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Summary
Background Vaccines against COVID-19 are needed to overcome challenges associated with mitigating the global
pandemic. We report the safety and immunogenicity of V590, a live recombinant vesicular stomatitis virus-based
COVID-19 vaccine candidate.

Methods In this placebo-controlled, double-blind, three-part phase 1 study, healthy adults were randomised to
receive a single intramuscular dose of vaccine or placebo. In Part 1, younger (18�54 years) and, in Part 2, older (�55
years) adults seronegative for SARS-CoV-2 nucleocapsid received one of four V590 dose levels (5.00 £ 105;
2.40 £ 106; 1.15 £ 107; or 5.55 £ 107 plaque-forming units [pfu]) or placebo. In Part 3, a single V590 dose level
(5.55 £ 10⁷ pfu) or placebo was administered to younger SARS-CoV-2 seropositive adults. Primary endpoints
included adverse events (AEs) and for Parts 1 and 2 anti-SARS-CoV-2 serum neutralising antibody responses mea-
sured by 50% plaque reduction neutralisation (PRNT50) assay at Day 28. Registration NCT04569786 [P001-02].

Findings 232 participants were randomised and 219 completed the study. In seronegative participants, anti-SARS-
CoV-2 spike-specific antibody responses to V590 were low and comparable to placebo across the lower dose levels.
At the highest dose level (5.55 £ 107 pfu), anti-SARS-CoV-2 spike-specific PRNT50 was 2.3-fold higher than placebo.
The most frequently reported AEs were injection-site pain (38.4%), headache (15.1%) and fatigue (13.4%).

Interpretation V590 was generally well-tolerated. However, Day 28 anti-SARS-Cov-2 spike-specific antibody
responses in seronegative participants following a single intramuscular administration of V590 were not sufficient
to warrant continued development.

Funding The study was funded by Merck Sharp & Dohme LLC., a subsidiary of Merck & Co., Inc., Rahway, NJ, USA.
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Introduction
The coronavirus disease 2019 (COVID-19) global pan-
demic, caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), is a rapidly evolving health
crisis associated with significant mortality and
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Research in context

Evidence before this study

Experience with the recombinant vesicular stomatitis
virus (VSV) vaccine platform in the highly efficacious
Zaire ebolavirus vaccine rVSVDG-ZEBOV-GP (ERVEBOTM)
was the basis for the development of V590, a viral vec-
tor COVID-19 vaccine candidate. Pre-clinical studies
showed that a single intramuscular injection with
rVSVΔG-SARS-CoV-2 protected hamsters against severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
challenge.

Added value of this study

We present the first-in-human results of the COVID-19
vaccine candidate V590, which, while generally well tol-
erated, demonstrated low immunogenicity following
single intramuscular administration in SARS-CoV-2 sero-
negative participants. Given the strong immunogenicity
observed with the Zaire ebolavirus vaccine (ERVEBOTM)
using the same dosing regimen and route of adminis-
tration, the low immunogenicity observed with V590 is
unexpected.

Implications of all the available evidence

Based on these findings, development of single-dose
intramuscularly-administered V590 was discontinued.
The reasons for the low immunogenicity observed in
this study warrant further investigation to inform the
development of future VSV-based vaccination strategies
targeting SARS-CoV-2.
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morbidity.1 There is an urgent need for effective options
that are accessible and readily implementable in order
to reduce the impact of COVID-19.2 While several vac-
cines against COVID-19 have received either emergency
use authorization or full marketing approval, there
remains a need for increased access to vaccines to over-
come the many challenges associated with mitigating
the pandemic, including immunising the global
population.3

V590 is a live, recombinant viral vector COVID-19
vaccine candidate based on the vesicular stomatitis virus
(VSV) (Figure 1). V590 is based on the recombinant
VSV platform used for the highly efficacious vaccine,
rVSVDG-ZEBOV-GP (ERVEBOTM)4 licensed to prevent
disease caused by Zaire ebolavirus. rVSVDG-ZEBOV-
GP produces a rapid immune response against the ebo-
lavirus surface glycoprotein (GP) following a single
dose � as demonstrated in a cluster-randomised ring
vaccination trial in 3,537 participants, in which vaccine
efficacy of 100% (95% confidence interval [CI]:
79.3%�100.0%) was reported4,5 � and has also been
used effectively in response to additional ebolavirus out-
breaks in Africa.6 In the V590 vaccine the VSV envelope
glycoprotein (G) gene is replaced with the coding
sequence for the SARS-CoV-2 spike glycoprotein (S)
and the cellular tropism of the V590 recombinant is
thus determined by the S glycoprotein. During develop-
ment of V590 it acquired several stable mutations that
improved growth in cell culture, including a point muta-
tion that reduced furin cleavage at the Spike S1/S2 sub-
unit boundary as well as a C-terminal truncation. V590,
as well as a VSV-based construct designed similarly to
V590, have been reported to provide protection against
SARS-CoV-2 challenge in a Syrian hamster in vivo
model.7

This randomised, double-blind, placebo-controlled,
dose-ranging phase 1 trial was designed to evaluate the
safety and immunogenicity of V590 in healthy adults.
Methods

Study design and participants
This multicentre, phase 1, randomised, double-blind,
placebo-controlled, dose-ranging study (NCT04569786)
was initiated on November 2, 2020, at seven phase 1
clinical sites in the United States (Supplementary Table
S1).8 The trial consisted of three parts (Figure 2). In
Parts 1 and 2, younger (aged 18�54 years) and older
(�55 years) SARS-CoV-2 nucleocapsid seronegative
adults were randomly assigned to receive one of four
V590 dose levels (5.00 £ 105 plaque-forming units
[pfu]; 2.40 £ 106 pfu; 1.15 £ 107 pfu; or 5.55 £ 107 pfu)
or matched placebo. In Part 3, a single V590 dose level
(5.55 £ 10⁷ pfu) or placebo was administered to younger
SARS-CoV-2 seropositive adults. Safety data were
reviewed until Day 7 for at least six participants from
Part 1 (younger participants 18�54 years), as well as all
other available safety data, before dosing either the next
higher dose level in Part 1 or the same dose level in older
participants �55 years (Part 2). In all parts of the study,
participants were domiciled for 7 days after vaccination
to facilitate close monitoring and specimen acquisition.

