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Abstract

Objectives: To present an up-to-date review of studies investigating the efficacy, adverse events and
vaccination regimens of the varicella vaccine and the new presentation combined with the vaccine for measles,
mumps and rubella.

Sources of data: Bibliographic review of the MEDLINE and LILACS databases covering the period 1999 to 2006.

Summary of the findings: The varicella vaccine protects 70 to 90% of immunized children against any form
of varicella zoster infection, but the efficacy against severe forms is higher (95 to 98%). This is a well-tolerated
vaccine that causes few reactions. Since the vaccine was licensed, there have been three confirmed cases of
transmission of the vaccine virus by domestic contacts to previously healthy people, who went on to develop mild
disease. Despite evidence that the protection offered by this vaccine can wane over a number of years, it is not yet
possible to state that a second dose is warranted, bearing in mind exposure to wild virus. After universal vaccination
the chances of natural stimulation should drop and it is very probable that booster doses will become necessary.
A measles, mumps, rubella, and varicella vaccine has recently been licensed that combines vaccines for measles,

REeEVIEW ARTICLE

mumps, rubella and varicella in a single product with high rates of seroconversion.

Conclusions: The Brazilian Society of Pediatrics recommends the varicella vaccine for children from 1 year on.
We hope that the measles, mumps, rubella, and varicella vaccine will soon be available in Brazil, since combined

vaccines facilitate wider vaccination coverage.

J Pediatr (Rio J). 2006,82(3 Suppl):S101-8: Varicella, adverse events, efficacy, vaccination schedule,

measles, mumps, rubella, and varicella vaccine.

Introduction

Chickenpox is caused by the varicella-zoster virus
(VZV), which only infects humans and some higher
primates. Acquisition of the disease depends on age,
immune status, vaccination status and exposure type.
Transmission is through intimate contact with sufferers
during a period from 2 days before until 5 days after the
appearance of vesicles. Clinical manifestations surface 10
to 21 days after contact and in more than 80% of cases
include fever. Exanthema is absent in only 6% of affected
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individuals, the remainder exhibit cutaneous lesions that
appear in clusters and progress rapidly from macules,
through papules and vesicles to crusts. Normally, 5 to 6
days after the onset of exanthema, all lesions have
reached the crusting phase. In the absence of secondary
infection, varicella does not scar. In primary cases the
number of cutaneous lesions is lower than in secondary
cases (250 vs. 500, on average) and, generally, the
disease is milder. Mortality is low (6.7/100,000), but
lethality varies with age and immune status, being higher
in groups at risk of complications (Table 1).1-4

The most common complications are secondary bacterial
infections of the mucosa, skin, soft tissues and upper and
lower airways, which occur in more than 5% of children.
More severe complications, such as pneumonia and
encephalitis, are rarer, although more severe; they occur
in greater proportion among certain risk groups (Table 1),
but in absolute numbers they primarily affect previously
healthy children. Reinfection by VZV appears to be rare in
immunocompetent people.1-4
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Table 1 - Risk groups for varicella complications
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Risk group

Comments

- People with congenital or acquired immunodeficiency, such as
HIV carriers, those on high dose corticosteroids for long periods
(= 2 mg/kg/day of prednisone or equivalent, for more than 14
days); patients with malignant neoplasms; undergoing bone
marrow or solid organ transplantation or subjected to chemothe-
rapy or radiotherapy

- Pregnant women

- Babies whose mothers presented varicella 5 days before or 2
days after giving birth

- Premature infants with birth weight below 1,000 g or gestation
< 28 weeks exposed to varicella during the neonatal period

- Children under 1 year old

- Adult adolescents

- Secondary cases at home or day care or wards

— Theuse ofinhaled corticoid, in low doses, intraarticularly
or for short periods of time (< 14 days) does not increase
the risk of complications, but severe cases occur among
children given oral corticosteroid. It is recommended
that in varicella cases this medication be suspended
whenever possible

- 10 to 20% have pneumonia, with lethality of up to 40%;
increased risk of premature delivery and miscarriage.
During the first 16 weeks, 0.4 to 2% of fetuses will
develop congenital varicella syndrome

