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Global threat of AGE



• >1 million deaths per year to 

diarrhea across all age groups 

• 760,000 diarrhoea deaths 

annually in children <5 yoa

• Focus in less developed 

countries

• 4% of total global DALYS

Enteric pathogens: a threat to public health

Despite reductions in mortality, 

diarrhoeal morbidity remains high, and 

the condition remains a major burden in 

LMICs

Liu L et al, Lancet. 2012 Jun 9;379(9832):2151-61, Hosangadi D, et al Vaccine. 2017 Oct 11



Non-severe diarrhoeal episodes 

are of public health importance 

• Repeated enteric infections  long 

term sequelae and diseases

– poor growth, impaired cognitive 

development, enteropathy

• Antibiotic resistance development

• Post-acute illness mortality and growth 

impairment

Checkley W, et al. Int J Epidemiol 2008; 37: 816–830; Hosangadi D, et al Vaccine. 2017 Oct 11; Platts-Mills J, et al Lancet Glob Health 2015; 3: e564–75

• Brazilian cohorts in 4–10y FU 

– Correlation among burden of diarrhoea 

and impairment of:

• Visual-motor coordination

• Hearing short-term memory and 

information processing

• Lower scores on the Test of Non-Verbal 

Intelligence-III and the Wechsler 

Intelligence Scale for Children



Etiology of acute watery diarrhea remains poorly 

characterized

Operario D., et al JID 2017;216:220–7



Figure 2 

Platts-Mills J., et al The Lancet Global Health, Vol 3, Issue 9, 2015 Pages e564-e575

Incidence of diarrhoea and number of pathogens per stool 

increase during the first year of life



Prevention strategies: 

progress on enteric vaccines



Goals for 2025

Integrated Global Action Plan for Pneumonia and Diarrhoea

For children under 5 years of age 

• Reduce mortality from diarrhoea to <1/1,000 LB

• Reduce the incidence of severe diarrhoea by 

75% compared to 2010 levels

• Reduce by 40% the global number who are 

stunted compared to 2010 levels

Ending Preventable 

Child

Deaths from Pneumonia

and Diarrhoea by 2025
The integrated Global Action Plan

for Pneumonia and Diarrhoea 

(GAPPD)

http://apps.who.int/iris/bitstream/handle/10665/79200/9789241505239_eng.pdf;jsessionid=BA1E573E6443973399B2337164A40F65?sequence=1

Main policies to address 

(a) improved water and 

sanitation 

(b) vaccination



WHO Product Development for Vaccines Advisory 

Committee (PDVAC)
5th version 

Vaccines for enteric pathogens

http://www.who.int/immunization/research/meetings_workshops/PDVAC_executive_summary_june_2018.pdf?ua=1



Shigella vaccine

• Pipeline: oral and parenteral 

• Advanced candidates elicit responses to the Shigella O-

antigen and have data from phase II in CHIM

• In May 2018, WHO convened a workshop to evaluate the 

role of CHIMs in the pathway to licensure and policy 

recommendation 

– Travelers’ vaccine approach 

– Pathway for policy recommendation LMICs will require 

demonstration of safety and efficacy in young children

http://www.who.int/immunization/research/meetings_workshops/PDVAC_executive_summary_june_2018.pdf?ua=1



Enterotoxigenic E. coli vaccine

• ETVAX: oral, whole cell formalin- inactivated 

– 5 to 10 years from licensure

– Phase 2b efficacy study in adult travellers 

– Safety and immunogenicity in cohorts aged 6–11 months

– Focus expecting to reduce severe diarrhoea  ETEC, severity 

scores

• TSWC: trivalent vaccine

– Includes formalin-killed Shigella flexneri  2a and 3a and Shigella 

sonnei  

Hosangadi D, et al Vaccine. 2017 Oct 11, Fleckenstein FM, JID 2017:216, July

http://www.who.int/immunization/research/meetings_workshops/PDVAC_executive_summary_june_2018.pdf?ua=1,

http://www.who.int/immunization/research/meetings_workshops/PDVAC_executive_summary_june_2018.pdf?ua=1


Typhoid/NTS vaccine

• NTS Vaccines: trivalent vaccine will be needed 

• 2 candidates are expected to enter phase 1 studies 

• Combination with the licensed typhoid vaccine ?

http://www.who.int/immunization/research/meetings_workshops/PDVAC_executive_summary_june_2018.pdf?ua=1



Cholera vaccine

• Vaccines should be used in areas with endemic cholera, in 

humanitarian crises with high risk of cholera, and during cholera 

outbreaks

• Encouraging development of improved new generation OCVs

– higher efficacy in children, longer duration of protection, easy-to-deliver 

presentations

Weekly epidemiological record, no 34, 92, 477–500, 25 august 2017 



Norovirus



Rotavirus vaccine deployment implication: an emergent 

new leader– Norovirus

• Epidemiology of NoV is similar to rotavirus

• Prior infection plays a protective role against later infections

United States

Payne D. N Eng J Med 2013; 368:1121-30; O’Ryan M., Pediatr Infect Dis J. 2017 Feb;36(2):127-134



