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Introduction

Diarrhea is one of the most common childhood
diseases. In developing countries, it is the leading
cause of hospitalization and death among children
under five, and mortality is higher in their first year
of life.""? In developed countries, the frequency
of acute diarrhea in infants is up to two episodes/
year, whereas in developing regions it can reach ten
episodes/year. Basic sanitation and drinking water
almost eliminated bacterial and parasiticinfections
in developed countries, but rotavirus infections are
still comparable between developed and developing
countries.®?

Younger children with rotavirus infection tend
to have significantly higher risks of complications,
as most cases of severe diarrhea and dehydration oc-
cur between three to 35 months.?>® In the United
States, 17% of hospitalizations occurred during the
first six months of life, and 40% in children up to
one year of age. It is estimated that each year the
rotavirus infections in children under five years of
age total 27 million episodes, and result in 410,000
consultations, with 205,000 - 272,000 emergency
room visits, and 20-60 deaths.”

In Brazil, acute diarrhea in children under
five accounts for 15% of admissions. There were
1,505,800 hospitalizations from 1995 - 2005, and
39,421 deaths from diarrhea in children under
one year of age.®’ In Curitiba, Parand, as well as in
15 other Brazilian cities, there was a reduction in
hospitalization rates for diarrhea; eight capitals re-
mained stable, and two capital cities and the Federal
District showed increasing rates.®

In 2011, Sudan became the first low-income
country in Africa to introduce a rotavirus vac-
cine. Active hospital-based surveillance for ro-
tavirus disease was performed in eight regional
public hospitals in Sudan using a standard pro-
tocol recommended by the World Health Orga-
nization for children at two years of age.”” From
June 2009 to May 2011, rotavirus was detected
in 3985 (36%) of 10,953 children hospitalized
for gastroenteritis, with detection rates ranging
from 25% - 48% in eight hospitals. About 61%
of hospitalizations for rotavirus occurred before
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one year of age, and most (91%) occurred before
two years of age. With the national estimates of
diarrhea events, 9,800 deaths, 22,800 hospital-
izations and 55,400 outpatient visits related to
rotavirus were calculated annually among chil-
dren under five, in Sudan.

In 2006, oral human rotavirus vaccine was in-
cluded in the National Immunization Program, as
a strategy to reduce intestinal diseases in children
under five, impacting morbidity and mortality
from the disease. After its introduction, there was
a 14% reduction in hospitalization rates for acute
diarrhea, with a mean hospitalization of 115.74
cases before the introduction, 85.84 cases in 2006
and 59.94 cases in 2007, a reduction of 25.8%
and 48.0% respectively.©

Given the above, this study aimed to evaluate
the risk of hospitalization for acute diarrhea in chil-
dren under five,in the state of Parand, from 2000
- 2009, comparing the periods before and after the
introduction of oral human rotavirus vaccine.

Methods

This was an eco-descriptive-analytic study of in-
fant hospitalization rates for diarrhea registered
in the Unified Health System (UHS) of the State
of Parand. The study population consisted of all
children under five, living in the State of Parand,
who were hospitalized for acute diarrheal diseas-
es from January 2000 - December 2009. Data
were collected from the Hospital Information
System of the UHS, which was established in
1982 by the Ministry of Health, with the func-
tion of monthly and continuous documenting
of UHS hospital information, using the A00-A09
codes, related to intestinal infectious diseases
of the International Classification of Diseases
(ICD-10). Vaccination coverage was calculated
through the percentage of vaccinated individuals
in the target population, in relation to the total
population. This denominator was obtained in
SINASC database.

