in diagnosing HZ [true positives (N¼844)/(true
positivesþ false negatives (N¼870))] was 97.0%, and
the CEC’s specificity [true negatives (N¼105)/(true
negativesþ false positives (N¼158))] was 66.5%.
With the PCR assay as the gold standard, the CEC’s
overall accuracy in making the correct diagnosis [(true
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TABLE IV. PCR Assay Results for Non-Study Clinical Cases Positive for VZV-Oka DNA: Ct Values for Duplicate Samples of
Extracted DNA Assayed Using VZV-Oka and VZV-WT Primer-Probe Sets

Sample ID

VZV Oka VZV Wild-Type
Ct difference:

WT-OkaCt no. 1 Ct no. 2 Ct mean Ct no. 1 Ct no. 2 Ct mean

Oka GS5005a (NY) 16.77 16.72 16.75 21.35 21.51 21.43 4.68
Oka GS5008a (NY) 22.06 22.02 22.04 27.73 28.04 27.89 5.85
Oka GS5010a (NY) 18.99 18.79 18.89 22.13 22.47 22.30 3.41
Oka GS5013a (NY) 31.96 31.89 31.93 35.75 35.72 35.74 3.81
Oka#1b (St.L.) 19.51 19.85 19.68 24.62 24.43 24.53 4.85
Oka#3b (St.L.) 28.88 25.75 27.32 34.76 34.78 34.77 7.45
Oka#4b (St.L.) 35.81 30.67 33.24 40.00 39.02 39.51 6.27
Oka#5b (St.L.) 20.48 20.19 20.34 26.44 29.24 27.84 7.50
Oka#7b (St.L.) 34.76 34.34 34.55 40.00 40.00 40.00 5.45
Oka#8b (St.L.) 21.22 21.10 21.16 27.70 27.70 27.70 6.54
Oka#9b (St.L.) 25.20 24.52 24.86 28.87 32.71 30.79 5.93
400120c (SD) 18.02 18.10 18.06 23.41 23.53 23.47 5.41

aAliquots of extracted DNA from specimen lysates from rash lesions caused by VZV-Oka in susceptible recipients of Oka/Merck varicella vaccine.
bAliquots of DNA extracted from rash lesions caused by VZV-Oka.
cExtracted DNA from a clinical specimen from a child with a rash caused by live attenuated Oka/Merck varicella vaccine, processed in the San
Diego Central PCR Laboratory.

TABLE V. Comparison of the Clinical Diagnoses of the Clinical Evaluation Committee
(CEC) With the PCR Assay Results

PCR result CEC diagnosis

VZV DNA positive (916) Herpes zoster 844 (92.1%)
Indeterminate 46 (5.0%)
Not Herpes zoster 26 (2.8%)

Negative for VZV (and HSV) DNA (192) Herpes zoster 53 (27.6%)
Indeterminate 34 (17.7%)
Not Herpes zoster 105 (54.7%)

HSV Positive (46)a Herpes zoster 14 (30.4%)
Indeterminate 11 (23.9%)
Not Herpes zoster 21 (45.7%)

aHSV was not a diagnostic option for the CEC. Furthermore, to ensure that mild, vaccine-modified or
atypical cases of HZ were evaluated and assessed for pain and discomfort, and for interference with
activities of daily living and quality of life, the CEC intentionally had a low threshold for diagnosing HZ.
CEC members were also instructed to score as HZ cases suspected of being HSV, but lacking a history of
prior recurrences in the same dermatome.
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positives (N¼ 844)þ true negatives (N¼105))/all cases
(N¼1,028)] was 92.3%.

DISCUSSION

Traditionally, VZV has been diagnosed in the labo-
ratory by shell vial culture and direct fluorescent
antibody staining of the infected cells. During the last
decade, however, diagnostic procedures involving PCR
have increasingly replaced these conventional diagno-
stic techniques for the laboratory diagnosis of viral
infections [reviewed by Espy et al., 2006]. The advant-
age of real-time PCR techniques is their high sensitivity
and specificity.

