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Summary
Background We report on the safety and immunogenicity of V591, a measles vector-based SARS-CoV-2 vaccine
candidate.

Methods In this multicentre, randomised, placebo-controlled, double-blind, phase 1/2 trial, healthy adults with no
history of COVID-19 disease were assigned to intramuscular injection of V591 or placebo (4:1 ratio). In part 1,
younger adults (18-55 years) received V591 median tissue culture infectious dose (TCID50)-levels of 1£105 or 1£106

or placebo, 56 days apart. In part 2, younger and older (>55 years) adults received a single dose of one of four (104/
105/106/107) or one of two (105/106) V591 TCID50 levels, respectively, or placebo. Primary outcome: safety/tolerabil-
ity. Secondary outcome: humoral immunogenicity. ClinicalTrials.gov: NCT04498247.

Findings From August�December 2020, 444 participants were screened and 263 randomised (210 V591; 53
placebo); 262 received at least one and 10 received two doses of V591 or placebo. Adverse events were experienced by
140/209 (67.0%) V591 dose-group participants and 37/53 (69.8%) placebo-group participants following injection 1;
most frequent were fatigue (57 [27.3%] vs 20 [37.7%]), headache (57 [27.3%] vs 19 [35.8%]), myalgia (35 [16.7%] vs 10
[18.9%]), and injection-site pain (35 [16.7%] vs 4 [7.5%]). No deaths nor vaccine-related serious adverse events
occurred. At Day 29, no anti-SARS-CoV-2 spike serum neutralising antibody and IgG-responses were identified in
placebo or the three lower V591 dose-groups; responses were detected with V591 1£107 TCID50, although titres were
lower than convalescent serum.

Interpretation V591 was generally well tolerated, but immunogenicity was insufficient to warrant continued
development.

FundingMerck Sharp & Dohme, Corp., a subsidiary of Merck & Co., Inc., Kenilworth, NJ, USA.
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Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://
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Introduction
The rapidly evolving coronavirus disease 2019 (COVID-
19) global pandemic, caused by severe acute respiratory
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syndrome coronavirus 2 (SARS-CoV-2), is associated
with an unprecedented impact on individuals, health-
care systems and the global economy.1 Safe and effective
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Research in context

Evidence before this study

The COVID-19 pandemic has accelerated vaccine devel-
opment against SARS-CoV-2. According to the World
Health Organisation, 104 COVID-19 vaccines were in
clinical development as of June 25, 2021, using a wide
range of platforms, including RNA or DNA, protein subu-
nits, replicating and non-replicating viral vectors, inacti-
vated viruses, live attenuated viruses, virus-like particles,
and viral vectors plus antigen presenting cells. The
Schwarz measles virus strain, which elicits a strong and
persistent humoral immune response, is being explored
as a vaccine platform against several viral pathogens. In
a randomised phase 2 trial, the measles vector-based
vaccine candidate against chikungunya virus (MV-CHIK)
demonstrated good immunogenicity and favourable
safety and tolerability. Experience with other measles
vector-based vaccine candidates was used to develop
V591, a Schwarz measles vector-based SARS-CoV-2 vac-
cine candidate.

Added value of this study

We present the phase 1 results of the COVID-19 vaccine
candidate V591, which, while generally well tolerated,
demonstrated low immunogenicity following intramus-
cular administration in healthy adult participants. Given
the strong immunogenicity observed with the chikun-
gunya virus candidate vaccine (MV-CHIK) using the
same platform, the low immunogenicity observed with
V591 was unexpected.

Implications of all the available evidence

Development of V591 as a candidate vaccine for COVID-
19 will not continue due to results from this study. The
low immunogenicity observed in this study warrants
further investigation to inform the development of
future measles vector-based vaccines.
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vaccines against SARS-CoV-2 have a critical role in pre-
venting morbidity and mortality, and although several
vaccines have received conditional regulatory authorisa-
tion, multiple vaccines using different platforms may
be required to control and end the pandemic.2

Viral vector vaccines are created by inserting selected
gene fragments encoding antigens into attenuated viral
vectors.3 Non-replicating recombinant adenovirus-based
vector vaccines that deliver the SARS-CoV-2 spike pro-
tein are among the COVID-19 vaccines conditionally
authorised for use in certain countries, including
AZD1222 (AstraZeneca/Oxford University), Ad5-nCoV
(CanSino), Ad26.COV2.S (Johnson & Johnson), and
Sputnik V/Gam-COVID-Vac (Gamaleya Research Insti-
tute of Epidemiology and Microbiology).4 With only one
exception, all of these vaccines require two injections to
achieve the desired immune response. By comparison,
replicating viral vector vaccine candidates for SARS-
CoV-2 are in earlier stages of clinical development,5 and
have the potential to be effective with a single injection.
V591 is a live, attenuated, recombinant measles vector-
based vaccine encoding a stabilised SARS-CoV-2 spike
protein. The vector used in V591 is the Schwarz vaccine
strain of the measles virus, which elicits a strong and
persistent humoral and cellular immune response6 and
is being explored for a wide variety of experimental vac-
cines against viral pathogens, including chikungunya
virus, West Nile virus, dengue virus, human immuno-
deficiency virus, Lassa virus, Zika virus, Middle East
Respiratory Syndrome coronavirus and SARS-CoV-1.6-15

