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Impact of vaccination against varicella
on the reduction of the disease incidence in children
and adolescents from Florianépolis, Brazil

Emil Kupek,! Elaine F. Tritany2

Abstract

Objective: To evaluate the impact of universal early childhood vaccination against varicella on the reduction of
its incidence in a state capital in southern Brazil.

Methods: Official epidemiologic surveillance data from the SINAN database for the 1997-2007 period were used
to evaluate the impact of varicella vaccination targeting all children < 2 years of age in Floriandpolis (the capital city
of the state of Santa Catarina), Brazil, since 2002, thus comprising 5 years before and 6 years after the vaccination.
Varicella incidence in Floriandpolis was compared with the incidence in the rest of the state for four age groups (< 1,
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1-4, 5-9, and 10-14 years).

Results: Among the 135,311 cases of varicella in the state of Santa Catarina during the 1997-2007 period, 70%
were children under 10 years of age. The effectiveness of varicella vaccine ranged from 27 to 38% among the age
groups but reached statistical significance only for children 1-4 years old.

Conclusion: The vaccine was effective in reducing varicella incidence in Florianoépolis for children 1-4 years old.
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Introduction

In the Brazilian public health system, the vaccine
against the varicella zoster virus (VZV) is mainly
recommended for susceptible individuals with increased
risk of a severe form of the disease or its complications,
as well as for health professionals, family members
or immunocompromised individuals in contact with an
infected person.! The vaccine is also available in private
institutions throughout the country.

A recent analysis of cost-effectiveness of universal
childhood vaccination in Brazil showed that a single dose
of vaccine would be cost-effective under the assumption of
85% of vaccine efficacy and 80% of vaccine coverage.2 The
hypothetical beneficial effects include prevention of over

74,000 cases and 2,900 deaths, as well as considerable
reductions in hospitalizations (83%) and in the number of
outpatient healthcare services (85%) due to primary VZV
infection for the first 30 years of vaccine implementation.
However, no empirical data on the impact of vaccination
against VZV in Brazil have been published so far.

The municipality of Floriandpolis, the capital city of the
state of Santa Catarina, is the only place in Brazil where all
children under 2 years of age have been targeted by the
vaccine since 2002, thus providing a unique opportunity to
evaluate the vaccine effectiveness in reducing the disease
incidence since then. The objective of this study is to provide
the first results of such evaluation based on the comparison
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of the reported VZV incidence in the state capital and the
rest of the state for an 11-year period, using the first 5
years in the pre-vaccination period as the reference.

Methods

We used the official epidemiological surveillance data
for VZV infection (Sistema de Informacgdo de Agravos de
Notificagdo, SINAN) in the state of Santa Catarina during
the period 1997-2007 and population statistics3 to calculate
annual incidence rates for the state capital and the rest
of the state. This is an ecological study comparing the
incidence rate variation between these two areas using
retrospective data collection.

Although individual notification of VZV infection is not
compulsory in the whole country, except in the case of
outbreaks, it has been introduced in Santa Catarina since
1994, leading to investigation of the notified individuals
according to the guidelines of the Brazilian Ministry of
Health.# Case definition followed the guidelines and included
those confirmed by laboratory, by signs and symptoms
compatible with varicella, by epidemiological link to a
confirmed case or any combination of these criteria. Most
of the cases were diagnosed by maculo-papulovesicular
rash without another apparent cause and persisting for
more than 24 hours.

Since the year 2002, all children up to the age of 2 years
and residing in Floriandpolis are eligible for vaccination by
a single dose of 0.5 mL of Biken’s varicella vaccine. This
is an Oka vaccine strain produced by Aventis-Pasteur and
licensed for children > 1 year of age. The children were
vaccinated in the second year of life. The vaccine was
administered subcutaneously.

We focused our attention on four age groups (< 1, 1-4,
5-9 and 10-14 years) of major interest for evaluating a
short-term impact of the vaccine. For each age group, annual
incidence per 10,000 was calculated separately for the state
capital and the rest of the state. A graphical comparison of
these incidence rates was followed by calculation of their
incidence ratio (IR) for each year of the study period. The
IR and its 95% confidence interval (95%CI) were calculated
for the periods before (1997-2001) and after (2002-2007)
the vaccination in Floriandpolis and adjusted for the time-
trend effect by linear regression of the IR on the calendar
year and period indicator (post- vs. pre-vaccine period),
thus separating time-related from vaccine-related effects.
Finally, vaccine effectiveness was estimated as one minus
the ratio of IR of pre-vaccination period to the IR of post-
vaccination period (adjusted for time trend).

