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Species A rotavirus (RVA) disease is a leading cause 
of childhood mortality in the world, accounting for an es-
timated 527,000 deaths annually among children young-
er than five years of age (Parashar et al. 2009). In 2006, 
clinical trials conducted in the Americas and Europe 
demonstrated that two new RVA vaccines had efficacy of 
85-98% against severe RVA diarrhoea (Ruiz-Palacios et 
al. 2006, Vesikari et al. 2006). Subsequently, these RVA 
vaccines, Rotarix® [(RV1), monovalent G1P(8)] (Glaxo-
SmithKline Biologicals, Rixensart, Belgium) and Ro-
taTeq® [(RV5) pentavalent G1, G2, G3, G4P(8)] (Merck 
Vaccines, Whitehouse Station, NJ, USA) (Soares-Weiser 
et al. 2010), were recommended for use in children of 
Europe and the Americas for preventing RVA diarrhoea 
(WHO 2007). By January 2011, 13 of the 24 countries 
routinely offering RVA vaccine as part of the national 
immunization schedule were in Latin America.

In 1999, a previous RVA vaccine, RotaShield, was 
withdrawn from the United States (US) market because 
of its association with intussusception. The risk of in-
tussusception with both current RVA vaccines, RV5 and 
RV1, was evaluated pre-licensure in clinical trials of 
60,000-70,000 infants each (designed to assess a risk 

similar to RotaShield) and no risk was observed. In re-
cent months, vaccine safety came under scrutiny after 
a post-licensure evaluation identified a short-term four-
six-fold elevated relative risk of intussusception in the 
first-seventh days following dose 1 of RV1 in Mexico 
(Colindres 2010, Patel et al. 2011) and with both RV1 and 
RV5 in Australia (Buttery et al. 2011). These risks are 
substantially lower than the 30-fold increased risk in the 
first week after dose 1 of RotaShield (WHO 2010). 

With these new risk data, ministries of health need 
real-world RVA vaccine benefits data to determine 
whether to introduce or continue RVA vaccination pro-
grams. This report summarizes Latin American hospi-
tal-based and national surveillance network data; high-
lighting the reduction in gastroenteritis and RVA disease 
burden as well as identifying changes in RVA epidemiol-
ogy, following RVA vaccine introduction.

Vaccine effectiveness estimates from case-control 
studies and vaccine impact data from population-based 
time-trend analysis of RVA vaccines used currently in Lat-
in America were evaluated. Studies were identified using 
a country-specific publication search strategy and were 
reviewed and organized by study design (disease burden 
trend analysis versus case-control) and by disease outcome 
(gastroenteritis deaths, gastroenteritis hospitalizations and 
RVA hospitalizations). Gross national income data was ob-
tained from the World Bank and reported for the country 
of origin for each study. For disease burden trend analy-
sis studies, published estimates of vaccine coverage and 
percent reduction in disease after vaccine implementation 

+ Corresponding author: rdesai1@cdc.gov
Received 25 October 2011
Accepted 16 November 2011

Reduction in morbidity and mortality from childhood diarrhoeal 
disease after species A rotavirus vaccine introduction 

in Latin America – A Review

Rishi Desai1/+, Lucia Helena de Oliveira2, Umesh D Parashar1, 
Benjamin Lopman1, Jacqueline E Tate1, Manish M Patel1

1Division of Viral Diseases, Centers for Disease Control and Prevention, 1600 Clifton Rd NE, MS-A47, 30333 Atlanta, GA, USA 
2Pan American Health Organization, Washington, DC, USA

