S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Articles

Safety and immunogenicity of a synthetic multiantigen
modified vaccinia virus Ankara-based COVID-19 vaccine
(COH04S1): an open-label and randomised, phase 1 trial

Flavia Chiuppesi*, John A Zaia*, Paul H Frankel, Rodica Stan, Jennifer Drake, Brenda Williams, Anne Marie Acosta, Karyn Francis, Randy A Taplitz,
Janet K Dickter, Sanjeet Dadwal, Alfredo G Puing, Deepa D Nanayakkara, Patricia Ash, Yujie Cui, Heidi Contreras, Corinna La Rosa, Katrin Tiemann,
Yoonsuh Park, Joybelle Medina, Angelina Iniguez, Qiao Zhou, Veronica Karpinski, Daisy Johnson, Katelyn Faircloth, Teadora Kaltcheva,

Jenny Nguyen, Mindy Kha, Vu H Nguyen, Sandra Ortega Francisco, Alba Grifoni, Angela Wong, Alessandro Sette, Felix Wussow, Don J Diamond

Summary
Background COHO04S1, a synthetic attenuated modified vaccinia virus Ankara vector co-expressing SARS-CoV-2 spike
and nucleocapsid antigens, was tested for safety and immunogenicity in healthy adults.

Methods This combined open-label and randomised, phase 1 trial was done at the City of Hope Comprehensive
Cancer Center (Duarte, CA, USA). We included participants aged 18-54 years with a negative SARS-CoV-2 antibody
and PCR test, normal haematology and chemistry panels, a normal electrocardiogram and troponin concentration,
negative pregnancy test if female, body-mass index of 30 kg/m2 or less, and no modified vaccinia virus Ankara or
poxvirus vaccine in the past 12 months. In the open-label cohort, 1-0x107 plaque-forming units (PFU; low dose),
1-0x108 PFU (medium dose), and 2-5x108 PFU (high dose) of COH04S1 were administered by intramuscular
injection on day 0 and 28 to sentinel participants using a queue-based statistical design to limit risk. In a randomised
dose expansion cohort, additional participants were randomly assigned (3:3:1), using block size of seven, to receive
two placebo vaccines (placebo group), one low-dose COHO04S1 and one placebo vaccine (low-dose COH04S1 plus
placebo group), or two low-dose COHO04S1 vaccines (low-dose COH04S1 group). The primary outcome was safety and
tolerability, with secondary objectives assessing vaccine-specific immunogenicity. The primary immunological
outcome was a four times increase (seroconversion) from baseline in spike-specific or nucleocapsid-specific IgG titres
within 28 days of the last injection, and seroconversion rates were compared with participants who received placebo
using Fisher’s exact test. Additional secondary outcomes included assessment of viral neutralisation and cellular
responses. This trial is registered with ClinicalTrials.gov, NCT046339466.

Findings Between Dec 13, 2020, and May 24, 2021, 56 participants initiated vaccination. On day 0 and 28, 17 participants
received low-dose COHO04S1, eight received medium-dose COHO04S1, nine received high-dose COH04S1, five received
placebo, 13 received low-dose COH04S1 followed by placebo, and four discontinued early. Grade 3 fever was observed in
one participant who received low-dose COH04S1 and placebo, and grade 2 anxiety or fatigue was seen in one participant
who received medium-dose COH04S1. No severe adverse events were reported. Seroconversion was observed in all
34 participants for spike protein and 32 (94%) for nucleocapsid protein (p<0-0001 vs placebo for each comparison). Four
times or more increase in SARS-CoV-2 neutralising antibodies within 56 days was measured in nine of 17 participants in
the low-dose COH04S1 group, all eight participants in the medium-dose COH04S1 group, and eight of nine participants
in the high-dose COH04S1 group (p=0-0035 combined dose levels vs placebo). Post-prime and post-boost four times
increase in spike-specific or nucleocapsid-specific T cells secreting interferon-y was measured in 48 (98%; 95% CI
89-100) of 49 participants who received at least one dose of COH04S1 and provided a sample for immunological analysis.

Interpretation COH04S1 was well tolerated and induced spike-specific and nucleocapsid-specific antibody and T-cell
responses. Future evaluation of this COVID-19 vaccine candidate as a primary or boost vaccination is warranted.

Funding The Carol Moss Foundation and City of Hope Integrated Drug Development Venture programme.

Copyright © 2022 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0
license.

Introduction

Since SARS-CoV-2 emerged in December, 2019, it has
caused a global pandemic, with more than 300 million
cases and 5-5 million fatalities (as of Jan 14, 2022).!
Preventing the incidence of COVID-19-associated
morbidity and mortality while allowing a return to
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normal activities might best be accomplished by
prophylactic vaccination. Approved COVID-19 vaccines
based on mRNA and adenovirus vectors that use spike
antigens have been shown to reduce the need for hospital
treatment and to protect people from severe disease.
However, as virus variants of concern arise with the
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Research in context

Evidence before this study

We searched PubMed from database inception to Dec 20, 2021,
with no language restrictions, for clinical studies reporting the
safety and immunogenicity of SARS-CoV-2 vaccine candidates
based on viral vector platforms using the search terms
"SARS-CoV-2", "vaccine”, “clinical trial”, and “vector”. 15 reports
were identified, all of which described studies conducted with
adenovirus-based SARS-CoV-2 vaccines expressing the spike
antigen (eight on ChAdOx1, two on rAd25/rAd5, two on Ad26.
COV.2.S, and three on non-replicating Ad5). To our knowledge,
no data from clinical trials of COVID-19 vaccines based on
modified vaccinia virus Ankara (MVA) are available.

We searched ClinicalTrials.gov on Dec 20, 2021, for trials of
MVA-based COVID-19 vaccines; we found that, except for
COHO04S1, two MVA-based vaccines are being developed by the
Hamburg-Eppendorf University Hospital (Hamburg, Germany),
both of which are based on spike antigen (MVA-SARS-2-S
[NCT04569383] and MVA-SARS-2-ST [NCT04895449]),

but results are not yet available. Additionally, we searched
ClinicalTrials.gov for SARS-CoV-2 vaccines expressing both
spike and nucleocapsid antigens. Two vaccines were found, one
based on Ad5 (hAd5-S-FusionN-ETSD) developed by
ImmunityBio (Culver City, CA, USA) and one DNA-based
vaccine (GX-19N) developed by Genexine (Seongnam-si, South
Korea), for which preliminary reports were deposited in a
preprint server.

