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KEYWORDS Abstract

Varicella; Objective: To describe the impact of the introduction of the viral tetra vaccine in the National
Varicella vaccination; Immunization Program in 2013 for 15-month-old children in mortality rates and hospitalization
Morbidity and associated with varicella in Brazil.

mortality Methods: Mortality rates and hospitalizations rates associated with varicella were evaluated

between 2010 and 2016 and described according to Brazilian macro regions and age. The
population was stratified into age groups: < 1year, 1-4 years, and 5-14 years. Data were
collected from the Informatics Department of the Unified Health System. A percentage dif-
ference was calculated between rates of hospitalizations and mortality in the pre (2010-2012)
and post-vaccination periods (2014-2016) to estimate the approximate effectiveness of the
vaccine.

Data synthesis: At the national level, vaccination significantly reduced the mortality rates and
hospitalizations rates in all age groups analyzed. Among those under 5 years of age, mortal-
ity rates and hospitalizations rates decreased 57-49% and 40-47%, respectively. There was a
national decrease of up to 57% in the mortality rates due to the disease, with smaller decreases
seen in the North and Northeast regions and the largest in the South and Southeast regions.
The hospitalizations rates for varicella reached a maximum national decline of 47%. In children
aged 1-4 years, with higher vaccination coverage, the highest reduction was observed in both
mortality rates and hospitalizations rates, which decreased from 2.6 to 0.4/100,000/year.
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Conclusions: The tetra vaccine proved to be effective in reducing both mortality and hospital-
izations of children and adolescents up to 15 years of age in the 2014-2016 triennium.

© 2019 Sociedade Brasileira de Pediatria. Published by Elsevier Editora Ltda. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

Impacto da introducdo da vacina tetra viral na morbimortalidade por varicela nas
macrorregides brasileiras

Resumo

Objetivo: Descrever o impacto da introducao da vacina tetra viral no Programa Nacional de
Imunizacdo em 2013 para criancas de 15 meses nas taxas de mortalidade e de internacao
hospitalar associadas a varicela no Brasil.

Métodos: As taxas de mortalidade e de internacdo hospitalar associadas a varicela foram avali-
adas entre 2010 e 2016 e descritas conforme macrorregioes brasileiras e idade. A populacao foi
estratificada em grupos etarios: <1 ano; 1-4 e 5-14 anos. Os dados foram coletados do Depar-
tamento de Informatica do Sistema Unificado de Salde. Foi realizado um calculo de diferenca
percentual entre taxas de internacdes e mortalidade nos periodos pré (2010-2012) e pés-vacinal
(2014-2016) para estimativa de impacto da vacina.

Resultados: No nivel nacional, a vacinacédo reduziu significativamente as taxas de mortalidade
e de internacao hospitalar em todas faixas etarias analisadas. Entre os menores de 5 anos, a
taxas de mortalidade e de internacgao hospitalar diminuiram 57-49% e 40-47%, respectivamente.
Houve uma queda nacional de até 57 % nos indices de mortalidade pela doenca, com menores
quedas vistas nas regides Norte e Nordeste e as maiores nas regides Sul e Sudeste. As taxas de
internacao hospitalar por varicela atingiram queda nacional maxima de 47%. Em criancas de 1-4
anos, com maior cobertura vacinal, foi observada a maior reducao tanto na taxa de internacao
hospitalar como na taxa de mortalidade, a qual passou de 2,6 para 0,4/100.000/ano.
Conclusées: A vacinacdo se mostrou efetiva em reduzir tanto mortalidade quanto
hospitalizacdes das criancas e adolescentes de até 15 anos no triénio 2014-2016.

© 2019 Sociedade Brasileira de Pediatria. Publicado por Elsevier Editora Ltda. Este € um artigo
Open Access sob uma licenca CC BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/4.

0/).

Introduction

The Brazilian National Immunization Program (Programa
Nacional de Imunizagées [PNI]) is an international reference
for public health policy. The country has already eradi-
cated diseases with a worldwide dissemination, such as
smallpox and polio, through vaccination. New to the vacci-
nation calendar was the introduction of the varicella zoster
virus (VZV) vaccine, which took place in September 2013
as a tetravalent viral vaccine - measles, mumps, rubella,
and varicella (MMRV) - for infants at 15 months and more
recently, in 2018, the introduction of a second dose of vari-
cella vaccine for children aged 4-6 years." Estimates for
2014 show that varicella causes approximately four million
hospitalizations for disease-related complications and 4000
deaths worldwide each year.? In Brazil, data from the Uni-
fied Health System indicate varicella as the cause of 1800
deaths between 2003-2013, more than 36% of them among
children aged 1-4 years.?

