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Abstract

The aim of this study is to investigate the impact
of rotavirus vaccine on hospitalization rates for
acute diarrhea in children younger than 5 years
old after the introduction of the vaccine in 2006.
A descriptive analytical observational study
was carried out of the hospitalization rates oc-
curred between 2000 and 2011 in 22 Regional
Health Centers of Parand State, Brazil. The ef-
fect of the vaccine was assessed by applying the
SARIMA/Box-Jenkins time series methodology of
intervention analysis, which allows verifying the
slopes of the series are different after the intro-
duction of the vaccine and estimating the mag-
nitude of these effects for children younger than
five years of age, by age group, for each region
center. It was verified a statistically significant
reduction by center/month on hospitalization
rates for children 1 year old and younger, with
averages of 47% and 58%, respectively, in Decem-
ber 2011.
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Resumo

O objetivo desse estudo é investigar o impacto da
vacina do rotavirus nas taxas de internagdo por
diarreia aguda em criangas menores de cinco anos
apds a introdugdo da vacina em 2006. Foi reali-
zado um estudo analitico observacional descritivo
das taxas de hospitalizacdo ocorridas entre 2000 e
2011, em 22 Centros Regionais de Satide do Estado
do Parand, Brasil. O efeito da vacina foi avalia-
do por séries temporais aplicando a metodologia
SARIMA/Box-Jenkins com andlise da intervencdao,
a qual permite verificar que os declives das séries
sdo diferentes apds a introdugdo da vacina, bem
como estimar a magnitude desses efeitos para
criangas menores de cinco anos de idade, por fai-
xa etdria, para cada regido. Verificou-se reduc¢do
estatisticamente significativa por centro/més nas
taxas de internagdo por diarreia aguda para as
criangas menores de 1 ano de idade e de 1 ano de
idade, com médias de 47% e 58%, respectivamente,
em dezembro de 2011.

Vacinas contra Rotavirus; Diarreia;
Hospitalizagdo; Avaliagdo de Servigos de Satide
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Introduction

Diarrhea is the second leading cause of death
among children under 5 years old in the world,
affecting approximately 1.5 million children per
year. Currently, 39% of children with diarrhea in
developing countries receive the recommended
treatment, and limited data until now suggests
some progress since 2000 1.

Worldwide, rotavirus is considered one of
the most important agents of gastroenteritis and
death in children under 5 years old. It is estimated
that every year there are 125 million diarrhea cases
associated with rotavirus, resulting in 418,000 to
520,000 deaths, 85% of which are in less-developed
regions. These data reflect 20% of global mortality
by diarrheal disease and 5% of the total of deaths
of children younger than 5 years old 2.

In Brazil, the oral vaccine of human rotavirus
(VORH) was included in National Program of Im-
munization (PNI) in March 2006, resulting in less
severe intestinal diseases in children less than 5
years of age; we observed effects on infant mortal-
ity 3. According to the Brazilian Ministry of Health,
the diarrhea incidence associated with rotavirus
varies between 12% and 42% based on estimates
that approximately 2,500 children younger than 5
years old died per year before the introduction of
the vaccine.

Clinical tests of VORH demonstrated that for
the first year of life, there was an effective protec-
tion of 87.1% against any gastroenteritis caused
by rotavirus, of 95.8% against acute gastroenteritis
caused by rotavirus, and of 91.8% against gastro-
enteritis caused by rotavirus demanding medi-
cal assistance; finally, VORH prevented 100% of
hospitalizations due to gastroenteritis by rotavi-
rus 45. These studies detected a 29% reduction in
hospitalizations due to acute diarrhea in children
younger than 1 year old, making necessary vacci-
nation coverage equal or higher than 95% 2.

After the introduction of VORH in many coun-
tries, the reduction in hospitalization rates (HRs)
was verified as it was in Brazil. Published stud-
ies indicating the reduction of HRs due to acute
diarrhea in Brazil noticed a decline for children
until 24 months, with a 48% reduction for the year
2007 when compared with the pre-vaccination
period 6. However, for Southern regions, there
was no significant decline in HRs. Other evalu-
ations, with a longer period of use of the VORH
through 2009 7 for children younger than 2 years
old, presented reductions of 21% in 2007, 11% in
2008, and 24% in 2009. However, for Southern re-
gions, the HRs declined by 12% in 2007, 11% in
2009, and increased by 27% in 2008. The southern
region has 3 heterogeneous states, and analysis
of all 3 together may account for the obtained
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results. Thus, the aim of the present study is to
verify the effect of the VORH on HRs due to acute
diarrhea in children younger than 5 years old by
using official data of Health Informatics Depart-
ment (DATASUS) in Parand State in Southern
Brazil between 2000 and 2011. Analyzing data
from each one of the 22 regional health divisions
of Parand State, which decreases the geographic
analysis units, makes them more homogeneous 8.