The coverage of oral human rotavirus vaccine
can be understood as the proportion of children



under five who received the full course of vacci-
nation, in relation to children in the population
under one year of age, whose doses were applied
at the correct ages (epidemiological adequateness)
and proper time intervals (immunologicalade-
quateness). We evaluated the accessibility and the
dropout rate, which allowed us to analyze the per-
centage of children who had not had a complete
scheme of this vaccine, although they had received
the first dose. We obtained the hospitalization rate
by dividing the number of hospitalizations for acute
diarrhea by the population of children under five,
then multiplying the quotient by 10,000. We used
the Relative Variation Rate to quantify the differ-
ence between the pre-vaccination median with the
annual rates post-vaccination. The population was
obtained from the 2000 censusfrom the IBGE, and
the intercensal estimatesfor other years. For the age
variable,the following categories were considered:
younger than one year, one year, two, three and
four yearsof age. Data were collected at the Maringd
15" Regional Health Unit by a properly trained re-
searcher from the State University of Maringd.

The data were stored in the Excel program. The
unadjustedoddsratio (OR), the point estimate and
the 95% confidence interval were subsequently cal-
culated. Stratified analyses were performed with the
application Epi Info®, and logistic regression was
calculated using SAS® software. The attributable
risk was calculated to assess for the proportion of
cases that could be avoided if the exposure was pre-
vented, with the category of four years being used as
a baseline for the lower incidence presented in this
age group.

The development of the study met national and
international standards of ethics in research involv-
ing human subjects.
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Results

In the period between 2000-2009,there were
103,654 hospitalizations registered in the State of
Parand for a population of 8,828,162 children un-
der five, with a hospitalization rate of 117.41 per
10,000 children.

Children younger than one year accounted for
31.1% of hospital admissions; children one year of
age accounted for30.6%; 17.9% weretwo-year-old
children; 11.7% werethree-year-old children; and
8.8% werefour-year-old children. Of the total sam-
ple, 45.5% were female and 54.5% were male.

In the pre-vaccination period (2000-2005),
the median hospitalization rate was 124.2/10,000
children. After the introduction of the vaccine,
hospitalization rates were lower when compared to
the median of the pre-vaccination years. The 2009
year variation rates compared to the median in the
pre-vaccination years were negative, indicating a
reduction in hospitalization ranging from (-9.4%)
to (-32.1%). Children younger than one year had
a higher variation rate (-32.1%), followed by the
one-year-old children (-30.7%) and the two-year-
old children (-25.8%), with a reduction inversely
proportional to age being observed (Table 1).

The age group younger than one year was the
one that showed a significant reduction (p<0.001)
in hospitalization rates in the post-vaccination years,
compared to the median of the pre-vaccination years.
It should be noted that, among the age groups, this
was the one with the highest median. For the year
2008, there was an increase in hospitalization rates
in all age groups when compared to 2007 and 2009.
The analysis of the age group by hospitalization rates
shows that four-year olds presented the lowest rates
for all pre- and post-vaccination years (Table 1).

Table 1. Median hospitalization rates for acute diarrhea, and variation rates between periods, by age

Age Median HR HR VR HR

VR

HR VR HR

(vears) 2000-2005 2006 (%) 2007 (%) 2008 (%) 2009 Ll p<0.001
<1 202.7 155.1 235 1413 -30.3 167.5 7.4 137.7 ] 0.001
1 1915 196.9 +2.8 1587 A7.1 1935 +1.4 132.8 307 0.467
2 107.2 107.3 +0.1 96.2 -10.3 1255 +17.1 79.6 2538 0.297
3 66.3 71.9 +8.5 59.4 104 79.0 +19.2 56.8 143 0.141
4 499 50.3 407 484 52 55.0 -10.1 453 9.4 -
Total 124.5 114.8 738 98.4 -20.9 121.4 25 88.5 289 0.009

HR - Hospitalization rate; VR - Variation rate; **baseline Category
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Table 2. Probability of hospitalization for acute diarrhea in children under five