This phase 1/2, randomised, double-blind, placebo-
controlled, dose-ranging trial was designed to evaluate
the safety and immunogenicity of multiple regimens of
V591 in healthy adults.
Materials and methods

Trial design and participants
This randomised, double-blind, placebo-controlled,
dose-ranging trial was conducted at nine centres across
the United States, Austria, and Belgium [Protocol num-
ber: 001-03]. The trial was conducted in two parts
(Figure 1). In part 1 (sentinel dosing), 10 adults
(18�55 years of age) were randomly assigned to receive
two intramuscular (IM) injections of V591 at different
dosing levels (1£105 [panel A] or 1£106 [panel B] of the
median tissue culture infectious dose [TCID50]) or pla-
cebo on Days 1 and 57 in a 4:1 ratio. A standing internal
Data Monitoring Committee reviewed at least 7 days of
safety and tolerability data following the first injection
for all 10 participants in part 1 before initiating part 2 of
the trial. In part 2, adults aged 18�55 years (part 2A)
and >55 years (part 2B) were randomly assigned to
receive V591 (either a single dose or two doses) or pla-
cebo in a 4:1 ratio at different dosing regimens (panels
C�L), as outlined in Figure 1. All participants in part
2A were assigned to receive 1£104, 1£105, 1£106 or
1£107 TCID50 of V591 or placebo and all participants in
part 2B were assigned to receive 1£105 or 1£106 TCID50

of V591 or placebo. Dose levels were selected based on
previous experience with measles vector-based vaccine
candidates.7,16 Due to the decision to terminate the trial
early, participants were requested to complete activities
up to at least Day 56, including all protocol-specified
safety laboratory and routine adverse event (AE) assess-
ments. Participants were not actively followed beyond
end-of-trial activities (to occur on or after Day 56); spon-
taneous reporting of serious AEs (SAEs) and other pro-
tocol-specified events were instructed to continue
through the protocol-specified durations.

Eligible adults were 18 years of age or older with a
body mass index <30 kg/m2 and in overall good health
based on medical history, physical examination,
www.thelancet.com Vol 75 Month , 2022



Figure 1. Trial design. A siDMC safety review of 7 days of safety/tolerability data after first dose in the sentinel dosing cohort (Panels
A and B) was performed to trigger parts 2A and 2B (Panels C�L). A siDMC safety review of 7 days of safety/tolerability after second
dose in the sentinel dosing cohort (Panel A and B) was performed to trigger second dose for those assigned to two doses in Parts
2A and 2B (Panels F, I�L). Shading of boxes corresponds to assigned V591 concentrations ranging from 1£104 TCID50 in very light
grey, 1£105 TCID50 in light grey, 1£106 TCID50 in medium grey, and 1£107 TCID50 in dark grey. siDMC, standing internal Data Moni-
toring Committee; TCID50, median tissue culture infectious dose.
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electrocardiogram, vital sign measurements and safety
laboratory tests performed prior to randomisation. Par-
ticipants were required to practice social distancing for
at least 2 weeks prior to planned injection on Day 1,
with no close contacts with confirmed case(s) of active
SARS-CoV-2 infection during that time period. Adher-
ence to these rules was self-reported by participants. All
participants in part 1 and the first five participants
assigned to receive a single dose of 1£107 TCID50 of
V591 or placebo in part 2A were required to be seroneg-
ative for SARS-CoV-2 prior to randomisation.
Ethics
The trial was conducted in accordance with the princi-
ples of Good Clinical Practice and was approved by the
appropriate institutional review boards or independent
ethics committees and regulatory agencies in confor-
mance with applicable country or local requirements.
For Belgium, the FAMHP (Federal Agency for
www.thelancet.com Vol 75 Month , 2022
Medicines and Health Products) and the Ethics Com-
mittee Research UZ/KU Leuven approved the trial. For
Austria, the BASG (Austrian Federal Office for Safety in
Health Care), the AGES (Austrian Agency for Health &
Food Safety) and the Ethics Committee of the Medical
University of Vienna approved the trial. For US, the
U.S. Food and Drug Administration and the central
ethics committee Advarra IRB, Columbia, MD, USA
approved the trial. Written informed consent was
obtained from each participant prior to any study proce-
dure.
Randomisation and masking
Eligible participants were randomly assigned to receive
either V591 or placebo in a 4:1 ratio with a blocking fac-
tor of 5 within each panel separately (Figure 1) by means
of a computer-generated randomisation schedule. Ran-
domisation numbers were manually assigned by the
Sponsor to each clinical site by e-mail correspondence
3
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just prior to dosing. It was ensured that once a random-
isation number was assigned to a participant, it could
not be re-assigned to another participant.