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, electro-
cardiogram, and vital sign measurements performed
prior to randomisation, as well as on laboratory tests
obtained at screening. Participants included in Parts 1
and 2 of the study tested negative for SARS-CoV-2 based
on reverse transcription polymerase chain reaction (RT-
PCR) and anti-SARS-CoV-2 nucleocapsid antibody test-
ing available under emergency use authorisation at
screening and upon start of domiciling. Participants in
Part 3 of the study were required to have positive serol-
ogy (antibody to nucleocapsid) testing for SARS-CoV-2,
also with negative SARS CoV-2 RT-PCR testing at
screening and upon start of domiciling and be without
symptoms of respiratory infection for at minimum 3
weeks preceding screening.
www.thelancet.com Vol 82 Month , 2022



Figure 1. Schematic of the VSV SARS-CoV-2 construct (a)
and a cryo transmission electron microscopy image of V590
GMP bulk drug substance (image courtesy of Irene Yin-Ting
Chang and Douglas D. Richardson) (b).
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All participants must have been practicing social dis-
tancing for at least 2 weeks prior to planned Day 1 vacci-
nation and have had no close contacts with known
active SARS-CoV-2 infection during this period. Key
exclusion criteria included severe reaction to vaccine
administration, treatment with immunosuppressive
therapy, diagnosis with an immunocompromising con-
dition, or history of a current clinically significant condi-
tion that puts or may put a participant at increased risk
for severe illness from SARS-CoV-2 infection.
www.thelancet.com Vol 82 Month , 2022
Ethics
The study was conducted in accordance with the princi-
ples of Good Clinical Practice and was approved by the
central Institutional Review Board Advarra (ref:
Pro00046862) and was conducted under an FDA-
reviewed Investigational New Drug Application. Partici-
pants signed informed consent prior to any procedures
being conducted.
Randomisation and masking
For each part of the study, a randomisation allocation
schedule was generated by an unblinded statistician
using the clinical schedule generation system (CSGS) �
a randomisation application for the generation and stor-
age of allocation and component schedules. The random-
ization numbers were first assigned to Panels A to I in a
sequential fashion (for example, 0001 to 0084 for Panel
A, 0101 to 0184 for Panel B). Within each panel, alloca-
tion of V590 or matching placebo was randomly assigned
in a 3:1 ratio (active:placebo) with allocation block factor
equal to 4. Therefore, for each 4 allocation numbers, 3
were assigned to V590 and 1 was assigned to placebo,
with order randomly permutated. Upon the completion
of the allocation schedule generation, site specific alloca-
tion schedules were distributed to unblinded pharmacists
of the 7 sites via Aspera�, a secured data transfer plat-
form. In instances when individual sites could not enroll
participants as planned, replacement allocation numbers
were assigned to other sites with available participants in
a blinded fashion by the Merck & Co., Inc., Rahway, NJ,
USA unblinded statistician. On site, each participant that
met the inclusion/exclusion criteria and was considered
to have passed screening was assigned a randomisation
number by sequence.

Treatment assignment (V590 vs placebo) was blinded
to participants, Investigators, all site staff (except the pre-
designated unblinded pharmacist), and the Merck & Co.,
Inc., Rahway, NJ, USA study team (except the unblinded
statistician and programmer, and unblinded clinical
research associate, as per standard Merck & Co., Inc., Rah-
way, NJ, USA clinical process). Panel assignments, and
consequently dose levels, were not blinded.

Vaccine was diluted by an unblinded pharmacist to
the assigned dose level prior to administration, with an
injection volume of 0.5 mL for all dose levels except for
5.55 £ 107, which was 1.0 mL (1.0 mL of placebo was
administered at this vaccine dose level to maintain
blinding). The vaccine was administered by intramuscu-
lar injection, with the deltoid area of the upper non-
dominant arm preferred.

Study intervention
The V590 vaccine and diluent/placebo were manufac-
tured by Merck & Co., Inc. (West Point, USA) according
3



Figure 2. Study design.
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to Good Manufacturing Practices. The placebo, and the
diluent used for the preparation of the lower three V590
dose levels, was a TRIS-buffer based solution. Vials con-
taining V590 drug product were stored frozen (-60 to
-90°C) and protected from light and vials containing
the diluent/placebo were stored refrigerated (2�8°C)
and also protected from light.
Objectives
The primary safety objective of all parts of the study was
to assess the safety and tolerability of single-dose intra-
muscular V590 compared with placebo. Safety end-
points included solicited injection-site adverse events
(AEs) (swelling, erythema, pain/tenderness) from Day 1
to Day 5 following study intervention, solicited systemic
AEs (myalgia, arthralgia, headache, fatigue, rash, nau-
sea, joint swelling, oral lesions, hyperhidrosis) from
Day 1 to Day 28, unsolicited AEs from Day 1 to Day 28,
serious AEs (SAEs) from Day 1 to Day 365, and medi-
cally-attended AEs (MAAEs, events in which medical
attention is received outside of a routine visit) collected
from Day 1 through Day 180. The protocol was
amended based on Day 28 immunogenicity data to fol-
low MAAEs through Day 28 and SAEs until database
lock (and through at least Day 28), as part of terminat-
ing the study.

