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ABSTRACT

Introduction This is the first efficacy study of an oral live
attenuated vaccine against Salmonella Paratyphi A using

a human challenge model of paratyphoid infection. S.
Paratyphi A is responsible for 3.3 million cases of enteric
fever every year, with over 19 000 deaths. Although
improvements to sanitation and access to clean water are
vital to reduce the burden of this condition, vaccination
offers a cost-effective, medium-term solution. Efficacy trials
of potential S. Paratyphi vaccine candidates in the field are
unlikely to be feasible given the large number of participants
required. Human challenge models therefore offer a unique,
cost-effective solution to test efficacy of such vaccines.
Methods and analysis This is an observer-blind,
randomised, placebo-controlled trial phase I/1l of the oral
live-attenuated vaccine against S. Paratyphi A, CVD 1902.
Volunteers will be randomised 1:1 to receive two doses of
CVD 1902 or placebo, 14 days apart. One month following
second vaccination all volunteers will ingest S. Paratyphi
A bacteria with a bicarbonate buffer solution. They will

be reviewed daily in the following 14 days and diagnosed
with paratyphoid infection if the predefined microbiological
or clinical diagnostic criteria are met. All participants will
be treated with antibiotics on diagnosis, or at day 14
postchallenge if not diagnosed. The vaccine efficacy will
be determined by comparing the relative attack rate, that
is, the proportion of those diagnosed with paratyphoid
infection, in the vaccine and placebo groups.

Ethics and dissemination Ethical approval for this study
has been obtained from the Berkshire Medical Research
Ethics Committee (REC ref 21/SC/0330). The results will
be disseminated via publication in a peer-reviewed journal
and presentation at international conferences.

,"2 Maheshi N Ramasamy, 2

STRENGTHS AND LIMITATIONS OF THIS STUDY

= As a participant and observer blinded randomised
control trial this study will provide high-quality
evidence of the efficacy of an oral live attenuated
Salmonella Paratyphi A vaccine candidate.

= Immunology sampling throughout the trial will pro-
vide insight into the immune response following oral
vaccination and infection with S. Paratyphi A which
is so far poorly understood.

= One limitation of this study is that the trial popula-
tion of healthy UK adults may not be representative
of the target population for a paratyphoid vaccine,
namely children in endemic areas.

= The model may under-estimate vaccine efficacy due
to stringent diagnostic criteria.

Trial registration number ISRCTN15485902.

INTRODUCTION

Background

Enteric fever is a systemic febrile illness
affecting 14.3 million individuals annually in
2017." 1t is principally caused by Salmonella
enterica serovars Typhi and Paratyphi A and is
a common cause of morbidity, particularly in
South and South East Asia. The proportion
attributable to Salmonella Paratyphi A varies
widely by geography but may be in the region
of 25%,' and is increasing in some areas.”™
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In the UK, S. Paratyphi regresents 40%-50% of travel-
related enteric fever cases.”

Control of enteric fever in endemic areas is challenged
by a lack of sensitive diagnostic tests, rising antimicro-
bial resistance and limited access to safe drinking water.
Vaccines are likely to be a cost-efficient way to reduce
disease burden. The recentimplementation of the typhoid
conjugate vaccine in endemic countries is likely to have
a significant impact on reducing S. Typhi incidence®""
and it is unclear what impact wider typhoid vaccination
coverage may have on the rates of S. Paratyphi A infec-
tion."" There are no current licensed vaccines against S.
Paratyphi A.

Vaccine development for enteric fever has historically
been hampered by the lack of an effective animal model
to study the immunobiology of disease and the need for
large sample sizes in efficacy trials. Controlled human
infection models (CHIMs) offer a unique alternative to
study immunological responses to and the efficacy of
such vaccines.

The Oxford Vaccine Group (OVG), has developed an
enteric fever CHIM where over 400 participants have
safely undergone challenge since 2010."*™" In recent
years the OVG has developed the first S. Paratyphi A
human challenge model, offering an opportunity to test
the efficacy and immunological response to novel S. Para-
typhi A vaccine candidates."

Several vaccines against S. Paratyphi A are in develop-
ment, employing a range of approaches.'® ' Oral live-
attenuated vaccines offer several immunological and
practical advantages to parenteral vaccines, including
ease of administration and induction of a broad immu-
nological response. The University of Maryland has devel-
oped such a vaccine, CVD 1902, for which a one-dose

regimen has been shown to be safe and immunogenic in
. 5
humans, although efficacy remains unknown.

STUDY AIMS AND OBJECTIVES

This study aims to assess the efficacy of the orally admin-
istered live-attenuated vaccine CVD 1902 and study the
immune response both to S. Paratyphi A infection and
vaccination. This manuscript is written in accordance
with protocol version 3.1, dated 11 April 2022. Primary,
secondary and exploratory objectives and outcomes are
outlined in table 1.

METHODS

Study design and setting

This is an observer-blind, participant-blind, randomised,
placebo-controlled trial of the oral live-attenuated vaccine
CVD 1902 using a healthy adult participant CHIM of
paratyphoid.

In total 74-76 participants will be randomised in a
1:1 ratio to receive a dose of not less than 2x10" CFU
(Colony Forming Units) of CVD 1902 or placebo (sodium
bicarbonate). As outlined in figure 1, all participants will
receive two doses of vaccine or placebo 14 days apart.
Twenty-eight days after their second vaccine or placebo
dose participants will be challenged with S. Paratyphi A
(strain NVGH308) at a dose of 1.5x10° CFU, the dose
previously established to give a desired clinical/labora-
tory ‘attack’ rate of approximately 60%."

The study will be conducted at the Centre for Clinical
Vaccinology and Tropical Medicine, Oxford, UK, which is
a fully equipped vaccine research site with available clin-
ical inpatient facilities and a Category III level laboratory

Table 1 Primary, secondary and exploratory objectives and outcomes of the Vaccine against Salmonella Paratyphi A study
Objectives Outcome measures
Primary To determine the relative protective effect of two doses of CVD 1902 given The proportion of participants developing clinical or
14 days apart compared with placebo (sodium bicarbonate) in a healthy adult microbiologically proven paratyphoid infection following oral
paratyphoid challenge model challenge with S. Paratyphi A in the group who have received two
doses of CVD 1902 compared with those who have received two
doses of placebo
Secondary  (a) To compare the clinical and laboratory features of the host responses Using clinical reporting, physical examination findings,
following challenge with Salmonella Paratyphi A in participants vaccinated with  microbiological and laboratory assays to compare the clinical
CVD 1902 compared with placebo course of paratyphoid infection after challenge between placebo
and CVD 1902 groups
(b) To compare the host immune response following vaccination with CVD 1902, Immunological laboratory assays to assess innate, humoral, cell-
compared with placebo including innate, antibody and cell-mediated responses mediated and mucosal responses to vaccination at baseline (day-
and persistence of immunity and to relate these responses to the protective 42) and postvaccination time points
effect of vaccination
(c) To compare the host immune response following S. Paratyphi A challenge Immunological laboratory assays to assess innate, humoral, cell-
following vaccination with CVD 1902 or placebo mediated and mucosal responses to challenge will be taken at
various time points following challenge
(d) To assess the safety and tolerability of CVD 1902 including faecal shedding  Clinical observation and participant recording of symptoms,
both solicited and unsolicited plus safety laboratory data and
microbiological data from blood and stool cultures following
vaccination
(e) To investigate immunological correlates of protection for S. Paratyphi A Immunological response data postvaccination will be combined
infection with vaccine efficacy data following S. Paratyphi A challenge to
investigate if particular immunological markers could be used to
predict protection from paratyphoid infection
2 McCann N, et al. BMJ Open 2023;13:€068966. doi:10.1136/bmjopen-2022-068966
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Figure 1
Paratyphi A.

on-site. The UK is non-endemic for enteric fever; cases
are typically travel related.’

Recruitment and eligibility

All potential participants may be contacted by methods
including but not limited to email, telephone, posters,
leaflets, websites, advertisements in newspaper, radio and
on social media and/or mail using an approved invitation
letter or other approved advertising material to invite
them to participate in the study. Participants will be reim-
bursed for their time, travel and inconvenience.

Male or female participants between 18 and 55 years
inclusive who are in good health (as determined by
medical history, physical examination and clinical judge-
ment of study team and their general practitioner (GP))
and willing and able to provide written informed consent
will be eligible for inclusion. Multiple other strict inclu-
sion and exclusion criteria will be applied during the
screening process to minimise the risk to participants and
to minimise the risk of onward transmission to others.
A summarised list of inclusion and exclusion criteria is
provided in boxes 1 and 2 with a complete list provided
in online supplemental material 1.

Participants will undergo a three-stage screening
process to assess their suitability of the trial and to iden-
tify any of the inclusion and exclusion criteria. An online
questionnaire will be followed by a telephone screening
consultation and then a face-face consultation involving
a physical examination, ECG, blood tests, urine dipstick,
pregnancy test for females and gallbladder ultrasound
examination.