- Increased risk of complications and of zoster

- Effective transmission of IgG from mother to baby only
takes place after six months’ pregnancy

- Increased risk of complications and zoster

- Lethality in children is 1-2 per 100,000 and, in adults it
reaches 25/100,000

- Increased number of lesions and chances of complications

Varicella-zoster virus remains in the organism in a
latent state after the primary infection, and its reactivation
leads to the onset of zoster, manifested by lesions similar
to those observed with varicella, but more localized,
following the path of one or more nerves. The incidence of
zoster in early childhood is low (20 to 60 cases/100,000
people/year), but increases with age and with conditions
associated with immunodepression, such as leukemia,
transplantation and HIV infection.1-4

The majority of varicella cases occur in children.
Seroepidemiological survey studies undertaken in Brazil
revealed that almost half of the children tested had
already been infected by 5 years of age. While there are
major regional variations, children who live in crowded
conditions or are looked after away from home contract
the infection earlier and exhibit higher rates of
complications.4-8

Varicella cases occur all year round, but in temperate
climates the majority of disease outbreaks are recorded
during the end of winter and start of spring.1-4

Varicella vaccines

Varicella vaccines contain live attenuated viruses,
generally derived from the Oka strain, are formulated

with varying numbers of VZV plaque forming units (PFU)
and should be administered subcutaneously. The VZV is
very sensitive to light and temperature variations,
therefore vaccines should be kept at 2 to 8 °C protected
from light (Table 2).

Table 2 - Varicella vaccines marketed in Brazil

Trade name Producing laboratory

Varivax® MerckSharpDohme

Varilrix® GlaxoSmithKline

Varicela Biken® SanofiPasteur

The currently recommended vaccination schedule is
a single dose for children aged between 12 months and
13 years and two doses, with a minimum interval of 4
weeks, for people older than 13 years of age with
negative history for the disease. One of the manufacturing
laboratories also recommends a single dose for
adolescents (SanofiPasteur®).1-5
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Immunogenicity

Antibody production is related to the number of PFU in
the vaccines, and also to age and immune status; however,
even using the most potent vaccines, antibody production
is many times weaker than after natural infections.1-3

More than 95% of previously healthy children aged
between 12 months and 12 years exhibit adequate
seroconversion after a single dose of the vaccine.l-3 In
adolescents, adults and the immunodepressed, post-
vaccination seroconversion rates are lower and antibody
titers decrease more quickly; therefore these individuals
should be given two doses of the varicella vaccine, with a
4 to 8 week interval.1-5,9-21

There is no interference in immunoresponse to the
varicella vaccine when it is administered simultaneously
with other vaccines recommended for children; however,
when the varicella vaccine is administered less than 1
month after the measles, mumps and rubella vaccine
(MMR), reduced seroconversion rates are observed in
response to the varicella virus.1-3,9-21

Adverse events

The most common adverse events are: pain, erythema
and edema at the site of vaccine administration (15 to
25%), generally mild; fever (14%) and mild exanthema
(4%). Exanthema can appear 1 to 3 weeks after vaccination,
and may be in the site of administration or in other sites.
The number of vesicles after vaccination is generally low,
less than 10.1-3 When the number of lesions after
vaccination is greater than 30, a wild virus infection should
be suspected, especially when these appear within the 2
first weeks of vaccination.22

Other adverse events after vaccination are very rare.
A survey of adverse events associated with the vaccine
after more than 16 million doses had been administered in
the USA revealed that the vaccine is very safe. Although
19 cases of encephalitis and 24 of ataxia were recorded
after vaccination, in none of these was infection by the Oka
strain confirmed; in contrast, in two of these cases the wild
virus was identified. None of the 14 deaths notified after
vaccination was confirmed as being associated with the
Oka strain and two were caused by wild viruses.22

Anaphylactic reactions after vaccination are rare and
are generally associated with the gelatin used as a stabilizer
in the vaccine.1-4/22

