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s u m m a r y 

Objectives: We aimed to evaluate the safety and optimal dose of a novel inactivated whole-virus adju- 

vanted vaccine against SARS-CoV-2: VLA2001. 

Methods: We conducted an open-label, dose-escalation study followed by a double-blind randomized 

trial using low, medium and high doses of VLA2001 (1:1:1). The primary safety outcome was the fre- 

quency and severity of solicited local and systemic reactions within 7 days after vaccination. The primary 

immunogenicity outcome was the geometric mean titre (GMT) of neutralizing antibodies against SARS- 

CoV-2 two weeks after the second vaccination. The study is registered as NCT04671017. 

Results: Between December 16, 2020, and June 3, 2021, 153 healthy adults aged 18–55 years were re- 

cruited in the UK. Overall, 81.7% of the participants reported a solicited AE, with injection site tenderness 

(58.2%) and headache (46.4%) being the most frequent. Only 2 participants reported a severe solicited 

event. Up to day 106, 131 (85.6%) participants had reported any AE. All observed incidents were transient 

and non-life threatening in nature. Immunogenicity measured at 2 weeks after completion of the two- 

dose priming schedule, showed significantly higher GMTs of SARS-CoV-2 neutralizing antibody titres in 

the highest dose group (GMT 545.6; 95% CI: 428.1, 695.4) which were similar to a panel of convalescent 

sera (GMT 526.9; 95% CI: 336.5, 825.1). Seroconversion rates of neutralizing antibodies were also signifi- 

cantly higher in the high-dose group ( > 90%) compared to the other dose groups. In the high dose group, 

antigen-specific IFN- γ expressing T-cells reactive against the S, M and N proteins were observed in 76, 

36 and 49%, respectively. 

Conclusions: VLA2001 was well tolerated in all tested dose groups, and no safety signal of concern was 

identified. The highest dose group showed statistically significantly stronger immunogenicity with similar 

tolerability and safety, and was selected for phase 3 clinical development. 

© 2022 Published by Elsevier Ltd on behalf of The British Infection Association. 
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Research in context 

Evidence before this study. We searched PubMed for research 

articles published from database inception until June 30, 
2022, using the terms “COVID-19 ′′ OR “SARS-CoV-2 ′′ AND 

“vaccine” AND “inactivated”. Filters applied: Clinical Trial, 
Randomized Controlled Trial. No language and date restric- 
tions were applied. 58 reports were identified, among which 

19 described Sinovac-CoronaVac (Sinovac Biotech, Beijing, 
China), 7 Covilo ( BBIBP-CorV , Sinopharm, Beijing, China), 4 Co- 
vaxin ( BBV152, Bharat Biotech, Hyderabad, India), 1 WIV04 
(Sinopharm, Beijing, China) and HB02 (Sinopharm, Beijing, 
China), 1 KCONVAC (Minhai Biotechnology, Beijing, China), 1 
BIV1-CovIran (Shifa Pharmed, Tehran, Iran), 2 compared two 
or more inactivated vaccines, 10 unspecified inactivated vac- 
cines, and 13 were not relevant to our analysis. Sinovac- 
CoronaVac, Covilo and Covaxin are currently granted Emer- 
gency Use Listing by the World Health Organization (WHO); 
but are not authorized by the US Food and Drug Administra- 
tion [FDA], nor the European Medicines Agency [EMA]. De- 
spite their global importance, the reported safety and the im- 
munogenicity profile of inactivated COVID-19 vaccines is lack- 
ing. 

Added value of this study: We report the safety and im- 
munogenicity profile of the inactivated COVID-19 vaccine 
VLA2001. VLA2001 induces neutralizing antibodies against 
COVID-19 and is well tolerated. For example, fever rates, 
which are commonly reported after vaccination with other 
COVID-19 vaccines, were below 2%. It is based on a tradi- 
tional and reliable manufacturing protocol utilized also for 
other vaccines that have received marketing approval. This 
type of vaccine may prove acceptable to populations that 
show vaccine hesitancy towards new biotechnologies (e.g., 
mRNA, adenovirus vaccines). Manufacturing costs are low, the 
production is up-scalable and can be updated to new CoV 

variants. The vaccine can be stored at 2–8 °C, making it par- 
ticularly suitable to be distributed around the globe. 

Implications of all the available evidence: The development 
of safe, affordable, effective and reliable vaccines against 
COVID-19 that can reassure people and encourage them to 
get vaccinated, continues to be of great importance. 

ntroduction 

High coverage mass inoculation against SARS-CoV-2, particu- 

arly when targeted efficiently at the age and risk groups at high- 

st risk of severe disease, can impact massively on the deaths and 

orbidity due to COVID-19 and the consequent social and eco- 

omic damage caused by the pandemic. 1 Even though several vac- 

ines, developed using novel platforms, are currently approved by 

estern regulatory agencies EMA and FDA (e.g., Comirnaty, Spike- 

ax, Vaxzevria, Janssen ), there are some individuals and groups that 

ave not chosen to receive them, perhaps wary of the new biotech- 

ologies used in their development (i.e., mRNA, adenoviral vec- 

ors). Since less than a quarter of people in some low-income 

ountries have received even a single dose of a COVID-19 vaccine 

e.g. only 12% in Nigeria, 21% in Ethiopia), additional effort s to in- 

rease vaccine affordability and global access are essential - COVID- 

9 vaccination needs to be as inclusive as possible. 2 , 3 

Historically, inactivated viral vaccines, including those against 

olio and influenza, have been used widely and successfully world- 

ide and are seen as safe, reliable and effective - including in 

ulnerable groups such as pregnant women and immunocompro- 

ised people. 4 These inactivated inoculates contain the whole 

irus and, in many cases, adjuvants, inducing a broader immune 

esponse than vaccines that only include one specific viral antigen. 

hese vaccines are readily transportable and generate few logistic 

roblems, since they can be kept refrigerated for long periods of 
307
ime. With these features in mind, Valneva has developed VLA2001 

an inactivated whole-virus vaccine against SARS-CoV-2 which in- 

ludes a novel adjuvant. 

