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Rotavirus is the leading cause of diarrhea 
hospitalizations in children <5 years globally
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Proportion of diarrhea hospitalizations due to 
rotavirus in the Asian Rotavirus Network

China:  41%

Korea

Taiwan:  41%

Vietnam:  60%

Malaysia:  56%
Indonesia:  39%

Myanmar:  56%

Hong Kong:  29%
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First rotavirus vaccine licensed in 1998 in US



A setback – Vaccine withdrawn within 1 year 
because it caused intussusception
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1 intussusception case per 10,000 vaccinated infants



Two new rotavirus vaccines licensed in 2006
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•Large trials (~70,000 infants) in US, Europe, and South America

•No increased risk of intussusception!

Vesikari et al and Ruiz-Palacios et al, NEJM 2006

RotaTeq™ (Merck&Co., Inc.) Rotarix™ (GlaxoSmithKline)

3 oral doses beginning at 6 weeks 2 oral doses beginning at 6 weeks
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High Efficacy of Both Vaccines in Trials in 
High/Middle Income Countries

Vaccine Region Efficacy (95%CI)

Rotarix Europe 96% (90%-99%)

Rotarix Latin America 85% (72%-92%)

Rotarix Asia 96% (85%-99%)

RotaTeq Europe/US 98% (88%-100%)

Vesikari et al and Ruiz-Palacios et al, NEJM 2006
Vesikari et al, Lancet, 2007.
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98 countries have implemented national 
rotavirus vaccination programs



How well will vaccines perform
in routine use?
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Payne DC et al, unpublished data

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

Vaccine



Unexpectedly, reduction in AGE hospitalizations seen in 
older unvaccinated children and adults in the US

Lopman et al. J Infect Dis 2011:204:980Gastanaduy et al JAMA 2013

Lopman et al. JID 2011

Pre-vaccine

Post-vaccine

Month of  year
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Richardson et al, NEJM 2010



Vaccinated children had ~20% reduction in risk of seizures 
requiring hospitalization or ED care compared with unvaccinated 
children during the year following vaccination

Reduced risk of childhood seizures 
associated with rotavirus vaccination
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Borrowed from: http://dannybrown.me/wp-content/uploads/2011/01/success_baby.jpg



How well will vaccines protect 
against range of rotavirus strains?
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Two outer capsid proteins (G and P) 
determine rotavirus strain type



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

RotarixRotaTeq



Monovalent rotarix (G1P8) efficacy similar 
against vaccine & non-vaccine strains in Africa
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Increase in G2P4 after implementation of 
monovalent Rotarix (G1P8) in Brazil

*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?

Vaccine
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How well will live oral rotavirus vaccines 
work in the developing world?



221 dot = 100 deaths

The vast majority of the ~200,000 annual deaths 
from rotavirus occur in developing countries
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Moderate efficacy seen in trials in low 
income African and Asian countries

Vaccine Region Efficacy (95%CI)

RotaTeq Africa 64% (40%-79%)

RotaTeq Asia 51% (13%-73%)

Rotarix Africa 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, rotavirus vaccines prevent 
more disease in high burden settings



Decline in rotavirus hospitalizations after 
vaccine implementation in Ghana

Armah et al CID 2016

Rotavirus vaccine 
introduction, April 

2012

50% 
RV+

26% 
RV+

28% 
RV+ 24% 

RV+
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 Diarrhea-associated mortality declined by 31% (95% CI, 1%-52%)

 Vaccine effectiveness against diarrhea mortality 34% (95% CI, -28%-66%)

Lancet Global Health

Bar-Zeev et al, Lancet Global Health 2018



Rotavirus remains the leading cause of severe diarrhea in 
developing countries after rotavirus vaccine introduction

Cryptosporidium
6%

Rotavirus
55%Norovirus

5%

ETEC
6%

Other
28%
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Plats Mills et al JID 2017
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How can we improve rotavirus vaccine 
performance in developing countries?