Participants, investigators, and the Sponsor or dele-
gates involved in administration of the trial intervention
or clinical evaluation of the participants were blinded to
the intervention assignments. Vaccine dose preparation
and administration were performed by an unblinded
pharmacist or medically qualified trial personnel (e.g.,
physician, nurse, physician’s assistant), as allowed by
local/state, country, and institutional guidance.
Intervention
Based on experience with a preclinical measles vector-
based SARS-CoV-1 vaccine candidate,15 a human codon-
optimised gene encoding a modified full-length spike
protein of SARS-CoV-2, described in the companion
paper by Launay et al.,17 was inserted as an additional
transcription unit into the Schwarz measles vector.6

Detailed information on the sequence of the spike pro-
tein gene insert and preclinical data for V591 will be
reported separately by Institut Pasteur.

The V591 vaccine was manufactured in Vero 10-87
cells and vialed by ABL Europe S.A.S. (France) or Bio-
fabri (Spain) according to Good Manufacturing Practi-
ces and placebo (0.9% sodium chloride, USP or BP
sterile saline) was sourced locally by each centre. Vials
containing the V591 product were stored frozen (�-65°
C) before preparation and injection. The vaccine was
thawed for up to 30 minutes and administered within
60 minutes after removal from the freezer. IM injec-
tions were administered into the left or right deltoid
muscle.
Primary and secondary endpoints
The primary objective of the trial was to assess the safety
and tolerability of V591 compared with placebo at each
dose regimen examined. Primary safety endpoints
included solicited injection-site AEs (pain/tenderness,
swelling, redness) from Day 1 through Day 5 after trial
intervention, solicited systemic AEs (fever [oral tempera-
ture], muscle pain, joint pain, headache, fatigue, rash,
nausea) from Day 1 through Day 14, unsolicited AEs
from Day 1 through Day 28, and SAEs and medically
attended AEs (MAAEs) collected from Day 1 throughout
the duration of trial. AEs were graded by the trial inves-
tigators according to the guidance document Toxicity
Grading Scale for Healthy Adult and Adolescent Volun-
teers Enrolled in Preventive Vaccine Clinical Trials of
the Food and Drug Administration (September 2007).18

The secondary objective of the trial was to evaluate
the humoral immunogenicity of V591 at all time points
(initially planned to include Days 15, 29, 57, 85, 115, 211,
and 365 prior to early termination of the trial) compared
with placebo, with a focus on Day 29 for all panels, Day
85 for the two-dose panels A, B, I, and J, and Day 197
for the two-dose panels K and L. Due to early termina-
tion of the trial, immunogenicity results are reported at
Days 15 and 29 for those who received injection 1.
Immunogenicity
Humoral immunogenicity was quantified through mea-
surement of anti-SARS-CoV-2 spike serum neutralising
antibody (nAb) responses using the pseudo-virus neu-
tralisation assay,19 and anti-SARS-CoV-2 spike immu-
noglobulin G (IgG) using an enzyme-linked
immunosorbent assay (ELISA).20 The ELISA used a
recombinant, purified, stabilised extracellular domain
of the spike protein, which was trimerised using a fold-
on motif (ELISA tri-S).20 Immunogenicity measure-
ments were conducted by the contract research organi-
sation, Nexelis (Laval, Quebec).

Human convalescent sera from donors who had
recovered from COVID-19 were tested to compare with
the immunogenicity obtained after treatment with
V591. These sera were residual biological samples
obtained from a study sponsored by Merck Sharp &
Dohme, Corp., a subsidiary of Merck & Co., Inc., Kenil-
worth, NJ, USA, investigating the humoral response in
patients with COVID-19 (MK-0000 P411). A total of 28
serum samples were tested from donors 23 to 70 years
of age (median age, 47.5 years); samples were obtained
at least 4 weeks after a confirmed diagnosis of symp-
tomatic COVID-19 and after symptom resolution.
Donors did not require mechanical ventilation, and
were not immunosuppressed based on clinical history
or recent/current immunosuppressive therapy.
Statistical analysis
Safety analyses were conducted in the All Participants
as Treated (APaT) population, which included all rand-
omised participants who received at least one dose of
trial intervention. Participants were included in the
treatment group corresponding to the trial intervention
they received for the analysis of safety data using the
APaT population. Immunogenicity analyses were con-
ducted in the per-protocol population, which included
all randomised participants without deviations from
the protocol that may have substantially affected the
results of the immunogenicity endpoints. Potential
deviations that may have resulted in the exclusion of a
participant from the per-protocol population for all
immunogenicity analyses included failure to receive
any trial vaccine at Day 1, failure to receive the correct
dose of trial vaccine at Day 1, or receipt of prohibited
medication or prohibited vaccine prior to the Day 1
blood sample collection. For immunogenicity analyses,
the observed nAb geometric mean titres (GMTs) at
each timepoint with serum collection and geometric
mean fold-rises (GMFRs) from prevaccination to post-
vaccination were provided within each vaccination
group separately. Descriptive statistics with point
www.thelancet.com Vol 75 Month , 2022



