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Rotaviruses are the most common cause of severe 

childhood gastroenteritis worldwide. The recent 

development of safe and effective rotavirus vaccines 

means that the global health and economic burden of 

rotavirus disease can now be reduced.

Disease burden and impact
By age five years, virtually all children will have had at least 

one rotavirus infection. Each year, rotaviruses cause more than 

450,000 deaths in children aged under five years, comprising 

over a third of worldwide deaths due to diarrhoea and 5% of all 

deaths in this age group1. Most deaths occur in low- and middle-

income countries1.

Whilst deaths from rotavirus infections are rare in high-income 

countries, the incidence of disease is similar to children from 

lower income countries. This results in a substantial health system 

and economic burden, especially as rates peak each winter and 

spring during the annual respiratory virus season. For example, in 

the pre-vaccine era in Australia there were approximately 10,000 

hospitalisations, 22,000 emergency department presentations 

and 115,000 general practice consultations for rotavirus annually 

among children aged under five years2. Importantly, Indigenous 

Australians have substantially higher rates of disease than 

the general population, with approximately five times the 

hospitalisation rate during infancy and a longer average length 

of stay3.

Despite most severe disease outcomes occurring in low- and 

middle-income countries, most measured costs are direct 

medical costs and lost parental wages in high-income countries. 

The pre-vaccine era annual health care and societal cost in the 

United States was estimated at US$893 million for 20044, while in 

Australia direct medical costs were A$30 million in 2005–20062.

Licensed vaccines
Rotaviruses can be classified according to two surface proteins, 

VP7, a glycoprotein (G-protein), and VP4, a protease-cleaved 

protein (P-protein). Both are targets for neutralising antibodies. 

However, cross-protection amongst different G and P-types 

might also be mediated by immune responses to shared epitopes 

amongst several viral proteins. Globally, G1-G4 and G9 are the 

most common VP7 genotypes, while P[4], P[6] and P[8] are the 

most prevalent VP4 genotypes5.

Two licensed vaccines are available currently. Each was developed 

according to different biological principles to achieve protection. 

Both are live-attenuated, orally administered vaccines, but vary in 

their virus components and schedule (Table 1). The human strain 

rotavirus vaccine (RV1; Rotarix®, GlaxoSmithKline) contains 
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a single, live, attenuated human rotavirus strain, which is 

intended to induce both homotypic and heterotypic protection. 

In contrast, the pentavalent rotavirus vaccine (RV5; RotaTeq®, 

Merck & Co Inc/CSL Biotherapies) contains five human-bovine 

reassorted rotavirus strains and relies more heavily upon inducing 

homotypic protective immunity.

Rotavirus vaccines were included in the publicly funded Australian 

National Immunisation Program in July 2007, with an earlier 

introduction in the Northern Territory in October 2006. Both 

vaccines have strict administration timetables (Table 1). Catch-up 

dosing is not recommended as safety data in older age groups 

are lacking, with a theoretically increased risk of intussusception 

if doses are given beyond the recommended age limits. Both 

rotavirus vaccines can be administered safely with other routinely 

delivered childhood vaccines.

Efficacy
Trials to determine the efficacy of RV5 and RV1 have been 

undertaken in several countries (Table 2). Although no direct 

comparisons can be made between the two vaccines because of 

differences in subject populations and clinical endpoints, both 

vaccines appear to perform similarly against different rotavirus 

strains in various settings. Vaccine efficacy in high- and middle-

income (Latin American) countries was highest against severe 

rotavirus gastroenteritis, providing 83–98% protection in the first 

rotavirus season post-vaccination and maintaining similar levels 

of protection against severe disease over the following one-to-

two seasons8-12,16. The definition of ‘severity’ varied according 

to study, but included severity grading according to one of two 

different clinical scoring scales (Vesikari or Clark)17, or the need 

for overnight admission to hospital or rehydration therapy. In 

addition, both vaccines also provided 74–87% protection against 

rotavirus diarrhoea of any severity in the first rotavirus season 

post-vaccination8,9, and decreased ‘all-cause’ gastroenteritis 

hospitalisations by 39–72%8,9,11,12.

