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ARTICLE INFO ABSTRACT
Am'd_e history: Background: As a first step towards a vaccine protecting COVID-19 convalescents from reinfection, we
Received 29 June 2021 evaluated FINLAY-FR-1A vaccine in a clinical trial.
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Methods: Thirty COVID-19 convalescents aged 22-57 years were studied: convalescents of mild COVID-
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19, asymptomatic convalescents, both with PCR-positive at the moment of diagnosis; and individuals with
subclinical infection detected by viral-specific IgG. They received a single intramuscular injection of the
FINLAY-FR-1A vaccine (50 pg of the recombinant dimeric receptor binding domain). The primary out-
comes were safety and reactogenicity, assessed over 28 days after vaccination. The secondary outcome
was vaccine immunogenicity. Humoral response at baseline and following vaccination was evaluated by
ELISA and live-virus neutralization test. The effector T cellular response was also assessed. Cuban Public
Registry of Clinical Trials, WHO-ICTRP: https://rpcec.sld.cu/en/trials/RPCEC00000349-En.
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Findings: No serious adverse events were reported. Minor adverse events were found, the most common,
local pain: 3 (10%) and redness: 2 (6-7%). The vaccine elicited a >21 fold increase in IgG anti-RBD anti-
bodies 28 days after vaccination. The median of inhibitory antibody titres (94-0%) was three times greater
than that of the COVID-19 convalescent panel. Virus neutralization titres higher than 1:160 were found
in 24 (80%) participants. There was also an increase in RBD-specific T cells producing IFN-y and TNF-o.
Interpretation: A single dose of the FINLAY-FR-1A vaccine against SARS-CoV-2 was an efficient booster of
pre-existing natural immunity, with excellent safety profile.

Funding: Partial funding for this study was received from the Project-2020-20, Fondo de Ciencia e Inno-
vacién (FONCI), Ministry of Science, Technology and the Environment, Cuba.

RESUMEN
Antecedentes: Como un primer paso hacia una vacuna que proteja a los convalecientes de COVID-19 de
la reinfeccién, evaluamos la vacuna FINLAY-FR-1A en un ensayo clinico.
Meétodos: Se estudiaron treinta convalecientes de COVID-19 de 22 a 57 afios: convalecientes de COVID-19
leve y convalecientes asintomaticos, ambos con prueba PCR positiva al momento del diagnéstico; e indi-
viduos con infeccién subclinica detectada por IgG especifica viral. Los participantes recibieron una dosis
Unica por via intramuscular de la vacuna FINLAY-FR-1A (50 pg del dominio de unién al receptor recom-
binante dimérico del SARS CoV-2). Las variables de medida primarias fueron la seguridad y la reactogeni-
cidad, evaluadas durante 28 dias después de la vacunacién. La variable secundaria, la inmunogenicidad.
La respuesta humoral, al inicio del estudio y después de la vacunacién, se evalué por ELISA y mediante
la prueba de neutralizacion del virus vivo. También se evalud la respuesta de células T efectoras. Registro
Ptblico Cubano de Ensayos Clinicos, WHO-ICTRP: https://rpcec.sld.cu/en/trials/RPCEC00000349-En.
Resultados: No se reportaron eventos adversos graves. Se encontraron eventos adversos leves, los mas
comunes, dolor local: 3 (10%) y enrojecimiento: 2 (6-7%). La vacuna estimul6 un incremento >21 veces de
los anticuerpos IgG anti-RBD 28 dias después de la vacunacién. La mediana de los titulos de anticuerpos
inhibidores (94-0%) fue aproximadamente tres veces mayor que la del panel de convalecientes de COVID-
19. Se encontraron titulos de neutralizaciéon viral superiores a 1:160 en 24 (80%) de los participantes.
También hubo un aumento en las células T especificas de RBD que producen IFN-y y TNF-a.
Interpretacion: Una sola dosis de la vacuna FINLAY-FR-1A contra el SARS-CoV-2 reforzé eficazmente la
inmunidad natural preexistente, con un excelente perfil de seguridad.
Financiamiento: Se recibié un financiamiento parcial del Proyecto-2020-20, Fondo de Ciencia e Innovacion
(FONCI), Ministerio de Ciencia, Tecnologia y Medio Ambiente, Cuba.
© 2021 The Author(s). Published by Elsevier Ltd.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Research in context

viduals, including those with low levels of neutralizing an-
tibodies. Immunization with a single dose of this vaccine
triggered a rapid induction of high cellular and humoral re-
sponse, suggesting a protective immunity against COVID-19,
which should be confirmed in large phase II clinical trials.

Evidence before this study

Immunity against SARS-CoV-2 depends on the level of
neutralizing antibodies. Asymptomatic individuals and per-
sons recovered from mild disease may be reinfected, partic-
ularly those with low-neutralizing antibody titres. As far as
we know, SARS-CoV-2 vaccines are not being evaluated in 1
clinical trials for preventing reinfection in COVID-19 convales-
cents. There is strong evidence that COVID-19 induces long-
term memory B cells that can respond to RBD vaccines.

. Introduction

By mid-August 2021, the number of COVID-19 cases reported
worldwide is about 205 million and the number of persons re-
covered is approaching 175 million [1]. Disease severity goes from
asymptomatic and mild to severe with fatal outcome, mainly in
persons with impaired immunity and comorbidities in which an
uncontrolled inflammatory response and cytokine storm are re-
sponsible for a torpid evolution [2-5].