Participants were provided with a vaccine report card
(VRC) to fill out daily from Day 1 to Day 28. The VRC
was used to collect injection site and systemic AEs,
using both specific questions for solicited AEs and a
space to record unsolicited AEs as “other complaints”.
Any AEs recorded in the VRC were reviewed and fully
assessed by the investigator. AEs were graded by the
study investigators based on the guidance document
‘Toxicity Grading Scale for Healthy Adult and Adoles-
cent Volunteers Enrolled in Preventive Vaccine Clinical
Trials of the Food and Drug Administration’ (Septem-
ber 2007).9

The primary immunogenicity objective of Parts 1 and
2 of the study was to assess if V590 increased anti-
SARS-CoV-2 spike-specific neutralising antibodies mea-
sured by the 50% plaque reduction neutralisation test
(PRNT50) in serum samples at Day 28 compared with
www.thelancet.com Vol 82 Month , 2022
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placebo. Secondary immunogenicity analysis endpoints
included anti-SARS-CoV-2 spike-specific neutralising
antibody responses at Day 1 predose, Day 7, and Day 14,
and anti-SARS-CoV-2 spike-specific immunoglobulin G
(IgG) responses measured by the enzyme linked immu-
nosorbent assay (ELISA) at Day 1 predose, Day 7, Day
14, and Day 28. Timepoints beyond Day 28 were
removed from the protocol through an amendment fol-
lowing evaluation of Day 28 immunogenicity.

Immunogenicity assays to assess SARS-CoV-2 anti-
body responses following vaccination with V590 were
developed and qualified to demonstrate acceptable sen-
sitivity, specificity and precision and subsequent sample
testing was conducted in a regulated laboratory. A semi-
quantitative plaque reduction neutralisation test, based
on neutralization of rVSVΔG-SARS-CoV-2 (V590),
PRNT50, was developed and qualified to measure
SARS-CoV-2 neutralising antibodies in human serum
with a limit of detection of 10. Serial dilutions of heat-
inactivated serum samples are incubated with a fixed
concentration of rVSVΔG-V590 virus (VSV expressing
SARS-CoV-2 spike protein on the surface) to initiate
spike-specific antibody neutralisation of the virus. The
serum-virus mixture was added to Vero CCL-81 cells
seeded in a 96-well plate and incubated for approxi-
mately 4 hours before addition of methylcellulose over-
lay to localise infection and allow for the growth of viral
plaques. After an incubation of 20�24 hours, the cells
were fixed, permeabilised and immunostained with a
monoclonal rabbit anti SARS-CoV-2 spike neutralising
antibody, followed by Alexa Fluor-488-conjugated goat
anti-rabbit IgG for the detection of SARS-CoV-2-S pro-
teins expressed in infected cells. The stained plaques
were scanned for immunofluorescence and counted on
the BioTek Cytation 5 cell imaging multimode reader.
Responses were reported as a 50% neutralisation titre
(PRNT50) which represents the inverse dilution of the
highest serum sample that neutralises the virus control
by 50%. A subset of serum samples from clinical study
participants and from COVID-19 convalescent donors
was tested in a validated live SARS-CoV-2 microneutral-
ization assay (Battelle Memorial Institute, West Jeffer-
son, OH, USA) to demonstrate concordance across
assays and thus acceptability of utilizing the V590
PRNT assay to detect antibodies capable of neutralizing
live SARS-CoV-2 (see Supplementary Figure S1).

A semi-quantitative ELISA was developed and quali-
fied for endpoint titre determination of anti-SARS-CoV-
2 spike protein IgG antibodies in human serum. Micro-
titre plates were coated with SARS-CoV-2 spike (prefu-
sion stabilised trimer; Lake Pharma #46328). Serially
diluted serum samples were incubated in the S-coated
wells, allowing SARS-CoV-2 spike�specific antibodies
to bind. Positive and negative controls were also
included on each plate. Bound S-specific IgG was
detected with goat anti-human IgG horseradish
peroxidase conjugate (Fcg fragment-specific; Jackson
www.thelancet.com Vol 82 Month , 2022
ImmunoResearch Laboratories) followed by develop-
ment with tetramethylbenzidine substrate. Optical den-
sity at 450nm was measured on an ELISA plate reader.
Endpoint titres were defined as the reciprocal of the
highest sample dilution that gives a reading above the
plate cut-off of two-fold over background. The assay was
qualified to demonstrate acceptable sensitivity, specific-
ity and precision for the detection of anti-SARS CoV-2
spike-specific protein IgG antibodies in human serum,
with a limit of detection of 100. Additional secondary
endpoints included plasma V590 vector viraemia and
viral shedding in saliva and urine. Samples were col-
lected on Day 1 post-dose, and Days 2, 3, 4, 5, 6, 7, 14,
and 28 for all parts of the study. Viraemia samples were
analysed for all participants from samples collected on
Days 2, 3, and 4, as well as on Days 7, 14 and 28 if Day 4
was positive. For shedding, Day 7 samples were ana-
lysed for all participants, and if Day 7 was positive Days
14 and 28 were additionally analysed. Plasma, urine,
and saliva samples were assessed for the presence of
vaccine virus RNA in a qualified RT-qPCR assay specific
for the V590 VSV nucleoprotein gene sequence. The
assay consisted of three principal steps: 1) RNA extrac-
tion from clinical specimens using the MagMax Viral
Pathogen Kit on the KingFisher, 2) reverse transcription
and parallel amplification/detection of the vector-spe-
cific nucleoprotein gene sequence using TaqMan chem-
istry and, 3) quantification of results using a standard
curve generated from spiking quantified standards into
Basematrix at multiple concentrations. An internal con-
trol (MS2 phage) was used to verify RNA extraction
from each specimen and to confirm the absence of non-
specific RT-qPCR inhibition. The limit of detection for
the plasma, urine and saliva samples was defined at
182.9 copies/mL, 188.9 copies/mL, and 173.3 copies/mL,
respectively. The limit of quantification for all three
matrices was defined as 297 copies/mL with inter-assay
precision less than 80% CV and relative accuracy
between 0.8 and 1.25 throughout range.