In contrast, vaccine efficacy was initially reduced and poorly 

sustained in middle- and low-income African and Asian settings. 

Protection provided by RV1 against severe rotavirus gastroenteritis 

disease during infancy was 77% (95% confidence interval [CI]: 

56,88) in South Africa and 49% (95% CI: 19,68) in Malawi13. 

Meanwhile RV5 field trials in Africa and Asia demonstrated 

efficacy against severe disease of 64% (95% CI: 40,79) and 51% 

(95% CI: 13,73) in the first year of life, and 20% (95% CI: -16,44) 

and 45% (95% CI: 1,71) in the second year of life, respectively14,15.

The findings from Malawi demonstrate the important distinction 

between efficacy and impact. While relative efficacy was lower 

in Malawi compared to South Africa, the absolute impact in 

Table 1. Properties and dose schedule of currently licensed oral live-attenuated rotavirus vaccines.6

RV1 RV5

Trade name Rotarix® RotaTeq®

Origin 1 human strain G1P[8] 5 human-bovine reassortment strains with human serotypes
G1, G2, G3, G4, and P[8]

Biological principles* Heterotypic immunity Homotypic immunity

Presentation Oral liquid stored at 2–8°C Oral liquid stored at 2–8°C

Number of doses 2 (1.5 mL per dose) 3 (2 mL per dose)

Administration 1st dose: 6 to <15 weeks
2nd dose: ≥4-week interval at 10 to <25 
weeks

1st dose: 6 to <13 weeks, next doses at 4- to 10-week 
intervals, completed by <33 weeks

* RV1 relies upon a single, human-derived rotavirus strain inducing protective heterotypic immunity against all other strains, while RV5 uses 
5 bovine-human reassortant strains to induce serotype-specific (homotypic) immunity against the most commonly circulating strains (G1P[8], 
G2P[4], G3P[8], G4P[8] and G9P8]) worldwide.

Table 2. Rotavirus vaccine efficacy for severe gastroenteritis in the first year of life across high-, middle- and low-income countries (modified 
from WHO7 with permission).

Setting Efficacy Main country where phase III trials performed

High-income

Middle-income

Low-income

96–98%

72–85%

46–64%

North America8, Western Europe8,9, Singapore10, Taiwan10 and Hong Kong10

Latin America11,12, South Africa13, and Vietnam14

Ghana15, Kenya15, Mali15, Malawi13 and Bangladesh14
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terms of severe rotavirus gastroenteritis cases prevented, was 

greater in Malawi (6.7 vs 4.2 cases prevented per 100 vaccinees) 

due to a higher disease burden and year-round circulation of 

the virus13. Thus, despite lower efficacy, the potential impact of 

rotavirus vaccine reducing morbidity and mortality is greatest in 

low-income countries. Reasons for lower immunogenicity and 

efficacy of live-attenuated oral rotavirus vaccines in low-income 

settings remain unknown. These are, however, likely to involve 

multiple host and environmental factors such as interference 

by maternal antibodies in blood and breast-milk, coexistent 

enteric infections, chronic illness, malnutrition and difficulties 

maintaining the cold chain18.

Post-licensure effectiveness and impact
Since 2006, rotavirus vaccines have been licensed in over 125 

countries and included in the national vaccination schedules of 28 

predominantly high- and middle-income countries worldwide19. 

A detailed review of published post-licensure studies is beyond 

the scope of this article. Tables 3 and 4 summarise a selection 

of major studies describing the effectiveness and impact of 

rotavirus vaccines respectively across high- and middle-income 

countries. Both vaccines appear to have direct and indirect 

effects on rotavirus disease patterns, with the real-world findings  

broadly consistent with the efficacy studies for different settings. 

As with efficacy studies, comparisons of effectiveness estimates 

are limited by differences in study design, including selection of 

controls, setting and period of observation.

