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Abstract Varicella-zoster virus (VZV), an important member
of the Herpesviridae family, is the etiological agent of varicel-
la as primary infection and zoster as recurrence. An outstand-
ing feature is the lifelong viral latency in dorsal root and cra-
nial nerve ganglia. Both varicella and zoster are worldwide
widespread diseases that may be associated with significant
complications. However, there is a broad spectrum of labora-
tory methods to diagnose VZV infections. In contrast to many
other viral infections, antiviral treatment of VZV infections
and their prevention by vaccination or passive immunoprophy
laxis are well established in medical practice. The present
manuscript provides an overview about the basic knowledge
of VZV infections, their laboratory diagnosis, antiviral thera-
py, and the prevention procedures, especially in Germany.

Virus, epidemiology, and infection
Virus

Varicella-zoster virus (VZV) is a member of the genus
Varicellovirus within the subfamily Alphaherpesvirinae and
the family Herpesviridae. Varicella-zoster virus is an
enveloped DNA virus with low environmental resistance and
has a size of 150-200 nm [1]. The viral genome consists of
double-stranded DNA with a length of 125 kb and comprises
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73 genes, 70 of which are unique and three are duplicated. The
icosahedral capsid has 162 capsomers and is surrounded by a
lipid envelope comprising of host cell components and virus-
encoded glycoproteins. Between the nucleocapsid and the en-
velope, the tegument is located as a protein layer. The virus
binds via glycoproteins to cellular receptors like the mannose-
6-phosphate and penetrates the cellular membrane thereafter.
As with all herpesviruses, the viral replication is a complex
cascade-adjusted process with sequential expression of «, f3,
and y genes, mainly taking place within the cellular nucleus.
Varicella-zoster virus has only one serotype. Despite a pro-
nounced genetic homogeneity, there are nucleotide polymor-
phisms within the VZV genome leading to the classification
of five major clades after whole genome sequencing, showing
different geographical distributions [2]. The VZV DNA has
numerous sequence homologies with the herpes simplex virus
(HSV) genome. This fact has to be considered if primers are
selected for the diagnostic amplification of viral DNA.
Likewise, serological cross-reactions with HSV are also of
diagnostic relevance, most likely reflecting common antigenic
determinants of viral glycoproteins.

Epidemiology

Varicella-zoster virus is distributed worldwide in humans. The
virus is highly contagious and is transmitted predominantly by
airborne droplet infection. In many cases, humans are the
source of infection at the end of the incubation period after
primary infection. Infected individuals excrete the virus via
saliva or conjunctival fluid from two days before the onset
of varicella exanthema. The fluid of skin vesicles is also high-
ly infectious before the lesions are completely encrusted. In
case of zoster, the risk of spreading the infection is significant-
ly lower, since, in most cases, only the vesicle fluid is infec-
tious. While in countries with temperate climate the majority
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of children develop varicella before the age of 10 years, a
relatively small proportion of children in tropical and subtrop-
ical areas have been demonstrated to be VZV-  seropositive,
and varicella has been shown to affect mainly adolescents and
adults [3]. Before the implementation of universal varicella
vaccination in Germany in 2004, VZV seroprevalence
showed a rapid increase during the first decade of life and
reached between 80 % and more than 90 % [4]. Among the
people more than 40 years old, only isolated individuals were
susceptible to VZV. In women of child-bearing age, VZV
seroprevalence is calculated as approximately 95-97 %.
Risk groups for life-threatening primary VZV infections are
seronegative adults, young infants from seronegative mothers,
patients with immunodeficiency, unborn children in case of
maternal varicella during the first 4-5 months of gestation,
and newborns from mothers with varicella infections shortly
before or after delivery. There is an increased risk of zoster in
elderly people, immunodeficient patients, and children after
varicella during pregnancy or the first year of life. Studies for
VZV genotyping have provided new insights into the geo-
graphic distribution and phylogenetic analysis of different
VZV clades. In Europe, the European clades 1 and 3 are dis-
tributed, but the African clade 5 also occurs due to increasing
migratory movements. Clade 2 represents the dominant clade
in Asia, and clade 4 has rarely been observed on different
continents until now [5].

Latency

Varicella-zoster virus is cytopathogenic during productive in-
fection. However, after primary infection, it can establish la-
tency in ganglion cells. Following centripetal axonal transport,
circular viral DNA persists in neurons of dorsal root and cra-
nial nerve ganglia, where it can remain quiescent for years or
even decades, respectively. From there, viruses may be
reactivated and may cause recurrent infections, called zoster,
after centrifugal transport via nerve axons. The cumulative
incidence of VZV reactivations leading to zoster increases
significantly in older people [6], since waning VZV-specific
cell-mediated immunity is an important contributor to suscep-
tibility to zoster [7]. Asymptomatic recurrent infections may
occur, but their prevalence is unknown. During latency, there
is evidence for a restricted transcription of the VZV genome,
and immediate early as well as early proteins from several
open reading frames (ORF 4, 21, 29, 62, and 63) can be
detected in human neurons. In particular, the expression of
OREF 63 is a characteristic marker of VZV latency [8]. While
the viral gene products occur exclusively in the cytoplasm of
neurons during latency, they can also be detected in cell nuclei
during virus reactivation. Currently, it is assumed that there is
a continuous but low-level viral replication under immunolog-
ic control during VZV latency [9]. A reduction of the immune
response as in older people or immunocompromised patients
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may lead to viral reactivation. It is also conceivable that the
cytoplasmatic restriction of viral proteins prevents the DNA
replication in cell nuclei. Recurrent infections might be trig-
gered by the abolition of this restriction, followed by the acti-
vation of virus replication in the nucleus and virus cell-to-cell
transmission.