Caused by a DNA virus belonging to the order Herpesvi-
rales, family Herpesviridae, subfamily Alphaherpesvirinae,
genus Varicellovirus, and species human alphaherpesvirus
3, varicella is characterized by its high transmissibility
and characteristic pruritic rash lesions. Even though its

evolution is mostly self-limiting, lasting around one week
and evolving with spontaneous cure, it brings risks inher-
ent to viral spread and complications due to secondary
skin and soft tissue infections, which can become fatal
when they reach joints, bones, lungs, and the neurological
system.*

The varicella vaccine was developed in Japan in the
1970s, but it started to be used in most western countries
only in the 1990s.° It induces immunity through the attenu-
ated live virus and its efficacy is high: 70%-90% in preventing
any form of varicella and 95%-100% in preventing severe
illness.®

The effectiveness of the vaccine introduction has already
been demonstrated in several countries around the world,
such as Australia and the United States.” Currently, five years
after the introduction of the vaccine in Brazil and one year
after the introduction of the second dose, it is in public
health interest to verify the disease scenario around the
country, aiming to assess its epidemiological alterations and
make adjustments to vaccination programs, if necessary.
This study aims to compare, at the national and macrore-
gional levels, the frequency of hospitalizations and deaths
related to the disease before and after the vaccination intro-
duction.
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Methods patients. In 2016, the last year analyzed, 597 hospitaliza-
tions and eight deaths were recorded.

Data on mortality and hospitalizations related to Fig. 1 shows the evolution of rates in children under

VZV were collected from the Department of Infor-
matics of the Unified Health System (DataSUS)
http://wwwz2.datasus.gov.br/DATASUS/index.php?area=02.
the Health Information page, the Mortality section in Vital
Statistics was accessed to evaluatevaricella-related deaths,
the Hospital Morbidity section in the Epidemiological
Information and Morbidity section toevaluate VZV-related
hospitalizations, and the Health Care Immunizations section
for vaccination coverage data collection. Varicella-related
deaths were verified according to the International Clas-
sification of Diseases, 10th Revision (ICD-10). Only deaths
caused by varicella zoster (BO1) were considered in the
calculation of mortality, due to the low prevalence of
herpes zoster in the studied age group.

Attention was focused on the three age groups (<1,
1-4, 5-14 years) of greatest interest for vaccine impact
assessment in the short term. The mortality rate (MR) for
varicella was calculated by dividing the number of deaths
from varicella by the population in each age group and then
multiplied by 100,000. The same calculation was applied
to determine the hospitalization rate (HR), which was cal-
culated by dividing the number of hospitalizations from
varicella by the population in each age group, and then
multiplied by 10,000.

The size of the population used in the denominators
was obtained from the Brazilian Institute of Geography and
Statistics (Instituto Brasileiro de Geografia e Estatistica
[IBGE]) based on the 2010 census and 2011-2016 popula-
tion estimates. There was an irregular loss of mortality data
due to lack of state notification in all assessed years, with
the states of Rondonia (RO), Roraima (RR), Sergipe (SE),
Tocantins (TO), Acre (AC), and MatoGrosso do Sul (MS) being
the most affected.

The evolution of annual rates by age group and by Brazil-
ian macro regions was shown graphically. The impact of
vaccination was calculated as the percentage difference
in pre- and post-vaccination rates. The statistical anal-
ysis included absolute numbers and rates by region and
age group. The rates and their 95% confidence intervals
were calculated assuming the Poisson distribution of out-
comes (deaths and hospitalizations). Hierarchical Poisson
regression was used, which took into account the possible
random effects of the impact of vaccination between the
states of the same macroregion and the correlation (intra-
class) between the successive annual rates of each state.
All analyses were performed using Stata statistical software
(Stata Statistical Software: Release 12. College Station, TX,
USA).

As this study used a public domain secondary data source
and did not involve human subjects, it was not necessary to
obtain approval from the ethics committee.

Results

In 2012, the year before the vaccine introduction, 967 hos-
pitalizations for varicella were recorded in children under
1year in the country. In the same year, complications related
to varicella were reported to be the cause of death of 26

1year, between 2010 and 2016. There was a decrease in
HR in all regions of the country. In Brazil, the HR decreased
from 3.6 in 2012 to 2.5 in 2016. There was also a significant
reduction in mortality due to the disease in the same age
group. The most significant decrease occurred in the North
region, followed by the Southeast.