Figure 2. Participant disposition (all randomised participants). TCID50, median tissue culture infectious dose.
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estimates and within-group 95% confidence intervals
(CIs) were provided. The point estimates were calcu-
lated by exponentiating the estimates of the mean of
the natural log values and the within-group CIs were
derived by exponentiating the bounds of CIs of the
mean of the natural log values based on the t-distribu-
tion. A similar statistical approach was used to evaluate
the anti-SARS-CoV-2 spike serum IgG responses. For
responses smaller than the lower limit of quantitation
(LLOQ), half of the LLOQ were used for analysis when
calculating the nAb GMTs and IgG geometric mean
concentrations (GMCs). Safety results were reported as
the number and percentage of participants who experi-
enced one or more event(s). This is a phase 1 dose find-
ing study and no formal hypothesis was tested. The
sample size provided appropriate assessments for both
safety endpoints and the variability of each dose level
for immunogenicity endpoints. SAS software version
9.4 was used for all immunogenicity and safety analy-
ses described above.
Role of the funding source
Merck Sharp & Dohme, Corp., a subsidiary of Merck &
Co., Inc., Kenilworth, NJ, USA, participated in trial
design, data collection, data analysis, data interpreta-
tion and writing of the report. The funders reviewed a
draft of this manuscript. All authors had access to the
trial results and approved the decision to submit for
publication.
Results

Participants
From 27 August 2020 to 1 December 2020, 444 partici-
pants underwent screening for enrolment, of whom
www.thelancet.com Vol 75 Month , 2022
263 participants were randomised and 231 completed
the trial (Figure 2). All randomised participants except
one, who was enrolled in error and did not receive study
intervention, received at least one injection of V591
(n=209) or placebo (n=53), and 10 participants received
a second injection of V591 (n=8) or placebo (n=2). The
trial was terminated early based on interim immunoge-
nicity results. At trial termination, all 10 participants in
part 1 had received a second injection, but no partici-
pants in part 2 had received a second injection. The
interim results reported herein are considered the final
results for this study.

Baseline demographics for all randomised partici-
pants are shown in Table 1. All participants who
received V591 dose levels of 1£104 or 1£107 TCID50

were 18�55 years of age (part 2A), in accordance with
the trial design, and those who received the V591 dose
of 1£105 or 1£106 TCID50 were 18�55 years of age
(28%) and >55 years of age (72%).
Vaccine safety
V591 was generally well tolerated (Table 2). Across V591
and placebo groups, one or more AEs were experienced
by 177 (67.6%) of 262 participants following injection 1
(140 [67.0%] of 209 in the V591 dose groups and 37
[69.8%] of 53 in the placebo group) and by 5 (50.0%) of
10 participants following injection 2 (4 [50.0%] of 8 in
the V591 dose groups and 1 [50.0%] of 2 in the placebo
group). Three participants reported a total of four SAEs,
none of which were considered vaccine-related by the
investigator. SAEs included grade 4 COVID-19, which
occurred 23 days after receiving injection 1 of V591
1£105 TCID50 and resolved after 2.1 months; coronary
artery disease and myocardial infarction (both grade 3
and in the same participant), which occurred 41 days
after receiving injection 1 of V591 1£106 TCID50 and
5



V591 1£104

TCID50

(n=21)

V591 1£105

TCID50

(n=84)

V591 1£106

TCID50

(n=85)

V591 1£107

TCID50

(n=20)

Placebo
(n=53)

Total
(n=263)

Sex

Male 12 (57.1) 35 (41.7) 38 (44.7) 6 (30.0) 24 (45.3) 115 (43.7)

Female 9 (42.9) 49 (58.3) 47 (55.3) 14 (70.0) 29 (54.7) 148 (56.3)

Age, years

18�55 years 21 (100.0) 24 (28.6) 24 (28.2) 20 (100.0) 22 (41.5) 111 (42.2)

>55 years 0 (0.0) 60 (71.4) 61 (71.8) 0 (0.0) 31 (58.5) 152 (57.8)

Mean (SD) 39.5 (10.3) 58.9 (14.8) 57.6 (15.5) 26.6 (6.8) 55.3 (18.0) 53.7 (17.6)

Race

White 19 (90.5) 81 (96.4) 82 (96.5) 20 (100.0) 52 (98.1) 254 (96.6)