The use of real-time PCR assays for the identification
and discrimination of VZV-WT and VZV-Oka avoids
the post-amplification manipulations of restriction
fragment polymorphism analysis [LaRussa et al.,
1992; Loparev et al., 2000a; Takayama and Takayama,
2004] and results in higher detection rates while
minimizing cross-contamination with amplified DNA
[Loparev et al., 2000b; Tipples et al., 2003; Campsall
et al., 2004]. A recently described real-time PCR assay
for the qualitative detection and differentiation of
VZV-WT and Oka vaccine strains uses the Invader-Plus
system [Allawi et al., 2006; Tang et al., 2007], which
accurately and specifically identifies VZV strains with
single-base changes using a multiplex reaction. The
two detection probes for VZV-WT and VZV-Oka, res-
pectively, are configured to report to fluorescent
resonance energy transfer cassettes with different 50

fluorescent dyes [Tang et al., 2007].
The real-time PCR assay developed and validated for

the Shingles Prevention Study is highly sensitive and
specific for the detection and discrimination of VZV-WT,
VZV-Oka, and HSV in clinical specimens. The assay
employs two sets of primers to discriminate between
VZV-WT and the Oka vaccine strain on the basis of the
single nucleotide polymorphism at position 106262 in
ORF 62, which is known to distinguish the Oka vaccine
strain from all known wild-type strains of VZV, includ-
ing Japanese isolates and the Oka parent strain
[Quinlivan et al., 2005; Loparev et al., 2007]. A single
fluorescent probe that hybridizes with a conserved
region within the amplicon is used to detect and quantify
amplification of both VZV-WT and VZV-Oka DNA by
homologous and heterologous primer pairs. The HSV
primers and probe identify a conserved region of the
DNA polymerase gene, thus detecting both HSV-1 and
HSV-2 DNA. The assay reliably detects as few as 7 copies
of the VZV-WT or the VZV-Oka genome, and as few as 31
copies of the HSV genome, and has high specificity. The
amplification reaction for each viral DNA target is
multiplexed with primers and probe that detect human
b-globin DNA with a LOD of 93 DNA copies.

When VZV-WT and VZV-Oka DNA were mixed in
varying ratios, a difference in Ct values of �5 cycles
between amplification by the VZV-WT and the VZV-Oka
primer-probe sets indicated that the specimen contained
either wild-type or vaccine strain DNA with a high

degree of confidence. Since the typical difference
between amplification by the VZV-WT and VZV-Oka
primer-probe sets was at least 10 cycles for assays of
Study specimens, it is highly likely that all of these
specimens contained solely VZV-WT DNA.

No Study specimen was found to contain VZV-Oka
DNA. This was expected in the two-thirds of the cases of
HZ that occurred in placebo recipients who had never
been exposed to VZV-Oka. Furthermore, establishment
of neuronal latency by the superinfecting VZV-Oka
vaccine strain with subsequent reactivation to cause HZ
was unlikely in the immunocompetent vaccine recipi-
ents who were already VZV seropositive and latently
infected with VZV-WT as a result of prior varicella. The
absence of VZV-Oka in samples from cases of HZ in
zoster vaccine recipients indicates either that VZV-Oka
rarely, if ever, establishes latency in sensory ganglia
already latently infected with VZV-WT, or that if VZV-
Oka does establish latent neuronal infections in VZV
seropositive vaccine recipients, it rarely, if ever, reac-
tivates to cause HZ. Moreover, if VZV-Oka did establish
latent infections, it would be expected to do so in ganglia
innervating the injection site and, upon reactivation,
cause HZ in the corresponding dermatome. The rarity
of cases of HZ involving the deltoid region in Study
subjects (<1%; unpublished Shingles Prevention Study
data), the absence of a greater proportion of such cases in
the vaccine recipients than in the placebo recipients
[Oxman et al., 2005b], and the failure to identify VZV-
Oka in any case of HZ in the Study [this report; Oxman
et al., 2005a] provide clinical evidence against the
occurrence of HZ caused by VZV-Oka in Study vaccine
recipients.