Fig. 2 shows the same temporal analysis for the age group
from 1 to 4 years, the largest vaccination coverage group,
which shows a greater decrease in hospitalization rates in
the Southeast, from 2.8 in 2012 to 1.4 in 2016, and in the
Midwest, from 2.3 to 1.2. Regarding deaths in this age group,
there was also a decrease in mortality in the national sce-
nario, from 0.9 deaths in 2010 to 0.4 per 100,000 children
in 2016.

Fig. 3 covers the largest age group of the study, 5-14
years, showing a greater variation of incidence over the
studied years. The Southeast region maintained the same MR
in the years 2010 and 2016, after a sudden increase between
2015 and 2016 in relation to the previous post-vaccination
years. Mortality showed a reduction in all regions, being
more pronounced in the Midwest region.

Table 1 shows that, at the national level, varicella vac-
cination significantly reduced mortality and hospitalization
rates in all analyzed age groups, although this effect was
smaller in the age group of 5-14 years (MR, 17%; HR, 16%).
In children under 5 years of age, there was a 57% decrease
in MR in infants and a 49% decrease in children aged 1-4
years, while the decrease in hospitalizations was 40% and
47%, respectively.

The impact of vaccination was heterogeneous across the
country’s macro regions. Regarding mortality, the statisti-
cally significant decrease among children under 1year was
80% in the Southeast and 89% in the South. As for children
aged 1-4 years, the decrease was 54% in the Southeast, 59%
in the Northeast, and 64% in the Midwest, with vaccine cov-
erage of 87%, 79%, and 86%, respectively. In the age group
of 5-14 years, there was a statistically significant decrease
only in the South (73%) and Southeast (80 %) regions.

The reduction in the HR ranged from 33% in the South
to 57% in the Southeast in children under 1year. In children
aged 1-4 years, a significant reduction was observed in all
regions, ranging from 29% in the Northeast to 61% in the
Southeast, with average vaccine coverage of 78% and 87%,
respectively. In the Northeast there was a 23 % reduction
in HR in children aged 5-14 years, whereas in the South-
east the decrease was 12% in this age group. The Southeast
region showed the highest consistency and magnitude of
reduction in mortality and hospitalization rates in the ana-
lyzed age groups. The South region had the lowest number
of deaths and hospitalizations, probably associated with its
vaccination coverage rate of almost 86%. At the same time,
the low number of events contributed to the increase in
the variation of estimates for this region due to statistical
reasons.

At the national level, none of the age groups showed a
value of zero in the 95% confidence interval (95% Cl). There-
fore, there was a significant reduction in the percentage
difference after vaccination when compared to the pre-
vaccination period for MR and HR.


http://www2.datasus.gov.br/DATASUS/index.php?area=02

Table 1  Percentage difference in mortality and hospitalization rates during the period of three years after (2014-2016) vs. three years before (2010-2012) the introduction
of varicella vaccination by age group.

Regions Indicators Mortality Hospitalization
<1year 1-4 years 5-14 years <1year 1-4 years 5-14 years

n pre — post? 15— 8 18— 10 11— 11 525 — 211 846 — 370 477 — 427
North Rate pre — post® 2.99—0.99 0.78 — 0.67 0.11—0.17 4.99 — 2.87 2.10—1.21 0.55— 0.49

% Diff. (Cl)° —67 (—76, 33) —14 (-71, 39) 55 (—64, 145) —43 (—67, —55)¢ —42 (—59, —48)¢ —11 (=21, 2)

n pre — post? 14— 10 3912 2326 493 — 469 1,006 — 616 848 — 686
Northeast Rate pre — post® 0.49 — 0.37 0.41—0.17 0.09 — 0.12 2.11—>1.69 0.70— 0.50 0.26 — 0.20

% Diff. (Cl)° —24 (—64, 72) —59 (—81, —32)¢ 33 (—26, 130) —20 (—15, 9) —29 (—40, —26)¢ —23 (-25, -8)¢

n pre — post? 3258 105 — 42 45— 16 1,753 — 804 4,596 — 1,727 1,415 — 1,001
Southeast Rate pre — post® 1.77 - 0.35 0.94— 0.43 0.15—0.03 6.36 > 2.76 4.00 — 1.55 0.50 - 0.44

% Diff. (Cl)° —80 (—89, —47)¢ —54 (—70, —39)¢ —80 (79, —34)¢ —57 (=59, —51)¢ —61 (—62, —57)¢ —12 (-32, —20)¢

n pre — post? 15—9 54— 15 28— 16 584 — 352 1493 — 714 749 — 556
Midwest Rate pre — post® 1.01—0.97 0.98 — 0.35 0.17— 0.08 4.95 - 2.80 2.97 — 1.49 0.58 — 0.44