Added value of this study

To our knowledge, this is the first study to report clinical trial
data for a multi-antigenic SARS-CoV-2 vaccine based on a
synthetic MVA vector platform, and the first published peer-
reviewed report of a SARS-CoV-2 vaccine co-expressing spike
and nucleocapsid antigens. This analysis is the first-in-human
dose-ranging evaluation of COH04S1 in healthy volunteers.

capacity to evade spike-specific immune responses, there
is concern that the immunity these vaccines confers
might be insufficient to control disease.”* As an
alternative to the approved COVID-19 vaccines that solely
use the spike protein, we developed COHO04S1, a multi-
antigen SARS-CoV-2 vaccine based on a synthetic version
of the highly attenuated modified vaccina virus Ankara
(MVA) vector.

COHO04S1 was designed to co-express the spike
protein together with the nucleocapsid protein based on
the rationale to broaden the stimulation of humoral
and cellular immune responses that target multiple
SARS-CoV-2 antigens.* To our knowledge, in addition to
COHO04S1 only two other SARS-CoV-2 vaccines co-
expressing spike and nucleocapsid are being tested in
the clinic.”® COHO04S1 showed potent immunogenicity
in mice,/ and studies in hamsters and non-human
primates showed protection by COHO04S1 against
upper and lower respiratory tract infection following

COHO04S1 was well tolerated independent of the dose level.
One immunisation was sufficient to induce robust binding
antibody titres and cellular responses. Peak binding and
nevutralising antibody titres were induced following two doses
and remained elevated up to 3 months after the second dose.
Immunological parameters were equivalent among dose levels
with the exception of neutralising antibody titres, which
showed a dose response. However, peak neutralising antibody
responses were higher in volunteers vaccinated with the lowest
dose level given twice and separated by 2 months than in
volunteers who were given the same dose 1 month apart,
indicating that increased immunogenicity can be achieved by
increased spacing of the two injections.

Implications of all the available evidence

COHO04S1 was safe and immunogenic in healthy adults.
Given the inclusion of both spike and nucleocapsid, COH04S1
could function as an alternative to existing vaccines to
augment vaccine-elicited protective immunity to SARS-CoV-2
and its variants through heterologous immunisation.
Importantly, since MVA-attenuated poxviral vectors have
been shown to be highly tolerable and immunogenic even in
immunosuppressed patients, COH04S1 could find crucial
application in immunocompromised populations, such as
patients with a haematological malignancy in whom the
current EUA vaccines might not stimulate effective immune
responses. Further clinical investigation is needed to evaluate
the efficacy of this vaccine candidate as a primary or booster
vaccination against COVID-19 in healthy adults or
immunocompromised individuals. The favourable safety
profile and robust immunogenicity at the lowest dose makes
COHO04S1 a good candidate for large-scale manufacturing for
worldwide distribution.

SARS-CoV-2 challenge.” We aimed to assess
the safety and immunogenicity of COHO04S1 in healthy
adults.

Methods

Study design and participants

We did a combined open-label and placebo-controlled,
randomised, phase 1 study at the City of Hope
Comprehensive Cancer Center (Duarte, CA, USA).
Healthy individuals aged 18-54 years with a negative
SARS-CoV-2 antibody test (SCoV-2 Detect IgG
ELISA, In-Bios, Seattle, WA, USA) and a negative
nasopharyngeal wash SARS-CoV-2 PCR test (Simplexa
for COVID-19, DiaSorin Molecular, Cypress, CA, USA)
were eligible. Other inclusion criteria were institutional
normal haematology and chemistry panels, a normal
electrocardiogram (ECG) and troponin concentration,
negative pregnancy test if female, body-mass index of
30 kg/m? or less, and no MVA or poxvirus vaccine in the
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past 12 months (appendix pp 25-28). Other exclusion
criteria were based primarily on the absence of
COVID-19 risk factors as outlined by the US Centers for
Disease Control and Prevention in a June 25, 2020,
guidance.”

The study met all ethics and regulatory requirements
as determined in an external review by the Advarra
institutional review board (Columbia, MD, USA), and an
independent external data monitoring committee that
reviewed study plans and progress. The protocol is
available in the appendix (pp 2-85). Written informed
consent from all participants was obtained before
screening.

Randomisation and masking

In the open-label cohort, COHO04S1 was first adminis-
tered to sentinel participants at 1-0x107 plaque-forming
units (PFU; low dose), 1-0x108 PFU (medium dose), and
2-5x108 PFU (high dose). After the open-label safety
assessment, in a randomised dose expansion cohort, we
randomly assigned additional participants (3:3:1), using a
block size of seven, to receive low-dose COHO04S1
injection followed by placebo (low-dose COHO04S1 plus
placebo group), two low-dose COHO04S1 injections (low-
dose COH04S1 group), or two placebo injections (placebo
group). An identical randomisation procedure within
medium and high doses was initially planned, but it was
replaced with a separate permuted blocked randomisation
between medium and high doses. When the low-dose
COHO4S1 cohort was one participant short of planned
accrual, random assignment (1:1), using a block size of
four, of participants was diverted to a medium-dose
COHO04S1 group and a high-dose group as the second
dose expansion cohort. Emergency use authorisation
(EUA) of some vaccines affected random assignment to
placebo (since they had the alternative to get an EUA
vaccine), and documentation for travel and other
activities further affected study conduct. For the same
reason, the blinding period was limited to 56 days after
first vaccination, at which point participants were
informed of their vaccination status. Participant receiving
any vaccine regimen could request an EUA vaccine at
unblinding, and an additional low dose of COH04S1 was
administered after unblinding to participants in the
low-dose COHO04S1 plus placebo group who opted for a
second dose of COH04S1. The randomisation list was
generated by the study statistician using R software and
supplied to the central registration office, who
coordinated with Investigational Drug Services and the
clinical team. COHO04S1 and placebo were produced in
the Investigation Drug Services Pharmacy and delivered
to the clinical staff in identical unlabelled syringes
to ensure masking. Group allocation was masked
from participants, the principal investigator, physicians,
nurses, data coordinators, and other staff who interact
with patients. Participants were enrolled by the
clinical team.

www.thelancet.com/microbe Vol 3 April 2022

Procedures

The COHO04S1 vaccine construct was generated using a
fully synthetic MVA platform originating from chemically
synthetised DNA fragments’ (appendix p 86). Before
each injection, COHO04S1 was thawed and diluted
with sterile diluent (phosphate-buffered saline with
7-5% lactose) to the appropriate dose. Placebo consisted
of phosphate-buffered saline containing 7-5% lactose.
Vaccine formulations and placebo in 1-0 mL volume
were administered to the upper non-dominant arm by
intramuscular injection on day 0 (prime) and day 28
(boost) in both open-label and expansion cohorts. For
each dose level, the first patient was observed for at least
1 week, before enrolling further sentinel patients at that
dose level. Following the flexible rules of the modified
queue-based design (IQ 3+3 design; appendix pp 46, 86)
escalation could occur with as few as three patients (with
no moderate adverse events), although the study resulted
in four, seven, and six sentinel patients per dose level,
respectively.

