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Objectives:
 What are Controlled Human Infection/Challenge Models (CHIM)?

 What utility is a CHIM to enteric vaccine development?

 Typhoid and Cholera models lead the way.

 ETEC and Shigella models re-evaluate standardization.

 Other enteric CHIM, briefly.

 The landscape for enteric CHIMs and vaccine development.
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What is a controlled human infection/ 
challenge model?

 An establish model which purposefully infects humans with an infectious 
agent in a controlled situation to achieve:

 Relevant and generalizable endpoints of infection or disease.

 A reproducible attack rate.

 Meets all safety and ethical standards and has received regulatory approval.

 Uses a well-studied (GMP-produced and stored) inoculum, dose, and route.
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How are CHIM used for vaccine 
development?

 A “vaccine-CHIM” study uses the model as an early test of vaccine efficacy.

 Used as an instrument for vaccine candidate down-selection or 
advancement.

 May replace a Phase III efficacy trial.

 Is hoped to accelerate and de-risk the process of development, overall.

 CHIM studies also provide critical data to inform vaccine development.

 Natural history of disease and disease pathogenesis.

 Immune correlates of protection (not all are mechanistic).
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USE OF CHALLENGE MODELS
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CHALLENGE CANDIDATE VACCINE CONTROLLED OBSERVATION

Vaccine-Challenge Studies
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Cholera…from 1969

 Early Cholera models (1969-):

 Strived for a reproducible attack rate

 Demonstrated protection of volunteers after 
homologous re-challenge 4-12 months later.

 El Tor N16961 CHIM standardized at three 
centers, 1998.The final model: 

 Challenge dose of 105 wild-type V. cholera 01 
El Tor biotype, Inaba serotype,>85% Attack 
rate. 

 Challenge strain lots made by GMP, open to 
the field. 
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~16 years later…
 Oral live attenuated (CVD 103-HgR, Vaxchora) previously licensed outside 

US until 2004. PaxVax purchases to redevelop for travelers in 2009.

 Vaccine-CHIM 

 volunteers challenged at 10 or 90 days after vaccination. 

 Inpatient for 9-10 days for close fluid management.

 Straightforward endpoint for efficacy:

 Moderate (>3L)  to severe (>5L) cholera diarrhea
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Cholera Vaccine-CHIM

 First vaccine to received FDA approval (2016) without a Phase III efficacy 
trial, for use in travelers. 

 2009-1026 (7rs) vs. 1969-2016 (47 years)
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Oxford updates the Typhoid CHIM
 1952-1974, >1600 volunteers in 

early models. Quailes strain (Vi+).

 At Oxford, 40 years later.

 Strain sequenced to confirm 
virulence factors

 New GMP cell bank 

 Clear endpoints: fever or 
bacteremia

 Balance safety, possibility of 
‘overwhelming’ vaccine and desire 
for high attack rate.
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CHIM and Vi-TT protein conjugate 
vaccine (TCV) testing

Post-hoc: “ The diagnostic criteria were not designed to mirror 
field trial definitions of typhoid fever. [Field efficacy of Vi-PS is 
69%.] If …[these criteria any fever>38 before positive BC] were 
applied to Vi-TT, estimated efficacy of Vi-TT would be 87.1%”
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TCV recommended by SAGE
Prequalified by WHO 

October 2017 January 2018
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Vaccine-CHIM success stories
 The biology of pathogen is well understood.

 Vaccine feasibility is strong.

 An established CHIM exists.

 A GMP strain is available.

 The CHIM is safe with:

 clear and distinct endpoints.

 A relatively high and consistent attack rate.
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ETEC and Shigella CHIM
 Major contributors to acute diarrhea in low-middle income countries in 

young children. May contribute to long-term health outcomes. Clinical 
similarities. 

 Complexity of biology: species, virulence factors, immune responses.

 Disease profile includes many non-diarrheal symptoms:

 CHIM endpoints of moderate-severe diarrhea may not fully capture disease 
profile.

 CHIM attack rates variable.

15*and Campylobacter



ETEC Attack Rate Variability
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 27 studies of 11 strains of ETEC

 Attack rates variable, hard to compare between and 
within studies.

 Diarrhea and non-diarrhea symptoms differ by strain 
and presence of toxins.

 H10407 and B7A models have undergone re-
establishment for standardization (2011, 2018).



ETEC Disease Severity Score
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H10407 Model use in vaccine testing
ETEC fimbrial tip adhesion

(FTA) vaccine 

 Intradermal administration of  
recombinant FTA, 3 doses

 Donor strand-complemented CfaE, a 
stabilized form of the CFA/I fimbrial
tip adhesion and LT

 Primary endpoint of mod/severe 
diarrhea.

 Results TBD

ACE 527 Vaccine

 Live-attenuated vaccine with 3 
ETEC strains, deleted virulence 
factors and CFAI, CS1-3,5,6, LT

 27% vaccine efficacy vs. 
mod/severe diarrhea, not 
significant vs. placebos.