Exploratory immunogenicity endpoints included
anti-SARS-CoV-2 spike-specific neutralising antibody
responses and anti-SARS-CoV-2 spike-specific IgG
responses in Part 3 of the study (using ELISA and
PRNT50 assays as described), as well as SARS-CoV-2
spike-specific T cell responses (measured by intracellu-
lar cytokine staining [ICS] of peripheral blood mononu-
clear cells [PBMC]) and serum cytokines/chemokines
from participants in Parts 1, 2, and 3. A multiparametric
ICS assay was developed and qualified in PBMC by Cell-
Carta (Montreal, Canada) to characterise CD4 and CD8
T-cell response multifunctionality and the Th1 and Th2
response in CD4 T cells, upon stimulation using a mix
of resuspended peptide pools specific to the S-protein of
SARS-CoV-2 (JPT Innovate Peptides Solutions; PM-
WCPV-S2 >70% purity). Day 1 cryopreserved PBMCs
were thawed and rested overnight in an incubator set at
37°C, 5% CO2. On Day 2 the cells were plated (1 £ 106
5
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cells/well) and treated for 6 hours with either matched
DMSO (non-stimulated), SARS-CoV-2 specific peptide
pools mix, or polyclonal stimulator SEB (positive con-
trol). After 1 hour of treatment, GolgiPlugTM and
GolgiStopTM were added and incubated for the remain-
ing 5 hours. The plates were then sealed and kept at
2�8°C overnight. On Day 3, the cells were treated with
Fc Block for 10 min at room temperature to block non-
specific antibody binding sites, followed by staining
with surface antibody cocktail for 30 min at 2�8°C.
Cells were then permeabilised with Cytofix/Cytoperm
for 20 min followed by staining with the intracellular
antibody cocktail for 30 min at 2�8°C. The stained sam-
ples were acquired on a BD LSR Fortessa flow cytome-
ter. Flow cytometry data analysis was performed offline
using FlowJoTM software using a pre-defined analysis
template. Layouts of each analysed sample were cap-
tured and data tables were produced.

The gating strategy used for data analytics is as fol-
lows; 1) exclusion of debris and fluidics instabilities, 2)
exclusion of sample aggregates, 3) exclusion of doublets
using FSC-A versus FSC-H and SSC-A versus SSC-H,
4) exclusion of dead cells, 5) gating for lymphocytes
using FSC-A/SSC-A, 6) gating on CD3+ T-cells using
CD3 by Dump channel (containing antibodies against
CD14, CD56, CD19) dot plot and gating on CD3
+Dump- cells, 7) identification of CD4+ and CD8+T-
cells from CD3+ T-cells, 8) for CD4+ T-cells, IFN-g+, IL-
2+, TNF-a+, IL-4+, and IL-13+ cells were gated, 9) for
CD8+ T-cells, IFN-g+, IL-2+, and TNF-a+ cells were
gated, 10) Boolean gate rules were performed to analyze
polyfunctional populations.

A representative gating strategy from a seropositive
antigen experienced donor prior to vaccination is pro-
vided in Supplementary Figure S2.

For the serum cytokine assay, an electrochemilumi-
nescence (ECL) method, the V-PLEX human Proinflam-
matory Panel 1, for the quantitation of IFN-g, IL-1b, IL-
2, IL-4, IL-6, IL-8, IL-10, IL12p70, IL-13 and TNF-a was
developed by Meso Scale Discovery (MSD) (Rockville,
MD, USA; Catalog number: K15049D) and qualified in
human serum by PPD Laboratories (Richmond, VA).
The MSD kit included a 96-well plate pre-coated with
capture antibodies on independent and well-defined
spots. After a plate was washed, serum samples (1:2
dilution) and calibrators were added into the plate,
allowing cytokine analytes in samples to bind capture
antibodies immobilised on the working electrode
surface. Three quality control samples (human serum
samples with different levels of cytokines) and a blank
sample were also included on each plate. After the plate
was washed, detection antibodies conjugated with elec-
trochemiluminescent labels were added into each well
and recruited by the bound analytes to complete the
sandwich. After the plate was washed, an MSD read
buffer was added into each well and the plate loaded
into an MSD instrument where a voltage applied to the
plate electrodes causes the captured labels to emit light.
The instrument measures the intensity of emitted light
which was proportional to the amount of analyte pres-
ent in the sample and provides a quantitative measure
of each analyte in the sample.
Statistical analysis
Using SAS 9.4 statistical software, safety, viraemia and
viral shedding analyses were conducted in the ‘all partic-
ipants as treated’ population, which consisted of all ran-
domly assigned participants who received study
intervention. Participants were included in the treat-
ment group corresponding to the study intervention
they received for the analysis.

Safety data including AEs, post-vaccination tempera-
tures, and laboratory measurements were assessed by
point estimates. Risk differences with 95% CIs for
between-group differences were evaluated for solicited
AEs, maximum temperatures, MAAEs, SAEs, and AEs
with an incidence of at least four participants in any one
vaccination group.

Numbers and proportions of participants with posi-
tive V590 plasma viraemia and positive viral shedding
in urine and saliva were calculated by dose and time
point. Geometric means (GMs) and 95% CIs were esti-
mated, and descriptive statistics including median, inter
quartile range, minimum, and maximum were pro-
vided. Positive viraemia and viral shedding were detect-
able by RT-PCR results greater than or equal to the
limit of detection. Half of the lower limit of quantifica-
tion (LLOQ) value was used for analysis of positive sam-
ple titres below LLOQ.

The immunogenicity analyses were conducted in the
per-protocol immunogenicity (PPI) population, which
consists of all randomly assigned participants without
deviations from the protocol that may substantially
affect the results of the immunogenicity endpoints. For
Parts 1 and 2, participants should also be seronegative
to anti-SARS-CoV-2 nucleocapsid antibody through Day
28 to be included in the PPI. Potential deviations that
may have resulted in the exclusion of a participant from
the per protocol population for immunogenicity analy-
ses include failure to receive the correct dose of study
vaccine at Day 1, receipt of prohibited medication and
prohibited vaccine, or the collection of blood sample
outside of the pre-specified window. Participants were
included in the vaccination group to which they were
randomly assigned for the analysis of immunogenicity
data using the per protocol population.

