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INTRODUCTION

SUMMARY

Introduction: Acute diarrheal disease is the second cause of death in children
under S years. In Brazil, from 2003 to 2009, acute diarrhea was responsible for
nearly 100,000 hospital admissions per year and 4% of the deaths in children
under 5 years. Rotavirus is the leading cause of severe acute diarrhea worldwide.
In 2006, the rotavirus monovalent vaccine (RV1) was added to the Brazilian Na-
tional Immunization Program.

Objectives: To analyze the impact of the RV1 on emergency department (ED)
visits and hospital admissions for acute diarrhea.

Method: A retrospective ecologic study at the University Hospital, University of
Sdo Paulo. The study analyzed the pre-vaccine (2003-2005) and the post-vac-
cine (2007-2009) periods. We screened the main diagnosis of all ED attendanc-
es and hospital admissions of children under 5 years in an electronic registry
system database and calculated the rates of ED visits and hospital admissions.
The reduction rate was analyzed according to the following formula: reduction
(%) = (1 - odds ratio) x 100.

Results: The rates of ED visits for acute diarrhea was 85.8 and 80.9 per 1,000 to-
tal ED visits in the pre and post vaccination periods, respectively, resulting in
6% reduction (95CI 4 to 9%, p<0.001). The rates of hospital admissions for acute
diarrhea was 40.8 per 1,000 in the pre-vaccine period and dropped to 24.9 per
1,000 hospitalizations, resulting in 40% reduction (95CI 22 to 54%, p<0.001).
Conclusion: The introduction of the RV1 vaccine resulted in 6% reduction in
the ED visits and 40% reduction in hospital admissions for acute diarrhea.

Keywords: diarrhea, rotavirus, vaccines, emergency medical services, hospital-
ization, epidemiology, preschooler.

to 120,000 hospital admissions per year due to acute di-

According to data from the World Health Organization
(WHO), acute diarrheal disease is the second most com-
mon cause of death in children under 5 years of age, ac-
counting for 10% of deaths among children in this age
group. Furthermore, each year there are around 1.7 bil-
lion cases of diarrheal disease, leading to the death of
760,000 children aged under 5.2 The WHO recommends
the use of vaccines against rotavirus as an essential mea-
sure in the prevention of the disease.

According to data from the Ministry of Health, in
Brazil, between 2003 and 2009, there were around 80,000

arrheal disease in children under 5 years of age.> In 2006,
2,236 children died (around 4% of the deaths). Between
2003 and 2009 in the state of Sdo Paulo there were ap-
proximately 7,000 to 11,000 hospital admissions due to
acute diarrheal disease in children under S years of age.
In 2006, 135 children died (around 1.5% of the deaths).?

Rotavirus is the main causative agent of severe diar-
rhea throughout the world. In 2004, it was responsible for
29% of all deaths caused by diarrhea in children less than
S years of age worldwide. As such, it was responsible for ap-
proximately 527,000 deaths that year in children under 5
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years of age.*In developing countries, it is estimated that
rotavirus is responsible for approximately 40% of all hos-
pital admissions due to acute diarrhea.’ From 2005 to 2006,
the prevalence of rotavirus in hospital admissions for acute
diarrhea and dehydration in children under age 5 in Bra-
zil was 43.3%.° With relation to consultations at the emer-
gency room, rotavirus is responsible for 11.9 to 20.8% of
visits due to acute diarrhea.” In the city of Sdo Paulo, ro-
tavirus infections present a seasonal distribution, with a
predominance of cases in the months of May and June.®

The vaccine used in the National Immunization Pro-
gram (NIP) is a monovalent, live, attenuated virus vac-
cine, delivered orally, which contains a strain of human
rotavirus (serotype G1P1A [8]), called RIX 4414. This vac-
cine was introduced in the NIP in March 2006. In the pre-
licensing studies this vaccine proved to be safe and effec-
tive, especially for the prevention of severe cases.*®

After the introduction of the vaccine in Brazil, two
studies used the National Health Information System (Da-
tasus) and showed there was a 21% reduction in hospital
admissions due to acute diarrhea in the Southeast,!* and
a reduction of 40% in the state of Sio Paulo.!? Another
study at a private hospital in the city of Sdo Paulo showed
a 59% reduction in hospital admissions due to acute di-
arrhea caused by rotavirus in children less than S years of
age."” However, there are still no studies evaluating the im-
pact of the rotavirus vaccine at public hospitals in the city
of Sdo Paulo.