Pathogenesis

During primary infection (incubation period 10-21 days),
VZV invades the body through the mucous membranes of
the upper respiratory tract and undergoes the first phase of
replication in the regional lymph nodes. It follows a primary
lymphocyte-associated viremia 4—-6 days post infectionem
(p-1.). By doing so, the virus infects peripheral blood mono-
nuclear cells, followed by a secondary viremia 10-14 days p.i.
disseminating the virus to the skin [10]. Infection spreads from
the endothelial cells of the skin capillaries to the epithelial
cells and initiates a local inflammatory response with the for-
mation of vesicles by the accumulation of tissue fluid. After
fusion of infected cells, multinucleated giant cells with eosin-
ophilic inclusion bodies arise. A recurrent infection occurs
always after endogenous reactivation of VZV that establishes
lifelong latency after primary infection.

Diseases
Varicella/chickenpox

In more than 95 %, the primary VZV infection results in var-
icella [11]. In temperate climates, the disease peaks during
winter and early spring. Local epidemics can occur at intervals
of 3—4 years. Before the universal varicella vaccination was
introduced, approximately 750,000 varicella cases per year
were observed in Germany [12]. The clinical pictures range
from harmless varicella during childhood to severe courses in
immunodeficient patients of all age groups. Without pro-
dromes, the disease begins suddenly with an itchy rash and,
in one-third of patients, with moderate fever. Varicella exan-
thema is characterized initially by pinhead to pea-sized
erythematous macules developing consecutively to pap-
ules, water-clear vesicles, yellowish pustules, and crusts.
During uncomplicated courses, the lesions heal without
any scars. Since areas of new lesions appear over a range
of 4-5 days, there are always different stages of exanthema
simultaneously. These result in the picture of a “starry sky”
and are a characteristic feature for the differential diagnosis
of varicella. As a rule, the contagiosity of varicella ends
approximately 5—7 days after the onset of exanthema with
complete crusting of skin vesicles. After about 2 weeks,
the exanthema is completely healed.

Varicella complications have rarely been observed in im-
munocompetent preschool children [13]. However, the
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disease is a special risk for patients with impaired cellular
immune function, e.g., patients with oncological diseases, or-
gan or bone marrow transplantation, autoimmunopathies, con-
genital immune defects, or individuals infected with the hu-
man immunodeficiency virus [14]. The most common com-
plications are those attributable to secondary bacterial infec-
tions, and neurological and hematological manifestations. In
addition, varicella during pregnancy is associated with a high
risk of maternal pneumonia and congenital transmission of the
virus, leading to severe fetal sequelae [15]. Varicella pneumo-
nia has been considered the most important complication in
pregnant women. After varicella infection between 5 and 24
gestational weeks, a congenital varicella syndrome with 30 %
mortality can be expected in 1-2 % of the cases. The main
clinical symptoms are segmental cicatricial skin lesions, neu-
rological diseases, eye diseases, and limb hypoplasia. In case
of maternal varicella between 5 days before and 2 days after
delivery, there is a high risk of virus transmission to the infant
by transplacental, contact, or droplet infection. Since these
infants have not yet acquired protecting maternal antibodies,
generalized neonatal varicella with fatal outcome may arise in
up to 20 % of the cases when the disease is not treated with
acyclovir.

The repeated occurrence of varicella, so-called secondary
varicella, is almost exclusively observed in patients with im-
paired cellular immune response. In immunocompetent peo-
ple, exogenous reinfections mostly show an asymptomatic
course [16]. Breakthrough diseases can be considered as a
new form of varicella caused by the wild-type virus and oc-
curring at the earliest at 42 days after single varicella vaccina-
tion. The prevalence has been calculated as 4 (=9) % of the
persons vaccinated annually [13]. Most breakthrough diseases
are very mild. With less than 50 skin lesions and only
maculopapular lesions in about 50 % of the cases, the infec-
tivity is relatively low and there is also only a low or even no
risk for complications at all [17].

Herpes zoster/shingles

Herpes zoster, also referred shortly as zoster, always reflects a
recurrent VZV infection after endogenous virus reactivation.
In Germany, zoster prevalent with more than 400,000 cases
per year is one of the most common viral skin infections
(neurocutaneous disease) [18]. The study group for varicella
at the Robert Koch-Institut (Berlin, Germany) has reported an
increasing frequency of zoster, especially in people aged over
50 years, during the last several years [19]. However, this
trend began before the universal varicella vaccination was
recommended in 2004.