% Diff. (Cl)° —4 (74, 37) —64 (—82, —44)¢ —27 (—66, 17) —43 (—49, —34)¢ —50 (—54, —45)¢ —24 (-32, —15)¢

n pre — post? 8—1 17—9 10 -2 355 — 248 759 — 395 429 — 378
South Rate pre — post® 0.83— 0.09 0.42 — 0.21 0.11—0.03 3.08 — 2.06 1.68— 0.91 0.33—0.30

% Dif. (Cl)© —89 (—99, —4)¢ —50 (75, 26) —73 (—96, —22)¢ —33 (—44, —22)¢ —46 (—51, —37)¢ -9 (—19,7)

n pre — post? 84— 36 233 — 88 118 — 71 3,710 — 2,088 8,700 — 3,822 3,919 — 3,048
Brazil Rate pre — post® 1.36 — 0.58 0.68 — 0.35 0.12—0.10 3.96 - 2.36 1.96 — 1.03 0.43—0.36

% Diff. (Cl)° —57 (—36, —71)¢ —49 (—47, —67)¢ —17 (=52, —13)¢ —40 (—48, —42)¢ —47 (=55, —51)4 —16 (=23, —16)¢

@ Number of events (deaths, hospitalizations).

b

Rate per 100,000 for mortality and per 10,000 for hospitalizations.

¢ Pre- vs. post-vaccination percentage difference (95% confidence interval).

d statistically significant (p <0.05).
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Figure 1  Mortality rate per 100,000 (black circles) and hospitalization rate per 10,000 (white circles) for varicella in children

under 1year by macroregions of Brazil.
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Figure 2
aged 1-4 years by macroregions of Brazil.

Discussion

This study showed a significant reduction in varicella mor-
bidity and mortality in Brazil after the introduction of the
tetra viral vaccine into the PNI. It is noteworthy that,
overall, there was a more significant decrease in the MR
compared to HR from varicella. This may be due to fac-
tors such as improved hospital management of VZV infection
complications and the reduction of infection in groups at

Mortality rate per 100,000 (black circles) and hospitalization rate per 10,000 (white circles) for varicella in children

higher risk of death such as infants, immune deficient indi-
viduals, and adolescents.

Although the MMRV vaccine was only provided for chil-
dren at 15 months of age, there was a reduction in
hospitalization and mortality rates in all studied age groups.
The most significant reduction in hospitalization was gener-
ally in the age group of 1-4 years, which is in agreement
with the expectations, as this is the vaccination target
population.® The short post-vaccination period studied may
be underestimating the indirect effect provided by the vac-
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Figure 3
aged 5-14 years by macroregions of Brazil.

cination in the long-term. However, doubts remain as to
whether a single dose of the vaccine is enough to generate
group immunity.®

The data also show the maintenance of a higher absolute
number of severe cases in infants <1year when compared
to other age groups, probably due to the low concentration
of maternal antibodies against the VZV and a still-maturing
immune system.'®'" However, there was a significant reduc-
tion in mortality and hospitalizations in this group, a
probable consequence of indirect (herd) protection. Nev-
ertheless, it is important to emphasize that the cohort of
immunized children tends to increase progressively over the
years, which will lead to a lower virus circulation, enhancing
the herd immunity effect.'

In the age group between 5-14 years, there was a less
marked decrease in the rates. This may be due, in large
part, to the fact that they are not the directly immunized
population, due to their greater time spent in closed envi-
ronments (day care centers and schools) and the tendency
of more severe cases of the disease to occur as they become
older.""

Two studies conducted in the United States between
two and four years after the introduction of the VZV vac-
cine in the country found little significant results regarding
the decrease in the incidence of hospitalizations. The data
released by Rhein et al., related to the first two years
after the vaccination, showed no decrease in hospitalization
rates. However, the second study, analyzing the four years
after the vaccine introduction, showed a 23.5% decrease in
hospitalizations from varicella in the country. The gradual
improvement was attributed to the increase in the coun-
try’s immunization coverage, from 43.2% to 59% over the
studied years. However, in 2004, Davis et al. highlighted
methodological errors in the abovementioned studies. In a
new analysis, they observed a 74% decrease in HR over the
nine assessed years."""’