OBJECTIVES

e To verify the impact of the monovalent vaccine against
rotavirus in consultations due to acute diarrheal di-
sease in children less than 5 years of age at the emer-
gency room of the University of Sdo Paulo’s Univer-
sity Hospital.

e To verify the impact of the monovalent vaccine
against rotavirus in hospital admissions due to acu-
te diarrheal disease in children less than 5 years of
age at the emergency room of the University of Sdo
Paulo’s University Hospital.

e To verify the impact of the monovalent vaccine against
rotavirus in the consultations and hospital admissions
caused by acute diarrheal disease at the peak inciden-
ce of rotavirus infections (the months of May and June).

MEeTHoD

A retrospective ecological study was conducted during the
period from January 1, 2003 to December 31, 2009. The
period was divided into three for organization and analy-
sis of the data: the pre-vaccine period (2003 to 2005), the

transition period (2006) and the post-vaccine period (2007
to 2009). The months of May and June were considered as
the months of peak incidence of rotavirus infection.

The study was conducted at the University of Sio Pau-
lo’s University Hospital (HU-USP), which is a secondary-
level teaching hospital. The main diagnoses of the emer-
gency room care are encoded by the medical file service
(SAME) using the tenth revision of the International Sta-
tistical Classification of Diseases and Related Health Prob-
lems (ICD-10). The data is transferred to a database by
the hospital’s data processing center (DPC). The hospi-
tal admission diagnosis is coded by the SAME using the
ICD-10, and the discharge summary is stored via electron-
ic medical record. All of the data is transferred to a data-
base by the hospital’s DPC.

At the HU-USP the diagnosis of acute diarrhea is in
accordance with the WHO’s definition and is character-
ized by three or more episodes of liquid or semi-liquid evac-
uations in a 24 hour period, the duration of which does
not exceed 14 days. In breastfeeding infants without formed
stools, the mother’s reports in relation to increased fre-
quency of bowel movements or change in the characteris-
tics of stools should be considered for the diagnosis. The
HU-USP medical file service uses the code A.09 (ICD-10)
for the diagnosis of acute diarrheal disease.

The study included all children under the age of 5
that underwent a consultation at the HU-USP emergen-
cy room in the study period. We excluded children who
were transferred from another hospital for admission.

The following data were obtained with respect to
consultations in the emergency room: name, appoint-
ment number, age, sex, visit date, and diagnosis (coded
using ICD-10).

Regarding hospital admissions for acute diarrhea,
all of the discharge summaries of patients older than 28
days and under 5 years of age were selected. The follow-
ing data were obtained: name, appointment number, age,
sex, date of admission, date of discharge, and diagnosis
(coded using ICD-10).

The variables analyzed were: number of consultations
due to acute diarrhea at the emergency room; number of
hospital admissions for acute diarrhea; consultation rate
for acute diarrhea at the emergency room per 1,000 gen-
eral emergency room consultations in the period; and the
hospital admission rate due to acute diarrhea per 1,000
general admissions in the period. The main exposure fac-
tor is rotavirus vaccination (RV1), therefore, vaccination
coverage against rotavirus in children under 5 years of
age in the region of the HU-USP was also studied during
the research period.
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Statistical analysis was performed by calculating the
odds ratio of the frequencies of consultations and hos-
pital admissions in the pre-vaccine and post-vaccine pe-
riod, with a chi-squared test used to determine if there
was a difference between the variables in the period stud-
ied. Similarly, the odds ratio was calculated for rotavirus
positivity in the pre-vaccine and post-vaccine period, with
a chi-squared test used to determine if there was a differ-
ence in the periods studied. The level of significance to
accept the difference between the variables was less than
0.05. The percentage reduction in consultations and hos-
pital admissions was calculated using the formula below:

Reduction (%) = (1 - odds ratio) x 100

The software used was SPSS 16.0.

The protocol was approved by the Research Ethics
Committee on 3/4/11 (CAEE: 0106.0.198,000-10, doc
1079/10).

