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Abstract

Vaccination generates a neutralizing immune response against SARS-CoV-2. The
genomic surveillance is showing the emergence of variants with mutations in spike,
the main target of neutralizing antibodies. To understand the impact of these var-
iants, we report the neutralization potency against alpha, gamma, and D614G SARS-
CoV-2 variants in 44 individuals that received two doses of CoronaVac vaccine, an
inactivated SARS-CoV-2 vaccine. Plasma samples collected at 60 days after the
second dose of CoronaVac were analyzed by the reduction of cytopathic effect in
Vero E6 cells with the three infectious variants of SARS-CoV-2. Plasma showed
lower neutralization with alpha (geometric mean titer [GMT] = 18.5) and gamma
(GMT = 10.0) variants than with D614G (GMT = 75.1) variant. Efficient neutralization
against the alpha and gamma variants was not detected in 31.8% and 59.1% of
plasma, respectively. These findings suggest the alpha and gamma variants could
escape from neutralization by antibodies elicited by vaccination. Robust genomic
and biological surveillance of viral variants could help to develop effective strategies
for the control of SARS-CoV-2.
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main circulating strains in Chile. Few and preliminary information is
available on the neutralization capacity of the Pfizer-BioNTech vac-

Several vaccines against SARS-CoV-2 have been introduced world-
wide.! The vaccines mainly used in Chile are those developed by
Sinovac and Pfizer-BioNTech; which are based on inactivated virus
and lipid nanoparticles that package messenger RNA (mRNA) coding
for a stabilized form of spike SARS-CoV-2 protein, respectively.’ To
date, 23,656,008 doses of vaccines have been administered in Chile:
475,168 corresponds to people with a single dose, 12,379,781 are
people with first dose, and 11,276,227 people with the complete
vaccination schedule.?

The alpha (lineage B.1.1.7) and gamma (lineage P.1) variants of
concern, and the lambda (lineage C.37) variant of interest are the

cine against the alpha and gamma variants.®>"” If this vaccine gen-
erates neutralizing antibodies against the different SARS-CoV-2
variants has not been resolved.®>*® Also, the efficacy of the Cor-
onaVac vaccine (Sinovac Life Sciences, Beijing, China) to neutralize
the infection with SARS-CoV-2 variants is unknown. A preliminary
study about neutralizing antibodies against the gamma variant in 14
individuals vaccinated with two doses of CoronaVac vaccine was
recently reported.’ All cases were negative for neutralizing antibodies
against this variant at 158 days after receipt of the second dose of
vaccine. The objective of our study was to determine in CoronaVac-

vaccinated people in Chile, with a complete two-dose schedule, the
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FIGURE 1 Neutralizing antibody titers of 44 CoronaVac-vaccinated human sera against infectious SARS-CoV-2 variants. Neutralization
assays with infectious D614G (lineage B), alpha (lineage B.1.1.7) and gamma (lineage P.1) variants were done. (A) Sera of 44 CoronaVac-
vaccinated volunteers drawn at 2 months after vaccine dose two. GMTs and 95% Cls are indicated: D614G (75.1), alpha (18.5), gamma (10.05)
variant. (B) Distribution of neutralizing antibody titers of 44 human sera vaccinated with CoronaVac according to three age groups: 20-35,
36-50, and 251 years old. Statistical significance was determined using the two-tailed Mann-Whitney U test. Two-tailed p values are reported.
Non detectable results were assigned a value of 5.0. Cl, confidence interval; GMT, geometric mean titer

levels of neutralizing antibodies against D614G, alpha, and gamma

variants.

2 | MATERIALS AND METHODS

2.1 | Patients and sample collection

Blood samples were obtained from healthy healthcare workers
who were immunized with the CoronaVac vaccine, according to
the national immunization program established by Ministry of
Health. The study protocol was approved by the Scientific-Ethical
Committee of the Servicio Salud Metropolitano Oriente, Santia-
go, Chile. Written informed consent was obtained from each
participant before enrolment. Participants were inoculated with
two doses of CoronaVac at 0- and 28-days post the first im-
munization (p.i.). Plasma samples were obtained for all volunteers
before immunization to evaluate past or ongoing SARS-CoV-2
infection. Volunteers with previous SARS-CoV-2 infection or the
presence of neutralizing antibodies at the time of inoculating the

first dose of vaccination were excluded.