Laboratory assessments included biochemistry and
haematology tests, ECG, and cardiac troponin test
(appendix pp 25-26). For assessment of adverse events,
solicited adverse events were recorded during the post-
injection period (days 1-28 after each injection) via a
phone call to the recipient on days 1-3 and 4-6 after each
injection by a registered nurse using a prescribed script
and by visits with a medical doctor on the day of each
injection (day 0 and 28 [and day 56 for low-dose COH04S1

plus placebo and low-dose COHO04S1 group]) and
1 week and 2 weeks after each injection (days 7, 14, 35,
and 42, [and day 63 and 70]). Unsolicited adverse events
were recorded at subsequent visits (days 56, 90, 120, and
365 [or on an equivalent shifted schedule for low-dose
COHO04S1 plus placebo and low-dose COHO04S1 group];
appendix pp 43-44). Participants were also asked to
report any intercurrent infection, and PCR testing was
available in such cases.

Blood samples were collected for immunological
analyses at the time of vaccination, day 14 after each
vaccination, and days 56, 90, and 120 after the first
injection. The same sample collection schedule applied
to participants in the low-dose COHO04S1 plus placebo
group who were given another low-dose COHO04S1
vaccination at day 56, resulting in additional samples and
an extended timeline.

Serum spike-specific, receptor-binding domain (RBD)-
specific, and nucleocapsid-antigen specific IgG con-
centrations were measured using indirect ELISA and
expressed as endpoint titres. A titre of half the lower limit
of quantification (LLOQ) of the assay was assigned
to samples with titres below the LLOQ. Seroconversion
was defined as a four times increase in spike or
nucleocapsid antibody endpoint titres relative to baseline.
Serum neutralising antibody titres were measured
using SARS-CoV-2 pseudovirus based on the SARS-CoV-2
Wuhan spike sequence, with additional Asp614Gly

See Online for appendix
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substitution. WHO International Reference Panel
for anti-SARS-CoV-2 immunoglobulin (UK National
Institute for Biological Standards and Control code,
20/268) was analysed with ELISA and a SARS-CoV-2
pseudovirus assay. Samples from participants in the
open-label cohort were also analysed using pseudoviruses
representing the alpha, beta, gamma, and delta
variants of concern. The serum dilution that reduced
pseudovirus entry into susceptible cells by 50% was
defined as 50% neutralisation titre. Absolute numbers of
spike-specific, nucleocapsid-specific, and membrane-
specific peripheral blood mononuclear cells secreting
interferon-y (IFNy) and interkeukin-4 (IL-4) were
measured using an enzyme-linked immunospot
(ELISpot) assay. Spot forming-cells (SFCs) per 106
peripheral blood mononuclear cells were obtained after
subtraction of spots in unstimulated controls from
stimulated samples. The IFNy:IL-4 ratio was used as a
measure of T helper 1 (Thl) versus Th2 polarisation.
Activated or cycling spike-specific and nucleocapsid-
specific T cells were longitudinally evaluated in the open-
label cohort using CD137 multiparameter flow cytometry
assay. Full details of the immunological assays are
reported in the appendix (pp 86-88).

Dose escalation and expansion were based on the
incidence of moderate toxicity in sentinel participants,
with subsequent safety constraints during the expansion
cohorts. Moderate toxicity was defined as grade 2
possibly, probably, or definitely attributable to the
research treatment that persisted for 7 days or more, or
any grade 3 treatment-related adverse event that was an
expected, vaccine-associated side-effect such as fever,
chills, malaise, headache, and influenza-like symptoms
(myalgia and arthralgia) that resolved to grade 1 or better
in less than 7 days. Treatment-related adverse events of
grade 3 or worse that did not qualify as moderate toxicity
would halt all accrual on all dose levels. Toxicity was
graded according to standard Division of AIDS adult
toxicity tables.”

Outcomes

The primary objective was to evaluate the safety and
tolerability of COHO04S1 vaccine in healthy participants at
1-0x107 PFU, 1-0x108 PFU, and 2-5x108 PFU.

The protocol-defined primary immunological endpoint
was based on serum IgG against SARS-CoV-2. Specifically,
a four times rise from baseline value of IgG specific for
spike or nucleocapsid protein up to day 28 after the last
injection was considered a positive immunogenicity
response, provided the participant was not diagnosed
with SARS-CoV-2. Secondary immunogenicity objectives
were the longitudinal evaluation of SARS-CoV-2
spike-specific, RBD-specific, and nucleocapsid-specific
IgG, IgA, and IgM in serum and saliva; neutralising
antibody to ancestral and SARS-CoV-2 variants of
concern; evaluation of SARS-CoV-2 spike-specific and
nucleocapsid-specific T-cell levels and Th1l versus Th2

polarisation; activated or cycling phenotype markers on
T cells; and durability of immune responses. Additionally,
we explored the role of two versus one low-dose injections.
In this analysis, we present the primary safety endpoints
up to day 90 after the last injection, the primary
immunogenicity endpoint evaluated up to day 28 after the
last injection, and secondary immunogenicity results up
to day 90 after the last injection. The exploratory endpoint
was the rate of incidental COVID-19 during follow-up
based on self-reporting.

Statistical analysis

Approximately four to eight patients were anticipated for
each of the open-label cohorts for a total of approximately
18 patients. The initial planned sample size for the dose
expansion cohorts was based on a combination of safety
(eg, any adverse event with an incidence of 15% would be
very likely [95% probability] to appear in at least one of
19 participants on a dose level) and humoral immune
response (eg, 15 patients in the low-dose COH04S1 group
and five in the placebo group provides for 82% power
to detect a significant difference between low-dose
COHO04S1 and placebo [with a type I error of 10% using
Fisher’s exact test] in the primary immunological
response rate with a true response rate of 82% for the
low-dose COHO04S1 group and 20% for the placebo
group). The placebo, recommended by the US Food and
Drug Administration, provided both a background level
of adverse events, and a control for immunogenicity.