Zoster is preceded by a prodromal phase consisting of un-
characteristic mild general symptoms for 2—5 days. Typical
symptoms are burning pains and/or sensory disturbances in
the area of one to three adjoining dermatomes. The disease

begins with skin erythema, followed by characteristic grouped
papules developing to vesicles. The formation of skin vesicles
lasts for 1-5 days. Afterwards, the vesicles dry out over 7—
12 days, and zoster has healed in immunocompetent persons
after 24 weeks. By contrast, the disease can follow a chronic
course accompanied by skin lesions persisting for months and
occurring repeatedly in immunodeficient patients. Zoster is
predominantly localized in thoracic skin regions. With in-
creasing age, the innervation areas of the trigeminal nerve
are affected. In immunocompromised patients, zoster disease
is more severe and more frequently associated with complica-
tions in principle. The most important complications of zoster
are neurological manifestations, hemorrhagic and necrotic
skin changes, bacterial superinfections, disseminations of in-
fection, and inclusion of eyes or ears [20]. Due to zoster
ganglionitis, accompanying meningitis can occur. Pains last-
ing longer than 4 weeks and occurring again after a pain-free
interval are designated as postzosteric neuralgia caused by an
irreversible necrosis of ganglion cells. Risk factors are ad-
vanced age, dermatome-associated pain during prodromal
phase, female sex, more than 50 efflorescences in the affected
dermatome, hemorrhagic efflorescences, and manifestations
of cranial or sacral dermatomes [21]. The following possible
pathomechanisms of postzosteric neuralgia are under discus-
sion: peripheral sensitization of nociceptive C fibers followed
by central sensitization of spinal nociceptive neurons, and
degeneration of nociceptive C fibers as a result of inflamma-
tion. Zoster during pregnancy generally does not cause fetal
sequelae.

Laboratory diagnosis
Submission of samples

Varicella-zoster virus-positive samples have to be considered
as dangerous goods of category B, risk group 2, and have to be
shipped according to UN 3373 regulations. To this end, the
primary container containing the patient’s sample must be
shipped with an outer packaging containing adsorbing mate-
rial in a transport box (cardboard box). Shipment is possible at
room temperature, and cooling is only recommended if sam-
ples are intended for virus isolation in cell culture [22].

Detection of virus

Acute VZV infection is diagnosed by detection of the virus
(Table 1). The method of choice is polymerase chain reaction
(PCR) to detect viral genomes in vesicle fluids, cerebrospinal
fluids, tissues, bronchoalveolar lavages, EDTA blood, or am-
niotic fluids [23]. Polymerase chain reaction has specific im-
portance for testing cerebrospinal fluids in case of suspected
acute infections of the central nervous system (CNS) [24], as
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Table 1  Methods for the detection of VZV including viral nucleic acid (DNA)
Principle Method Patient samples
Detection of viral DNA Polymerase chain reaction (PCR) Vesicle content/swab, in 1 ml physiological saline or viral

Viral isolation

Virus detection

Discrimination between wild-type/

Basic diagnostics

Viral growth in cell culture, detection by
monoclonal antibody

Special diagnostics

Immunofluorescence test using monoclonal
antibody

Reduced sensitivity and specificity

PCR, restriction fragment length

transport medium

Cerebrospinal fluid, tissue, bronchoalveolar lavage, EDTA
blood, amniotic fluid

Vesicle content in viral transport medium with special swab,
tissue, bronchoalveolar lavage

Transport under cooling (2-8 °C)

Cell-rich vesicle content in viral transport medium with
special swab, tissue

Vesicle content in viral transport medium with special swab,

vaccine strains, genotyping
Special diagnostics

polymorphism analysis, sequencing

tissue, cerebrospinal fluid, viral isolate

well as for testing amniotic fluids within prenatal diagnostics
after varicella during pregnancy [22]. In immunosuppressed
patients with zoster, detection of VZV DNA in blood may be
helpful to verify the potential risk for dissemination of infec-
tion. Isolation of VZV is only possible in a few cell types, such
as human embryonic fibroblasts. This procedure is time-con-
suming, requires a high degree of experience, and has no
clinically relevant sensitivity. In most cases, only vesicle
fluids containing high virus load are suitable for viral isola-
tion. For successful viral isolation, an early and careful pro-
curement as well as optimal transport of samples are essential.
Identification of viral isolates is carried out properly by im-
munofluorescence using monoclonal fluorescein-labeled anti-
body. Direct qualitative detection of VZV antigens by the use
of commercial detection systems may provide results within a
few hours, but is characterized by reduced sensitivity and
specificity. For the interpretation of results, it must be remem-
bered that methods for direct detection of VZV, including
nucleic acids or antigens, do not allow any differentiation
between primary and recurrent infection. Discrimination be-
tween VZV wild-type and vaccine strains can be performed
by restriction fragment length polymorphism analysis and se-
quencing (genotyping), respectively [25, 26].