Black or African American 0 (0.0) 2 (2.4) 3 (3.5) 0 (0.0) 0 (0.0) 5 (1.9)

Asian 0 (0.0) 1 (1.2) 0 (0.0) 0 (0.0) 1 (1.9) 2 (0.8)

Multiple 2 (9.5) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (0.8)

Ethnicity

Not Hispanic or Latino 20 (95.2) 64 (76.2) 72 (84.7) 20 (100.0) 50 (94.3) 226 (85.9)

Hispanic or Latino 1 (4.8) 20 (23.8) 13 (15.3) 0 (0.0) 3 (5.7) 37 (14.1)

Table 1: Baseline demographics (all randomised participants).
Data are n (%) or mean (SD).

SD, standard deviation; TCID50, median tissue culture infectious dose.

Articles

6

resolved after 29 days; and grade 3 migraine, which
occurred 24 days after receiving injection 1 of placebo
and resolved after 4 days.

Solicited injection-site pain was reported by 38 par-
ticipants (14.5%) after injection 1, including 5 (25.0%) of
20 who received V591 1£104 TCID50, 5 (6.0%) of 84
who received V591 1£105 TCID50, 13 (15.3%) of 85 who
received V591 1£106 TCID50, 11 (55.0%) of 20 who
received V591 1£107 TCID50, and 4 (7.5%) of 53 who
received placebo (Table 3). Solicited injection-site ery-
thema was reported by 3 participants (1.1%) after injec-
tion 1, including 1 (1.2%) of 84 who received V591 1£105

TCID50 and 2 (2.4%) of 85 who received V591 1£106

TCID50. Solicited injection-site swelling was reported by
3 participants (1.1%) after injection 1; all 3 received V591
1£105 TCID50. Among the 10 participants who received
a second injection, one participant in the V591 1£106

TCID50 group reported solicited injection-site pain and
one participant in the V591 1£106 TCID50 group
reported injection-site erythema.

One or more solicited systemic AEs were reported by
123 participants (46.9%) after injection 1, including 10
(50.0%) of 20 who received V591 1£104 TCID50, 38
(45.2%) of 84 who received V591 1£105 TCID50, 32
(37.6%) of 85 who received V591 1£106 TCID50, 13
(65.0%) of 20 who received V591 1£107 TCID50, and 30
(56.6%) of 53 who received placebo (Table 3). The fre-
quency of participants reporting solicited systemic AEs
after injection 1 across the four V591 dose groups
(n=209) versus the placebo group (n=53), respectively,
were fatigue (56 [26.8%] vs 20 [37.7%]), headache (53
[25.4%] vs 19 [35.8%]), myalgia (34 [16.3%] vs 10
[18.9%]), arthralgia (18 [8.6%] vs 7 [13.2%]), nausea (13
[6.2%] vs 7 [13.2%]), rash (5 [2.4%] vs 0 [0.0%]), and
pyrexia (2 [1.0%] vs 0 [0.0%]).

There were 38 participants (14.5%) with 1 or more
MAAE, including 6 (30.0%) of 20 who received V591
1£104 TCID50, 9 (10.7%) of 84 who received V591
1£105 TCID50, 10 (11.8%) of 85 who received V591
1£106 TCID50, 8 (40.0%) of 20 who received V591
1£107 TCID50, and 5 (9.4%) of 53 who received placebo.
The most frequent MAAEs, experienced by 3 (1.1%) or
more participants overall, were COVID-19 (1 [1.2%] of
84 participants who received V591 1£105 TCID50, 4
[4.7%] of 85 who received V591 1£106 TCID50, and 1
[1.9%] of 53 who received placebo) and nasopharyngitis
(1 [5.0%] of 20 who received V591 1£104 TCID50, 1
[1.2%] of 84 who received V591 1£105 TCID50, and 1
[1.2%] of 85 who received V591 1£106 TCID50).
Immunogenicity
The GMTs of anti-SARS-CoV-2 spike serum nAbs in
participants who received a single V591 dose of 1£104,
1£105, or 1£106 TCID50 were comparable at all post-
injection time points tested (Day 15 and Day 29) to lev-
els in participants who received placebo; higher titres
were observed in participants who received a single
V591 dose of 1£107 TCID50 (Figure 3). The GMFR (95%
CI) in anti-SARS-CoV-2 spike serum nAbs from Day 1
to Day 29 was 1.0 (1.0�1.0), 1.2 (1.0�1.5), 1.3 (1.1�1.6),
and 2.6 (1.2�5.5) for V591 doses of 1£104, 1£105, 1£106

and 1£107 TCID50, respectively, and 1.2 (1.0�1.5) for
placebo.