Age (years) 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 %2
<1

OR 6.78 5.95 4.49 3.49 3.44 3.28 312 2.95 3.08 3.07 1358.70

cl 6.2-7.3 5.5-6.4 4.1-4.8 3.2-37 3.2-3.7 3.0-35 2.9-33 2.7-32 2.8-33 2.8-3.3

P <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
1

OR 4.65 5.00 419 3.54 3.63 3.62 3.97 3.32 357 2.96 181.14

cl 4.2-5.0 4.6-5.3 3.8-45 3.3-38 3.3-3.8 3.3-38 3.7-4.2 3.0-35 3.3-3.8 2.7-3.2

P <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
2

OR 2.26 2.62 2.3 2.22 2.04 2.1 2.14 2.0 2.3 1.76 0.060

cl 2.0-20.4 2-2.4 21-24 2.0-2.3 1.8-2.2 1.9-2.2 1.9-2.3 1.8-2.1 21-24 1.6-1.9

P <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
3

OR 13 1.44 1.35 1.45 1.31 1.31 1.43 1.23 1.44 1.26 5.27

cl 1.2-15 1.3-1.5 1.2-14 1.3-1.5 1.2-1.4 1.2-1.4 1.3-1.5 1.1-1.3 1.3-1.5 1.1-1.3

P <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Stratified analysis

MH 313 3.63 3.06 2.66 2.59 2.56 2.65 2.35 2.58 2.24 13.73

cl 3.0-3.2 35-37 3.1-29 2.5-2.7 2.5-2.6 24-26 2.5-27 2.2-24 24-26 2.1-23

P <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.001 <0.01 <0.01

OR - 0dds Ratio; Cl - Confidence Interval; P - significance level; MH - Mantel-Haenszelstatistic

The age group of those under one yearof age
showed the greatestinteraction with the vaccine
(p<0.001). The other age groupswere different from

tion period, one-year-old children had a higher
risk of hospitalization for acute diarrhea com-

pared to children under one (Table 3).

the first, and equal when compared to each other. The
odds ratio for hospitalization in children under one

year of age reduced the risk by half in the ten years

Table 3. Likelihood of hospitalization, attributablerisk and
adjusted odds ratio by age and pre- and post-vaccination periods

L . Pre- Post- :
evaluated, but it is still the age group at greatest risk of Age(years) vaccination vaccination AR Adjusted OR  p-value
hospitalization (Table 2). <1

OR 44 506 3045 389 <0001
It was also founc% tl‘lat‘all age groups had .de— g s Y
creased rates of hospitalization in the study period MH 11685.02  3533.93
(2000-2009), with a statistically significant reduction P 0.01 0.01
. . . 1
([?<0.001). At the age of two, this analysis was not sig- R 05 .- - .
nificant (Table 2). cl 393-417  337-364
In the analysis of the pre-vaccination period, MH 1002661 ERE
. . P 001 0.01
it was observed that children under one,and one- )
year-old children had a risk (OR ,=4.40 and OR 219 207 548 214 <0001
OR=4.05, p<0.001) of hospitalization for acute o 212226 S
. , . MH 243448 1279.46
diarrheal disease when compared to older children b 001 001
(Table 3). In the period after the introduction of 3
the vaccine, taking the age of four as a baseline, OR 137 18 158 <0.001
_ . . ¥ 132142 129141 146
it was observed that the probability of hospital- W s34 IR
ization for acute diarrheal disease decreased. For P 0.01 001
the period of 2006-2009, the age groupsyounger \S/?Ci_':a;'o” ple”f’d R <0
N ratiried analysis
than one year and the one-year-olds had a risk OR 0g7 o
(OR=3.06 andOR=3.5, respectively) of hospital- cl 294-304 244253
ization that was greater when compared to older afJM“;M . 212593831 86i'j836
. . . x . d
ages. This analysis concerning the age should be P 0.01 0.01

carefully performed, because in the post-vaccina-
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OR - 0dds Ratio; MH - Mantel-Haenszelstatistic; IC - Confidence Interval; P - significance level



Through calculation of the attributable risk, it
was observed that children under one year had a
30% decreased rate of hospitalization, a difference
between the pre- and post-vaccination periods,
and, as one ages, the likelihood of hospitalization
decreases. The Mantel-Haenszel chi-squarestatistic
revealed that for the set of all analyzed ages, the risk
of hospitalization for diarrheal diseaseafter vaccina-
tion decreased by 17% (Table 3).