Safety analysis was based on the full analysis set
including all enrolled participants who received at least
one injection. For safety assessment, the open-label and
expansion cohorts were analysed individually. Immuno-
genicity analysis included all enrolled participants who
received at least one injection and provided samples for
immunogenicity analyses. Participants who received an
EUA vaccine at any time during enrolment remained on
the trial, but safety and immunological analysis is
presented only up to the time of EUA vaccination. For
each dose level, we pooled data from the open-label and
expansion cohorts for immunological analysis given that
participants received the same vaccination regimens and
immunogenicity was noted to be similar.

We described binding antibody and neutralising
antibody titres based on seroconversion (four times
increase or not) relative to baseline and on geometric
mean titres (GMT) and medians with IQRs or ranges. We
calculated 95% ClIs for proportions using the Clopper-
Pearson method. We followed previous approaches for
participants with no baseline detectable antibody titres,"*
where half the LLOQ was used as baseline (results were
not sensitive to replacing half LLOQ with the LLOQ).
Additional, post-hoc immunological analyses included
post-prime and post-boost (14 and 28 days after each
injection and days 30 and 60 after the last injection)
increase in spike-specific, RBD-specific, and nucleocapsid-
specific binding and neutralising antibodies compared
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Figure 1: Trial profile

BMI=body-mass index. EUA=emergency use authorisation. *Ten participants opted to receive a second low-dose vaccination at day 56 (nine) or day 90 (one). tDay 90 post-last dose, the equivalent of
day 120 for the normal 28-day interval schedule. One participant received the first injection but was lost to follow-up (followed up for safety days 0-14), primary safety included up to that point.
SOne participant discontinued after the first dose and one subject discontinued at day 60 after the last dose (primary safety included up to that point). 910ne discontinued after day 56 so they were
followed up and included in primary safety analysis up to day 56.
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Data are median (range) or n (%). *Includes participants from the open-label and two

Whole cohort Low-dose Medium-dose High-dose Placebo group Low-dose COH04S1
(n=56) COHO04S1 group*  COHO04S1group* COHO04S1group*  (n=5) plus placebo group
(n=18) (n=9) (n=10) (n=14)
Age, years 41 (21-55) 46 (26-51) 39 (28-55) 32(26-54) 35 (24-46) 40 (21-55)
Gender

Female 31(55%) 10 (56%) 6 (67%) 6 (60%) 2 (40%) 7 (50%)

Male 25 (45%) 8 (44%) 3(33%) 4 (40%) 3(60%) 7 (50%)
Body-mass index, kg/m* 25.0 (19-4-30-0) 253 (19-7-30:0)  25:8(202-30-0)  22:4(19-4-29-9)  213(21-1-285)  25.0(22:2-29-9)
Race

Asian 10 (18%) 2 (11%) 1(11%) 1(10%) 2 (40%) 4(29%)

Non-disclosed 2 (4%) 0 1(11%) 0 0 1(7%)

Unknown 8 (14%) 1(5-6%) 3(33%) 4 (40%) 0 0

White 36 (64%) 15 (83%) 4(44%) 5 (50%) 3(60%) 9 (64%)

Ethnicity

Hispanic 13 (23%) 4(22%) 4 (44%) 3(30%) 0 2 (14%)

Non-Hispanic 40 (71%) 14 (78%) 5 (56%) 5 (50%) 5 (100%) 11 (79%)

Non-disclosed 1(2%) 0 0 0 1(7%)

Unknown 2 (4%) 0 2 (20%) 0 0

randomised dose expansions cohorts.

Table 1: Demographic characteristics

with baseline, and the proportion of participants who
seroconverted. Cellular responses measured by ELISpot
were described based on median spot values. Samples
with undetectable ELISpot values were assigned a
value of 1 for fold-increase calculation. To characterise Th
cell polarisation, for each timepoint, the ratio of spike-
specific or nucleocapsid-specific IFNy to IL-4 T cells was
calculated, and an increase over baseline was considered a
Thil-polarised response. Statistical comparisons used non-
parametric tests (Wilcoxon, Fisher’s exact test, and
Kruskal-Wallis test) and exact p values for Pearson’s test.
All p values are two-sided unless otherwise stated. Sentinel
participants with available baseline samples were
longitudinally analysed for concentrations of spike-
specific and nucleocapsid-specific CD137°*CD4* and
CD137°CD8" cells in blood samples. Percentage change
was measured on the natural log scale."” Anti-SARS-CoV-2
humoral and cellular responses at day 56 (or 28 days after
the second dose) were compared between participants in
the COHO04S1 low-dose group born before or during/after
1973 using two way ANOVA. There was no attempt to
address multiple comparison issues with respect to these
multiple exploratory endpoints in the context of this study.
All calculations were done with R (version 4.02) or StatXact
(version 12). This trial is registered with ClinicalTrials.gov,
NCT04639466. The study is closed for accrual.

Role of the funding source
The funder had no role in study design, data collection,
data analysis, data interpretation, or writing of the report.

Results
Between Dec 13, 2020, and May 24, 2021, 56 participants
initiated vaccination (figure 1). 17 participants were

included in the open-label cohort (four received low-dose,
seven received medium-dose, and six received high-dose
COHO04S1). All sentinels received the prime vaccination
on day 0 and the boost vaccination on day 28 except for
one sentinel in the medium-dose COHO04S1 group who
received only the first dose. Additionally, one sentinel
participant in the medium-dose COHO04S1 group
received an EUA vaccine after day 56. The remaining
39 participants were included in the two randomised
dose expansion cohorts. In the first dose expansion
cohort, 14 participants were randomly assigned to the
low-dose COHO04S1 group, 14 to the low-dose COH04S1
plus placebo group, and five to the placebo group. Two of
33 participants in the first dose expansion cohort (one in
the low-dose COHO04S1 group and one in the low-dose
COHO04S1 plus placebo group) discontinued the study
(unrelated to adverse events) before the second
vaccination and did not provide post-vaccination blood
samples. The second dose expansion cohort closed at six
participants (two were randomly assigned to the
medium-dose COHO04S1 group and four to the high-dose
COHO04S1 group) due to accrual limitations when EUA
vaccine availability became widespread. One participant
in the high-dose COH04S1 group did not receive the
second injection.

