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Human infection (or challenge) studies involve the intentional end of the article.
administration of a pathogen (challenge agent) to volunteers. The
selection, isolation, development and production of the challenge
agent is one of the first steps in developing a challenge study and
critical for minimising the risk to volunteers. Regulatory oversight for
this production differs globally. Manufacturing agents within a Good
Manufacturing Practice (GMP) facility reduces the risk of the
manufacturing process by including processes such as confirming the
identity of the challenge agent and ascertaining that it's pure and free
from impurities. However, in some cases it's not possible or feasible to
manufacture to GMP standards, for example where the challenge
agent requires an intermediate vector for growth. There is lack of
clear guidance on what the minimum requirements for high-quality
safe manufacture outside of GMP facilities should be and here we
describe the development of a considerations document for the
selection and production of challenge agents to meet this need.
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Introduction

Human infection studies, also known as human challenge
studies, are where volunteers are intentionally given a carefully
considered dose of a pathogen (known as the challenge agent).
These innovative models can be used to study host-pathogen
interactions and disease progression, test the efficacy and
down-select vaccines and drugs in development, or be used as
proof of concept (POC) studies for testing novel medications'~.
One of the advantages of these studies is that they require
only a small number of healthy adult volunteers to gain
confidence on efficacy before progressing to larger more costly
Phase 111 field trials’.

Historically, human infection studies have been few in number
and largely been conducted in Europe and America. However,
since the turn of the century the number of human infection
studies conducted has risen dramatically®, facilitated in part by
significant technological advances that have increased the
scientific value of this research. In the last decade there has
also been an increase in their geographical spread, with
Plasmodium falciparum, and more recently Plasmodium vivax’
and Pneumococcus® challenge studies being conducted in Africa
and Asia.

In recent years, human challenge study data has contributed
to the licensure of influenza antivirals and a live oral cholera
vaccine approved by the U.S. Food and Drug Administration
(FDA)’. Human challenge data also contributed to the World
Health Organisation (WHO) prequalification of Bharat Biotech’s
Typbar TCV®, a typhoid conjugate vaccine, which facilitated
its procurement and distribution in UNICEF, Pan-American
Health Organization (PAHO) and GAVI supported countries®’.
The recent severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) human challenge study performed in the UK
has launched discussions on the use of these studies as part of
future pandemic preparedness plans and it is imperative therefore
that frameworks and guidelines exist to ensure these studies are
conducted as safely as can be'”.

The selection, isolation, development and production of the
challenge agent is the first step towards establishing a challenge
study and the regulatory oversight for this production differs
globally. In the US the challenge agent is considered a biologic
and is subject to regulation under federal law (section 351 of
the Public Health Service Act and Food, Drug and Cosmetic
Act). The challenge agent must therefore (i) be manufactured
under Good Manufacturing Practice (GMP) conditions where
possible, (ii) satisfy the FDA regulations of safety, purity and
potency, and (iii) have detailed information on the provenance
and manufacture as part of the required Investigational New
Drug application (IND). Other countries and regions have
similar regulatory requirements, for example the European Union
(EU). However, in other parts of the world challenge agents
are not viewed as medicines or biologics and are thus not
regulated in the same way a medicinal product is. For example,
the UK’s Medicines and Healthcare products Regulatory Agency
(MHRA) do not regulate the manufacture of challenge agents,
leaving the responsibility for ensuring the challenge agent
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is produced stringently and safely to the Sponsor'''>. In countries
without legal regulation of challenge agent manufacturing,
they are often manufactured under the principles of GMP but
without adhering to all the specific requirements. However,
there is an absence of clear guidance of what the minimum
requirements should be.

A meeting organized by International Alliance For Biological
Standardization (IABS) in 2019'" focusing on the quality
requirements for challenge agents explored how the FDA accepts
challenge agents that have not been manufactured under full
GMP conditions on a case-by-case basis. An example of where
this might be applied is when the challenge agent requires an
intermediate vector for growth e.g. Plasmodium falciparum with
the use of mosquitos (Anopheles) and Schistosoma mansoni
with the use of snails (Biomphalaria glabrata). In these circum-
stances researchers are strongly encouraged to engage with the
FDA but, similar to countries without legal regulation, might
benefit from clear guidance of what the minimum requirements
should be.

The increase in human challenge studies being established
in low-income or middle-income countries (LMIC) and the
desirability for challenge agents to reflect naturally occurring
and epidemiologically relevant pathogen strains means there
is an increased likelihood that they will be manufactured in
conditions where full GMP is not possible. Currently the chal-
lenge studies being conducted in African countries use challenge
agents that have been manufactured in the US or Europe and have
already been administered to volunteers in ‘“‘characterisation”
studies in these regions confirming their safety and utility.
In fact, recently published guidance on human challenge studies
by the Pharmacy and Poisons Board in Kenya state that this is
a prerequisite before the challenge study can be established in
Kenya'.

