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ABSTRACT

Acute gastroenteritis caused by rotavirus represents a clinical episode of great relevance to
Brazilian public health due to its expressive mortality rate in children under five years of age.
In Brazil, Rotarix® from GlaxoSmithKline, a live attenuated vaccine, has been used in children
since 2006. The present study evaluated the effectiveness of vaccination in the semiarid region
of Paraiba, a Brazilian state, through the notification of diarrhea cases, clinical data of the
disease in the period from 2005 to 2013, and the detection of viral antigens in the feces of
hospitalized children in the years 2012 and 2013. There was no significant reduction in the
number of cases of diarrhea with the implementation of vaccination in the period studied, with
an epidemic of diarrhea in 2013, when the number of cases increased 4 times compared to the
previous period

Keywords: rotavirus, vaccine, rotarix, infantile diarrhea.

RESUMO

A gastroenterite aguda causada por rotavirus representa um episddio clinico de grande
relevancia para a satde publica brasileira devido a sua expressiva taxa de mortalidade em
criancas menores de cinco anos. No Brasil, a Rotarix® da GlaxoSmithKline, vacina viva
atenuada, ¢ utilizada em criancas desde 2006. O presente estudo avaliou a eficacia da
vacinacao no semiarido da Paraiba, estado brasileiro, por meio da notificacdo de casos de
diarreia, dados da doenca no periodo de 2005 a 2013, e a deteccdo de antigenos virais nas
fezes de criancas hospitalizadas nos anos de 2012 e 2013. N&o houve reducéo
significativa no nimero de casos de diarreia com a implantacdo da vacina¢éo no periodo
estudado, com uma epidemia de diarreia em 2013, quando o nimero de casos aumentou
4 vezes em relacdo ao periodo anterior.
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1 INTRODUCTION

According to the World Health Organization, rotaviruses are the most important
etiologic agents of severe diarrhea in infants and children under 5 years of age, and the second
leading cause of death in this age group worldwide (BLACK et al., 2010; ESTES &
KAPIKIAN, 2013). In 2008, about 453,000 children died from this syndrome, attributable to
rotavirus infection, corresponding to 37% of all diarrhea cases (TATE et al., 2011).

The rotavirus particle has three protein layers protecting its 11 double-stranded RNA
segments. The International Committee on Taxonomy of Viruses (ICTV) classifies rotaviruses
into five types (A, B, C, D and E), with Rotavirus A (RVA) being the main species involved in
childhood diarrhea.

The first rotavirus vaccine was licensed in 1998 in the United States, but due to
complications such as intussusception, it was suspended in 1999 (MORENO, 2001; PETER &
MYERS, 2002). The following year, another commercial monovalent live attenuated vaccine
appeared, the Rotarix® vaccine, which contains the human strain G1P (O'RYAN, 2007), and
was included in the Brazilian vaccine schedule in 2006, administered in two doses: the first up
to the 16th week of life, and the second up to the 30th week (CILLI et al., 2011).

Several authors have reported a 90% reduction in the hospital admission rate after the
use of this vaccine (ARAUJO et al., 2007; ZLAMY et al., 2013), arguing that the vaccine is
highly effective against severe acute diarrhea during the two first years of life (CORTESE et
al., 2013).

The present study evaluated the results of vaccination in 12 cities in the semi-arid region
of Paraiba, from 2006 to 2013, based on clinical and epidemiological data in this period, and
on the tracking of rotavirus antigens in the feces of children under five years of age between
September 2012 and November 2013.

2 MATERIAL AND METHODS
2.1 FAECAL SAMPLES

Stool samples (n=169) were obtained from children admitted to hospitals in their
municipalities, aged between six months and five years, living in the 12 cities that form the 4th

Health Regional of the State of Paraiba, during the period from September 2012 to October
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2013. Feces were collected from diapers and stored for a maximum of 48 hours in the
refrigerator at 4 °C.

The selection of samples for the investigation of viral antigens was based on the cases
considered as severe diarrhea in children under five years of age. Detection of viral antigens

was performed at room temperature of 25 °C.

2.2 DETECTION OF VIRAL ANTIGENS

Was used the RIDA®Quick Rotavirus/Adenovirus Combi test marketed by R-
Biopharm®, which detects rotavirus and adenovirus antigens in feces. It is a rapid
immunochromatographic test, available in individually packed cartridges. About 50mg of feces
was suspended in the extraction buffer, vortexed for five minutes and sedimented for two
minutes. Then, four drops of the supernatant were transferred to the cartridge, with readings
carried out up to a maximum of five minutes. The test results were interpreted as follows:
positive adenovirus occurs when a blue band (T1) appears next to the green control band (C),
and positive rotavirus occurs when a green band (C) appears next to the red control band (T2).
The test detects Rotavirus A VVP6 protein, and adenovirus capsid proteins.

