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Reporting Summary

Nature Research wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency
in reporting. For further information on Nature Research policies, see our Editorial Policies and the Editorial Policy Checklist.

Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
Confirmed
The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

|Z| The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

[ ] Adescription of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
2~ AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

|Z| For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
Give P values as exact values whenever suitable.

|:| For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

|:| For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes
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|Z| Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  No software was used to collect data

Data analysis Graphpad Prism v9.2, R v4.05 with the geepack, ggeffects and pROC packages

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Research guidelines for submitting code & software for further information.

Data

Policy information about availability of data

All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:
- Accession codes, unique identifiers, or web links for publicly available datasets
- Alist of figures that have associated raw data
- A description of any restrictions on data availability

Individual participant data that underlie the results reported in this article after deidentification will be made available for individual participant data meta-analysis
beginning 12 months and ending 5 years following article publication upon written request. Data will be shared with investigators whose proposed use of the data
has been approved by the UK Vaccine Taskforce Human Challenge Steering Committee to achieve the aims in the approved proposal. Additional shareable
documents include the Statistical Analysis Plan. Proposals should be directed to c.chiu@imperial.ac.uk. To gain access, data requestors will need to complete a data
request form and sign a data access agreement. The sequence of the challenge virus has been deposited in Genbank (Accession number OM294022).
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Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.
Life sciences [ ] Behavioural & social sciences | | Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size The primary objective of the study was to identify a safe and infectious dose of wild type SARS-CoV-2 in healthy volunteers, suitable for future
intervention studies. No formal sample size calculation was therefore performed for this early-stage dose finding study. However, a sample
size of up to an expected 30 subjects for a dose level and treatment regimen was felt sufficient to meet the primary objective of escalating/
expanding the dose in a safe manner whilst providing information on the attack rate. The cohort expansion criterion used was based on
targeting a 70% target attack rate, but also reducing the risk of seeing an attack rate of less than 50%, after an expected 30 subjects. This was
similar to previous human infection dose escalation studies. Although the observed attack rate was less than 70% after the first cohorts,
expansion was undertaken at the “most promising” dose. Since a 70% attack rate was not reached after the first cohorts the “>70%
infected” criterion became a “guide”. For the level of precision, once say 30 subjects were recruited, and an observed 21 out of 30
(70%) subjects were infected then this would have provided a 95% Cl of (51%, 85%), and therefore this would have provided the necessary Cl
width to have the lower bound above the required 50%. In addition to this, by recruiting the later cohort (e.g. 30 subjects in total), this
allowed for inspection of any variation in the attack rate between the cohorts at the particular dose level, and also increased the chance of
potentially seeing any less frequent adverse events.

Data exclusions  Two virology datapoints were invalidated due to laboratory error. These are indicated in the manuscript. No other data were excluded from
the analysis

Replication The study took place over 5 distinct quarantine groups with similar findings across all studies

Randomization  None; participants were enrolled into the study chronologically as they completed screening and according to their availability for at least 2
weeks quarantine. All participants were inoculated with challenge virus in this open-label study.

Blinding Study participants and participant-facing staff conducting the clinical study were blinded to virologically-confirmed infection status where
possible until protocol-defined procedures (i.e. pre-emptive remdesivir treatment and day 10 thoracic CT scan) made this apparent. Study
participants and clinical staff could not be blinded to the clinical data and symptoms scores there were generating and collecting. Laboratory
staff processing blood and respiratory specimens were blinded to infection status. Laboratory staff conducting and analysing qPCR, FFA and
LFA virology assays were not blinded to infection status as this was defined by the results of these assays. Laboratory staff undertaking
antibody measurements were blinded.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,

system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.
Materials & experimental systems Methods

Involved in the study n/a | Involved in the study

X Antibodies XI|[] chip-seq

Eukaryotic cell lines |Z |:| Flow cytometry

Palaeontology and archaeology |Z |:| MRI-based neuroimaging
Animals and other organisms

Human research participants

Clinical data

Dual use research of concern
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Antibodies

Antibodies used Anti-spike rabbit polyclonal antibody (Sino Biologicals, cat. no. 40592-T62) at 1 in 2000, Anti-rabbit IgG goat—horseradish peroxidase
conjugate (Invitrogen, cat. no. G21234) at 1 in 4000.

Validation Primary and secondary detection antibodies were validated for the application by the National Infection Service, UK Health Security
Agency, Salisbury, UK and published in Bewley, K.R., Coombes, N.S., Gagnon, L. et al. Quantification of SARS-CoV-2 neutralizing
antibody by wild-type plaque reduction neutralization, microneutralization and pseudotyped virus neutralization assays. Nat Protoc
16, 3114-3140 (2021). https://doi.org/10.1038/s41596-021-00536-y.
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Eukaryotic cell lines

Policy information about cell lines

Cell line source(s) Vero (WHO) cells purchased from the European collection of authenticated cell cultures (ECACC, catalogue no. 88020401).
Authentication Vero cells were authenticated by STR profile analysis
Mycoplasma contamination Vero cells were tested negative for Mycoplasma by culture isolation, Hoechst DNA staining and PCR

Commonly misidentified lines  No commonly misidentified cell lines were used in the study
(See ICLAC register)

