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We investigated oral fluid (OF) as an alternative to sam-
pling of rashes for varicella zoster virus (VZV) genotyping
and further characterized VZV clade prevalence in the
United Kingdom and Europe. VZV was detected in up to
91% of OF specimens. Paired OF and vesicle fluid samples
contained identical VZV clades. While clades 1 and 3 were
the most prevalent across the United Kingdom and Europe,
in Western Europe, clade 5 viruses were circulating. Viruses
from the same outbreak belonged to different clades, but
no clade was associated with a severe-disease phenotype. OF
is suitable and convenient for large-scale molecular epide-
miological studies of VZV.
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Varicella zoster virus (VZV) causes varicella (chicken pox)
and zoster (shingles). In temperate climates, varicella is a
childhood disease that occurs during annual epidemics in
winter and spring [1]. In tropical countries, however, infection
is more common among adults, in whom disease is associated
with increased morbidity and mortality [1].

VZV genotyping methods have identified 5 confirmed clades
(clades 1–5) and 4 provisional clades (clades VI–IX) [2, 3].
Clades 1 and 3 predominate in Europe and in countries where
people of European ancestry predominate, clade 2 is found in
Japan and surrounding countries, and clades 4 and 5 are found
in Asia and Africa. Clades VII–IX have been rarely reported,
but small numbers of clade VI viruses have been isolated
Western Europe, the United States, and Australia [2]. Recently,
non-European clades of VZV have been spreading in European
countries, particularly in regions to which there has been emi-
gration from Asia and Africa [4]. Clade 2 viruses, including
those that are pOka-like, have been identified in the United
States [5]. Given the high vaccine coverage in the United States
(>90%), one might expect that these clades and much of the
disease due to VZV that now occurs in the United States are
likely associated with imported cases of varicella.

Cocirculation of clades provides an ideal opportunity for
coinfection, reinfection, and, ultimately, recombination, all of
which have been described for VZV [6, 7]. Reinfection of
people vaccinated with the Oka strain varicella vaccine occurs
during breakthrough infection with wild-type virus. The pos-
sibility that recombination between vaccine and wild-type
virus can occur necessitates the importance of surveillance
programs that monitor circulating viral genotypes in commu-
nities before and after introduction of the vaccine. Because
varicella is mainly a childhood infection and the majority of
Oka strain vaccine recipients are children, such surveillance
strategies need to be acceptable to parents. In this study, we
examined the suitability of oral fluid (OF) for VZV genotyp-
ing and used genotyping data to examine the molecular epide-
miology of VZV across the United Kingdom and Europe.

METHODS

Study Design
A total of 406 children presenting with varicella were recruited
prospectively in the United Kingdom and Europe, and OF
and/or vesicle fluid (VF) was collected. In the United
Kingdom, 90 patients were recruited by 4 centers (2 in
London and 1 each in Bristol and Glasgow). In Europe, 316
patients were recruited from 17 centers in 13 countries (Portu-
gal, Greece, Spain, Czech Republic, Poland, Albania, Estonia,
Italy, Germany, Sweden, Bulgaria, Austria, and France).
Ethical approval and parental consent was obtained from all
centers and for all patients, respectively. Data on ethnicity, du-
ration of rash at sampling, severity of rash, secondary infec-
tions, rare complications, and hospitalization status were
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collected by questionnaire. For the United Kingdom study,
postcode data, which specify the precise locations where each
patient resides, was available for children recruited in East
London.

Sample Processing and Genotyping
VF was collected in viral transport medium. OF was collected
using Oracol swabs (Malvern Medical Developments), in ac-
cordance with the manufacturers’ instructions. DNA was ex-
tracted from all samples using a QIAamp DNA Mini Kit
(Qiagen), according to the manufacturer’s instructions. Geno-
typing was performed using pyrosequencing assays or direct
sequencing to characterize single-nucleotide polymorphisms
(SNPs) in open reading frames (ORFs) 1, 7, 21, 22, 50, 54,
and 68 as previously described [6, 8].