Countries in Latin America were among the first to implement routine vaccination against species A rotavirus 
(RVA). We evaluate data from Latin America on reductions in gastroenteritis and RVA disease burden following the 
introduction of RVA vaccine. Published literature was reviewed to identify case-control studies of vaccine effective-
ness and population-based studies examining longitudinal trends of diarrhoeal disease reduction after RVA vaccine 
introduction in Latin American countries. RVA vaccine effectiveness and impact on gastroenteritis mortality and 
hospitalization rates and RVA hospitalization rates are described. Among middle-income Latin American countries 
with published data (Mexico, Brazil, El Salvador and Panama), RVA vaccine contributed to a gastroenteritis-asso-
ciated mortality reduction of 22-41%, a gastroenteritis-associated hospitalization reduction of 17-51% and a RVA 
hospitalization reduction of 59-81% among children younger than five years of age. In Brazil and El Salvador, case-
control studies demonstrated that a full RVA vaccination schedule was 76-85% effective against RVA hospitalization; 
a lower effectiveness of 46% was seen in Nicaragua, the only low-income country with available data. A growing 
body of literature offers convincing evidence of “real world” vaccine program successes in Latin American settings, 
which may be expanded as more countries in the region include RVA vaccine in their immunization programs.

Key words: species A rotavirus - rotavirus - vaccines - Latin America



Species RVA vaccine in Latin America • Rishi Desai et al.908

were reported. For case-control studies, full vaccine series 
was defined as three doses of RV5 or two doses of RV1 and 
partial vaccine series was defined as one or two doses of 
RV5 or one dose of RV1. Additionally, the most prevalent 
RVA genogroup causing gastroenteritis among cases en-
rolled in the case-control study was abstracted. Individual 
study results and ranges were summarized.

Ethics - This study did not require Institutional Re-
view Board clearance.

Population-based time-trends of gastroenteritis 
burden before and after vaccine implementation - Four 
middle income countries in Latin America (Brazil, El 
Salvador, Mexico and Panama) have published reports 
on population-based time-trends of gastroenteritis and/or 
RVA disease burden reductions after RVA vaccine intro-
duction (de Palma et al. 2010, Lanzieri et al. 2010, 2011, 
Richardson et al. 2010, Sáfadi et al. 2010, do Carmo et al. 
2011, Molto et al. 2011, Quintanar-Solares et al. 2011, Yen 
et al. 2011a) (Table I). In these countries, vaccine coverage 
among infants younger than one year of age with at least 
one dose of RVA vaccine ranged from 74-94% during the 
post-vaccine years for which data were evaluated.

Three studies from two Latin American countries 
(Brazil and Mexico) have reported a decline of 22-41% 
in gastroenteritis mortality among children younger than 
five years of age in post-vaccine years; this corresponds 
with annual absolute reductions of ~700 infant gastroen-
teritis deaths in Mexico and ~1,300 infant gastroenteritis 
deaths in Brazil (Richardson et al. 2010, do Carmo et al. 
2011, Lanzieri et al. 2011).

Five studies from four Latin American countries 
(Brazil, El Salvador, Mexico and Panama) have reported 
a decline of 17% to 51% in all cause gastroenteritis-as-
sociated hospitalizations among children younger than 
five years of age in post-vaccine years (de Palma et al. 
2010, Lanzieri et al. 2010, do Carmo et al. 2011, Molto et 
al. 2011, Quintanar-Solares et al. 2011). Two studies from 
two Latin American countries (Brazil, El Salvador) have 
reported a decline of 59% to 81% in laboratory-con-
firmed RVA hospitalizations among children younger 
than five years of age in post-vaccine years (Sáfadi et al. 
2010, Yen et al. 2011a).

Case-control evaluations of vaccine effectiveness 
- Case-control studies from Latin American settings 
were done in one lower income country (Nicaragua) and 
three middle income countries (El Salvador, Brazil and 
Mexico) (Table II). In Nicaragua, the vaccine efficacy 
for averting RVA gastroenteritis hospitalization was 
46% for the full schedule of RV5 and 52% for the partial 
vaccine schedule (Patel et al. 2009). In the three middle 
income countries, the vaccine efficacy for averting RVA 
gastroenteritis hospitalization was 76-94% for the full 
schedule of RV1 (Gurgel et al. 2007, Correia et al. 2010, 
de Palma et al. 2010, Justino et al. 2011, Yen et al. 2011b) 
and 51-84% for the partial vaccine schedule (de Palma et 
al. 2010, Yen et al. 2011b). In Nicaragua and Brazil, the 
most prevalent RVA genogroup identified among cases 
was G2P(4) (Gurgel et al. 2007, Patel et al. 2009, Correia 
et al. 2010, Justino et al. 2011), in El Salvador the most 
prevalent RVA genogroup identified among cases was 