COVID-19 convalescents are not included in vaccination pro-

Added value of this study

This is the first published clinical study of an anti-
SARS-CoV-2 vaccine in COVID-19 convalescents. The vaccine
demonstrated to be safe with good tolerability, evidenced by
the fact that most local and systemic reactions were mild.
RBD:hACE2 binding inhibitory antibodies were induced in

most volunteers 7 days after a single vaccine dose, which
proves booster effect over existing immunity. There was also
an increase in RBD-specific T cells producing IFN-y and TNF-
«. B and T cells were successfully stimulated 8 months
on average after hospital discharge or serological diagnosis,
demonstrating that natural infection leads to the production
of long-term memory cells that can respond quickly to a
booster dose of FINLAY-FR-1A vaccine.

Implications of all the available evidence

A d-RBD vaccine can be used as a booster to trigger im-
munity against SARS-CoV-2 in COVID-19 convalescent indi-

grams and there is insufficient understanding of the efficiency and
duration of protection conferred via natural immunity induced by
SARS-CoV-2 infection. Depending on the level of neutralizing anti-
bodies, evidence points to short or to long-term immunity [4-10].
Other studies provide evidence of reinfection [8, 9]. What are the
pros and cons of vaccinating convalescents? Do they develop ad-
verse events, not observed in the naive population? Can they be
protected against reinfection?

Neutralizing antibodies against SARS-CoV-2 are stimulated by
the S1 subunit of the spike protein, mainly by its receptor binding
domain (RBD), while other SARS-CoV-2 proteins can promote an
immunopathogenic mechanism mediated by antibodies (Antibody
Dependent Enhancement, ADE) [2, 3, 8, 10].
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Vaccine candidates based on RBD have been developed on dif-
ferent platforms, which have demonstrated safety and immuno-
genicity [9, 11, 12]. FINLAY-FR-1A vaccine (SOBERANA Plus), pro-
duced under Good Manufacturing Practice at The Finlay Vaccine In-
stitute and The Centre of Molecular Immunology, in Havana, Cuba
has completed preclinical and toxicological evaluations. The anti-
gen is a dimer of the recombinant RBD with sequence 319-54, pro-
duced in genetically modified Chinese hamster ovary cells (CHO).
RBD is dimerized through a Cys538-Cys538 interchain disulphide
bridge.

The dimeric RBD (d-RBD) was developed as an alum-adsorbed
vaccine —FINLAY-FR-1A— or combined with alum and outer mem-
brane vesicles from Neisseria meningitidis group B as adjuvant. The
FINLAY-FR-1A vaccine was evaluated in a Phase [ Clinical Trial in
naive individuals. Two formulations were tested: 25 pg and 50 pg
of d-RBD per dose in a 3-dose schedule. This study showed an ex-
cellent safety profile of both formulations, as well as higher im-
munogenicity of the 50 pg formulation (Cuban Public Registry of
Clinical Trials: https://rpcec.sld.cu/en/trials/RPCECO0000338-En, in-
cluded in WHO International Clinical Trials Registry Platform). This
phase I clinical trial was successfully completed, and the National
Regulatory Agency authorized the start of new trials.

We hypothesize that a single dose of this vaccine may be an ef-
fective booster for individuals with pre-existing immunity to SARS-
CoV-2. Here we describe the safety and immune responses after
application of a single dose of FINLAY-FR-1A vaccine to 30 individ-
uals with documented pre-existing SARS-CoV-2 natural immunity.

2. Methods

2.1. Study design and participants (see also Supplementary
Material, Appendix 2)

This phase I, adaptive, open, and monocentric clinical trial was
carried out at the National Institute of Haematology and Immunol-
ogy in Havana, Cuba. The clinical trial protocol is available at https:
[[rpcec.sld.cu/en/trials/RPCEC00000349-En (hereinafter referred to
as the protocol).

The adaptive design planned the following prospective adapta-
tions:

- Stopping rule for unacceptable toxicity (if the probability of
vaccine-associate serious adverse events rate were greater than
0-05).

- Early evaluation of immunogenicity (if the probability of im-
mune response were greater than 0-90 a report would be sub-
mitted to the regulatory agency for advancing in the design for
the next study).

- Inclusion of other evaluation criteria depending of the external
accumulated data.

Thirty convalescent individuals of COVID-19 were recruited
among COVID-19 convalescent individuals in Havana who fulfilled
the selection criteria (see also Supplementary Material, Appendix
2). The time elapsed from hospital discharge or serological diag-
nosis to vaccination was computed. Participants were distributed
into three groups: convalescents of mild COVID-19 (N=11), asymp-
tomatic convalescents (N=10), both with positive PCR test at the
moment of diagnosis and cleared at least two months before the
initiation of the study (a safety requirements of the Cuban proto-
col for convalescent patients) [13], and individuals with subclinical
infection detected by community-based research with SARS-CoV-2-
specific IgG but who never were confirmed as PCR positive (N=9)
[13]. COVID-19 convalescents of the first two groups had history
of hospital admission in accordance with the Cuban Protocol [13].
The subjects of the third group were identified during seroepi-
demiological studies addressed to people without history of clin-
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ical manifestations of COVID-19. (See also Supplementary Material,
Appendix 4, Table 4-2).

