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Role of varicella zoster virus in glioma risk: Current knowledge
and future directions
X Pundole1, ES Amirian2, ME Scheurer2*

Introduction
The role of infections in brain
tumorogenesis has long been in
question. Varicella zoster virus (VZV)
is a neurotropic alpha-herpesvirus
that causes chicken pox among initial
infection. It can then establish latency
in the host’s dorsal root ganglia and
can reactivate later in life causing
shingles as well as CNS-related
complications. A few studies have
been conducted to elucidate the role
of
VZV
infection
in
glioma
susceptibility, but several gaps in
knowledge remain. This review
presents a brief overview of current
epidemiologic knowledge on the
relationship between VZV and adultonset brain tumours and highlights
important future directions for
continued research on this topic.
Conclusion
The literature is slowly approaching a
consensus on the inverse association
between VZV infection and immunity
and glioma risk. However, several
gaps in knowledge remain, and
definitive conclusions cannot be
drawn about this potentially complex
relationship until the possible
interactions between VZV immunity
and atopy are clarified and the
potential effects of the VZV vaccine
are assessed.

Introduction
In the United States, the overall
annual age-adjusted incidence of
primary brain and CNS tumours is
27.4 per 100,000 among adults1,2,3.
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Despite the rarity of these tumours,
the associated mortality is substantial.
Median survival time varies by brain
tumour type; however, the most
aggressive type, glioblastoma, has a
median survival of only 12-15 months.
For the past several decades, a myriad
of brain tumour risk factors have been
examined, but most findings have
been inconsistent. Exposure to high
dose radiation, family history, and a
few rare genetic syndromes (i.e., Li
Fraumeni and neurofibromatosis)
constitute the only established
etiologic factors, but these account
only for a small proportion of cases1,4.
The role of infections in brain
tumorogenesis has long been in
question2,5. Viral involvement in the
aetiologies of various other cancers,
such as hepatocellular carcinoma,
lymphomas, and cervical cancer, has
been established6,7, and an estimated
18% of cancers worldwide may be
attributable to approximately 10
infectious agents6. With regard to the
role of viruses in brain tumour
aetiology, published findings have
been
mixed.
Infections
with
polyomaviruses (e.g., simian virus 40,
BK virus, JC virus) and herpes viruses
(e.g., human cytomegalovirus, human
herpes virus 6) have all been
suspected to be associated with
glioma risk8,9,10,11 .
Polyomaviruses have consistently
been isolated from CNS tumour
tissues, and human cytomegalovirus
proteins and DNA have been detected
in tissue samples from malignant
gliomas9. Human herpes virus 6
virions have also been detected in
some paediatric and adult brain
tumour tissues (8-37% prevalence
range)8,12,13.
Most of the aforementioned viruses
have been shown to be associated

with increased glioma risk. However,
exposure to varicella zoster virus
(VZV), which causes chicken pox and
shingles, may be an exception, in that it
tends to be associated with lower
glioma
risk
(i.e.,
an
inverse
association)10,14,15.
By contrast to its purported inverse
association
with
glioma,
VZV
infection/reactivation has also been
implicated in positive associations with
other cancers. In 1955, Wyburn-Mason
first suggested that herpes zoster may
precede cancer diagnoses16. Since then,
studies on the associations between
shingles and risk for other cancers have
yielded inconsistent results.
A Danish National Registry study
including patients hospitalized with
shingles between 1977 and 1996
showed a positive association with the
risk of all cancer types (relative risk
[RR]: 1.2; 95% CI: 1.1 – 1.2). However,
this study did not include shingles cases
diagnosed in outpatient settings;
including only hospitalized shingles
patients would select for the most
severe cases, which only represent a
small subset of all zoster cases17.
More recently, Ho et al. reported a 9.25
times greater risk of cancer after
herpes zoster opthalmicus utilizing
information from the Health Insurance
Research Database in Taiwan18.
Another large recent study showed that
the hazard ratio for cancer diagnosis
after zoster was 2.42 (95% CI: 2.21 –
2.66). The highest hazard ratios were
observed in younger patients, and the
magnitude varied between different
types of cancers. This increased risk
was observed in all cancers and in both
genders19. (Brain cancer was grouped
with other eye and central nervous
system cancers, and was not examined
separately in this study). Nonetheless,
other studies have failed to show an