TABLE I
National estimates of reduction in all-cause diarrhoea and species A rotavirus (RVA) 

disease burden after RVA vaccine introduction

Reference Country

Per capita
national
income

($)
Pre-vaccine

year(s)
Post-vaccine

year(s)

RVA  
vaccine 

coverage
(%)

Decline in disease

Vaccinated 
age groupsb 

(%)

Children under five 
years of age 

(%)

Gastroenteritis mortality
Richardson et al. (2010) Mexico 8,960 2003-2006 2008 74 41 35
Lanzieri et al. (2010) Brazil 8,070 2004-2005 2008 90 30-39 41
do Carmo et al. (2011) Brazil 8,070 2002-2005 2007-2009 82c,d 22-28 22

Gastroenteritis hospitalization
do Carmo et al. (2011) Brazil 8,070 2002-2005 2007-2009 82c,d 21-25 17
Lanzieri et al. (2010) Brazil 8,070 1998-2005 2007 78d 26-48 31
Molto et al. (2011) Panama 6,570 2003-2005 2008 94 15-31 37
Quintanar-Solares et al. (2011) Mexico 8,960 2003-2006 2009 89 43-52 40
de Palma et al. (2010)a El Salvador 3,370 2006 2009 - Not available 51

RVA hospitalization
Yen et al. (2011a) El Salvador 3,370 2006 2008-2009 77c 79-86 69-81
Sáfadi et al. (2010) Brazil 8,070 2004-2005 2007-2008  82c 73-82 59

a: Jan-June estimates; b: children under one or two years of age depending on year of vaccine introduction; c: annual average over 
the post-vaccine; d: RVA dose 2 coverage years.
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G1P(8) (de Palma et al. 2010) and in Mexico the most 
prevalent RVA genogroup identified among cases was 
G9P(4) (Yen et al. 2011b).

Since RVA vaccine introduction, significant and sus-
tained declines in gastroenteritis disease burden have 
been documented in multiple Latin America settings, 
illustrating the health benefits of RVA vaccines. Of par-
ticular note, reductions in gastroenteritis mortality, an 
outcome that was not evaluated in clinical trials, were 
documented in the two largest countries of the region 
that have introduced RVA vaccine (Brazil and Mexico), 
underscoring the life-saving potential of these vaccines. 
Furthermore, the drastic reduction in gastroenteritis 
deaths confirms pre-vaccine estimates of RVA-attribut-
able mortality which had been questioned because they 
were based upon the assumption that the proportion of 
deaths due to RVA equates that proportion of hospital-
izations due to RVA. In addition to mortality benefits, 
large reductions in gastroenteritis-associated hospital-
izations and RVA hospitalizations were observed, which 
has important implications for reductions in health care 
utilization costs. The observed reductions were among 
children under five years of age and included only one or 
two vaccinated birth cohorts. Interestingly, studies from 
the US have found reductions in RVA among older chil-
dren ineligible for vaccine, suggesting the possibility of 
indirect benefits from a herd immunity effect (Lopman 
et al. 2011). As the vaccine program continues through-
out the Latin American region, a larger proportion of 
children under five years of age will have been vaccine 
eligible as infants and the real-world direct and indirect 
vaccine impact may become even more dramatic.

The field effectiveness of RV1 in Brazil and El Sal-
vador was comparable to the overall 85% efficacy ob-
served in the pivotal pre-licensure trial of RV1 in 11 
Latin American countries. Interestingly, RV5 effective-
ness in Nicaragua, the only low income Latin American 
country with available data, was lower and was simi-
lar to that seen in African and Asian settings. This di-
chotomy suggests that factors related to income (e.g., 
concurrent enteric infections, malnutrition) may, in part, 
explain the differences in vaccine efficacy by setting. 