For the 11 specimens of VZV DNA from non-Study
patients with rashes caused by VZV-Oka, the average Ct

value difference between the homologous and heterol-
ogous VZV PCR primer-probe set was 5.61 (ranging from
3.41 to 7.50 cycles). While several of these specimens
showed Ct differences in amplification by the two
primer-probe sets below 5 cycles, amplification of
the VZV-Oka DNA with the homologous primers and
probe was still significantly higher than amplification
with the heterologous primers and probe. Since these
specimens were from vaccine-associated rashes in
VZV-naive recipients of varicella vaccine, mixtures of
VZV-WT and VZV-Oka would be unlikely. However,
because of the cross-reactivity between VZV-WT and
VZV-Oka in this assay, it is theoretically possible that a
very small proportion of the DNA in a clinical specimen
may be from the heterologous virus. Thus, in some
situations, both laboratory and clinical (e.g., epidemio-
logic history) data may be required to achieve an
accurate diagnosis. The single clinical specimen from a
child with a rash caused by VZV-Oka that was processed
and assayed in the San Diego PCR Laboratory using the
same protocol and reagents used in the Study showed
a Ct value difference between the homologous and
heterologous VZV PCR primer-probe set of 5.41 cycles.

The 53.2% VZV isolation rate from VZV-WT DNA-
positive clinical specimens and the 76.9% HSV isolation
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rate from HSV DNA-positive clinical specimens provide
additional evidence that real-time PCR assays have
substantially greater sensitivity than virus isolation
for the diagnosis of VZV, as well as HSV infections
[Sauerbrei et al., 1999; Espy et al., 2000].

The correlation between the CEC’s clinical diagnoses
of HZ and the PCR assay results was high, with the
CEC’s accuracy in diagnosing HZ being 92.3%. The
CEC’s sensitivity in diagnosing HZ was 97%, but the
specificity of the CEC’s clinical diagnosis of HZ was
relatively low at 66.5%. Both the high sensitivity and the
relatively low specificity of the CEC’s clinical diagnosis
of HZ most likely resulted from their attempt to include
mild and atypical cases that might have been vaccine-
modified HZ.

Despite the intentionally low threshold for the clinical
diagnosis of HZ, only 53 (5.8%) of the 911 suspected cases
of HZ that were diagnosed as clinical cases of HZ by
the CEC were PCR assay-negative for VZV or HSV
DNA. Three of these showed some amplification, with Ct

values between the cutoff value and 40, and fluorescent
amplification curves that were consistent with amplifi-
cation rather than background noise. This suggests that
these three specimens may have contained VZV DNA in
quantities below the 7 copy assay cutoff. Thus the
sensitivity of the PCR assay using the 7 copy cut-off may
not have been 100%. Nevertheless, the high sensitivity
of the PCR assay, (LOD equivalent to approximately
1/2,000 of a VZV infected cell), makes it probable that the
majority of these clinically diagnosed cases of HZ were
false positives, a supposition reinforced by the observa-
tion that local virus cultures, performed in 25 (47%) of
the 53 CEC-positive/PCR-negative cases were all neg-
ative, as were local PCR assays performed in 5 (9%) of
the cases. Furthermore, the clinical features of the 53
CEC-positive/PCR-negative cases differed substantially
from those of the average confirmed case of HZ in the
Study: none developed PHN, fewer had prodromal pain,
their average HZ Severity of Illness Score was lower,
and the proportion that were vaccine recipients was
58%, compared with 33% among the confirmed cases of
HZ. Nevertheless, the non-invasive method used to
obtain clinical specimens from non-vesicular lesions
might have sampled non-viable cornified epithelial cells
on the surface of the stratum corneum without sampling
viable cells in the underlying stratum spinosum and
stratum granulosum that might have contained repli-
cating VZV.

In summary, the PCR assay employed in the Shingles
Prevention Study was sensitive and specific for the
detection of VZV and HSV, and discriminated between
wild-type and Oka vaccine strains of VZV. It provided
a practical means for unequivocally establishing the
diagnosis of HZ in the pivotal clinical trial that
established the efficacy of live attenuated Oka/Merck
zoster vaccine.
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