The vaccine virus is rarely isolated from healthy
vaccinated people, since the majority do not exhibit
cutaneous lesions and the risk of viral dissemination is
directly associated with the presence of these lesions.
Children with leukemia exhibit an increased chance of
developing cutaneous lesions after vaccination; but, even
under these circumstances the risk of transmission to
susceptible contacts is, at most, 17%, much lower than
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the risk associated with contact with people infected by the
wild virus (> 80%).1-4,18,19

After the varicella vaccine was licensed in the USA, just
three cases were confirmed of transmission of the vaccine
virus from previously healthy people to domestic contacts,
and, in all cases, the contacts developed mild disease, with
low numbers of lesions.22

The majority of reported cases of possible transmission
of the vaccine virus were associated with infection by the
wild virus. Comparing the low numbers of reports of
vaccine virus transmission to non-immune contacts with
the number of people vaccinated, this event appears to be
extremely rare,1-4,22

There is a direct relation between the number of
cutaneous lesions and dissemination of the vaccine
virus. In all cases of vaccine virus transmission, contacts
had mild disease, without fever, and with a low number
of cutaneous lesions.1-4:19 Despite the low risk of
transmitting the vaccine virus, it is recommended that
vaccinated children who develop cutaneous exanthema
after vaccination avoid intimate contact with high-risk
groups.1-# In the USA, after 30 million doses of the
vaccine had been distributed, between 1999 and 2002,
just three cases of vaccine virus transmission were
detected with evidence of post-vaccination exanthema
in all of them.?

Efficacy

It is estimated that the vaccine offers 70 to 90%
protection against infection and 95 to 98% protection
against severe forms.1-3,9-15

In a controlled study in which 2,000 children aged 1 to
12 years were randomized to receive one or two doses of
the vaccine (Oka/Merck®), protection observed 42 days
after vaccination was 94.4% for a single dose and 98.3%
for two doses administered with a 3 month interval.

Some of the children who exhibited seroconversion
presented mild cases of varicella during monitoring,
known as modified varicella-like syndrome (MVLS).
While the risk of presenting MVLS was 3.3 times greater
in the group given a single dose of the vaccine, the
difference between the groups was small (7.7% for the
single dose and 2.2% for the group given two doses). All
cases of secondary vaccine failure were mild and caused
few lesions.

In one study, in which the Oka/Merck® vaccine was
given to 603 children aged 12 months to 6 years,
concurrently or not with the MMRII® vaccine,
seroconversion rates were 99.5% (simultaneous
vaccination) and 100% (6 week interval between varicella
vaccine and MMRII®) and antibodies persisted for 6 years
of follow-up in 98 to 100%. For both groups, effectiveness
over 5 years was approximately 90%.10
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Studies undertaken with the Oka/GSK® vaccine have
also demonstrated excellent rates of post-vaccination
seroconversion (> 98%); some of the children in this
study were given the vaccine before reaching 1 year of
age, without any increase in incidence or severity of post-
vaccination adverse events.13-15

The principal factors associated with primary and
secondary vaccination failure are listed in Table 3.9-22

Table 3 - Risk factors for primary and secondary vaccination
failure

- Vaccination of very young children (< 15 or 18 months)

- Interval of less than 28 days between administration of the
varicella vaccine and of MMR vaccine (measles, mumps and
rubella)

- Time since vaccination (> 5 years)

- Use of oral corticosteroid after vaccination
- Domestic exposure to varicella

- Eczema

The probability of a vaccinated individual suffering
secondary vaccination failure is inversely proportional to
the antibody titers 6 weeks after vaccination,13-15 but
almost all of those children who had secondary vaccination
failure exhibited low severity varicella episodes, with few
cutaneous lesions, the majority papules.®-22 It is rare for
vaccinated children to present vesicles; since the humber
of vesicles is directly related to transmission of the
disease, circulation of VZV is reduced in communities with
high levels of vaccination coverage.23-25

Varicella outbreaks recorded at day care centers have
led to speculation that there may be a need for a second
dose of the vaccine.22:26-28 Nevertheless, in many of
these situations, cases occurred among children without
confirmed vaccination and, furthermore, the secondary
failure cases were mild. The issue of a second dose or not
should take account of costs, risks and benefits, and also
of the acceptance of yet another injected vaccine for
children.