Of note, however, the efficacy of RV1 in a poor region 
of Mexico during a G9P(4) outbreak was comparable to 
that in other middle income settings. Further evaluations 
of effectiveness of both RVA vaccines in impoverished 
Latin American settings, such as in Bolivia, which intro-
duced vaccine in 2008, are needed to help assess the full 
significance of these observations.

Given the year-to-year and regional variability in 
RVA strain prevalence, interpreting RVA genotype epi-
demiology after RVA vaccine introduction is particularly 
challenging and underscores the importance of ongo-
ing monitoring of vaccine effectiveness against a broad 
range of serotypes (Jiang et al. 2010). A predominance in 
G2P(4) RVA strains was observed in Nicaragua and Bra-
zil after the introduction of RV5 and RV1, respectively 
(Gurgel et al. 2007, Patel et al. 2009, Correia et al. 2010, 
Justino et al. 2011). Because this strain differs from the 
RV1 vaccine strain by G-type, P-type and genogroup and 
also from the RV5 vaccine strain which contains the G2 
reassortant, but not the P(4) reassortant, monitoring of 
G2P(4) is of particular interest after the introduction of 
vaccine. However, several observations from the stud-
ies in Latin America suggest that this predominance was 
likely due to secular variation and unrelated to vaccine 
pressure. First, the effectiveness of both vaccines against 
G2P(4) was similar to that against other G and P-type 
strains in the clinical trials from similar income settings. 
Second, although G2P(4) was the predominant strain in 
Brazil in the first year after RVA vaccine introduction, 
it was soon replaced by non-G2 strains in subsequent 
years (Carvalho-Costa et al. 2011). Third, in El Salvador, 
a G2P(4) predominance occurred in the year before vac-
cine introduction, but G1P(8) became the dominant strain 
after vaccine introduction (de Palma et al. 2010). Last-
ly, in the short term there is no evidence of widespread 
emergence of a vaccine-resistant strain of RVA. Thus, it 
would be prudent to interpret the changing ecology of 
RVA strains after vaccine in the context of vaccine effec-
tiveness studies or changes in absolute disease burden.

This assessment of RVA vaccine impact in Latin 
American settings was limited by variation in meth-
odology used between studies. Studies that examined 

TABLE II
Case-control studies evaluating full vaccine schedule and partial vaccine 

schedule vaccine efficacy against species A rotavirus hospitalizationa

Study Country

Per capita 
national income

($)
Prevalent 

strain
Full 
(%)

Partial 
(%)

Patel et al. (2009) Nicaragua 1,000 G2P(4) 46 52
de Palma et al. (2010) El Salvador 3,370 G1P(8) 76 51
Gurgel et al. (2007) Brazil 8,070 G2P(4) 79 -
Justino et al. (2011) Brazil 8,070 G2P(4) 76 -
Correia et al. (2010) Brazil 8,070 G2P(4) 85b -
Yen et al. (2011b) Mexico 8,960 G9P(4) 94 84

a: most infants included in the analysis of partial vaccine schedule are between vaccine doses; b: among six-11 months old infants.
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time-trends used variable pre and post-vaccine year(s), 
with country specific differences in vaccine introduced, 
introduction date and vaccine coverage rates. Although 
most studies assessed the vaccine impact for children 
younger than five years of age using annual rates, one 
study presented vaccine impact for just the RVA season 
(de Palma et al. 2010), which would likely overestimate 
the rate reduction. Our assessment includes studies from 
a lower-middle income and upper-middle income coun-
tries; however, local factors (e.g. health care access, vac-
cine coverage rates, RVA epidemiology) make it diffi-
cult to tease out the effect, if any, of income per capita. 
Among case-control studies, case definitions of RVA dis-
ease were based upon laboratory testing, however, con-
trol groups varied between children with RVA-negative 
gastroenteritis, acute respiratory infections, as well as 
healthy children in the community. These control groups 
are meant to reflect the source populations from which 
the cases arose and the use of different groups between 
studies makes comparisons challenging. Finally, most of 
the data for effectiveness of partial schedule was based 
on cases between doses and thus effectiveness close to 
vaccination that should be interpreted with caution.