The aim of this Phase 1/2 trial was to assess safety, reactogenic- 

ty and immunogenicity of VLA2001 in healthy adults, and to es- 

ablish an optimal dose for the subsequent stages of clinical devel- 

pment. 

ethods 

accine manufacture 

VLA2001 uses a viral strain derived from a Chinese tourist from 

ubei, diagnosed in a hospital in Rome, 5 and an inactivated whole- 

irus approach in which live wild-type SARS-CoV-2 virus is grown 

n cultured Vero cells. After virus propagation, β-propiolactone is 

sed for viral inactivation in order to preserve the native sur- 

ace structure of the virion, in a robust process that yields high- 

ensity and intact Spike protein. VLA2001 is adjuvanted with cyto- 

ine phospho-guanine (CpG) 1018 and aluminum hydroxide. 

tudy design and participants 

This study is an open label, dose-escalation trial in groups of 

, followed by a double-blind randomized trial of low-, medium- 

nd high-doses of VLA2001 in 3 planned groups of 45 subjects 

ith a 1:1:1 allocation for the three specific dose regimes. Writ- 

en informed consent was received from all participants and the 

rial was conducted in accordance with the principles of the Dec- 

aration of Helsinki and Good Clinical Practice. The study was ap- 

roved in the UK by the Medicines and Healthcare Products Regu- 

atory Agency (43185/0 0 02/0 01-0 0 01) and the London, Brent ethics 

ommittee ref 20/HRA/5205. 

Key exclusion criteria were acute illness, pregnancy, known 

rior SARS-CoV-2 infection, and any immunosuppressive condition 

r receipt of immunosuppressive therapy. Full eligibility criteria are 

isted in the protocol ( Appendix 1 ). The study participants were en- 

olled from 4 study sites across the UK. The investigators at each 

ospital were responsible for the conduct of the study as per ap- 

roved protocol and were blinded for study assignments. 

Dose escalation was done at a single site to ensure perma- 

ent oversight on safety data by one Principal Investigator. A Data 

afety Monitoring Board (DSMB) reviewed the accrued safety data 

t day 4 of all 15 sentinel participants. After favorable DSMB re- 

iew, recruitment of the remaining participants (eventually 138 

andomised) across all sites was initiated. 

andomization and blinding 

In the blinded trial, the participants were randomized in a 1:1:1 

ashion to one of the dose levels of VLA2001: low-, medium-, or 

igh-dose. The randomization code was generated by the statisti- 

ian, and allocation by the trial team was done via interactive web 

esponse system assigned at the screening visit. The investigational 

edicinal product (IMP) was provided to the trial sites in identical 

ackaging for all strengths of VLA2001. IMP allocation was based 

n an identifier linked to the randomization; and, since there was 

o visual difference between the doses, all trial staff and partici- 

ants remained blinded to dose allocation. The randomization as- 

ignment was not to be revealed except in emergency cases where 

nblinding was necessary for clinical management. 

rocedures 

The vaccination schedule consisted of two vaccinations for each 

tudy participant 21 days apart, administered by intra-muscular 



R. Lazarus, C. Taucher, C. Brown et al. Journal of Infection 85 (2022) 306–317 

Total number of screened: N=285
Not Enrolled: N=133

- Inclusion criteria not met: N=103,

- Non-compliance with protocol: N=1,

- Self-isolation after COVID19 contact: N=1,

- Offered approved vaccine: N=1,

- Reserve volunteers: N=9,

- Withdrew consent: N=17.
Enrolled: N=153

- Open label (Phase 1): N=15

- Randomised double blind (Phase 2): N=138

1st vaccination,  high-dose vaccine, 

(35AU): N=51 (100%)

Included in full analysis of safety: N=51

1st vaccination, medium-dose vaccine (7AU): 

N=51 (100%)

Included in full analysis of safety: N=51

1st vaccination, low-dose vaccine (3AU): 

N=51 (100%)

Included in full analysis of safety: N=51

COVID-19: N=1

Adverse Event 

(haematuria): N=1

Pregnancy: N=1

2nd vaccination, low-dose vaccine 

(3AU): N=51 (100%)

Included in Per-Protocol 

immunogenicity analysis: N=51 (100%)

2nd vaccination, medium-dose vaccine 

(7AU): N=49 (96·1%)

Included in Per-Protocol immunogenicity 

analysis: N=49 (96·1%)

2nd vaccination, high-dose vaccine

(35AU): N=50 (98%)

Included in Per-Protocol 

immunogenicity analysis: N=50 (98%)

SAR-CoV-2 N-protein 

antibody positive: N=1

2nd vaccination, low-dose vaccine (3AU): 

N=51 (100%)

Included in Per-Protocol immunogenicity 

analysis Day 36: N=51 (100%)

2nd vaccination, medium-dose vaccine 

(7AU): N=48 (94·1%)

Included in Per-Protocol immunogenicity 

analysis Day 36: N=48 (94·1%)

2nd vaccination, high-dose vaccine 

(35AU): N=50 (98%)

Included in Per-Protocol immunogenicity 

analysis Day 36: N=50 (98%)

Per-Protocol immunogenicity analysis 

Day 106: N=50 (98%)

Per-Protocol immunogenicity analysis 

Day 106: N=48 (94·1%)

Per-Protocol immunogenicity analysis 

Day 106: N=45 (88·2%)

Administration of deployed 

COVID-19 vaccine: N=1

Administration of deployed 

COVID-19 vaccine: N=5

Fig. 1. CONSORT Flow Chart VLA2001 Phase 1/2 trial. 
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IM) injection into the deltoid muscle of the non-dominant arm. 