With regards to the methodology, Lanziere et
al. 6 used descriptive analysis and Carmo et al. 7 ap-
plied regression methods. No studies were found of
the vaccine effect using specific methods for time
series modeling. In this sense, this paper examines
the effect of the VORH on HRs due to acute diar-
rhea using a time series investigation with analysis
of intervention by Box-Jenkins methodology.

Intervention time series (ITS) analysis models
the effect of an external and known intervention
on data such as counts of events collected regu-
larly in time. Such data or time series often show
serial dependence in which observations are cor-
related with previous ones (one or more months,
in the case of seasonal effects). Appropriate meth-
ods for handling such data enable some inter-
ventions to be modeled and their effect can be
estimated after adjusting for serial dependence,
trends, and seasonal effects, by using linear mod-
els to quantify increases or decreases in the mean
level or slope of the series. ITS analysis tests the
causal hypothesis that the mean level or slope of
the time-series is different after the intervention,
or seeks to estimate the magnitude of intervention
effects.

ITS is typically conducted with the Box & Jen-
kins Auto-regressive Integrated Moving Average —
ARIMA (http://stats.stackexchange.com/tags/
arima/info) framework, using the methods out-
lined by Box & Tiao 10. However, other methods
such as segmented regression may be used. These
2 time series methods, adequately applied, en-
able the effect of the event to be separated from
general trends and serial dependencies in time,
thereby enabling valid statistical inferences to be
made about whether an intervention has had an
effect on a time series. Ramsay et al. 11 emphasized
the necessity of correct modeling and analysis of
interrupted time series. The paper showed that
many ITS studies in the literature had analytical
shortfalls. Thus, these considerations justify the
importance of the application of this methodol-
ogy, which is briefly described in the next section.

Methodology

Descriptive-analytical observational study of
monthly hospitalization rates due to acute diar-



rhea in children younger than 5 years old was per-
formed between 2000 and 2011 in Parand State.
The research was performed with data from Parand
State, located in Southern Brazil, with an area of
199,880,202kmz2. The state has a humid subtropi-
cal climate in the Northeast, coastal plains, and a
subtropical climate in the South. In 2011, the pop-
ulation of Parand State was 10,512,349 of which
718,805 (6.84%) were younger than 5 years old.
The State is administratively divided into 399 mu-
nicipalities that are grouped in 22 regional health
divisions (Instituto Brasileiro de Geografia e Es-
tatistica. Censo Demogrdfico de 2000. http://www.
ibge.gov.br).

The study population was composed of all
children younger than 5 years old living in Parand
State who were hospitalized by Brazilian Unified
National Health System (SUS) due to acute di-
arrheal diseases between January 2000 and De-
cember 2011.

The available data in the electronic address of
the DATASUS (www.datasus.gov.br) were obtained
from the System of Hospital Information of SUS
(SIH-SUS) by using the 10th revision of the Inter-
national Classification of Diseases (CID-10) with
the codes A00 and A09.

The age groups included younger than 1 year
old (until 11 months and 29 days), 1 year old (older
than or equal to 12 months to 23 months and 29
days), 2 years old (older than or equal to 24 months
to 35 months and 29 days), 3 years old (older than
or equal to 36 months to 47 months and 29 days)
and 4 years old (older than or equal to 48 months
to 59 months and 29 days). The calculation of the
HR due to acute diarrhea was performed by divid-
ing the number of hospitalizations due to acute
diarrhea by the population of each age group and
multiplying the coefficient per 10,000. The values
of the population used in the rate calculus from 1
to 4 years old groups were the Brazilian Institute
of Geography and Statistics (IBGE) census in the
years 2000 and 2010; the inter census estimates
were used from IBGE for the remaining years. For
the age group younger than 1 year old, the values
of the population were obtained from Information
System on Live Births (SINASC).

