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Safety and immunogenicity of a SARS-CoV-2
Gamma variant RBD-based protein
adjuvanted vaccine used as booster in
healthy adults
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A Gamma Variant RBD-based aluminum hydroxide adjuvanted vaccine called
ARVAC CG was selected for a first in human clinical trial. Healthy male and
female participants (18-55 years old) with a complete COVID-19-primary vac-
cine scheme were assigned to receive two intramuscular doses of either a low-
dose or a high-dose of ARVAC CG. The primary endpoint was salety. The
secondary objective was humoral immunogenicity. Cellular immune responses
were studied as an exploratory objective. The trial was prospectively registered
in PRISA.BA (Registration Code 6564) and ANMAT and retrospectively regis-
tered in ClinicalTrials.gov (NCT056563508). Samples from participants of a
surveillance strategy implemented by the Ministry of Health of the Province of
Buenos Aires that were boosted with BNT162b2 were also analyzed to compare
with the booster effect of ARVAC CG. ARVAC CG exhibits a satisfactory safety
profile, a robust and broad booster response of neutralizing antibodies against
the Ancestral strain of SARS-CoV-2 and the Gamma, Delta, Omicron BA.l1 and
Omicron BA.S variants of concern and a booster effect on T cell immunity in
individuals previously immunized with different COVID-19 vaccine platforms.

The severe acute respiratory virus 2 (SARS-CoV-2) was first identified in Numerous vaccines have been developed and proved effective 1o
November 2019 and soon thereafter, emerging new viral variants  protect against severe disease, hospitalization, and fatal outcomes’ .
dramatically impacted the dynamics of Coronavirus disease 2019 In Argenting, several platforms of COVID-19 vaccines have been
(COVID-19) spread, globally. These virus variants are, in general more introduced, including inactivated vaccines (BBIBP-CorV), viral vec-
contagious than previous strains. Maoreover, some variants are capable tored vaccines (Sputnik V, AZDI222, CanSino), and mRNA vaccines
ol immunological and/or therapeutic escape . (BNT162b2 and mRNA-1273), resulting in a significant coverage of the
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population with complete primary vaccine series” . However, due to
waning immunity and emergence of highly transmissible immune
escape viral variants, two-dose COVID-19 vaccination programs may
have not been enough 1o prevent breakthrough infections caused by
these variants"'. Chinical studies suggest that boosting with variant-
adapted vaccines would optimize vaccine efficacy (VE) inducing strong
and broad immune responses”

The pandemic has disproportionately affected low- and middle-
income countries (LMICs), which make up about 85% of the world

population. Therelore, pandemic remains a threat unless maost people
get vaccinated. In response (o the constraints impased by the COVID-

19 pandemic, and the limited access of many Latin American countries
to costly vaccines, Laboratorio Pablo Cassard SRL., an Argentinian
pharmaceutical company, bunched a vacdne development program
against SARS-CoV-2. ARVAC CG is a receptor binding domain (RED)-
based protein aluminum hydroxide-adjuvanted vaccine candidate that
was designed and produced entirely in Argentina to be used as booster
or primary vaccine against SARS-CoV-2. The vaccine is a variamt-
adapted vaccine based on the highly immune evasive Gamma SARS-

CoV-2 variamt of concern (VOC). Non-dlinical studies of this vaccine
prototype in mice indicated that the Gamma-variant vaccine-candidate

is more immunogenic and induces a broader nAb response than the
Ancestral vaccine-candidate .

In this interim report safety and immunogenicity data after a
booster dose of ARVAC CG vaccine from an ongoing frst in human

phase 1 study are presemted. ARVAC CG exhibits a satisfactory safety
profile, a robust and broad booster respanse ol neutralizing antibodies
against the Ancestral strain of SARS-CoV-2, the Gamma variant, and

other VOGS (Delta, Omicron BA1 and Omicron BAS) and a booster

effect on T cell immunity when used as booster in individuals pre-
viously immunized with different COVID-19 vaccine platforms.

Results
Population characteristics and local and systemic adverse

events

The Bowchart of the study is shown in Fig. |. Demographic char-
acteristics of the participants are presented in Table 1. Vaccination with
ARVAC CG was well wolerated, with mild-to-moderate reactogenicity
profiles (Fig 2a). Overall, solicited local adverse events (AES) were
more (requently noticed after the frst dose aof the vaccine than alter
the second. AL least one local AE was observed in 68.3% volunteers of
Group A (25ug vaccine) after the first administration and in 47.5%
following the second (p = 0.026). In group B (50 pg vaccine), 60.0% of
volumteers reported at least one local AE after the frst injection
whereas 27 8% following the second (p=0.0585) (Supplementary
Table 1).

The most frequent local AEs were discomfort/tenderness and pain
at injection site in both groups (Fig. Za). All reactions were transient
and did not present complications.