Licensee OAPL (UK) 2014. Creative Commons Attribution License (CC-BY)
FOR CITATION PURPOSES: Pundole X, Amirian ES, Scheurer ME. Role of varicella zoster virus in glioma risk: Current
knowledge and future directions. OA Epidemiology 2014 Mar 22;2(1):6.

Competing interests: None declared. Conflict of interests: None declared.
All authors contributed to conception and design, manuscript preparation, read and approved the final manuscript.
All authors abide by the Association for Medical Ethics (AME) ethical rules of disclosure.

Abstract

Page 2 of 5

increased risk for cancer following
VZV reactivation20,21. Findings from
studies of the impact of VZV on overall
cancer risk are not necessarily
generalizable to glioma for several
reasons, including the differences
between the systemic immune
response compared to that of the
brain and the effects of the bloodbrain
barrier
on
exposure
permeability.
VZV is particularly interesting with
regard to its potential role in
gliomagenesis, as it establishes
latency in the nervous system22, and
infection with this virus may
indirectly influence the development
of atopic disorders23,24, which, in turn,
are suspected to be associated with a
decreased glioma risk25,26,27.
A few studies have been conducted to
elucidate the role of VZV infection in
glioma susceptibility10,15,28,29,30, but
several gaps in knowledge remain.
This review aims to briefly summarize
current epidemiologic knowledge on
the relationship between VZV and
adult-onset brain tumours and to
delineate important future directions
that will be necessary for evaluating
whether an etiologic link may exist.

Discussion

The authors have referenced some of
their own studies in this review. These
referenced
studies
have
been
conducted in accordance with the
Declaration of Helsinki (1964) and the
protocols of these studies have been
approved by the relevant ethics
committees related to the institution
in which they were performed. All
human subjects, in these referenced
studies, gave informed consent to
participate in these studies.
Infection with VZV (or human herpes
virus 3) and the subsequent
development of chicken pox was an
extremely common childhood ailment
in the U.S., particularly prior to the
licensing of the live attenuated
vaccine in 199531. After primary
infection, this neurotropic virus
establishes latency in the host’s dorsal

root ganglia and can reactivate later in
life. The lifetime risk for shingles
among adults previously infected with
VZV was estimated to be about 1020% prior to the development of the
vaccine32,33. Reactivation can also
result in CNS-related complications,
like myelitis, cerebellitis, or even
encephalitis31,34.
One of the first epidemiological
studies to report a significant inverse
association between VZV and glioma
was the San Francisco Bay Area Adult
Glioma Study (SFBAGS), in which
significantly fewer cases reported a
history of chicken pox and/or shingles
than controls35.
Subsequently, a follow-up study by
the same investigators supported
their previous findings (and reduced
the possibility that those findings
were due to recall bias) by showing
that cases were less likely than
controls
to
be
positive
for
immunoglobulin G (IgG) antibodies
against VZV, although not statistically
significantly so (OR: 0.6, 95% CI: 0.3 –
1.3)14. However, statistical power for
the study was limited because blood
for serologic analysis was not
available on all cases and controls
from the parent study .
In 2001, Wrensch et al. again built
upon their previous findings by
analysing the associations between
glioma risk and antibodies against
four
different
herpes
viruses,
including VZV, in a larger study
population (134 cases and 165
controls).
They
found
that
glioblastoma (GBM) cases were 60%
less likely than controls to be positive
for anti-VZV IgG (95% CI: 01.-0.9),
controlling for age, ethnicity, and
gender15. However, the study was
underpowered to detect associations
for histologic subtypes other than
GBM.
In 2005, another analysis from the
SFBAGS was conducted, which
included 229 glioma cases and 289
controls10. Again, cases were less
likely to report a history of chicken
pox compared to controls, as in the