Mortality rate per 100,000 (black circles) and hospitalization rate per 10,000 (white circles) for varicella in children

In an Australian national survey that compared the pre-
vious three years with the five years after the national
introduction of the vaccine against VZV, a 57.3% decrease in
varicella-related HR was observed in the general population,
with a steeper decline (from 83.3 to 29.3/100,000/year) in
children aged 1-4 years, with vaccination coverage ranging
from 82% to 90% during the study period.®

A systematic review published in 2019, which included
studies from Latin American and Caribbean countries,
showed, among other data, a significant reduction in HR of
87% in children under 5 years old after the vaccine’s intro-
duction in Costa Rica, as well as in Uruguay (81%) and Puerto
Rico (76%). In Costa Rica there was also an increase, from 23
to 24, in the absolute number of deaths between the pre-
and post vaccination periods."®

After the pioneering introduction of varicella vaccination
in the city of Florianopolis, state of Santa Catarina, Brazil,
in 2002, a reduction in the incidence of varicella in children
aged 1-4 years was observed, with no evidence of an asso-
ciated indirect effect.?’ The present study observed that in
the first three years after the implementation of the univer-
sal vaccination in children aged 15 months, there was a 16%
decrease in HRin children older than 5 years and in Brazilian
adolescents, a probable consequence of the indirect effect
of vaccination coverage, which reached an average of 82%
in the studied period.?'

It was also observed, in the age groups <1year and 5-14
years, an increase in HR between the years 2015 and 2016;
this increased incidence is due to the decline in vaccination
coverage in 2015, reflecting the lack of vaccines in some
national regions in the aforementioned years and possibly
from the increasing antivaccine movement.?%23

The present study shows that the impact of vaccination
was heterogeneous and, therefore, the national average,
described by Scotta et al. in 2018, is not enough to elucidate
the evolution of morbidity and mortality in the analyzed
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period. The five regions showed different epidemiological
patterns of decrease. For instance, the Southeast and South
regions showed a greater reduction in mortality in the pop-
ulation aged less than 1 year, while the North region showed
a significant decrease in HR when compared even with
the South region. This could be explained by the different
socioeconomic characteristics of the studied regions, such
as the human development index, access to private health
services, and vaccination coverage of the regions.?4?°

Another important divergence found between the
present study and the 2018 study is the pre-vaccination
period studied. The eleven-year period used by Scotta et al.
is long enough to reflect non-vaccine-related causes of hos-
pitalization, such as improved access to the public health
system. The same effect is dramatically reduced with the
three-year pre-vaccination period used in the present study.
Moreover, the study included 2013 in the post-vaccination
period analysis despite its atypical characteristics, such as
low vaccination coverage (<50%), which was probably insuf-
ficient to produce a significant effect.

Additionally, the study by Scotta et al. used a time series
with monthly VZV hospitalization rate data, and the differ-
ence between the mean pre- and post-vaccination rates was
calculated using Student’s t-test for independent samples,
although this assumption is unreliable, since the circulation
of the virus in the previous months was the main determi-
nant of the infection risk in the period. The present study
used hierarchical (multilevel) Poisson regression to account
for this temporal dependence through an interclass corre-
lation within the repeated measures in the same federative
unit each year, and within the units of the same macro region
of the country. Poisson regression allows making robust esti-
mates of the standard error.

The present study has some limitations because it is a
retrospective ecological study, based on secondary data,
making it difficult to assess the quality of the data obtained.
Additionally, the diagnosis of varicella is predominantly
clinical, so it is possible that the disease is underdiag-
nosed and underreported, mainly in regions of the country
where access to health services is still precarious. It is also
emphasized that the short post-intervention period avail-
able for analysis reduces the statistical analysis power.
Further studies with longer post-vaccination periods may
more accurately show the effectiveness of vaccination in
reducing hospitalizations and mortality from varicella in the
medium and long term.

It is vital to point out that time series with before-
and-after comparisons presuppose homogeneity between
the groups compared in the two periods. The reduction
in the rates demonstrated here is unlikely to result exclu-
sively from increased access to health services and improved
socioeconomic status of the studied populations.?° Finally,
it is noteworthy that effective treatment for varicella has
not changed significantly after the introduction of the VZV
vaccine and, therefore, it would not explain the magnitude
of the reduction in mortality and hospitalizations from the
disease observed in the present study.*

In conclusion, the present study demonstrated a signif-
icant reduction in mortality and hospitalization rates in
children and adolescents up to 14 years of age after the
introduction of varicella vaccine into the PNI in 2013. How-
ever, the figures are still below those observed in countries

with longer vaccination adherence time and vaccination
programs that include a second dose of the vaccine. Epi-
demiological follow-up of advances in varicella cases and
of Brazilian vaccination coverage is essential to assess the
creation of public health policies aimed at maintaining
effective vaccination coverage. A new evaluation of vac-
cine effectiveness after the introduction of the second dose
of varicella vaccine in 2018 is also needed, which aims at
correcting the failure of the first vaccine dose, preventing
outbreaks in schoolchildren, and increasing herd protection.
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