Systemic AES were Jess common. Reported frequency of solicited/
unsolicited systemic AES, was not significantly different between the

first and second doses for both groups. In Group A, 33.3% and 35.6% of
the volunteers reported at least one systemic AE after the first- and the
second administration, respectively (p = 0.848), while in Group B,
40.0% and 22.2% of the volunteers reported at least one systemic AE
after each dose, respectively (p = 0.485) (Supplementary Table 1).
The most frequent systemic AES were drowsiness, headache,
myalgia, and fatigue (Fig. 2b). Only one case of fever (383 “C) lasting
one day was reported. Of note, 89.9% aof reported AES were grade 1 and
there was no grade 3 aor more severe AE (Supplementary Table 1).
No abnormal laboratory values were reported to be clinically

significant There were no serious AES, deaths, or withdrawals due to an
AE during the study. No cases of Guillain-Barré syndrome, throm-
boembolic events, myocarditis or pericarditis, or other AE of special
interest have been reported.

Immunogenicity results
Alter 14 days of the first ARVAC CG booster administration a signifhcant

increase in the nAb titers against all the five SARS-CoV-2 VOCs analyzed

was observed in both ARVAC CG vaccine cohorts, compared to pre-
vaccination titers (P < 0.0001) (Fig. 3). ARVAC CG 25 pg dose induced a

126 (95X (A, 8.8-17.9), 16.6 (95% (1, 11.8-23.4), 113 (95% CL, 7.5-16.5),
12.8 (95% CL 9.2-18.0), and 8.6 (95X (1, 6.1-12.0) geometric mean fold
rise (GMFR) in nAb titers against the Ancestral (Wuhan), Gamma, Delta,
Omicron BAl or Omicron BAS variants of SARS-CoV-2, respectively
(Fig 3a). Addigonally, immunization with the 50 g dose induced 2
CMFRof 299 (95X (1, 12.6-70.6), 309 (95X CL 13 4-715), 184955 C1,
8.2-4L1), 299 (95% (4, 13.0-68.3), and 13.0 (95X (1, 6.0-28.4) in nAb
titers against Ancestral, Gamma, Delta, Omicron BAL or Omicron BAS
variants of SARS-CoV-2, respectively (Fig. 3b). Of note, GMFR of nAb
titers against Ancestral and Omicron BAl variants were significantly
higher in Group B than in Group A (P=0.0448 and P=0.0271,
respectively) (Supplementary Table 2).

Seroconversion rates were evaluated as the percentage of sub-
jects with at least a fourfold increase (4x-seroconversion rates) or a

tenfold increase (10~-serocaonversion rates) in the nAb titers at a spe-
cific timepoint respect to baseline values. After 14 days of a booster

with ARVAC CG the 4«-seroconversion rates for the Ancestral SARS-
CoV-2 strain were 883 % (95% 1, 77.8-94.2) in the 25 ug cohort and
90.0% (95% Cl, 69.9-98.2) in the 50 cohort. Whereas the corre-
sponding 4=-seroconversion rates were 90.0% (95% CL, 79.8-95.3) and
85% (95% Cl, 64.0-9.8) against the Gamma VOC, 80.0% (95% CL
68.2-88.2) and B5.0% (95% CL, 64.0-94.8) for Delta VOC,_ 933% (95X C1,
84.1-97.4) and 85.0% (95% (1, 64.0-94.8) for Omicron BA.1 VOC, and
S0.0% (95% C1, 68.2-88.2) and 80.0% (95% (1, 58.4-91.9) for Omicron
BAS VOC, respectively (Supplementary Table 2).

Fourteen days after boosting, 4=-seroconversion rates for all
tested variants were similar in both dosage groups, while 10=-ser-
oconversion rates for Omicron BA.1 VOC were significantly higher in
the 50 g cohort (Supplementary Table 2).

Based on pre-existing anti-N 1gG titers and/or previous history of
COVID-19, individuals were stratifhed into two populations: ser-
anegative individuals with no previous COVID-19 history and ser-
apasitive and/or with previous history of COVID-19 individuals. Both

populations developed similar nAb GMTs against Ancestral, Gamma,
Delta, Omicron BAl and Omicron BAS after 14 days of ARVAC CG
booster. Moreover, GMFR from baseline were similar for both popu-

lations in groups A and B either when analyzed in all individuals of each
group (Supplementary Fig. 1) or in the subgroup of subjects who

received BBIBP-CorV as primary vaccination (Supplementary Fig. 2).
No significant differences were found in the nAb responses and

seroconversion rates between female or male volunteers, except for

the 4=seroconversion rate in nAbs against Delta VOC (Supplementary
Table 3). In addition, no differences in the nAb titers after boaster were

observed in the ARVAC CG cohorts when participants were stratified
regarding their time since completion of primary vaccination series
(time < 180 days vs. = 180 days) (Supplementary Fig 3).