The GMCs of anti-SARS-CoV-2 spike IgG in partici-
pants who received a single V591 dose of 1£104, 1£105,
www.thelancet.com Vol 75 Month , 2022



Following injection 1 Following injection 2

V591 1£104 TCID50 V591 1£105 TCID50 V591 1£106 TCID50 V591 1£107 TCID50 Placebo TOTAL V591 1£105 TCID50 V591 1£106 TCID50 Placebo TOTAL

n % n % n % n % n % n % n % n % n % n %

Participants in

population

with follow-up

20 84 85 20 53 262 4 4 2 10

With one or more AEs* 15 (75.0) 52 (61.9) 53 (62.4) 20 (100.0) 37 (69.8) 177 (67.6) 1 (25.0) 3 (75.0) 1 (50.0) 5 (50.0)

Injection site 5 (25.0) 10 (11.9) 15 (17.6) 14 (70.0) 4 (7.5) 48 (18.3) 1 (25.0) 1 (25.0) 0 (0.0) 2 (20.0)

Non-injection site 14 (70.0) 50 (59.5) 49 (57.6) 15 (75.0) 35 (66.0) 163 (62.2) 1 (25.0) 3 (75.0) 1 (50.0) 5 (50.0)

With vaccine-relatedy AEs 11 (55.0) 27 (32.1) 27 (31.8) 17 (85.0) 20 (37.7) 102 (38.9) 1 (25.0) 3 (75.0) 1 (50.0) 5 (50.0)

Injection site 5 (25.0) 10 (11.9) 15 (17.6) 14 (70.0) 4 (7.5) 48 (18.3) 1 (25.0) 1 (25.0) 0 (0.0) 2 (20.0)

Non-injection site 10 (50.0) 22 (26.2) 19 (22.4) 10 (50.0) 17 (32.1) 78 (29.8) 1 (25.0) 3 (75.0) 1 (50.0) 5 (50.0)

With SAEs 0 (0.0) 0 (0.0) 2 (2.4) 0 (0.0) 1 (1.9) 3 (1.1) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

With events of

clinical interestz
2 (10.0) 11 (13.1) 10 (11.8) 3 (15.0) 7 (13.2) 33 (12.6) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

With MAAEs 6 (30.0) 9 (10.7) 10 (11.8) 8 (40.0) 5 (9.4) 38 (14.5) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Discontinued vaccine

due to an AE

1 (5.0) 5 (6.0) 4 (4.7) 0 (0.0) 3 (5.7) 13 (5.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Discontinued

vaccine due

to a vaccine-related AE

1 (5.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.4) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Table 2: Adverse event summary (following injection 1 & 2) (all participants as treated).
AE, adverse event; MAAE, medically attended adverse event; PCR, polymerase chain reaction; SAE, serious adverse event; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; TCID50, median tissue culture infectious

dose.

* There were no deaths, serious vaccine-related AEs, or vaccine discontinuations due to a SAE.
y Determined by the investigator to be related to the vaccine. SAEs, MAAEs and events of clinical interest were collected throughout the duration of the trial. Other non-SAEs were collected from Day 1 to Day 28 following each

injection.
z Events of clinical interest included: an overdose of V591 (>1 dose of study vaccine in a 24-hour period or >2 doses of study vaccine throughout the study); laboratory-confirmed diagnosis of SARS-CoV-2 infection (virologically

confirmed by PCR) and any resulting sequelae; known exposure to a confirmed case of active SARS-CoV-2; AEs of grade 3 or above reported as a solicited AE on the vaccine report card; acute respiratory distress syndrome; pneumoni-

tis; acute cardiac injury; arrhythmias; septic shock-like syndrome; acute kidney injury; vasculitis; new-onset autoimmune disease; meningitis; atypical measles; anosmia; dysgeusia; encephalitis; encephalopathy; clinically significant

arthralgias.

A
rticles

w
w
w
.th

elan
cet.com

V
ol75

M
on

th
,2022

7



Following injection 1 Following injection 2

V591 1£104 TCID50 V591 1£105 TCID50 V591 1£106 TCID50 V591 1£107 TCID50 Placebo TOTAL V591 1£105 TCID50 V591 1£106 TCID50 Placebo TOTAL

n % n % n % n % n % n % n % n % n % n %

Participants in

population

20 84 85 20 53 262 4 4 2 10

Solicited injection-site AEs*

With �1 solicited

injection-site AE

5 25.0 5 6.0 13 15.3 11 55.0 4 7.5 38 14.5 0 0.0 1 25.0 0 0.0 1 10.0

Injection-site pain 5 25.0 5 6.0 13 15.3 11 55.0 4 7.5 38 14.5 0 0.0 1 25.0 0 0.0 1 10.0

Solicited injection-site erythema or swelling
y

Injection-site erythema 0 0.0 1 1.2 2 2.4 0 0.0 0 0.0 3 1.1 1 25.0 0 0.0 0 0.0 1 10.0