For immunogenicity endpoints, GMs with within-
group 95% CIs were calculated by dose and time point.
Treatment differences were evaluated for PRNT and
ELISA at Day 28 by geometric mean titre (GMT) ratio
(V590/placebo) with 90% CI (evaluated at a one-sided
5% alpha level, thus equivalent to a one-sided 95% CI),
which were calculated using a longitudinal data analysis
www.thelancet.com Vol 82 Month , 2022



Figure 3. Participant disposition.
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method.10 For anti-SARS-CoV-2 spike-specific PRNT
and ELISA below LLOQ and serum cytokine titres below
the minimal reportable value, half of the LLOQ or half
of the minimal reportable value was used for analysis.

The study sample size was calculated to achieve 90%
power at a 1-sided 5% alpha-level to demonstrate V590
increases anti-SARS-CoV-2 SNA GMTs, compared to
placebo, based on a true GMT ratio of V590 versus pla-
cebo �2.17, assuming: 1) an 85% evaluability rate at Day
28 in Parts 1 and 2 (i.e., 36 evaluable participants out of
42 V590 recipients in each dose level, and 48 evaluable
participants out of 56 placebo recipients); and 2) a com-
parable variability as observed in rVSVDG-ZEBOV-GP.
The sample size was also calculated to ensure adequate
power for the safety evaluation.
Role of the funding source
Merck Sharp & Dohme LLC, a subsidiary of Merck &
Co., Inc., Rahway, NJ, USA and the International
AIDS Vaccine Initiative (IAVI), participated in study
design, data collection, data analysis, data interpreta-
tion, and writing of the report. The funders reviewed
the draft of the manuscript. All authors had access
to the study results and approved the decision to
submit for publication.
Results

Participants
From November 2, 2020 to January 7, 2021, a total of
526 participants underwent screening for enrolment
(Figure 2). Of these, 232 participants were enrolled into
the study and randomly assigned, 219 of whom
www.thelancet.com Vol 82 Month , 2022
completed the study (Figure 3). Baseline characteristics
for participants randomly assigned into the study are
given in Table 1.
Vaccine safety
Of the 232 participants included in the safety analysis,
140 (60.3%) experienced one or more AEs during the
study, 90 (38.8%) experienced an injection-site AE, and
99 (42.7%) experienced a non-injection-site AE
(Table 2). The proportions of participants with these
AEs were generally comparable across V590 and pla-
cebo groups.

For all intervention groups in Parts 1, 2, and 3 com-
bined, the most frequently reported (�5%) AEs were the
solicited injection-site AE of injection-site pain
(89 [38.4%]) and the solicited systemic AEs of headache
(35 [15.1%]), fatigue (31 [13.4%]), arthralgia (17 [7.3%]),
and myalgia (17 [7.3%]) (Figure 4). There was no clear
dose-dependence of these events and overall incidences
were generally comparable to placebo (most frequently
reported [�5%] AEs with placebo were injection-site
pain [27 {48.2%}], headache [11 {19.6%}], fatigue [9
{16.1%}], nausea [5 {8.9%}], arthralgia [5 {8.9%}], myal-
gia [4 {7.1%}] and cough [4 {5.4%}]).

A total of 126 participants (54.3%) reported any AE
that was determined by the investigator to be vaccine
related, 89 (38.4%) experienced a vaccine-related injec-
tion-site AE, and 67 (28.9%) experienced a vaccine-
related non-injection-site AE. Across V590 dose groups
the proportion of participants who reported injection-
site pain was not higher than in the placebo group
(V590: 11 [28.2%] to 24 [42.9%]; placebo: 27 [48.2%]). A
lower proportion of participants with vaccine-related
AEs was observed for older seronegative participants
7



V590 5.00 £ 105 pfu V590 2.40 £ 106 pfu V590 1.15 £ 107 pfu V590 5.55 £ 107 pfu Placebo Total

N (%) N (%) n (%) n (%) n (%) n (%)

Participants in population 39 39 42 56 56 232

Sex

Male 27 (69.2) 17 (43.6) 19 (45.2) 24 (42.9) 27 (48.2) 114 (49.1)

Female 12 (30.8) 22 (56.4) 23 (54.8) 32 (57.1) 29 (51.8) 118 (50.9)

Age (years)

18 to 54 21 (53.8) 20 (51.3) 21 (50.0) 35 (62.5) 32 (57.1) 129 (55.6)

�55 18 (46.2) 19 (48.7) 21 (50.0) 21 (37.5) 24 (42.9) 103 (44.4)

Mean 48.9 50.9 51.0 48.0 47.3 49.0

SD 18.8 16.0 13.7 16.1 16.9 16.3

Median 49.0 54.0 54.5 49.0 50.0 50.0

Range 19 to 79 19 to 84 22 to 71 18 to 77 19 to 85 18 to 85

Race

American Indian or Alaska Native 1 (2.6) 0 (0.0) 0 (0.0) 1 (1.8) 0 (0.0) 2 (0.9)

Asian 0 (0.0) 1 (2.6) 1 (2.4) 0 (0.0) 2 (3.6) 4 (1.7)

Black or African American 3 (7.7) 5 (12.8) 4 (9.5) 7 (12.5) 8 (14.3) 27 (11.6)

Multiple 0 (0.0) 0 (0.0) 2 (4.8) 0 (0.0) 0 (0.0) 2 (0.9)

White 35 (89.7) 33 (84.6) 35 (83.3) 48 (85.7) 46 (82.1) 197 (84.9)

Ethnicity

Hispanic or Latino 13 (33.3) 20 (51.3) 13 (31.0) 31 (55.4) 19 (33.9) 96 (41.4)

Not Hispanic or Latino 26 (66.7) 19 (48.7) 29 (69.0) 25 (44.6) 37 (66.1) 136 (58.6)

Table 1: Characteristics of the participants at baseline (all randomised participants � Parts 1, 2 and 3).
Part 1 and 2 participants are seronegative for anti-SARS-CoV-2 nucleocapsid antibody at baseline prior to vaccination. Part 3 participants are seropositive for anti-SARS-CoV-2 nucleocapsid antibody at baseline prior to vaccination.

pfu = plaque forming unit; SD = standard deviation.
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than for younger seronegative participants (49 [47.6%]
vs 67 [60.4%], respectively), primarily due to the pro-
portion of participants who experienced injection-site
pain. Within each age group, the proportions of V590
and placebo recipients who reported specific vaccine-
related AEs (including injection-site pain) were compa-
rable. All vaccine-related AEs were considered not seri-
ous; all AEs were mild to moderate in intensity except
for one event (a severe [Grade 3] headache reported on
Day 23 experienced by a Part 1, V590 5.55 £ 107 pfu
dose group participant considered to be related to study
vaccination by the investigator).