previous studies (adjusted OR: 0.59;
95% CI: 0.40-0.86). Mean log anti-VZV
IgG levels were higher for controls than
cases and were lowest for GBM cases
(antilog mean for controls=1.64±0.09;
mean for all cases=1.23±0.09; mean for
GBM cases=1.10±0.13). Significant
inverse associations with glioma were
found for having the highest, compared
to lowest, quartile of anti-VZV IgG. The
inverse associations between higher
levels of anti-VZV antibody and GBM
risk
were
stronger
than
the
associations with other histological
subtypes. Differences in antibody levels
by sex, race, and age were also
explored. The difference in mean antiVZV IgG levels in cases versus controls
was greater among white participants;
in fact, non-white cases and controls
had very similar levels. A major
strength of this study was that the
impact of medication use at time of
blood draw was discussed.
Among cases, those taking antibiotics at
blood draw had higher anti-VZV IgG
levels, whereas associations between
IgG levels and current medications
were not observed among controls.
Interestingly, when cases and controls
taking antibiotics, dexamethasone, or
decadron were excluded, the odds
ratios for the highest versus lowest
levels of anti-VZV IgG remained in the
same direction (OR for any glioma
subtype: 0.49; 95% CI: 0.24-0.97),
though there was a loss of power for
the GBM analysis (OR: 0.40; 95% CI:
0.14-1.10).
In their most recent study, the SFBAGS
investigators took a very innovative
approach
to
uncovering
the
relationship
between
VZV
and
gliomagenesis30.
Ten
highly
immunogenic
and
seroprevalent VZV proteins were
synthesized and used as antigens to
measure seroreactivity among cases
and controls. They observed that
controls had stronger seroreactivity to
VZV antigens than cases, particularly
for the VZV ORF2p protein (OR: 0.44;
95% CI: 0.21-0.96, comparing lowest to
highest quartiles) and the IE63 protein
(OR: 0.26; 95% CI: 0.12-0.58). When
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stratified by allergy status, inverse
associations between VZV-related
seroreactivity and glioma status were
present among those with three or
more types of allergies, but were not
significant among those with two or
less allergy types. This finding is
particular interesting in light of
reported associations between earlier
VZV infection and lower atopy risk
that are discussed further below. A
few interactions between sex and
seroreactivity to VZV proteins were
also noted.
This series of published findings from
the
SFBAGS
provides
strong
epidemiologic rationale for continued
investigation of the potential role of
VZV infection and immunomodulation
in glioma development. Nevertheless,
it is essential that these findings be
corroborated in other populations
before definitive conclusions are
drawn, as the SFBAGS analyses have
relatively small sample sizes, include
populations that consist largely of
non-Hispanic white individuals, and
cannot illuminate the temporal
relationships between mounting an
antibody response to VZV and the
development of the tumour, given that
serologic analyses on cases were
conducted on blood obtained after
tumour diagnosis.
Besides the SFBAGS series, few other
epidemiologic studies, to date, have
focused directly on examining the
potential associations between VZV
infection and glioma risk28,29.
Sjostrom et al. used pre-diagnostic
specimens from three Scandinavian
cohorts to assess the relationship
between antibody levels to four
different viruses (VZV, human
cytomegalovirus, Epstein-Barr virus,
and adenovirus) and glioma risk28.