Detection of antibodies

Serological VZV diagnosis (Table 2) is especially indicat-
ed if susceptible persons have to be identified to initialize
active or passive immunoprophylaxis. Because of the high
rates of seroconversion, the determination of antibody sta-
tus is not necessary after varicella vaccination in healthy
children, adolescents, and adults. By contrast, the control
of immune status is recommended for immunodeficient
vaccinees and healthcare workers [27]. In the daily labo-
ratory practice, ligand assays or partial immunofluores-
cence tests are common for the determination of VZV-
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specific IgG antibodies. Regardless of the test used, each
result interpreted as anti-VZV IgG-positive by the respec-
tive laboratory can be used as criterion for immunity
against varicella. Individuals with borderline findings
should be classified as “not immune*. Commercially
available test kits differ with respect to sensitivity, so that
very low antibody titers are not recognized. Therefore,
highly sensitive tests such as special glycoprotein
enzyme-linked immunosorbent assays (ELISAs) or the
fluorescence antibody to membrane antigen (FAMA) test
should be used to control immune status after varicella
vaccination and for vaccine studies [28, 29]. The labora-
tory diagnosis of VZV primary infection (varicella) can be
realized by the determination of VZV IgG seroconversion.
To this end, there is a need to obtain sequential blood
samples, of which the initial sample has to be anti-VZV
IgG-negative. Anti-VZV IgM will be detectable, usually
in combination with anti-VZV 1IgG, at the earliest from
the fourth day after the onset of disease. Even though
anti-VZV IgM is commonly used in practice to confirm
active VZV infection, it has to be kept in mind that IgM
antibodies will be detectable with significant delay after
the onset of varicella exanthema and only in maximally
50-60 % of patients with zoster [23]. In addition, numer-
ous commercial VZV IgM immunoassays have a reduced
sensitivity and may show false-positive results caused by
cross-reactions with other herpesviruses, in particular with
HSV [15]. Especially in case of positive anti-VZV IgM
without virus detection in pregnant women, false-positive
test results should be excluded by repeating the test and
the use of alternative test kits [22]. Anti-VZV IgA may be
determined frequently in persons infected latently with
VZV, but high titer values exclusively correlate with zos-
ter disease. Intrathecal VZV-specific IgG antibodies may
be of significance for the retrospective diagnosis of VZV-
associated CNS infections [24]. Determination of VZV
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Table 2 Methods for the

Remarks

determination of VZV-specific Method
antibodies
Ligand assays (ELISA,
chemiluminescence immune
assay, etc.)

Indirect fluorescence antibody
test (IFAT)

Fluorescence antibody membrane
antigen (FAMA) test

VZV IgG avidity (ELISA or IFAT)

Neutralization test

Determination and differentiation of Ig classes (IgG, IgM, IgA) in serum,
plasma, and cerebrospinal fluid, based on whole viral antigen of
VZV-infected cell cultures or viral glycoproteins

Simple performance, commercially available, automated
Basic diagnostics

Determination and differentiation of Ig classes (IgG, IgM, IgA) in serum,
plasma, and cerebrospinal fluid

Simple performance, commercially available, requires experience for
evaluation

Basic diagnostics

Determination of antibodies against VZV glycoproteins in serum,
reference test for determination of immunity

Special diagnostics

Differentiation between primary infection (varicella) and recurrent
infection after virus reactivation (zoster)

Special diagnostics

Determination of antibodies against VZV glycoproteins in serum, good
correlation with FAMA test

Special diagnostics

IgG avidity allows the differentiation between primary
(varicella) and recurrent infections (zoster), but there is
only limited experience in this capacity [30].

Antiviral therapy
Antiviral agents in clinical use

Replication of VZV in infected cells can be blocked by
the administration of antiviral agents. An early adminis-
tration, especially in zoster, may reduce the damage of
tissue, and, thus, the destruction of affected ganglion cells
can be diminished or even prevented. Primarily, the acy-
clic nucleoside analogs acyclovir, including its prodrug
valaciclovir, famciclovir (prodrug of penciclovir), and
the cyclic nucleoside analog brivudin [(E)-5-(2-
bromovinyl)-2'-deoxyuridine, BVDU] are available for
the antiviral treatment of VZV infections (Table 3). The
specificity of antiviral activity is based on the fact that
these inhibitors are phosphorylated by the viral thymidine
kinase (TK) to their mono- (acyclovir, penciclovir) or di-
phosphates (brivudin), while the further phosphorylation
steps to the triphosphate are catalyzed by cellular en-
zymes. Thus, the spectrum of activity is defined by the
presence of the key enzyme, the viral TK. The triphos-
phates of the nucleoside analogs inhibit and fix the viral
DNA polymerases (pol) and are incorporated as “false”
substrate into the growing DNA chain. In case of acyclo-
vir/valaciclovir, this results in chain termination due to the
absence of the hydroxy group in the 3’ position essential

for further linking. In other nucleoside analogous com-
pounds, their incorporation into DNA is possible.

Acyclovir

Acyclovir is the standard therapeutic agent for the antivi-
ral treatment of VZV infections. However, it should be
considered that the oral bioavailability is only 15-30 %.
Varicella in risk patients and zoster disease in immuno-
competent patients can be treated orally. In severe VZV
infections, especially in immunodeficient patients, acyclo-
vir has to be administered intravenously (i.v.). After i.v.
administration of acyclovir, side effects on the CNS have
been observed occasionally, whereas the oral medication
can be associated with gastrointestinal side effects.
Substances with kidney toxicity should not be combined
simultaneously with acyclovir. Laboratory kidney and liv-
er parameters have to be monitored.