 Vaccine development stopped.
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Shigella CHIM: Signs and 
Symptoms

2457T
(S. flex 2a)

53G
(S. sonnei)

Diarrhea

Fever

GBISx2

Vomiting

Nausea

Abd. cramps

Malaise

Headache

Myalgia

Arthralgia

Anorexia

Diarrhea

Fever

GBISx2

Vomiting

Nausea

Abd cramps
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Headache

Myalgia

Arthralgia
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Shigella Endpoint problems
Shigellosis

• Diarrhea

• Diarrhea OR Dysentery

• Diarrhea AND Fever

• Diarrhea, Fever OR Dysentery

• Diarrhea, Fever, Dysentery OR Severe Abdominal Cramps

• Diarrhea, Fever OR Dysentery AND >1 Severe ‘Intestinal Symptom’ AND >1 
Severe ‘Constitutional Symptom’

Diarrhea

• 1 LS of >300ml OR ≥2 LS >200ml 
in 48 h

• ≥2 loose stools in 24 h

• ≥3 loose stools in 24 h

• ≥4 loose stools in 24 h

• 1 LS of >300ml AND ≥1 
symptom/sign OR ≥2 LS totaling 
>200ml in 48 h AND ≥1 
symptom/sign

Fever

• >37.8°C

• ≥37.8°C

• >38.0°C

• ≥38.0°C

• ≥38.1°C

• ≥38.3°C

Dysentery

• Occult blood in 1 LS

• Gross blood in 1 LS

• Gross blood in >1 LS

• Blood or mucus in 1 LS

• Blood and mucus >1 LS

• Gross blood in formed or LS

• Gross or occult blood in 1 LS

• Gross blood, occult 
confirmed in ≥ 2LS in 24 h
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Shigella CHIM Consensus Primary 

Endpoints
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Constitutional/Enteric Symptoms

Nausea

Abdominal pain/cramping

Myalgia/arthralgia

Malaise



Shigella Vaccine CHIM 
applications

*Study performed in Thai adults yielded lower than anticipated naïve attack rates

CHIM Vaccine
Naïve 

AR
(n/N)

Vaccine
AR

(n/n)

Efficacy 
(%) 

Reference

Flex2A-2457T SC602 6/7 0/7 100 Coster , IAI, 1999

Flex2A-2457T EsSF2a-2* 12/14 10/16 27 Kotloff, Vaccine, 1995

Flex 2A-2457T Proteosome 13/13 9/14 36 IDSA 2001

Flex2A-2457T Invaplex-
50

8/12 7/10 -5 NCT00485134

Sonnei-53G WRSS1 1/10 0/10 * NCT01080716

Flex2A-2457T Flexyn2a**
NCT02646371< results pending >
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Campylobacter, Cryptosporidium, 
Polio/Rotavirus

 Campylobacter: Homologous protection not found in all strains, vaccine 
feasibility?

 Cryptosporidium: CHIM construction for drugs first; relevance for 
vaccines?

 Polio/Rotavirus: use of live oral vaccines as the challenge inoculum (i.e. an 
inactivated vaccine protects against a live vaccine).
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Regulatory landscape
 Resurgence in interest in CHIMs has led to:

 Meeting focused on standardization, regulation (IABS).

 WHO documents, NIH guidance on ethics, etc.

 Requirements vary significantly by country/region

 Pathways to support licensure are evolving.

 Support for moving vaccines into endemic pediatric populations.

 Support of licensure for traveler indications.
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What’s next for Enteric 
vaccines+ CHIM? 

 Standardization of models, endpoints, and inoculums for the whole field.

 A standard practice of publishing “negative” results is essential.

 Focus on end-target populations: 

 Application of Vaccine-CHIM data in healthy adults to target populations, 
especially children in low-middle income countries?

 Consideration of endemic site CHIMs: the impact of prior exposures, 
enteropathy, co-infections, microbiome.

 Application of advanced immunology for immune correlates

 An immunologic bridging study >CHIM> Phase III efficacy trials
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Thank you

Shahida Baqar, PhD, 
Chad Porter, PhD 

UVM Vaccine Testing Center
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EXTRA SLIDES



Epidemiology
Natural history 

Immune correlates
Microbiology
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Vaccine 
candidate 

(TPP)*

Vaccine 
and goal* 

Phase I/II 
clinical trials

Vaccine-CHIM*

Phase III Efficacy Trial*
Vaccine 

Feasibility



Shigella and ETEC: re-thinking CHIM 
principles and standardization
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Porter C, Bourgeois AL et al. Developing and utilizing controlled human models of infection. Vaccine  2017; 35: 6813-8

Are we using doses (too high) which limit translation to natural settings?

Are models relevant to endemic settings?