All participants underwent a screening visit (full medical his-
tory, pregnancy rapid test in women of childbearing potential,
SARS-CoV-2 PCR tests, blood tests —HIV; hepatitis B and C serol-
ogy; full blood count; kidney and liver function tests, background
of IgG anti-RBD antibodies, blocking antibodies of RBD:hACE2 in-
teraction, virus neutralization test and cellular immunity—). Exclu-
sion criteria were: for safety reasons, history of moderate or se-
vere COVID-19 hospitalization due to COVID-19 during the last 2
months, and any severe disease or decompensated chronic disease,
immunodeficiency, history of serious allergy, pregnancy, breast-
feeding, immunological treatment during the last 30 days; SARS-
CoV-2 PCR-positive, detection of antibodies blocking RBD:hACE2
interaction higher than 60% at a serum dilution 1/100. (See also
Supplementary Material, Appendix 2). The study was registered at
the Cuban Public Registry of Clinical Trials: https://rpcec.sld.cu/en/
trials/RPCEC00000349-En, included in WHO International Clinical
Registry Trials Platform.

2.2. Ethical considerations

The Cuban Ministry of Public Health (MINSAP) established a
medical care program for COVID-19 convalescent patients [13].
The National Institute of Haematology and Immunology (NIHI) —
clinical site of the trial— and the trial's clinical research team
are included in this medical care program. MINSAP, the Indepen-
dent Ethics Committee for Studies on Human Subjects, at NIHI and
the Cuban National Regulatory Agency (Centre for State Control of
Medicines and Medical Devices, CECMED), approved the trial and
the procedures (CECMED, Authorization date: 30/12/2020, Refer-
ence number: 542/05-017-20B). It was conducted according to the
Declaration of Helsinki and Good Clinical Practice.

An Independent Data Monitoring Committee (four members
specialized in clinical trials and data monitoring, independent from
sponsors and clinical investigators) performed an interim data
analysis of safety, reactogenicity and early immunogenicity on day
14 post-vaccination. After day 28, the final analysis of safety, re-
actogenicity, and immunogenicity were done by the statistician re-
sponsible of the design and statistical analysis. All subjects were
studied during the interim analysis on day 14 and during the final
analysis —whole trial— after day 28.

During recruitment, investigators provided potential partici-
pants with extensive relevant information, both oral and written.
All questions and doubts were clarified. The decision to participate
in the study was completely voluntary. Written informed consent
was obtained from all participants. During the study, the Commit-
tees assessed the trial’s risk-benefit ratio and assured the rights,
health and privacy of volunteers, including information confiden-
tiality.

2.3. Product under evaluation

Vaccine antigen: SARS-CoV-2 RBD (sequence: 319-541 amino
acid residues with a poly-histidine fusion tag at its C-terminus),
expressed in CHO cells, purified and characterized as usual. RBD is
dimerized through a Cys538-Cys538 interchain disulphide bridge.
FINLAY-FR-1A vaccine, composition per dose (0-5 mL): d-RBD 50
ng, NaCl 4-250 mg, Na,HP0O40.03 mg, NaH,P04-0.02 mg, thiomer-
sal 0-05 mg, injection water, aluminium hydroxide gel 1-25 mg, pH
6.0-7-2. The vaccine was manufactured according to Good Manu-
facturing Practice by the Finlay Vaccine Institute in Havana, Cuba.
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2.4. Procedures

Blood samples were collected on days 0 (before vaccination),
7, 14 and 28. Volunteers were closely observed for 3 hours post-
vaccination. After vaccination, active surveillance by health care
professionals was carried out on days 1 (vaccination), 2, 3, 7, 14
and 28. Participants were instructed to complete a diary record of
solicited local and systemic adverse reactions during the 28 days
follow-up period.

Expected and protocol-defined local site reactions (injection site
pain, warmth, redness, swelling, induration) and systemic symp-
toms (general malaise, rash, and fever defined as an axillary
temperature >38°C) were recorded for 7 days. All other events,
—in particular, possible serious adverse events— were recorded
throughout the 28 days follow-up period. The severity of ex-
pected and protocol-defined local and systemic adverse events
were graded as mild, moderate and severe, according to Brighton
Collaboration definition and the Common Terminology Criteria for
Adverse Events version 5-0. Severity of unsolicited adverse events
were graded as: mild (transient or mild discomfort, no interference
with activity), moderate (mild to moderate limitation in activity),
severe (marked limitation in activity). All adverse events were re-
viewed for causality, and events were classified according to WHO:
Inconsistent causal association to immunization, consistent causal
association to immunization, indeterminate, unclassifiable [14].

Humoral immune response at baseline and following vaccination
was evaluated by:

a) in-house quantitative IgG ELISA to detect antibodies against d-
RBD, using d-RBD as coating antigen. The assay uses an in-
house standard characterized serum, which was arbitrarily as-
signed 200 AU/mL (based on a half-maximal inhibitory titre
of 200 and conventional virus neutralization titre of 160). The
standard curve was constructed by performing six two-fold se-
rial dilutions (1:100 to 1:1600). An anti-human-y :peroxidase
conjugate was used; the reference curve was constructed using
four-parameter log-logistic function of the Centers for Disease
Control and Prevention Program [15]. (See also Supplementary
Material, Appendix 9).

b) Molecular virus neutralization test, based on antibody-mediated

blockage of RBD:hACE2 interaction. This test is an in-vitro sur-

rogate of the live-virus neutralization test [16]. It uses re-
combinant RBD-mouse-Fc (RBD-Fcm) and the host cell recep-
tor hACE2-Fc (ACE2-Fch) as coating antigen. Human antibodies
against RBD can block the RBD-Fcm interaction with ACE2-Fch.
The RBD-Fcm that was not inhibited can bind to ACE2-Fch, and
is recognized by a monoclonal antibody anti-y murine conju-
gated to alkaline phosphatase. This inhibition ELISA mimics the
virus-host interaction at the molecular level [16]. The inhibition
ratio of RBD:hACE2 interaction at a serum dilution of 1/100 and
the half-maximal molecular virus neutralization titre (mVNTjsq)

were calculated; mVNTsg is the serum dilution inhibiting 50%

of RBD:hACE2 interaction.