Despite evidence that the protection offered by the
varicella vaccine may diminish as the years pass, it is not
yet possible to state that a second dose of the vaccine
should be recommended for previously healthy children,
taking account of the fact that exposure to the virus in the
wild can stimulate humoral and cellular immune memory,
while full vaccination coverage does not exist. With universal
vaccination, the reduced incidence of the disease should
reduce the chances of natural immune memory stimulus,
making booster doses necessary to maintain antibody
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titers at protective levels. Since the administration of a
second vaccine dose to adults and children does not result
in an increased number of adverse effects and can reduce
rates of primary and secondary failures, it is very probable
that, after the combined measles, mumps, rubella and
varicella vaccine is licensed, it will be recommended in a
two-dose regime.

The experience of the USA, where the varicella vaccine
has been in widespread use for more than 10 years, in a
single dose regimen, demonstrated that mass vaccination
led to a significant reduction in the number of cases of
disease, hospitalizations, number of medical consultations
and deaths.29-31 From the introduction of the vaccine
(1995) until 2002, an 88% reduction in hospitalizations
was verified, a 59% drop in medical consultations for
varicella was observed and, during the same period, direct
medical costs (hospitalizations and consultations) were
reduced by 74%.30 The impact of vaccination was evident
not only in the groups targeted for vaccination, but in the
general population, including those under 1 year old,
clearly demonstrating that mass vaccination leads to herd
immunity (Figure 1).31

30
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Figure 1 - Number of deaths associated with varicella per million
North-Americans, by age group, 1990 to 2001
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Post exposure vaccination

Administration of the vaccine within 96 hours of
exposure can offer protection or attenuate the disease.32

Protection against herpes-zoster (HZ)

The incidence of zoster in healthy children is so low
that, in order to discover the impact of routine vaccination
on HZincidence, it will be necessary to follow-up thousands
of individuals for many years.1-4 Studies undertaken in the
USA after the varicella vaccine had been introduced
reported some cases of HZ, but it is very difficult to isolate
the virus from lesions, and in some of the HZ that occurred
after immunization, the virus isolated was a wild form. In
the rare cases of zoster that occurred in vaccinated
individuals, the disease was milder, with few lesions and
resolution was faster than in those infected by the wild
virus. There are reports that vaccination of schoolchildren
reduces the incidence of zoster by three times, and
everything indicates that vaccination should be capable of
reducing the risk of zoster.1-3,33,34

Two recently published studies that analyzed the
impact of vaccination for varicella on the incidence of HZ
in the USA reported different results.33:34 In both studies
a significant reduction was observed in the number of
cases of varicella in all study groups. However, in the first
study33 the rate of HZ was stable, whereas in the second
there was a discrete increase in the number of reports of
HZ.34 Since zoster notification rates are variable, further
studies are still needed to evaluate whether the reduction
in varicella cases may lead to an increase in zoster.

A vaccine for HZ to be used with the elderly, produced
by the Merck® laboratory, was tested in a randomized,
placebo-controlled manner with 38,546 people over 60
years. In the vaccinated group, the incidence of HZ was
51% below that for the placebo group. Furthermore, the
incidence of postherpetic neuralgia in the vaccinated
group was 61% lower than in the control group. Once
licensed, this new vaccine should be recommended to
reduce the incidence and morbidity associated with zoster
in the elderly.35

Contraindications and precautions

The varicella vaccine contains live attenuated viruses
and for that reason is contraindicated in the following
situations.

General illness, with or without fever

Postpone vaccination so that possible adverse effects
of vaccination will not be confused with symptoms from
the underlying disease.