LA2001 is an inactivated, SARS-CoV-2 vaccine adjuvanted with 

pG 1018 and aluminum hydroxide (0.5 mg/dose). The antigen 

nits (AU) of the different VLA2001 dosages were evaluated and 

onfirmed in the final product using Spike-protein ELISA: 3 AU 

low-dose), 7AU (medium-dose) or 35AU (high-dose). The active 

ubstance was combined with CpG 1018 (1 mg/dose) to reach the 

nal concentrations in 0.5 mL immediately before administration. 

At baseline (visit 0), participants were physically examined and 

edical history was sought for any pre-existing conditions. At visit 

, prior to vaccination, any abnormal conditions were recorded 

nd at all other study visits, any new abnormal or worsened pre- 

xisting conditions were recorded as adverse events (AE). 
308 
To ensure safety, the first 15 participants were included into the 

tudy in an open-label, non-randomized manner following a stag- 

ered dose escalation of VLA2001. First, a single sentinel partici- 

ant in the low dose treatment group received their first vaccina- 

ion. After vaccination, the first participant of each dosing group 

as observed for the development of any acute reaction at the 

tudy site for 3 h after the vaccination procedure. The study site 

ontacted the participant by phone approximately 24 h after vacci- 

ation to assess their safety status. The subsequent 4 participants 

f each successive dosing group were vaccinated with a minimum 

 h interval between each and likewise observed. After confirma- 

ion by the Investigator that no stopping criteria had been met, 

he study proceeded to the next dose level. The minimum observa- 
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Table 1 

Demographic Characteristics (Safety Population). 

Characteristics 

Low Dose 

N = 51 

Medium Dose 

N = 51 

High Dose 

N = 51 

Overall 

N = 153 

Age at time of informed consent (years) 

N 51 51 51 153 

Mean (SD) 33.7 (8.89) 35.5 (9.53) 31.3 (8.52) 33.5 (9.10) 

Median 31.0 33.0 29.0 32.0 

Min, max 21, 53 21, 55 18, 54 18, 55 

Sex, n (%) 

Male 27 (52.9) 34 (66.7) 22 (43.1) 83 (54.2) 

Female 24 (47.1) 17 (33.3) 29 (56.9) 70 (45.8) 

Diverse 0 0 0 0 

Childbearing potential 

N 51 51 51 153 

Yes 23 (45.1) 16 (31.4) 28 (54.9) 67 (43.8) 

No 1 (2.0) 1 (2.0) 1 (2.0) 3 (2.0) 

Reason for no 

childbearing 

potential 

Surgically sterile 1 (2.0) 0 0 1 (0.7) 

Postmenopausal 0 1 (2.0) 1 (2.0) 2 (1.3) 

Ethnicity, n (%) 

White 46 (90.2) 51 (100.0) 46 (90.2) 143 (93.5) 

Black 0 0 0 0 

Asian 1 (2.0) 0 0 1 (0.7) 

Mixed 0 0 4 (7.8) 4 (2.6) 

Latin A 1 (2.0) 0 0 1 (0.7) 

Latin American A 2 (3.9) 0 0 2 (1.3) 

Latino A 1 (2.0) 0 0 1 (0.7) 

White European B 0 0 1 (2.0) 1 (0.7) 

Body Mass Index (BMI) at screening (kg/m 

2 ) 

N 51 51 51 153 

Mean (SD) 24.87 (2.962) 25.06 (2.238) 24.5 (3.085) 24.81 (2.778) 

Median 24.7 24.9 24.5 24.8 

Min, Max 19.6, 29.9 20.2, 29.2 18.1, 29.8 18.1, 29.9 

COVID-19 test result at screening 

Positive 0 0 0 0 

Negative 51 (100.0) 51 (100.0) 51 (100.0) 153 (100.0) 

Hepatitis-BsAg test result at screening 

Positive 0 0 0 0 

Negative 51 (100.0) 51 (100.0) 51 (100.0) 153 (100.0) 

HCV test result at screening 

Positive 0 0 0 0 

Negative 51 (100.0) 51 (100.0) 51 (100.0) 153 (100.0) 

HIV test result at screening 

Positive 0 0 0 0 

Negative 51 (100.0) 51 (100.0) 51 (100.0) 153 (100.0) 

Max = maximum; Min = minimum; SD = standard deviation 

A: Latin/Latino American / Latino: confirmed all 4 participants as Latin American with Mexico as country of birth. 

B: White European. 

Table 2 

Overall summary of adverse events (Safety Population). 

Number of 

Low Dose 

N = 51 

n (%) 

Medium Dose 

N = 51 

n (%) 

High Dose 

N = 51 

n (%) 

Overall 

N = 153 

n (%) 

Participants with any AE until Day 36 45 (88.2) 40 (78.4) 45 (88.2) 130 (85.0) 

Participants with any AE until day of data cut 

for Day 106 analysis 

45 (88.2) 40 (78.4) 46 (90.2) 131 (85.6) 

Participants with any treatment related AE 

until Day 36 

43 (84.3) 40 (78.4) 43 (84.3) 126 (82.4) 

Participants with any treatment related AE 

until day of data cut for Day 106 analysis 

43 (84.3) 40 (78.4) 43 (84.3) 126 (82.4) 

Participants with any serious AE until Day 36 0 1 (2.0) 0 1 (0.7) 

Participants with any serious AE until day of 

data cut for Day 106 analysis 

0 1 (2.0) 0 1 (0.7) 

Participants with any medically attended AE 

until Day 36 

1 (2.0) 3 (5.9) 1 (2.0) 5 (3.3) 

Participants with any medically attended AE 

until day of data cut for Day 106 analysis 

3 (5.9) 6 (11.8) 3 (5.9) 12 (7.8) 

Participants with any solicited AE until Day 

36 

43 (84.3) 39 (76.5) 43 (84.3) 125 (81.7) 

Participants with any solicited AE until day of 

data cut for Day 106 analysis 

43 (84.3) 39 (76.5) 43 (84.3) 125 (81.7) 

AE = Adverse Event. 