In conclusion, data generated from countries in Latin 
America that have introduced RVA vaccine provide evi-
dence of substantial reductions in both diarrhoea deaths 
and hospitalizations among children. These documented 
benefits of vaccination have been compared with the 
small risk of vaccine-associated intussusception identi-
fied in post-licensure trials and World Health Organiza-
tion and other regulatory agencies have affirmed that the 
vaccine benefits outweigh the risks (Jiang et al. 2010). 
For example, in Brazil and Mexico combined, RVA 
vaccine has been estimated to cause 150 excess annual 
intussusception cases, but has also prevented approxi-
mately 140,000 diarrhoea hospitalizations and 1,300 di-
arrhoea deaths annually among children under five years 
of age. Furthermore, because vaccine benefits have been 
documented in both developing and developed countries 
of Latin America, they highlight the value of RVA vac-
cines in improving child in all regions of the world. In 
countries of Asia and Africa where more than 85% of 
RVA deaths occur, widespread use of RVA vaccines is 
anticipated in the next one-two years with funding sup-
port through the GAVI Alliance (2011). Given the suc-
cessful experience of RVA vaccines in Latin America, 
the global use of RVA vaccines could have a substantial 
impact on diarrhoeal morbidity and mortality and thus 
will accelerate reaching the fourth Millennium Develop-
ment Goal of reduced child mortality. 

REFERENCES

Buttery JP, Danchin MH, Lee KJ, Carlin JB, McIntyre PB, Elliott EJ, 
Booy R, Bines JE, PAEDS/APSU Study Group 2011. Intussuscep-
tion following rotavirus vaccine administration: post-marketing 
surveillance in the National Immunization Program in Australia. 
Vaccine 29: 3061-3066.

Carvalho-Costa FA, Volotão E de M, de Assis RM, Fialho AM, de 
Andrade J da S, Rocha LN, Tort LF, da Silva MF, Gómez MM, 
de Souza PM, Leite JP 2011. �����������������������������������Laboratory-based rotavirus surveil-
lance during the introduction of a vaccination program, Brazil, 
2005-2009. Pediatr Infect Dis J 30 (Suppl. 1): S35-S41.

Colindres RE 2010. GSK human rotavirus vaccine Rotarix: PASS 
Mexico study update. Presented at the Advisory Committee on 
Immunization Practices Meeting, Atlanta, GA, USA. Available 
from: cdc.gov/vaccines/recs/acip/slides-oct10.htm.

Correia JB, Patel MM, Nakagomi O, Montenegro FM, Germano EM, 
Correia NB, Cuevas LE, Parashar UD, Cunliffe NA, Nakagomi 
T 2010. ����������������������������������������������������     Effectiveness of monovalent rotavirus vaccine (Rota-
rix) against severe diarrhoea caused by serotypically unrelated 
G2P[4] strains in Brazil. J Infect Dis 201: 363-369.

de Palma O, Cruz L, Ramos H, de Baires A, Villatoro N, Pastor D, 
de Oliveira LH, Kerin T, Bowen M, Gentsch J, Esposito DH, Pa- 
rashar U, Tate J, Patel M 2010. Effectiveness of rotavirus vacci- 
nation against childhood diarrhoea in El Salvador: case-control 
study. BMJ 340: c2825.

do Carmo GM, Yen C, Cortes J, Siqueira AA, de Oliveira WK, Cortez-
Escalante JJ, Lopman B, Flannery B, de Oliveira LH, Carmo EH, 
Patel M 2011. Decline in diarrhoea mortality and admissions af-
ter routine childhood rotavirus immunization in Brazil: a time-
series analysis. PLoS Med 8: e1001024.

GAVI Alliance 2011. Vaccines against major childhood diseases 
to reach 37 more countries. Available from: gavialliance.org/
library/news/press-releases/2011/vaccines-against-major-child-
hood-diseases-to-reach-37-more-countries/.

Gurgel RQ, Cuevas LE, Vieira SC, Barros VC, Fontes PB, Salustino 
EF, Nakagomi O, Nakagomi T, Dove W, Cunliffe N, Hart CA 
2007. Predominance of rotavirus P[4]G2 in a vaccinated popula-
tion, Brazil. Emerg Infect Dis 13: 1571-1573.