Studies on RV5 vaccine effectiveness in high-income settings 

report effectiveness of 89–100% against hospitalisation for 

rotavirus gastroenteritis24-26. In contrast, mixed results were 

found for RV1 effectiveness in Australia. Two studies undertaken 

during outbreaks predominantly affecting Aboriginal children in 

Central Australia found effectiveness against hospitalisation for 

infants to be 85% during a G9P[8] outbreak, but in a subsequent 

outbreak of a non–vaccine related strain G2P[4], the vaccine was 

found only to provide a significant protective effect in a subset 

Table 3. Major post-licensure studies on effectiveness of rotavirus vaccines against rotavirus hospitalisation and/or emergency department visits 
among children under five years of age across high- and middle-income countries.

Setting Effectiveness (%) Country where study undertaken

RV1

High-income 19–85% Australia20,21 (largely Indigenous population)

Middle-income 76% Brazil22 and El Salvador23

RV5

High-income 89–100% Australia24, France25 and United States26

Middle-income 43% Nicaragua27

Table 4. Major post-licensure studies on impact of rotavirus vaccines across high- and middle-income countries.

Setting Coverage Comparison of 2–3 years post-vaccine introduction vs pre-vaccine era

Impact on RV hospitalisations or ED visits

High income Australia28, 
Belgium29, USA30,31

Up to 90% 74–90% decline in children <2 years of age
41–80% decline in children 2<5 years of age

Impact on ‘all-cause’ AGE hospitalisations

High income Australia28, 
USA30,31

Up to 82% for 
12-month-olds

29–50% decline in children <5 years of age

Middle income Brazil32 Up to 81% of 
children <1 year 
of age

17% decline in children <5 years of age

Impact on diarrhoea-related mortality

Middle income Brazil32, 
Mexico33

Up to 89% of 
children
 <2 years of age ≥1 
dose

22–46% decline in children <5 years of age

Abbreviations: AGE, acute gastroenteritis; ED, emergency department; RV, rotavirus.
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of infants with disease complicated by acidosis20,21. Interestingly, 

in middle-income Latin American countries, both vaccines 

provided 43–76% protection against rotavirus hospitalisation 

from various strains, including G2P[4], but as in Central Australia, 

this effectiveness waned after infancy22,23,27.

Introducing rotavirus vaccines into national immunisation 

schedules has been associated with substantial and significant 

declines in morbidity and mortality. Reductions of up to 46% 

of diarrhoea-related mortality in children under five years 

have been found in Latin American countries32,33. Declines 

in health care utilisation for both rotavirus and ‘all-cause’ 

gastroenteritis have been described across Europe, United States, 

Australia and Brazil24,28-32. In an Australian study, a reduction of 

87% in nosocomial infections was identified following vaccine 

introduction34. Whilst the impact is greatest among children 

under two years of age, herd protection is believed responsible 

for reductions among largely unvaccinated age groups by 

presumably reducing transmission opportunities within the 

community24,27-31,34,35. Common across European, the United 

States and Australian settings, have been delays in onset with 

loss of seasonality and attenuation of the annual winter/spring 

rotavirus epidemics29,31,34.

Intussusception
The first licensed rotavirus vaccine, RotaShield (Wyeth 

Laboratories) was withdrawn controversially after it was found 

to be associated with an increased risk of intussusception. 