309
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Table 3 

SARS-CoV-2 Neutralizing Antibody Titres (ND50) Over Timepoints – Day 1, Day 36, and Day 106 (Per Protocol Population). 

Visit Statistic 

Low Dose 

N = 50 

Medium Dose 

N = 49 

High Dose 

N = 45 

Overall 

N = 144 

Convalescent 

Subjects 

( N = 32) 

Day 1 

N 50 49 45 144 –

GMT (95% CI) 31.0 

(31.00, 31.00) 

32.8 

(30.48, 35.24) 

31.5 

(30.66, 32.37) 

31.8 

(30.94, 32.58) 

–

Median 31.0 31.0 31.0 31.0 –

Min, Max 31.0, 31.0 31.0, 232.0 31.0, 64.0 31.0, 232.0 –

p-value: overall dose groups 

comparison A 
– – – 0.366 –

Day 36 

N 50 49 45 144 32 

GMT (95% CI) 168.7 

(125.09, 

227.48) 

218.9 

(169.41, 

282.92) 

545.6 

(428.10, 

695.37) 

266.0 

(225.10, 

314.39) 

526.9 (336.47, 

825.06) 

Median 122.5 233.0 537.0 264.5 606.0 

Min, Max 31.0, 3618.0 31.0, 1307.0 31.0, 2033.0 31.0, 3618.0 31.0, 6704.0 

p-value: overall dose groups 

comparison A 
– – – < 0.001 –

p-value: low dose vs medium dose B – – – 0.358 –

p-value: medium dose vs high dose B – – – < 0.001 –

p-value: low dose vs high dose B – – – < 0.001 –

p-value: low dose vs convalescent B – – – 0.001 –

p-value : medium dose vs 

convalescent B 
– – – 0.023 –

p-value: high dose vs convalescent B – – – > 0.999 –

Day 106 

N 49 49 45 143 –

GMT (95% CI) 63.3 

(50.42, 79.48) 

82.4 

(64.26, 105.63) 

175.9 

(136.02, 

227.56) 

95.6 

(82.23, 111.08) 

–

Median 31.0 77.0 211.0 89.0 –

Min, Max 31.0, 1088.0 31.0, 1589.0 31.0, 1357.0 31.0, 1589.0 –

p-value: overall dose groups 

comparison A 
– – – < 0.001 –

p-value: low dose vs medium dose B – – – 0.366 –

p-value: medium dose vs high dose B – – – 0.001 –

p-value: low dose vs high dose B – – – < 0.001 –

CI = confidence interval; DSCF = Dwass, Steel, Critchlow-Fligner; GMT = geometric mean titre; Max = maximum; Min = minimum; ND50 = 50% neutralizing dilution. 

A: p-value was calculated using Kruskal Wallis Test for comparison of dose groups. 

B: p-value for pairwise dose group comparison was calculated using DSCF multiple comparisons post-hoc procedure. This was calculated only if the Kruskal 

Wallis test was significant (i.e., p-value for overall dose groups comparison was ≤0.05.). 
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ion period before initiation of vaccination at a new dose level was 

8 h. 

In the blinded randomized trial of the remaining partici- 

ants, vaccinations were administered on days 1 and 22. Par- 

icipants were asked to complete an eDiary daily for 7 days 

ollowing each vaccination in which solicited local (injection- 

ite pain, tenderness, redness, itching, swelling, and induration) 

nd/or systemic (fever/body temperature, fatigue, headache, myal- 

ia and nausea/vomiting) AEs, including all cases of COVID-19, 

ere recorded throughout the study. Serious AE and AESI, in- 

luding severe COVID-19 cases and immune-mediated disorders 

hat might be caused by the adjuvant CpG1018, were collected in 

ompliance with local requirements for SAE reporting, as well as 

mmune-mediated disorders that might be caused by the adjuvant 

pG 1018, were collected. Investigators followed all AEs and as- 

essed likelihood of any causal relationship with study vaccines 

ased on clinical judgement. Participants who developed any po- 

entially COVID-19-related symptoms after randomization were re- 

uested to attend for PCR testing for SARS-CoV-2 without delay if 

hey had high fever ( ≥38.0 °C or ≥100.4 °F) or shortness of breath

r after two consecutive days, if symptoms were milder (e.g., sore 

hroat, chills, cough, body aches, new loss of taste or smell, runny 

ose, nausea, or diarrhea). 

Venous blood samples were taken on days 1, 8, 22, 36 and 

06. Antibody responses at these time points were measured 
310 
sing an immunoassay for IgG to full length Spike-protein (S- 

rotein, Nexelis, Canada), and a live microneutralization assay 

NA 50 against the Victoria strain performed by Public Health Eng- 

and (Porton Down, UK; now UK Health Security Agency and Of- 

ce for Health Improvement and Disparities). 6 Geometric mean 

itres (GMT) of neutralizing antibody were also compared to a pub- 

ished panel of COVID-19 convalescent sera. 6 Cellular immunity 

gainst Spike-protein (S-protein), Nucleocapsid-protein (N-protein) 

nd Membrane-protein (M-protein) were assessed at Oxford Im- 

unotec using T-Spot Discovery SARS-CoV-2 (Oxford, UK). T-cell 

esponses were classified as reactive if 6 or more Spot Form- 

ng Units (SFU) per 2 × 10 5 Peripheral Blood Mononuclear Cells 

PBMC) were present, upon subtraction of control cell counts. 