Temporary exclusion criteria will also be applied on the
days of vaccination and challenge, as outlined in online
supplemental material 2.

Trial procedures
Enrolment into the study will be day of first vaccination
(D-42). Informed consentwill be taken by an appropriately

o B

UL

Study design of the VASP trial investigating an oral vaccine against S. Paratyphi A. VASP, Vaccine against Salmonella

D 14 D28 D 365

No diagnosis
(protected)

Paratyphoid diagnosis
(unprotected)

trained clinician (online supplemental material 3). The
detailed visit structure following enrolment can be found
in online supplemental material 4.

Randomisation

Participants will be randomised 1:1 to receive CVD 1902
or placebo on day-42. A statistician at OVG will generate
a randomisation list using varying block sizes (2 and
4). The randomisation list aims to ensure equal target
sample size is reached per group. The web-based rando-
misation system will ensure the allocation concealment
is valid. Randomisation of participants will be carried
out by unblinded study staff who are independent from
the blinded team and do not perform any post vacci-
nation procedures (such as ongoing eligibility, sample
collection).

Blinding

This study will be conducted observer-blind and
participant-blind from the time of randomisation until
participant unblinding which will occur once the last
participant has completed their day 28 postchallenge
visit. Observer and participant blinding is required to
minimise the risk of bias on the reporting of adverse
events (AEs) following the administration of vaccine
and challenge. Unblinding may occur at an earlier time
point in the event of participant withdrawal, or the occur-
rence of any serious AEs (SAEs) or reactions. This will
be conducted under the guidance of the Data and Safety
Monitoring Committee (DSMC).

Vaccination visits

Vaccine or placebo will be administered at the D-42 visit
and the D-28 visit. Participants must have fasted for 90
min prior to vaccination and pretreatment bicarbonate
solution will be administered in the minute preceding
vaccination to neutralise stomach acid. Participants will
be directly observed for a minimum of 30 min following

McCann N, et al. BMJ Open 2023;13:6068966. doi:10.1136/bmjopen-2022-068966

3

"1ybuAdoo Aq paroslold 1sanb Aq £20¢ ‘2T 1snBny uo jwodwqg-uadolwgy/:dny woly papeojumod €202 AeN 12 U0 996890-2202-uadolwa/oeTT 0T Se paysiignd 1s1y :uado CING


https://dx.doi.org/10.1136/bmjopen-2022-068966
https://dx.doi.org/10.1136/bmjopen-2022-068966
https://dx.doi.org/10.1136/bmjopen-2022-068966
https://dx.doi.org/10.1136/bmjopen-2022-068966
https://dx.doi.org/10.1136/bmjopen-2022-068966
http://bmjopen.bmj.com/

Box1 Summary of inclusion criteria

Inclusion criteria

Participants must satisfy all the following criteria to be considered eli-

gible for the study:

= Willing and able to give informed consent for participation in the
study.

= Aged between 18 and 55 years inclusive at time of vaccination.

= In good health as determined by medical history, physical examina-

tion and clinical judgement of the study team.

Willing to be available in Oxford for all required appointments.

Agree to comply with all study requirements, including capacity to

adhere to good personal hygiene and infection control precautions.

= Agree to allow study staff to contact his or her GP to access the
participant’s records and have their opinion solicited as to the par-
ticipant’s appropriateness for inclusion.

= Agree to allow study staff to access NHS health records as required
for study purposes.

= Agree to allow his or her GP and UKHSA to be notified of participa-
tion in the study.

= Agree to give his or her close household contacts written informa-
tion informing them of the participants’ involvement in the study
and offering them voluntary screening for Salmonella Paratyphi A
carriage.

= Agree to have 24-hour contact with study staff during the 4 weeks
postchallenge and are able to ensure that they are contactable by
mobile phone for the duration of the vaccination and challenge peri-
od until antibiotic completion.

= Have internet access to allow completion of the e-diary and real-
time safety monitoring.

= Agree to avoid antipyretic/anti-inflammatory treatment from chal-
lenge until advised by a study doctor or until 14 days after challenge.

= Agree to refrain from donating blood for the duration of the study.

= Agree to provide their National Insurance/Passport number for the
purposes of TOPS registration and for payment.

= Have received at least one dose of a SARS-CoV-2 vaccine >4 weeks
prior to enrolment.

= Agree to not receive other vaccinations during the 7 days before
and after study vaccination and during the 7 days before or 21 days
postchallenge.

GP, general practitioner; NHS, National Health Service; UKHSA, UK Health
Security Agency.

=
=

vaccination and then asked to complete an e-diary of
their symptoms daily for 7 days following each vaccination
(online supplemental material 5).

An in-person postvaccination review will occur 7
days following each vaccine where participants will be
reviewed for any possible AEs and provide blood and
stool samples.

Challenge visits
S. Paratyphi A challenge will be administered by the oral
route following pretreatment with sodium bicarbonate
solution. Participants will be directly observed for 15 min
following challenge and if they vomit within 60 min of
challenge will be treated with antibiotics and withdrawn
from the study.

Following challenge administration participants will
be seen daily for 14 days and instructed to complete an

Box2 Summary of exclusion criteria
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Exclusion criteria

The participant will not be enrolled if any of the following apply:

= History of significant organ/system disease that could interfere with
trial conduct or completion.

= Have any known or suspected impairment of immune function,

alteration of immune function or prior immune exposure that may

alter immune function to paratyphoid.

HLA-B27 positive.

Moderate or severe depression or anxiety.

Weight less than 50 kg.

Presence of implants or prosthetic material.

Anyone taking long-term medication that may affect symptom re-

porting or interpretation of the study results.

Contraindication to fluoroquinolones, macrolide antibiotics, co-

trimoxazole or ceftriaxone.

Family history of aneurysmal disease.

Female participants who are pregnant, lactating or who are unwill-

ing to ensure that they use effective contraception.

= Full-time, part-time or voluntary occupations involving either di-
rect contact with young children or highly susceptible patients or
persons in whom typhoid infection would have particularly serious
consequences, or commercial food handling.

= Close household contact with young children or individuals who are
immunocompromised (including pregnancy).

= Scheduled elective surgery or other procedures requiring general
anaesthesia during the study period.

= Participants who have participated in another research study involv-
ing an investigational product that might affect risk of paratyphoid
infection or compromise the integrity of the study within the 30 days
prior to enrolment.
Detection of any abnormal results from screening investigations (at
the clinical discretion of the study team).
Inability to comply with any of the study requirements.
Any other social, psychological or health issues which, in the opinion
of the study staff, may
= put the participant or their contacts at risk because of participa-

tion in the study,

= adversely affect the interpretation of the primary endpoint data,
= impair the participant’s ability to participate in the study.

= Have any history of allergy to vaccine/placebo components.

= Having been resident in an enteric fever endemic country for 6
months or more.

= Have previously been diagnosed with laboratory-confirmed typhoid
or paratyphoid infection or been given a diagnosis compatible with
enteric fever.

= Have participated in previous typhoid or paratyphoid challenge

studies.

Have received any oral typhoid vaccination at any time.

Have a prolonged corrected QT interval (>450 ms) on ECG screening.

Significant blood donation or planned blood donation prior to

enrolment.

L A

U

(|’

LUy

online challenge e-diary to record oral temperatures two
times a day and to describe any symptoms or the use of
any medications for 28 days (online supplemental mate-
rial 6).

Paratyphoid infection will be diagnosed based on
certain prespecified criteria as seen in box 3.
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Box 3 Criteria for diagnosis of paratyphoid following
human challenge
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Paratyphoid fever is diagnosed if any of the following apply

= A positive blood culture for Salmonella Paratyphi A from 72 hours
postchallenge.

= A positive blood culture for S. Paratyphi A within 72 hours postch-
allenge, with one or more signs/symptoms of paratyphoid infection
(such as recorded temperature >38.0°C).

= Persistent positive blood cultures (two or more blood cultures tak-
en at least 4 hours hours apart) for S. Paratyphi A within 72 hours
postchallenge.

= Oral temperature >38.0°C persisting for 12 hours in the 14 days
following challenge.

Once diagnosed, participants are treated with antibi-
otics and monitored for severity of infection. Participants
will be provided with medications for symptomatic control
if required. At any stage, if clinically indicated, an addi-
tional review will be arranged by the clinical study team
or if severely unwell they will be directed to the local acci-
dent and emergency department (or appropriate other
medical facility) and relevant medical personnel from
the trial and secondary care will be made aware. Antibi-
otics may also be started if felt to be clinically necessary or
participant has severe symptoms not meeting diagnostic
criteria.

Follow-up visits

Participants will be followed up for 365 days following
challenge. To detect chronic carriage of S. Paratyphi A
and to confirm clearance, all participants are required
to produce three stool samples obtained a minimum of
48 hours apart produced at least 1 week after comple-
tion of the antibiotic course. Participants with three
successive negative stool samples will be considered to be
fully treated for S. Paratyphi A infection and no longer
an infection risk. The participants GP and local Health
Protection Unit will be notified following challenge with
S. Paratyphi A and then again once the participant has
completed their clearance samples.