Stata software was used for all statistical analyses.>

Because this study used a secondary data source
and did not involve human subjects, it did not require
an ethics committee approval.
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Results

During the 1997-2007 period, 135,311 cases of primary
varicella infection were reported in the state of Santa
Catarina, with 70% of these among children under 10 years
of age. There were no significant differences regarding the
distribution of cases by sex. During the period, varicella
complications were reported as the cause of death in a
45-year-old patient.

In 2007, the state capital achieved varicella vaccine
coverage of 72 and 91% for children under 5 and 5-6 years
of age, respectively. As children aged 7 years or older were
not reached by the vaccination program in 2007, and there
were no catch-up strategy, the vaccine coverage for the
5-9 age group reduced to 40% and remained zero for the
10-14 years old.

Figure 1 shows raising trend of varicellaincidence among
children aged 1-4 years and, to a lesser extent, among
children < 1 year of age in the state of Santa Catarina
contrasted with the falling incidence of these age groups in
the state capital. On the other hand, older children (5-14
years) did not follow this pattern.
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Figure 1 - Incidence of varicella by age group in the state of Santa
Catarina and in the capital city (1997-2007)

Statistical analysis of the capital vs. state IR revealed
that unadjusted means for all age groups analyzed
showed a reduction from pre-vaccination to post-vacci-
nation period, with the largest reduction of 75.5% (from
2.49 to 0.61) for the age group of 1-4 years (Table 1). All
age groups, except for the oldest one, had non-overlap-
ping 95%CI, thus suggesting significant reduction of the
IR after the vaccination compared to the pre-vaccination
period. However, the reduction remained statistically sig-
nificant only for the 1-4-year age group after adjusting
for time trend (Table 1), and the fraction attributable to
the vaccine was estimated at -0.94. By dividing the latter
figure by the baseline value (-0.94/2.49), we arrive at a
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37.75% (95%CI 5.62-69.80) percentage reduction from
the baseline - a usual estimate of vaccine effectiveness.
For other age groups, the effectiveness was not statistically
significant and ranged from 27% in the youngest group
to 30% in the oldest group.

Discussion

The strongest vaccination effect was observed among
children aged 1-4 years in Floriandpolis as this group
accumulated those vaccinated under 2 years of age.
Although the Brazilian Society of Pediatrics recommends
vaccinating children against varicella in the second year
of life,® occasionally some children in Floriandpolis were
vaccinated in the first year of life in the case of varicella
outbreak control. The absence of vaccine coverage for
the children aged 7 years or older in Florianépolis by
the end of the period analyzed was clearly limiting the
vaccine effectiveness.

It should be borne in mind that the vaccine effectiveness
in the range of 27-38% was achieved in only 6 years
of the vaccination program in Floriandpolis. The mean
vaccine efficacy of one dose of Varivax vaccine (produced
by Merck) in preventing all disease was 84.5%, and its
efficacy in reducing combined moderate and severe disease
reached 97% (range 86 to 100%) for the 12-year period
in the USA.7.8 However, in the 6 years prior to the US
vaccination program, the varicella incidence per million
population dropped from 2,600 to approximately 1,690,
which is a 35% reduction.8 During the first 6 years of the
vaccination program, a 65% incidence reduction (from
1,690 to 590) indicates an acceleration in an already
declining trend, probably due to the beneficial effect of
the vaccine. The difference of post-vaccination minus pre-
vaccination incidence reduction in the USA (65-35 = 30%)

Jornal de Pediatria - Vol. 85, No. 4, 2009 367

serves as a rough estimate of the vaccine effectiveness
in the first 6 years of the program. The resulting 30%
figure for the USA is adjusted for time trend and falls
within the range of 27 to 38% for the four age groups in
Floriandpolis. It should be noted that the US vaccination
program included a catch-up strategy not implemented
in Florianopolis.

A recent review of the US hospitalization rates
due to varicella showed an accelerated decline after
introduction of mass varicella vaccination.8 However,
great differences in access to hospital care between
the state capital and the rural areas of the state made
it difficult to use this indicator of vaccine effectiveness
in Brazil.