The only significant association
detected was with VZV antibodies.
Specifically, lower levels of anti-VZV
IgG were more common in cases than
in controls, particularly two years
prior to diagnosis (OR: 0.63; 95% CI:
0.37-1.08; p for trend between
quartiles=0.03). The major strength of
this study is that it provided valuable
evidence that the anti-VZV antibodyglioma associations reported in the
literature from case-control studies
are unlikely to be attributable simply
to the effects of post-diagnostic
factors
(e.g.,
tumour-associated
changes in immunity, chemotherapy,
or steroid use).
By contrast, Poltermann et al. were
unable to detect associations between
VZV (and other herpes viruses) and
brain tumours29. They found a
seroprevalence of anti-VZV IgG of
90.3% (95% CI: 74-98) among a small
study population of 35 total glioma
patients. They reported that this
seroprevalence was similar to the
seroprevalence among the general
population, but they did not include a
control group in their study, nor did
they examine antibody levels. The
high level of seropositivity in this
study is not surprising given that antiVZV IgG positivity was over 90% in
the SFBAGS reports as well10. Because
chicken pox was a relatively
ubiquitous childhood infection prior
to vaccine availability, and due to the
fact that stronger versus weaker
antibody responses have been
reported to be relevant to glioma risk,
the failure to examine antibody levels
in this study requires cautious
interpretation of the results.
In addition to data from epidemiologic
studies, other lines of evidence also
indirectly support the possibility of an
inverse association between VZV and
gliomagenesis36.

For example, VZV has been suggested
as a potential candidate for oncolytic
virotherapy for glioma. Certain viral
characteristics,
such
as
its
neurotropism and its ability to replicate
quickly and lyse malignant glioma cells
in vitro, make VZV a particularly
intriguing candidate. Furthermore,
timing of VZV infection in childhood has
been shown to affect future risk of
atopic disorders23,24, which have also
been inversely associated with glioma
risk27. Earlier VZV infection (prior to 8
years of age) has been shown to be
protective against asthma, allergic
sensitization, and other types of
atopy23. It remains unclear, however,
whether later (e.g., teenage or
adulthood) onset of chicken pox may be
associated with a more robust immune
response to the virus or with increased
risk for atopy in adulthood. If so, the
inverse associations of glioma risk with
VZV immunity and atopic disorders
may be linked through a complex
network of immunologic pathways that
has yet to be understood.
Indeed, some implications of this
already exist in the literature─ for
example, the fact that in the most
recent SFBAGS analyses, the inverse
associations between glioma and VZVrelated seroreactivity were present
among those with a higher, but not
lower, allergy burden30. However,
immunological studies are needed to
clarify the biological basis behind this
interaction.
Currently, the mechanism through
which VZV infection and immunity may
confer protection against gliomagenesis
is unknown. If the protection is not
mediated
through
atopy-related
pathways, it may be that VZV
antibodies have some cross-reactivity
to tumour cells or other oncogenic
viruses, and are thus capable of

Table 1: Key future directions for epidemiologic studies of varicella zoster virus (VZV) and brain tumor risk.
·

Evaluation of age at primary VZV infection and glioma risk

·

Use of additional biomarkers of VZV infection and immunity

·

Further examination of interactions between atopy and VZV infection

·
Elucidation of differences in immunologic responses between those with wild type VZV infection and those receiving the
live attenuated vaccine
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mounting a response against existing
tumour
cells
or
extrinsic
carcinogens10.
It has also been hypothesized that
individuals who are more likely to
develop cancer (or are already in the
process of tumorogenesis) may be
unable to mount strong immune
responses to primary viral infections
or reactivation of latent viruses such
as VZV. If additional epidemiologic
studies can confirm the reported
inverse associations between VZV and
glioma, mechanistic studies will be
strongly warranted, as we cannot
determine why this association exists
without a better understanding of
antibody-mediated immunity to VZV.