When volunteers were subdivided regarding the primary vacci-

nation received, a significant increase in the nAb GMTs against the
different viral variants was observed in all previowsly vaccinated sub-

groups (Fig. 4). Comparisons between group A and B in terms of GMFR
of nAb titers and seroconversion rates was also assessed in the sub-

group of individuals that had received the BBIBP-CorV vaccine as pri-
mary vaccination scheme. The GMFR in nAb titers against Ancestral,
Gamma, Omicron BAl and Omicron BAS VOCs were significantly
higher in Group B than in Group A (P = 0.0154, P= 0.0118, P = 0.0160,
and P=0.0459, respectively). Fourteen days after boosting, 4x-ser-
oconversion rates for all tested variants were similar in both groups,

whereas the 10=-seroconversion rates for the Ancestral and Omicron
BA1 VOC were significantly higher in the 50 p2 cabort than in the 25 g

cohort (Supplementary Table 3). I
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Similar results were abserved at 28 days post-boaster vaccination  samples from a cobort of individuals out of the protocaol, with similar
with ARVAC CG (Supplementary Fig. 4 and Supplementary Table 4). demographic characteristic (Table 2), who had received a hetero-
Levels of anti-RBD and anti-spike antibodies raised significanty after logous booster dose with the Ancestral-based BNT162b2 mRNA vac-
28 days with respect 1o baseline levels in both study groups (Supple- cine. Baseline nAb GMTs against the five viral variants in both ARVAC

mentary Fig 5). CG cohorts were similar 10 those observed belore the booster with
To preliminarily assess the comparative immunogenicity of BNTI62b2 (P> 0.05). After 14 ar 28 days the nAb GMTs against the
ARVAC CG, nAb GMTs and GMFR were compared with those in m“ﬂm{w-zhmupAwmihnhmuM:ﬁa
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a Solicited Injection Site Reactions within 7 Days after each vaccine administration

ARVAC CG 25 ug (Group A)

Second Dose (N = 59)

First Dose (N = 60)

ARVAC CG 50 ug (Group B)
First Dose (N=20) Second Dose (N = 18)
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Fig. 2 | Safety profile. a Percentage of participamts in each study group wath the
indicated injection site AEs up to 7 days after the first or the second injection

b Percemtage of partcipants in each study group with the indicated systemic AEs
recorded up to 28 days after each vacome administration. Events were classified
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Second Dose (N = 59)

0 10 20 W0 0 10 20 o 0 10 20 30

ARVAC CG 50 ug (Group B)
First Dose (N=20) Second Dose (N = 18)
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according to the FDA soxicity grading scale for healthy adult and adolescent
volunteers enrolled n preventrve vaccine clinkal traks (Mild (Grade 1), Moderate
(Grade 2), Severe (Grade 3). Potenially Life Theeatening (Grade 4))°.

BNTI62bh2 booster. However, nAb GMTs against Gamma, Delta, Omi-
cron BA 1, and Omicron BAS were significantly higher in group A than
those reached in BNTI62b2 boosted individuals. Similarly, in group B
nAb GMTs against Gamma VOC alfter 14 days of booster and against
Omicron BAL and Omicran BAS VOCs at all tested timepaints were
significandy higher than the corresponding nAb GMTs in BNTI62b2
boosted individuals (Fig 5a-e).

While GMFR in nAb titers against Ancestral, Gamma and Delta
VOCs alter a booster dose with BNTI62L2 were similar to those elicited
in the ARVAC CG cohorts (P > 0.05), GMFR of nAb titers against Omi-

cron BAL and BAS were significantly lower in the BNTI62b2- than in
the ARVAC CG boosted individuals (Fig. 50). Similar results were

obtained when the nAb responses of the BNT162b2 group were com-

pared 1o those of ARVAC CG boosted individuals whose time since
completion ol primary vaccination series and booster was less than

IS0 days (Supplementary Fig. 6) or when compared only the

individuals whose primary vaccination scheme was rAd26/rAdS
(Sputnik V vacdne) (Supplementary Fig. 7).

Transformation of nAb titers to IU/mi, allowed the evaluation of
the percentage of participants with nAb levels associated with high VE.
In group A, rates of participants with nAb levels higher than of 949 ILY
mi before the booster were 26.7% (95% C139.0, 17.1), 33X (95X A 114,
0.6), 6.7% (955 1159, 2.6), and 17X (95X C18.9, 0.1) for the Ancestral,
Gamma, Delta, and Omicron BA1 SARS-CoV-2 VOCGs, respectively.
These rates rose significantly after 14 days of having received the
booster to reach 83.3% (95% C190.7, 72.0), 80.0 % (95% (1 88.2 68.2),
60.0% (955 C1 714, 47 4), and 783X (95% C1 86.9, 66.4) lor each viral
variant, respectively. Likewise, in group B the proportion of partici-
pants with nAb levels higher than 949 IU/mi raised significantly from
15.0%(95% C15.2,36.0), 0.0% (955 C1 0.0, 16.1), 5.0% (955 C10.3, 23.6),
and 10.0% (95X CI 1S, 301) for the Ancestral, Gamma, Delta, and
Omicron BAl SARS-CoV-2 VOGs I'ﬁ.m at baseling, 10 S0.0%
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Fig. 3  Administracion of ARVAC COG booster increases the nAb titers agaimst
the Ancestral, Gamma, Delta, Omicron BA.1 and Omicron BAS variants of