Jiang V, Jiang B, Tate J, Parashar UD, Patel MM 2010. Performance of 
rotavirus vaccines in developed and developing countries. Hum 
Vaccin 6: 532-542.

Justino MC, Linhares AC, Lanzieri TM, Miranda Y, Mascarenhas JD, 
Abreu E, Guerra SF, Oliveira AS, da Silva VB, Sanchez N, Meyer 
N, Shafi F, Ortega-Barria E, Soriano-Gabarró M, Colindres RE 
2011. Effectiveness of the monovalent G1P[8] human rotavirus 
vaccine against hospitalization for severe G2P[4] rotavirus gas-
troenteritis in Belém, Brazil. Pediatr Infect Dis J 30: 396-401.

Lanzieri TM, Costa I, Shafi FA, Cunha MH, Ortega-Barria E, Li- 
nhares AC, Colindres RE 2010. Trends in hospitalizations from 
all-cause gastroenteritis in children younger than 5 years of age 
in Brazil before and after human rotavirus vaccine introduction, 
1998-2007. Pediatr Infect Dis J 29: 673-675.

Lanzieri TM, Linhares AC, Costa I, Kolhe DA, Cunha MH, Ortega-
Barria E, Colindres RE 2011. Impact of rotavirus vaccination 
on childhood deaths from diarrhoea in Brazil. Int J Infect Dis 
15: e206-210.

Lopman BA, Curns AT, Yen C, Parashar UD 2011. Infant rotavirus 
vaccination may provide indirect protection to older children and 
adults in the United States. J Infect Dis 204: 980-986.

Molto Y, Cortes JE, De Oliveira LH, Mike A, Solis I, Suman O, Coro-
nado L, Patel MM, Parashar UD, Cortese MM 2011. Reduction 
of diarrhoea-associated hospitalizations among children aged < 5 
years in Panama following the introduction of rotavirus vaccine. 
Pediatr Infect Dis J 30 (Suppl. 1): S16-20.

Parashar UD, Burton A, Lanata C, Boschi-Pinto C, Shibuya K, Steele 
D, Birmingham M, Glass RI 2009. Global mortality associated 
with rotavirus disease among children in 2004. J Infect Dis 200 
(Suppl. 1): S9-S15.

Patel M, Pedreira C, De Oliveira LH, Tate J, Orozco M, Mercado J, 
Gonzalez A, Malespin O, Amador JJ, Umaña J, Balmaseda A, 
Perez MC, Gentsch J, Kerin T, Hull J, Mijatovic S, Andrus J, 
Parashar U 2009. Association between pentavalent rotavirus vac-
cine and severe rotavirus diarrhoea among children in Nicaragua. 
JAMA 301: 2243-2251.



911Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 106(8), December 2011

Patel MM, López-Collada VR, Bulhões MM, De Oliveira LH, Bautista 
Márquez A, Flannery B, Esparza-Aguilar M, Montenegro Renoin-
er EI, Luna-Cruz ME, Sato HK, Hernández-Hernández L del C, 
Toledo-Cortina G, Cerón-Rodríguez M, Osnaya-Romero N, Mar-
tínez-Alcazar M, Aguinaga-Villasenor RG, Plascencia-Hernández 
A, Fojaco-González F, Hernández-Peredo Rezk G, Gutierrez-Ra- 
mírez SF, Dorame-Castillo R, Tinajero-Pizano R, Mercado-Ville-
gas B, Barbosa MR, Maluf EM, Ferreira LB, de Carvalho FM, dos 
Santos AR, Cesar ED, de Oliveira ME, Silva CL, de Los Angeles 
Cortes M, Ruiz Matus C, Tate J, Gargiullo P, Parashar UD 2011. 
Intussusception risk and health benefits of rotavirus vaccination in 
Mexico and Brazil. N Engl J Med 364: 2283-2292.