utcomes 

The primary safety outcome was the frequency and severity of 

olicited local and systemic reactions within 7 days after vacci- 

ation. Secondary safety outcomes were the frequency and sever- 

ty of any adverse event throughout the study, including serious 

dverse events (SAEs). The primary immunogenicity outcome was 

he geometric mean titre (GMT) of neutralizing antibodies against 

ARS-CoV-2 at day 36 (2 weeks after the second vaccination). GMT 

f IgG SARS-CoV-2 S-protein binding antibodies as well as serocon- 

ersion in terms of neutralizing and S-binding antibodies were sec- 
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Fig. 2. Plot of SARS-CoV-2 Neutralizing Antibodies (ND50) Over Time by Dose Groups (Days 1, 8, 22, 36, and 106). 
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ndary outcomes. GMT and seroconversion rates were determined 

t days 1, 8, 22, 36 and 106. 

As an exploratory outcome, T-cell immune responses are also 

escribed. 

tatistical analysis 

This was a descriptive trial and formal power calculations were 

ot performed. It was agreed with regulators in advance that a to- 

al of 150 participants would be sufficient for initial safety evalu- 

tion, allowing for 95% confidence that an AE with a true under- 

ying incidence of about 2% would be observed. The safety analy- 

is included all participants who received at least a single dose of 

accine. The immunogenicity analysis was performed on the per- 

rotocol population, which excluded any participants who received 

ess than two vaccinations, received the wrong trial medication or 

ulfilled pre-defined exclusion criteria. The results for all partici- 

ants were combined for analysis and reporting including those 

nrolled in an open label, non-randomized manner. Differences be- 
311 
ween treatment groups relating to AEs were assessed for signifi- 

ance using Fisher’s exact test. The number and percentage of sub- 

ects with solicited injection site and systemic AEs within 7 days 

fter vaccination along with the exact 95% Clopper-Pearson confi- 

ence interval (CI) for all AE rates were presented for each dose 

roup and overall. Differences between the dose groups were as- 

essed for significance using the Fisher-Freeman-Halton exact test 

nd p-values are presented for this test. GMTs (CI) were calculated 

y taking the antilogarithm of the mean (CI) of the log10 trans- 

ormed titres. P-values were also calculated using the Kruskal Wal- 

is test to check whether the results were significantly different 

mong dose groups at 5% level of significance. If the test suggested 

ignificance, then a pairwise group comparison was performed us- 

ng the Dwass, Steel, Critchlow-Fligner (DSCF) multiple compar- 

sons post-hoc procedure to determine which pair of dose groups 

iffered significantly. Secondary immunogenicity analyses included 

omparison of the seroconversion rates (SCRs) on days 22, 36 and 

06 using the Fisher-Freeman-Halton exact test. If the overall dif- 

erence between groups was statistically significant (i.e., p-value 
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Table 4 

Proportion of Participants with Seroconversion in Terms of Neutralizing antibodies (ND50) at Day 36 and Day 106 (Per 

Protocol Population). 

Visit 

Low Dose 

N = 50 

Medium Dose 

N = 49 

High Dose 

N = 45 

Overall 

N = 144 

Day 36 

Participants with seroconversion ( ≥4-fold increase) 

n (%) 25 (50.0) 35 (71.4) 41 (91.1) 101 (70.1) 

95% CI A 0.36, 0.64 0.57, 0.83 0.79, 0.98 0.62, 0.77 

p-value B – – – < 0.001 

p-value: low dose vs medium 

dose C 
– – – 0.040 

p-value: medium dose vs high 

dose C 
– – – 0.038 

p-value: low dose vs high dose C – – – < 0.001 

Participants with 

≥2-fold increase, n (%) 43 (86.0) 44 (89.8) 44 (97.8) 131 (91.0) 

≥10-fold increase, n (%) 13 (26.0) 17 (34.7) 34 (75.6) 64 (44.4) 

≥20-fold increase, n (%) 8 (16.0) 8 (16.3) 21 (46.7) 37 (25.7) 

Day 106 

Participants with seroconversion ( ≥4-fold increase) 

n (%) 11 (22.0) 14 (28.6) 27 (60.0) 52 (36.1) 

95% CI A 0.12, 0.36 0.17, 0.43 0.44, 0.74 0.28, 0.45 

p-value B – – – < 0.001 

p-value: low dose vs medium 

dose C 
– – – 0.495 

p-value: medium dose vs high 

dose C 
– – – 0.007 

p-value: low dose vs high dose C – – – 0.001 

Participants with 

≥2-fold increase, n (%) 22 (44.0) 29 (59.2) 38 (84.4) 89 (61.8) 

≥10-fold increase, n (%) 4 (8.0) 5 (10.2) 15 (33.3) 24 (16.7) 

≥20-fold increase, n (%) 2 (4.0) 1 (2.0) 4 (8.9) 7 (4.9) 

CI = confidence interval; ND50 = 50% neutralizing dilution. 

Note: Seroconversion was defined as ≥4-fold increase in SARS-CoV-2-specific neutralizing antibody titre levels between 

Day 1 and post-vaccination sample collection timepoints. 

A: Exact 95% Clopper-Person CI for proportion. 

B: Fisher-Freeman-Halton exact test for overall dose group differences. 

