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• Extensive public support & interest: ~27,000 potential 

volunteers registered online

• Screened for seronegative status (natural infection and 

vaccination)

• 53% infection rate using 10 TCID50 inoculum dose

March 2021: UK performs first 

SARS-CoV-2 challenge study

Killingley, Mann… Chiu et al. 
Nature Medicine 28:1031–1041 (2022) 
https://www.nature.com/articles/s41591-022-01780-9

https://www.nature.com/nm
https://www.nature.com/articles/s41591-022-01780-9


Viral & clinical headlines

• Short incubation (40h, variable) 

• Rapid onset VL in throat

• Peak VL higher in nose

• Very abundant viral shedding

• Mild symptoms

• Remdesivir had little benefit

• Frequent smell disturbance

• Full recovery in all cases

Throat

Nose

First SARS-CoV-2 challenge study

Nature Medicine 28:1031–1041 (2022) https://www.nature.com/articles/s41591-022-01780-9

https://www.nature.com/nm
https://www.nature.com/articles/s41591-022-01780-9


• Long history of human challenge in the UK

• Supportive regulatory and ethical approvals environment

• NHS and clinical trial infrastructure

• Political engagement and advocacy

• Funding support

• Expertise and collaboration

Enablers



• Jenner and smallpox (1796), John Hunter and venereal diseases (1760s). 

• Unethical studies: prisoners, disabled children etc.

• Nuremburg code (1947), Declarations of Geneva (‘48) and Helsinki (‘64).

• Common Cold Unit (MRC, 1946-90): colds, ‘flu, ARIs – causes, transmission, 

treatment efficacies. 

“One woman, also a teacher, volunteered six times in eleven years: 

‘Time flew, sewing, reading, going on the occasional walk. It was a complete break 
from the world, a time to return to the freedom of childhood without its restraints.’ ” 

VIRUS CAMP, The story of the Common Cold Unit Brian Dillon

History of challenge in the UK



• Legal

• Not regulated as a investigative medicine (MHRA)

• Research Ethics Committees are experienced and knowledgeable

Approvals in the UK



• Multi-centre trials

• Government funded clinical support 

for clinical trials

• Immediate and long-term paid-for 

care for any health impacts

• Large population without health 

insurance

Health care infrastructure - NHS



COVID-19: The UK’s national enablers

Prof Sir Chris Whitty

Chief Medical Officer

Prof Sir Patrick Vallance

Chief Scientific Advisor

Prof Sir Mark Walport

Former head, UKRI

Prof Dame Sally Davies

Former CMO
Dame Kate Bingham

Head of Vaccine TF

Prof Sir Jonathan Van-Tam

Former Deputy Chief  

Medical Officer



Established models:

• Typhoid/paratyphoid

• Malaria

• Whooping cough (Pertussis)

• Meningitis (Neisseria lactamica)

• Flu

• RSV

• Rhinovirus

• Streptococcus pneumoniae

• BCG (tuberculosis)

Newly developed models:

• Leishmania

• Non-typhoidal Salmonella

Expertise



£3.5m, 6 year MRC & BBSRC-funded network (current funding Wellcome Trust)

Support, develop and advocate the use of human infection challenge studies, in 
order to:

• Improve understanding of infectious diseases

• Enhance the development of vaccines & treatments for diseases of global 
importance

Outputs: building a community, expertise sharing, funding and supporting 
early career researchers, underpinning new model development, engaging with 
regulators/CMC/industry/ethics bodies to develop and enhance frameworks, 
public engagement. 

www.hic-vac.org

HIC-Vac

http://www.hic-vac.org/


Future directions

Pandemic planning

Challenge agent 

manufacture

Biobanking & 

resource sharing
Challenge 

specific training

Vaccine 

development 

utility

Global legal, 

regulatory and 

ethical 

frameworks



www.hic-vac.org

HIC-Vac

Name Surname Institution

Peter Openshaw Imperial College London (Director)

Andrew Pollard University of Oxford (Deputy Director)

Malick  Gibani Imperial College London

Stephen Gordon

Liverpool School of Tropical Medicine &

Malawi-Liverpool-Wellcome Trust Clinical Research Programme

Cherry Kang CMC Vellore

Daniela Ferreira Liverpool School of Tropical Medicine

Robert Read University of Southampton 

Meta Roestenberg Leiden University Medical Center

Patricia Njuguna PATH

http://www.hic-vac.org/


Setting up a new human infection challenge 

model: non-Typhoidal Salmonella (NTS)



Utilising collaborative networks



Study set-up

NTS 
CHIM

WP1

WP2

WP3WP4

WP5

Consultive consortium

Public and Patient 
Involvement & 
Engagement

Strain manufacture (UK & 
Malawi isolates) & 
Characterization

Correlates of protection

Clinical trial



Study plan



Accelerating vaccine development

• Primary aim to develop a model for future vaccine assessment

• Opportunity to:

– Study host-pathogen interactions in closely monitored environment

– Compare clinical response to different pathovariants of S. Typhimurium 
(diarrhogenic vs. invasive strains)