Quintanar-Solares M, Yen C, Richardson V, Esparza-Aguilar M, Pa- 
rashar UD, Patel MM 2011. Impact of rotavirus vaccination on 
diarrhea-related hospitalizations among children < 5 years of age 
in Mexico. Pediatr Infect Dis J 30 (Suppl. 1): S11-S15.

Richardson V, Hernandez-Pichardo J, Quintanar-Solares M, Esparza-
Aguilar M, Johnson B, Gomez-Altamirano CM, Parashar U, Patel 
M 2010. Effect of rotavirus vaccination on death from childhood 
diarrhoea in Mexico. N Engl J Med 362: 299-305.

Ruiz-Palacios GM, Pérez-Schael I, Velázquez FR, Abate H, Breuer T, 
Clemens SC, Cheuvart B, Espinoza F, Gillard P, Innis BL, Cer-
vantes Y, Linhares AC, López P, Macías-Parra M, Ortega-Barría 
E, Richardson V, Rivera-Medina DM, Rivera L, Salinas B, Pavía-
Ruz N, Salmerón J, Rüttimann R, Tinoco JC, Rubio P, Nuñez 
E, Guerrero ML, Yarzábal JP, Damaso S, Tornieporth N, Sáez-
Llorens X, Vergara RF, Vesikari T, Bouckenooghe A, Clemens 
R, De Vos B, O’Ryan M, Human Rotavirus Vaccine Study Group 
2006. Safety and efficacy of an attenuated vaccine against severe 
rotavirus gastroenteritis. N Engl J Med 354: 11-22.

Sáfadi MA, Berezin EN, Munford V, Almeida FJ, de Moraes JC, Pi- 
nheiro CF, Racz ML 2010. Hospital-based surveillance to evaluate 

the impact of rotavirus vaccination in São Paulo, Brazil. Pediatr  
Infect Dis J 29: 1019-1022.

Soares-Weiser K, Maclehose H, Ben-Aharon I, Goldberg E, Pitan F, 
Cunliffe N 2010. Vaccines for preventing rotavirus diarrhoea: 
vaccines in use. Cochrane Database Syst Rev 5: CD008521.

Vesikari T, Matson DO, Dennehy P, Van Damme P, Santosham 
M, Rodriguez Z, Dallas MJ, Heyse JF, Goveia MG, Black SB, 
Shinefield HR, Christie CD, Ylitalo S, Itzler RF, Coia ML, 
Onorato MT, Adeyi BA, Marshall GS, Gothefors L, Campens 
D, Karvonen A, Watt JP, O’Brien KL, DiNubile MJ, Clark HF, 
Boslego JW, Offit PA, Heaton PM, Rotavirus Efficacy and Safe-
ty Trial (REST) Study Team 2006. Safety and efficacy of a pen-
tavalent human-bovine (WC3) reassortant rotavirus vaccine.  
N Engl J Med 354: 23-33.

WHO - World Health Organization 2007. Rotavirus vaccines. Wkly 
Epidemiol Rec 82: 285-295.

WHO - World Health Organization 2010. Statement on Rotarix and 
Rotateq vaccines and intussusception. Global Advisory Commit-
tee on Vaccine Safety. Available from: who.int/vaccine_safety/
topics/rotavirus/rotarix_and_rotateq/intussusception_sep2010/
en/index.html.

Yen C, Armero Guardado JA, Alberto P, Rodriguez Araujo DS, Mena C, 
Cuellar E, Nolasco JB, De Oliveira LH, Pastor D, Tate JE, Parashar 
UD, Patel MM 2011a. Decline in rotavirus hospitalizations and 
health care visits for childhood diarrhoea following rotavirus vac-
cination in El Salvador. Pediatr Infect Dis J 30 (Suppl. 1): S6-S10.

Yen C, Figueroa JR, Uribe ES, Carmen-Hernández LD, Tate JE, 
Parashar UD, Patel MM, Richardson López-Collado V 2011b. 
Monovalent rotavirus vaccine provides protection against an 
emerging fully heterotypic G9P[4] rotavirus strain in Mexico.  
J Infect Dis 204: 783-786.