Conventional virus neutralization test. This live-virus neutraliza-

tion assay is the gold standard for determining antibody effi-

cacy against SARS-CoV-2. It is a colorimetric assay based on an-
tibody neutralization of SARS-CoV-2 cytophatic effect on Vero

E6 cells. The conventional virus neutralization titres (cVNT)

were calculated [17].

C

N

Measurement of cellular response. After vaccination, RBD-specific
T cells producing IFN-y and TNF-o were quantified by multipara-
metric intracellular flow cytometry [18]. Briefly, peripheral blood
mononuclear cell (PBMC) were isolated, cultured in the presence of
full-length recombinant RBD [18], Brefeldin A solution was added,
cells were collected and stained first with the live/dead near-IR flu-
orescent dye (Invitrogen), and then, with the extracellular mark-
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ers anti-CD3 PE/cy7 (SK7) and anti-CD4 PE/cy5 (RPA-T4). Cells
were fixed, permeabilized, and stained with anti-human IFN-y PE
(4S.B3) and TNF-o¢ FITC (mAb11). Lymphocytes were acquired in
a Gallios cytometer and data were analysed using the Kaluza 1.2
version software. Cytokine-producing T lymphocytes were gated on
PBMC [18].

The vaccine-elicited humoral immune response was compared
with the Cuban Convalescent Serum Panel (CCSP), composed of 68
serum samples from asymptomatic individuals (25), and those re-
covered from mild/moderate (30) and serious COVID-19 (13), char-
acterized by standardized ELISA, in-vitro inhibitory assay and live-
virus neutralization test.

2.5. Outcomes (See also Supplementary Material, Appendix 1)

The two co-primary outcomes, safety, and reactogenicity, were
assessed over 28 days after vaccination. Safety was measured by
the occurrence of serious adverse events. Preliminary results were
assessed by the occurrence of expected and protocol-defined local
and systemic reactions, as well as unsolicited adverse events, on
days 7 and 14 after vaccination; the final evaluation was performed
on day 28 after vaccination. Laboratory tests on day 28 were com-
pared to pre-vaccination values.

The secondary outcome, vaccine immunogenicity, was esti-
mated on days 7, 14, and 28, and compared to baseline. The IgG
anti-RBD ELISA and the molecular virus neutralization test were
done on days 0, 7, 14 and 28; the conventional virus neutralization
test on days 0 and 14, and the evaluation of cellular immunity on
days 0 and 28.

Cellular immunity was evaluated in subjects of the first two
groups with clear history of COVID-19, (who were admitted to hos-
pital and confirmed by PCR). Humoral immunity was studied in all
participants, including subjects without history of clinical symp-
toms of COVID-19 and with negative-PCR tests, not hospitalized
but with history of positive IgG COVID-19 tests.

2.6. Statistical analysis

Calculation of the sample size was based on a serious adverse
events rate lower than 5%. Two-sided 95% confidence intervals for
one proportion were calculated, with a precision (target width) of
0-194.

Safety and reactogenicity endpoints are described as frequen-
cies (%). The following values are reported: mean, standard devi-
ation (SD), median, interquartile range, and range, for the demo-
graphic characteristics and adverse events. Median, for immuno-
logical endpoints; geometric mean (GMT) and 95% confidence in-
tervals (CI), for mVNT5q and cVNT. Seroconversion rates for IgG an-
tibodies anti-RBD (>4-fold increase in antibody concentration over
pre-immunization levels) were calculated for each subject.

Spearman$ rank correlation was used to assess relationships
among techniques used to evaluate the immune response. ROC
curve was used to choose the most appropriate cut-off for hu-
moral tests regarding the cVNT, and to determine the connection
between sensitivity and specificity for every cut-off. The Students$
t-Test or the Wilcoxon Signed-Rank Test were used for before-after
statistical comparison. Statistical analyses were done using SPSS
version 25-0; STATISTICA version 12.0; R version 3.2-4; EPIDAT ver-
sion 4-1, Prism GraphPad version 6-0 and WinBugs version 1-4. An
alpha signification level of 0-05 was used.