Congenital or acquired immunodeficiency

People with cell-based immunodeficiency should not
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be vaccinated, but some immunocompromised groups can
be vaccinated on the public health system at the Special
Immunobiology Referral Centers (CRIE - Centros de
Referéncia para Imunobioldgicos Especiais). Table 4 lists
the vaccination criteria for the CRIE. While the varicella
vaccine is recommended for certain immunocompromised
groups, data on efficacy in these groups are scarce. In
general, protection levels are lower than in previously
healthy children. The vaccine is therefore recommended
in a two-dose regimen, even for children aged 1 to 13
years.1/16-17

Table 4 - Recommendations for varicella vaccination at CRIE,
2005

1. Patients with acute lymphoblastic leukemia or solid tumors
under the following conditions:
—disease in remission for more than 1 year
- off chemotherapy
- white blood cell count over 700/mm3
- platelets over 100,000/mm3

2. Asymptomatic or oligosymptomatic HIV carriers
—-white blood cell count over 15% and CD4+ > 25%

3. People and family in contact with the immunodepressed
4. Candidates for solid organ transplantation

5. Bone marrow transplantation patients
-2 years after transplantation, if off chemotherapy for at least
1 year

6. People admitted to wards for varicella

7. Severe dermatopathy sufferers

8. Chronic acetylsalicylic acid users

9. Patients with anatomic or functional asplenia
10. Patients with trisomies

11. Health professionals

Susceptible people older than 1 year and with negative history of varicella-
zoster, with no need for laboratory confirmation.

Pregnancy

While there have not been any reported cases of
congenital varicella associated with vaccination, the effects
that the attenuated viruses have on fetuses are not yet
known and pregnant women should not be vaccinated. It
is recommended that, after puberty, women avoid
conception for at least 1 month after vaccination. The
presence of pregnant women in the home of vaccinated
individuals does not constitute a contraindication for
vaccination of non-immune individuals, because of the low
possibility of transmission of the vaccine virus. If the
vaccinated person develops exanthema, however, contact
with pregnant women should be avoided.
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Anaphylactic allergic reaction to gelatin or neomycin

Whenever there is a history of anaphylactic reaction to
a previous vaccine dose (urticaria, bronchospasm, edema
of the glottis, shock), a second dose is contraindicated.
The vaccine contains traces of neomycin and gelatin;
however, the majority of reactions to neomycin occur later
and are not anaphylactic (contact dermatitis) and do not
constitute contraindications to vaccination.

Precautions

Individuals who have contact with immunodeficient
people, pregnant women or newborn infants

Vaccinated people who present post-vaccination
exanthema should avoid contact with at-risk groups,
despite the fact that the risk of transmission of the vaccine
virus is very low. If inadvertent contact between people
presenting post-vaccination exanthema and
immunocompromised people takes place, specific
immunoglobulin (VZIG) is not recommended since the risk
of transmission of the disease is low.

Individuals given blood, plasma or immunoglobulin

It is not yet known whether these products interfere
with seroconversion after varicella vaccination.
Nevertheless, taking account of the fact that there is a
reduction in the response to other vaccines using live
viruses (measles and rubella), for 3 to 11 months, the
American Academy of Pediatrics recommends waiting 5
months before administering the varicella vaccine (with
the exception of concentrated red blood cells).3 Whenever
possible the administration of blood, plasma,
immunoglobulins and VZIG should be avoided for at least
3 weeks after vaccination and, if this does not prove
possible, it is recommended that immunity be tested after
6 months or that patients be revaccinated after 5 months.

Salicylates

Due to the association between Reye syndrome,
salicylates and varicella, it is recommended that salicylate
use be avoided for 6 weeks after vaccination even though
to date no cases of Reye syndrome associated with the
vaccine have been reported. It is not known whether or
not there is a link between other non-hormonal anti-
inflammatories and Reye syndrome or whether they
should be avoided after vaccination.

Administration simultaneously with other vaccines

Several studies have demonstrated that administration
of varicella vaccine simultaneously with other vaccines
used on the basic schedule is as safe and effective as
administering the vaccines with a 6-week interval. In
contrast, if the varicella vaccine is given less than 28 days
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after the MMR vaccine, there is immunoresponse
interference, with reduced varicella seroconversion.
Therefore, when the measles, mumps and rubella vaccine
cannot be given on the same day as the varicella vaccine,
a minimum interval of 28 days should be respected.l-4

Measles, mumps, rubella, and varicella vaccine
(MMRV)

Quadrivalent vaccines for measles, mumps, rubella
and varicella (generally referred to as MMRV) have been
in research for many years. Until recently, however, the
varicellacomponentin these vaccines offered unsatisfactory
immunogenicity, which barred licensure.