One SAE was reported during this study, a Part 2
participant who received V590 5.55 £ 107 pfu was diag-
nosed with amaurosis fugax, which was also classified
as a MAAE. The participant reported blurred/reduced
vision in the left eye 10 days after vaccination, lasting 7
minutes with spontaneous resolution, and was subse-
quently admitted to hospital and diagnosed with amau-
rosis fugax. Laboratory testing and imaging (brain
magnetic resonance imaging, computed tomography
angiography of the head, and vascular ultrasound of the
lower extremities) showed no evidence of thromboem-
bolic disease, and an echocardiogram revealed an intera-
trial shunt. Platelet count and coagulation tests were
unremarkable. This event was assessed by the investiga-
tor as unrelated to the study intervention. There were
two additional MAAEs reported during the study: 1) oral
ulcers, classified as moderate intensity, were reported
by a participant in Part 1 of the study, 10 days after
receiving V590 5.55 £ 107 pfu, lasting 3 weeks and con-
sidered to be related to study vaccination; and 2) a case
of mild urethritis reported in a Part 3 participant, 3 days
after receiving V590 5.55 £ 107 pfu, resolved (following
treatment) approximately 1.5 weeks after onset, which
was not considered related to study vaccination.

No clinically meaningful patterns were observed fol-
lowing study vaccination for laboratory safety tests or
vital signs. At Day 3 postvaccination, a transient
decrease in neutrophils was observed in participants
who received V590 (mean change from baseline [lowest
to highest V590 dose group] was -0.26 £ 109/L [stan-
dard deviation {SD}: 0.70] to -0.97 £ 109/L [SD: 0.96]),
and neutrophil counts improved by Day 7 postvaccina-
tion. Two participants who received V590 5.55 £ 107 pfu
had laboratory-identified AEs of neutropenia, which
resolved by Day 7, compared with zero participants vac-
cinated with placebo.
Immunogenicity
In the 214 seronegative participants (Parts 1 and 2), the
overall proportions of participants with anti-SARS-CoV-
2 spike-specific antibody responses to V590 were low
and comparable to participants administered placebo
(Supplementary Table S2). PRNT50 and ELISA titres at
Day 28 were comparable across V590 and placebo
www.thelancet.com Vol 82 Month , 2022
groups except in the V590 5.55 £ 107 pfu dose group, in
which titres were approximately 2.3-fold (90% CI, 1.56-
3.28, p<0.001) and 1.5-fold (90% CI, 1.04-2.19) higher
than placebo, respectively (Figure 5 and Supplementary
Table S3).

Following vaccination with V590 5.55 £ 107 pfu,
increases in ELISA and PRNT50 titres were observed in
both younger and older seronegative participants by
Day 14 which then plateaued until Day 28 (Supplemen-
tary Table S4). The fold increase in GMTs following vac-
cination with V590 5.55 £ 107 pfu from baseline to Day
28 compared with placebo was comparable in younger
and older participants, as measured by ELISA, and mod-
estly greater in younger participants than in older partic-
ipants, as measured by PRNT50.

The overall magnitude of anti-SARS-CoV-2 spike-
specific antibody response was low across V590 dose
levels, with ELISA titres at Day 28 below the LLOQ
for the first three dose levels, and modestly above
the LLOQ for the highest dose level. Similarly,
PRNT50 GMTs at Day 28 were below the LLOQ for
the first three dose levels, and approximately 1.5-fold
above the LLOQ at the highest dose level. The per-
centage of participants with a Day 28 ELISA or
PRNT50 titre value above the LLOQ in the highest
dose level was higher in the younger participants as
compared with the older participants (Supplementary
Table S4). For ELISA, 62% of younger participants
were above the LLOQ compared with 24% of older
participants. Similarly, for PRNT50, 76% of younger
participants had titres above the LLOQ at Day 28,
compared with 29% of older participants.

In Part 3 of the study, in seropositive adults following
vaccination with V590 5.55 £ 107 pfu, anti-SARS-CoV-2
spike-specific IgG GMTs increased by approximately 15-
fold (GMT: 1746.74 [95% CI, 554.08�5506.61] at base-
line; 26899.63 [95% CI, 18106.23�39963.58] at Day
28) and PRNT50 GMTs increased by approximately 20-
fold (GMT: 159.62 [95% CI, 51.21�497.53] at baseline;
3194.28 [95% CI, 2450.18�4164.37] at Day 28) at Day
28 relative to baseline (Figure 5).

Overall, serum cytokine responses (as measured by
multiplex binding assay) and SARS-CoV-2-specific CD4
+ and CD8+ T-cell responses (as measured by ICS) were
generally similar across V590 and placebo groups in
seronegative participants, in whom the induction of
SARS-CoV-2 specific Th1 ( IFN-g, TNF-a, and IL-2) and
Th2 (IL-4, IL-13) cytokine responses in CD4+ T cells at
Day 28 post vaccination was low to negligible (Supple-
mentary Table S5).