An Independent Data and Safety Monitoring Board provided
safety supervision.
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Table 1
Baseline demographic characteristics of the COVID-19 convalescents included in the study
Subjects recovered from History of PCR-positive Past subclinical infection Total
mild COVID-19 asymptomatic COVID-19 detected by viral-specific IgG

N 11 10 9 30
Sex
Female 7 (63-6%) 3 (30-0%) 5 (55-6%) 15 (50-0%)
Male 4 (36-4%) 7 (70-0%) 4 (44-4%) 15 (50-0%)
Skin color
White 8 (72.7%) 5 (50-0%) 3(333%) 16 (53-3%)
Black 1(9-1%) 2 (20-0%) 2 (222%) 5(16-7%)
Mixed race 2 (18:2%) 3 (30-0%) 4 (44-4%) 9 (30.0%)
Age (years)
Mean (SD) 46-9 + 88 36.6 + 10-4 39.7 + 14.0 413 £ 116
Median (IQR) 48.0 £ 13.0 33.0 + 14.0 40.0 £ 30.0 41.5 £ 21.0
Range 30-57 24-55 22-57 22-57
Weight (kg)
Mean (SD) 76-8 + 14.6 70.0 £ 12.0 701 £ 13.2 725 +£13.3
Median (IQR) 750 £ 29-0 71.0 £ 17.0 71.0 £ 14.5 71.0 + 121
Range 55-100 47-90 46-92 46-100
Height (cm)
Mean (SD) 1693 £ 125 1679 + 8.2 167-2 +£ 107 168-2 + 104
Median (IQR) 1630 + 23.0 169-0 + 13.0 164.0 £ 19-0 166-0 + 16-0
Range 153-188 152-177 154-186 152-188
BMI (kg/m?)
Mean (SD) 265+ 1.9 24.6 + 2.8 24.8 + 3.4 254 + 2.8
Median (IQR) 26.0 + 3.7 244 + 4.4 264 + 4.9 25.6 + 4.2
Range 23.5-33.7 20-3-29.7 18.7-29-4 18.7-29.7
HD (months)
Mean (SD) 84+ 06 78+ 1.7 79+ 09 804+ 12
Median (IQR) 85+ 1.0 82+17 82+ 01 82 408
Range 7-4-9-4 4.7-10-1 5.5-8.3 4.7-10-1

Data are n (%) unless otherwise specified. Mean (SD)=Mean + Standard Deviation. Median (IQR)=Median + Interquartile Range. BMI=Body mass index. HD=Months from

hospital discharge or serological diagnosis to vaccination.

3. Results

Table 1 summarizes the participants’ demographic characteris-
tics. The mean time from hospital discharge or serological diagno-
sis to vaccination was 8 months (SD=1-2), the median value was
8-2 months. (See also Supplementary Material, Appendix 4, Table
4-2).

The sample size calculation was based on a serious adverse
event rate of less than 0-05. No serious adverse events were re-
ported. The probability of vaccine-related serious adverse events
was estimated as 0-032 and the probability of reaching an unac-
ceptable toxicity (greater than 0-05) was 0-20.

Local pain was the most frequent (10%) minor adverse event,
followed by redness (6-7%) (Table 2). Both were the only expected
local adverse events with consistent causal association to vacci-
nation. The expected systemic reactions were limited to general
malaise with causality association and mild fever, with inconsis-
tent causal association to vaccination. Only six subjects (20%) re-
ported adverse events (one reported two local reactions: local pain
and redness) (Table 2). Abnormal laboratory parameters related to
vaccination were not found. (See also Supplementary Material, Ap-
pendix 5, Tables 5-1 to 5-4, Appendix 6, Table 6-1).

The frequency of local and systemic reactions was higher during
the first 24 h after vaccination; they generally disappeared within
the first 3 days. The intensity of the solicited adverse events was
generally mild; only two participants reported moderate local pain
at the vaccination site. Unsolicited adverse events were predomi-
nantly mild and moderate and resolved spontaneously during the
follow-up period. (See also Supplementary Material, Appendix 5,
Tables 5-1 to 5-4). The main unsolicited adverse event was high
blood pressure; in only one case (3-3%) consistent with causal as-
sociation to vaccination. This subject was the only severe case in
this clinical trial, but recovered within the first hour after vacci-

nation. Volunteers with a history of high blood pressure were ad-
mitted to the study if blood pressure remained controlled during
recruitment.

A significant increase in RBD antibodies was detected on day
7 (median: 146-6 AU/mL). IgG level increased on days 14 and 28,
with medians of 330-4 and 722-2 AU/mL respectively (Table 3 and
Figure 1). The vaccine elicited a very high increase in antibody re-
sponse on day 28. Median values were 14-fold higher than that of
CCSP and 21-fold higher than the pre-vaccination level. Serocon-
version was 50% at 7 days. It was 66-67% and 80% at 14, and 28
days respectively. (See also Supplementary Material, Appendix 7,
Tables 7-1 to 7-3).

We measured the inhibition ratio of RBD:hACE2 interaction at
a serum dilution of 1/100. Twenty-six subjects (86-6%) presented
levels of inhibitory antibodies on day 7. Significantly higher than
their pre-vaccination titres, and those from CCSP (Figure 2). On
day 7, 23 (76-67%) individuals achieved an inhibition ratio >70%
at a serum dilution of 1/100. On day 14, 26 participants (86-67%)
had responded to vaccination; they attained a 94% inhibition ratio
and the median of the inhibitory antibody titres was three times
greater than that from CCSP (Table 3). (See also Supplementary
Material, Appendix 7, Tables 7-5).

To evaluate the functionality of antibodies, the mVNTs, value
complements the information derived from the RBD:hACE2 inhibi-
tion ratio. High levels of mVNTsy were detected on day 7 post-
vaccination (significantly higher to pre-vaccination titres and to
the convalescent serum panel) (Figure 3). The GMT of mVNTsq
on day 28 represents a 103-fold increase over the pre-vaccination
value (2243-2/21-7) and a 38-fold increase over the CCSP value
(2243.2/59-3). (See also Supplementary Material, Appendix 7, Ta-
bles 7-6).