– Define correlates of protection 



G
en

o
m

ic
s

Prevacc Day	28 Prevacc Day	28 Prevacc Day	28
0

1

2

3

4

Time	point

lo
g
₁₀
	E
LI
S
A
	u
n
it
s/
m
L

M01ZH09 Placebo Ty21a

anti-LPS	IgG

******

●

●

● ● ●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

● ● ●

●

●

●

●

●

●

●

● ●

●

●

●

●

●●

●

●

●

●

●

●
●

●

● ● ●

●

●

●

●

● ● ●

●

●

●

●● ●
●

●

●

●

●

●
●

●

● ●

●

●
●

●

●

●

● ● ● ● ●

●

●

●

●

●

●

● ● ●

●

●

●

●

●● ●

● ●

●

●

● ●
● ● ● ● ●

●

●

●

●● ● ●

●
●

●
●

●

● ● ●

●

●

●

● ● ● ●

●

●

●

● ●
● ● ●

●

●

● ●●
●

●

●
● ●

●
●

● ●

● ● ● ●

●

●

●

● ● ● ●

●

●

●

● ●

●

●

●

●

●

●

●●
●

●

●

●

●

●

●

●

●

●

● ● ● ●

●

●

●

● ● ● ●

●

−5

0

5

10

D0 12hr 24hr D2 −96 −48 −24 +48 +96 D14
Timepoint

IF
N
−

g
a

m
m

a
 (

lo
g

2
 F

C
)

●

● ● ●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

● ●

● ●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●
●

●

● ●

●
●

●
●

●

●

●

●

●

●

●

●
●

●

●

●

●
●

●

●

● ●

●

●

●

●
● ●

●

●

●

●
●

●

●

●
●

●

●
●

●

●

●

●
●

●
●

● ●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●
●

● ●

●

●

●
●

●

●

●

● ●
●

●

●

●
●

●
●

●

●

●

●

●

●

●

● ●

●

●

●

●
● ●

●

●

●

●

●

●
● ●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

● ●

●

●

●

●

●

●

●
●

●

●

●

●

● ●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●
●

●

● ●

●

● ●

●

●

●

●

●

−2

0

2

4

6

D0 12hr 24hr D2 −96 −48 −24 +48 +96 D14
Timepoint

IP
−

1
0

 (
lo

g
2
 F

C
)

● ●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ● ●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

● ● ●

●

●

●

●

●

● ●

●

●

●

●

●

●

●
●

●

●

●

●

●
●

●
● ●

●

●

●

●

●
●

●

●
● ●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

● ●

●

●
●

●

●

●

●

●

●

● ●

●

●

●

●
●

●

● ●

●
●

●

●

●

●
●

●
●

●

●

●

●

●

●

●
●

●

●

●

●

● ●

●

●

●

●

●

●
● ● ● ●

●

●

●

●● ●
●

●

●

●

●

● ●

●

●

●

●

●

●
●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
● ●

● ●
●

●

● ●

●

●

●
●

●

−2

0

2

4

D0 12hr 24hr D2 −96 −48 −24 +48 +96 D14
Timepoint

T
N

F
−

a
lp

h
a

 (
lo

g
2
 F

C
)

●
●

●

●

●

●

● ●

●

● ●

●

● ● ● ● ● ●

●

●

● ● ● ● ●

●

●

●

●

●

●

●

●

● ●

●

● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ● ●●

● ●
●

● ●

● ●

●

● ● ● ● ● ●

●

● ●

● ● ● ● ● ●

●

●

●● ● ● ● ● ● ●

●

● ● ● ● ● ● ● ● ●●
●

● ● ● ●

●
●

●
● ● ● ● ● ● ● ● ●● ● ● ● ● ● ● ●

−5

0

5

10

D0 12hrs 24hrs D2 D4 D6 D7 D10 D14
Timepoint

IF
N
−

g
a

m
m

a
 (

lo
g

2
 F

C
)

●

●

●

● ●

●

●

● ●

●
●

●

●

● ●
●

●
●

●

●

●
●

●
● ●

●

●

●
● ● ●

●

●

●

●
●

●
● ●

●
● ●

● ● ●
●

●
●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●
●

●

● ●
●

●

●

●
● ● ●

● ●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●
●

●●
●

● ●

●
●

● ●
●

●

●
●

●
●

● ●

●

●

●

●

● ●

● ●
●

●

−2

0

2

4

6

D0 12hrs 24hrs D2 D4 D6 D7 D10 D14
Timepoint

IP
−

1
0

 (
lo

g
2
 F

C
)

●
●

● ● ●

●

●

● ●

●

●

●

●

● ● ●
● ●

●

●

●
● ●

●

●

●

●

●

●

●

●

● ●

●
●

●

●
●

●

● ● ● ●
●

●

●

●

●

●

●

●
●

●

●●

●

● ●
● ● ● ●

●

●
●

●

●

●

●
●

●
●

●

●

●

●

●

●
●

●

●

●
● ●

●

●

●

●

●

●
●

●
● ●

● ●
●

●

●

●

●
●

● ● ●

●

●
●

● ●

● ●
● ●

●
●

●

●
● ● ●

●
●

−2

0

2

4

D0 12hrs 24hrs D2 D4 D6 D7 D10 D14
Timepoint

T
N

F
−

a
lp

h
a

 (
lo

g
2
 F

C
)

Serology & Cytokines
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TD-24hr
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Day 14

Vaccines
Diagnostics

• Microbiome

• Shedding & transmission



Study set-up

NTS 
CHIM

WP1

WP2

WP3WP4

WP5

Consultive consortium

Public and Patient 
Involvement & 
Engagement

Strain manufacture (UK & 
Malawi isolates) & 
Characterization

Correlates of protection

Clinical trial

• Sponsor Approval

• Health Research Authority Approval
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