The logistic regression confirmed the statistical-
ly significant predisposition for all ages, with a risk
of 3.89 and 3.84 for hospitalization for children in
the age under one year andequal to one year, respec-

tively (Table 3).

Discussion

An ecological study design does not allow direct
interpretation of results at the individual level.
Also, the number of hospitalizations for all causes
of diarrhea is secondary data, without independent
validation, from health administration and subject
to reporting bias. However, it was noted that diar-
rheal diseases showed particular characteristics,such
as anoutbreak incidence.In addition to seasonality,
diarrheal diseases presented with temporal variation
amongthe years, important factors to be considered
in new proposals.

In this study, we found a reduction in hospital-
ization rates due toacute diarrhea, in children under
five for all stratified age groups, suggesting that the
use of oral human rotavirus vaccine was associat-
ed with the reduction in cases, following a national
trend of decrease in hospitalization rates for acute
diarrhea.®>%

This reduction in hospitalization rates for acute
diarrhea, after the introduction of the vaccine,was
confirmed in a study conducted in the United
States, which found a 50% increase in hospitaliza-
tions for diarrhea in children 6-23 months, in the
second year after the oral human rotavirus vaccine.
10" Also, one case-control study that evaluated the
efficacy of the vaccine in sentinel hospitals in El
Salvador observed a significant protection for all
admissions for diarrhea among children under five,
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with a 40% and 51% reduction in cases in 2008
and 2009, respectively, when compared to 2006.1"

The study conducted in Brazil, in 2006 and
2007, found a 14% reduction in the hospitaliza-
tion rates for acute diarrhea by region, with a mean
hospitalization rate of 115.74 cases per 10,000 chil-
dren before the introduction of the vaccine, 85.84
in 2006 and 59.94 in 2007 (a reduction of 25.8%
and 48%, respectively).® Meanwhile,in the city of
Sdo Paulo, a reduction of 29% in hospitalizations
for diarrhea of any cause was found after oral hu-
man rotavirus vaccine.”)

Identifying the causes of diarrhea is essential,-
so that appropriate measures are instituted for its
prevention. A studyat the University of Wiirzburg
Hospital (Germany),with 650 patients with prov-
en diarrhea treated between April 2005 and May
2008, aimed to analyze the clinical features and lab-
oratory data of the different pathogens causing di-
arrhea. Rotavirus was the most common pathogen
identified, followed by norovirus, adenovirus and
Salmonella spp. Nosocomial infections were most
commonly caused by norovirus. Rotavirus was the
most common agent when there was simultaneous
detection of two or more viruses. Rotavirus infec-
tions were significantly more severe, with a higher
frequency of diarrhea and elevated liver enzymes.
Patients infected with Salmonella spp showed sig-
nificantly higher values for C-reactive protein, he-
mo-sedimentation velocity, and fever. Younger chil-
dren showed significant scores for gastroenteritis
and airway inflammation. Respiratory symptoms
and systemic inflammation parameters differed be-
tween the different pathogens.”?

A study comparing the proportion of hospitaliza-
tions for diarrhea attributable to rotavirus found in-
creased hospitalization rates in recent years, 21% be-
tween 1986 and 1999, 39% between 2000 and 2004,
both in developed and developing countries."? After
this period, there was a reduction in hospitalization
rates compared to other causes of diarrhea, suggesting
the importance of oral human rotavirus vaccine in re-
ducing hospitalization rates. It should be added that
high admission rates may be related to viral infections,
which do not have their rates reduced with the basic
measures of sanitation and clean water.”’

Acta Paul Enferm. 2015; 28(3):243-9.