SARS-CoV-2. The nAb titers against the Ancestral. Camma, Delta and Omicron BAL
and Omacrom BAS varianes of SARS-CoV-2 in plasma samgples of Indiveduals boosted
with ARVAC CC 25 (N« 60 mdividuals) (a) or 50 gg (N = 20 mdrviduals) (b) prios
to the vaccine administraion (d1) or after 14 days of booster adminestr aoon (d14).
Each poimt represents the nAb titer of a voluneeer at the indicaced time post and

agamst the depicted viral vasianmt. The nAb geometric mean titers (GMTs) and 95N
Cls are shown as horlzoncal and error bars, respectively. The numbers depacted

(OSSN CI584,. 909, 70.0% (95X C1 481, 855), 45.0% (95% (1 258, 65.8),
and 95.0% (95% (L, 764, 99.7) lor each viral variant, respectively
(Supplementary Fig. 8).

A significant increase in the frequency of IFN-y producing cells
upon in vitro re-stimulation with SARS-CoV-2 RBD peptide pools was

observed in bath ARVAC CG cohorts in comparison with the levels
observed belore the booster. In addition, a slight increase of IL-4

producing cells was abserved after the booster in group A participants
(Fig 6). Imerestingly, booster vaccination with 25 ug or 50 pg2 of ARVAC
CG led wo increases in antigen-speciic cellular immune responses in
individuals primed with differemt vaccine platforms (Supplemen-
. 9).
w’:lsmdbmuwlﬂ:mm CG was given to the volunteers
after 28 days 1o collect safety data after two vaccine administrations.
The nAb titers remained significantly higher than baseline values (d1)
after 42 days and 56 days of first dose administration (Supplemen-

tary Fig. 10).

Discussion
The main lindings of this study are that the vaccine candidate ARVAC

CG when given as a booster dose s well tolerated and induces a robust

and broad nAb response against several SARS-CoV-2 VOCGs.
The interim results of this phase 1 study indicate that ARVAC CG

vaccine given 1o individuals who previously received a complete pri-
mary vaccination regimen has a clinically acceptable safety and reac-
togenicity prafile for bath antigen doses (25 pg and 50 pg).
Immunogenicity results indicate that ARVAC CG as abooster dose
induces a sharp increase of broadly nAb titres against the Ancestral
SARS-CoV-2 strain, the Gamma SARS-CaoV-2 VOC, which is the vaccine
prototype strain, a5 well as against antigenic distant SARS-CoV-2 VOCs
like Dela, Omicron BAl and Omicron BAS. Moreover, the ARVAC CG

50 pg dose outperformed the 25 pg dase in terms of nAb titers reached
against the Ancestral and Omicron BAL viral variants and 10=-ser-

ocanversion rates in nAb against Omicron BAL The booster effect

o
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dal di4
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d1 a14
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d1 di4
Delta

above the indivedual posmes for each specified time poim and viral varlas represent
de GMT. The fold increase in the GMT from day 1 1o day 14 (GMFR) for each
specified variant are shown with 2 number followed by 2 =, The dashed bne
represents the postivity threshold on the virus neutralizamon assay. Stacistical
dufferences were analyzed using the two-talled Wilcovon pair matched test &
values are depicied above the dara sets that were compared. In panel (a) 2l P valoes
were smaller than 10e-15; m panel (b) P <« 0.000004 for Ancestral strain, Gamena

and Omicrom BALL VOCs, P« 0.000099 for Delta YOU and P« 0000018 for
Omecron BAS

after ane dose of ARVAC CG vaccine was evident despite the variety of
immunization schemes received by the study participants.

The differences in the proportions of subjects with dilferent types
of primary vaccinge regimen in the low-dose and the high-dose groups
may difficult comparisons. However, the possibility to include differ-
ent primary vaccination schemes was important in this phase 1 study to
have a representation of the diversity in primary vaccination schemes
that were used in Argentina. Since most individuals in group B had
received the BBIBP-CorV vaccine as primary vaccination regimen and
there were approximately equal numbers of BEIBP-CorV recipients in
the high and low dase groups, the comparison of these subgroups was
also performed. Similar 1o the findings when all volunteers were
included, in these more homogeneous subpopulations, the 50 pg dose
was consistently more immunogenic than the 25 pg dose. Although the
time since prior COVID-19 declared by participants was quite different

between the high and low dose groups and this could be a limitation,
the analysis of anti-N in sera of all individuals indicated that both

populations were similar in their inferred previous exposure to the

virus and that the immune responses after vaccination are indepen-
dent of previous infection status.

With the emergence of new VOGS it is clear that breakthrough
infections can occur in vaccinated persons, including thase with pre-
vious SARS-CoV-2 infection™ " Therefore, the capability 1o boost the
immune responses in individuals with a previous history of infection
becomes critical, enhancing protection against COVID-19 and post-
COVID conditions™. The results of this study highlight the potential
benefit of the ARVAC CG vaccine for all populations regardiess of their
prior COVID-19 serological status.