The conventional virus neutralization titre (C(VNT) obtained with
live SARS-CoV-2 was evaluated on day 14. The GMT —calculated
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Table 2
Frequency of adverse events following vaccination
Subjects recovered from History of PCR-positive Past subclinical infection Total
mild COVID-19 asymptomatic COVID-19 detected by viral-specific IgG

N 11 10 9 30
Subjects with some AE 3 (27-3%) 4 (40.-0%) 5 (55-6%) 12 (40-0%)
Solicited local AE
Site pain 0 (0-0%) 2 (20-0%) 1(11:1%) 3 (10-0%)
Redness 0 (0-0%) 1 (10-0%) 1(111%) 2 (6-7%)
Solicited systemic AE
General malaise 0 (0-0%) 1(10-0%) 0 (0-0%) 1(3-3%)
Fever 1(9:1%) 0 (0-0%) 0 (0-0% 1(3:3%)
Unsolicited systemic AE
High Blood Pressure 2 (18:2%) 2 (20-0%) 3 (33:3%) 7 23.3%)
Headache 0 (0-0%) 1 (10-0%) 1(11:1%) 2(67%
Chills 0 (0-0%) 0 (0-0%) 1(11:1%) 1(3:3%)
Dry Mouth 0 (0-0%) 0 (0-0%) 1(11:1%) 1(3:3%)
Migraine 0 (0-0%) 0 (0-0%) 1(11:1%) 1(33%
Sinus tachycardia 0 (0-0%) 0 (0-0%) 1(111%) 1(3:3%)
Number of AE per
subject
Average (SD) 03 £05 07 £1.0 11+19 07 £12
Median (IQR) 0+1 0+1 1+1 0+1
Range 0-1 0-3 0-6 0-6
Subjects with some 0 (0-0%) 3 (30-0%) 3(33:3%) 6 (20-0%)
VAAE
Solicited local VAAE
Site pain 0 (0-0%) 2 (20-0%) 1(11:1%) 3 (10-0%)
Redness 0 (0-0%) 1 (10-0%) 1(111%) 2 (6-7%)
Solicited systemic VAAE
General malaise 0 (0-0%) 1(10-0%) 0 (0-0%) 1(3:3%)
Unsolicited systemic
VAAE
High Blood Pressure 0 (0-0%) 0 (0-0%) 1(11-1%) 1(3-3%)
Number of VAAE per
subject
Average (SD) 0.0 £ 0-0 04 +£ 0.7 03 £ 0-5 02 +£05
Median (IQR) 0+0 0+1 0+1 0+0
Range 0-0 0-2 0-1 0-2

Data are n (%) unless otherwise specified. Average (SD)=Average + Standard Deviation. Median (IQR)=Median + Interquartile Range. AE=Adverse
Event. VAAE=Vaccine-Associated Adverse Event.

Table 3
Humoral immune response induced by a single dose of FINLAY-FR-1A vaccine
Pre-vaccination (day 0) Days post-vaccination CCSP
7 14 28
Anti-RBD IgG AU/mL
median 34.0 146-6 3304 7222 50-8
25-75 percentile 14.0; 66-8 38.4;709-2 117-2; 6153 2306; 1058-1 23-8; 94.0
RBD:hACE2 INH%
Median 15-4 94.2 94.0 958 32.0
25-75 percentile 7-2; 233 75-4; 94.9 93.4; 944 94.8; 96.0 16-6; 622
mVNTsg
GMT 217 8174 2509-3 2243.2 59.3
95% CI 15-6; 30-2 366-8;1821-5 1234.9; 5098.7 1133.9; 44378 41.1; 85-5
CVNT
GMT 9.9 N.A. 234.3 N.A. 46-4
95% CI 6-3; 154 N.A. 106-4; 515-8 N.A. 31.5; 684

AU/mL=anti-RBD IgG concentration expressed in arbitrary units/mL. RBD:hACE2 INH%= RBD:hACE2 inhibition % at a dilution 1/100. mVNTsp=serum dilution
inhibiting 50% of RBD:hACE2 interaction. cVNT=conventional live-virus neutralization titre. GMT=Geometric Mean Titre. 95% CI=95% Confidence Interval.

N.A.=not available. CCSP=Cuban convalescent serum panel.

in all sample subjects— was 234-3, this represents a 5-fold in-
crease over the value for CCSP (cVNT=46-4) (Table 3). After vac-
cination, virus neutralization titres higher than 1:160 were found
in 24 (80%) participants. They were significantly higher than pre-
vaccination titres, and CCSP titres (Figure 4). (See also Supplemen-
tary Material, Appendix 7, Tables 7-4).