The data were processed in Tabwin program
(DATASUS. http://portal.saude.gov.br/portal/
se/datasus/area.cfm?id_area=732), Excel (Micro-
soft Corp., USA), and R program (The R Founda-
tion for Statistical Computing, Vienna, Austria;
http://www.r-project.org). In R program, the
packages t-series, and TSA (Times Series Analy-
ses) were used to implement the methodology.

First, a descriptive analysis was performed for
each age group and the monthly HR time series
were analyzed for the 22 regional health divisions
of Parand State.

INTERVENTION ANALYSIS OF ROTAVIRUS VACCINE ON HOSPITALIZATION RATES

For the time series modeling with ITS analy-
sis, the identification, estimation, and validation
of the models considering the Box & Jenkins Sea-
sonal ARIMA (SARIMA) methodology was applied
for all HR time series. The choice of SARIMA mod-
els is due to the fact some series present seasonal
characteristics. The general model for a time series
Y, is given by

Y,=N,+m, 9]

where N, represents the time series before the
intervention modeled by a SARIMA process 10,11
m, and is the change in the mean function due to
the intervention. Before the intervention, m; is as-
sumed to be zero. To specify m;,, a function such
as a pulse or step is useful 9. Pulse interventions
refer to temporary effects (only a limited number
of time periods), whereas step interventions lead
to a permanent change in the time series, which is
the case under study. Both functions can be repre-
sented by a binary or dummy variable, and in the
case of a pulse intervention, it takes the value of
1 only for the time period when the intervention
occurs. In the case of a step intervention, it takes
a value of 1 starting in the time period when the
intervention occurs as well as in all time periods
thereafter.

The increases or decreases in the slope of the
time series after the event can be estimated from
the data by applying transfer functions 11 to this
step function. These transfer functions modify
simple step or pulse functions to represent a range
of possible effects or changes that may occur after
a period of intervention. Thus, the estimated pa-
rameter of most interest is the slope post-interven-
tion. Furthermore, the effect of the intervention on
time series can be projected for the actual time by
multiplying the slope by the number of observa-
tions during the period post-intervention.

Inrelation to N, in equation (1), before identifi-
cation of the best-fitting model N, the time series
must be transformed, if necessary, into one that
is stationary, which means that the mean and the
auto-covariance do not depend on time. Roughly
speaking, the mean and the variance are constant
in the time series period. The stationarity can be
induced through first or second differencing, or
through a Box-Cox transformation 12. There are
several ways to check for non-stationarity, includ-
ing plotting the data to inspect visually for shifts
in the series, observing a slow decay of the auto-
correlation (ACF), or performing the Dickey-Fuller
test for stationarity.

When the time series shows stable behavior
over the entire period of the study (outside of the
period due to the intervention), SARIMA models
can be fit directly to the data series or to a series
that has been treated to induce stationarity 12. To
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Table 1

identify the best-fitting SARIMA models consider-
ing the serial dependences, the ACF and partial
auto-correlation function (PACF) for the station-
ary series are compared with the ACF and PACF of
theoretical models 12,13,

In the estimation step, the data are used to
estimate the parameters of the chosen model for
N, by the maximum likelihood method. Once the
parameters are estimated, the validity of the es-
timated model is checked. Normality tests of the
residuals are applied. ACF and Portmanteau Box-
Pierce test can be applied on the residuals from
the estimated model to verify that the residuals are
uncorrelated, which confirms that the estimated
model captures most the information the series
could provide.

It is possible that more than one model will be
identified. In this case, the number of significant
terms or parsimony, smallest corrected Akaike In-
formation Criterion (AICc), and prediction vari-
ance are relied on to select the final model 12.

Details of the ARMA and SARIMA models as
well as ITS analysis are given in Box et al. 12 and
Cryer & Chan 14.

The development of the study occurred as
recommended by Resolution n. 196/96 of the
Brazilian National Health Council. The project
was approved by the Ethics Committee in Re-
search of State University of Maringd (Legal
Report 140/2009) and the Term of Free and In-

formed Consent was not used because the data
were secondary.

Results

From 2000 until 2011, 108,298 hospitaliza-
tions were registered in Parand State according
to the classification of ICD-10, codes A00-A09,
for a population of 10,261,004 children under 5
years old. The average HRs varied from 118.09 to
65.09/10,000 during the study period. The aver-
age and standard deviations for HRs according
to the year and group age are presented in Table
1. The largest average reached was 250.36 in 2000
for children younger than 1 year old.