The performance of the ARVAC CG booster dose regarding nAb
GMTs and GMFR, was similar to that of the BNT162b2 boaster against
Ancestral and Delea VOCs, but better for Gamma, Omicron BA1 and
BAS VOCs. Similarly, booster shots with Beta variant-based vaccines
elicit broad nAb responses against the Ancestral, the Beta and the

Mannmwcwﬁchmhwmntmw a booster
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with an ancestral-variant based vaccine' . Results presented here
suggest that a booster with a Gamma variant RBD-based vaccine

increxses the breadth of the nAb and are in agreement with non-clinical

results of this vaccine formulation’ .
Even though there are not well-established threshold values of

nADb levels that correlate with protection against symplomatic SARS-

d1 di4
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di d14 di di4 didila d1di4 d1 did

CoV-2 infection, an increasing number of studies using standardized
methods offer hints about the nAb levels that might be associated with
protection’ " In this regard, nAb levels of -100-120 IU/mi have been
correlated with -80% VE against symptomatic infection, whereas nAb
levels of -900-1030 IU/mi correlate with -90% VE against symptomatic
infection’”. Results presented here nwrst that a booster with ARVAC
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ARVALC CG 25 pg cohort BRIBP-CorV (N = 200, ChAJOND-S (N =« 17), rAd26/TAdS
(N« 21, rAd26 ThAJONT-S (V= 1) and AdSnCoV (N« 1. ARVAC CG S0 ug
cobhort: BRBIBF-CorV (N = 14), ChADOXI-S (N = 1), rAd26/TAdS (N = 1), heterologous

CG significantly increases the proportion of individuals with nAb titers
that correlate with high VE
T-cell immunity & crucial to combat acute SARS-CaV-2 infection

One limitation of this soudy is the lack of randomization for
volumteers. Nevertheless, despite the sequential study design, enrol-
ment dates of the booster groups occurred within weeks of each other,

representing similar epidemiologic environments of circulating var-
iants. The comparison of the immunogenicity results of ARVAC CG

demographic differences in their ages (365 in BNTI62D2 group versus

32 and 27 years in groups A and B, respectively). Although the time
from last SARS-CoV-2 vaccine dose (4.2 months in the BNTI6A2L2
boosted subjects versus 7.9 and 6.6 months in group A and B,

respectively) was different this did not influence the immune out-

the surveillance strategy implemented by the Ministry of

Health of the Province of Buenos Aires that were boosted with

Prior COVID " No (N (%)) 18 100.0)
Yes (N (XD 0o

Seraposiie for N (SARS. No (N (%)) 9{500)

e oo pASEISES Yea N () 3(500)

In subgroups with N > L, the nAb GMTs with geometric SD are shown as horizomal
and error bars, respectively. The numbers depicied above the imdvidual points for
each specfied tume point represent the GMT values. The GMFR from day 1 to day 14
for each specified variam are shown with 2 number followed by 2 =, The mumber of

partiapants Inchaded In each data set amalyzed are depicted in the botoom of each
data set (N). Sanszical defferences were performed using the two-talled Wikcoxon

pair-matched test. Pvalues are depicted above the data sets that were compared.
Bac Avalues (dl vs. di4 nAb trers) In ARVAC CG 25 g subgroups (left pamels) are:
BEIBP CorV (P« 0000002 (a, b, d), F= 000003 (c), and F= 0000004 id, ),
ChAGONI-S (P« 0000002 (a, b, ¢) and P« 0.00002 d. ). In ARVALC CG 50 g
BRIBP-CorV primary vaccination exact Pvalees are- P« 0.0002 (a b, d), P« 0.0001
(c) and P = 0.0005 (e).

vaccination completion 1o boaster was short (< 180 days) or long
(= 180 days). Indeed, ARVAC CG boosters at short time ( <180 days)
showed a better performance than BNT162b2 booster. The confirmed
previous SARS-CoV-2 infection history (0% in group BNT16202 versus

8% and 20% in groups A and B, respectively) was quite different,

nevertheless anti-N amtibodies serology indicated that the three
populations had similar proportions of seropaositive individuals and

might had similar previous contact with the virus. The proportion of
primary vaccination schemes was also different, since most individuals
in BNT162h2 boasted cohort had received the rAd26/rAdS (Sputnik V)
vaccine as primary vacdanation regimen, however the comparison
among subjects with the same primary vaccination led to similar

resules.
In this phase 1 study, salety was demonstrated alter two ARVAC

CG administrations highlighting that ARVAC CG is safe. Immune

responses after a single booster dose could be assessed only after 14
and 28 days of administration. After the second ARVAC CG adminis-

tration the nAb remained significantly higher than baseline but no

booster eflect was observed. The kack of booster effect may be due 1o
the short interval between boosters, that may not be the optimal in

terms of immunological performance™ . Longer-term follow-up of
immune responses after a single booster dose will have 1o be studied in

an ongoing phase 2/3 study.

While both formulations of ARVAC CG exhibited a favorable
safety and reactogenicity profile eliciting broadly nAb responses and T
cell immunity against SARS-CoV-2, the 50 ug dose outperformed the
25pug dose in certain of the immunogenicity variables evaluated.