It is useful to note that challenge studies have a good safety
profile and serious adverse events (SAEs) are rare, as observed
in a review of influenza challenge studies that identified only
one SAE after inoculation of 2462 volunteers'®. However rare,
an SAE has the potential to harm both volunteers and confidence
in whole field (as demonstrated by the aforementioned SAE,
which halted influenza challenge studies in the US for nearly a
decade'*"), so it is critical to minimise the risks of an SAE
occurring.

Whilst manufacturing challenge agents within a GMP facility
does not necessarily mean the challenge agent is safe from a
pathogenicity perspective, the procedures are designed to
minimise the risk of an SAE caused by the manufacturing
process. GMP processes assist with confirming the identity of
the challenge agent, ascertaining that the agent is pure and free
from impurities (e.g. contaminating unwanted pathogens), and
characterising the amount and reproducibility of the product,
where possible’. Developing clear guidance setting out the mini-
mum requirements for challenge agents manufactured outside of
GMP would help ensure they mitigate risks posed to volunteers
by the manufacturing process to the same degree.
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As funders of human challenge studies globally, Wellcome
and HIC-Vac proactively decided to fund the development of
a considerations document for the selection and production of
challenge agents with relevance to challenge agents manufactured
within a GMP facility as well as when not. This document,
titled ‘Considerations on the Principles of Development and
Manufacturing Qualities of Challenge Agents For Use In Human
Infection Models’, was prepared by hVIVO in consultation
with a consortium of global experts in the human challenge
field including those from Africa, Asia, USA, EU and global
regulators'®. Tt outlines considerations for the development,
characterisation and manufacture of infectious challenge
agents, promoting volunteer safety whilst maximizing access to
challenge agents and challenge models in LMICs and
academic institutions globally. The document presents basic
principles for the selection, characterisation, manufacture, qual-
ity control and storage of challenge agents for international
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reference. It is hoped that these considerations will be used
across high-, middle- and low-income countries for the safe
production of challenge agents by trained personnel with
appropriate facilities, quality control measures and other best
practices.

To make the considerations more user friendly for human
challenge researchers, a workshop was also held in December
2021 to produce a Smart Practices Document which covers the
practical and logistical considerations with reference to the
Consideration Document prepared. This will be made avail-
able online for comment by the research community to improve
practices for producing challenge agents safe for use in challenge
studies protecting both the volunteer and the field.
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1. Talaat KR, Alaimo C, Martin P, et al.: Human challenge study with a Shigella
bioconjugate vaccine: Analyses of clinical efficacy and correlate of
protection. EBioMedicine. 2021; 66: 103310.

PubMed Abstract | Publisher Full Text | Free Full Text

2. Mackman RL, Sangi M, Sperandio D, et al.: Discovery of an oral respiratory
syncytial virus (RSV) fusion inhibitor (GS-5806) and clinical proof of concept
in a human RSV challenge study. / Med Chem. 2015; 58(4): 1630-43.
PubMed Abstract | Publisher Full Text

3. Hodgson SH, Juma E, Salim A, et al.: Evaluating controlled human malaria
infection in Kenyan adults with varying degrees of prior exposure to
Plasmodium falciparum using sporozoites administered by intramuscular
injection. Front Microbiol. 2014; 5: 686.

PubMed Abstract | Publisher Full Text | Free Full Text

4. Roestenberg M, Hoogerwerf MA, Ferreira DM, et al.: Experimental infection of
human volunteers. Lancet Infect Dis. 2018; 18(10): e312-e22.
PubMed Abstract | Publisher Full Text

5. Day N: Identifier NCT04083508, Vivax Malaria Human Infection Studies
in Thailand (MIST1) ClinicalTrials.gov: ClinicalTrials.gov. Bethesda (MD):
National Library of Medicine (US). 2019.

Reference Source

6. Morton B, Burr S, Chikaonda T, et al.: A feasibility study of controlled human
infection with Streptococcus pneumoniae in Malawi. £EBioMedicine. 2021; 72:
103579.

PubMed Abstract | Publisher Full Text | Free Full Text

7. Chen WH, Cohen MB, Kirkpatrick BD, et al.: Single-dose Live Oral Cholera
Vaccine CVD 103-HgR Protects Against Human Experimental Infection With
Vibrio cholerae O1 El Tor. Clin Infect Dis. 2016; 62(11): 1329-35.