Valaciclovir

The prodrug (L-valyl ester) of acyclovir is administered orally.
After oral uptake, valaciclovir is converted into acyclovir by a
hepatic enzyme, the valaciclovir hydrolase. Valaciclovir has
an oral bioavailability of 54 %, resulting in three to four times
higher drug concentrations than after oral uptake of acyclovir.
The consequences are longer dosing intervals and a better
compliance. The administration of valaciclovir is approved
for the antiviral treatment of zoster in immunocompetent
adults. Valaciclovir is not approved for antiviral treatment
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Table 3 Antiviral drugs against

VZV in clinical use Antiviral drugs Administration Indication
Acyclovir iv. Severe and generalized VZV infections, zoster under
immunosuppression
Orally Zoster, varicella in risk patients
Valaciclovir® Orally Zoster
Famciclovir® Orally Zoster
Brivudin Orally Zoster
Foscarnet Lv. VZV infections caused by TK-negative VZV strains

 Prodrug of acyclovir administered orally

® Prodrug of penciclovir administered orally

during childhood and adolescence. Possible side effects are
similar to those after medication of acyclovir.

Famciclovir

Famciclovir is the inactive diacetyl ester prodrug of
penciclovir, arising by the separation of two ester groups in
the small intestine and liver. Penciclovir is an acyclic nucleo-
side analog (exchange of the ether oxygen atom in the acyclic
side chain by a methyl bridge) derived from ganciclovir. The
oral absorption of penciclovir is very low. That is why this
drug is only used for the topic antiviral treatment of local HSV
infections. After oral administration, famciclovir has a bio-
availability of 77 %. It is used for antiviral therapy of zoster
in immunocompetent adults and immunosuppressed patients
from the age of 25 years. Similar to valaciclovir, famciclovir is
not approved in childhood and adolescence. In rare cases, the
taking of famciclovir can lead to headaches, mental confusion,
and nausea.

Brivudin

The cyclic nucleoside analog brivudin is converted to its
mono- and diphosphate by the viral TK. Brivudin is adminis-
tered orally and has a bioavailability of approximately 40 %. It
is used for the antiviral treatment of zoster in immunocompe-
tent adults. Since the safety profile is unknown due to the lack
of studies, brivudin is not approved for antiviral therapy in
children and adolescents. Therefore, the risk—benefit ratio
should be examined carefully before the agent will be used
in children and adolescents, and the parents have to be in-
formed (off-label use). In principle, brivudin is well tolerated.
Nevertheless, gastrointestinal disturbances, impairment of re-
nal function, increasing of liver enzymes, and reversible
changes of blood count may occur. A simultaneous adminis-
tration of 5-fluorouracil or other 5-fluoropyrimidines results in
an enhanced and possibly dangerous toxicity.
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Foscarnet (trisodium phosphonoformate)

The pyrophosphate analog foscamet inhibits the viral DNA
pol of numerous DNA and RNA viruses by the prevention of
pyrophosphate exchange. Since foscarnet is not required to be
metabolized for its antiviral activity, it also has an effective-
ness against TK-negative VZV strains that are resistant to
nucleoside analogs. For this reason, foscarnet is recommended
for alternative antiviral treatment when there is a suspected
clinical resistance to acyclovir, especially in rare cases of im-
munosuppressed patients with severe zoster courses.
Disturbances of renal function and toxic caused ulcers of uro-
genital mucosa have to be considered as important side effects
of foscarnet.

Development of resistance

The resistance of VZV against antiviral drugs such as acyclo-
vir or foscarnet occurs rarely and has only been described in
the literature in immunodeficient patients suffering from zos-
ter, e.g., in the acquired immune deficiency syndrome or un-
der immunosuppression due to cancer diseases or transplanta-
tion [31-33]. For the development of resistance, the impaired
immune response and long-term administration of drugs in the
context of antiviral treatment or chemoprophylaxis are of cru-
cial significance. The weakened immune response leads to a
longer virus replication, and resistant virus mutants can occur
more often by an increased number of natural spontaneous
mutations. Resistant viruses are selected under antiviral treat-
ment and cannot be eliminated by the impaired immune re-
sponse [34]. Generally, resistances are associated with non-
synonymous mutations localized within the gene of the re-
spective target molecule or within the gene of proteins respon-
sible for the metabolization or the effectiveness of antiviral
agents. For acyclovir and related nucleoside analogs, resis-
tance is based almost exclusively on non-synonymous muta-
tions of the TK gene (UL36) and rarely, mostly in connection
with resistance against foscarnet, on amino acid (aa) changes
in the DNA pol gene (UL28) [35]. In contrast to TK, which is
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not required for the replication of VZV, the DNA pol is an
essential enzyme within the viral replication cycle. According
to previous findings, VZV strains resistant to acyclovir due to
mutations in the TK gene are always cross-resistant to
brivudin [33]. To date, there are only a few studies in the
literature in which the significance of TK and DNA pol mu-
tations was verified by phenotypic findings. The main reason
for this is that VZV can only be isolated rarely in cell culture
from patient samples, at best, from the content of vesicles.

Thymidine kinase gene

The thymidine kinase gene has a size of 1026 bp and is coding
for 342 aa. This gene contains two conserved regions: one
nucleotide (adenosine triphosphate)-binding site (aa 12-29)
and one nucleoside (substrate)-binding site (aa 129-145).
Contrary to TK of HSV-1 and HSV-2, only a low number of
natural polymorphisms have been identified in the VZV TK,
but it is important to differentiate each of them from resistance
mutations [33]. Compared to the VZV strain Dumas
(GenBank accession no. X04370.1, clade 1), which is fre-
quently used as a reference, all European wild-type strains
comprise the aa polymorphism Serine288Leucine.