Therefore, the 50 g dose vaccine S currently being tested in an
angoing Phase 2/3 study to evaluate its safety, and immunogenicity in
a larger population. Selection of the 50 ug vaccine dose allowed the
testing of a bivalent vaccine containing 25 ug of Gamma-based antigen
plus 25 g of Omicron BA S-based antigen 10 improve the response
capacity, as part of a Phase 2/3 study, in accordance with the recom-
mendations from the advisory committee on immunization practices

for the use of bivalent booster doses of COVID-19 vaccines o increase
protection against circulating VOCs and 10 broaden neutralization 1o
previous and potentially yet-to-emernge variants’ .

There is a need lor widespread immunization programs with new
generaion of COVID-19 booster vaccines which provide a wide
breadth of protection against constantly emerging SARS-Cov-2 var-
iants. Nonetheless, LMICs lag far behind in this effort due to limitations
in affordability and accessibility 1o vaccines. Hence, developments
such as ARVAC CG may offer an opportunity 1o overcame some of
these challenges and improve the response capacity of many coun-
tries, worldwide.

Trial design and oversight
The trial was prospectively registered in PRISABA (Registration
Code 6564) and in ANMAT. Registration was performed in February

2022, before the smmaﬁfmumamm
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Fig. 5 Comparison of nAb GMT and GMFR after booster with ARVAC CC or
booster with ENT162b2. Newtralizning amibody titers aganst the Ancestral (a),
Gamema (b), Dedta (), Omicron BAL (d) and Omicron BAS (e} varants of SARS CoV-
2 in plasma samples of individuals boosted with the indicated vacone (ARVAC CG
25uR, ARVAC CC 504 or ENTIA2ZD2) prior booster adenimssaration (dl) or at the
indicated days after booster administr ation (314, d21, d28). Each point represents
the nAb titer of a2 volumeer. Data are from pamicipants with no messing data at all
analyzed time potmts (ARVAL CG 25 ug (N = 58), ARVAC CG 50 g (N« 185) or
BNT162b2 (N = 18). The nAb GMTs and 95% Cls are shown a5 honzontal and error
bars, respectively. The numbers depicied above the mdividual posmes for cach
specified ume point and viral vasiant represent the GMTs. The mumber of partc
pams inchaded In each dana set analyzed & depicied in the bowom of the gr aph
(N = number of Individuals I each data set). Stnstical differences were analyvzed
using the Kruskal-‘Walks test followed by the Dumn s multiple compartson test

Pyaboes are depicted above the data sets that were compared. ns: P> 0,05 Exact
Pyaboes for each companson are: BNTI6202 d21 v ARVAC CG 25 g dM:

P+« 0.000007 (b}, P« 0.0472 (c), F=« 000001 (d) and P« 0.049 (e ENTI&ZDh2 d21
vi. ARVALC OG 2Spg 2% P« 0.0016 (b)), P« 0.005 ic), P = 0.0003 (d) and P « D.0002
(e); BNT162b2 d21 vs. ARVAL CG 504 di4: P« 0.0006 (b)), P« 0.00003 (d) and
P 0000 (e); BNTI62b2 d21 vs. ARVAL CG 50 pg d25: P « 0.0033 {d) and P « 0.0171
ie)._f Fold increases in the GMT from day 1 today 21 or 28 (GMF RO for each specified
varant represented by 2 point and written with 2 number followed by a = The
horizontal ines represent the 95% Cls. Data are from panicapants with no messing
data at baseline and at all teme points analyzed (ARVAL CG 25ug (N« 58), ARVAC
CG S04 (N = 18) or BNTIE2D2 (N = 185). Statstical differences were analyzed using
Kruskal-Walks vest followed by the Dunn s muliple comparison test. ns: P> 0,05
P 00243 ""P«0.0009, """P- 0.00004.

participant. Alsa the same protocol with no changes was retro-

spectively registered on December 23, 2022 in ChinicalTrials gov
(NCTO5656508). The trial was conducted at Clinical Pharma (Chinica

CIAREC, Intense Life S.A, Buenos Aires, Argentina). In this open-label,

frst-in-human, dose-escalation, phase 1 clinical trial, eligible volun-
teers were healthy men and nonpregnant women, aged 18 1o 55, with

a body-mass index of 18 to 30 and with a complete COVID-19 vaccine

primary schedule. Health status, assessed during the screening per-
iod, was based on medical history and extensive clinical laboratory

tests, vital signs, and physical examination. Participants with a history
of SARS-Cov-2 infection ar COVID-19 within 60 days prior to
recruitment into the study, or who tested paositive in real-time

polymerase-chain-reaction (RT-PCR) assay at screening or worked in
an occupation with high risk of exposure to SARS-CoV-2, as well as

those with an incomplete COVID-19 vaccine primary schedule or who
had received the last COVIDI9 primary vaccine shot within 4 months

prior 1o recruitment into the study or have received a booster dose of
any COVID-19 vaccine, were excluded. Participants sex (male, female)
was assigned based on sex assigned at birth, as self-reported by the

participant.