ResuLts
The description of the total number of emergency room
consultations; the number of consultations for acute di-
arrhea; the consultation rate for acute diarrhea in rela-
tion to general consultations; the total number of hospi-
tal admissions; the number of hospital admissions for
acute diarrhea; the hospital admission rate for acute di-
arrhea in relation to general admissions and the average
age of the children cared for in the pre-vaccine and post-
-vaccine periods are described in Table 1.

To observe the seasonality of the consultations and
hospital admissions due to acute diarrhea, the monthly

rates of consultations due to acute diarrhea were studied
in relation to the general consultations and monthly ad-
mission rates for acute diarrhea in relation to general ad-
missions in the pre-vaccine and post-vaccine periods
(Charts 1 and 2).

Comparing the number of consultations due to acute
diarrhea in the post-vaccine period in relation to the pre-
-vaccine period we obtained an odds ratio of 0.94 (95CI
0.91 to 0.96, p<0.001). Therefore, there was a 6% reduc-
tion (95CI 4 to 9%) in the rate of consultations for acute
diarrhea after the introduction of the vaccine. In the hos-
pital admission rate, the odds ratio of the post-vaccine pe-
riod in relation to the pre-vaccine period is 0.6 (95CI 0.46
to 0.78, p<0.001). Therefore, there was a 40% reduction
(95CI 22 to 54%) in the hospital admission rate for acute
diarrhea after the introduction of the vaccine (Table 2).

In the months of peak rotavirus infection (May and
June), the odds ratio of the rate of emergency room con-
sultations in the post-vaccine period in relation to the
pre-vaccine period is 0.6 (95CI 0.56 to 0.64, p<0.001).
Therefore, there was a 40% reduction (95CI 36 to 44%) in
the rate of consultations for acute diarrhea in the peak
months after the introduction of the vaccine. As for the
hospital admission rate in the peak months, the odds ra-
tio of the post-vaccine period in relation to the pre-vac-
cine period is 0.18 (95CI 0.08 to 0.38, p<0.001). There-
fore, there was an 82% reduction (95CI 62 to 92%) in the
hospital admission rate for acute diarrhea in the peak
months after the introduction of the vaccine (Table 3).

According to the Municipal Health Department, vac-
cination coverage in the region studied was 87.9% in 2007,
91.3% in 2008 and 75.2% in 2009.

TABLE 1 Description of the total number of emergency room consultations, the number of consultations for acute diarrhea,
the consultation rate for acute diarrhea in relation to general consultations, the total number of hospital admissions, the

number of hospital admissions for acute diarrhea, the hospital admission rate for acute diarrhea in relation to general
admissions, and the average age in the pre-vaccine and post-vaccine periods.

Pre-vaccine (2003-2005)  Post-vaccine (2007-2009)

Number of emergency room consultations 143,075 133,598
Mean age of the children cared for in the ER (in months) 22.9 233
Number of consultations for acute diarrhea 12,274 10,803
Consultation rate for acute diarrhea per 1,000 general consultations 85.8 80.9
Mean age of consultations for acute diarrhea (in months) 23.8 251
Total number of hospital admissions 3,478 3,852
Mean age of hospitalized children (in months) 17.6 18.9
Number of hospital admissions for acute diarrhea 142 96
Hospital admission rate for acute diarrhea per 1,000 general admissions 40.8 24.9
Mean age of admission for acute diarrhea (in months) 11.3 15.8

ER: emergency room.
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CHART 1 Monthly rate of consultations due to acute diarrhea at the emergency room per 1,000 for general consultations in the pre-vacci-
ne period and the monthly rate of consultations due to acute diarrhea at the emergency room per 1,000 general consultations in the

post-vaccine period.
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CHART 2 Monthly hospital admission rate due to acute diarrhea per 1,000 admissions in the pre-vaccine period and the monthly hospital

admission rate due to acute diarrhea per 1,000 admissions in the post-vaccine period.

TABLE 2 Relationship between the rate of consultations and hospital admissions for acute diarrhea (ADD) in the pre-

-vaccine and post-vaccine period.