Injection-site swelling 0 0.0 3 3.6 0 0.0 0 0.0 0 0.0 3 1.1 0 0.0 0 0.0 0 0.0 0 0.0

Solicited systemic AEs*

With �1 solicited

systemic AE

10 50.0 38 45.2 32 37.6 13 65.0 30 56.6 123 46.9 1 25.0 3 75.0 1 50.0 5 50.0

Arthralgia 2 10.0 8 9.5 7 8.2 1 5.0 7 13.2 25 9.5 0 0.0 0 0.0 0 0.0 0 0.0

Fatigue 8 40.0 22 26.2 19 22.4 7 35.0 20 37.7 76 29.0 1 25.0 2 50.0 0 0.0 3 30.0

Headache 4 20.0 22 26.2 20 23.5 7 35.0 19 35.8 72 27.5 0 0.0 2 50.0 1 50.0 3 30.0

Myalgia 3 15.0 14 16.7 14 16.5 3 15.0 10 18.9 44 16.8 0 0.0 1 25.0 0 0.0 1 10.0

Nausea 3 15.0 6 7.1 1 1.2 3 15.0 7 13.2 20 7.6 0 0.0 1 25.0 0 0.0 1 10.0

Pyrexia 1 5.0 0 0.0 1 1.2 0 0.0 0 0.0 2 0.8 0 0.0 0 0.0 0 0.0 0 0.0

Rash 2 10.0 0 0.0 2 2.4 1 5.0 0 0.0 5 1.9 0 0.0 0 0.0 0 0.0 0 0.0

Table 3: Solicited adverse events (following injection 1 & 2) (all participants as treated).
AE, adverse event; TCID50, median tissue culture infectious dose.

* Solicited from Day 1 to Day 5 following each injection. All cases of injection-site erythema and injection-site swelling were �2.4 cm.
y Solicited from Day 1 to Day 14 following each injection.
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Figure 3. (A) Longitudinal plot of anti-SARS-CoV-2 spike serum neutralising antibody geometric mean titres (pseudo-virus neutrali-
sation assay) from Day 1 through Day 29 (per-protocol population, 1£104 TCID50 n=20; 1£105 TCID50 n=84, 1£106 TCID50 n=85;
1£107 TCID50 n=20). Error bars represent the geometric standard deviation. (B) Longitudinal plot of anti-SARS-CoV-2 spike immuno-
globulin geometric mean concentrations from Day 1 through Day 29 ELISA (per-protocol population, 1£104 TCID50 n=20; 1£105

TCID50 n=84, 1£106 TCID50 n=85; 1£107 TCID50 n=20). Error bars represent the geometric standard deviation. ELISA, enzyme-linked
immunosorbent assay; PNA, pseudo-virus neutralisation assay; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

Articles
or 1£106 TCID50 were comparable at all post-injection
time points tested (Day 15 and Day 29) to levels in par-
ticipants who received placebo; higher titres were
observed in participants who received a single V591
dose of 1£107 TCID50 (Figure 3). The GMFR (95% CI)
in anti-SARS-CoV-2 spike IgGs from Day 1 to Day 29
was 1.1 (1.0�1.2), 1.2 (1.0�1.4), 1.3 (1.1�1.6), and 3.9
(1.8�8.6) for V591 doses of 1£104, 1£105, 1£106, and
1£107, respectively, and 1.2 (1.0�1.4) for placebo.

Anti-SARS-CoV-2 spike serum nAbs or spike IgG
responses in participants who received a single V591
dose, including the highest dose level tested of 1£107

TCID50 (Figure 3), were generally lower than those
observed in a panel of sera obtained from patients out-
side of this study that had recovered from COVID-19
(MK-0000 P411, Table 4). Specifically, in participants
who received V591 1£107 TCID50, GMTs (95% CI) of
anti-SARS-CoV-2 spike serum nAb at Days 1, 15 and 29
www.thelancet.com Vol 75 Month , 2022
were: 9.1 (5.0, 16.7), 53.1 (17.2, 164.6) and 31.2 (95% CI:
11.2, 86.7), respectively, and GMCs (95% CI) of anti-
SARS-CoV-2 spike IgG at Day 1, 15 and 29 were: 46.3
(24.7, 86.8), 239.2 (78.8, 725.9) and 294.8 (110.3,
788.2), respectively (Figure 3). In contrast, in the panel
of sera obtained from patients outside of this study that
had recovered from COVID-19, GMT (95% CI) of anti-
SARS-CoV-2 spike serum nAbs was 164.9 (92.0, 295.5)
and GMC (95% CI) of anti-SARS-CoV-2 spike IgG was
1449.9 (833.0, 2523.5) (Table 4).