Laboratory testing

Samples will be taken throughout the trial for safety,
microbiological and immunological assays which are
summarised in online supplemental material 7. Partici-
pants will be separately consented for their samples to be
transferred to Oxford Vaccine Centre Biobank at the end
of the study.

Data management

Data collection

Data will be collected on case report forms (CRFs) and
all the study data will be recorded directly into REDCap
or onto a paper source document for later entry if direct
entry is not available.

Data confidentiality

The study will comply with the UK General Data Protec-
tion Regulation and Data Protection Act 2018. Partici-
pant data will be deidentified other than for uses about
which the participants will be specifically consented for.
Any electronic databases and documents with participant
identifying details will be stored securely and will only be
accessible by study staff and authorised personnel.

Data collection and storage will be inspected throughout
the study by the quality assurance team at OVG and moni-
toring will be carried out by the study Sponsor, University
of Oxford Research Governance, Ethics and Assurance.

Trial interventions
Vaccine
CVD 1902 is a live attenuated strain of S. Paratyphi A, an
unlicensed, experimental oral vaccine for S. Paratyphi A
infection developed by the Center for Vaccine Develop-
ment at the University of Maryland School of Medicine
in Baltimore. It contains two independently attenuating
mutations, one in the guaBA locus, and the other in
clpPX. GuaBA encodes genes involved in guanine biosyn-
thesis and ¢/pPX encodes a protease which targets the
master flagellar regulator. The product is manufactured,
tested and labelled according to current European Medi-
cines Agency guidelines in keeping with Good Manufac-
turing Practice (GMP) by Bharat Biotech International
Limited. The strain is fully sensitive to ciprofloxacin,
trimethoprim/sulfamethoxazole and ampicillin.18 This
vaccine has been tested in adults in a phase I trial at
the University of Maryland where a total of 30 healthy
young adults received a single oral dose of CVD 1902
in a single-site, randomised, double-blinded phase I
study.'® 1

In this trial, vaccine recipients will receive two doses of
CVD 1902 delivered in 30 mL carrier sodium bicarbonate
solution, 14 days apart. Each dose will contain not less
than 2x10" CFU, with an upper limit of 1.7x10'" CFU.

The lower limit of the dose range for the vaccine in
this trial corresponds to the highest dose administered
in the previous phase I trial which was shown to be safe
and immunogenic.19 As higher doses were required
in the phase I study to elicit immune responses, a two-
dose schedule has been chosen to optimise immunoge-
nicity while also testing a schedule that ultimately may be
feasible at a population level. The rationale for using two
doses of CVD 1902 14 days apart is to try and ensure an
optimum immune response and protection as a previous
study by Darton et al 2016 showed that a single-dose live
attenuated oral vaccine for Salmonella Typhi M01ZHO09
trialled within in a human challenge model did not
provide protection, despite being immunogenic.20

Placebo

The vaccine placebo is 30 mL 1.3% wt/vol sodium bicar-
bonate solution made up using BP sodium bicarbonate
powder with sterile water.

McCann N, et al. BMJ Open 2023;13:¢068966. doi:10.1136/bmjopen-2022-068966


https://dx.doi.org/10.1136/bmjopen-2022-068966
http://bmjopen.bmj.com/

Challenge

The S. Paratyphi A challenge strain, NVGH308, was
isolated from a participant in a clinical study performed
by the Oxford University Clinical Research Unit at Patan
Hospital, Kathmandu, Nepal. It has been manufactured
into batches to GMP standard by Genlbet BioPharma-
ceuticals, Portugal, and is supplied to OVG by Novartis
Vaccines for Global Health. The strain is fully sensi-
tive to ciprofloxacin, azithromycin, ampicillin and
trimethoprim/sulfamethoxazole.

Antibiotics

Antibiotics are used to treat diagnosed S. Paratyphi A
infection or at day 14 postchallenge for those who have
not been diagnosed.

The first line antibiotic will be oral ciprofloxacin 500
mg two times a day for 7 days, in-line with guidance on
enteric fever treatment.”’ In fully susceptible S. Typhi
isolates ciprofloxacin was shown to shorten time to reso-
lution of symptoms, fever clearance time and bacter-
aemia when compared with azithromycin.” Participants
will be given verbal and written information regarding
the possible side effects of ciprofloxacin use. For any
participant in whom a contraindication to these first line
antibiotics becomes apparent oral trimethoprim/sulfa-
methoxazole, oral azithromycin or oral amoxicillin will
be used as second-line therapy.

Other trial interventions

Concomitant medication can be provided for symptom-
atic control of paratyphoid infection, before and after
diagnosis. Concomitant medication after paratyphoid
diagnosis includes antibiotics and antipyretics if required
(online supplemental material 8).

SAMPLE SIZE

Based on findings from the previous challenge studies
performed at OVG, the assumption of attack rate of 58%
was used in the control group."* ' To demonstrate a
protective effect of 70% (ie, 30% relative risk in attacking
rate), resulting in a reduction in attack rate from 58%
in the control group to 17.4% in the vaccine group, 33
participants would be needed per group to achieve 90%
power (1-f) at two-sided 5% significance level (o).

We observed less than a 10% of dropout rate from
previous vaccine trial using typhoid challenge model.'"”
The sample size will be inflated to 37-38 participants per
group to account for at least a 10% dropout. We expect to
randomise 74-76 participants in total.

STATISTICAL ANALYSIS

The analysis of the primary end point will be a calculation
of the proportion of participants diagnosed with paraty-
phoid fever in the CVD 1902 group relative to the placebo
group. The proportion of participants diagnosed with
paratyphoid fever (ie, the attack rate) and the associated

95% ClIs will be presented by group at day 28 after chal-
lenge. When calculating paratyphoid diagnosis propor-
tions, the numerator will be the number of participants
who meet the criteria for diagnosis and the denominator
will be the per protocol population. The difference in
proportions between the CVD 1902 and placebo groups
will be analysed using Pearson’s %” test (or Fisher’s exact
test if expected counts in any group are less than 5). To
fulfil the primary objective, the protective effect of CVD
1902 over placebo will be calculated by:

PE=100x (AR, o, ARy, 1g0) /ARy, =100x (1-AR )
1902/ARP]aceb0)’

Where PE is the protective effect and AR is the attack
rate.

Time-to-event analyses of individual components
of the primary outcome (positive blood culture and
oral temperature >38.0°C) will be conducted using the
Kaplan-Meier method and will include all participants.
Participants not meeting the criteria for an individual
component of the primary endpoint will be censored
in the analysis at the final monitoring for those undiag-
nosed. Participants who withdrew or had potential inter-
ference with vaccine effect or infection challenge (eg,
treated prior to day 14 with no diagnosis of paratyphoid)
will be censored in the analysis at the time of withdrawal
or interference.

Immunogenicity data are expected to be highly skewed
and will be log-transformed prior to analysis. Results will
be presented as geometric means with 95% CIs. Values
below the limit of detection (LLOD) will be imputed with
half the value of the LLOD.

ETHICS AND DISSEMINATION

Ethical approval, regulation and governance

Ethical approval for this study has been obtained from
the Berkshire Research Ethics Committee and Health
Research Authority (REC reference: 21/SC/0330) and
the study will run in accordance with the ethical princi-
ples of the Declaration of Helsinki.

The use of an unlicensed vaccine in this study, CVD
1902, is regulated by the Medicines for Human Use (Clin-
ical Trials) Regulations 2004 (Medicines and Healthcare
products Regulatory Agency (MHRA)). As CVD 1902 is
a genetically modified organism, relevant approvals have
been obtained for its use in this study from the Depart-
ment of Environment, Food and Rural Affairs, Oxford
University Hospitals NHS Foundation Trust and the
Centre for Clinical Vaccinology and Tropical Medicine.
The challenge agent falls outside the remit of these regu-
lators and therefore is judged according to common law
and best practice.”” Regional ethics committees therefore
provide support in governing challenge studies.

An independent DSMC consisting of an experienced
group of infectious disease clinicians, scientists and a stat-
istician will be appointed to provide real-time oversight of
safety and trial conduct. The DSMC will review safety data
collated from the electronic CRFs (eCRFs) and e-diaries
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including solicited and unsolicited symptoms, laboratory
results and vital signs. Following prime vaccination of a
sentinel group of six participants relevant safety data will
be reviewed by the DSMC. If there are no safety concerns
these participants can proceed to their second vaccination
and further participants can begin vaccination. Further
DSMC reviews will occur regularly throughout the trial.

A development safety update report for the investiga-
tional medicinal product will be prepared annually, on
the anniversary of the MHRA approval for the trial.

Risks

The general risks to participants in this study are asso-
ciated with potential side effects from the vaccine or
placebo, symptomatic infection following challenge and
the small risk of subsequent complications from para-
typhoid infection. Additionally, there is a small risk of
secondary transmission of S. Paratyphi A to close contacts
of participants. The university has a specialist insurance
policy in place, which would operate in the event of any
participant suffering harm as a result of their involvement
in the research.

