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The pathogenesis of varicella and zoster and the effects of antiviral treatment were investigated using real-
time PCR for varicella-zoster virus (VZV) DNA in skin lesions and peripheral blood. A higher occurrence of
viremic VZV DNA was observed in varicella than in zoster. Acyclovir treatment resulted in marked suppression
of viremia in varicella.

Varicella-zoster virus (VZV) is the causative agent of
chicken pox (varicella) and shingles (zoster). In zoster, skin
lesions are usually limited to the area of a single dermatome,
reflecting restricted transneuronal spread. In varicella, how-
ever, VZV is disseminated via a hematogenous route. The
viremic phase of VZV is not fully understood because a very
small proportion of circulating peripheral blood cells carries
the virus (1, 2, 5). Recently, we established a quantitative
system to measure genome copies of VZV using a real-time
PCR assay (4). This assay enables us to quantify VZV DNA
accurately and reproducibly over a wide linear range (4). To
further understand the nature of viremia and the impact of
antiviral treatments, we quantified viral loads in the peripheral
blood and skin lesions of patients with varicella using two
real-time PCR assays and compared the results with those for
patients with zoster.

Nineteen children with clinically diagnosed varicella (1 to 7
years old; median, 3 years) were enrolled in this study. All but
one were otherwise healthy children. At the time of entry, six
of the patients had already received oral acyclovir therapy,
which was started at 80 mg/kg of body weight/day within 24 h
of onset and continued for at least 48 h. Ten patients with
zoster (2 to 15 years old; median, 8.5 years) were also enrolled.
Five were healthy children, and the others had underlying
diseases, such as leukemia. Three had already received acyclo-
vir therapy at the time of entry. As presumptive negative con-
trols, 28 children who had had either varicella or vaccination at
least 6 months previously were tested.

All the specimens were obtained after informed consent.
Blood samples were taken during the acute phase, when the
patients had clinical indications. The numbers of days from
onset to sampling were 2 to 5 days (mean, 3.5 days) in the
varicella group and 2 to 7 days (mean, 3.6 days) in the zoster
group. Vesicle fluid was obtained from three patients each with
varicella and zoster. A vesicle with a 4-mm diameter was punc-
tured, and all the fluid was aspirated. DNA was extracted from
either 2 3 106 peripheral blood mononuclear cells (PBMC) or
the vesicle fluid using a QIAamp Blood Kit (QIAGEN GmbH,
Hilden, Germany). The real-time quantitative PCR assay was
performed by using a TaqMan PCR Kit and a model 7700
Sequence Detector (PE Applied Biosystems, Foster City, Cal-

if.) as previously described (4). Two genes, one encoding gly-
coprotein B (gB) and ORF62, were selected for quantification
(7). To normalize the amount of VZV DNA in PBMC, human
b-actin DNA was quantified by real-time PCR, and then the
numbers of copies of VZV genomes were determined using
the gB and ORF62 assays and were expressed per 105 cells (7).
VZV DNA in vesicle fluid was determined using the gB and
ORF62 assays and was expressed per milliliter of vesicle fluid.

First, we quantified the viral loads in skin lesions of three
patients each with varicella and zoster. In both patient groups,
VZV DNA was readily detected (Fig. 1A). A large amount of
VZV DNA was detected even in a patient with zoster who was
receiving acyclovir therapy at the time of sampling. Then, we
quantified the viral loads in PBMC from 19 patients with vari-
cella and 10 with zoster in the acute phase. VZV DNA was
detected in PBMC from only two patients with zoster, both of
whom had no indications of being immunocompromised (Fig.
1B). PBMC from 28 control children were negative for VZV
DNA. In contrast, most varicella patients had detectable VZV
DNA in their PBMC (Fig. 1B). Of the six varicella patients
receiving oral acyclovir therapy, four were negative for the gB
gene (P 5 0.01, in comparison with the results for untreated
patients; Fisher’s exact test) and five were negative for the
ORF62 gene (P 5 0.0004). Since the distributions of sampling
days were somewhat different between the treated and un-
treated groups, we selected patients whose samples were ob-
tained from days 3 to 5 and compared the viral loads in PBMC.
The number of VZV genome copies in the untreated group
was significantly larger than that in the acyclovir-treated group
(Table 1). These results suggest that the acyclovir therapy
suppressed the viremia in these patients.

The amount of VZV DNA determined using the gB gene
was plotted against the day after onset (Fig. 2A). The days
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TABLE 1. Comparison of viral loads in PBMC between
acyclovir-treated and untreated groups

Treatment No. of
patientsa

Days after onset
(mean 6 SEM)

No. of VZV genomes
(mean 6 SEM/105 cells)

determined with:

gB gene ORF62

Acyclovir 5 4.0 6 0.3 7 6 7b 5 6 5c

None (untreated) 10 3.7 6 0.3 510 6 354b 382 6 339c

a Patients whose samples were obtained from days 3 to 5.
b P 5 0.04, as determined by the Mann-Whitney U test.
c P 5 0.008, as determined by the Mann-Whitney U test.
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FIG. 1. Quantitation of VZV DNA in vesicles and PBMC. Copies of VZV genomes determined using the gB and ORF62 genes were quantified by real-time PCR.
The means and standard errors of the means (SEM) of VZV genome copies in the PCR-positive samples are tabulated below the graphs. (A) Vesicle fluid obtained
from three patients with zoster or varicella. (B) PBMC obtained from 10 patients with zoster and 19 patients with varicella. Symbols: open circles, patients without
acyclovir therapy; closed circles, patients with acyclovir therapy. Samples below the dotted line were negative for VZV DNA.

FIG. 2. Correlation between viral loads and days after onset in patients with varicella. VZV genome copies in PBMC from 13 patients not receiving acyclovir were
determined using the gB (A) and ORF62 (B) genes and plotted against the day after the onset of varicella. The correlation between days after onset and the amounts
of VZV DNA was calculated using regression analysis. Samples below the dotted line were negative for VZV DNA.
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after onset and the VZV DNA copy numbers were inversely
correlated (r 5 0.72, P , 0.01). The same plotting was done
with the ORF62 gene (Fig. 2B). The VZV DNA copy number
decreased with time, although the correlation was not statisti-
cally significant (r 5 0.32, P 5 0.28). No specimens were
available between days 6 and 14; however, later in the conva-
lescent phase, from 14 to 24 days after onset, PBMC were
obtained from seven postvaricella patients. Significant levels of
VZV DNA were not detected in these samples. These results
show that VZV DNA was generally cleared by 14 days after the
onset of varicella in our patients.

In this study, VZV DNA was detectable in PBMC from most
patients with varicella. On the other hand, most patients with
zoster lacked detectable VZV DNA in PBMC, despite the
presence of high levels of VZV genomes in vesicular fluid.
Recently, it was reported that 16% of patients with zoster had
detectable VZV DNA in their blood (6). We quantified VZV
DNA using two independent real-time PCR assays which offer
increased sensitivity and accuracy compared with previous as-
says. Our results suggest that viremia, if present in zoster, does
not occur with the same kinetics or magnitude as in varicella.

We showed that varicella patients receiving oral acyclovir
therapy had undetectable or very small amounts of VZV DNA
in their PBMC. Early administration of acyclovir reduces both
the time to the cessation of new vesicle formation and the
maximum number of skin lesions, suggesting that therapy sup-
presses viremia (3). Our results indicate that acyclovir therapy
reduces the viral load in the peripheral blood of patients and
thereby ameliorates varicella.
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