The study protocol was initiated on April 10, 2022, Twenty séven
out of 107 valunteers (13 males, 14 females) were excluded for not
complying with eligibility criteria. Participants were recruited between

April 28 and June 23, 2022 and sequentially assigned 1o one of two
vaccine groups, one receiving a 25 g dose of ARVAC CG (Group A) and
the ather a 50 ug dose (Group B). A sequential assignment plan was
prespecified in the study protocol. In the first stage of enrollment, the

first fve enrolled participants received the low dose vaccine (25 pg/
dose). Only one participant per day was vaccinated. Afterwards in the

second stage of enrollment, participants 6th to 10th received the high
dose vaccine formulation (50 pg/dose). Only one participant per day
was vaccinated. The next Bty-five enrolled participants received the
25 pg/dose (stage 3), and then the Last Blteen participants received the
50 ug/dose (stage 4). Of the S0 volunteers who received at least one

intramuscular dose of ARVAC CG in the deltoid, three were excluded
28 days after the first dose of the vaccine due to impossibility to

complete the protocol for personal reasons. Of the 77 remaining, 59
were inoculated with two 25 ug vaccine doses, and 18 with two 50 ug
vaccine doses. One study participant was tested as SARS-CoV-2 paosi-

mmmmmmmmwnmudmm
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Fig. 6 ARVAC CC booster induces significant increase of Thi-predominant cedl
response measured by IFN-y and IL-4 ELISpot after restmuslation of PEMCs
with RED spanning peptide poal. Before booster administration (dl) and after
28 days (d28) of admenistration of ARVAC CG 25 pug (a) or 50 pg (b) dose, RBD
spediic cellular responses were measured by IFN-y and IL-4 ELISpot in PEBMCs.
Sampies from 58 subjects and 15 subjects from ARVAC CG 25 and 50 g cobors
were analyzed. Shown are spot-forming wnsts (SFU) per 1= 10" PEMCs producing
IFN-y and IL-4 after stimulation with-RBD peptide pool from samples with vable
cells: N « 55 for IFN-y and N = 51 for IL-4 in ARVAC CG 25 g group and N = 18 for IFN-
yand N = 14 for IiL-4 In ARVALC CG 50 g @y oup. Each point represemts the result from
a subject. Bars indicate the mean, and error bars the SEM. Staostical analysis (dl vs.
d28) was performed by the two talled Wilconon matched pairs signed rank test.
a [FN-y SFU dl vs. d25 P =« 0.000003; 1L-4 SFU dl va d25 P <« 0.00002; (b) IFN-y SFU
dl vs. A28 P« 00155 IL-4 SFU d1 vs. d25: P> 005

participant was completely asymptomatic and following protocol
instructions the application of the secand dose was delayed. While the
salety data of this volunteer at 28 days and after the second booster are
included, the immunogenicity data at day 28 and ot later time points
were excluded because the immunogenicity against the virus may

shape the antibody response and lead 1o misinterpretation of the
results. Investigators, and laboratory personnel involved in assays were

blind 1o assignment until the end of the follow-up period.

Missing data or deviations from original protocol were infrequent
and inconsequential

Salety was assessed according to the scheme established in the
Guidance for Industry, Toxicity Grading Scale for Healthy Adult and
Adolescent Volunteers Enrolled in Preventive Vaccine Clinical Trials™.
Solicited local and systemic adverse events (AE) were recorded during
the frst 7 days after each dase of vaccine received, unsolicited events
were recorded during the first 28 days after vaccination, laboratory
tests were carried out after 7 and 28 days of each dose. The following
symptom grading was used for local and systemic AE: grade 1 (mild) to
grade 4 (potentially life-threatening). All safety information collected
was available o an external Independent Committee of Data Review
for continuous monitoring of any relevant AE and recommendations of
modifying or interrupting the protocal as necessary.

Causality assessment of AE was based on the standard definition

and application of terms for vaccine pharmacovigilance as stated by
the Report of the CIOMS/WHO Working Group on Vaccine
Pharmacovigilance .

The immunogenicity of ARVAC CG was compared to I8 samples
obtained during the COVID-19 serology surveillance strategy imple-

mented by the Ministry of Health of the Province of Buenos Aires,
between February 4 and March 31, 2022, These were individuals with

similr demographic characteristics who received a heterologous
booster with the Ancestral-based BNTI62D2 mRNA vaccine adminis-

tered at least 3 months after a two-dose primary schedule (Table 2).

Ethical statement

All participants provided written informed consent before enralment
in the trial and after the nature and possible consequences of the study
were explained. The study was conducted according to the Declaration
of Helsinki. The trial protocol was approved on March 09, 2022 by the
Ethic Committee in Clinical Research Stambulian (CEIC), and by the
Food and Drugs National Regulatory Agency (Administracion Nacional
de Medicamentos, Alimentos y Tecnologia Médica, ANMAT), on March

22, 2022, Participants received compensation for their participation by
travel costs reimbursement and food during their stay at the lacilities.

Samples of the surveillance strategy implemented by the Ministry
of Health of the Province of Buenos Aires that were used, were

abtained from individuals that gave a written informed consent after

receiving a fully explanation of the nature and possible consequences
of the study. The study was approved on February 3, 2022, by the
Central Ethics Committee of Buenos Aires Province (Comité de ética
central de la provincia de Buenos Aires).