Vaccine

In the phase I trial ‘CVD 1902 was well tolerated without
clinically significant adverse reactions attributed to the
vaccine’.'® Hypersensitivity to the vaccine is extremely
unlikely given the constituents present in the vaccine
preparation but there may be unforeseeable side effects.
A study doctor will check participants postvaccination
symptoms daily in relation to the individual and trial stop-
ping rules (online supplemental material 9).

Challenge

Some study participants will develop symptomatic para-
typhoid infection following challenge, for which risks
include development of severe disease or complications.
These risks will be greatly minimised by daily reviews by a
clinical study team member, daily review of e-diary entries,
regular safety bloods and early treatment with an effective
antimicrobial. A previous challenge study using the same
strain of S. Paratyphi A at OVG has demonstrated a good
safety profile.'”

Carriage

The likelihood of developing chronic carriage is
extremely low in the challenge setting. Participants are
treated with ciprofloxacin, a fluoroquinolone antibiotic
which is the preferred class of antibiotics for prevention
of chronic carriage.** To ensure clearance of infection
and to exclude chronic carriage, stool samples for culture
will be obtained on completion of the initial antibiotic
course. If participants remain positive after a second
course of antibiotic treatment then participants will
be referred to an Infectious Diseases Consultant at the
Oxford University Hospitals NHS Foundation Trust for
further management.

Close contacts

In view of the low infectivity of S. Paratyphi A without
bicarbonate buffer and the high standard of hygiene and
sanitation in the UK, secondary transmission of the chal-
lenge strain to household or other close contacts after
discharge is highly unlikely. It is thought that typhoidal
Salmonellas, unlike Shigella sp, enterohaemorrhagic Esch-
erichia coli, or hepatitis A virus, are virtually never trans-
mitted by direct faecal-oral contact. This is in part due
to the higher oral inoculum of these bacteria required to
cause clinical disease.

It is acknowledged, however, that transmission within
households can occur if the individual excreting S. Para-
typhi A fails to practice effective hand washing after defe-
cation and is subsequently involved in uncooked food
preparation. Therefore, throughout the period of possible
excretion of the challenge strain, participants must prac-
tice stringent hand washing techniques after defecation.
Participants will be given soap and paper towels for use at
home and detailed advice on how to prevent transmission
of S. Paratyphi A. Participants will be taught and observed
practising good hand hygiene technique at their initial
challenge visit.

AE reporting

All AEs occurring from enrolment to day 28 postchallenge
will be recorded and graded (online supplemental mate-
rial 10). Solicited AEs will be recorded and graded (0-4)
by the participant in a vaccine e-diary for 7 days postvac-
cination and a challenge e-diary 21 days postchallenge.
Solicited AEs will be reviewed daily during the periods of
recording by a study clinician and if they have concerns
about the severity or frequency of an event this will be
followed up with the participant. Unsolicited AEs will be
recorded by the participant in the e-diaries any time from
first vaccine administration until day 28 postchallenge.

All solicited AEs recorded in the e-diary will be auto-
matically assumed to be related to the vaccine or chal-
lenge (depending on whether recorded in vaccine diary
or challenge diary, respectively) whereas all unsolicited
AFEs will undergo causality assessment by a clinician as to
whether related to the vaccine, challenge agent or other
medications.

Laboratory results and vital signs will be entered
directly into an eCRF and automatically severity graded.
Any clinically significant results will be reported as AEs
and causality assessed.

Medically attended non-SAEs occurring between day 28
and day 90 elicited at the day 90 visit will not receive a
causality assessment. All SAEs will be recorded from time
of consent and reported to the DSMC within 24 hours
of notification. SAEs will receive a causality assessment
throughout the study, at the time of reporting. All SAEs
at least possibly related to CVD 1902 will be considered
unexpected and be reported to the MHRA and REC as
serious unexpected serious adverse reactions within the
regulatory timelines. AEs of special interest are listed in
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Open access

Box 4 Adverse events of special interest in the Vaccine

against Salmonella Paratyphi A trial

Adverse events of special interest

= Severe paratyphoid infection.*

= Failure to clinically or bacteriologically cure a participant of paraty-
phoid infection.

= Progression to chronic carrier state.

= Relapse of paratyphoid infection.

= Transmission of Salmonella Paratyphi A to a contact of a participant.

= AEs requiring a physician visit or emergency department visit which,
in opinion of study staff, are related to challenge with S. Paratyphi A.

= Pregnancy.

*Severe paratyphoid infection defined as illness that includes any of the
following criteria: oral temperature >40°C, systolic blood pressure <85 mm
Hg, significant lethargy or confusion, gastrointestinal bleeding, gastrointestinal
perforation or any grade 4 or above laboratory abnormality.

box 4. These will be reported to the DSMC as soon as
possible but within 7 days of discovery.

Dissemination
Dissemination of the findings is planned for publication
in peerreviewed journals and at scientific international
conferences.

PATIENT AND PUBLIC INVOLVEMENT

The protocol, study information booklet and recruitment
materials were reviewed by a local patient consultation
group who provided feedback and comments on the
initial documents. Their comments led to changes in the
participant-facing documents, ensuring they are easy and
clear for participants to understand.

DISCUSSION
This study will be the first efficacy analysis of a live-
attenuated oral vaccine against S. Paratyphi A using a
human challenge model. Resulting data has the poten-
tial to be a critical step in the future licensure of the first
vaccine against S. Paratyphi A. The role of an S. Paratyphi
A vaccine is most likely to be part of a bivalent or even
multivalent vaccine against both typhoidal and poten-
tially non-typhoidal serovars. Deployment of a bivalent
vaccine against S. Typhi and §. Paratyphi A would address
the burden of enteric fever within an Asian context where
both pathogens are endemic. In other areas such as sub-
Saharan Africa, non-typhoidal serovars cause a significant
burden of disease hence a multivalent vaccine incorpo-
rating typhoidal and non-typhoidal serovars may prove
more cost-effective as a single approach regardless of
geographical setting. However, in order to contribute to
this vaccine development, an efficacious S. Paratyphi A
vaccine is required. This trial will act as a proof of concept
efficacy trial for such a vaccine, CVD 1902.

Reliable immunological correlates of protection for S.
Typhi and S. Paratyphi A have not yet been identified.

3

Progress has been made in S. Typhi with data from prior
S. Typhi challenge trials identifying anti-Vi IgA and IgGl
antibodies correlated with protection following Vi-TT and
Vi-PS vaccination.”” ** However, S. Paratyphi A lacks the Vi
antigen and its immunobiology and pathogenesis is less
well understood than it is for S. Typhi. The lipopolysac-
charide O:2 has been identified as an important virulence
factor for S. Paratyphi and the flagellar (H) antigens may
also play a role in protection. During this trial we will
evaluate both the humoral and cellular response to both
CVD 1902 and S. Paratyphi challenge and in doing so
provide invaluable immunological data and further our
understanding of immunity to S. Paratyphi infection and
correlates of protection.

As a CHIM the conditions during this trial will differ
from endemic areas. The population in this trial is healthy
UK adults whereas the majority of paratyphoid infections
in endemic areas occur in young children. Although
different physiologically, these groups may be similar
from an immunological perspective as they are both para-
typhoid naive. The stringent diagnostic criteria in this
trial may also underestimate vaccine efficacy by picking
up subclinical bacteraemia, while patients in endemic
areas are more likely to be diagnosed on symptoms alone.
Nevertheless, the results of the typhoid conjugate vaccine
human challenge study showed that this model can be
used to provide early, representative data on vaccine effi-
cacy that does translate to efficacy in field studies.® '

Although no licensed vaccines against S. Paratyphi A
exist there are several other mono and bivalent vaccines
in development. Conjugate vaccines use the lipopolysac-
charide O-antigen (0O:2) of paratyphoid conjugated to
a protein carrier, either to tetanus-toxoid or CRM,, a
nontoxic mutant of diptheria toxin. Phase I/1I studies of
O:2-TT showed this vaccine was safe and immunogenic
and further phase II trials are currently underway®’ with a
bivalent formation combined with Vi-TT also in develop-
ment. Preclinical studies demonstrated O:2-CRM . was
immunogenic when used alone or with Vi-CRM .. Novel
vaccines, such as nanoparticle-based vaccines and MAPS-
based vaccines are also in development.”

As the first trial using a human challenge model to test
efficacy of an S. Paratyphi vaccine, this trial paves the way
for potential testing of other S. Paratyphi A vaccine candi-
dates. Alongside improvements in sanitation and access
to safe water supply, the development of an effective
vaccine against S. Paratyphi A, has the potential to signifi-
cantly impact on the burden of enteric fever in endemic
countries.
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Supplementary Material 1: Inclusion and Exclusion Criteria

Inclusion Criteria
Participants must satisfy all the following criteria to be considered eligible for the study:

¢ Willing and able to give informed consent for participation in the study.
e Aged between 18 and 55 years inclusive at time of vaccination.