Conclusion

The role of VZV and other herpes
virus infections in brain tumour
aetiology
requires
further
epidemiologic investigation (Table 1).
Future studies should focus on
assessing how age at primary VZV
infection is relevant to anti-VZV
antibody response and, in turn, glioma
risk. In addition to anti-VZV IgG levels,
a more comprehensive panel of
biomarkers of VZV infection and
immunity, such as viral DNA,
measures of viral expression (protein
and RNA transcripts), and markers of
cell-mediated immunity, should be
identified and incorporated into
future studies. Furthermore, because
most studies of glioma and VZV are
case-control
studies,
more
prospective studies are necessary to
untangle the temporal relationships
between infection and tumorogenesis.
As glioma is a rare disease, this may
only be feasible in Northern European
countries with centralized medical
databases. Finally, as the literature
comes to a consensus on the role of
VZV infection in glioma risk,
interactions between atopy and VZV
immunity should also be examined.
Stratification of VZV-glioma analyses
by IgE levels or childhood history of
atopic conditions may provide useful
information on how these factors are
inter-related.

Another factor that will need to be
accounted for in future studies is
whether anti-VZV IgG positive
participants were immunized against
VZV or if they had an actual VZV
infection.
Antibody
composition
differs between individuals who
experienced a wild-type VZV infection
compared to those who were exposed
to the live attenuated vaccine. It is,
therefore, important to investigate the
association between VZV immunity
and glioma, distinguishing between
infected and vaccinated individuals. If
differences are noted between these
groups, this knowledge may point
toward specific viral antigenic targets
that may be of greater relevance to
gliomagenesis, perhaps because they
resemble an antigen present on
tumour cells.
The literature is slowly approaching a
consensus on the inverse association
between VZV infection and immunity
and glioma risk. However, several
gaps in knowledge, outlined above,
still need to be filled before definitive
conclusions can be drawn about this
potentially complex relationship.

References
1. Bondy ML, Scheurer ME, Malmer B,
Barnholtz-Sloan JS, Davis FG, Il'yasova
D, Kruchko C, McCarthy BJ, Rajaraman
P, Schwartzbaum JA, et al. Brain tumor
epidemiology: consensus from the
Brain
Tumor
Epidemiology
Consortium. Cancer 2008; 113(7
Suppl): 1953-68.
2. Wrensch M, Minn Y, Chew T, Bondy
M, Berger MS. Epidemiology of
primary brain tumors: current
concepts and review of the literature.
Neuro Oncol 2002; 4(4): 278-99.
3. (2012)CBTRUS Statistical Report:
Primary Brain and Central Nervous
System Tumors Diagnosed in the
United States in 2004-2008. In.
(Central Brain Tumor Registry of the
United States.
4. Fisher JL, Schwartzbaum JA,
Wrensch M, Wiemels JL. Epidemiology
of brain tumors. NeurolClin 2007;
25(4): 867-90, vii.

5. Liao JB. Viruses and human cancer.
The Yale journal of biology and
medicine 2006; 79(3-4): 115-22.
6. Parkin DM. The global health burden
of infection-associated cancers in the
year 2002. Int J Cancer 2006; 118(12):
3030-44.
7. de Martel C, Franceschi S. Infections
and cancer: established associations
and new hypotheses. Crit Rev Oncol
Hematol 2009; 70(3): 183-94.
8.
Amirian
ES,
Scheurer
ME.
Chromosomally-integrated
human
herpesvirus 6 in familial glioma
etiology. Med Hypotheses 2012; 79(2):
193-6.
9. Croul S, Otte J, Khalili K. Brain tumors
and polyomaviruses. J Neurovirol 2003;
9(2): 173-82.
10. Wrensch M, Weinberg A, Wiencke J,
Miike R, Sison J, Wiemels J, Barger G,
DeLorenze G, Aldape K, Kelsey K.
History of chickenpox and shingles and
prevalence of antibodies to varicellazoster
virus
and
three
other
herpesviruses among adults with
glioma and controls. Am J Epidemiol
2005; 161(10): 929-38.
11. Cobbs CS, Harkins L, Samanta M,
Gillespie GY, Bharara S, King PH, Nabors
LB, Cobbs CG, Britt WJ. Human
cytomegalovirus
infection
and
expression in human malignant glioma.
Cancer Res 2002; 62(12): 3347-50.
12. Chan PK, Ng HK, Hui M, Cheng AF.
Prevalence and distribution of human
herpesvirus 6 variants A and B in adult
human brain. J Med Virol 2001; 64(1):
42-6.
13. Crawford JR, Santi MR, Cornelison R,
Sallinen SL, Haapasalo H, MacDonald TJ.
Detection of human herpesvirus-6 in
adult central nervous system tumors:
predominance of early and late viral
antigens in glial tumors. J Neurooncol
2009; 95(1): 49-60.
14. Wrensch M, Weinberg A, Wiencke J,
Masters H, Miike R, Barger G, Lee M.
Does prior infection with varicellazoster virus influence risk of adult
glioma? Am J Epidemiol 1997; 145(7):
594-7.
15. Wrensch M, Weinberg A, Wiencke J,
Miike R, Barger G, Kelsey K. Prevalence
of antibodies to four herpesviruses
among adults with glioma and controls.
Am J Epidemiol 2001; 154(2): 161-5.