In seropositive participants SARS-CoV-2 specific
Th1 (IFN-g, TNF-a, and IL-2) responses were
increased in CD4+ T cells prior to vaccination, when
compared with seronegative participants, and further
increased by approximately 2-fold (GM: 0.081 [95%
CI, 0.037�0.178] at baseline; 0.156 [95% CI,
0.096�0.252] at Day 28) on Day 28 following
9



V590 5.00 £ 105 pfu V590 2.40 £ 106 pfu V590 1.15 £ 107 pfu V590 5.55 £ 107 pfu Placebo Total

n (%) n (%) n (%) n (%) n (%) n (%)

Participants in population 39 39 42 56 56 232

with one or more adverse events 19 (48.7) 23 (59.0) 23 (54.8) 39 (69.6) 36 (64.3) 140 (60.3)

injection-site 11 (28.2) 14 (35.9) 14 (33.3) 24 (42.9) 27 (48.2) 90 (38.8)

non-injection-site 14 (35.9) 15 (38.5) 16 (38.1) 30 (53.6) 24 (42.9) 99 (42.7)

with no adverse event 20 (51.3) 16 (41.0) 19 (45.2) 17 (30.4) 20 (35.7) 92 (39.7)

with vaccine-relateda adverse events 17 (43.6) 22 (56.4) 18 (42.9) 36 (64.3) 33 (58.9) 126 (54.3)

injection-site 11 (28.2) 14 (35.9) 13 (31.0) 24 (42.9) 27 (48.2) 89 (38.4)

non-injection-site 12 (30.8) 10 (25.6) 8 (19.0) 23 (41.1) 14 (25.0) 67 (28.9)

with toxicity grade 3-4 adverse events 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.8) 0 (0.0) 1 (0.4)

with toxicity grade 3-4 vaccine-relateda adverse events 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.8) 0 (0.0) 1 (0.4)

with non-serious adverse events 19 (48.7) 23 (59.0) 23 (54.8) 39 (69.6) 36 (64.3) 140 (60.3)

with serious adverse events 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.8) 0 (0.0) 1 (0.4)

with serious vaccine-relateda adverse events 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

with adverse events of clinical interest 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

with vaccine-relateda adverse events of clinical interest 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Table 2: Adverse event summary (all participants as treated population) following V590 or placebo (Parts 1, 2 and 3).
a Determined by the investigator to be related to the vaccine.

Reported adverse events include nonserious adverse events within 28 days of vaccination and serious adverse events occurring from Day 1 through the duration of the study until final database lock.

Part 1 and 2 participants are seronegative for anti-SARS-CoV-2 nucleocapsid antibody at baseline prior to vaccination. Part 3 participants are seropositive for anti-SARS-CoV-2 nucleocapsid antibody at baseline prior to vaccination.

pfu = plaque forming unit.
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Figure 4. Incidence and severity of adverse events after injection of V590 or placebo.
Adverse events with an incidence of 5% or higher reported up to 28 days after injection. Each panel presents a specific adverse event. Data are grouped by treatment group.
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vaccination with V590 5.55 £ 107 pfu (Supplemen-
tary Table S6). No change was observed in the pla-
cebo group. Th1-type responses in CD8+ T cells and
Th2 responses in CD4+ T cells were low to negligi-
ble in the V590 5.55 £ 107 pfu group and placebo
groups at Day 1 and Day 28.

Serum cytokine responses, as measured by multiplex
immunoassay, were also comparable across all treatment
groups (V590 and placebo) in seronegative and seroposi-
tive participants (Supplementary Figures S3 and S4 and
Supplementary Tables S7 and S8). Specifically, GMs of
serum IFN-g, IL-2, IL-12p70, TNF-a, IL-1 b, IL-8, IL-4, IL-
10, and IL-13 were comparable across V590 and placebo
groups at Day 1 predose, Day 1 postdose, and Day 4. The
GMs of serum IL-6 were comparable at Day 1 predose and
Day 4 but modestly elevated at Day 1 postdose across V590
and placebo groups. The same trends were observed in
Part 1 (seronegative participants 18�54 years old), Part 2
(seronegative�55 years old), and in Part 3 (seropositive par-
ticipants aged 18�54 years old). The modest elevation of
serum IL-6 in both V590 and placebo groups suggests this
is not induced by V590.
V590 viraemia and viral shedding
Overall, 65% of V590 recipients had detectable, low-level
vaccine viraemia for at least one assayed time point within
7 days post vaccination based on detection of viral RNA
using RT-qPCR. This low-level viraemia, which was
detected in all four V590 dose groups, was undetectable by
Day 7 in all participants. The proportion of participants
with vaccine viraemia for at least one assayed time point
increased in a dose-dependent manner, ranging from
approximately 25% in the lowest dose group to approach-
ing 100% in the highest dose group. In both younger and
older participants, a similar proportion of participants with
vaccine viraemia was observed and was not influenced by
baseline serostatus (Supplementary Table S9).

Viral shedding in saliva and urine was assessed in all
participants for samples collected on Day 7 and was
detected in the saliva of two participants: one seronega-
tive participant who received placebo and one seroposi-
tive participant who received V590 5.55 £ 107 pfu
(Supplementary Table S10). Shedding was not detected
in either of these participants at Day 14. The positive
saliva result in the placebo recipient was investigated,
with no evidence of laboratory cross-contamination or
sample-handling error, and no other evidence of infec-
tion with V590 in this participant; this result was con-
sidered most consistent with a false positive result. No
viral shedding for any study participant was detected in
urine (Supplementary Table S11).
Discussion
We report the findings of the first-in-human dose-ranging
study assessing safety, tolerability, and immunogenicity of
a single, intramuscular administration of V590 SARS-
CoV-2 vaccine among healthy younger and older adults.

V590 was generally well-tolerated and the results
provide evidence that a rVSV SARS-CoV-2 spike chime-
ric virus can elicit an immune response. However, the
immune response following single dose intramuscular
administration of V590 to SARS-CoV-2 seronegative
participants was limited in magnitude. Day 28 ELISA
and neutralising antibody GMTs at the highest dose
tested were approximately 10-fold lower than those
observed with natural SARS-CoV-2 infection, when
comparing with the seropositive Part 3 participants at
baseline (Figure 4), as well as COVID-19 convalescent
donors previously tested using the same assays (Supple-
mental Figure S1). Day 28 ELISA and neutralising anti-
body GMTs were below the LLOQ for the lower three
dose levels tested in this study. Since our objective was
to develop a single-dose vaccine to simplify vaccination
during an ongoing pandemic, immunity induced by a
prime-boost regimen was not evaluated in this study.