Vaccine
The vaccine was manufactured by Laboratorio Pablo Cassard SRL,

according 1o good manulfacturing practice guidelines. The recombi-
nant protein was produced in 3 CHO-S-cell line and consisted of a

single-chain dimer of the receptor binding domain (RBD), comprising
amino acids 319R w 537K of the Spike protein from Gamma SARS-
CoV-2 virus variant. ARVAC CG consisted in a liguid formulation con-

taining 25 pg or 50 pg per 0.5 miL in a vial, with sluminum hydroxide as

the adjuvant’ (see Supplementary methods for mare detailed
description of vaccine manulacture and quality contral).

SARS-CoV-2 Neutralization assays
Neutralization assays were performed using live SARS-CoV-2 virus
isolates . Serial dilutions of plasma samples from /B 1o V16384 were

incubated 1 h at 37 °C in the presence of Ancestral (B.1), Gamma, Delta,
or Omicron variants (BA1 or BAS) in Dulbecco’s Modified Eagle

Medium (DMEM), 2% fetal bovine serum (FBS). Then, 50 pul of the
mixture were deposited over Vero cell monalayers for an hour at 37 °C

(MOL, 0.00). Infectious medium was removed and replaced by DMEM,
2%-FBS. After 72 h, cells were lixed with 4% paraformaldehyde (4 °C,

20 min) and stained with crystal violet solution in methanol. The

cytopathic effect (CPE) on the cell monokayer was assessed visually. M
damage 10 the monolayer was observed in the well, it was considered

manilestation of CPE and the neutralization titer was defined as the
highest serum dilution that prevented any CPE. The neutralization
antibody titers below the detection limit (LS dilution) were set as 4.

The nAb titers were transformed 10 international units per mi (IUY
mi) by the inclusion in each plate of a secondary standard that was
calibrated with the WHO international standard (NIBSC code: 20/268)
following the WHO procedures manual '

SARS-CoV-2 antibody ELISA

Antibodies against SARS-CoV-2 spike protein or RBD were detected
using established, commercially available, two-step ELISAs COVIDAR ™,
ar SARS-CaV-2 (RBD) total Ab ELISA from DRG International (DRG Inc,
Springfield, NJ 07081 USA) following manufacturer instructions. Data
were collected wsing a Multiscan Go microplate reader from Ther-
moScientific with Thermo Scientific Skanlt Software. The immu-
noglobulin G (IgG) concentration of each sample, expressed in Binding
Antibody Units/mi (BAU/mL) was calculated by extrapolation of the
aptica density at 450 nm (OD450) on a calibration curve built using
serial dilutions of the WHO International Standard for anti-SARS-CoV-2

immunoglobulin

ELISpot
The T-cell mediated immune response against the SARS-CoV-2 RBD

mm&ﬂﬂaﬂnhvﬁop&pﬂﬁhﬂmnimﬂm
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mononuciear cells (PBMC), fallowed by IFN-y and IL4 enzyme-linked
immune absorbent spot (IFN-y (BD Biosciences) and IL4 (Mab-
Tech) ELISpot). A peptide pool of overlapping SARS-CoV-2 peptides,
encompassing the SARS-CoV-2 spike RBD covering the Gamma variant
was used in the assay (JFT Peptide Technologies GmbH, Germany).
ElisPor Plaes were scanned on an ImmunoSpot reader (Cellular

Technology Lud.). Specific spots were counted using the ImmunoSpot
5.0 saltware.

Statistical analysis
Variables are reported as means +/- standard deviations, medians and

interquartile range (IQRs) or CI95%, and numbers and percentages.
Immunogenicity response wias assessed by means of nAb geometric
mean titers (GMTs), and seroconversion rates. Fourfold seroconver-
sion (4«-seroconversian) or tenfold seroconversion (10%-seroconver-

sion) were defined respectively as an increase in neutralizing
antibodies equal or higher than four- or ten-times when the baseline

nAbD titers before the booster vaccine were detectable or four times the
lower detection limit when the baseline concentration was not
detectable. Differences in mean, geometric mean, or percentage
values between groups and among prior vaccine platforms were
assessed by means of Mann Whitney u test, Wilcoxon pair-matched
test, Kruskal-Wallis test with post hoc Dunn's for multiple compar-
isons, Fisher exact test, or Chisquare distribution, as appropriste. 95%
Clwere calculated using the Wilson/Brown method. Missing data were
assumed to be missing at random. Statistical analyses were done using
GraphPad Prism v8.4.2 (GraphPad Software, San Diego, CA), Two-sided
P-values < 0.05 were considered statistically signilicant

Reporting summary
Further information on research design is available in the Nature

Portlalio Reporting Summary linked to this article.

Data availability

All data are presented in the main text or the supplementary materials
and are available upon reasonable request from the corresponding
author. Data 1o be shared include all the individual participant data
collected during the trial after deidentification and the study protocol.
Data will be shared after completion of the trial and after publication of
the results. Source data are provided with this paper.
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