2.2 | Neutralizing antibody detection

To assess the presence of neutralizing SARS-CoV-2 antibodies, blood
samples from 44 participants obtained at 60 days after the second
dose of CoronaVac were analyzed. Neutralization assays were done

essentially by the reduction of cytopathic effect (CPE) in Vero
E6 cells with infectious D614G (GISAID Accession Number
EPI_ISL_3509539), alpha (B.1.1.7, GISAID Accession Number
EPI_ISL_1167921), and gamma (P.1, GISAID Accession Number
EPI_ISL_1321471) SARS-CoV-2 variants.'® The viruses were pre-
viously isolated at the Public Health Institute. All neutralization as-
says with infectious SARS-CoV-2 viruses were conducted in BSL3
laboratory. Briefly, the neutralization assays were done by incubation
of serial dilutions (1:10 to 1:1280) of 100 pl heat inactivated plasma
samples with 100 ul (100 TCID50) of each variant. The mixtures of
samples and virus (200 ul) were added to 96-well plates with Vero E6
cells after 1 h incubation. Cytopathic effect on cells was analyzed 7
days after infection. A normal human plasma and a plasma from a
COVID-19 convalescent patient were used as a negative and positive
control in each test, respectively. The negative control was plasma
from a blood donor negative for SARS-CoV-2 IgM and IgG by the
OnSite™ COVID-19 1gG/1gM Rapid Test (CTK Biotech, Ref. R0180C).
The positive control was a plasma from a recovered COVID-19 pa-

tient, who agreed to donate blood for plasmapheresis.

2.3 | Statistical analysis

Statistical

Mann-Whitney U test. p values <0.05 were considered significant.

significance was determined using the two-tailed
Statistical analyses were done using Prism, version 8.0 (GraphPad
Software). For the purpose of statistical analysis, a value of 5 was
assigned for neutralizing antibodies titer <10 (ND).
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3 | RESULTS AND DISCUSSION

We recruited 44 volunteers who received two doses of the Cor-
onaVac vaccine. First doses of the vaccine were inoculated from
February 8 to 18, 2021. Second doses were inoculated 30 days after
the first dose. Plasma were drawn 2 months after the second dose of
vaccination to evaluate the neutralization potency. The volunteers
were grouped into three age ranges from 20 to 35 (n = 19; 43.2%), 36
to 50 (n=14; 31.8%) and 251 (n=11; 25.0%) years old; 13 (29.6%)
were men and 31 (70.4%) women. Plasma samples obtained from
vaccinated individuals exhibited good neutralization of D614G var-
iant, with a geometric mean titer (GMT) of 75.1 (Figure 1). When
assessing the alpha (GMT = 18.5) and gamma (GMT = 10.0) variants,
exhibited neutralization that was significantly decreased to the par-
ental D614G variant (GMT =75.1). The mean fold decrease in neu-
tralization relative to D614G variant was 4.1-fold for alpha
(p <0.0001), and 7.5-fold for gamma (p < 0.0001) (Figure 1A). Also,
the mean decrease in neutralization antibody titer in relation to the
Alpha variant was 1.8 times for Gamma (p=.0163) (Figure 1A).
Neutralizing antibodies against alpha and gamma variants were un-
detectable (below the limit of detection <1/10) in 31.8% (14/44) and
59.1% (26/44) of plasma samples, respectively (Figure 1A). A sig-
nificant decrease in neutralization antibody titer was detected with
the alpha and gamma variants relative to D614G variant among the
three age ranges (Figure 1B). Nevertheless, the neutralization ability
of the gamma variant (GMT = 24.9) was only significantly reduced in
the youngest group compared to the alpha variant (GMT =12.0)
(p =0.039). Although no significant decrease was detected, the GMT
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of the neutralization antibody titer of D614G variant suggested a
reduced neutralization ability for older people (Figure 1B).