¢ In good health as determined by medical history, physical examination and clinical judgment

of the study team.
+ Willing to be available in Oxford for all required appointments

e Agree (in the study team’s opinion) to comply with all study requirements, including capacity to
adhere to good personal hygiene and infection control precautions.

o Agree to allow study staff to contact his or her GP to access the participant’s vaccination
records, medical history and have their opinion solicited as to the participant’s appropriateness

for inclusion.
e Agree to allow study staff to access NHS health records as required for study purposes.

e Agree to allow his or her GP (and/or Consultant if appropriate), to be notified of participation in
the study.

e Agree to allow UKHSA to be informed of their participation in the study.

e Agree to give his or her close household contacts written information informing them of the
participants’ involvement in the study and offering them voluntary screening for S. Paratyphi A

carriage.

e Agree to have 24-hour contact with study staff during the four weeks post challenge and are
able to ensure that they are contactable by mobile phone for the duration of the vaccination
and challenge period until antibiotic completion.

e Have internet access to allow completion of the e-diary and real-time safety monitoring.

e Agree to avoid antipyretic/anti-inflammatory treatment from challenge until advised by a study
doctor or until 14 days after challenge.

e Agree to refrain from donating blood for the duration of the study.

e Agree to provide their National Insurance/Passport number for the purposes of TOPS

registration and for payment of reimbursement expenses.

e Participants must have received at least one dose of a SARS-CoV-2 vaccine that has been
approved for use by the MHRA (or other national regulatory authority) > four weeks prior to

enrollment.
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e Agree to not receive other vaccinations (eg Covid-19 vaccines) during the 7 days before and

after study vaccination and during the 7 days before or 21 days post-challenge.

1.1.Exclusion Criteria

The participant will not be enrolled if any of the following apply:

e History of significant organ/system disease that could interfere with trial conduct or

completion. Including, for example, but not restricted to:
o Cardiovascular disease including a diagnosis of hypertension
o Respiratory disease
o Haematological disease’
o Endocrine disorders
o Renal or bladder disease, including history of renal calculi

o Biliary tract disease, including biliary colic, asymptomatic gallstones or previous
cholecystectomy

o Gastro-intestinal disease including requirement for antacids, Hz-receptor
antagonists, proton pump inhibitors or laxatives

o Neurological disease

o Metabolic disease

o Autoimmune disease

o Psychiatric iliness requiring hospitalisation
o Known or suspected drug misuse

o Known or suspected alcohol misuse (alcohol misuse defined as an intake exceeding

42 units per week)
o Infectious disease

e Have any known or suspected impairment of immune function, alteration of immune function,
or prior immune exposure that may alter immune function to paratyphoid resulting from, for

example:
o Congenital or acquired immunodeficiency, including IgA deficiency

o Human Immunodeficiency Virus infection or symptoms/signs suggestive of an HIV-
associated condition

! This includes anaemia. The acceptable lower limits for [haemoglobin] are 125 g/L for female participants and
135 g/L for male participants (Guidelines for the Blood Transfusion Services in the UK, 8" edition, 2018 <
https://www.transfusionguidelines.org/red-book> Accessed 5" December 2018).
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o Receipt of immunosuppressive therapy such as anti-cancer chemotherapy or
radiation therapy within the preceding 12 months or long-term systemic corticosteroid

therapy.

o Receipt of immunoglobulin or any blood product transfusion within 3 months of study
start.

o History of cancer (except squamous cell or basal cell carcinoma of the skin and

cervical carcinoma in situ).
e HLA-B27 positive.

e Moderate or severe depression or anxiety as classified by the Hospital Anxiety and Depression

Score at screening or challenge that is deemed clinically significant by the study doctors?.
¢ Weight less than 50 kg.
e Presence of implants or prosthetic material.

¢ Anyone taking long-term medication (e.g. analgesia, anti-inflammatories or antibiotics) that

may affect symptom reporting or interpretation of the study results.
e Contraindication to fluoroquinolones, macrolide antibiotics, co-trimoxazole or ceftriaxone.
e Family history of aneurysmal disease

¢ Female participants who are pregnant, lactating or who are unwilling to ensure that they or
their partner use effective contraception® 30 days prior to vaccination and continue to do so

until three negative stool samples have been obtained after completion of antibiotic treatment.
e Full-time, part-time or voluntary occupations involving:

o Clinical or social work with direct contact with young children (defined as those

attending pre-school groups or nursery or aged under 2 years), or

o Clinical or social work with direct contact with highly susceptible patients or persons

in whom typhoid infection would have particularly serious consequences

o Commercial food handling (involving preparing or serving unwrapped foods not
subjected to further heating)

(unless willing to avoid work from vaccination until demonstrated not to be infected with S.
Paratyphi A after challenge by clearance samples in accordance with guidance from UKHSA

and willing to allow study staff to inform their employer).

2 |f elevated scores are due to temporary significant life events, the questionnaire may be repeated after
resolution of the event with a view to inclusion if normal.

3 As defined by CTFG Recommendations related to contraception and pregnancy testing in clinical trials,
current document: https://www.hma.eu/fileadmin/dateien/Human_Medicines/01-
About HMA/Working Groups/CTFG/2014 09 HMA CTFG Contraception.pdf [accessed 23rd July 2019]
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e Close household contact with:

o Young children (defined as those attending pre-school groups, nursery or those aged

less than 2 years)
o Individuals who are immunocompromised (including pregnancy).

e Scheduled elective surgery or other procedures requiring general anaesthesia during the study

period.

e Participants who have participated in another research study involving an investigational
product that might affect risk of paratyphoid infection or compromise the integrity of the study
within the 30 days prior to enrolment (e.g. significant volumes of blood already taken in previous
study)*.

e Detection of any abnormal results from screening investigations (at the clinical discretion of the
study team).

¢ Inability to comply with any of the study requirements (at the discretion of the study staff and
the participant’'s General Practitioner).

¢ Any other social, psychological or health issues which, in the opinion of the study staff, may
o put the participant or their contacts at risk because of participation in the study,
o adversely affect the interpretation of the primary endpoint data,
o Impair the participant’s ability to participate in the study.

e Have any history of allergy to vaccine/placebo components

e Having been resident in an enteric fever endemic country for 6 months or more.

e Have previously been diagnosed with laboratory-confirmed typhoid or paratyphoid infection or
been given a diagnosis compatible with enteric fever.

e Have participated in previous typhoid or paratyphoid challenge studies (with ingestion of

challenge agent).
e Have received any oral typhoid vaccination (e.g. Ty21a or M01ZHQ9) at any time.
e Have a prolonged corrected QT interval (>450 milliseconds) on ECG screening.

e Significant blood donation or planned blood donation prior to enrolment.

4 As assessed by both participant questioning and registration with The Over Volunteering Prevention System
(TOPS) database.
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Supplementary Material 2: Temporary Exclusion Criteria

Temporary Exclusion at Vaccination
Participants will be temporarily excluded from receiving vaccination if presenting at a vaccination visit

with the following:
o Acute gastrointestinal illness within 24-hours prior to vaccination.
e Significant infection within the previous 7 days.

e Participant has experienced fever (>37.5(1C) or subjective febrile symptoms within the

previous 3 days (even with a negative COVID-19 test).

e Symptoms of COVID-19, or confirmed infection (according to government guidelines) within

14 days prior to vaccination visit; as per guidance in Section 9.11

e Validated positive SARS-CoV-2 test (NAAT or antigen) within 2 weeks prior to vaccination
visit

e History of any antibiotic therapy during the previous 5 days.

e Any systemic corticosteroid (or equivalent) treatment in the previous 14 days, or for more than
seven consecutive days within the past 3 months).

¢ Receipt of another enteric live vaccine within 4 weeks prior to vaccination or an injected live

or killed vaccine within 7 days prior to vaccination.
e Plan to receive any vaccine other than the study vaccine within 7 days following vaccination.

e Therapy with antacids, proton pump inhibitors or Hz-receptor antagonists within 24 hours prior
to vaccination.

¢ Unavailable for post-vaccination visits, second vaccination visit, and challenge visit as
outlined in study procedures table (see section 7.4 table 1b).

If this is the first vaccine to be received and the temporary exclusion does not result in the participant

becoming ineligible, then this vaccine visit can be rescheduled.

If this is the second vaccine to be received and the temporary exclusion does not result in the
participant becoming ineligible, then this should be discussed with a study doctor as to whether they
can be rescheduled for their second vaccination (see table 2, section 7.5 for visit windows) or

withdrawn.

Temporary Exclusion at Challenge
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Participants will be temporarily excluded from challenge if presenting at the challenge visit with the

following. Participants can be challenged up to 28 days after their original challenge date (see table 2,

section 7.5)

Significant acute or acute-on-chronic infection within the previous 7 days or have experienced
fever (>37.5[1C) or subjective febrile symptoms within the previous 3 days (even with a
negative COVID-19 test).