The cellular immunity was explored in convalescent subjects
with a history of PCR-positive COVID-19. Anti-CD3 and anti-CD4
monoclonal antibodies were used to identify lymphocyte subsets.
The vaccine increased the frequency of RBD-specific TNF-a T cells

on day 28. The expression of TNF-« from CD4+ and CD3+CD4- T
cells was significantly higher than at baseline (p=0-00014; 95% CI:
0-43; 1-09 and p=0-00025; 95% CI: 1-19; 429, respectively). The
frequency of RBD-specific IFN-y CD3+CD4- T cells also increased,
(p=0.-030; 95% CI: 0-03; 1-09). These are evidence of a vaccine-
triggered cellular immune response (Figure 5). (See also Supple-
mentary Material, Appendix 7, Table 7-7)

Only four participants (all women) did not increase antibody
level after vaccination (one convalescent from mild COVID-19, one
asymptomatic; the other two, convalescents from subclinical in-
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14 and 28 are expressed in arbitrary units/mL. CCSP: Cuban Convalescent Serum Panel.
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Figure 2. Capacity of anti-RBD IgG antibodies for inhibiting RBD:hACE2 interaction, as measured by competitive ELISA. % Inhibition of RBD:hACE2 interaction at 1/100 serum
dilution at days O (pre-vaccination), 7, 14 and 28. CCSP: Cuban Convalescent Serum Panel.

fection (viral-specific IgG, PCR-negative). Before vaccination, they
had a very low level of anti-RBD antibodies. The two women with
history of mild COVID-19 and the one asymptomatic increased
CD3+CD4- TNF-« T cells (probably CD8+ T cells) after vaccination.
The last one also increased the CD3+CD4- IFN-y T cells. (See also
Supplementary Material, Appendix 7, Tables 7-8, 7-9).

For all immunological endpoints analysed, no differences were
found among the three groups. Although the sample size is small,
the 95% confidence intervals or 25-75 percentile ranges of each
group overlap, suggesting similarity in the immune response.

There was a good correlation between cVNT and other variables
(coefficients greater than 0-7), except with RBD:hACE2 inhibition
at a dilution of 1/100. mVNT50 and cVNT achieved the strongest
correlation coefficient: 0.946 (95% CI: 0-889; 0-974); the correla-
tion was 0-936 (95% CI: 0-869; 0-969) for cVNT and anti-RBD IgG
concentration, and 0-730 (95% CI: 0-502; 0-863) for cVNT and the
seroconversion rate.

The best predictive result was for mVNTsq (cut-off value: 919).
The diagnostic efficiency of cVNT was 96-7% (95-8% sensitivity,
100% specificity, 100% positive predictive value, and 85-7% negative
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Figure 4. Conventional live-virus neutralization titre (CVNT) at days O (pre-vaccination), 7 and 14. CCSP: Cuban Convalescent Serum Panel.

predictive value), followed by anti-RBD IgG concentration (cut-off
value: 124.7 AU/mL): diagnostic efficiency, sensitivity specificity,
positive and negative predictive values: 90%, 87-5%, 100%, 100% and
54.6%). (See also Supplementary Material, Appendix 8, Tables 8-1
to 8-3, Figure 8-1).

4. Discussion

COVID-19 vaccines are being designed using several platforms;
mRNA vaccines and viral vector vaccines are very immunogenic;

there is concern regarding their reactogenicity [12, 19, 20]. Inac-
tivated SARS-CoV-2 vaccines are less immunogenic; some reacto-
genicity has been reported [12, 21]. Recombinant spike protein vac-
cines are probably less immunogenic but provoke fewer adverse
reactions [12, 18].

FINLAY-FR-1A is a vaccine based on recombinant d-RBD on alu-
minium hydroxide gel. It is being studied for the protection of
naive individuals, COVID-19 convalescent subjects (https://rpcec.
sld.cu/en/trials/RPCECO0000349-En and this paper) and its use as
a booster for persons already immunized with other vaccines is
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being considered. It is safe: despite evaluating COVID-19 conva-
lescents (including some with chronic disease, instead of healthy
volunteers—as usual in clinical trials) we found fewer vaccine-
associated adverse events than those reported in other studies [19-
23].

This is the first phase I clinical trial in COVID-19 convalescents,
and it was planned in subjects 19-59 years old. Ongoing study is
being carried out in convalescents between 19-80 years old. Mod-
erate or Severe COVID-19 were exclusion criteria by safety concern
in this first study. Compensated chronic disease were included in
the study. Only severe disease or decompensated chronic disease
were excluded. (See Supplementary Material Appendix 2, Appendix
3).

A key concern is the nature, frequency, and severity of ad-
verse events triggered by vaccination in COVID-19 convalescents.
Individuals seropositive to SARS-CoV-2 who received one dose
of an mRNA vaccine had higher frequency of adverse events
than seronegative individuals (75% of individuals had at least one
event) [24]. Here, in a follow-up of adverse events over 28 days
post-vaccination, only 6 individuals (20%) experienced vaccine-
associated adverse events, with local events predominating over
systemic.

The severe case of high blood pressure was classified as re-
lated to vaccination, both events were simultaneous, probably an
anxiety-related reaction in a subject with a history of this disease.
There is not any other reason to think the vaccine could cause high
blood pressure.

In 26 out of 30 participants, a significant increase in anti-RBD
IgG was detected at day 7, showing stimulation of a secondary
antibody response, as previously reported in healthcare workers
[24], and individuals who had been infected by SARS-CoV-2 [20,
25]. Anti-RBD IgG further had increased by day 14 and reached
its highest value on day 28 (a 21-fold increase compared to pre-
vaccination level and a 14-fold increase compared to CCSP); a simi-
lar finding was reported after one dose of mRNA vaccine BNT162b2
[25, 26].