Because the trial was terminated early, only 8 partici-
pants received two doses of V591 (Day 1 and Day 57): 4
received two doses of 1£105 TCID50 and 4 received two
doses of 1£106 TCID50 and 2 received two doses of pla-
cebo. Although the sample size in these two groups is
too small to yield meaningful results, the GMFR (95%
CI) in anti-SARS-CoV-2 spike serum nAbs from Day 1
to Day 85, was 3.5 (0.3�41.3) and 5.4 (3.6�8.1) for V591
9



Assay n Observed response (m/n)* GMT (95% CI)y

ELISA 28 100% (28/28) 1449.86 (833.00, 2523.52)

PNA 28 96.4% (27/28) 164.89 (92.01, 295.48)

Table 4: Summary of responses and GMTs in convalescent sera comparators.
CI, confidence interval; ELISA, enzyme-linked immunosorbent assay; GMT, geometric mean titre; PNA, pseudo-virus neutralisation assay.

* n is the number of patients contributing to the analysis; m is the number of participants with results greater than or equal to the cut-off value that corre-

sponds to an antibody response. For ELISA, the cut-off value is 50.3; for PNA, the cut-off value is 10.
y GMTs were calculated based on all participants contributing to the analysis. For assay results below the cut-off value, half of the cut-off value was used, i.e.,

for ELISA, if x<50.3, then x=25; for PNA, if x<10, then x=5.
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doses of 1£105 and 1£106 TCID50, respectively, and 1.0
(1.0�1.0) for placebo.
Discussion
This was one of the first clinical trials of a measles vec-
tor-based SARS-CoV-2 vaccine candidate. Although
V591 was generally well tolerated, interim immunoge-
nicity results indicated immune responses to a single
dose of V591 were inferior to those reported either after
natural infection by SARS-CoV-2 or after vaccination
with other SARS-CoV-2/COVID-19 vaccines,21-23 and
were predicted24,25 to provide suboptimal protection
from disease. There was evidence that neutralizing anti-
body titres against SARS-COV-2 were predictive of clini-
cal protection against COVID-19. The COVID-19
vaccines approved for emergency use in the US or EU,
at the time, all had immunogenicity greater than that
developed with natural immunity.23,24 Therefore, the
Sponsor decided to terminate the study early, allowing
participants to seek COVID-19 vaccinations outside of
the study and the development of V591 was discontin-
ued.

It is unclear why V591 resulted in limited immunoge-
nicity, although further analyses of archived samples col-
lected from this study may provide greater understanding.
An inherently low immunogenicity potential of the deliv-
ered spike antigen is possible, but considered unlikely
given that the chosen antigen design17 was similar to that
used in other, immunogenic, conditionally authorised
SAR2-CoV-2 vaccines.23,26 Another hypothesis is the exis-
tence of pre-existing measles (i.e., anti-vector) immunity in
participants prior to V591 dosing.27 Pre-existing anti-vector
immunity has been a concern with other SARS-CoV-2 vac-
cines, such as the Ad5-nCOV vaccine (CanSino), which
demonstrated approximately two-fold lower SARS-CoV-2
nAb levels in those with high pre-existing anti-vector
immunity compared with those with low pre-existing anti-
vector immunity.28 In support of this hypothesis, another
early-phase trial of V591 in healthy adults (COVID-19-101;
NCT04497298, V591 was named TMV-083 in the study
protocol) that was conducted at the same time as this trial
also found that V591 injection elicited insufficient immu-
nogenicity, and the immune response to V591 appeared to
be impacted by pre-existing anti-measles immunity.17 This
reduced immunogenicity in measles-experienced subjects
was not seen in previous trials with the Schwarz measles
vector platform, which demonstrated a strong and persis-
tent cellular and humoral immune response.7,16 Also, the
vaccine candidate against chikungunya virus (MV-CHIK),
using the same measles vector, demonstrated good immu-
nogenicity and favourable safety and tolerability in rando-
mised phase 1 and 2 trials, despite the presence of pre-
existing anti-vector immunity.7,16 This suggests that the
measles vector platform is not the sole explanation for the
results with V591, but does not rule out the possibility that
pre-existing anti-measles immunity may reduce immuno-
genicity at the vaccine doses tested in this study. It is also
possible that not all inserts used with this vector will be
expressed similarly, resulting in a variable relationship
between pre-existing immunity to the vector and immuno-
genicity to the target antigen.

It is also possible that multiple doses of V591 could
result in a more favourable immunogenicity profile.
While this was intended to be tested in this trial, early
termination resulted in only a few participants from
part 1 with available data post-dose 2. Given the small
sample size, no meaningful conclusions can be drawn
from these data. A two-dose regimen was tested, how-
ever, in the other early-phase trial of V591 referenced
above, and while the second immunisation elicited
nAbs in the majority of subjects receiving the 1£105

dose, the frequency and magnitude of the response was
still insufficient to warrant further development.

Various specific hypotheses are being explored to
explain the reasons for the limited immunogenicity of
the V591 vaccine candidate and findings will be reported
separately.
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