PubMed Abstract | Publisher Full Text | Free Full Text

8. JinC, Gibani MM, Moore M, et al.: Efficacy and immunogenicity of a
Vi-tetanus toxoid conjugate vaccine in the prevention of typhoid
fever using a controlled human infection model of Salmonella Typhi: a

randomised controlled, phase 2b trial. Lancet. 2017; 390(10111): 2472-80.
PubMed Abstract | Publisher Full Text | Free Full Text

9. The SAGE Working Group on Typhoid Vaccines WS: Background paper to SAGE
on typhoid vaccine policy recommendations. 2017; [cited 2021 20/10/2021].
Reference Source

10. Rapeport G, Smith E, Gilbert A, et al.: SARS-CoV-2 Human Challenge Studies
- Establishing the Model during an Evolving Pandemic. N Engl ] Med. 2021;
385(11): 961-4.

PubMed Abstract | Publisher Full Text

11.  Bekeredjian-Ding I, Van Molle W, Baay M, et al.: Human challenge trial
workshop: Focus on quality requirements for challenge agents, Langen,
Germany, October 22, 2019. Biologicals. 2020; 66: 53-61.

PubMed Abstract | Publisher Full Text

12.  Balasingam S, Horby P, Wilder-Smith A: The potential for a controlled human
infection platform in Singapore. Singapore Med J. 2014; 55(9): 456-61.
PubMed Abstract | Publisher Full Text | Free Full Text

13.  Kenya MOH PaPB: Guidelines for the Conduct of Clinical Trials in Kenya,
PPB/MIP/CTL/GUD/003 Revision No 2 2020.

14. Balasingam S, Wilder-Smith A: Randomized controlled trials for influenza
drugs and vaccines: a review of controlled human infection studies.
Int | Infect Dis. 2016; 49: 18-29.
PubMed Abstract | Publisher Full Text

15.  Memoli M), Czajkowski L, Reed S, et al.: Validation of the wild-type influenza
A human challenge model HIN1pdMIST: an A(H1N1)pdm09 dose-finding
investigational new drug study. Clin Infect Dis. 2015; 60(5): 693-702.
PubMed Abstract | Publisher Full Text | Free Full Text

16. LaC, etal.: Considerations On The Principles of Development And
Manufacturing Qualities of Challenge Agents For Use In Human Infection
Models. Figshare. Online resource, 2022.

Publisher Full Text

Page 4 of 4


http://www.ncbi.nlm.nih.gov/pubmed/33862589
http://dx.doi.org/10.1016/j.ebiom.2021.103310
http://www.ncbi.nlm.nih.gov/pmc/articles/8054157
http://www.ncbi.nlm.nih.gov/pubmed/25574686
http://dx.doi.org/10.1021/jm5017768
http://www.ncbi.nlm.nih.gov/pubmed/25566206
http://dx.doi.org/10.3389/fmicb.2014.00686
http://www.ncbi.nlm.nih.gov/pmc/articles/4264479
http://www.ncbi.nlm.nih.gov/pubmed/29891332
http://dx.doi.org/10.1016/S1473-3099(18)30177-4
https://clinicaltrials.gov/ct2/show/NCT04083508
http://www.ncbi.nlm.nih.gov/pubmed/34571365
http://dx.doi.org/10.1016/j.ebiom.2021.103579
http://www.ncbi.nlm.nih.gov/pmc/articles/8479630
http://www.ncbi.nlm.nih.gov/pubmed/27001804
http://dx.doi.org/10.1093/cid/ciw145
http://www.ncbi.nlm.nih.gov/pmc/articles/4872293
http://www.ncbi.nlm.nih.gov/pubmed/28965718
http://dx.doi.org/10.1016/S0140-6736(17)32149-9
http://www.ncbi.nlm.nih.gov/pmc/articles/5720597
https://www.nitag-resource.org/media-center/document/3966-background-paper-to-sage-on-typhoid-vaccine-policy-recommendations
http://www.ncbi.nlm.nih.gov/pubmed/34289273
http://dx.doi.org/10.1056/NEJMp2106970
http://www.ncbi.nlm.nih.gov/pubmed/32389512
http://dx.doi.org/10.1016/j.biologicals.2020.04.005
http://www.ncbi.nlm.nih.gov/pubmed/25273928
http://dx.doi.org/10.11622/smedj.2014114
http://www.ncbi.nlm.nih.gov/pmc/articles/4293939
http://www.ncbi.nlm.nih.gov/pubmed/27208631
http://dx.doi.org/10.1016/j.ijid.2016.05.013
http://www.ncbi.nlm.nih.gov/pubmed/25416753
http://dx.doi.org/10.1093/cid/ciu924
http://www.ncbi.nlm.nih.gov/pmc/articles/4342672
http://dx.doi.org/10.6084/m9.figshare.19411838