Following unblinding, ten of 13 participants remaining
in the low-dose COHO04S1 plus placebo group opted to
receive a second low-dose COHO04S1 vaccination at day 56
(nine participants) or day 90 (one participant). The other
three participants received an EUA vaccine. In the
placebo group, four of five participants received EUA
vaccination at day 56 and one discontinued the study
with no further follow-up. Detailed demographic
characteristics of all participants are listed in table 1.
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Placebo Placebo Low-dose COH04S1 plus  Low-dose Low-dose Low-dose Low-dose
group groupday  placebo group day 0 COHO04S51 COHO04S1 COHO04S1 group COHO04S1
day 0 28 injection (n=14) plusplacebo  plusplacebo  day 0 injection group day 28
injection  injection groupday28 groupday56 (n=14) injection
(n=5) (n=5) injection injection (n=13)
(n=13) (n=10)
Grade 1 Grade 1 Grade 1 Grade 3 Grade 1 Grade 1 Gradel Grade2 Grade 1
Injection site reaction 2 (40%) 2 (40%) 8 (57%) 0 3(23%) 9 (90%) 5(36%) O 7 (54%)
Fatigue 1(20%) 0 4(29%) 0 4(31%) 6 (60%) 7(50%) 0 5 (38%)
Headache 1(20%) 2 (40%) 2 (14%) 0 2 (15%) 5 (50%) 5(36%) O 4 (31%)
Myalgia 0 1(20%) 2 (14%) 0 0 2 (20%) 3(21%) O 5 (38%)
Chills 0 1(20%) 3 (21%) 0 2 (15%) 3(30%) 1(7%) O 0
Insomnia 0 1(20%) 0 0 0 1(10%) 1(7%) O 0
Nausea 0 1(20%) 0 0 0 1(10%) 1(7%) O 0
Sore throat 0 0 1(7%) 0 0 0 1(7%) O 1(8%)
Cough 0 0 1(7%) 0 0 0 0 0 1(8%)
Bilateral hand swelling 0 0 0 0 0 1(10%) 0 0 0
Blood bilirubin increased 0 0 0 0 1(8%) 0 0 (0] 0
Creatinine increased 0 0 0 0 0 0 1(7%) O 0
Diarrhoea 0 0 1(7%) 0 0 0 0 0 0
Fever 0 0 0 1(7%) 0 0 0 0 0
Hypocalcaemia 1(20%) (0] 0 0 0 0 0 0 0
Hypokalaemia 0 0 1(7%) 0 0 0 0 0 0
Lymph node adenopathy 0 1(20%) 0 0 0 0 0 0 0
Malaise 0 0 0 0 0 0 1(7%) 0 0
Nasal congestion 0 0 0 0 0 0 0 (0] 1(8%)
Vomiting 0 0 0 0 0 0 1(7%) O 0
Idiopathic iritis 0 0 0 0 0 0 0 1(7%) 0
Tender breasts 0 0 0 0 0 1(10%) 0 0 0
Grade 2 idiopathic iritis was unrelated to treatment. Grade 3 fever was a moderate toxicity that lasted 1 day, and became grade 1, which also lasted 1 day.
Table 2: Local and systemic adverse reactions after one, two, and three vaccinations in the first randomised dose expansion cohort

Laboratory assessments were within the normal range
with few exceptions graded 1 in severity and observed in
both the placebo group and COHO04S1 groups. Adverse
events were those that were expected following a vaccine
injection: injection site reactions (42 [82%] of 51 non-
placebo participants vs two of five placebo participants)
followed by fatigue (34 [67%] of 51 vs one of five) and
headache (25 [49%] of 51 vs two of five). Local injection
sites reactions were all grade 1. No serious adverse events
and no unanticipated problems were reported (table 2;
appendix pp 89-90).

In the open-label cohort, one of 7 sentinel participants
in the medium-dose COHO04S1 group had grade 2 anxiety
and grade 2 fatigue on the first injection that
lasted 2 weeks (appendix p 89). This participant did not
receive a second injection. In the first randomised dose
expansion cohort, adverse events were more frequent in
the COHO04S1 groups than in the placebo group, and one
participant in the low-dose COHO04S1 plus placebo group
had grade 3 fever that lasted less than 24 h after the first
injection (the second injection was placebo).

In the second randomised dose expansion cohort,
one participant in the high-dose COH04S1 group had
grade 2 bronchospasm that occurred 2 weeks after the
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first injection during a seasonal asthma attack that was
judged to be unrelated to the research injection of this
known asthmatic person (appendix p 90). This participant
also had a cornea tear (grade 1) associated with a history
of dry eye (grade 1) and was put on steroids, which made
them ineligible for a second injection.

Local and systemic adverse events did not appear to be
dose related. In the first 120 days, there were no reports
of intercurrent SARS-CoV-2 infections.

54 participants provided immunological samples
following vaccination. Two of the 54 participants did not
get their second injection. Five received two placebo
injections 28 days apart, 17 received two low-dose
COHO04S1 injections 28 days apart (four in the open-label
cohortand 13 in the randomised dose expansion cohorts),
eight received two medium-dose COHO04S1 injections
28 days apart (six in the open-label cohort and two in the
randomised dose expansion cohorts), and nine received
two high-dose injections 28 days apart (six in the open-
label cohort and three in the randomised dose expansion
cohorts). Therefore, 34 participants had two COHO04S1
injections and five had two placebo injections on the
planned schedule for the primary immunological
comparisons.
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The prespecified primary immunogenicity response
(IgG higher than four times increase from baseline of
either spike or nucleocapsid within 56 days of the first
injection [or within 28 days of the second injection])
was observed in all 34 vaccinated participants and none
of the placebo participants. For spike-specific IgG,
all 34 participants, compared with no participants in
the placebo group, responded (p<0-0001), and for
nucleocapsid-specific IgG 32 (94%) of 34 participants
responded (15 of 17 in the low-dose COHO04S1 group, all
eight in the medium-dose COH04S1 group, and all nine
in the high-dose COHO04S1 group; with p<0-0001 vs
placebo; appendix p 91).