The average by year considering all age
groups was 104.47 for 10,000 children. The abso-
lute standard deviations before the VORH were
smaller than after the VORH, e.g., 142.18 versus
74.59 for the children younger than 1 year old. On
the other hand, as the averages were drastically
reduced, the relative standard deviations should
be observed by the variation coefficient (stan-
dard deviation divided by the average). Thus,
it is possible to note that before the VORH, the
variation ranged from 48% to 55%, while after the
VORH, the variation coefficients were almost the
same, ranging from 45% to 50%, representing the
heterogeneity of the HRs.

Hospitalization rates (HRs) according to age, year, average, standard deviation (SD) and coefficient of variation (CV). Parana State, Barzil, 2000-2011.

<1 year 1 year 2 years 3 years 4 years Average

Year sD HR sD HR sD HR sD HR sD
2000 250.36 179.18 176.4 121.91 84.94 63.58 51.28 41.08 37.64 33.03 118.09
2001 246.42 166.46 210.67 143.56 94.13 70.25 59.05 51.27 40.78 37.06 128.01
2002 196.25 136.80 183.60 104.59 104.09 61.25 60.82 33.80 44.60 24.06 116.16
2003 174.64 128.36 181.01 111.41 113.49 71.54 73.91 50.13 50.53 32.41 117.23
2004 162.46 106.84 167.94 100.34 96.93 60.54 61.63 48.60 46.77 35.99 105.75
2005 154.31 67.91 172.77 199.13 100.53 49.33 62.28 34.98 46.75 27.76 105.96
2006 142.61 81.84 183.2 116.75 99.74 66.12 66.30 48.51 45.21 30.83 106.03
2007 122.04 73.94 133.56 77.44 84.07 47.21 52.26 33.14 41.15 28.83 84.61
2008 153.62 80.64 177.93 84.87 118.52 60.32 73.25 35.43 50.97 30.61 112.37
2009 125.73 69.16 122.92 65.96 73.77 43.50 52.70 35.80 41.64 26.64 81.63
2010 144.30 75.73 180.73 103.91 105.94 60.74 73.81 34.88 62.64 32.28 112.71
2011 96.01 54.45 91.26 58.12 58.87 34.45 42.65 24.28 38.16 20.77 65.09
Average (2000-2005) 255.86 142.18 241.50 116.42 133.19 64.37 83.41 46.00 59.81 33.05 154.75

Ccv 0.56 0.48 0.48 0.55 0.55
Average (2007-2011) 163.91 74.59 181.33 89.96 118.33 56.87 76.48 36.49 59.75 29.82 122.32

Ccv 0.46 0.48 0.48 0.48 0.50
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The age group composed of children young-
er than 1 year old represented 30.64% of hos-
pitalizations; the age group of 1-year-old chil-
dren, 30.52%; the 2-year-old group, 17.95%; the
3-year-old group, 11.81%; and the age group
with the lowest rate of hospitalization was the
4-year-old group, with 9.07%.

After verifying the time series stationarity for
each one of the 144 time series (22 health regions
and 5 age groups for each health region) by ACF
and Dickey-Fuller test, one or more models were
identified. For most of the time series at least
1 autoregressive parameter and 1 seasonal pa-
rameter of 12 months (annual) were indicated
from ACF and PACF to be included in the model.
The best model for each time series was chosen
considering the statistically significant estimated
parameters (p < 0.05), the smallest predictive
variance and smallest AIC. The validation of the
model chosen was evaluated by residuals analy-
sis. Using a Portmanteau test (Box-Pierce test),
it was verified that all residuals did not present
statistically significant correlation.

Once the models were estimated and validated,
the adjusted models (gray line) were plotted in re-
lation to the original series (black line) for each age
group. In Figures 1 and 2, one can see the graph-
ics for the younger than 1 year old and 1-year-old
groups, respectively. The dashed line is the aver-
age level for the period before the vaccine (2000-
2005).