In 2005, however, two quadrivalent vaccines, produced
by MerckSharpDohme® (MSD) and GlaxoSmithKline®
(GSK) werelicensed in the USA and Australia, respectively.
Both vaccines were licensed on the basis of the immunogenic
equivalence of antigenic components, rather than on
clinical efficacy.

When the MMRV/MSD® vaccine was administered to
children aged 12 to 23 months serological conversion was
induced in 97.4, 95.8, 98.5 and 91.2% for measles,
mumps, rubella and varicella, respectively. Seroconversion
indices and antibody levels were comparable with those
observed in children given the MMR and V vaccines
simultaneously in different sites.36,37

A subset of the children was given a second dose of the
MMRV vaccine around 3 months after the first dose.
Geometric mean titers (GMT) of antibodies for measles,
mumps and rubella increased by around two times; for
varicella, seroconversion reached 99.4%, and GMT
increased more than 40 times (from 13.3 to 588.1
gpELISA units/mL).36,38

A second dose of the MMRV vaccine was administered
at4 and 6 years of age to children who had previously been
given one dose of the MMR and V vaccines when already
more than 12 monthsold. The seroconversion rate observed
for varicella after the second dose was 98.9%, with
antibody GMT increasing 12 times compared to results
from before revaccination.

In the USA the vaccine was licensed to be administered
in a single dose to children 12 months to 12 years old and
can be given simultaneously with other vaccines
recommended for the age group.36

The MMRV/GSK® vaccine was studied with children 12
to 18 months old, who were given two doses of the
vaccine, with intervals of 6 and 8 weeks (group MMRV) or
a dose of MMR simultaneously with a dose of V, followed
by another dose of MMR (group MMR + V). After the
second dose 100% of the children in both groups exhibited
seroconversion for measles, rubella and varicella, while
98% had seroconverted for mumps in the MMRV group
and 99% had done so in the MMR + V group.3°
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Another study compared two doses of the MMRV
vaccine with two doses of the MMR + V vaccines, given at
9 and 12 months of age. Seroconversion rates were 100%
in all children after the second dose (99.2% for mumps in
the MMR + V group). Rubella antibody GMT was comparable
for the two groups, with GMT for measles, mumps and
varicella being higher in the MMRV group.40

In Australia, the MMRV/GSK® vaccine was licensed to
be used in a two-dose regime, with an interval of 6 to 12
weeks, to be given before the end of the second year of
life. The first dose can be given from 9 months of age
onwards.

In all these studies, adverse events were similar
among children in the MMRV and MMR + V groups. Only
mild fever was more common among the children in the
MMRV group.36:40

Final comments

In Brazil the varicella vaccine has not been added to
the routine schedule and is only available free of charge at
the CRIE for certain high-risk groups (Table 4). Since the
response to varicella vaccine is prejudiced in people with
compromised immunoresponse, it is believed that mass
vaccination is the best form of protecting at-risk groups
since it confers collective immunity.

In 2003, 60 deaths associated with varicella and its
complications were registered in the state of Sdo Paulo,
with 85% of the victims being children under 5 years old.
Studies undertaken in the city of Sdo Paulo revealed that
children who attend day care present an increased risk of
complications and death when they contract varicella and,
for this reason, since 2003, the Sdo Paulo State Health
Department mandates vaccination at day care centers
(children from 1 to 5 years old) on notification of the first
case of varicella.

The varicella vaccine is recommended by the Brazilian
Society of Pediatrics and by the Brazilian Society of
Immunizations for all non-immune people over 1 year
old. From an ethical point of view, health professionals
must inform the population of the existence and possible
benefits of the varicella vaccine, even when the family
has limited economic resources.®

We hope that the measles, mumps, rubella, and
varicella vaccine will soon be available in Brazil, since the
use of combined vaccines facilitates compliance with
recommendations for the use of new vaccines and makes
wider vaccination coverage possible.
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