Seroconversion was achieved in 13 (76-5%, 95% CI
50-1-93-2) of 17 participants after one low-dose
COHO04S1 injection, and 17 (100-0%, 80-5-100-0)
participants after two low-dose COHO04S1 injections.
Seroconversion was achieved in eight (88-9%, 95% CI
51-8-99-7) of nine participants after one medium-dose
COHO4S1 injection, and all eight (100-0%, 63-1-100-0)
participants after two medium-dose COH04S1 injections.
Seroconversion was achieved in seven (70-0%,
34-8-93-3) of ten participants after one high-dose
COHO04S1 injections, and all nine (100-0%, 66-4-100-0)
participants after two high-dose COHO04S1 injections.
Additionally, in the participants vaccinated with low-dose
COHO04S1 followed by placebo and a late boost with
low-dose COHO04S1, seroconversion was achieved in
12 (92-3%, 95% CI 64-0-99-8) of 13 participants
after one injection, and all ten (100-0%, 69-2-100-0)
participants  after a delayed second injection
(appendix p 100).

Spike-specific binding antibody GMT was 241-5
(95% CI 165-3-352-8) at day 0, 2748 3 (1689 - 1-4471-6) at
day 28, and 9382-4 (6447-2-13653) at day 56 for low-
dose COHO04S1; 171-7 (94-1-313-3) at day 0, 2808-1
(1545-6-5102-0) at day 28, and 9232 (4090-0-20838) at
day 56 for medium-dose COHO04S1; and 361-2
(175-4-743-8) at day 0, 3251-1 (1749 -0-6043-1) at day 28,
and 9518-1 (5420-6-16 712-8) at day 56 for high-dose
COHO04S1. For RBD, binding antibody GMT was 99-8
(76-2-130-6) at day 0, 176-0 (123-7-250-4) at day 28, and
6366-7 (3745-3-10823) at day 56 for low-dose COH04S1;
81-0 (67-8-96-7) at day 0, 531-9 (212-4-1331-8) at day 28,
and 12 150 (5191-4-28436) at day 56 for medium-dose
COHO04S1; and 118-4 (78-1-179-5) at day 0, 560-6
(229-7-1368-1) at day 28, and 6599-5 (2323-8-18742) at
day 56 for high-dose COHO04S1. Nucleocapsid-specific
binding antibody GMT were 150-6 (68-3-332-1) atday O,
314-9 (138-5-716-1) atday 28, and 23186 (1072 -6-5012-1)
at day 56 for low-dose COHO04S1; 81-0 (67-8-96-7) at
day 0, 226-3 (91-8-558-0) at day 28, and 4050-0
(1351-1-12139) at day 56 for medium-dose COHO04S1;
and 151-8 (95-0-242-4) at day 0, 6785 (217-1-2120-7) at
day 28, and 3584-6 (1132-7-11 344) at day 56 for high-
dose COHO04S1 (figure 2, appendix p 101). All comparisons
between days 0 and 28, days 0 and 56, and days 28 and 56

were significant on paired testing (Wilcoxon paired test
p<0-05, which removed one patient in medium-dose and
one patient in high-dose for day 56 pairwise comparisons
who were missing values after day 28; appendix
pp 92, 93, 95).

A four times increase in neutralising antibody titres
against Asp614Gly pseudovirus within 56 days of the first
injection (or within 28 days of the second injection) was
measured in nine of 17 participants in the low-dose
COHO04S1 group, all eight participants in the medium-
dose COHO04S1 group, eight of nine participants in the
high-dose COHO04S1 group, and no participants in the
placebo group. This finding was statistically distinct from
the placebo group for the medium and high-dose levels
(p=0-0537 for the low group, p=0-0008 for the medium
dose, and p=0-0030 for the high dose, Fisher’s exact test)
and indicated a dose effect (p=0-0232, Fisher’s exact test
on the three dose levels, excluding placebo).

Asp614Gly pseudovirus neutralising antibody GMT was
13-8 (10-1-19-0) at day 0, 17-8 (12-2-25-8) at day 28, 43 -4
(26-0-72-4) at day 56 for low-dose COHO04S1; 10-9
(9-2-13-0) at day 0, 20-6 (10-0—42-5) at day 28, and 166-9
(95-1-293-2) at day 56 for medium-dose COH04S1; and
12-1 (9-4-15-4) at day 0, 23-7 (14-1-39-7) at day 28, and
136-6 (72-3-258-0) at day 56 for high-dose COHO04S1.
Significant increases in neutralising antibody GMT
compared with baseline were measured at day 14 for
medium-dose COHO04S1 (p=0-0225) and high-dose
COHO04S1 (p=0-0223) but not low-dose COHO04S1
(p=0-068). At day 56, all dose level cohorts showed
significant increases in neutralising anti-body titres
compared with baseline (p=0-0027 for low dose, p=0-0078
for medium dose, and p=0-0039 for high dose), which
seemed less pronounced at day 120 (p=0-030, p=0-0591,
and p=0-0360; appendix p 94). Among ten participants in
the low-dose COHO04S1 plus placebo group who received
low-dose COHO04S1 on or after day 56, neutralising
antibody GMT was 10-7 (9-4-12-3) at day 0, 12-4
(9-1-16-3) at day 28, 12-3 (8-2-18-4) at day 56, and 110-5
(53-9-226-6) at day 84. The increase in neutralising
antibody titres from 28 days after the prime to 28 days
after the boost injection was significantly higher in
participants in the COHO04S1 plus placebo group who
received delayed low-dose COHO04S1 than in the low-dose
COHO04S1 group (Wilcoxon test p=0-0290) and did not
differ from the medium-dose and high-dose COHO04S1
groups (Kruskal-Wallis p=0-71). Blood samples from the
open-label cohort were longitudinally evaluated for the
presence of neutralising antibodies against variants
of concern (appendix p 102). Neutralising antibodies
recognising SARS-CoV-2 variants of concern were lower
in sentinels in the low-dose COH04S1 group than in those
in the medium-dose and high-dose COHO04S1 groups.
COHO04S1 induced similar neutralising antibody titres to
the different variants, although antibodies to the
beta (B.1.351) and delta (B.1.6172) variants were uniformly
lower. SARS-CoV-2-specific binding antibody and
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Figure 2: Serum SARS-CoV-2-specific binding and neutralising antibodies following COH0451 vaccination with different dose levels and schedules

Spike (A) and nucleocapsid (B) IgG endpoint titres following COH04S1 vaccination were quantified by ELISA. SARS-CoV-2-specific neutralising antibody titres (C) were
evaluated using a SARS-CoV-2 pseudovirus based on the Wuhan spike sequence with Asp614Gly substitution. Box plots extend from the 25th to the 75th percentiles,
median values are shown as a line (key geometric mean titres are discussed in the text), whiskers extend from minimum to maximum values. Individual values are
superimposed. Reported are statistical testing results using Wilcoxon rank-sum paired test and comparing each timepoint to baseline (day 0). Exact p values are shown in
appendix pp 92-94. Dashed lines represent the lower limit of quantification. Arrowheads represent time of vaccination. LD represents the low dose of COH0451