2.3 DATA FROM THE 4TH REGIONAL MANAGEMENT OF THE HEALTH
DEPARTMENT OF THE STATE OF PARAIBA, BRAZIL

The data provided for the 12 cities correspond to the number of cases of acute diarrheal
disease in the child population in the period from 2005 to 2013, to the number of patients
undergoing clinical management adopted by the Ministry of Health, Brazil, between 2005 and
2013, and to the vaccination coverage for rotavirus (Rotarix®) from 2006 to 2013.

These cities constitute the 4th Regional Health Management of the State of Paraiba,
numbered and presented in alphabetical order, they are: 1- Baralna, 2- Barra de Santa Rosa, 3-
Cubati, 4 - Cuité, 5- Damido, 6- Frei Martinho, 7- Nova Floresta, 8- Nova Palmeira, 9- Pedra
Lavrada, 10- Picui, 11- Seridd, and 12- Sosségo (Figure 1). The 4th Region corresponds to
6.27% of the state territory and includes 2.8% of the residents of the State of Paraiba and 3.4%
of children aged 1 to 4 (IBGE, 2016).
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¢ Capital: Jodo Pessoa

Figure 1: Map of the 12 cities in the semiarid region of the State of Paraiba: 1- Baralna, 2- Barra de Santa Rosa,
3- Cubati, 4- Cuité, 5- Damido, 6- Frei Martinho, 7- Nova Floresta, 8- Nova Palmeira, 9- Pedra Lavrada, 10- Picui,
11- Seridd, 12- Sosségo. The position of the Brazilian state of Paraiba is displayed in the lower right corner. Source:
IBGE (2016).

2.4 STATISTICAL ANALYSIS
Demaographic and epidemiological aspects of our results were compiled into a database

and subjected to descriptive statistical analysis using Graph Prism v.7.0 software for Windows.

2.5 ETHICAL CONSIDERATIONS

The study was developed with the approval of the Ethics Committee of the Federal
University of Paraiba, CAEE: 01841412.4.0000.5188, according to Resolution 466/12 of the
National Health Council of the Ministry of Health, Brazil.

3 RESULTS
3.1 ACUTE DIARRHEAL SYNDROME CASES FROM 2005 TO 2013

The results revealed a higher prevalence of diarrheal episodes in the population of
patients over ten years of age, followed by the age group from 1 to 4 years, in the period from
2005 to 2013 (Figure 2), with an oscillation in 2008 (n = 3,000) within the group of patients
older than ten years. In the 2012-2013 period, there was a significant increase in the number of

cases compared to the previous year: > 200% in the panel of children over ten years of age (n
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= 2500 to n = 7523); 168% in children between 5 and 9 years old (n =444 to n = 1191); 134%
in the age group from 1 to 4 years (n = 729 to n = 1708); and 119%, in the age group below one
year old (n =164 to n = 359).

Figure 2: Number of cases of acute diarrheal disease in children up to 9 years of age and in children over 10 years
of age from 2005 to 2013 in 12 cities in the semi-arid region of Paraiba, Brazil.
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3.2 ASSESSMENT OF CASES ACCORDING TO DISEASE SEVERITY

According to the guidelines of the Ministry of Health, inpatients in the Unified Health
System (SUS) with diarrhea are submitted to one of three treatment plans called A, B and C
(Figure 3). In plan A, the patient is instructed to perform rehydration at home. In plan B, the
patient is rehydrated in the hospital, while plan C is applied to patients with severe diarrhea. In
the study period covered in this work, about 3.000 cases were treated in plan A from 2005 to
2012, except in 2008, when this number reached more than 4.000. In the same period, the
number of patients submitted to plans B and C were equal (n = 300). However, in the short
period of 2012-2013, the number of cases increased dramatically, almost 170% for plan A (n =
8.006), and about 333% for categories B and C, respectively (n = 1,300 in each case). Note that
there was a relative and absolute increase in the severity of the cases (category C). Figure 3
shows the evolution of these categories.
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Figure 3: Graph showing the numbers of patients with acute diarrhea undergoing treatment plans A (square), B
(triangle) and C (circle) prepared by the Ministry of Health (MS), Brazil. Initially, the patient was evaluated by
the health professional to determine his hydration status (severity of the disease). After this evaluation, the patient
was treated according to the “MANAGEMENT OF PATIENTS WITH DIARRHEA, MS, Brazil”. Plan A refers
to preventing dehydration at home; plan B oral rehydration at the health unit; plan C corresponds to severe
dehydration, to be treated in the hospital unit.
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3.3 VACCINATION COVERAGE CARRIED OUT BY THE 4TH REGIONAL HEALTH
MANAGEMENT OF THE STATE OF PARAIBA, BRAZIL, BETWEEN 2006 AND 2013

