
Rotavirus Vaccines: Progress & Challenges 

 
Umesh D. Parashar 
Lead, Viral Gastroenteritis Team 
CDC, Atlanta, USA 
uparashar@cdc.gov 
 
 
 

TM  

1 

mailto:uparashar@cdc.gov


Outline 

• Burden of rotavirus 

• Withdrawn Rotashield vaccine 

• Current vaccines – RotaTeq and Rotarix 

• Remaining issues & challenges 
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Diarrhea is a Leading Cause of Child 
Mortality Worldwide 

• ~ 700,000 deaths/year Diarrhea
15%

Pneumonia
19%

Neonatal
37%

Non-
commuicable

7%

Other infections
22%
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Rotavirus is the Leading Cause Of Severe 
Diarrhea in Children <5 Years Globally 
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1 dot = 150 deaths 

Rotavirus is a Major Cause of Child Mortality 
Worldwide  -- ~200,000-250,000 Annual Deaths 



Outline 

• Burden of rotavirus disease 

• Withdrawn Rotashield vaccine 

• Current vaccines – RotaTeq and Rotarix 

• Remaining issues 
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Rotashield Implemented in 1998 in US 



A Setback – Rotashield Withdrawn Within 1 Year 
Because of Association with Intussusception 
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1 intussusception per 10,000 vaccinated infants 



Intussusception Risk Greatest in First Week 
After Dose 1 of Rotashield 
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Murphy TV, et al, 2001

Risk elevated >30-fold during 
 3-7 days after dose 1 

Murphy et al. NEJM 2001; 344:564-72. 
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Will other oral rotavirus vaccines 

also cause intussusception? 

The $100 million question   
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Will Other Oral Rotavirus Vaccines 
Also Cause Intussusception? 

• Unique features of the rhesus strain in Rotashield® 

– High replication and shedding (>80%) 

– Fever in >30% and some vomiting/diarrhea 

 

• No apparent link between intussusception and 
natural rotavirus infection 

 

• Not possible to confirm absence of risk without 
large and expensive trials (~US $1 billion) 
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Two Oral Rotavirus Vaccines Licensed in 2006 
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•Trials of 60-70,000 infants each 
•No increased risk of intussusception 
•Efficacy of 85%-98% against severe disease 

Vesikari et al and Ruiz-Palacios et al, NEJM 2006 
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RotaTeq (Merck & Co.) 

G1 G3 

G2 G4 

P[8] 

Bovine rotavirus with single human 
rotavirus gene substitution 

3 doses 
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Rotarix (GSK) 

G1P[8] 

Human rotavirus 

2 doses 



2009 – WHO Global Recommendation 
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National RV introductions by WHO region: 55 countries* 

AFRO 

Botswana 

Burkina Faso 

Burundi 

Ethiopia 

The Gambia 

Ghana 

Malawi 

Mali 

Rwanda 

South Africa 

Tanzania 

Zambia 

AMRO 
Bolivia 

Brazil  

Cayman Islands** 

Colombia 

Dominican Republic 

Ecuador 

El Salvador 

Guatemala 

Guyana 

Haiti 

Honduras 

Mexico 

Nicaragua 

Panama 

Paraguay 

Peru 

United States  

Venezuela  

EMRO 

Bahrain 

Iraq 

Libya 

Morocco 

Qatar 

Saudi Arabia 

Republic of Sudan 

Yemen 
WPRO 

Australia 

Fiji  

Marshall Islands 

Micronesia 

Palau 

EURO 

Armenia 

Austria 

Belgium 

Finland 

Georgia 

Israel 

Luxembourg 

Moldova 

United Kingdom 

GAVI-eligible [20] Not GAVI-eligible [35] 

*National introductions by WHO region as of  28 March 2014 

**Not a WHO member state 

RV= rotavirus vaccine 

SEARO 

Philippines 
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Rotavirus Vaccines in USA 

 

• Feb 2006 – RotaTeq recommended 

• June 2008 – Rotarix recommended 



Active Rotavirus Surveillance 

• Active surveillance in 3 US counties 

• Enrollment of inpatients, emergency room 
patients, and outpatients with AGE 

• Fecal specimens obtained and tested for 
rotavirus 
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Payne DC, unpublished 2014 

Impact on All-Cause and Rotavirus-Specific 
Gastroenteritis Hospitalizations in USA 

Vaccine 
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Age Decline in rotavirus 
hospitalization rate 

(2008 vs. 2006) 

Rotavirus vaccine 
coverage in 2008 

(>=1 dose) 

< 1 year 66% 56% 

1 -< 2 years 95% 44% 

2 -< 3 years 85% <1% 

This age cohort was ineligible 
to receive rotavirus vaccine 

Age-Specific Rotavirus Hospitalization Rate 
Reduction and Vaccine Coverage, USA 

Herd immunity? 