(1-0x 107 PFU), MD represents the medium dose (1-0 x 10° PFU), and HD represents the high dose (2:5x 10° PFU). P represents placebo. Indicated are spike and
nucleocapsid endpoint titres and pseudovirus NT,, titres measured in WHO reference panel 20/268 (ranked based on SARS-CoV-2 antibody titres: 20/150 indicates high,
20/148 indicates mid, 20/144 indicates low spike and high nucleocapsid, 20/140 indicates low, and 20/142 indicates negative). WHO assigned values are shown in

appendix p 103). NT,,=50% neutralisation titre. PFU=plaque-forming unit. *p<0-05. Tp<0-01. $p<0-001. §p<0-0001.

neutralising antibody titres in participants vaccinated with
COHO04S1 were within the range of WHO reference panel
members with mid-to-low titres (figure 2; appendix
pp 101-03).

At day 56, median spike-specific IFNy-secreting
T cells were 13-3 (IQR 6-67-23-50) in the placebo
group, 283-3 (182-5-966-5) in the low-dose COH04S1
group, 535-0 (425-0-871-1) in the medium-dose
COHO04S1 group, and 167-0 (103-3-566-6) in the high-
dose COHO04S1 group, whereas median nucleocapsid-
specific IFNy-secreting T cells were 3-33 (0-00-6-67) in
the placebo group, 173-5 (95-0-420-0) in the low-dose
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COHO04S1 group, 246-5 (196-8-738-9) in the medium-
dose COHO04S1 group, 240-0 (40-0-376-6) in the high-
dose COHO04S1 group (p<0-0001, p=0-0043, p=0-0010 vs
placebo for spike-specific in low, medium, and high-dose
groups, and p=0-0017, p=0-0043, p=0-0051 vs placebo
for nucleocapsid specific in low, medium and high-dose
groups). In the ten participants in the low-dose COH04S1
plus placebo group who received an injection at or after
day 56, medians were 432-0 (p<0-0020 vs placebo)
spike-specific IFNy-secreting T cells and 205 -0 (p<0-0020
vs placebo) nucleocapsid-specific IFNy-secreting T cells
28 days after the low-dose boost (figure 3; appendix
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Figure 3: IFNy-secreting T-cell responses following COH04S1 vaccination with different dose levels and schedules

Spike-specific (A) and nucleocapsid-specific (B) IFNy-secreting T-cell responses were quantified at the indicated timepoints by IFNy:IL-4 ELISpot upon PBMC
stimulation with spike and nucleocapsid peptide libraries in participants vaccinated with COH04S1. Box plots extend from the 25th to the 75th percentiles, median
values are shown as a line, whiskers extend from minimum to maximum values. Individual values are superimposed. Reported are statistical testing results using
Wilcoxon rank-sum paired test and comparing each timepoint to baseline (day 0). Exact p values are shown in appendix (pp 96-97). Dashed lines represent the
arbitrary threshold for positive response (50 SFCs per 10° PBMCs). Arrowheads represent time of vaccination. LD represents the low dose of COH04S1 (1-0x 107 PFU),
MD represents the medium dose (1-0 x 10° PFU), and HD represents the high dose (2-5x10° PFU). P represents placebo. ELISpot=enzyme-linked immunospot.
IFNy=interferon-y. IL-4=interleukin-4. PFU=plaque-forming unit. PBMCs=peripheral blood mononuclear cells. SFCs=spot-forming cells. *p<0-05. tp<0-01.

$£p<0-001. §p<0-0001.

pp 96-97). A four times increase in spike-specific or
nucleocapsid-specific [FNy-secreting T cells was
measured in 48 (98%, 95% CI 89-100) of 49 participants
across all doses post-prime and post-boost within 28 days
of the prime vaccination. 90 days after the last injection,
31 (82%, 66-92) of 38 participants across all groups
had a sustained four times increase in spike-specific
or nucleocapsid-specific IFNy-secreting T cells.
IL-4-secreting T cells were also induced at all doses,
although to a much lower concentration than IFNy-
secreting T cells (appendix pp 98-99, 104). At day 56,
there was a median increase of 174% (IQR 53-307) for
the spike-specific and of 211% (80-358) for the
nucleocapsid-specific Thl-to-Th2 (IFNy:IL-4) ratio that
was significant compared with baseline across all doses
(p<0-0001; appendix p 105). No longitudinal increase in
membrane-specific cellular responses occurred in any of
the groups (appendix p 106). Additionally, no significant
changes in any immunological parameter were measured
in the placebo group (appendix p 107).

Expression of T-cell activation marker CD137 following
stimulation with spike and nucleocapsid peptides was
evaluated in sentinel participants (appendix p 108). There

was a significant increase in both spike-specific (290%
median increase [IQR 205-336], p=0-0025), and
nucleocapsid-specific (211% median increase [18-325],
p=0-0064) CD137'CD4" cell concentrations from day 0 to
day 14, which remained significantly different from
baseline up to day 120. Spike-specific CD137-CD8" cells
had a median transient increase of 41% (0-113,
p=0-0414) from day O to day 14. Phenotypic analysis
revealed a preponderance of central memory phenotype
for spike-specific and nucleocapsid-specific CD137:CD4*
T cells and a marked effector memory phenotype for
spike-specific and nucleocapsid-specific CD137-CD8*
T cells (appendix p 109), consistent with T-cell phenotypes
observed in SARS-CoV-2 convalescent individuals.”
Finally, COHO04S1 immunogenicity was similar in
low-dose group participants born before or after 1973, the
year of the end of the smallpox eradication campaign
(appendix p 110).

Discussion

In this firstin-human phase 1 trial with randomised
expansion cohorts, vaccination with COHO04S1 elicited
robust humoral and cellular immunity to both spike
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and nucleocapsid vaccine antigens with no indication
of serious safety concerns. Adverse events were
predominantly mild with few events moderate in severity
and no apparent difference in adverse events between the
first and second doses and among the three dose levels.
COHO04S1 induced spike-specific and nucleocapsid-
specific binding antibody titres following the first vaccine
dose, which were further boosted after the second dose so
that by 1 month after the second dose 100% of the
participants at all dose levels had reached the primary
immunological endpoint.