V590 was developed leveraging rVSV platform expe-
rience from rVSVDG-ZEBOV-GP, with the prediction
that V590 as a similarly designed replication-competent
chimeric virus would elicit rapid immunity and protec-
tion against SARS-CoV-2 following a single intramuscu-
lar dose. In the context of a global pandemic, building
on the non-clinical, clinical, and manufacturing experi-
ence from rVSVDG-ZEBOV-GP facilitated efficient clin-
ical testing of intramuscularly administered V590 as a
single dose vaccine. Based on the data from rVSVDG-
ZEBOV-GP, the low immunogenicity observed follow-
ing V590 vaccination in seronegative participants was
unexpected. Strategies that might be considered to
enhance the immunogenicity of V590 based on replac-
ing the native spike with a modified immunogen-like
stabilised spike trimer, or an isolated receptor binding
domain (RBD), cannot be readily adapted to the VSVΔG
chimeric virus approach because the recombinant virus
must express a functional glycoprotein that supports
virus attachment to ACE2, membrane fusion needed
for cell entry, and maturation of infectious progeny.

There are several possible explanations for the limited
immunogenicity observed in SARS-CoV-2 seronegative
individuals. Reduced viral fitness of V590 relative to
rVSVDG-ZEBOV-GP or wild type VSV is a possibility.
One contributor to reduced replicative fitness might be
that the spike predominantly localizes to intracellular
membranes where SARS-CoV-2 matures while VSV
assembles and buds from the cell surface membrane.11,12

The cellular-level tropism of V590 offers an addi-
tional, and perhaps leading, hypothesis for the limited
immunogenicity observed in this study. Since V590
expresses SARS-COV-2 spike protein on the viral sur-
face, similar to SARS-CoV-2 virus, V590 is expected to
enter cells in an angiotensin-converting enzyme 2
(ACE2)-dependent fashion.13 While ACE2 is widely
expressed in mucosal, endothelial and epithelial tissues,
www.thelancet.com Vol 82 Month , 2022



Figure 5. Analysis of anti-SARS-CoV-2 spike-specific antibody responses at Day 28 (per-protocol immunogenicity popula-
tion) ([a] Parts 1 and 2: seronegative participants) and compared with Day 1 for seropositive participants in Part 3 ([b]
18�54 years).
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it is not expressed in skeletal muscle, which is the major
tissue type present at the site of an intramuscular injec-
tion, and this may have limited V590 infection of host
cells, replication, and immune response.14

The innate immune response to V590 as assessed by
early circulating cytokines appeared limited compared with
that reported for rVSVDG-ZEBOV-GP.15 The reason for
this is unclear but could be due to reduced vaccine replica-
tion of V590 compared with rVSVDG-ZEBOV-GP, and/or
a difference in the innate immune response induced by
SARS-CoV-2 spike versus ebolavirus glycoprotein. Ebolavi-
rus glycoprotein has been reported to elicit a strong innate
immune response by itself,16 which may contribute to the
difference in postvaccination circulating cytokine responses
between V590 and rVSVDG-ZEBOV-GP. A strong innate
response is needed to enable development of an effective
adaptive response, and therefore this reduced innate
response could contribute to the limited humoral response
observed with V590.

The cellular immune response to V590 was also lim-
ited, particularly in seronegative individuals. Impor-
tantly, no Th2 bias was noted in CD4+ T cell responses,
which has been associated with the potential for disease
enhancement for other pathogens.17 An increase in
spike-specific CD4+ Th1 cells, but not Th2 cells, was
observed following vaccination of seropositive individu-
als with the highest dose, supporting an overall Th1 bias
for the platform. This Th1 bias is consistent with prior
findings with rVSVDG-ZEBOV-GP.18

Notably, in seropositive younger adults vaccinated with
5.55 £ 107 pfu V590 approximately 15-fold increases in
ELISA and 20-fold increases in PRNT GMTs were
observed at Day 28 relative to baseline. Thus, in the setting
of prior natural SARS-CoV-2 infection, V590 is able to
elicit an immune response of greater magnitude relative to
baseline than was observed in seronegative individuals. It
is noted that only the highest dose in the study was tested
in seropositive participants, in order to assess safety of
V590 in the seropositive population, and therefore the
immune response in seropositive participants to lower
doses of V590 is unknown. Additionally, among seroposi-
tive participants, V590 was tested only in younger individu-
als; among seronegative participants who received the
same highest dose level, a higher proportion of younger
than older individuals had quantifiable postdose ELISA or
PRNT titres. The magnitude of seropositive individuals’
immune response to lower dose-levels of V590 is not
known, nor is that of older subjects at any dose level. It is
not known if a stronger immune response would have
been observed at a later timepoint, as the study was termi-
nated based on review of the Day 28 immunogenicity and
consequently no further samples were collected or proc-
essed beyond the time of this assessment. There were a
small number of Day 90 samples collected (10 in total)
and tested by ELISA prior to this data review, predomi-
nantly from younger participants at the lower V590 dose
levels. All 10 had Day 28 ELISA values below the LLOQ,
and from Day 28 to Day 90, 2 were infected with SARS-
CoV-2 based on positive anti-nucleocapsid antibodies (with
ELISA responses likely attributable to natural infection), 5
had ELISA titers around or below the LLOQ, and 3 partici-
pants had high titres at Day 90. The overall sample size is
too limited to draw clear conclusions from, and the high
proportion of non-responders at this later time point in
this very limited dataset would not be anticipated to sup-
port further development.

Overall, single-dose administration of intramuscular
V590 over the dose range of 5.00 £ 105 pfu to 5.55 £ 107

pfu was generally well-tolerated. Single-dose intramuscular
V590 at 5.55 £ 107 pfu, the highest dose tested, was supe-
rior to placebo in seronegative adults. However, the overall
magnitude of immune response was low in seronegative
participants, and likely not clinically meaningful.19,20

Based on these immunogenicity results in seronegative
participants, this study was terminated.
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