Norovirus vaccine development process

• Phase IIb/III clinical studies in adults and paediatrics

– Clinical proof of concept demonstrated in a human challenge model

– Infants: similar to the rotavirus vaccine

• Primarily protect against more severe infections

– Adults specific target groups

• Military personnel, individuals in confinement, general travelers and the elderly 

• Bivalent candidate vaccine: GI.1 + GII.4

• Candidate should be able to protect against any emerging 

genotypes

• VLPs designed approach  cross-protection 

– 25 human genotypes

B.K. Giersing et al. Vaccine 34 (2016) 2865–2869; Lucero Y.,  et al. Vaccine 36 (2018) 5435–5441



Pathway to norovirus vaccine

Lucero Y.,  et al. Vaccine 36 (2018) 5435–5441



Rotavirus 



Rotavirus vaccines

Deen J., et al Human vaccines & immunotherapeutics 2018, Vol. 14, No. 2, 495–499



Rotavirus vaccines

Deen J., et al Human vaccines & immunotherapeutics 2018, Vol. 14, No. 2, 495–499



RV1 and RV5 post marketing studies

Vaccines are safe (9 years experience)

1- 6 additional cases per 100,000 doses of vaccines

Expert Rev. Vaccines 13(11), 1339–1348 (2014) 

RV1

RV1

RV1 & RV5 

RV1 & RV5 



African Intussusception Surveillance Network

Tate JE, et al N Engl J Med 2018;378:1521-8



Risk of intussusception after RV1 not higher than 

background risk in LIC

• 29 African countries had 

introduced RV by 2014, 

• Preventing in 2017

– 135,000 hospitalizations

– 21,000 deaths 

• Large health benefits in 

the absence of 

increased risk of 

intussusception after 

RV1 administration

Tate JE, et al N Engl J Med 2018;378:1521-8



Vaccine impact in the US

Nat Rev Dis Primers. ; 3: 17083. 2018 



VE of RV5 and RV1 by clinical setting, USA 

• Overall VE against 

hospitalization and ED 

visits 

– RV5: 84%

– RV1: 83%

• Coverage 73,2%

– Under optimal 80%

Pindyck T., et al Expert Review of Vaccines, DOI: 10.1080/14760584.2018.1489724



1. Tate et al. Pediatr Infect Dis J 2011, 30: S30–4; 2. Yen et al. Pediatr Infect Dis J 2011; 30: S6–10; 3. Braeckman et al. Pediatr Infect Dis J 2011; 30: S21–4; 4. Raes et al. ESPID 
Nice, France, May 4–8 2010; 5. Buttery et al. Pediatr Infect Dis J 2011; 30: S25–9; 6. Macartney et al. J Paediatr Child Health 2011; 47: 266–70; 7. Field et al. Pediatrics 2010; 
126: e506–e512; 8. Safadi et al. Pediatr Infect Dis J 2010; 29: 019–22; 9. Justino et al. Pediatr Infect Dis J 2011; 30: E-pub ahead of print; 10. Paulke-Korinek et al. Pediatr 
Infect Dis J 2010; 29: 319–23; 11. Patel et al. JAMA 2009; 301: 2243–51; 12. Gimenez-Sanchez et al. ESPID Brussels, Belgium, June 9–13 2009

*Compared with pre-vaccine period

Belgium3,4: 83%
(reduction in hospitalisation days, 2008–9*)

El Salvador2: 
81% [78; 84] and 69% 

[65; 73]
(children <5 years, 
2008 and 2009*)

Austria:10 ~70%
(children <12 months, 2008*)

Spain12: 76%
(children <2 years, 2008/9*)

Australia: 
New South 
Wales6: 93%
(children <12 months, 
2008/9*)

Nosocomial: 87%5

Queensland7: 
89% [76; 95] – 94% 
[83; 98]
(children <5 years, 2007–
2009*)

Victoria5: 68%
(children 0–24 months, 2007–
2009*)

Percentage 
reduction

Brazil8,9:
59%

(children 0–5 years, 2007–8*)

75.8% [58.1; 86.0] vs RV
(case control)

75.4% [56.7; 86.0] vs 
G2P[4]

(case control)

Nicaragua11: 
58% [30; 74]
(children <5 years, 

2006–2009)

HRV

USA1: 86% 
(RV-positive tests, 2009–10*)

Sudafrica: 57% (95% 
CI 40-68) 

Malawi: 64% (95% CI 
24-83)

Global impact on AGE hospitalizations



High burden settings: greater disease prevention

Madhi, NEJM 2010



Worldwide rotavirus vaccine introduction status

August 2018

https://www.defeatdd.org/blog/lifesaving-power-rotavirus-vaccines-malawi-behind-numbers



RV5 and RV1 reduction in hospital admissions and emergency 

department visits, the frequency of diarrheal disease of any cause 

and rotavirus-related gastroenteritis



Decrease in deaths cases in Mexico, after 

rotavirus vaccination

Richardson et al, NEJM 2010



Impact of RV vaccine in LATAM

Rishi D., et al  Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 106(8): 907-911, Dec 2011