Figure 4 shows the vaccine coverage rates from the year of its implementation in the
Brazilian immunization schedule, in 2006, until 2013. Coverage reached about 70% in 2006
and 75% in the following year. In 2008, these numbers increased to 91%, although they dropped
to 88% in the following couple of years (2009-2010). In 2011, coverage reached 90% of the
target population, reaching 100% in 2012 and 2013.
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Figure 4: Graph of Rotarix® vaccination coverage in 12 cities in the semi-arid regions of Paraiba during the period
from 2006 to 2013.
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3.4 DISTRIBUTION OF TESTS CARRIED OUT IN THE 12 CITIES

Most of the 169 rotavirus’ antigen tests performed in children hospitalized for severe
acute diarrhea were performed in the municipalities of Cuité (n = 45) and Picui (n = 89). No
tests were performed on children from Cubati, Pedra Lavrada and Seridd. Regarding the

distribution by gender, there were no significant differences.

3.5 DETECTION OF VIRAL ANTIGENS FROM SEPTEMBER 2012 TO OCTOBER 2013
Figure 5 shows the detection of rotavirus’ antigens between September 2012 and

November 2013. We found 6 samples positives for rotavirus (3.6%) and 7 positives for

adenovirus (4.1%) in the months of February, March and April 2013. No cases of co-infection

were detected in the sample.
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Figure 5: Graph showing the distribution of the amounts of tests performed to detect rotavirus viral antigens
between September 2012 and October 2013 in a sample of 169 children. Rotavirus antigens were detected in
February 2013 (1 case), March 2013 (3 cases) and April 2013 (2 cases).
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4 DISCUSSION

Immunization coverage with Rotarix® in the 4th Regional Management of Paraiba
reached its objective in the period 2006-2013 (Figure 4), despite the social inequalities detected
in the region (NOBREGA etal., 2011; BRANCO etal., 2014).

There was no significant reduction in cases of diarrheal episodes in children <1 year of
age in the period (Figure 2), the target population of the vaccine. It also did not decrease
morbidity from gastroenteritis in children, despite the inclusion of Rotarix® in the national
immunization program. In 2013, seven years after the implementation of the vaccine, there was
an increase in all age groups examined, highlighting the group of patients over ten years of age
(Figure 2). However, during this period, the number of rotavirus antigens in these patients was
very low (Figure 5), totaling only 3.5% of cases hospitalized for acute diarrhea.

In the period from 2012 to 2013, we detected an outbreak of diarrhea in children in the
region (Figure 3); the number of less serious cases, grouped in SUS Treatment Plan A, increased
about three times, and the severe cases, grouped in Plans B and C increased four times, despite
the vaccination coverage reached 100% in 2012.

Some studies report that the effectiveness of vaccine coverage is not the same worldwide

because of the circulating genotypes. In Asia and Africa, more than half of children under 6
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months are infected and reinfected with the different genotypes circulating in the region
(GLADSTONE, 2011). We question the possibility of a similar effect in our study.

Rearrangements between the vaccine strain and circulating strains have already been
detected in Brazil (ROSE et al., 2013). Luchs et al. (2014) evaluated the selective pressure that
the vaccine strain exerts on the population. The study revealed that, in adults with acute
diarrhea, there was a predominance of the G2P[4] genotype from 2006 to 2011. In addition,
before the vaccination period, between 2004 and 2005, the predominant genotypes were G9P[8]
and G1P [8]. These data reveal that the presence of the vaccine strain can put pressure on the
replacement of new strains in areas where the vaccine is being administered.

Before the use of the vaccine in Brazil, Santos & Hoshino (2005) published a study on
the Rotarix® genotype, the G1P[8]. They found that the Rotarix® vaccine strain accounts for
more than 70% of rotavirus infections in North America, Europe and Australia. About 30% in
South America and Asia, and 23% in Africa, where the relative frequency of the G8 genotype
is as high as the G3 or G4 genotypes. In South America, they observed that the uncommon G5
genotype plays a significant role in the epidemiology of rotaviruses. O'Ryan (2007) also found
that the effectiveness of Rotarix® may be different in different regions, suggesting that each
region would need its own vaccine.