Symptoms of COVID-19, or confirmed infection (according to government guidelines) within
14 days prior to challenge visit; as per guidance in Section 9.11

Validated positive SARS-CoV-2 test (NAAT or antigen) within 2 weeks prior to challenge visit
History of any antibiotic therapy during the previous 5 days.

Any systemic corticosteroid (or equivalent) treatment in the previous 14 days, or for more than
seven consecutive days within the past 3 months.

Therapy with antacids, proton pump inhibitors or Hz-receptor antagonists within 24 hours prior
to challenge.

Participant has not received two doses of the study vaccine/placebo.

Anaemia felt to be clinically significant by the study team.

Receipt of a COVID-19 vaccine in preceding 7 days

Plan to receive any vaccine within 21 days following challenge.
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Oxford Vaccine Group

oiford Vo University of Oxford
% Centre for Clinical Vaccinology and Tropical Medicine,
4 0 & Churchill Hospital, Headington, Oxford OX3 7LE UNIVERSITY OF
H § Tel: 01865 611400 info@ovg.ox.ac.uk www.ovg.ox.ac.uk OXFORD
T

Development of a vaccine against Salmonella Paratyphi A (VASP)

Informed Consent Form

Participant's Name:

Participant Initials:

Participant screening number: SIPI|T 0| 6

Name of Researcher: If you agree, please initial box:

Section 1: Study Procedures.

1. I confirm that | have read the information sheet dated....................
(version............ ) for this study. | have had the opportunity to consider the
information, ask questions and have had these answered satisfactorily

2. | have spoken with Dr/Nurse

3. lunderstand that my participation is voluntary and that | am free to withdraw at
any time without giving any reason, without my medical care or legal rights
being affected.

4. | have received detailed information about the treatment schedule and
potential side effects.

5. | agree to be randomised to receive either the experimental vaccine CVD 1902
or the placebo and | am aware of the risks and side effects associated with
vaccination

6. Should | wish to withdraw after | have been challenged with Salmonella
Paratyphi A, | understand that | must take a course of antibiotics and will be
asked to attend for further visits for safety reasons and that if | fail to do so
United Kingdom Health Security Agency (UKHSA) will be informed.

7. lunderstand that should | fail to return for review or to take the full course of
antibiotics | may become seriously ill and could even die.

8. 1 will bring the 24-hour contact reply slip to the first study visit, signed by my
24-hour contact. | agree that the study team may contact this person if |
cannot be contacted during the study

Development of a vaccine against Salmonella Paratyphi A_ICF OVG2018/07,
IRAS 249094, REC reference 21/SC/0330, Version 1.1, Dated 28 January 2022
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9. | agree to refrain from donating blood for the duration of the study.

Section 2: Personal Information:

10. I agree to my GP being informed of my participation in this study including
information about diagnosis, treatment and clearance samples.

11. I agree to my GP and/or other treating doctors being approached for additional
information regarding my medical and vaccination history and study staff to
access my NHS medical records.

12. | understand that United Kingdom Health Security Agency (UKHSA) will be
informed of my participation in this study including information about
diagnosis, treatment and clearance samples.

13. I understand that relevant sections of my medical notes and data collected
during the study may be looked at by individuals from University of Oxford,
from regulatory authorities [and from the NHS Trust(s)], where it is relevant to
my taking part in this research. | give permission for these individuals to have
access to my records.

14. | understand TOPS is the Health Research Authority database that aims to
prevent healthy volunteers from taking part in too many studies. | understand
that only staff at OVG and other research units can use the database and
OVG may call other units, or OVG may be called, to check volunteer details. |
agree to my National Insurance (if UK citizen) or Passport number being used
to register me on TOPS. | understand that it will be stored electronically for the
duration of the study.

Section 3: Research Samples

15. | agree to donate saliva, blood and stool samples. | consider these samples a
gift to the University of Oxford and | understand | will not gain any direct
personal or financial benefit from them.

16. | understand that my anonymised data and biological samples may be sent
and stored within and outside of the European Union for analysis by
collaborating research groups as described in the information booklet

17. 1 understand and agree that my samples will be used in research aimed at
understanding the genetic influences on Salmonella Paratyphi A and that the
results of these investigations are unlikely to have any implications for me
personally.

Section 4: Occupational

18. | understand that | should not be involved in commercial food handling until |
am shown not to be infected with Salmonella Paratyphi A

Development of a vaccine against Salmonella Paratyphi A_ICF OVG2018/07,
IRAS 249094, REC reference 21/SC/0330, Version 1.1, Dated 28 January 2022
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19. | understand my occupation must not involve direct contact with young
children (defined as those attending pre-school groups or nursery or aged
under 2 years) or patient contact in a health or social care setting until | am
shown not to be infected with Salmonella Paratyphi A

Section 5: Additional:

20. | understand | should not have a household contact who is
immunocompromised or children under the age of 2 or older children who are
attending pre-school or nursery

21. For those involved in the provision of health or social care to vulnerable
groups only: | agree to my employer being informed of my participation in the
trial.

N/A

22. Women only: | understand the need to ensure that | or my partner use
effective contraception one month prior to vaccination and continue to do so
until I am shown not to be infected with Salmonella Paratyphi A. 1 also
understand that if | use oral hormonal contraception there is a need to use N/A
barrier contraception from vaccination until | am shown to be cleared of
infection.

23. | agree to take part in this study.

Yes | No

24. | agree to be contacted about other ethically approved research studies for
which | may be suitable. | understand that agreeing to be contacted does not
oblige me to participate in any further studies.

Name of Participant Date Signature
Name of Person taking Date Signature
Consent

*1 copy for participant; Original for participant CRF;

Development of a vaccine against Salmonella Paratyphi A_ICF OVG2018/07,
IRAS 249094, REC reference 21/SC/0330, Version 1.1, Dated 28 January 2022
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Supplementary Material 4: Visit Structure

Figure 1: Visit Structure of Trial

Vaccination Phase (6 weeks)

| Challenge

r | Acute Follow up
r | Long term Follow Up Phase
Days |
-42 -35 -28 -21 0 7 14 21 28 90 180 365
'

L] f
Vaccine 1 Vaccine 2 Challenge with S. Paratyphi A
or placebo or placebo
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Figure 2: Structure of PD visits
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non-diagnosed participants
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Day 14 post
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Supplementary Material 5: Vaccination e-diary

Sample of Daily Vaccination e-diary

Remember to measure your temperature twice a day following vaccination

Day of First Vaccine
Date
AM/PM AM PM
Time
i < <
Symptom Severity
Headache 0 1 2 3 4
Generally unwell 0 1 2 3 4
Loss of appetite 0 1 2 3 4
Abdominal/stomach pain 0 1 2 3 4
Nausea or vomiting 0 1 2 3 4
Diarrhoea 0 1 2 3 4
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If you have not experienced a symptom please circle “0” on your

diary page for the relevant day. If you have experienced a symptom please circle
the number indicating the severity of the symptom using the scale.

Severity
Symptom
1 2 3 4
Present but no . Significant; Emergency
. . Some interference ; .
Headache interference with . L prevents daily department visit
s with activity - .
activity activity or hospitalisation
Present but no . Significant; Emergency
. . Some interference .
Generally unwell interference with . L prevents department visit
s with activity R L .
activity dailyactivity or hospitalisation

Eating less than
usual or loss of

Eat less than normal

Miss 1-2 meals

Miss all meals

Emergency
department visit

. for 1-2 meals completely hospitalisati
appetlte or hospitalisation
Significant; any
Abdominal/ ‘ Present but no Some interference use of codeine Emergency' A
) interference with with activit phosphate or department visit
stomach pain activity ¥ prevents daily or hospitalisation
activity
Present but no Some interference I
. . . - Significant; Emergency
. interference with with activity or . -
Nausea/vomltlng - Prevents daily department visit
activityor1-2 more than 2 . e e
activity or hospitalisation

episodes in 24 hours

episodes in 24 hours

Diarrhoea

3-4 loose stools in 24
hrs

5-6 loose stools in
24 hrs

7 or more loose
stools in 24 hrs

Emergency
department visit
or hospitalisation
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If you feel feverish at any other time please check your temperature and record below:

Date

Day (post
vaccine)

Time

Oral (mouth)

°C °C °C °C °C °C °C °C
temperature

Date

Day (post
vaccine)

Time

Oral (mouth)

°C °C °C °C °C °C °C °C
temperature
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Additional symptoms

ay experience other symptoms such as feeling hot or cold, sweating, shivering or constipation
el unable to cope with any of the symptoms you are experiencing, please contact the study te
diately.

 record any additional symptoms on the following tables. Please include any illness/injury even'
ink it is not related to the vaccine. Please include the start date, start time, finish date, finish tim

te ongoing if not resolved by day 28), and severity of symptoms (see below scale).

 grade any symptoms using the following scale:

1 Mild — easily tolerated with no limitation on normal activity
2 Moderate — some limitation of daily activity

3 Severe — unable to perform normal daily activity

4 Emergency department or hospital visit required
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Start . Severity Finish date/time
Date/time Symptom details (please circle) (state ongoing if continu
1 234
___/__ _/__/__
1 234
____/__ __/__/__
1 234
_/__/__ _/__/__
1 234
____/__ __/__/__
1 234
__/__/__ __/__/__
1 23 4
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Remember to measure your temperature twice a day following challenge

Day 0
Day 0
Date
AM/PM AM PM
Time
Oral (mouth) o o
C C
temperature
Symptom Severity
Headache 0 1 2 3 4
Generally unwell 0 1 2 3 4
Loss of appetite 0 1 2 3 4
Abdominal/stomach pain 0 1 2 3 4
Nausea or vomiting 0 1 2 3 4
Muscle pain 0 1 2 3 4
Joint pain 0 1 2 3 4
Cough 0 1 2 3 4
Diarrhoea 0 1 2 3 4
Constipation 0 1 2 3 4
YES/ NO Describe where, colour, size (mm):
Rash delete a's
appropria
te
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If you have not experienced a symptom please circle “0” on your

diary page for the relevant day. If you have experienced a symptom please circle
the number indicating the severity of the symptom using the scale.