23 

Impact on Rotavirus and All-Cause Gastroenteritis 
Hospitalizations in Children, El Salvador 

70-80% reduction in rotavirus hospitalizations children < 5 years 
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Age Decline in rotavirus 
hospitalization rate 

(2008 vs. 2006) 

Rotavirus vaccine 
coverage in 2008 

(>=1 dose) 

< 1 year 84% (80 to 88) 76% 

1 year  86% (82 to 89) 84% 

2 years  65% (50 to 75) 0 

3 years 41% (-7 to 68) 0 

4 years 68% (29 to 85) 0 

Herd Protection: Reduction in Rotavirus among 
UNVACCINATED Age Groups in El Salvador 

These age cohorts were ineligible 
to receive rotavirus vaccine 

Yen et al, PIDJ 2011 
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First evidence of impact of vaccine 
on diarrhea mortality in Mexico 
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Vaccine Introduced 

(May 2007) 

2008 

2009 

Richardson et al, NEJM 2010 



Mortality decline sustained for four years 
post vaccine implementation in Mexico 
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Rotavirus Vaccine Experience to Date 

28 Borrowed from: http://dannybrown.me/wp-content/uploads/2011/01/success_baby.jpg 



Outline 

• Burden of rotavirus disease 

• Withdrawn Rotashield vaccine 

• Current vaccines – RotaTeq and Rotarix 
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How well will live oral rotavirus vaccines 
work in the developing world? 
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Hurdles to Immunization for a Live Oral 
Rotavirus Vaccine 

Factors that 

lower viral  

titer 

• Breast milk 

• Stomach acid 

• Maternal antibodies 

•  OPV 

Factors that 

impair immune 

response 

• Malnutrition - Zn, Vit A 

• Interfering microbes- viruses 

and bacteria 

• Other infections- HIV, malaria, 

TBC 
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South 

Africa 

Malawi 
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Volume 376  ■   Number 9741   ■    Pages 606-614 and 615-623    ■    06 August 2010              www.thelancet.com 

Ghana 

Mali 

Kenya 

http://www.iepfpd.org/epf-news/96/the-lancet-publishes-series-on-global-health/
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Moderate Efficacy of Rotavirus Vaccines in 
Africa and Asia 

Vaccine Region Countries Efficacy (95%CI) 

RotaTeq Africa 
Ghana, Kenya, 

Mali 
64% (40%-79%) 

RotaTeq Asia 
Bangladesh, 

Vietnam 
51% (13%-73%) 

Rotarix Africa 
South Africa, 

Malawi 
62% (44%-73%) 

Armah et al. Lancet 2010 

Zaman et al. Lancet 2010 
Madhi et al NEJM 2010 



What does 50% efficacy mean? 

Would you rather have 99% of my 
salary or 1% of Bill Gates’? 
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Despite Lower Efficacy, RV1 Prevented More Severe 
Rotavirus AGE in Malawi Because of Higher Burden 

2.5 episodes 
prevented 

3.9 episodes 
prevented 

Efficac

y 

61.2% 76.9% 49.5% 
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Placebo 

Vaccine 

Madhi et al. NEJM 2010 
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  Efficacy 77%  50% 
 

 



How well will vaccines protect 
against range of strains? 
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RotaTeq is Pentavalent & Rotarix is Monovalent 
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G1 G3 

G2 G4 

P[8] 

Five bovine-human 
rotavirus strains 

G1P[8] 

Single human 
rotavirus strain 

Rotarix RotaTeq 



Great Strain Diversity in African Rotarix Trial 
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Malawi South Africa 

Madhi et al. NEJM 2010 

G1P8 
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Rotarix (G1P8) Efficacy Similar Against Disease 
Caused by Vaccine & Non-Vaccine Strains 
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Madhi et al. NEJM 2010 
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Increase in G2P4 Prevalence after Use of 
Rotarix (G1P8) in Brazil Raises Concern 

*Nakagomi et al, Arch Vir 153(3); 2008 

*Gurgel et al, EID, 13(10), 2007 



El Salvador 

Rotarix, 2006 

(opposite of Brazil) 

 

 

 

Guatemala 

(no vaccine) 

 

 

 

Honduras  

(no vaccine) 

 

 
 
 
 

Patel et al. EID 2009 

2005          2006               2007 

P[8]G9 
96% 

P[8]G9 
94% 

P[8]G9 

40% 

P[4]G2 
81% 

P[4]G2 
72% 

P[4]G2 
68% 
 

P[8]G1 
91% 

P[8]G1 
90% 

P[8]G1 
68% 

Is increasing prevalence of G2P[4] in Brazil caused 
by vaccine pressure or is it just natural variation? 



High Rotarix (G1P8) Effectiveness against 
Non-Vaccine Strains in Several Countries 
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Country  Post-vaccine 
strains 

Vaccine Effectiveness 

(95% CI) 

Brazil  G2P[4] 85% (54, 95) 

Mexico G9P[4] 94% (16, 100) 

Bolivia G9P[8] 84% (64, 92) 

G2P[4] 71% (19, 90) 

G3P[8] 92% (60, 98) 

 G9P[6] 87% (-10, 98) 
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Will new Rotavirus Vaccines 
cause Intussusception? 



47 

Why Continue to Monitor Intussusception? 

• Pre-licensure trials large 

– but powered to exclude large (~10-fold) increase 
in risk within 30-42 days of any dose 

 

• Further monitoring to evaluate lower risk in 
shorter time periods after vaccination 
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Post-Licensure Intussusception Data 

• Low risk of intussusception in many countries 

– US, Australia, Brazil, Mexico 

– ~1-6 excess cases per 100,000 vaccinated 

– With both vaccines 
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How does risk compare with benefits? 

Benefits 

Risks 



Benefits vs. Risks of Vaccination 

Diarrhea 
Hospitalizations 

(Deaths) 
Prevented 

Intussusception Cases 
(Deaths) 
Caused 

Mexico 11,600 (663) 41 (2) 

Brazil 69,600 (640) 55 (3) 

Australia 7,000 (0) 6 (0) 

US 53,000 (16) 48 (0) 

50 * 
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2006-2013 
Incredible years for new rotavirus vaccines!.... 

And great promise for the future!! 



Many Opportunities Ahead -- Rotavirus Vaccines 
Implemented in Africa in 2012 

GHANA RWANDA 

TANZANIA 
MALAWI 
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