In Figure 1, one can note that the adjusted
model for most of the HR time series of children
younger than 1 year old shows a decrease. How-
ever, for health region 18, a clear increase can
be noted. The quantification of the decreases or
increases was evaluated by the estimated slope
parameter. This parameter indicates the reduc-
tion by month per 10,000 children. This effect of
reduction is better understood when projected
at the end of the analyzed period (December
2011). The projected effects are presented in Ta-
ble 2. When the slope estimated parameter was
not statistically significant, the projected effect
was represented by zero. For children younger
than 1 year old, considering each regional divi-
sion specifically, there were reductions in HRs in
11 regional divisions (1, 7,9 10, 12, 13, 14, 15, 16,
20, and 22) with 12-32 reduced cases/month per
10,000 hospitalizations, 4 regional divisions (3,
15, 19, and 21) with no statistically significant de-
crease, and 1 regional division with a statistically
significant increase of 6 cases/month/10,000.
The average reduction by regional division in
this age group was 11 cases/month/10,000 (Ta-
ble 2). By analyzing the percentage reduction of
the HRs in December 2011 in relation to the av-
erage level of cases before the vaccine, this age

INTERVENTION ANALYSIS OF ROTAVIRUS VACCINE ON HOSPITALIZATION RATES

group presented an average reduction of 47% by
regional division (Table 2).

For 1-year-old children, the adjusted model
also shows a statistically significant decrease in
the HRs for most regional divisions accompany-
ing the original series (Figure 2). In the evaluation
of the 1-year-old age group, 13 regional divisions
presented reductions of 12 to 32 hospitaliza-
tions/month/10,000. Regional divisions 18 and
21 also did not have statistically significant de-
creases for this age group, and regional division 2,
which had a slight decrease for children younger
than 1 year, did not have a decrease in the HR
for the one-year-old group. It was also verified
that the average percentage reduction of HRs by
regional division was 58% (Table 2).

In the time series for the age groups of 2-
and 3-year-old children, when the decrease oc-
curred, it was less dramatic, with reductions of
up to 19 cases/month/10,000 hospitalizations.
Most regional divisions had no statistically sig-
nificant reduction (p > 0.05) (Table 2). For these
age groups, the average percentage reduction of
HRs in December 2011 in relation to the average
level before the vaccine was 21% and 7%, respec-
tively (Table 2). In the 4-year-old age group, most
regional divisions had no statistically significant
reduction in HR, and, in fact, slight increases
were verified in 5 regional divisions.

When the average pre-vaccination level (65
cases/month/10,000) of the HRs by regional divi-
sion is compared with the post-vaccination pe-
riod in December 2011 (36 cases/month/10,000),
an average decrease of 29 cases/month/10,000 is
observed. The largest decrease was for regional
division 13 (100 cases/month/10,000). On the
other hand, regional divisions 18 and 21 had
increases of 8 and 4 cases/month/10,000 hospi-
talizations after the introduction of the VORH,
respectively.

Discussion

For the study period 2000 to 2011, hospitalization
rates for acute diarrhea confirm the magnitude
of diarrheal disease on the health of children less
than 5 years of age and the importance of pro-
grams aimed at reducing these rates, such as the
rotavirus vaccine.

Considering the descriptive analysis in Table 1,
a higher HR was observed in the pre-vaccination
period for children younger than 1 year old (256
on average) and a lower HR for the 4-year-old age
group (60 on average). After VORH introduction,
these average rates decreased to 96 and 38 in 2011,
respectively. Even with this reduction, rates above
these averages were encountered in national and
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Figure 1

Adjusted models for hospitalization rates (HRs) of children younger than one year old and the original series of HRs, codes
A00-A09, according to the regional health. Parana State, Brazil, 2000-2011.
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Black line: adjusted series;
Gray line: original series;

Dashed line: average level before 2006.

international literature. From a literature search
of worldwide studies from 1986 to 2000, the rate of
hospitalizations due to acute diarrhea in children
younger than 1 year old was found to be 71.25 cas-
es per 10,000, and for children from 1 to 4 years old,
the HR was 18.90 cases per 10,000, highlighting the
severity of diarrheal disease in small children until
2 years old, as most children in the later age range
already have antibodies against rotavirus 14.
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If all age groups are considered, the average
HR by month was 154.75 before the vaccine and
122.32/10,000 after. The HR was calculated by
considering the entire population, although it is
known that 24.5% of the population of the coun-
try has private health insurance and the hospital-
ization of these patients was not part of the data-
base 15. The great variation in HRs among the re-
gional divisions from 2000 to 2011 is remarkable,
ranging from 35.30 to 344.55/10,000 hospitaliza-



Figure 2

INTERVENTION ANALYSIS OF ROTAVIRUS VACCINE ON HOSPITALIZATION RATES

Adjusted models for hospitalization rates (HRs) of children with one year old and original series of HRs, codes A00-AQ9,

according to the regional health. Parana State, Brazil, 2000-2011.
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Black line: adjusted series;
Gray line: original series;

Dashed line: average level before 2006.

tions for regional divisions 2 and 7, respectively.
This variation in HRs is also evident observing the
standard deviations in Table 1.