Herd Protection: reduction in rotavirus among

unvaccinated age groups in El Salvador

Yen et al, PIDJ 2011



Potential benefits for unvaccinated through 

indirect effects: 48% in HIC and 25% in LMIC

Rosettie K., et al Am. J. Trop. Med. Hyg., 98(4), 2018, pp. 1197–1201



Lower antirotavirus IgA seroconversion 

after concomitant bOPV administration

IPV+rota/bOPV+rota IPV+rota/IPV+rota

Ramani Pediatr Infect Dis J 2016;35:1137–1139 



 Vaccine Status Comments Selected references 

RotaTeq ®/Rotarix ® Worldwide License 
Eleven years post-licensure; worldwide 

distribution; demonstrated effectiveness 

Giaquinto et al., 

2011
68

; O'Ryan et al., 

2011
20

  

Rotashield® 

First licensed rotavirus vaccine in 

1998 (USA); was withdrawn due 

to association with intestinal 

intussusception 

Currently in clinical trials. Two-dose 

regimen beginning within the first 30 

days of life; 64% efficacy for the first 12 

months of life 

Armah et al., 2013
42

 

LLR®/Rotavin-

M1®/Rotavac® 
Restricted license 

Only used in China/Vietnam/India 

(respectively); lack of robust 

effectiveness data 

Fu et al., 2012
32

; 

Dang et al., 2012
69

; 

Bhandari et al., 

2014
70

 

UK reassortant 

(Rotasil®) 
Restricted license Phase III study Isanaka el al

36
 

RV3BB Early clinical development Phase I or early Phase II studies  

Danchin et al., 

2013
71

; Luna et al., 

2013
72

; Bines et al
38

; 

Naik et al
35

 

Truncated VP8 subunit 

and a tetanus toxoid P2 

protein 

Early clinical development Phase I/II study Groome et al 
39

 

O’Ryan M. F1000Research 2017, 6(F1000 Faculty Rev):1517

Where are we now?



Lessons learned from real world 

experiences with enteric vaccines



Impaired immunogenicity of oral poliovirus 

vaccine in India

Parker E., et al FutureMicrobiol. (2018) 13(1), 97–118



Effectiveness comparison regarding GDP

Potential explanations

– Missed vaccination opportunity 

Narrow range of vaccination

– First infection occurs at earlier 

ages

Previous to vaccination

– Environmental enteropathy:

Malnutrition

Chronic intestinal inflammation due 

to exposure to other 

enteropathogens

– Microbiome

Lamberti L., et al Pediatr Infect Dis J 2016;35:992–998 ; O’Ryan M. F1000Research 2017, 6(F1000 Faculty Rev):1517



Potential mechanisms underlying 

oral vaccine efficacy variability

Parker E., et al FutureMicrobiol. (2018) 13(1), 97–118



Microbiome and immune response to enteric 

vaccines

Harris V., Drugs (2018) 78:1063–1072



Microbiome and immune response to enteric 

vaccines

Harris V., Drugs (2018) 78:1063–1072

‘adjuvanting’ capacity of the 

endogenous microbiota in LMIC 

infants to effect vaccine immune

response?



Microbiome and immune response to enteric 

vaccines

Harris V., Drugs (2018) 78:1063–1072



Challenges and gaps in 

enteric vaccines



Latam NIPs

• International initiatives to improve childhood immunization rates in 

LIC/MIC in the last four decades

• Significant increase in child vaccination coverage  reduction of 

infant morbidity and mortality due to infectious diseases

• Crucial intervention in the reduction of inequities and in the 

extension of a universal coverage system for the entire population

• Inequalities between countries and socioeconomic in childhood 

vaccination in LIC/MIC

Hajizadeh M. J Epidemiol Community Health 2018;72:719–725; Bascolo E., et al Rev Panam Salud Publica 41, 2017 



Challenges in enteric vaccines

• Consistent epidemiological surveillance

• Optimize coverages

• Analysis / Impact studies

– Direct and indirect effects

• New vaccines

– Efficacy models

– Safety

– Co administration

• Innovative technologies 

– Tolerate high temperatures

– Decrease packaging volume

• Maintaining immunization as a high political priority



Drinking water supply 

http://datatopics.worldbank.org/health/health

Uganda: 6,4%

México 42,6%

Peru: 50,2%

Guatemala 60,8

Colombia 71,1

Costa Rica 89,8%

Chile 98,2%

Argentina 98,5%



Conclusions



Take home messages

• Enteric pathogens are a substantial threat to public health

– Severe malnutrition, stunting, cognitive dysfunction and decreased 

adult accomplishment and productivity

• Progress

– Vaccines in development for enteric pathogens: Shiguella, ETEC, NoV

– Rotavirus: Increasing data about safety and effectiveness

• Indirect benefits to unvaccinated groups

• Challenges

– Rotavirus vaccines: 

• Safe, effectives … Immunity impairment …. 

– Susteinables NIPs

– Drinking water supply

• Vaccines are public health benefit and a right



Progress and challenges of 

enteric vaccines 
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