Impact of oral human rotavirus vaccine on hospitalization rates for children

In the analysis of the likelihood of hospitaliza-
tion for acute diarrhea, a sharp drop for children
under one year of age was observed before the intro-
duction of oral human rotavirus vaccine, possibly
related to other protective factors, such as the use
of oral rehydration therapy, and the improvement
of factors such as socioeconomic status, maternal
education, breastfeeding and nutritional status of
children.®19

Age has been a risk factor for diarrheal disease,
the severity of these episodes increased in both de-
veloping and developed countries. The attributable
risk for children under one, and for one-year olds,
showed a higher vaccine protection, but the OR re-
vealed the frailty of this group regarding acute di-
arrhea. This fact can be observed in a case-control
study which found statistically significant frequen-
cy of rotavirus infection among patients under 24
months of age (69%),compared to children aged
two years or more (31%).1%

In the present study, the incidence of diar-
rheal episodes in children under one was 3.8
times higher when compared with children one
to four yearsof age. This same bias was observed
in a case-control study” in the northeasternre-
gion of Brazil, which demonstrated the risk of
hospitalization of children under one year of age,
with a probability 4.4 times higher, and 3.6 in
the post-vaccinationperiod,compared with four-
year-old children. In southern Brazil, the risk of
children under one year being ill was 3.59 times
higher than in children one to four years old.©

It was observed that the risk for two-year-old
children changed a little, with a small reduction
in the year 2009, and that the pre- and post-vac-
cination periods remain virtually unchanged
(Table 2) although they present a variation rate
of (-25.8%).

In the natural history of rotavirus infections,
90% of children up to the second year of life would
present an infection® of greater severity that would
require hospital care and the availability of the vac-
cine for all children, according to the age group.
This would also reduce the risk of bias in the analy-
sis of admission rates, suggesting that the introduc-
tion of the vaccine has reduced the percentages of
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hospitalization rates for some age groups. It should
be noted that the younger the child, the stronger
the association, i.e., the greater the probability of
occurrence of the disease, probably because the
likelihood of hospitalization for this age shows little
variability over the years.

A study conducted in 18 states, with acute gas-
troenteritis hospitalization rates in children under
five years of age, before and after rotavirus vaccina-
tion, found that the average rate for the years 2000-
2006 was 101.1/10,000 children, compared to rates
of 85.5 and 55.5/10,000 children in 2007 and 2008
(16% and 45% lower, respectively). Children aged
0-2 monthshad a reduction of 28%; those aged
6-23 months had a 50% reduction, and children
aged 3-5 months and 24-59 months had reductions
ranging from 42% to 45%. It was concluded that
the introduction of the vaccine was associated with
a dramatic reduction in hospitalizations for acute
gastroenteritis in US children, regardless of age."”

Measures to improve sanitation, such as clean
water, garbage collection, wastewater piping,
combating vectors, pluvial drainage and the pro-
motion of personal and home care are import-
ant strategies and present concrete results for the
reduction of hospitalization rates for acute di-
arrhea. However theyare not suflicient,and pre-
vention through immunizationis required. The
World Health Organization has also supported
the member states of the African countries, since
2006, to establish the sentinel surveillance of ro-
tavirus diarrhea in children under five, through
the use of standardized guidelines. This strategy is
very important to generate country-specific data
and document and demonstrate rotavirus gastro-
enteritis load in the country."” The collected data
are being used by politicians to guide appropri-
ate intervention decisions for diarrhea control,
including importance and the timing of the in-
troduction of new rotavirus vaccines in national
immunization programs.

The use of oral human rotavirus vaccine is a
breakthrough in the health of children under five,
and the data on the impact of viral gastroenteritis
have important implications for the evaluation of
health policies, such as promoting breastfeeding,



improving weaning practicesat the proper age, and
the introduction of complementary food.

It is crucial to determine how many of the
still remaining admissions of children under five
years of age are caused by rotavirus, and what the
vaccination status is for these children. The wide
variety of circulating strains, and factors such as a
cold, dry climate, urban clusters with high popu-
lation density, being in childcaresettings and other
indoor environments, increase their potential for
transmission.

Conclusion

There was a reduction in hospitalization rates for
acute diarrhea in children under five years of age in
the state of Parand, suggesting that the use of oral
human rotavirus vaccine and other associated fac-
tors can reduce cases of acute diarrhea.
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