Human research participants
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Policy information about studies involving human research participants

Population characteristics Sero-suitable (no evidence of COVID 19 infection or previous vaccination) healthy male and female volunteers 18-30 years of
age (inclusive) with no known risk factors for severe COVID-19

Recruitment Screening of potential participants took place in two stages with an initial screening visit, followed by a study specific remote
consultation to go through the full study participant information following adequate time for the informed consent form (ICF)
and participation in the study to be considered. Screening visits took place between Day -90 to Day -2. Potential participants
were screened under a separate study-specific screening protocol using a screening ICF and advertising material that was
approved by the Research Ethics Committee (REC) and Health Research Authority (HRA). Screening activities under the
separate screening protocol continued up until subjects sign the study specific consent. Recruitment was done through a
number of channels:

* Approved advertising, including social media

* hVIVO volunteer database (Volunteers already registered with any other hVIVO database may be contacted to determine
their interest in participating in SARS-CoV-2 research.)

¢ Referral

» Organic search (e.g. via Google or other search engines)

The participant sample was biased by the age criteria (18-30 years) and requirement to be healthy with no co-morbidities or
known risk factors for severe COVID-19 based on clinical history, blood tests and radiology. There was potential self-selection
bias as participation was voluntary and instigated by the volunteers. Due to these factors, direct extrapolation of the results
to young children, older adults, those with pre-existing conditions and minority groups may not be possible.

Ethics oversight This study was conducted in accordance with the protocol, the Consensus ethical principles derived from international
guidelines including the Declaration of Helsinki and Council for International Organizations of Medical Sciences (CIOMS)
International Ethical Guidelines, applicable ICH Good Clinical Practice guidelines, applicable laws and regulations. The
screening protocol and main study were approved by the UK Health Research Authority — Ad Hoc Specialist Ethics Committee
(reference: 20/UK/2001 and 20/UK/0002).

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Clinical data

Policy information about clinical studies
All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration  Clinicaltrials.gov NCT04865237
Study protocol Following acceptance of the manuscript we will upload the protocol to the protocol exchange portal

Data collection The study was conducted at the Queen Mary BioEnterprises (QMB) Innovation Centre, London, UK (outpatient screening and follow-
up visits) and Royal Free London NHS Trust, London, UK (in-patient quarantine). The first date of participant enrollment was 6th
March 2021 and the last was 8th July 2021.
Data collection occurred at:
Study specific screening Day -90 to Day -2
Quarantine Phase Day -2 to Day 14 (+ extended days)
Follow up visits Day 28 (+/-3 days), Day 90 (+/- 7 days), Day 180 (+/- 14 days), Day 270 (+/- 14 days) and Day 360 (+/- 14 days)

Qutcomes Primary Objective /Endpoint
* To identify a safe and infectious dose of wild type SARS-CoV-2 in
healthy volunteers, suitable for future intervention studies, that:
* has an acceptable safety profile as measured by:
o Occurrence of Adverse Events (AEs) within 30 days
post-viral challenge (Day 0) up to Day 28 follow up.
o Occurrence of Serious Adverse Events (SAEs) from
the viral challenge (Day 0) up to Day 28 follow up.
e induces laboratory confirmed infection in 250% of participants




(ideally between 50% and 70%). Laboratory confirmed
infection is defined by:

o Two quantifiable greater than lower limit of
quantification (viral load 2LLOQ) RT-PCR
measurements from mid turbinate and/or throat
samples, reported on 2 or more consecutive
timepoints, starting from 24 hours post-inoculation and
up to discharge from quarantine.

Secondary

Objectives/endpoint

* To further assess SARS-CoV-2 viral infection rates in upper
respiratory samples by gRT-PCR and cell culture

» To assess the incidence of symptomatic SARS-CoV-2 infection
» To assess the SARS-CoV-2 viral dynamics in upper respiratory
samples (AUC, peak, duration, incubation period)

» To assess the SARS-CoV-2 induced symptoms (Sum, AUC,
peak, peak daily, frequency)

» To assess the incidence of SARS-CoV-2 illness (Upper
Respiratory Tract illness [URTI], Lower Respiratory Tract illness
[LRTI], Systemic Iliness (SI), Febrile lliness [FI], grade 1, 2 & 3
symptoms)

Exploratory/Tertiary

Objectives /

Endpoints

» To explore the safety of the wild type SARS-CoV-2 human
challenge model (smell, cognition, pulmonary changes [CT,
spirometry, FOT], safety laboratory tests, blood type, concomitant
medications)

» To explore SARS-CoV-2 viral infection rates in saliva, by gRTPCR
and cell culture

» To explore the SARS-CoV-2 viral dynamics in saliva, by gRT-PCR
and cell culture (AUC, peak, duration, incubation period)

» To explore the host-pathogen relationship in the SARS-CoV-2
human challenge model (including humoral and cellular immunity,
proteomics, transcriptomics, host and viral genomics, microbiome
and systems biology)

» To explore the Minimal Clinically Important Difference (MCID) in
instrument change (e.g. Symptom diary cards)

» To explore environmental contamination in the SARS-CoV-2
human challenge model (quantitation and detection of virus in air
sampling, exhaled breath and surface swabbing)
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