The neutralization ability of each of the sample against the three
variants showed four different patterns (Figure 2). Thirty samples showed
a decrease of neutralization antibody titer with alpha and gamma variants
compared to D614G variant (pattern 1). Neutralizing antibodies against
alpha and gamma showed undetectable in 5 and 25 plasma samples,
respectively. Furthermore, neutralizing antibodies against both variants
were not simultaneously detected in five of these samples. Three samples
showed a higher neutralization antibody titer against the Alpha variant
than the D614G and Gamma variants (pattern 2). Nine plasma samples
showed a lower potency of neutralization against the Alpha variant than
D614G and Gamma variants, and with a higher neutralization antibody
titer against the D614G variant than the Gamma variant (pattern 3).
Finally, two samples showed a higher neutralization ability against the
Gamma variant than the D614G and Alpha variants (pattern 4).

We report that the potency of the neutralizing response against
Alpha and Gamma variants was significantly lower than for D614G var-
iant in CoronaVac-immunized people at 2 months p.i. A notable result was
that in 56.8% (25/44) of the plasma samples no neutralizing antibodies
were detected against the gamma variant, which currently represents a
high circulation variant in Chile. This is the first study to our knowledge
that evaluates the neutralizing antibody response against the alpha,
gamma, and D614G variants in vaccinated people with two doses of
CoronaVac. The absence of neutralizing antibodies against the gamma
variant at 150 days after the second dose was reported in all vaccinated
from a very small group of subjects.” In our study, the neutralizing anti-

bodies were undetectable in 56.8% of vaccinated subjects at 60 days

FIGURE 2 Patterns of neutralizing antibody 104
titers of 44 CoronaVac-vaccinated human sera
against infectious D614G, alpha and gamma 5
SARS-CoV-2 variants. Neutralization assays £ 1034
with D614G (lineage B, blue circles), alpha '§'
(lineage B.1.1.7, red circles) and gamma (lineage 2
P.1, green circles) variants were done. Non 8 1024
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after the second dose. Our method is more sensitive than other assays for
detecting low levels of neutralizing antibodies because it uses a 1/10
initial dilution of the samples. The absence of antibodies at 6 months
postvaccination using a 1/20 dilution can be misinterpreted as the ab-
sence of neutralizing antibodies and immunological escape of the SARS-
CoV-2 variants.” Consequently, our results show that the neutralization
potency against the alpha and gamma variants by CoronaVac is low.
Our findings suggest the potential of the variants to escape from
neutralization of humoral immunity. Consequently, they warn about the
need to develop broadly protective strategies against the new variants of
SARS-CoV-2. This study is preliminary and has limitations. First, the re-
sults should be confirmed by studies with a greater number of vaccinated
individuals; and second, it is necessary to follow up on vaccinated people
over time. It is unknown whether the neutralizing response is maintained
or varies over time in vaccinates. Increased levels of neutralizing anti-
bodies against the wild type strain of SARS-CoV-2 have been reported in
vaccinated people with BNT162b2 or mRNA-1273 vaccines after several
weeks of the second dose.* However, these vaccines showed a sig-
nificant decrease of neutralization against the gamma variant.* Other
studies suggest that this variant can evade polyclonal antibody re-

1112 and has been found in cases of SARS-CoV-2 reinfection.™

sponses,

Most of the neutralization studies with mRNA vaccines have been
performed with pseudoviruses, which are only able to homologate the
ACE2-dependent entry step of the SARS-CoV-2 life cycle. Several studies
have shown a correlation between the neutralization titers measured
against pseudoviruses and live SARS-CoV-2 cultures.’* ¢ However, the
impact of additional mutations located outside of the spike on immune
escape, virulence, infectivity, or pathogenesis has yet to be resolved.
Furthermore, it is important to point out that many studies have been
conducted under different experimental conditions (e.g., replication-
capable chimeric vesicular stomatitis virus or single entry lentiviral pseu-
doviruses). Thus, different spike expression plasmids and combinations of
mutations have also been used. All these variations with the experimental
conditions do not yet make it possible to have homologous systems to
measure the neutralizing antibody titers. In the present study, the neu-
tralization potency has been measured by incubating infectious virus
variants with vaccinated sera. This procedure would better mimic the real

situation that would occur in vivo viral infection.
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