A considerably higher varicella incidence reported
in children < 5 years in the state capital compared to
the rest of the state during the pre-vaccination period
may be a consequence of more sensitive epidemiologic
surveillance in the capital and higher contact rates in its
population due to better availability of child care facilities
and higher population density in the state capital.

Our estimates are less precise than the US data
because the former are derived from an observational
study and a much smaller population. Other limitations
of our study include a small number of deaths to evaluate
the mortality impact, unknown misclassification rate for
the varicella case definition, relatively few time points
with large variation between them, and disregard for the
indirect vaccine benefits in the neighborhood of the state
capital where the vaccination took place. Limited time span
for the period after the introduction of varicella vaccine
in Floriandpolis likely is the reason why we could not
confirm the herd immunity effect by means of statistical
analyses, although the reduction in the IR ratio for the
children aged 5-9 and 10-14 years point in that direction

Table 1 - IR of the capital vs. the rest of the state: unadjusted and adjusted time-trend pre-vaccination (PRE-V) vs. post-vaccination
(POST-V) estimates (linear regression of IR on calendar year and pre/post-vaccination period)

Unadjusted IR (95%CI)

Time-trend adjusted IR (95%CI)

Age (years) PRE-V POST-V IR annual change POST-V vs. PRE-V r2*
<1 2.46 (1.71 to 3.21) 0.78 (0.48 to 1.09) -0.18 (-0.40 t0 0.03)  -0.67 (-2.02 to 0.68) 0.82
1-4 2.49 (2.06 to 2.92) 0.61 (0.27 to 0.95) -0.17 (-0.30 to -0.04)  -0.94 (-1.74 to -0.14)* 0.94
5-9 1.68 (1.28 to 2.08) 1.00 (0.10 to 1.23) -0.03 (-0.18 t0 0.11)  -0.48 (-1.43 to 0.46) 0.58
10-14 1.59 (1.25 to 1.92) 1.05 (0.75 to 1.35) -0.01 (-0.17 t0 0.15)  -0.48 (-1.47 to 0.51) 0.44

95%Cl = 95% confidence interval; IR = incidence ratio; POST-V = post-vaccination; PRE-V = pre-vaccination.

* Coefficient of determination.
t Statistically significant at p = 0.027.
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(Table 1). The varicella vaccine may have reduced the
disease severity and, therefore, has made its diagnosis
and report in Florianodpolis less frequent, thus leading to
the overestimation of the vaccine effectiveness. Finally, as
a vaccine efficacy study was beyond the reach of the data
available, we decided to use a much simpler design.

A recent review of cost-effectiveness of varicella
vaccination programs shows that most countries target
only high-risk groups and that this strategy is cost saving.®
Universal early-childhood vaccination is also cost saving
if indirect costs of production losses are included from
a broader society perspective. The USA were the first
country to introduce a universal single-dose vaccination
against varicella and added a second dose with catch-
up strategy for older children in 2006.8 The single-dose
vaccination scheme yielded reductions of disease incidence,
hospitalizations and deaths in the range of 57-90, 75-88
and 74-92%, respectively. Australia introduced varicella
vaccine by the end of 2005 for all susceptible children at the
age of 18 months and 10-13 years,10 but it will take longer
to evaluate its effectiveness with some precision. In Latin
America, Uruguay is the only country that has implemented
a nationwide immunization with varicella vaccine for children,
reducing the proportion of hospitalizations due to varicella
among children under 15 years of age by 81% in the first
6 years since the vaccine introduction.!!

Although varicella vaccine has been effective in reducing
the disease burden in the USA, the magnitude of this effect
has not been homogenous. Forexample, some sentinel sites
in the USA have seen rising incidence among adolescents
10-19 years of age since the year 2000, resulting in an
upward shift of the mean age of varicella infection.12
Longer period of observation is needed to know if these
are isolated phenomena or a more general trend.

Despite the limitations of our study, it presents the first
estimates of the varicella vaccine effectiveness in reducing
the disease incidence based on a 6-year universal early
childhood vaccination program in Brazil. Longer experience
with the program and other study designs (e.g., case-
control) may be needed to achieve more precise estimates.
However, the results so far indicate the incidence reduction
compatible with that reported in the USA, thus confirming
the viability of such vaccination programs in Brazil.
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