Severity
Symptom
1 2 3 4
Significant; any
Present but no . use of codeine Emergency
. . Some interference L
Headache interference with with activit phosphate or department visit or
activity v prevents daily hospitalisation
activity
Generally ' Present but nF> Some interference Slgmflcantf Emergenc'y'
interference with with activit prevents daily department visit or
unwell activity ¥ activity hospitalisation
Eating less
than usual Eat less than normal for Miss 1-2 meals . Emergenc.y'
1-2 meals combletel Miss all meals department visit or
or loss of P v hospitalisation
appetite
. Significant; any
Abdominal/ Present but no . use of codeine Emergency
. . Some interference L
stomach interference with with activit phosphate or department visit or
pain activity ¥ prevents daily hospitalisation
activity
Some interference -
Present but no with activity or Significant; Emergency
Nausea/ interference more thar?Z Prevents daily department visit or
vomiting with activity or 1 -2 . . activity hospitalisation
X R episodes in 24
episodes in 24 hours
hours
Severity
Symptom
1 2 3 4
Present but no Some Significant; .
. . . . . . Emergency department visit
Muscle pain interference with interference with prevents daily e
L L L or hospitalisation
activity activity activity
Present but no Some Significant; -
q q . . . . ! Emergency department visit
Joint pain interference with | interference with prevents daily N
L L L or hospitalisation
activity activity activity
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Present but no Some Significant; -
. . . . Emergency department visit
Cough interference with interference prevents daily N
- . - L or hospitalisation
activity with activity activity
3-4 loose stools 5-6 loose stools 7 or more loose
in 24 hrs (loose in 24 hrs (loose stools in 24 hrs Emergency department visit
Diarrhoea stool is defined stool is defined (loose stool is gency dep

or hospitalisation

as 2200ml as 2200ml defined as
volume) volume) >200ml volume)
Present but no Some Significant; -
. q . . . . Emergency department visit
Constipation interference with interference prevents daily o
L . L L or hospitalisation
activity with activity activity
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If you feel feverish at any other time please check your temperature and record below:

Date

Day (post
challenge)

Time

Oral (mouth)

°C °C °C °C °C °C °C °C
temperature

Date

Day (post
challenge)

Time

Oral (mouth)

°C °C °C °C °C °C °C °C
temperature
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Additional Symptoms

You may experience other symptoms such as feeling hot or cold, sweating or shivering. If you feel unable to
manage any of the symptoms you are experiencing, please contact the study team immediately.

Please record any additional symptoms on the following tables. Please include any illness/injury even if
you think it is not related to the vaccine or paratyphoid challenge. Please include the start date, start time,
finish date, finish time (or state ongoing if not resolved by day 28), and severity of symptoms (see below
scale).

Please grade any symptoms using the following scale:

o 1 Mild — easily tolerated with no limitation on normal activity
o 2 Moderate — some limitation of daily activity

e 3 Severe — unable to perform normal daily activity

o 4 Emergency department or hospital visit required
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Start . Severity Finish date/time
. Symptom details . L A
Date/time (please circle) (state ongoing if continuing)
1234
I __/__ ___/__
. 1234
__/__/__ __/__/__
. 1 234
__/__/__ __/__/__
. 1 234
_/__/__ _/__/__
. 1 234
__/__/__ __/__/__
. 1 234

McCann N, et al. BMJ Open 2023; 13:€068966. doi: 10.1136/bmjopen-2022-068966




; BM.J Publjshing iR SIBREhaRM ddiecta mialh i i ppareH e AR e rom any reliance BMJ Open
Please record any medication taken in addition to any regular medication that you take. Please do not take any |
agreed by the study team.

Time N .
Date (24 hr clock) Medication Dose Reason for takin
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Supplementary Material 7: Sample testing during VASP Trial

Table 1: Sample collection - screening

Screening

Specimen Container
FBC, ESR Blood EDTA vacutainer
Urea, Electrolytes & Creatinine Blood Heparin vacutainer
HIV, HBsAg, HCVA Blood Serum vacutainer
TTG and IgA Blood Serum vacutainer
HLA B27 Blood EDTA vacutainer
Total blood volume Maximum 17 mL
Blood glucose Blood NA
Urine dipstick Urine Standard urine pot
Urine Pregnancy test Urine Standard urine pot

Table 2: Sample collection — vaccination and post vaccination

c 7 ('] o (7]
S e S 3¢
(] - > © E O ¢
£ © o > = O
o 20 c = 3 (=]
o =] H T » =2
g 2 c " ] T o
> T o 8 -]
c v b S ©
= & o
std urine saliva coll-
Sample tube ot ection Stool Pot
P device
Volume *
blood (mL) TOTAL
Day
1 D-42 (Va) X X X 74.5 79.5
D-35 (Vb) X 325 47.5
2 D-28 (Vc) X X X 71 86
D-21 (vd) X 32.5 47.5
Total 260.5

Specific volumes and sample tubes for different assays for the OVG laboratories will be detailed in the
Laboratory Analysis Plan and Clinical Study Plan.
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Table 3: Sample collection — challenge period

Challenge
Investigation

SARS-CoV-2 Test

Pregnancy Test

Saliva

Stool sample

Sample
tube

NP swab

urine
pot

saliva
coll-

ection

device

Stool
Pot

D-2

D1

D2

D3

D4

D5

D6

D7

D8

D9

D10

D11

D12

D13

D14

Specific volumes and sample tubes for different assays for the OVG laboratories will be detailed in the

Laboratory Analysis Plan and Clinical Study Plan.

58
EE:
o
81 96
20 30
upto4 19
0 10
upto4d 19
0 10
0 15
58.5 70.5
0 15
0 10
0 15
0 10
0 15
0 10
58.5 73.5
Total* | 418
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Table 4: Sample collection — paratyphoid diagnosis, follow up and totals

c ‘5 o Q g
9 = e s > 9
=} ~ - © £ O =
® ) = O
20 2 e 2 © O &
=] o] = “© - ©
1] (&) ] ] - - =
1] T c (%] o ° o
> (%] [ o o2
E e g & 2.
5 | < =
saliva
Sample NP swab std urine co.II— Stool Pot
tube pot ection
device
Day TOTAL
PD X X X 12.5 27.5
PD
+12hrs X = 62
PD o
+24hrs X 15
PD
+48hrs X Y 15
PD
+72hrs X Y 15
PD
+96hrs X 50 65
D14PD M 0 5
gp
D28 X X 58.5 63.5
Total 268
MaXIml.‘m total fc?r first 3 months If Paratyphoid NOT diagnosed Total 738
(excluding screening)
Maxnmt.lm total fc?r first 3 months | If Paratyphoid Diagnosed (maximum Total 937.5
(excluding screening) blood volume)
D90 X X 58.5 63.5
D180 X X 48.5 53.5
D365 X X 58.5 63.5
Maximum total in 14 months . .
(excluding screening) If Paratyphoid NOT diagnosed Total 922.5
. in1 id Di .
Mammt'xm total |n. 4 months If Paratyphoid Diagnosed (maximum Total 1122
(excluding screening) blood volume)

Specific volumes and sample tubes for different assays for the OVG laboratories will be detailed in the

Laboratory Analysis Plan and Clinical Study Plan.
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Supplementary Material 8: Medications used in the VASP trial

Table 1: Concomitant medications used

Drug Indication Dose Route Frequency

Paracetamol Fever and discomfort (after 500mg - 1 Oral PRN, max QDS
antibiotic therapy started) Gram

Codeine Pain including headache 15-60mg Oral PRN (max. 240mg/24
hours)

Senna Constipation 2-4 tablets  Oral PRN

Cyclizine Nausea and/or vomiting 50mg Oral PRN (max. 150mg/24
hours)

Chlorpheniramine  Allergy 4mg Oral PRN TDS-QDS (max.