The excess risk was approximately 1 case in 10,000 vaccine 

recipients36,37. Subsequently, the large-scale phase III safety trials 

undertaken in middle and high countries involving more than 

140,000 subjects, found no elevated risk of intussusception 

during the 42-day and 30-day periods after vaccination, with 

RV5 and RV1, respectively8,10,12. In Australia, post-marketing 

surveillance reported no overall increase in intussusception 

with either vaccine, although there was some evidence of 

increased risk in infants aged 1 to <3 months within seven days 

(RV5: RR 5.3, 95% CI 1.1,15.4; RV1: RR 3.5, 95% CI 0.7,10.1) and 

within 21 days (RV5: RR 3.5, 95% CI 1.3,7.6; RV1: RR 1.5, 95% CI 

0.4,3.9) of receiving dose 1 of either vaccine38. A post-licensure 

case-control study involving surveillance at 69 hospitals in 

Mexico and Brazil found RV1 was associated with a short-term 

risk of intussusception in approximately 1 in 51,000 to 68,000 

vaccinated infants39. However, in the context of these countries, 

the absolute number of deaths and hospitalisations averted 

greatly exceeded those associated with RV1 vaccination. The 

risk-benefit analysis found RV1 resulted in an annual excess 

of 96 cases of intussusception and five associated deaths, but 

prevented approximately 80,000 hospitalisations and 1300 deaths 

from diarrhoea each year across Mexico and Brazil39. A recent 

review assessing the current vaccines has led the World Health 

Organization to reaffirm its recommendation that rotavirus 

vaccines should be used globally40. Further evidence of rotavirus 

vaccine safety has come from recent large cohort studies in the 

United States, which included follow-up of children who received 

almost one million RV5 doses. Whilst these studies found no 

increased intussusception risk within 30 days of any RV5 dose 

received, they would still theoretically fail to detect a risk of 

intussusception of less than one in 50,000 vaccinated children41,42.

Future
Whilst high- and middle-income countries have largely benefited 

from rotavirus vaccines, it is in lower-income African and Asian 

countries where greatest gains are to be made. With donor 

support, the Global Alliance for Vaccines and Immunization plans 

to introduce rotavirus vaccine into more than 40 low-income 

countries by 201543. Nevertheless, rotavirus vaccine efficacy 

needs to be improved in low-income countries. Development 

of rotavirus vaccines administered at birth may be particularly 

important in these settings where primary infection occurs 

early in life and access to health care and routine immunisation 

services is poor.

Ongoing surveillance is needed to ensure the expected benefits 

are being achieved, to monitor changes in rotavirus epidemiology, 

including duration of protection, and to ensure the continued 

safety and effectiveness of current vaccines19. Whilst there is 

no substantial evidence to date of new strains emerging or 

a sustained shift in circulating strains occurring attributable 

to vaccine introduction19,44, ongoing surveillance is necessary 

to monitor rotavirus strain diversity, and the effectiveness of 

vaccines against them. Meanwhile, widespread implementation 

of rotavirus vaccines will help reduce the global morbidity and 

mortality associated with childhood diarrhoea.

References
1.	 	 Tate, J.E. et al. (2012) 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 Infect. Dis. 12, 136–141.

2.	 	 Galati, J.C. et al. (2006) The burden of rotavirus-related illness among young 
children on the Australian health care system. Aust. N.Z. J. Public Health 30, 
416–421.

3.	 	 Newall, A.T. et al. (2006) Burden of severe rotavirus disease in Australia. J. 
Paediatr. Child Health 42, 521–527.

4.	 	 Widdowson, M.A. et al. (2007) Cost-effectiveness and potential impact of 
rotavirus vaccination in the United States. Pediatrics 119, 684–697.

5.	 	 Centers for Disease Control and Prevention (CDC). (2008) Rotavirus 
surveillance: worldwide, 2001-2008. Morb. Mortal. Wkly. Rep. 57, 1255–1257.



60� MICROBIOLOGY AUSTRALIA • MAY 2012

In Focus

6.	 	 Australian Immunisation Handbook (2008) Rotavirus. Australian 
Immunisation Handbook 9th edition, pp 265–273, Australian Government.

7.	 	 World Health Organization (2009) Rotavirus vaccines: an update. WHO Wkly. 
Record 84, 533–537.

8.	 	 Vesikari, T. et al. (2006) Safety and efficacy of a pentavalent human-bovine 
(WC3) reassortant rotavirus vaccine. N. Engl. J. Med. 354, 23–33.

9.	 	 Vesikari, T. et al. (2007) Efficacy of human rotavirus vaccine against rotavirus 
gastroenteritis during the first 2 years of life in European infants: a 
randomised, double-blind, placebo-controlled study. Lancet 370, 1757–1763.

10.	 	 Phua, K.B. et al. (2009) Safety and efficacy of human rotavirus vaccine during 
the first 2 years of life in Asian infants: randomised, double blind, controlled 
study. Vaccine 27, 5936–5941.

11.	 	 Linhares, A.C. et al. (2008) Efficacy and safety of an oral live attenuated human 
rotavirus vaccine against rotavirus gastroenteritis during the first 2 years of 
life in Latin American infants: a randomised, double-blind, placebo-controlled 
phase III study. Lancet 371, 1181–1189.