Licensee OAPL (UK) 2014. Creative Commons Attribution License (CC-BY)
FOR CITATION PURPOSES: Pundole X, Amirian ES, Scheurer ME. Role of varicella zoster virus in glioma risk: Current
knowledge and future directions. OA Epidemiology 2014 Mar 22;2(1):6.

Competing interests: None declared. Conflict of interests: None declared.
All authors contributed to conception and design, manuscript preparation, read and approved the final manuscript.
All authors abide by the Association for Medical Ethics (AME) ethical rules of disclosure.

Critical review

Page 5 of 5

Critical review

control study. J Allergy Clin Immunol
2010; 126(2): 300-5.
25. Turner MC, Krewski D, Armstrong
BK, Chetrit A, Giles GG, Hours M,
McBride ML, Parent ME, Sadetzki S,
Siemiatycki J, et al. Allergy and brain
tumors in the INTERPHONE study:
pooled results from Australia, Canada,
France, Israel, and New Zealand.
Cancer causes & control : CCC 2013;
24(5): 949-60.
26. Wigertz A, Lonn S, Schwartzbaum
J, Hall P, Auvinen A, Christensen HC,
Johansen C, Klaeboe L, Salminen T,
Schoemaker MJ, et al. Allergic
conditions and brain tumor risk. Am J
Epidemiol 2007; 166(8): 941-50.
27. Davis FG, Al-Alem U. Allergies and
adult
gliomas:
cohort
results
strengthen evidence for a causal
association. J Natl Cancer Inst 2011;
103(21): 1562-3.
28. Sjostrom S, Hjalmars U, Juto P,
Wadell G, Hallmans G, Tjonneland A,
Halkjaer J, Manjer J, Almquist M, Melin
BS. Human immunoglobulin G levels
of viruses and associated glioma risk.
Cancer causes & control : CCC 2011;
22(9): 1259-66.
29. Poltermann S, Schlehofer B,
Steindorf K, Schnitzler P, Geletneky K,
Schlehofer JR. Lack of association of
herpesviruses with brain tumors.
Journal of neurovirology 2006; 12(2):
90-9.
30. Lee ST, Bracci P, Zhou M, Rice T,
Wiencke J, Wrensch M, Wiemels J.
Interaction of allergy history and
antibodies to specific varicella-zoster
virus proteins on glioma risk. Int J
Cancer 2013.
31. Steiner I, Kennedy PG, Pachner AR.
The neurotropic herpes viruses:
herpes simplex and varicella-zoster.
Lancet neurology 2007; 6(11): 101528.
32. Gnann JW, Jr., Whitley RJ. Clinical
practice. Herpes zoster. The New
England journal of medicine 2002;
347(5): 340-6.
33. Ragozzino MW, Melton LJ, 3rd,
Kurland LT, Chu CP, Perry HO.
Population-based study of herpes
zoster and its sequelae. Medicine
1982; 61(5): 310-6.
34. Gilden D, Cohrs RJ, Mahalingam R,
Nagel MA. Varicella zoster virus
vasculopathies:
diverse
clinical