It is possible that the low number of rotavirus infections detected by the test is due to a
low sensibility of the test to identify of circulating genotypes in that region during the period
studied. In addition, we suspect that the fact that the introduction of the vaccine did not change
the endemic level of rotavirus disease in the region, and the outbreak of 2012-2013, may be due

a low efficacy of the vaccine for the population of that region.

5 CONCLUSION

Little is known about the evolution and diversity of certain rotavirus genotypes present
in a given region, as well as about the consequences of the use of vaccines on the frequency of
circulating genotypes.

As for the literature data on the effectiveness of Rotarix®, they do not seem to agree
with what happened in the semiarid region of the State of Paraiba in the afore mentioned period.
If vaccination did not reduce the number of diarrheal cases in the region, then it is possible to
conclude that the contribution of this rotavirus morbidity was not efficiently removed by the

vaccine, as has been reported in other places of the world.

Brazilian Journal of Health Review, Curitiba, v. 5, n. 3,p.8748-8758, may./jun., 2022



Brazilian Journal of Health Review | 8757
ISSN: 2595-6825

REFERENCES

ARAUJO, Eliete da Cunha, et al. Safety, immunogenicity, and protective efficacy of two doses
of RI1X4414 live attenuated human rotavirus vaccine in healthy Brazilian infants. Journal
Pediatric (Rio de Janeiro), v. 83, p. 217-224, 2007. Disponivel em:
http://www.scielo.br/pdf/jped/v83n3/v83n3a06.pdf. DOI: 10.2223/JPED.1600. Acesso em: 13
nov. 2016.

BLACK, Robert E., et al: Global, regional, and national causes of child mortality in 2008: a
systematic analysis. Lancet, v. 375, n. 9730, p.1969-1987, 2010.

BRANCO, Fernando Luiz Cunha Castelo etal. Socioeconomic inequalities are still a barrier
to full child vaccine coverage in the Brazilian Amazon: a cross-sectional study in Assis Brasil,
Acre, Brazil. International Journal for Equity in Health, v. 13, p.118, 2014. Disponivel em:
http://www.equityhealthj.com/content/13/1/118. DOI: 10.1186/s12939-014-0118-y. Acesso
em: 10 nov. 2016.

CILLI, Audrey et al. Characterization of rotavirus and norovirus strains: a 6-year study (2004-
2009). Journal Pediatric (Rio de Janeiro), v. 87, n. 5, p. 445-449, 2011. Disponivel em:
http://www.scielo.br/pdf/jped/v87n5/v87n05al13.pdf. DOI:10.2223/JPED.2122. Acesso em:
17 nov. 2016.

COMITE INTERNACIONAL DE TAXONOMIA DE VIRUS (ICTV).
https://talk.ictvonline.org/ictv-reports/ictv_9th_report/dsrna-viruses
2011/w/dsrna_viruses/188/reoviridae. Acesso em: 04 set 2018.

CORTESE, Margaret M et al. Effectiveness of monovalent and pentavalent rotavirus vaccine.
Pediatrics, V. 132, n. 1, p. 25-33, 2013. Disponivel em:
https://www.ncbi.nlm.nih.gov/pmc/articlessPMC4074617/pdf/peds.2012-3804.pdf. DOl:
10.1542/peds.2012-3804. Acesso em: 09 ago. 2016

DENNIS, Allison F et al. Molecular Epidemiology of Contemporary G2P[4] Human
Rotaviruses Cocirculating in a Single U.S. Community: Footprints of a Globally Transitioning
Genotype. Journal Virology, v. 88, n. 7, p. 3789-3801, 2014. Disponivel em:
https://www.ncbi.nlm.nih.gov/pmc/articles/ PMC3993531/pdf/zjv3789.pdf.
DOI:10.1128/JV1.03516-13. Acesso em: 20 set. 2016.

ESTES, Mary K. ; KAPIKIAN, Albert Z. Rotaviruses. In: Knipe DM, Howley PM, Cohen JI,
Griffin DE, Lamb RA, Martin MA, Racaniello VR, Roizman B (editors). Fields virology, 6th
ed. Vol 2. Lippincott Williams & Wilkins, Philadelphia, PA; p. 1347-401, 2013.