12.	 	 Ruiz-Palacios, G.M. et al. (2006) Safety and efficacy of an attenuated vaccine 
against severe gastroenteritis. N. Engl. J. Med 354, 11–22.

13.	 	 Madhi, S.A. et al. (2010) Effect of rotavirus vaccine on severe diarrhea in 
African infants. N. Engl. J. Med 362, 289–298.

14.	 	 Zaman, K. et al. (2010) Efficacy of pentavalent rotavirus vaccine against severe 
gastroenteritis in infants in developing countries in Asia: a randomised, 
double-blind, placebo-controlled trail. Lancet 376, 615–623.

15.	 	 Armah, G.E. et al. (2010) Efficacy of pentavalent rotavirus vaccine against 
severe rotavirus gastroenteritis in infants in developing countries in sub-
Saharan Africa: a randomised, double-blind, placebo-controlled trial. Lancet 
376, 606–614.

16.	 	 Vesikari, T. et al. (2010) Sustained efficacy of the pentavalent rotavirus 
vaccine, RV5, up to 3.1 years following the last dose of vaccine. Pediatr. Infect. 
Dis. J. 29, 957–963.

17.	 	 Givon-Lavi, N., Greenberg, D. and Dagan, R. (2008) Comparison between 
two severity scoring scales commonly used in the evaluation of rotavirus 
gastroenteritis in children. Vaccine 26, 5798–5801.

18.	 	 Grimwood, K. et al. (2010) Rotavirus infections and vaccines: burden of 
illness and potential impact of vaccination. Paediatr. Drugs 12, 235–256.

19.	 	 Dennehy, P.H. (2012) Effects of vaccine on rotavirus disease in the pediatric 
population. Curr. Opin. Pediatr. 24, 76–84.

20.	 	 Snelling, T.L. et al. (2009) Rotavirus and the Indigenous children of the 
Australian outback: monovalent vaccine effective in a high-burden setting. 
Clin Infect Dis 49, 428–431.

21.	 	 Snelling, T.L. et al. (2011) Case-control evaluation of the effectiveness of 
G1P[8] human rotavirus during an outbreak of rotavirus G2P[4] infections in 
Central Australia. Clin Infect Dis 52, 191–199.

22.	 	 Justino, M.C. et al. (2011) Effectiveness of the monovalent G1P[8] human 
rotavirus vaccine against hospitalization for severe G2P[4] rotavirus 
gastroenteritis in Belém, Brazil. Pediatr. Infect. Dis. J. 30, 396–401.

23.	 	 de Palma, O. et al. (2010) Effectiveness of rotavirus vaccination against 
childhood diarrhoea in El Salvador: case-control study. Brit Med. J. 341, c2825.

24.	 	 Field, E.J. et al. (2010) Effectiveness of the pentavalent rotavirus vaccine 
at preventing rotavirus and non-rotavirus gastroenteritis hospitalizations, 
Queensland, Australia. Pediatrics 126, e506–512.

25.	 	 Gagneur, A. et al. (2011) Impact of rotavirus vaccination on hospitalizations 
for rotavirus diarrhea: the IVANHOE study. Vaccine 29, 3753–3759.

26.	 	 Wang. F.T. et al. (2010) Effectiveness of the pentavalent rotavirus vaccine in 
preventing gastroenteritis in the United States. Pediatrics 125, e208–213.

27.	 	 Patel, M. et al. (2009) Association between pentavalent rotavirus vaccine and 
severe rotavirus diarrhea among children in Nicaragua. JAMA 301, 2243–2251.

28.	 	 Clarke, M.F. et al. (2011) Direct and indirect impact on rotavirus positive 
and all-cause gastroenteritis hospitalisations in South Australian children 
following the introduction of rotavirus vaccination. Vaccine 29, 4663–7.

29.	 	 Raes, M. et al. (2011) Reduction in pediatric rotavirus-related hospitalizations 
after universal rotavirus vaccination in Belgium. Pediatr. Infect. Dis. J. 30, 
e120–125.

30.	 	 Bégué, R.E. and Perrin, K. (2010) Reduction in gastroenteritis with the use of 
pentavalent rotavirus vaccine in a primary practice. Pediatrics 126, e40–45.