C: Multiplicity adjusted p-values (using Hochberg method) for pairwise group differences from Fisher’s exact test if the 

overall group difference was statistically significant (i.e., p-value for Fisher-Freeman-Halton exact test is ≤0.05). 
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or Fisher-Freeman-Halton exact test was ≤0.05), then multiplicity 

djusted p-values (using Hochberg method) for pairwise group dif- 

erences were calculated using Fisher’s exact test. Seroconversion 

as defined as at least a four-fold increase in GMT from baseline. 

tatistical analyses using SAS R © version 9.4 was performed by Val- 

eva and were independently verified by LD using R version 4.0.2. 

ole of the funding source 

The funder Valneva Austria GmbH designed the protocol, super- 

ised study conduct and analysed the study results, which have 

lso undergone detailed review by MHRA and EMA. The funder 

alneva Austria GmbH has also in collaboration with the other au- 

hors interpreted the results, written and edited of the manuscript 

nd taken the decision to submit the manuscript. The funder De- 

artment of Health and Social Care, UK has provided financial sup- 

ort. 

esults 

285 individuals aged between 18 and 55 years were screened 

nd 153 were enrolled in the study, with 51 participants in each 

ose group ( Fig. 1 ). The statistical analysis described herein was 

erformed after all participants had reached the day 106 visit after 

rst vaccination. There were no participants who terminated early 

efore day 106. 143 individuals were included in the Per Protocol 

PP) population for immunogenicity analysis, all 153 participants 

ere included in the safety analysis. The mean age of participants 

as 33.5 years, 54% were male and 93.5% were white, with the 
312 
emaining 6.5% of Asian, Mixed and Latin-American ethnic origin 

 Table 1 ). 

Safety and Dosage : As described in Table 2 , up to day 106, 85.6%

f participants reported an AE. Overall AE incidence rates were 

8.2% in the low-dose, 78.4% in the medium-dose and 90.2% in 

he high-dose groups. Solicited AEs were reported in 81.7% of par- 

icipants. 66.7% of the participants reported at least one solicited 

njection site reaction within 7 days after any vaccination. Injec- 

ion site tenderness was the most commonly reported solicited AE 

58.2%), followed by pain (41.8%), itching (5.2%) and swelling (1.3%) 

t the injection site. While the incidence of injection site tender- 

ess in the medium-dose group was lower (45.1%) than in the low- 

nd high-dose groups (62.7% and 66.7%, respectively), there were 

o statistically significant differences among the treatment groups 

Table S1). Overall, injection site reactions were mild, and there 

ere no severe or potentially life-threatening events, whether after 

he first or second vaccination (Table S7). 

Overall, 68.6% of the participants reported a solicited systemic 

eaction within 7 days after any vaccination. Headache was re- 

orted most frequently (46.4%), followed by fatigue (39.2%), muscle 

ain (32.0%), nausea/vomiting (11.8%), and fever/body temperature 

1.3%) (Table S 3). While the incidence of headache in the medium- 

ose group was lower (33.3%) than the low- and high-dose groups 

54.9% and 51.0%, respectively), there was no statistically significant 

ifference between the treatment groups. The incidence of fatigue 

n the medium-dose group was lower (29.4%) than in the low- and 

igh-dose groups (45.1% and 43.1%, respectively), but again with no 

tatistically significant difference across the treatment groups. The 

ncidences of muscle pain, nausea/vomiting and fever/body tem- 
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Fig. 3. Plot of S-protein Specific IgG Antibody Titres (ELISA) Over Time by Dose Groups at Days 1, 8, 22, 36, and 106 (Per Protocol population). 
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erature were similar and comparable following the first or second 

accination (Table S4). 

Up to the day 106 data-cut-date, a total of 43.8% participants 

eported an unsolicited AE (Table S5). The incidences of unso- 

icited AEs were 49.0%, 37.3%, and 45.1%, respectively, in the low-, 

edium- and high-dose groups. Most unsolicited AEs occurred up 

o day 36: Overall, 41.8% of participants reported at least one un- 

olicited AE up to day 36, 47.1%, 35.3%, and 43.1%, respectively, in 

he low-, medium- and high-dose groups. 

The incidences of any medically attended unsolicited AEs un- 

il day 36 were 5.9% in the medium-dose group and 2.0% in both 

he low- and high-dose groups. Until day 106, 5.9% in the low- 

nd high-dose groups and 11.8% in the medium-dose group re- 

orted medically attended unsolicited adverse events (Table S5). 

y day 106, increased red blood cell sedimentation rate (9.2%) was 

he only unsolicited AE occurring in > 5% of participants. The inci- 

ence was 9.8% in the low- and high-dose groups and 7.8% in the 

edium-dose group (Table S6). 

The vast majority of AEs reported in the study were mild or 

oderate. Only two participants reported severe solicited systemic 
313 
Es (Table S7); there were no severe vaccine-related unsolicited 

vents and no serious treatment-related adverse events. 

One AESI was reported which was a mild case of chilblains 

 days after first vaccination. The participant tested negative for 

OVID-19, had normal platelets and the event was considered un- 

elated to vaccination and a second vaccine dose was administered 

ithout further event. As per protocol definition, any AESI was 

reated as serious adverse event in this study. No other AESI nor 

AE was reported up to day 106. 

Number of COVID-19 Infections : There were three confirmed mild 

nd moderate COVID-19 infections detected, two in the low- and 

ne in the medium-dose groups (Table S 8). 

Immunogenicity, SARS-CoV-2 Neutralizing Antibody Titers : Only a 

light increase of GMT was observed by day 22 (36.8, 39.9 and 47.7 

n the low dose, medium dose, and high dose groups respectively); 

y day 36, GMTs ranged from 168.7 (95% CI: 125.1, 227.5) in the 

ow dose group to 545.6 (95% CI: 428.1, 695.4) in the high dose 

roup. Statistically significant differences ( p < 0.001) were seen 

mongst the 3 dose groups ( Table 3 and Fig. 2 ). Pairwise compari-

on indicated statistically significant differences between both the 
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Table 5 

IgG Antibody Titres Against SARS-CoV-2 S-protein (ELISA) at Day 1, 36 and 106 (Per Protocol population). 