manifestations, laboratory features,
pathogenesis, and treatment. Lancet
neurology 2009; 8(8): 731-40.
35. Wrensch M, Lee M, Miike R,
Newman B, Barger G, Davis R, Wiencke
J, Neuhaus J. Familial and personal
medical history of cancer and nervous
system conditions among adults with
glioma and controls. Am J Epidemiol
1997; 145(7): 581-93.
36. Leske H, Haase R, Restle F, Schichor
C, Albrecht V, Vizoso Pinto MG, Tonn JC,
Baiker A, Thon N. Varicella zoster virus
infection of malignant glioma cell
cultures: a new candidate for oncolytic
virotherapy? Anticancer research 2012;
32(4): 1137-44.

Licensee OAPL (UK) 2014. Creative Commons Attribution License (CC-BY)
FOR CITATION PURPOSES: Pundole X, Amirian ES, Scheurer ME. Role of varicella zoster virus in glioma risk: Current
knowledge and future directions. OA Epidemiology 2014 Mar 22;2(1):6.

Competing interests: None declared. Conflict of interests: None declared.
All authors contributed to conception and design, manuscript preparation, read and approved the final manuscript.
All authors abide by the Association for Medical Ethics (AME) ethical rules of disclosure.

16. Wyburn-Mason R. Malignant
change arising in tissues affected by
herpes. British medical journal 1955;
2(4948): 1106-9.
17. Sorensen HT, Olsen JH, Jepsen P,
Johnsen
SP,
Schonheyder
HC,
Mellemkjaer L. The risk and prognosis
of cancer after hospitalisation for
herpes zoster: a population-based
follow-up study. British journal of
cancer 2004; 91(7): 1275-9.
18. Ho JD, Xirasagar S, Lin HC.
Increased risk of a cancer diagnosis
after herpes zoster ophthalmicus: a
nationwide population-based study.
Ophthalmology 2011; 118(6): 107681.
19. Cotton SJ, Belcher J, Rose P, S KJ,
Neal RD. The risk of a subsequent
cancer diagnosis after herpes zoster
infection: primary care database
study. British journal of cancer 2013;
108(3): 721-6.
20.
Buntinx
F,
Wachana
R,
Bartholomeeusen S, Sweldens K, Geys
H. Is herpes zoster a marker for occult
or subsequent malignancy? The
British journal of general practice : the
journal of the Royal College of General
Practitioners 2005; 55(511): 102-7.
21. Wang YP, Liu CJ, Hu YW, Chen TJ,
Lin YT, Fung CP. Risk of cancer among
patients with herpes zoster infection:
a population-based study. CMAJ :
Canadian Medical Association journal
= journal de l'Association medicale
canadienne 2012; 184(15): E804-9.
22. Davison AJ, Scott JE. The complete
DNA sequence of varicella-zoster
virus. The Journal of general virology
1986; 67 ( Pt 9)(1759-816.
23. Silverberg JI, Kleiman E, Silverberg
NB, Durkin HG, Joks R, SmithNorowitz TA. Chickenpox in childhood
is associated with decreased atopic
disorders, IgE, allergic sensitization,
and leukocyte subsets. Pediatric
allergy and immunology : official
publication of the European Society of
Pediatric Allergy and Immunology
2012; 23(1): 50-8.
24. Silverberg JI, Norowitz KB,
Kleiman E, Silverberg NB, Durkin HG,
Joks
R,
Smith-Norowitz
TA.
Association between varicella zoster
virus infection and atopic dermatitis
in early and late childhood: a case-