Consistent with what has been observed in clinical
trials evaluating other COVID-19 vaccines,®” maximal
induction of neutralising antibodies by COHO04S1
was achieved after two doses. COHO04S1 stimulated
neutralising antibody responses that showed activity
against pseudoviruses specific for Asp614Gly and several
variants of concern, indicating that COHO04S1 has the
capacity to elicit cross-reactive neutralising antibody
responses that are effective against ancestral SARS-CoV-2
and its emerging variants. Although COH04S1-induced
binding antibody and cellular responses were similar
among dose levels, a dose effect was observed for
neutralising antibodies, with higher neutralising
antibody titres measured in all participants who received
medium-dose or high-dose COH04S1 than in those who
received low-dose COHO04S1. Notably, in participants
immunised with low-dose COHO04S1, we observed that a
delay of 1 or 2 months in the administration of a second
dose significantly increased, albeit temporarily, peak
neutralising antibody titres post-boost in comparison to
participants vaccinated following the standard 28-day
interval schedule. An improvement in vaccine-induced
immune responses with longer intervals between doses
has been recently confirmed with other viral vector
vaccines.” As described for mRNA vaccines,” a decline in
neutralising antibody titres was observed at 2-3 months
post-boost at all dose levels, although neutralising
antibody titres were still detectable at day 90 post-second
COHO04S1 injection in most vaccinated participants.
Further timepoints are needed to identify whether the
neutralising antibody titres will continue to decline or
plateau at a lower level. Nonetheless, spike-specific and
nucleocapsid-specific binding antibody and cellular
responses were still elevated at day 90 post-second
COHO04S1 injection. Given that COHO04S1 was equally
well tolerated and immunogenic at all dose levels, we
concluded that COHO04S1 could be safely used to induce
robust SARS-CoV-2 specific humoral and cellular
responses even when used at the lowest dose level, thus
providing easy scalability to mass production.

COHO04S1 differs from approved COVID-19 vaccines
because of its dual antigen design combining in a single
vector the spike and nucleocapsid antigens, which was
chosen primarily to broaden the stimulation of T-cell
responses.” Given the conserved nature of T-cell epitopes,
vaccines that elicit strong T-cell immunity appear
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particularly valuable to sustain protection in the face of the
decline of humoral immunity in the wake of mutations
causing virus escape from neutralisation.** Additionally,
T-cell responses to SARS-CoV-2 can be present in
convalescent individuals even in the absence of detectable
antibody responses® and contribute to survival in patients
with COVID-19 and haematological malignancies.”
Beside spike, nucleocapsid has been suggested as a strong
candidate antigen,** and has recently been shown to
confer spike-independent protective immunity in
rodents.”* We show that COH04S1-induced nucleocapsid-
specific T-cell responses were of similar magnitude and
phenotype compared with spike-specific T-cell responses,
thus supporting the addition of nucleocapsid in the
COHO04S1 vaccine formulation. Additionally, considering
that both spike-specific and nucleocapsid-specific T-cell
responses reached maximum levels already after the first
dose, COHO04S1 could be used to generate nucleocapsid-
specific T-cell responses even in the context of a booster
immunisation to a previous spike-only vaccine, thus
extending the breadth of the cellular response to an
immune-dominant antigen that is less prone to viral
escape than spike. Finally, we predominantly measured
Thil-biased cellular responses, suggesting low risk of
vaccine-associated enhanced respiratory disease.

In addition to their proven safety record,” MVA-based
vaccines are known for inducing long-lasting humoral
and cellular protective immune responses against
several infectious diseases, in both healthy and
immunocompromised individuals using homologous
and heterologous vaccination regimens.”” In particular,
in haematopoietic stem cell transplant recipients, MVA
has been shown to induce vaccine-mediated cellular
immunity early post-transplant at a time of maximal
susceptibility to viral infections.” Based on this premise,
immunocompromised patient populations might benefit
from the safety and immunogenicity profile of COH04S1.
This hypothesis is being currently evaluated in a phase 2,
randomised, blinded, EUA vaccine-controlled trial in
patients with blood cancer who have received stem cell
transplant or cellular therapy (NCT04977024).

There is a concern that immunogenicity of viral vector-
based vaccines might be blunted in the presence of pre-
existing vector immunity or in the context of a homologous
prime/boost immunisation.”* We have previously shown
that pre-existing vaccinia immunity does not affect
the immunogenicity of MVA vaccines.” Additionally,
comparison of COH04S1-induced humoral and cellular
immunity between individuals with or without possible
pre-existing smallpox immunity did not show evidence of
a weakened response to COHO04S1 in participants who
were probably vaccinated with a smallpox vaccine.
Furthermore, in the current study we showed that
homologous prime/boost vaccination with an MVA-based
vaccine promotes the induction of neutralising antibodies
without negatively affecting the magnitude of the cellular
immune response to the antigens. Nonetheless, use of
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COHO04S1 in a heterologous vaccination setting might
result in improved immunogenicity, similar to what has
been shown for other SARS-CoV-2 vaccines® and is
currently being evaluated in a phase 2 clinical trial using
COHO04S1 as a booster vaccination to authorised
COVID-19 vaccines (NCT04639466).

Our study has several limitations. The sample size was
originally small but appropriate for a phase 1 trial
However, accrual was negatively affected by the availability
of authorised SARS-CoV-2 vaccines, which resulted in
unanticipated necessary changes in the study design.
Another limitation is that the analysis of SARS-CoV-2-
specific neutralising antibodies was performed using a
pseudovirus instead of authentic virus. However, we have
previously shown that neutralising antibody titres
measured with lentiviral pseudovirus correlate with
neutralising antibody titres measured using SARS-CoV-2.
Additionally, analysis of cross-reactive neutralising
antibody responses to variants of concern was only
performed with samples from sentinel participants.
Finally, in this report we assessed durability of COH04S1-
induced immune responses up to day 120, or 3 months
after the booster injection. Long-term immune responses
will be evaluated up to 1 year and will be presented in a
follow-up report.

In conclusion, we demonstrated that COH04S1 was
tolerable and immunogenic in healthy adults aged
18-54 years at all dose levels tested. Humoral and cellular
responses against SARS-CoV-2 were measured after the
first dose of the vaccine and seroconversion was achieved
in 100% of the participants after two doses. These findings
support the ongoing phase 2 evaluation of COH04S1 in
immunocompromised individuals as a primary vaccine
and in healthy adults as a booster vaccination.
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