Comparably with HSV [36], the resistance mutations of the
VZV TK gene are assigned to three phenotypes:

* TK negative (TK—, no TK activity detectable, occurs most
frequently)

* TK reduced (TKr, diminished TK activity, 1-15 % of
normal activity)

+ TKaltered (TKa, altered TK substrate specificity, no phos-
phorylation of acyclovir and other nucleoside analogs)

Resistance to acyclovir may be caused by stop codons,
frameshifts (deletions or insertions), or aa substitutions inside
and outside of conserved gene regions. Since only a few val-
idated resistance mutations have been reported in the literature
to date, novel or unknown mutations must always be expected
when clinically or phenotypically resistant VZV strains are
analyzed genotypically.

DNA polymerase gene

This gene, with a size of 3585 bp, is coding for 1195 aa. There
are eight conserved regions with designations I to VII and A.
Similar to the TK gene, only a small number of natural poly-
morphisms have been reported for DNA pol [33]. Resistance-
related aa substitutions are localized mostly in conserved
gene centers. So far, little research has been done on natu-
ral polymorphisms and resistance mutations of the VZV
DNA pol gene.

Resistance testing

In case of VZV infections, an antiviral treatment failure is
assumed if there are no clinical improvements detectable dur-
ing the administration of the antiviral medication, mostly acy-
clovir within 10 (=21) days [32, 35, 37]. This means that there
is reason to suspect resistant viral strains. In these cases, an
alternative treatment with foscarnet is indicated. In parallel,
genotypic resistant testing and, if a viral isolate can be
established in cell culture, phenotypic resistant testing should
be carried out. Because of the high expenditure of time (at
least 3 weeks), the phenotypic resistance testing has mostly
no clinical relevance, but the procedure can help to character-
ize novel mutations or gene variations which are, so far, un-
clear with respect to their significance for any resistance.

Phenotyping

Phenotyping has been considered as the gold standard for
resistance testing of VZV, but it is mostly not feasible since
the VZV isolation in cell culture has low sensitivity. The
plaque reduction assay has been established as the method
of choice [33]. After adding the antiviral compound to be
tested in descending dilution series, the 50 % effective con-
centration (ECs) is estimated, inducing a 50 % inhibition of
viral replication. For the evaluation of possible resistance, a
susceptible VZV reference strain has to be tested in each ex-
periment as a control. It is a crucial advantage that phenotyp-
ing allows an unambiguous interpretation of the results.
However, the procedures used are time- and material-consum-
ing, as well as non-standardized. In practice, phenotypic resis-
tance testing can only be realized if swabs can be obtained
from vesicle fluids from which the virus can be isolated in cell
culture. For interpretation of the results, the most common and
reliable procedure for nucleoside analogs is to classify VZV
strains as resistant if the mean ECsy measured is three to five
times higher than the corresponding value of the sensitive
control strain [38]. For resistance to foscarnet, ECs, values
>300 uM have been proven to be sound [39].

Genotyping

By analogy with HSV, genotyping resistance testing of VZV
is performed by means of amplification and sequencing TK
and DNA pol genes [36, 40]. For the identification of non-
synonymous mutations, sequence data must be compared with
the published sequences of a susceptible reference strain avail-
able in the GenBank (e.g., VZV strain Dumas, accession no.
X04370.1). The advantage of genotyping is a considerably
shorter delay (approximately 2 days) in comparison to pheno-
typing and the direct testing of patient samples. The restricted
quantity of viral DNA may have a limiting effect. A great
disadvantage is the fact that there is only little information
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available about assured resistance-associated aa substitutions.
That is why only stop codons or frameshift mutations can be
interpreted without doubt in relation to resistance. In addition,
the analysis of genotypic resistance may be difficult when a
mixture of viral strains with different genotypes is present.
Therefore, it is a problem in clinical practice to define a ques-
tionable resistance of VZV strains on the basis of genotyping
results alone. Recently, it has become apparent that phenotyp-
ic testing of recombinant VZV isolates is the best method to
validate the significance of mutations for any resistance [41].