Diagnosis
Period ADD Non-ADD OR  95CI Total p*
N % N % Inferior Superior
Consultations 2003 to 2005 12274 8.6 130801 91.4 1.00 143075 <0.001
2007 to 2009 10803 8.1 122795 91.9 0.94 0.91 0.96 133598
Total 23077 8.3 253596 91.7 276673
Hospital admissions 2003 to 2005 142 4.1 3336 95.9 1.00 3478 <0.001
2007 to 2009 96 2.5 3756 97.5 0.60 0.46 0.78 3852
Total 238 3.2 7092 96.8 7330

*The p-value was calculated using chi-squared test.
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TABLE 3 Relationship between the rate of consultations and hospital admissions for acute diarrhea (ADD) in the peak

months of rotavirus infection (May and June) in the pre-vaccine and post-vaccine periods.

Diagnosis
Period ADD Non-ADD OR 95CI Total p*
N % N % Inferior  Superior
Consultations 2003 to 2005 3257 11.2 25817 88.8 1.00 29074 <0.001
2007 to 2009 1624 7.0 21431 93.0 0.60 0.56 0.64 23055
Total 4881 9.4 47248 90.6 52129
Hospital admissions 2003 to 2005 45 6.6 639 93.4 1.00 684 <0.001
2007 to 2009 8 1.2 640 98.8 0.18 0.08 0.38 648
Total 53 4.0 1279 96.0 1332

*The p-value was calculated using chi-squared test.

Discussion

Analyzing the monthly rate of consultations due to acute
diarrhea at the emergency room in the pre-vaccine and
post-vaccine periods in the months of May and June, the
decline in the rate of emergency room consultations be-
comes more evident. The statistical analysis showed a 6%
reduction (95CI 4 to 9%, p<0.001) in the rate of emergen-
cy room consultations in the post-vaccine period com-
pared to the pre-vaccine period, while in the months of
May and June, grouped together, the reduction reached
40% (95CI 36 to 44%, p<0.001). In relation to these results,
Munford et al.® had already shown that the detection of
rotavirus in the city of Sdo Paulo is higher in May and June
and, in our study, we noted the greatest reduction in the
consultation rates for acute diarrhea in these months. Con-
sidering that studies conducted in Brazil on the etiology
of acute diarrhea show that rotavirus is responsible by
11.9 to 20.8% of visits to the emergency room due acute
diarrhea,” the reduction found in the present study was
lower (6%). In a study in Australia, Davey et al. found an
18.3% reduction in emergency room consultations.!*

The efficacy of the vaccine for severe acute diarrhea
due to rotavirus was 84.7% in a study of eleven countries
in Latin America and Finland,'° and 83.8% for acute di-
arrhea due to rotavirus (all severities) in Europe.'> Mean-
while, the efficacy in Brazil (in the city of Belém, Para) was
63.5%.'° The efficacy of the vaccine in the USA regarding
emergency room consultations due to diarrhea caused by
rotavirus was 78%.!” In Brazil, a study in Belém, Par3 '8
showed that the effectiveness of the vaccine against hos-
pital admissions due to diarrhea caused by rotavirus in
mild and moderate cases (depending on the chosen con-
trol group) varied between 25.6 and 72.7%, and a study
in Aracaju® showed that the effectiveness of the vaccine
against acute diarrhea caused by rotavirus in emergency
room patients (all severities) was at least 79%.

Taking into account the vaccination coverage in the
period of study (75.2 to 91.3%), and the lower effectiveness
of the vaccine for mild and moderate cases, we can con-
clude that the value found for the reduction in emergency
room consultations rates for acute diarrhea is as expected.

It is estimated that around 40% of hospital admis-
sions due to acute diarrhea in Brazil are caused by rota-
virus infection,’ and this was exactly the value found in
our study for the reduction in hospital admissions due to
acute diarrhea after the introduction of the vaccine. Im-
pact studies conducted in Brazil using data from the Da-
tasus have shown a reduction of hospital admissions due
to acute diarrhea in children less than S years of age. In
Brazil, the reduction ranged from 17 to 21.4%;'*° in the
South and Southeast region, the reduction was 35% in the
year 2007;*! in the Southeast region the reduction was
21%;'* and in the State of Sdo Paulo the reduction ranged
from 21 to 40%.1322