Multiple factors affect rotavirus vaccine efficacy

Poor 
response to 

oral rotavirus 
vaccine

Transplacental
and breast milk 

rotavirus 
antibodies

Nutrition

Gastrointestinal 
pathogens

Intestinal 
microbiota

Environmental 
enteropathy

Interference of 
OPV co-

administration



Delaying 2-dose schedule or adding 3rd dose 
slightly improved Rotarix vaccine response

31

0

10

20

30

40

50

60

70

80

90

100

Ali, 2014 (Pakistan) Armah, 2016* (Ghana)

6 + 10 weeks 10 + 14 weeks 6 + 10 + 14 weeks

Se
ro

co
nv

er
sio

n 
%



Supplementing with both Zn and probiotics 
slightly improved vaccine response
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Adult randomized 
control trial

Vancomycin
Ciprofloxacin
Metronidazole

Vancomycin

Rotavirus vaccination

post-antibiotic 
microbiome

anti-RV IgA titer
no absolute differences over time

*

Control

N=21

*

8/21=

N=21 N=21

d7 >2-fold anti-RV IgA

d 1-7 RV Ag shedding

=1/21= 1/21

ProteobacteriaFirmicutes

Bacteroidetes

Antibiotic microbiome modulation alters RV immunogenicity

Harris et al, Cell Host Microbe, 2018



Like polio – Injectable rotavirus vaccine?
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Will new rotavirus vaccines
cause intussusception?
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Low risk of intussusception in several high & middle 
income countries (Mexico, US, Australia, UK)

• ~1-6 cases per 100,000 vaccinated

• Similar risk with both vaccines



RISKS
BENEFITS



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)

38*



No intussusception risk in large study
in 7 low income African countries!

39NEJM.  April 2018



Who Will Supply Rotavirus Vaccine
to the World?

Big Pharma

Merck

GSK

Emerging Manufacturers

Brazil 

Indonesia Germany

IndiaChina



Prime Minister Modi 
“Government of India will 
provide a rotavirus vaccine 
to all Indian children”

Two Indian-made rotavirus vaccines 
pre-qualified for global use in 2018



RotaSIIL™, Serum Institute

(Reassorted bovine-human rotavirus)
Genetically engineered vaccine consisting of  

5 different strains to protect against the 5 
most common human rotaviruses G1,2,3,4 

& 9

Rotavac and RotaSIIL were pre-qualified 
by WHO in 2018

ROTAVAC™, Bharat Biotech

(derived from a single Indian neonatal 
strain of  human rotavirus) G9P11

42
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Efficacy of various rotavirus vaccines 
similar in developing countries

Vaccine Efficacy (95% CI)

Asia Africa

RotaTeq 51 (13-73) 64 (40-79)

Rotarix -- 62 (44-73)

Rotavac 56 (37-70) --

Rotasiil 37 (11-54) 67 (50-78)
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Global implementation of rotavirus vaccines



Norovirus Vaccines

45



Norovirus is the leading cause of AGE outbreaks



Norovirus is the leading cause of severe AGE in US 
children after rotavirus vaccine implementation

• 21% of severe AGE episodes caused by norovirus

• ~1 million annual pediatric medical care visits
– $273 million in health care costs



Norovirus causes severe disease in both 
young children & the elderly
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Human
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Bivalent VLP
(Takeda pharma)

Adenoviral vector
(Vaxart)

Norovirus antigen GI.1 and GII.4 
consensus VLP

GI.1 VP1

Route of admin Intramuscular, 
previously intranasal

Oral (pill)

Status Phase 2b Phase 1

Norovirus Vaccine Candidates in Human Trials



Intra-nasal monovalent GI.1 VLP vaccine 
efficacy (Takeda)

Endpoint
Vaccine 
(N=43)

Placebo
(N=41)

% Reduction
(95% CI)

Norovirus 
infection

60.5% 82.1% 26%  (1%, 45%)

Norovirus AGE 
36.8% 69.2% 47% (15%, 67%)

Atmar 2011 NEJM



Intra-muscular bivalent  GI.1, GII.4 vaccine 
efficacy (Takeda)

Norovirus AGE Severity
Vaccine 
(N=50)

Placebo
(N=48)

% Reduction
(95% CI)

Any 20.0% 37.5% 47% (-4%, 73%)

Mod-severe 6.0% 18.8% 68% (-11%, 91%)

Severe 0% 8.3% 100% 

Bernstein 2015 JID



Challenges for a norovirus vaccine

1. Whom to target – Children? Elderly?
2. Protection against multiple genotypes?
3. Need to be updated to keep up with viral evolution?
4. Need for different vaccine formulations for different age groups?

http://www.cdc.gov/norovirus/downloads/global-burden-report.pdf



Major breakthrough in 2016
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