31.	 	 Yen, C. et al. (2010) Diarrhea-associated hospitalizations among US children 
over 2 rotavirus seasons after vaccine introduction. Pediatrics 127, e9–15.

32.	 	 do Carmo, G.M. et al. (2011) Decline in diarrhea mortality and admissions 
after routine childhood rotavirus immunisation in Brazil: a time-series 
analysis. PLoS Med. 8, e1001024.

33.	 	 Richardson, V., Parashar, U. and Patel, M. (2011) Childhood diarrhea deaths 
after rotavirus vaccination in Mexico. N. Engl. J. Med. 365, 772–773.

34.	 	 Macartney, K.K. et al. (2011) Decline in rotavirus hospitalisations following 
introduction of Australia’s national rotavirus immunisation programme. J 
Paediatr. Child Health 47, 266–270.

35.	 	 Lambert, S.B. et al. (2009) Early evidence for direct and indirect effects of the 
infant rotavirus vaccine program in Queensland. Med. J. Aust. 191, 157–160.

36.	 	 Murphy, T.V. et al. (2001) Intussusception among infants given an oral 
rotavirus vaccine. N. Engl. J. Med. 344, 564–572.

37.	 	 Peter, G. and Myers, M.G. (2002) Intussusception, rotavirus, and oral vaccines: 
summary of a workshop. Pediatrics 110, e67.

38.	 	 Buttery, J.P. et al. (2011) Intussusception following rotavirus vaccine 
administration: post-marketing surveillance in the National Immunization 
Program in Australia. Vaccine 29, 3061–3066.

39.	 	 Patel, M.M. et al. (2011) Intussusception risk and health benefits of rotavirus 
vaccination in Mexico and Brazil. N. Engl. J. Med. 364, 2283–2292.

40.	 	 World Health Organization. (2011) Rotavirus vaccine and intussusception: 
report from an expert consultation. Wkly Epidemiol. Rec. 86, 317–3124.

41.	 	 Shui, I.M. et al. (2012) Risk of intussusception following administration of a 
pentavalent rotavirus vaccine in US infants. JAMA 307, 598–604.

42.	 	 Loughlin, J. et al. (2012) Postmarketing evaluation of the short-term safety of 
the pentavalent rotavirus vaccine. Pediatr. Infect. Dis. J. 31, 292–296.

43.	 	 GAVI Alliance. Rotavirus vaccine support. http://www.gavialliance.org/support/
nvs/rotavirus/ (accessed on 3 February 2012).

44.	 	 Kirkwood, C.D. et al. (2011) Distribution of rotavirus genotypes after 
introduction of rotavirus vaccines, Rotarix® and RotaTeq®, into the National 
Immunization Program of Australia. Pediatr. Infect. Dis. J. 30, s48–s53.

Biographies
Professor Keith Grimwood is Director of the Queensland 

Children’s Medical Research Institute and is an infectious 

diseases physician at the Royal Children’s Hospital, Brisbane. In 

addition to rotaviruses, his research interests include common 

viral respiratory infections and lung infection in CF and non-CF 

bronchiectasis.

Associate Professor Stephen Lambert is a medical 

epidemiologist and public health physician at the Queensland 

Children’s Medical Research Institute and the Communicable 

Diseases Branch of Queensland Health. He has a primary research 

interest in the impact of vaccination on disease epidemiology.

Dr Sarah Sheridan is an advanced trainee in public health 

medicine and is a PhD candidate at the Queensland Children’s 

Medical Research Institute and the School of Population Health, 

University of Queensland.

Declaration of interest
Keith Grimwood has been a member of a Rotavirus Advisory 

Board and received support for conference attendance, lecture 

fees and a research grant from GlaxoSmithKline; he has also 

received a research grant from Merck.

Stephen Lambert has been an investigator on research studies 

funded by Merck, CSL Ltd, and GlaxoSmithKline, although 

none involving rotavirus vaccines. He has received support 

for conference attendance and honoraria for advisory board 

activities from CSL Ltd and GSK.

Sarah Sheridan has no interests to declare.