GLADSTONE, Beryl P. et al. Protective Effect of Natural Rotavirus Infection in an Indian
Birth Cohort. New England Journal Medicine, v. 28; n. 365(4), p. 337—-346, 2011. Disponivel
em: http://www.nejm.org/doi/pdf/10.1056/NEJM0a1006261 DOI: 10. 1056/NEJM0al1006261.
Acesso em: 13 nov. 2016.

LUCHS, Adriana et al. Rotavirus in adults, Brazil, 2004—2011: G2P[4] dominance and potential
impact on vaccination. Brazilian Journal Infectious Diseases, v. 18, n. 1, p.53-59, 2014.
Disponivel em: http://www.scielo.br/pdf/bjid/v18n1/1413-8670-bjid-18-01-0053.pdf. DOI:
10.1016/ j.bjid.2013.05.010. Acesso em: 13 nov. 2016.

MORENO, Marpelo. Estudo Termodinamico da Estabilidade de Rotavirus nos Estados

Umido e Seco.ist: 2001. 86f. Tese (Doutorado em Ciéncias [Microbiologia/lmunologial).

.....

Brazilian Journal of Health Review, Curitiba, v. 5, n. 3,p.8748-8758, may./jun., 2022



Brazilian Journal of Health Review
ISSN: 2595-6825

8758

Instituto de Microbiologia Professor Paulo de Goes, Universidade Federal do Rio de Janeiro,
Rio de Janeiro. 2001.

NOBREGA Jr., Alex Carneiro da Cunha et al. Avaliacdo da Eficacia da Vacina Rotarix®-
GlaxoSmithKline Biologicals, no Periodo de 2006 a 2010 no Municipio de Cuité, na Regido do
Curimatad Paraibano, Brasil. In: I CONGRESSO NORTE-NORDESTE DE CIENCIAS
FARMACEUTICAS. Jodo Pessoa, Paraiba; 2011.

O’RYAN, Miguel. Rotarix™ (RIX4414): an oral human rotavirus vaccine. Expert ReVIEW
Vaccines, V.6, n.1, p.11-19, 2007. Disponivel em
http://www.slipe. org/pdf/Rotarlx%ZO(RIX4414)%20an%200ra|%20human%20rotaV|rus%20
vaccine.pdf. DOI: 10.1586/14760584.6.1.11. Acesso em: 02 set. 2017.

PETER, G; MYERS, Martin G. Intussusception, rotavirus, and oral vaccines: summary of a
workshop. Pediatrics, v. 110, p. 67, 2002. Disponivel em: http://pediatrics.
aappublications.org/content/pediatrics/110/6/e67.full.pdf DOI: 10.1542/ peds. 111. 2.449-a.
Acesso em: 02 dez. 2016.

ROSE, Tatiana Lundgrenist= et al. Evidence of vaccine-related reassortment of rotavirus, Brazil,
2008-2010. Emergent Infectious Disease, v.19, n.11, p.1843-1846, 2013. Disponivel em:
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3837663/pdf/12-1407.pdf. DOL:
10.3201/eid1911.121407. Acesso em: 02 ago. 2016.

SANTOS, Norma; Hoshino, Yasutaka. Global distribution of rotavirus serotypes/genotypes and
its implication for the development and implementation of an effective rotavirus vaccine.
Review Medical Virology, v. 15, n.l, p.29-56, 2005. Disponivel em:
http://onlinelibrary.wiley.com/doi/10.1002/rmv.448/pdf. DOI: 10.1002/rmv.448. Acesso em:
02 jul. 2016.

TATE, Jacqueline E. et al. 2008 estimate of worldwide rotavirus-associated mortality in
children younger than 5 years before the introduction of universal rotavirus vaccination
programmes: a systematic review and meta-analysis. Lancet Infectious Disease, v.12, n.2,
p.136-141, 2011. Disponivel em: http://www.thelancet.com/pdfs/journals/laninf/P11S1473-
3099(11) 70253-5.pdf. DOI: 10.1016/S1473-3099(11)70253-5. Acesso em: 02 set. 2016.

ZLAMY, Manuela et al. The impact of Rotavirus mass vaccination on hospitalization rates,
nosocomial Rotavirus gastroenteritis and secondary blood stream infections. BMC Infectious
Diseases, n.13, p.112, 2013. Disponivel em: http://www.biomedcentral.com/1471-
2334/13/112. DOI: 10.1186/1471-2334-13-112. Acesso em: 02 nov. 2016. Acesso em: 27 set.
2016.

Brazilian Journal of Health Review, Curitiba, v. 5, n. 3,p.8748-8758, may./jun., 2022


http://dx.doi.org/10.1002/rmv.448