24mg/24 hours)

Oral rehydration Dehydration, vomiting or 1-2 sachets Oral PRN

salts diarrhoea

Sando-K Hypokalaemia 2-4 tablets  Oral PRN, up to TDS
dependent on potassium
deficit

Table 2: Antibiotics used

Drug Dose Route Frequency Duration

Ciprofloxacin 500mg Oral BD 7 days

Co-trimoxazole 160/800mg Oral BD 7 days

Azithromycin 1lg stat followed Oral oD 7 days
by 500mg

Amoxicillin 500mg Oral TDS 7 days
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Supplementary Material 9: Trial Stopping Rules

Safety holding Rules
In the event of any of the following, vaccination of further individuals will be paused pending DSMC

review:

¢ New scientific information is published to indicate that subjects in the trial are being exposed to
undue risks as a result of administration of the IMP, or as a result of the trial procedures or
follow-up schedule.

e Bacteraemia with Salmonella Paratyphi A of any participant during the vaccination period

e Serious concerns about the safety of the IMP arise as a result of one or more vaccine related
SAE(s) occurring in the subjects enrolled

o If at least two subjects develop a ‘severe’ adverse event related to the study drug, as assessed
by a clinician, independent of within or not within the same-organ-class.

The DSMC chair will then undertake a review of the data to decide whether a temporary halt is required
as an urgent safety measure and what the scope of the halt will be. A full meeting of the DSMC can be
called at the chair’s discretion. If, following DSMC review, a halt is required, the Sponsor, REC and
appropriate regulatory authorities will be notified within 3 days and a substantial amendment submitted

within 15 days. If the DSMC decide that a halt is not required then the trial may continue.

Following a halt to the trial, if it is decided that the trial may re-start, then a request and substantial
amendment will be made to the Sponsor, the REC and the MHRA in order to do so, otherwise the trial

will be terminated.

Individual stopping Rules
Stopping rules for individual volunteers will apply (i.e., indications to withdraw individuals from further

vaccinations). Study participants who present with at least one of the following stopping rules will trigger
a clinical review as to whether the participant should be withdrawn from further vaccination in the study,
would not undergo challenge and would be followed up only from a safety perspective if participants
consent to this.

e Laboratory Aes: the participant develops a confirmed > grade 3 laboratory AE considered
possibly, probably or definitely related within 7 days after vaccination

e Solicited adverse events: the participant develops a > grade 3 systemic solicited AE considered
possibly, probably or definitely related within 2 days after vaccination (day of vaccination and
one subsequent day) which is deemed severe by clinician assessment

¢ Unsolicited adverse events: the participant has a > grade 3 adverse event, considered possibly,
probably or definitely related to vaccination which is deemed severe by clinician assessment or

has a SAE considered possibly, probably or definitely related to vaccination.
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e The participant has an acute allergic reaction or anaphylactic shock following the administration

of the vaccine investigational product.
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Supplementary material 10: Adverse Event grading

Adverse event

Definition (in degrees Celsius)

Temperature 0 <37.6
1 37.6-38.0
2 38.1-39.0
3 >39.0

Participant grading of severity (vaccine phase)

Nausea No Present but Some interference  Significant; prevents Emergency
symptoms no with activity or daily activity department
Ivomiting interference more than 2 visit or
with activity episodes in 24 hospitalisatio
or1-2 hours n
episodes in
24 hours
Diarrhoea No 3-4 loose 5-6 loose stools in 7 or more loose Emergency
symptoms  stools in 24 24 hrs stools in 24 hrs department
hrs visit or
hospitalisatio
n
Eating No Eat less than Miss 1-2 meals Miss all meals Emergency
less than symptoms normal for 1- completely department or
usual or 2 meals hospital visit
loss of required
appetite
Generally No Present but Some interference  Significant; prevents Emergency
unwell symptoms no with activity daily activity department
interference visit or
with activity hospitalisatio
n
Abdominal No Present but Some interference  Significant; prevents Emergency
| stomach symptoms no with activity daily activity department
pain interference visit or
with activity hospitalisatio
n
Headache No Present but Some interference  Significant; prevents Emergency
symptoms no with activity daily activity department
interference visit or
with activity hospitalisatio
n
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Participant grading of severity (challenge phase)

Significant; any use Emergency
No Presentbutno Some of codeine department
Headache Svmotoms interference interference with  phosphate or visit or
ymp with activity activity prevents daily hospitalisatio
activity n
Emergency
Generally No Present but no _Some . Significant; prevents d.e partment
unwell Symptoms interference interference with daily activit visit or
ymp with activity activity y y hospitalisatio
n
Eating less Eat less than . Emergency
than usual No Miss 1-2 meals . department or
normal for 1-2 Miss all meals . .
or loss of symptoms completely hospital visit
) meals .
appetite required
Significant; any use Emergency
Abdominal/ Presentbutno Some of codeine department
No . . . .
stomach svmotoms interference interference with  phosphate or visit or
pain ymp with activity activity prevents daily hospitalisatio
activity n
Presentbutno Some Emergency
interference interference with N department
Nausea/vom No . . L. Significant; prevents .
itin svymptoms with activity or  activity or more daily activit visit or
9 yme 1 -2 episodes than 2 episodes y y hospitalisatio
in 24 hours in 24 hours n
Significant; any use Emergency
Presentbutno Some of codeine department
. No . . . L
Muscle pain Symptoms interference interference with  phosphate or visit or
ymp with activity activity prevents daily hospitalisatio
activity n
Significant; any use Emergency
Presentbutno Some of codeine department
. . No . . . .
Joint pain svmotoms interference interference with  phosphate or visit or
ymp with activity activity prevents daily hospitalisatio
activity n
Significant; any use Emergency
No Presentbutno Some of codeine department
Cough Svmotoms interference interference with  phosphate or visit or
ymp with activity activity prevents daily hospitalisatio
activity n
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Emergency
. No 3-4 Ioo_se 5-6 loose stools 7 or more loose d_e partment
Diarrhoea stools in 24 . ) visit or
symptoms in 24 hrs stools in 24 hrs e
hrs hospitalisatio
n
Presentbutno Some Emergency
Constipatio No |n.terfere.n.ce |nt§rference with Significant; prevents d.e partment
n Symptoms with activity or  activity or more daily activit visit or
ymp 1 -2 episodes than 2 episodes y y hospitalisatio
in 24 hours in 24 hours n
Rash No Yes/No
symptoms
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Grading the severity of visit observed Adverse Events

Observation Grade 1 Grade 2 Grade 3 Grade 4
Oral temperature (C) 37.6-38.0 38.1-39.0 >39.0 A&E visit or hospitalisation
for hyperpyrexia
Tachycardia (beats/min) 101-115 116-130 >130 A&E visit or hospitalisation
for arrhythmia
Bradycardia (beats/min) 50-54 45-49 <45 A&E visit or hospitalisation
for arrhythmia
Systolic  hyper-tension 141-150 151-155 >155 A&E visit or hospitalization
(mmHg) for malignant hypertension
Diastolic hyper-tension 91-95 96-100 >100 A&E visit or hospitalization
(mmHg) for malignant hypertension
Systolic  hypo-tension 85-89 80-84 <80 A&E visit or hospitalization
(mmHg) for hypotensive shock
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Grading the severity of laboratory Adverse Events

Parameter

Grade 1 Grade 2

Grade 3 Grade 4*

Haemoglobin: decrease from 10-15 16-20 21-50 >50

baseline value (g/l)

White cell count: elevated (10°/L) 11-15 16-20 21-25 >25

White cell count: depressed 2.5-3.5 1.5-24 1.0-14 <1.0

(10°/L)

Neutrophil count (10°%/L ) 1.5-2.0 1.0-1.4 0.5-0.9 <0.5

Platelets (10°/L) 125-140 100-124 25-99 <25

Sodium: hyponatraemia (mmol/L) | 132-134 | 130-131 125-129 <125

Sodium: hypernatraemia (mmol/L) | 146 147 148-150 >150

Potassium: hyperkalaemia 5.1-5.2 5.3-54 5.5-5.6 >5.6

(mmol/L)

Potassium: hypokalaemia 3.3-34 3.1-3.2 3.0 <3.0

(mmol/L)

Urea (mmol/L) 8.2-8.9 9.0-11 >11 RRT

Creatinine (umol/L) 132-150 151-176 177-221 >221 or RRT

ALT and/or AST (IU/L) 1.1-2.5 x | >2.6-5.0 5.1-10 x ULN >10 x ULN
ULN ULN

Bilirubin, with increase in LFTs 1.1-1.25 | 1.26-1.5 1.51-1.75 X | >1.75 x ULN

(umol/L) x ULN ULN ULN

Bilirubin, with normal LFTs 1.1-1.5 x | 1.6-2.0 2.1-3.0 x ULN >3.0 x ULN

(umol/L) ULN ULN

Alkaline phosphatase (IU/L) 1.1-2.0 x | 21-3.0 3.1-10 x ULN >10 x ULN
ULN ULN

Albumin: hypoalbuminaemia (g/L) | 28-31 25-27 <25 Not

applicable
C-reactive protein >10-30 31-100 101-200 >200

Grade 4* Potentially life threatening
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