Visit Statistic 

Low Dose 

N = 50 

Medium Dose 

N = 49 

High Dose 

N = 45 

Overall 

N = 144 

Day 1 

n 50 49 45 144 

GMT (95% CI) 25.6 

(24.58, 26.73) 

26.4 

(24.07, 29.05) 

25.0 

(25.00, 25.00) 

25.7 

(24.83, 26.61) 

Median 25.0 25.0 25.0 25.0 

Min, Max 25.0, 87.2 25.0, 390.8 25.0, 25.0 25.0, 390.8 

p-value: overall dose groups 

comparison A 
– – – 0.632 

Day 36 

n 50 49 45 144 

GMT (95% CI) 329.7 

(247.81, 

438.73) 

691.6 

(494.91, 

966.52) 

2116.0 

(1642.59, 

2725.75) 

758.4 

(622.70, 

923.79) 

Median 300.4 780.1 2087.7 778.4 

Min, Max 25.0, 5566.1 25.0, 8637.6 116.8, 15,419.5 25.0, 15,419.5 

p-value: overall dose groups 

comparison A 
– – – < 0.001 

p-value: low dose vs medium dose B – – – 0.005 

p-value: medium dose vs high dose B – – – < 0.001 

p-value: low dose vs high dose B – – – < 0.001 

Day 106 

N 49 49 45 143 

GMT (95% CI) 111.4 (81.26, 

152.68) 

201.5 (151.36, 

268.31) 

524.8 (407.38, 

675.99) 

222.3 (184.72, 

267.46) 

Median 89.1 254.8 545.9 236.1 

Min, Max 25.0, 5499.7 25.0, 2409.7 58.4, 6601.7 25.0, 6601.7 

p-value: overall dose groups 

comparison A 
– – – < 0.001 

p-value: low dose vs medium dose B – – – 0.016 

p-value: medium dose vs high dose B – – – < 0.001 

p-value: low dose vs high dose B – – – < 0.001 

CI = confidence interval; DSCF = Dwass, Steel, Critchlow-Fligner; ELISA = enzyme-linked immunosorbent assay; 

gG = immunoglobulin gamma; GMT = geometric mean titre; Max = maximum; Min = minimum. 

A: p-value was calculated using Kruskal Wallis Test for comparison of dose groups. 

B: p-value for pairwise dose group comparison was calculated using DSCF multiple comparisons post-hoc procedure. This 

was calculated only if the Kruskal Wallis test was significant (i.e., p-value for overall dose groups comparison was ≤0.05). 
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ow- and medium-dose groups vs. the high-dose group ( p < 0.001), 

ith a clear dose dependent response and with a peak titre at day 

6 ( Table 3 ). 

Of note, at day 36, the GMT of neutralizing antibody titres in 

he high dose-group was similar to those measured in a panel of 

OVID-19 convalescent sera (GMT 526.9 [95% CI: 336.47, 825.06) 

 Table 3 ). The data presented consist of a panel of 32 serum sam-

les which have been described previously as part of a larger panel 

f sera. 6 Based on the Kruskal Wallis Test, a statistically significant 

ifference ( p < 0.001) was seen in an overall comparison across 

ll dose groups and the convalescent serum panel, indicating that 

he GMTs were not the same across the four groups at day 36. The 

MT at day 36 of the high dose group was significantly higher than 

f both the medium and low dose groups ( p < 0.001) and similar

o the GMT of the panel of convalescent sera ( p > 0.999). 

By day 106, GMT ranged from 63.3 (95% CI: 50.4, 79.5) in the 

ow-dose group to 175.9 (95% CI: 136.0, 227.6) in the high-dose 

roup. Statistically significant differences ( p < 0.001) were seen 

etween the 3 dose groups. and comparing the low- and medium- 

ose groups with the high-dose group ( p = 0.001 and p < 0.001, 

espectively). 

Seroconversion : The seroconversion rate between day 1 and day 

6 following the second vaccine dose was 91.1% in the high dose 

roup with statistically significantly lower rates in the medium 

nd low dose groups ( p < 0.001; 71.4% and 50.0%, respectively) 

 Table 4 ). The day 106 seroconversion rate in the high dose group 

as 60.0%, again with statistically significantly lower rates in the 

edium and low dose groups ( p < 0.001) ( Table 4 ). 

IgG Antibody Titers against SARS-CoV-2 S-protein (ELISA) : Results 

f immunoassays for serum anti-S binding antibodies were con- 
314 
ordant with neutralizing antibody results. Detectable rises in an- 

ibody were seen in only a small minority of subjects in all 3 dose 

roups after the first vaccine dose, but in the overwhelming ma- 

ority after the second dose on day 36 ( Fig. 3 and Table 5 ). Again,

he GMTs were substantially and statistically significantly higher 

n the high dose group than in the other two groups at this time 

oint ( p < 0.001) ( Table 5 ). 

Correlation between neutralizing antibody titers and IgG antibody 

iters : As an exploratory analysis, correlation coefficients were cal- 

ulated between neutralizing antibody titers (ND50) and IgG an- 

ibody titers (ELISA) at the different time-points. The overall cor- 

elation coefficient between ELISA (ELU/mL) and MNA (ND50) was 

.845 ( p < 0.001) while the correlation was much stronger in the 

ays 36 and 106 sera when the large majority of subjects had 

ade detectable responses than at the earlier pre- and post one 

ose vaccination time points ( Fig. 4 ). 