All non-responders were women; they were the participants
that elicited the lowest natural response to SARS-CoV-2 infection.
These four women did not increase antibody levels after vaccina-
tion; however, two volunteers developed an adequate cellular im-
munity post-vaccination. As usual in other viral infections, a vari-
able immune response has been described against SARS-CoV-2: [4,
6, 27, 28] some studies have shown a natural immunity against
SARS-CoV-2 greater in women than in men, while no-differences
associated to gender have been reported with COVID-19 vaccines
[27-29].

The efficacy of anti-RBD antibodies in blocking the interaction
between recombinant RBD and hACE2 as a primary indicator of
functionality was evaluated in an inhibitory ELISA. We studied the
quality of antibodies elicited by natural infection (before vaccina-
tion) and after vaccination. For all participants, the RBD:hACE2 in-
hibition ratio at a dilution of 1/100 was below 60% before vaccina-
tion; after vaccination, this ratio increased overtime for 26 out of
30 participants. All the responders attained a 94% inhibition ratio,
19 on day 7 and the remaining 7 on day 14 (the CCSP showed a
median of 32% inhibition).

To evaluate the functionality of antibodies, the half-maximal
molecular virus neutralization test (mVNTsg) is an important com-
plement to the RBD:hACE2 inhibition ratio. The GMT of mVNTsq
on day 28 was notably higher than the pre-vaccination value and
the CCSP value. The mVNTso is an excellent test for immuno-
genicity induced by COVID-19 vaccines. This is an in-vitro sur-
rogate assay of the conventional neutralization test (cVNT) us-
ing live virus. The correlation between both tests has been veri-
fied, confirming that the in-vitro test could replace the complex
CVNT.
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The conventional virus neutralization test is considered the gold
standard to evaluate neutralizing antibodies against SARS-CoV-2.
Most individuals (80%) achieved cVNT>1/160, considered as pro-
tective levels, a value higher than that reported in other clinical
trials [21, 22, 23].

Before vaccination, the four non-responder women had low lev-
els of functional specific antibodies, and specific T-cell responses so
the vaccine dose was just like a priming shot, at least for humoral
immunity.

The delay of vaccination beyond the two-months after PCR neg-
ative result could be either unfavourable due to the decline of ac-
tivated B cells, or could improve the immune response because
lower levels of RBD inhibitory antibodies could prevent RBD clear-
ance. The role of antibody concentration at baseline will be studied
in next trials.

The frequency of specific T cells induced by the FINLAY-FR-1A
vaccine is similar to that reported by other vaccines against SARS-
CoV-2 [18, 26]. FINLAY-FR-1A increased the frequency of effector T
cells producing TNF-« and IFN-y, demonstrating induction of cel-
lular immunity. RBD-specific IFN-y CD4+ T cell subsets were iden-
tified on day 0 (before vaccination) and did not increase after vac-
cination; however, the strong booster effect of a single dose of the
vaccine candidate suggests a T cell-dependent immune response,
which requires T cell collaboration with B cells to produce specific
IgG antibodies.

T-cell response plays an important role in COVID-19 mitigation,
even in the absence of a measurable humoral response, as seen
in non-responders. CD4+ T cells not only collaborate with B cells;
they are also effector cells, producing IFN-y, TNF-« and other cy-
tokines [30, 31]. TNF-« is produced by effector T cells and innate
cells, and can kill infected cells. Also, cellular response enhances T
cell proliferation, cytokine production and contributes to T cell sur-
vival. [FN-y is a key mediator of cellular immunity and enhances
antiviral effects of cytotoxic T cells [30, 31].

Prevention of infection is related to the induction of spe-
cific functional antibodies, especially antibodies neutralizing the
RBD:hACE2 interaction. However, CD4+ T cells are key to B-cell
help and cytokine production, and to the cellular immune re-
sponse. Particularly, cytotoxic T cells are necessary to eliminate
an established infection. Both branches of the immune system are
important to control COVID-19. The cellular immunity induced by
vaccination complements the humoral response.

This study demonstrated the safety and immunogenicity of the
FINLAY-FR-1A vaccine, eliciting high levels of neutralizing antibod-
ies. B-cells were successfully stimulated 8 months on average after
hospital discharge or serological diagnosis, demonstrating that nat-
ural infection leads to the production of long-term memory B cells,
and that a booster dose induces a secondary immune response
with IgG anti-RBD titres rapidly increasing by 7 days; memory T
cells were also stimulated, and vaccination induced T-cell immu-
nity to SARS-CoV-2. Our results are in accordance with a recent
prepublished article, reporting that mRNA vaccines boost the im-
mune response to SARS-CoV-2 one year after infection, and B cell
clones express potent antibodies, which could cover some circulat-
ing variants [33].

While some studies report protective natural immunity induced
by SARS-CoV-2, others evidence reinfection [8, 9, 26, 32]. A recent
study in England has shown 7.6 reinfections x 100,000 person-days
and previous infection with SARS-CoV-2 was associated with 84%
reduction in the infection risk [34]. This reinfection rate should
not be underestimated and the impact of new circulating strains
on reinfection still needs evaluation. How efficient and long-lasting
is the immune response elicited after viral infection is still under
scrutiny; it can be foreseen that, due to insufficient natural pro-
tection, the vaccination of previously infected individuals could be
necessary. This phase I clinical trial backed the use of a single dose
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of FINLAY-FR-1A for enhancing natural protection to SARS-CoV-2
and paved the way for the ongoing phase II clinical trial (Cuban
Public Registry of Clinical Trials: RPCEC00000366-En, included in
WHO International Clinical Trials Registry Platform).
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