By ITS analysis, a higher reduction in the HR
for children younger than 1 year old (21 cases/
month/10,000 on average by regional division)
and a lower reduction in the HR for the age group
of 4-year-old children (5 cases/month/10,000 on
average by regional division) with decreases to 9
and 4 cases/month/10,000 in the end of 2011, re-

spectively, was noted in the present study. Cases
were reduced by an average of 29 cases/month by
regional division.

Furthermore, by ITS analysis, it was observed
that for children younger than or equal to 1 year
old in all Parand regional health divisions, 467 hos-
pitalizations/month/10,000 were avoided, and for
the other age groups, the reduction was small (93
cases/month), considering the projected effect
in December 2011. In a study performed across
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Table 2

Reduction in hospitalization rates (HRs)/month/10,000 achieved in December 2011 and the reduction percentage in HRs December 2011, obtained from

intervention analysis, according to regional health center. Parand, Brazil, 2000-2011.

Regional heath center <1 year 1 year 2 years 3 years 4 years Total Average
n* % ** n % n % n % n % e Pre #  Post ##

1 -12 -69 -13 -76 -3 -38 0 0 4 138 -24 49 25
2 -3 -42 0 0 0 0 1 59 1 82 -1 18 17
3 0 0 -15 -82 -8 -73 -4 -63 0 -27 52 25
4 -5 -39 -8 -59 0 0 0 0 0 -13 40 27
5 0 0 -18 -68 -9 -60 -4 -48 0 0 -31 82 51
6 -5 -40 -7 -53 0 0 0 0 2 77 -10 40 30
7 -32 -67 -26 -67 0 0 -2 -17 0 0 -60 126 66
8 -8 -39 -14 -60 0 0. 0 0 0 -26 73 47
9 -12 -87 -9 -81 0 0 0 0 0 -21 37 16
10 -19 -84 -13 -72 0 0 0 0 0 -32 59 27
1 -8 -39 -18 -74 0 0 0 0 0 -26 74 48
12 -16 -65 -13 -58 -5 -40 -5 -52 0 0 -39 75 36
13 -31 -79 -32 -93 -19 -91 -1 -73 -7 -67 -100 120 20
14 -14 -59 -9 -41 -4 -35 0 0 0 0 -27 71 44
15 -19 -77 -13 -56 0 0 0 0 0 0 -32 75 43
16 -23 -77 -19 -67 -5 -37 -3 -35 0 0 -50 86 36
17 -6 -68 -4 -51 57 2 79 3 173 -3 24 21
18 6 41 0 0 0 0 0 2 39 8 56 64
19 0 0 -12 -56 -6 -48 0 0 0 0 -18 69 51
20 -14 -53 -22 -74.9 -6 -40 -3 -31 0 0 -45 88 43
21 0 0 0 0 0 0 3 74 1 0 4 42 46
22 -20 -94 -21 -100 -7 -57 -33 -44 0 -51 67 16
Average cases reduction -1 -47 -13 -58 -4 -42 -1 -6 0 19 -29 - -
Average pre # 21 - 20 - 11 - 7 - 5 - - 65 -
Average post ## 9 - 8 - 7 - 5 - 4 - - - 36

* Reduction in the rate of hospitalization/month achieved in December 2011;

** Percentage reduction (relative to the average level before the vaccine) in the rate of hospitalization in December 2011. The zero indicates that the estimated

slope () parameter was not statistically significant;

*** Total number of cases reduced in December 2011;
# Average number of cases/month/10,000 pre-vaccine (2000-2005);

## Average number of cases/month/10,000 after vaccination in December 2011.

all Brazilian regions, approximately 42,480 hos-
pitalizations were avoided with the vaccine in all
Brazilian territories between 2007 and 2009. How-
ever, for all Southern territories, where Parand is
located, there were 109 hospitalizations fewer than
expected for children younger than 1 year old, and
the sum of what was expected for until 4 years old
had an increase of 149 cases, by the analysis of time
series 7.