Prevention
Prevention of varicella by vaccination

All available varicella vaccines are live attenuated vaccines
and based, with exception of one non-Oka vaccine
(Suduvax™, Green Cross, South Korea) [42], on the VZV
Oka strain [43]. This virus strain (parental Oka, pOka) was
isolated in the early 1970s from the vesicle fluid of a 3-year-
old child with varicella whose surname Oka was used for the
designation of this strain [44]. Varicella vaccines induce both
humoral as well as T cell immunity. The seroconversion rate
has been used as criterion for the assessment of vaccine im-
munity, which means the presence of anti-VZV IgG 6—8 weeks
post-vaccination in persons being seronegative pre-vaccina-
tion. In healthy persons, the rate of seroconversion has been
calculated to be more than 95 % after a single vaccine dose
and 98-99 % after two doses, whereas in risk patients, the
rates amount to 80-90 % [13, 45, 46]. However, the clinical
effectiveness has been estimated to be partly lower, depending
on the time period post-vaccination [47, 48]. In summary,
vaccine efficacy ranged, in healthy children, from 80 to
97 % and from 93 to 96 % for the first and the second doses,
respectively. After universal varicella vaccination was imple-
mented in the United States in 1995 [49], the incidence of
varicella was reduced by 90 % up to the year 2008 [50].
With regard to all age groups, the incidence of varicella de-
creased to 71-84 % until the year 2000, and hospitalizations
due to varicella declined by three to four times [51]. In the
monitored regions, the average immunization rates in children
amounted to approximately 80 %. The pronounced herd im-
munity also led to the reduction of varicella incidence in un-
vaccinated persons. Studies suggest that the vaccine-induced
antibodies persist for decades in a high percentage of the vac-
cinees [52, 53]. As a consequence of decreasing or insufficient
immunity after vaccination, a breakthrough disease may occur
in case of massive virus exposure. Despite the high rates of
immunization in the United States, varicella outbreaks in
schools and day care centers, as well as breakthrough diseases
in vaccinated persons, have been reported [54, 55]. It was
noted that there is only sufficient protection if the varicella
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vaccine is given twice. This knowledge has led to the intro-
duction of a two-dose vaccination scheme for the administra-
tion of varicella vaccines [56]. A shift of varicella to higher
age is not to be expected in connection with immunization
rates, which are comparable to Germany. Reservations against
the varicella vaccination are mostly justified by the scenario
that a decline of varicella incidence may result in a decreased
circulation of wild-type viruses, and, thereby, older people fall
ill with zoster. In the United States, an impact of varicella
vaccination on the incidence of zoster could not be observed
in adults [57]. However, it has been shown that zoster is 3 to
12 times rarer in children vaccinated against varicella than in
unvaccinated children [58, 59]. The disease tends to a clini-
cally milder course, and the exanthema is frequently found
anatomically close to the previous injection site of the vaccine.
In rare cases, the varicella vaccine virus may cause zoster in
previously vaccinated persons [60].

In July 2004, the universal varicella vaccination has been
included in the vaccination schedule for all children and ado-
lescents in Germany [61]. Up to 2011, the immunization rates
increased to nearly 70 % [62]. Initially, a single vaccination
using monovalent varicella vaccines was recommended for
children aged between 1 and 13 years. Since 2009, the recom-
mendation of the Standing Committee on Vaccination at the
Robert Koch Institute (STIKO, Berlin, Germany) addresses a
two-dose schedule as standard for varicella vaccination [63].
In subsequent years, this recommendation has been imple-
mented without any reduction in immunization rates [62].
The first dose is administered at the age of 11-14 months,
either simultaneously combined with the first measles—
mumps—rubella (MMR) vaccination or, at the earliest, 4 weeks
after that. Alternatively, a combined measles—mumps—rubel-
la—varicella (MMRYV) vaccine can be used. The second dose
of varicella vaccination is recommended at the age of 15—
23 months. Since an increased risk of febrile seizures has been
observed after the first vaccination using the combined
MMRYV vaccine [64], a separate administration of MMR vac-
cine on the one hand and the varicella vaccine on the other
hand has to be preferred according to the information current-
ly available. For unvaccinated 5- to 17-year-olds without var-
icella history, a catch-up vaccination using two-dose varicella
or MMRYV vaccination is recommended. The minimum time
between two doses of the varicella or MMRYV vaccine should
be 4-6 weeks. The varicella vaccine is recommended as indi-
cation immunization for all persons summarized in Table 4.
Currently, the monovalent varicella vaccines Varilrix® from
the manufacturer GlaxoSmithKline and Varivax® from
Aventis Pasteur MSD, as well as the quadrivalent MMRV
vaccine Priorix-Tetra® from GlaxoSmithKline, are available
in Germany. All vaccines are administered subcutaneously.
After contact with risk persons, the recommendations advise
the varicella vaccination as post-exposure prophylaxis for
non-vaccinated persons without varicella history [65]. The
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Table 4 Indication immunizations against varicella [65]

Indication Persons Remarks

Generally Seronegative women who want children Special hints for vaccination in patients under

Medically 1. Seronegative patients before planned immunosuppressive therapy ~ immunosuppressive therapy without VZV-specific antibodies

or organ transplantation
2. Susceptible patients with severe neurodermatitis
3. Susceptible persons with close contact to 1 and 2

Professionally 1. Seronegative personnel in health services, especially in pediatrics,

should be taken into account

Two doses of varicella vaccine

“Susceptible persons” means: no vaccination and no varicella
history or, in case of serologic testing, an anti-VZV IgG-
negative result

oncology, gynecology/obstetrics, intensive care, and care of

immunodeficient persons

2. Seronegative personnel (new employees) in joint institutions for

preschool age

vaccination should be provided within 3 days after the onset of
exanthema in the index case or within 5 days after contact with
the index case. Sentinel results of the working group
“Varicella” at the Robert Koch Institute show a decline of
varicella incidence by 80-90 % up to 2012 [19], whereby all
age groups have been affected. However, such age groups, for
which the vaccine recommendations are applicable (1-4-year-
olds) or the vaccination is highly effective (5-9-year-olds), are
mostly affected. Importantly, infants susceptible for varicella
benefit from herd immunity as well.