T-cell responses measured by IFN- γ T-cell ELISpot (T-spot) : In 

erms of T-cell responses by interferon gamma (IFN- γ ) with the 

-cell ELISpot (T-spot) assay, several panels were tested in all 

tudy groups. In the high dose group, a reactive response was ob- 

erved in 75% (34/45 participants) against S-protein, 36% (16/45) 

gainst M-protein and 49% (22/45) against N-protein. Fig. 5 shows 

ox plots of IFN- γ spot forming units for spike, nucleocapsid and 

embrane protein panels. Statistically significant differences were 

een between the dose groups at day 36 for all panels. 

iscussion 

Here, we report interim safety, tolerability, and immunogenic- 

ty results of a phase 1 safety and dose-finding vaccine trial with 
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Scatter Plot between Neutralizing Antibody Titres (ND50) and IgG Antibody Titres (ELISA) (PPAS) (N=144)

Fig. 4. Correlation between neutralizing and IgG Antibody titers. 
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n initial open label sentinel dose-escalation phase, followed by 

 double-blind randomized phase for the whole-virus inactivated 

djuvanted COVID-19 vaccine, VLA2001. The vaccine was well tol- 

rated, and no safety signals of concern were detected. The ob- 

erved solicited adverse events such as injection site tenderness, 

ain, headache were mostly mild with rates similar to those com- 

only seen with other inactivated vaccines, while fever was hardly 

ver reported following vaccination. All of the incidents observed 

ere transient in nature and no serious adverse events considered 

elated to treatment were reported. These results suggest the reac- 

ogenicity profile of this vaccine at the doses tested is likely to be 

avourable and support progression to further studies in order to 

reate a larger and more robust safety database. 

The immunogenicity results of this trial show a dose-dependent 

ise in both neutralizing and binding antibody titres which oc- 

urred predominantly after the second vaccine dose and which 

as substantially greater in the high dose group than in the two 

ower dose groups, reaching functional antibody titres that were 

ery similar to those seen in a panel of early COVID19 convales- 

ent sera 6 . These data encourage us to speculate that this formu- 

ation, used at the higher dose tested, may be efficacious against 

ARS CoV2 infection and disease and, given its low reactogenicity, 

ay prove to be a clinically useful tool. 

Peak antibody titres were reached 2 weeks after the second 

ose of vaccine, with 90% of those in the high dose group achiev- 
315 
ng seroconversion with regards to neutralizing antibody titres. In 

ontrast, 3 weeks after the first dose of vaccine only 10% of par- 

icipants had successfully seroconverted and this modest response 

fter one dose of VLA2001 is also reflected in the GMTs of both 

eutralization and binding antibody after that dose. This suggests 

hat both doses of the vaccine may be needed for an adequate im- 

une response, and it is not clear how this would translate into 

fficacy, if any, after only a single dose. High levels of effectiveness 

ave been reported after single doses of other approved vaccines 

hat were designed to be given as a 2-dose priming regimen. 7–9 

ur results may reflect the relatively early time point at which 

mmunogenicity was initially evaluated. Vaccine induced antibody 

oncentrations usually peak about 4 weeks after immunization, al- 

hough this may vary between different vaccine types and longer 

ose intervals may improve the immunogenicity of two dose regi- 

ens as has been demonstrated for other COVID-19 vaccines. 10 , 11 

In addition to the humoral immunogenicity, VLA2001 also in- 

uced detectable specific T-cell responses against the S-protein, M- 

rotein and N-protein in many subjects. Few data on T-cell re- 

ponses have been published for the aluminum adjuvanted inac- 

ivated COVID-19 vaccines to date. 4 Zhang et al. reported poor T- 

ell response measured by ELISPOT, although only S-protein spe- 

ific responses were reported. 12 In the Phase 1 study of BBV152, 

nother whole virion, inactivated vaccine against COVID-19 formu- 

ated with a Toll like receptor 7/8 agonist, T-cell ELISPOTs per- 
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Fig. 5. Cellular Immune Response (Interferon Gamma). 

f

c

n

o

m

t

w

V

t

v

i

r

o

d

r

e

r

t

a

g

s

i

m

s

r

t

D

w

c

b

m

s

m

D

m

G

v

1

S

e

B

a

ormed on a small number of participants demonstrated an in- 

rease in antigen specific IFN- γ secreting CD4 + T - cells in vacci- 

ated participants, suggestive of a Th1 response. 13 The induction 

f a broad T-cell response by VLA2001 described in this study 

ay be due to a higher antigen content compared to other inac- 

ivated vaccines or the presence of the CpG1018 adjuvant, which 

as shown to enhance immunogenicity in preclinical studies of 

LA2001. Cellular immunity is considered to be important for pro- 

ection against natural infection, so that an effective COVID-19 

accine would ideally need to induce both cellular and humoral 

mmunity while avoiding generation of potentially harmful Th2 

esponses. 14–18 

The main limitation of this study is that is has been performed 

n younger, predominantly white, adults, therefore there are no 

ata on older adults and other ethnic groups who have a greater 

isk of severe COVID-19 infection. Only one dosing interval was 

valuated, therefore it may be that longer dosing intervals would 

esult in improved immunogenicity. 

In conclusion, VLA2001 was highly immunogenic with more 

han 90% of all study participants developing significant levels of 

ntibodies to the SARS-CoV-2 virus spike protein across all dose 

roups tested. VLA2001 induced a dose dependent response with 

tatistically significantly higher GMTs for both IgG and neutraliz- 

ng antibodies in the high dose group compared to the low and 

edium dose groups. The high dose group (35AU) of VLA2001 was 
316 
elected for further Phase 3 development on the basis of a compa- 

able safety profile and superior immunogenicity as compared to 

he low and medium dose groups enrolled in study VLA2001–201. 

ata sharing 

Anonymized individual participant data will be made available 

hen the study is complete, on reasonable requests made to the 

orresponding author. Proposals will be reviewed and approved 

y the sponsor, investigator, and collaborators based on scientific 

erit. After approval of a proposal, data can be shared through a 

ecure online platform. All data will be made available for a mini- 

um of 5 years from the end of the trial. 
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