It is important to highlight, as we can see in
Figures 1 and 2, that the incidence of diarrhea has
been decreasing for some regions since 2000, and
the autoregressive characteristics of the SARIMA
modeling in ITS analysis took this into account.
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Furthermore, the adjustment underestimates
the observed time series, as expected, due to the
model structure. However, for some time series,
the estimation was poor because the time series
presented a random behavior, e.g., region 20 in
Figure 2.

Although it was verified by ITS analysis that
children younger than or equal to 1 year old were
the most benefited with vaccination, other ac-
tions contribute to acute diarrhea prevention,
such as incentivizing breastfeeding and better
quality of primary attendance. These factors
may be interfering in these values and may not
be implemented homogeneously in all regional



divisions, making necessary the improvement
of more efficient strategies to support the mu-
nicipalities and influence the management of re-
gional issues to foment the continuous and grow-
ing search for efficiency with quality.

The variations in HRs due to acute diarrhea in
regional health divisions, even after the introduc-
tion of VORH, can be noted by the standard devia-
tions in Table 1. This fact suggests a subordination
of the data, weakening the usefulness of hospital-
ization rates as an indicator of morbidity, as some
regional divisions may not have appropriate data
quality, resulting in under-reporting of diarrheal
disease. The system of notification does not iden-
tify the individual or multiple hospitalizations due
to the same problem, which leads to an overesti-
mation of the health problem and prevents the
evaluation of re-hospitalization and transfers 15.
Although it could help in the evaluation of preven-
tion measures for acute diarrhea, records com-
pleted during hospitalization for the treatment of
infectious diarrhea exclude the identified etiol-
ogy, not excluding case studies that detected fac-
tors that lead children younger than 5 years old to
hospitalization.

This great variation can also indicate that rota-
virus outbreaks still happen and reach the popula-
tion of children younger than 1 year old who re-
ceived only the first dose of the vaccine. In Austra-
lia, a retrospective case-control study determined
that the efficiency of the vaccine to protect against
hospitalization during rotavirus outbreaks in na-
tive children was 57.1% with 1 dose of the vaccine
and 84.5% with 2 doses 16.

Another factor that may be influencing the
hospitalization rates is the rotavirus vaccination
coverage in Parand State. In the present study, the
vaccination coverage in 2006 was 50.13%; this may
be due to the irregular provision of vaccine to the
health units. This year was also one with the high-
est dropout rate, where 34.02% of the children who
had the first dose did not complete the basic plan of
2 doses. It is important to observe that this vaccine
has different characteristics of other vaccines that
allow the vaccination regimen to be completed at
any age in children. Vaccine coverage was 83.51%
for 2007, 85.81% for 2008, 86.61% for 2009, 91.66%
for 2010 and 93.21% for 2011; these rates are lower
than the 95% vaccine coverage recommended by
the Brazilian Ministry of Health. However, these
results are better when compared with the data for
all of Brazil 17. Despite higher vaccination coverage
rates than in other regions of the country 7 in 2008
and 2010, an increase in HRs was observed with an
average increase of 112 cases and up to 84.61 for
2007, 2009, and 2011 (Table 1). During the six years
of vaccination coverage, there was a large percent-
age of unimmunized children, which is a concern
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because it is not yet known what will be the behav-
ior of the natural disease for children over 2 years
of age who have not received the vaccine.

In countries with VORH included in their basic
calendar, as in the USA, it was verified in 2007 that
after a year of the vaccine’s use, with 49% vaccina-
tion coverage for the first dose, that the hospital-
ization rate due to acute diarrhea decreased by
16%, and in the following year, with slightly more
than a third of the children completing the vac-
cine schedule of 3 doses (pentavalent vaccine),
the reduction was by 45% 18. In El Salvador, it was
noted that children younger than 2 years old with
2 doses of the vaccine (monovalent vaccine) had a
76% reduction in HRs due to rotavirus and a 51%
reduction with 1 dose. In these studies, even with
lower than recommended vaccination coverage, a
significant reduction in the hospitalizations due
to acute diarrhea was found 19, which suggests
that VORH has an indirect protective effect, noting
thatin these studies there was the identification of
the agent that led to hospitalization.