Important contraindications of varicella vaccination are in-
tensive immunosuppressive therapy and pregnancy, including
the period 4-6 weeks before a planned pregnancy. However,
according to the present state of knowledge, there is no iden-
tifiable risk for prenatal malformations if varicella vaccination
is performed accidentally during or shortly before pregnancy
[66]. In very rare cases, transmission of vaccine virus from
immunocompetent vaccinated individuals to susceptible con-
tact persons has been reported [67]. This is, in principle, pos-
sible if the vaccinee develops exanthema with vesicles. By
contrast, there may be a higher risk for virus transmission in
immunodeficient patients suffering from varicella caused by
the vaccine virus. Thus, individuals with risk for severe vari-
cella, including pregnant women and newborns from mothers
without varicella history, should avoid contact with vaccinees.
However, the pregnancy of a mother is not considered as a
contraindication for the vaccination of her unprotected child
[68]. Following varicella vaccination, side effects such as red-
ness and swelling at the injections site in approximately 4 %
and pains at the injection site may occur in about 20 % of the
vaccinees [66]. Among vaccinated children, 3—5 % develop
skin efflorescences localized at the injection site. In a further
3-5 % of children, less pronounced varicella-like exanthemas
caused by the vaccine virus can occur 2—6 weeks after vacci-
nation, but adolescents and adults are affected twice as fre-
quently as children. Varicella-like exanthemas within 2 weeks
after vaccination are mostly caused by wild-type virus infec-
tions. Exanthemas occurring later are generally related to the
vaccine virus. An unintentional vaccination of seropositive

persons is not associated with an increasing number of side
effects.

Passive immunoprophylaxis of varicella

Passive VZV immunoprophylaxis using varicella-zoster
immunoglobulin (VZIG) may prevent the onset of vari-
cella or weaken substantially the course of disease.
Therefore, the administration of VZIG has been recom-
mended for susceptible risk patients after exposure to var-
icella or zoster. This includes the following groups of
individuals [65]:

* Unvaccinated pregnant women without varicella history

* Immunodeficient patients whose immune status to varicel-
la is unknown or negative

*  Newborns whose mothers develop varicella within 5 days
before and 2 days after delivery

* Premature infants from 28 weeks gestation, whose
mothers have no immunity, after exposure during the neo-
natal period

* Premature infants younger than 28 weeks gestation after
exposure during the neonatal period, regardless of the ma-
ternal immune status

If non-vaccinated pregnant women without varicella
history are immunized passively, it has to be considered
that the main reason for the administration of immuno-
globulin is to protect pregnant women against varicella
with a severe course. To date, there is no evidence that
this cost-intensive approach prevents the spread of fetal
disease in the form of congenital varicella syndrome [69].
However, one should be aware that the administration of
VZIG is the only chance to prevent the congenital vari-
cella syndrome after viral exposure of an unprotected
woman during the first 20 weeks of gestation.

An important precondition to expect an effectiveness of
passive immunoprophylaxis is the timely administration of
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VZIG within 3 days and maximally 10 days after beginning
the exposure [65]. An “exposure” has been defined as:

*  One hour or longer together with infectious person in one
room,

» face-to-face contact or

* household contact.

For administration and dosing of VZIG, the manufacturers’
instructions have to be observed. If appropriate, the post-
exposure administration of VZIG can be combined with anti-
viral chemoprophylaxis.

Prevention of zoster by vaccination

The age-dependent increase of zoster incidence is correlated
with the decrease of specific T cell immunity [70]. Therefore,
attempts have been made to stimulate the specific cellular
immunity in elderly people and, thus, to allow the prevention
of zoster. Inspired by the success of varicella vaccine, a zoster
vaccine containing an at least 14 times higher concentration of
the vaccine virus has been developed. It could be shown in a
large study that the vaccination of adults may result in a re-
duction of incidence and severity of zoster by approximately
50 %, as well as the frequency of postzosteric neuralgia by
67 % [71]. According to the present information, protective
immunity persists for at least 7 years. The vaccine is well
tolerated. Side effects have to be expected only as local reac-
tions at the injection site, such as redness, swelling, pain, and
touch sensitivity. Under the trademark Zostavax®, the first
vaccine for the prevention of zoster and postzosteric neuralgia
was approved in 2006 in Europe for persons from the age of
50 years. Sanofi Pasteur MSD (Lyon, France) is the holder of
the European marketing authorization. The vaccine is admin-
istered subcutaneously as a single dose [72]. As for all live
vaccines, the zoster vaccine is contraindicated for immuno-
suppressed patients and pregnant women. The vaccine can
be given simultaneously with the inactivated influenza vac-
cine, whereas it should not be administered simultaneously
with the Pneumococcus vaccine. Zostavax® has been avail-
able in Germany since September 2013. Even though the zos-
ter vaccination is a part of the public vaccination recommen-
dations in the German states Saxonia, Thuringia, and
Mecklenburg-Western Pomerania, the recommendation by
the STIKO is still pending. Accordingly, the zoster vaccina-
tion is no an affordable service of the health insurance.
Recently, a second zoster vaccine has been developed on the
basis of VZV glycoprotein E [73], being of fundamental sig-
nificance for the development of VZV-specific immunity. An
adjuvant based on liposomes serves as an amplifier of immu-
nity. The first results of clinical trials refer to an excellent
effectiveness in persons aged 50 years and over.
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