Statistical Analysis
The Fisher exact test was used to compare the percentage of
OF and VF samples positive for VZV, to compare differences
in percentage positivity of each sample type over time, and to
evaluate the relationship between each clade and ethnicity,
hospitalization status, number of lesions, and occurrence of
secondary infection.

RESULTS

Detection Rates in OF and VF Samples
Overall, 375 VF and 345 OF samples were received. VZV
DNA was detected significantly more frequently in VF
samples than in OF samples (97% vs 83%; P = .05). The fre-
quency of VZV DNA detection in OF was significantly higher
during days 1 and 2 after rash development (88.5% and 91%
of samples, respectively), compared with days 3–8 (range,
89.2%–60%; P = .001). Compared with OF, detection in VF re-
mained high on all days (range, 92.3%–96.9%; P = .05). Paired
OF and VF samples were obtained from 313 of 407 patients
(66 of 90 from the United Kingdom and 247 of 317 from
Europe), and VZV was detected in 221 of 313 specimen pairs
(70.6%). All VZV-positive paired OF and VF samples con-
tained identical VZV clades. For all other patients (92 of 313),
either VF, OF, or both specimens were VZV negative. Most of
these children had specimens collected after day 5 of rash
onset.

Geographical Distribution of Clades
From all 4 UK centers, viruses belonged predominantly to
clade 1, ranging from 30% of viruses (in East London) to 75%
of viruses (in Bristol) (Figure 1A). Clade 5 was present in all
centers, and clade 3 was present in all centers except South
London (Figure 1A). In East London, clades 1, 3, 4, and 5
were circulating, with clades 4 and 5 together representing the
majority (52.8% of viruses). Two potential clade 5/3

recombinant viruses were also identified. In eastern parts of
the continent, clades 1 and 3 were predominant, with in-
creased proportions of clade 5 in the western part of the conti-
nent (Figure 1B).

Characterization of Clades in Varicella Outbreaks
Multiple VZV clades were prevalent throughout each year of
recruitment, with no seasonal differences in clade distribution
(Figure 2A). Different clades were found cocirculating within
and between outbreaks (Figure 2A). When we plotted viral ge-
notype against postcode data for cases of varicella occurring
within a 1-month period, we found colocalization of different
clades despite having collected samples only days apart
(Figure 2B).

Clade Distribution in Relation to Different Ethnic Groups and
Disease Severity
Nonwhite patients were significantly more likely to be infected
with clade 5, compared with white patients, in both the United
Kingdom and Europe (P < .01 and P < .03, respectively). No
difference in clade distribution was seen between hospital in-
patients and outpatients, those with >300 lesions, or those who
developed secondary infections. Two geographically and tem-
porally related clusters of rare complications were identified.
Two patients with arthritis presented within 2 days to the
same clinic, while 3 patients with VZV encephalitis were ad-
mitted to the same hospital over a 10-day period. Of the ar-
thritis cases, one was caused by a clade 1 virus, and the second
was caused by a clade 3 virus. Two encephalitis cases were
caused by clade 3 viruses, and 1 was caused by a clade 1 virus.

DISCUSSION

To our knowledge, we are the first to demonstrate the suitabil-
ity of OF for VZV genotyping. Sampling of OF is rapid and
less invasive, making it more acceptable than obtaining
samples from blood or vesicles. We found that the frequency
of VZV detection in OF was highest during the first 2 days of
illness, and despite a significant decrease in frequency, we were
still able to obtain typable viral DNA up to day 8. In a previous
study [9], the concordance of VZV detection in OF specimens
compared with lesion samples was 100% but decreased to 30%
by day 14. The latter observation is in line with our detection
of VZV in 60% of OF specimens on day 5. The lower sensitiv-
ity of VZV detection in OF on days 1 and 2 in our study
(88.5% and 91%, respectively) might reflect differences in
sample size (19 specimens in the study by Leung et al [9] vs
247 in our study) or differences in OF collection methods.