The identification of the acute diarrheal agent
is necessary to evaluate the efficiency of the vac-
cine through the years because in clinical trials,
thevaccine used in Brazil demonstrated efficiency
against gastroenteritis caused by rotavirus G1P[8],
G2P[4], G3P[8], G4P[8] and GIP[8] 45. Before the
introduction of the vaccine, type G1P[8] was the
most prevalent. In 2006, a rotavirus outbreak in
Northeast Brazil had 780 cases, of which 100%
of the 15 patients who were hospitalized were
found to be positive for G2[P4] 20. In Sdo Paulo, it
was identified that the predominant serotype
was G2 21,

The evaluation of the effect of the vaccine is
complex as the decrease of HRs was also observed
before the introduction of the VORH and impor-
tant variations in these rates were noted even after
the introduction of the vaccine, as was the case
in 2008 when there was an increase in HRs in this
study and others for the entire country 67. Further,
Brazil has not identified the diarrheal agent that
led to the hospitalization of these children. Addi-
tionally, great regional differences in HRs in Parand
state were observed with similar results in other
studies that evaluated all the hospitalizations in
the country by region. Thus, studies that consider
only data from sentinel hospitals for the disease
may not demonstrate the effect of VORH on hos-
pitalization rates.

Conclusion
This study concluded that hospitalization rates

due to acute diarrhea, following a national trend,
is decreasing in almost all regional health divisions
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of Parana State, as was observed from 2006 to 2011.
Despite the discussed limitations related to the
data, from the ITS analysis with Box-Jenkins meth-
odology, the effect of the introduction of VORH on
the HRs due to acute diarrhea could be estimated.

The reduction in HRs in some regional divi-
sions may be related to general measures of di-
arrheal disease prevention, the hospitalization
registers or better rates of vaccination coverage.
It is still necessary to have a national network for
systematic epidemiological vigilance with the
identification of cases of rotavirus hospitaliza-
tion, as this strategy would ease the monitoring
of vaccine efficiency and the disease behavior
with circulation of serotypes that are not inte-
grated in the vaccine composition due to the
large antigenic diversity responsible for the mul-
tiplicity of serotypes, which may make their con-
trol difficult.

With the introduction of the vaccine, children
younger than or equal to 1 year old presented
more significant decreases in HRs. It is impor-
tant to remember that the highest HRs are in this

Resumen

El objetivo de este estudio es investigar el impacto de la
vacuna contra el rotavirus en las tasas de hospitaliza-
cion, relacionadas con diarrea aguda en nifios menores
de 5 anos, después de que se introdujese la vacuna en
2006. Se trata de un estudio observacional, analitico
descriptivo de las tasas de hospitalizacion acaecidas en-
tre 2000 y 2011 en 22 centros regionales de salud del es-
tado de Parand, Brasil. El efecto de la vacuna se evaluo
mediante la aplicacion de la serie de tiempo SARIMA/
metodologia de Box-Jenkins de andlisis de intervencion,
lo que demuestra que los declives de las series son dife-
rentes después de la introduccion de la vacuna, con el
fin de estimar la magnitud de estos efectos en los niiios
menores 5 anos de edad, por grupos de edad para ca-
da region. Se ha encontrado una reduccion estadistica-
mente significativa de centro/mes en las tasas de hospi-
talizacion para nifios menores de 1 afio de edad y de 1
afio de edad, con un promedio de 47% y 58%, respecti-
vamente, en diciembre de 2011.

Vacunas contra Rotavirus; Diarrea; Hospitalizacion;
Evaluacion de Servicios de Salud

Cad. Saude Publica, Rio de Janeiro, 30(10):2101-2111, out, 2014

age group, which highlights the disease severity
in small children, making necessary the need to
discuss the causes of acute diarrhea in this age
group and develop strategies for its reduction. As
it was observed that there was no decrease for 3-
and 4-year-old children, continuous monitoring
will indicate whether the disease incidence for
these age groups will decrease.

The reduction of the HRs was effective, but
the continuous monitoring for a reduction in
cases of acute diarrhea cannot be discarded, as
these cases may be related to other factors be-
yond the vaccine. The evaluation of other inter-
ventions such as sanitation, breastfeeding, nutri-
tion, oral rehydration and access to health care
are also important factors to be studied.

Finally, most of the time series analyzed pre-
sented an annual seasonal effect. This finding
reinforces the importance of considering ag-
gregating the estimation of SARIMA models and
ITS analysis and indicates the necessity for more
investigations related to the seasonal behavior,
which may be associated with climate factors.
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