In the peak period of rotavirus infection (May and
June), the reduction in hospital admissions due to acute
diarrhea after the introduction of the vaccine was 82%,
suggesting that the effectiveness of the vaccine was good.
This result is compatible with efficacy studies conducted
in Europe and Latin America, where the efficacy of the
vaccine against hospital admissions ranged from 85 to
96%.'5 An efficacy study of the vaccine against hospital
admission conducted in Belém, Par4, showed a value of
81.2%.'° However, studies in Africa and Asia showed low-
er efficacy, ranging from 39.3 to 57.5%.2%

In Brazil, studies of the effectiveness of the vaccine
against hospital admissions have shown very different
values. The study by Justino et al.,'® conducted in Belém,
Pard, showed effectiveness between 40 and 75.8%, depend-
ing on the chosen control group, and the study by Ichi-
hara et al.,*® conducted in five Brazilian regions, showed
effectiveness of 76%.
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In the city of Sdo Paulo, Safadi et al.”® showed a 69.2%
decrease in the positivity of rotavirus investigations in
the stools of patients under the age of 1 year admitted to
a private hospital after the introduction of rotavirus im-
munization.

Considering the result of our study, together with
earlier studies, we can infer that the monovalent vaccine
for rotavirus shows good effectiveness against hospital
admission for acute diarrhea in the city of Sdo Paulo.

The present study has limitations, as it is a retrospec-
tive ecological study comparing populations for similar
periods but at different times. Therefore, factors such as
the improvement of basic sanitation and health system
may have affected the results. It was not possible to find
out the vaccination status of the children who participat-
ed in the study, and information on the vaccination sta-
tus had to be inferred through data kept by the Munici-
pal Health Department.

ConcLusioN

Comparing the pre-vaccine period (2003 to 2005) with
the post-vaccine period (2007 to 2009) in children under
5 years of age cared for at the University of Sdo Paulo’s
University Hospital, we noted a:

e 6% reduction in consultations due to acute diar-
rhea in the emergency room,;

e 40% reduction in hospital admissions due to acute
diarrhea;

e 40% reduction in emergency room consultations
and 82% reduction in hospital admissions due acu-
te diarrhea in the months of May and June (the peak
rotavirus infection period).

Resumo

Impacto da vacina¢io contra rotavirus nas consultas de
pronto-socorro e internacdes por doenca diarreica agu-
da em criancas menores de 5 anos de idade

Introducio: a doenca diarreica aguda é a segunda cau-
sa de morte em criancas abaixo de 5 anos de idade. No
Brasil, entre 2003 e 2009, a diarreia aguda foi responsa-
vel por cerca de 100 mil internacdes por ano e por 4% das
mortes em criancas abaixo de 5 anos de idade. O rota-
virus é a principal etiologia de diarreia aguda grave. A
vacina monovalente (RV1) contra o rotavirus foi intro-
duzida em 2006.

Objetivos: verificar o impacto da vacina monovalente
contra rotavirus nas consultas de pronto-socorro e inter-

nacdes por doenga diarreica aguda em criancas menores
de 5 anos de idade.

Método: foi realizado um estudo ecoldgico retrospecti-
vo no Hospital Universitario da Universidade de Sio Pau-
lo. O periodo foi dividido em pré-vacina (2003 a 2005) e
pos-vacina (2007 a 2009). Foram incluidas todas as crian-
cas abaixo de 5 anos que passaram em consulta no pron-
to-socorro. Foram obtidas as taxas de consultas no pron-
to-socorro e interna¢des por doenca diarreica aguda. A
reducio nas taxas foi obtida através da férmula: reducio
(%) = (1 - odds ratio) x 100.

Resultados: no periodo pré-vacina, a taxa de consultas por
diarreia aguda foi de 85,8 consultas por 1.000 consultas
gerais, enquanto no periodo pés-vacina a taxa de consul-
tas por diarreia aguda foi 80,9 por 1.000, uma redugio de
6% (IC95% 4-9, p<0,001). A taxa de internacio por diarreia
aguda era 40,8 internagdes por 1.000 e caiu para 24,9 por
1.000, reducdo de 40% (IC95% 22-54, p<0,001).
Conclusio: apds a introducio da vacina contra rotavi-
rus houve uma reducio de 6% nas consultas por diarreia
aguda no pronto-socorro e de 40% nas internag¢des por
diarreia aguda.

Palavras-chave: diarreia, rotavirus, vacinas, servicos mé-
dicos de emergéncia, hospitaliza¢io, epidemiologia, pré-
-escolar.
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