We showed that the same clade was present in OF and VF,
allowing us to use the data to analyze clade prevalence across
the United Kingdom and Europe. Our study confirms that
clades 1 and 3 are indigenous European strains, as postulated
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by others from opportunistically collected samples [2, 4].
Western Europe had a higher percentage of non-European

clades as compared to Eastern Europe, where only clades 1
and 3 were found circulating. The lack of clade 5 viruses in

Figure 1. Distribution of varicella zoster virus clades in the United Kingdom (A) and continental Europe (B). Numbers in parenthesis indicate the
number of patients recruited from that particular city/country.
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these countries supports the observations of others [2] that
viruses of this clade tend to be in countries where there is
either little history of immigration from Africa and Asia, in
which clade 4 and 5 viruses predominate, or where immigra-
tion is mainly from neighboring Eastern European countries.
The finding in this study, as in others [7], that clade 5 viruses
were significantly more prevalent among nonwhite children
than white children with varicella may reflect a genetic sus-
ceptibility to infection with particular clades or, simply, may
reflect population mixing patterns, with susceptible children

more likely to be exposed in their community, household, or
day care to others of the same ethnicity and their indigenous
viruses.

By genotyping viruses using SNPs scattered across the
genome, we were able to look for recombination. Two novel
viruses could not be attributed to any clade. Both had the
clade 5 SNP profile in all ORFs examined except ORF 54 at
position 95 300, where they carried the allele characteristic of
non–clade 5 viruses. While we provisionally class these viruses
as recombinants, they might also represent clade 5 variants,

Figure 2. A, Seasonal distribution of varicella zoster virus (VZV) clades in Europe. B, Circulation of multiple VZV clades during varicella outbreaks in
areas of East London. Alphanumeric codes denote different postcodes.
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which have been reported in other European countries [10].
Recombination has occurred in the evolutionary history of
currently circulating VZV clades [11] and may contribute to
the emergence of new freely circulating clades, something that
will only become apparent as more genotyping is performed.
A major concern, however, is that vaccine–wild-type recombi-
nants may emerge. These could complicate molecular surveil-
lance of VZV clades and identification of vaccine-associated
adverse events.

Our survey provided 2 insights of particular clinical interest.
First, multiple virus clades were recovered from 2 clusters of
VZV-related complications, one of 2 cases of arthritis and a
second of 3 cases of encephalitis. This makes it unlikely that
transmission of a virulent variant occurred in the clusters and
more likely that the severe clinical phenotypes observed oc-
curred serendipitously or because of shared host genetic
factors.

Our second insight relates to the finding that, within a
single outbreak of varicella occurring in a circumscribed geo-
graphical region, many different clades were circulating
(Figure 2B). Cocirculation of multiple VZV clades within a
single outbreak and of different clades infecting individuals
who live close to one another suggest that epidemics occurring
in one locality do not result from successive transmission of a
single virus within the susceptible population in a community
but from multiple separate introductions of virus from differ-
ent contacts. Since we observed cocirculation of multiple VZV
clades in the low-varicella-incidence months at similar pro-
portions to months with higher incidence (Figure 2A), it is
likely, as predicted by modeling data from the 1950s [12], that
in unvaccinated communities, multiple interepidemic cases of
varicella seed the new epidemics when environmental condi-
tions and herd immunity allow. However, our findings cannot
exclude the possibility that, even in the presence of circulating
varicella, virus from cases of zoster contributes to the diversity
of strains in outbreaks. Varicella caused by transmission of
VZV from zoster is well documented [13, 14], even within an
established outbreak [14]. Although VZV transmission via
saliva has not been described, the presence of viable virus in
saliva during asymptomatic reactivation has been reported
[15]. Because immunization with the Oka strain vaccine
affords high individual protection, the opportunity for spread
is reduced, and the risk to susceptible individuals is decreased.
However, breakthrough infections may arise both from im-
ported cases and from reactivated virus within naturally in-
fected individuals in the community, so maintaining herd
immunity is important.

In summary, OF has proven to be a suitable source of virus
for large-scale monitoring of local and global changes in VZV
clade prevalence. Ethnic predisposition to infection by certain
clades was observed and probably reflects population mixing
patterns. We report for the first time cocirculation of multiple

VZV strains during temporarily and geographically localized
chickenpox outbreaks. We also demonstrated that rare clusters
of varicella-related complications were unlikely to be attribut-
able to transmission of VZV strains with increased virulence.
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