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Objectives: The BIV1-CovIran vaccine is highly effective against COVID-19. The neutralizing potency of all
SARS-CoV-2 vaccines seems to be decreased against variants of concern. We assessed the sensitivity of
the Alpha (B.1.1.7), Beta (B.1.351), and Delta (B.1.617.2) variants to neutralizing antibodies (NAbs) present
in sera from individuals who had received the BIV1-CovIran candidate vaccine compared with an original
Wuhan-related strain.
Methods: The ability of vaccine serum to neutralize the variants was measured using the conventional
virus neutralization test. The correlation of spike (S) protein antibody and anti-receptor binding domain
with neutralizing activity was investigated.
Results: The current study demonstrated that 29 of 32 (90.6%; 95% CI: 75.0e98.0) of the vaccinees
developed NAbs against a Wuhan-related strain. It is noteworthy that 28 (87.50%) and 24 of 32 (75%) of
the recipients were able to produce NAbs against Alpha, Beta, and Delta variants, respectively. Serum
virus-neutralizing titres for different SARS-CoV-2 strains were weakly correlated with antiereceptor
binding domain antibodies (Spearman r ¼ 36-42, p < 0.05), but not S-binding antibodies (p > 0.05).
Discussion: Although there was a reduction in neutralization titres against the Alpha, Beta, and Delta
variants compared with the Wuhan strain, BIV1-CovIran still exhibited potent neutralizing activity
against the SARS-CoV-2 variants of concern. Mohammadreza Salehi, Clin Microbiol Infect
2022;28:882.e1e882.e7
© 2022 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All

rights reserved.
Virology Lab, Vaccine Unit,

doli@pasteur.ac.ir (A. Abdoli).

biology and Infectious Diseases. P
Introduction

SARS-CoV-2 continues to mutate with the passing of time,
leading to variants of concern (VOCs) in the circulating viral strains
during the ongoing COVID-19 pandemic [1,2]. The emergence of
VOCs has posed an increased risk of affecting global epidemiology
owing to their high transmissibility, as they become the most
ublished by Elsevier Ltd. All rights reserved.
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Fig. 1. Neutralization of wild-type Wuhan strain and variants of concern (VOCs) Alpha, Beta, and Delta by vaccine sera. (a) Percentages of vaccines that have seroprotective
neutralization titres (neutralizer, IC50 >16) and non-neutralizers (IC50 < 16) are indicated in light blue and coral, respectively. Neutralization titres of sera against the indicated
Wuhan strain and VOCs are expressed as IC50 values. The numbers indicate the percentage of neutralizers. (b) Percentages of vaccinated individuals who have no detectable serum
neutralizing titres (IC50 < 4) and seroconservative titres (IC50 > 4) against the indicated wild-type Wuhan strain and VOCs. Individuals with an IC50 of neutralization above 4 were
considered neutralizers and are showed in teal. Non-neutralizers are in grey. (c) IC50 titres of sera from vaccinated individuals (n ¼ 32) against Wuhan strain and Alpha, Beta, and
Delta variants. Each dot represents the IC50 for a single donor. The black lines show geometric mean titres (GMTs). The threshold for neutralizing activity was set at an IC50 of 16
(dashed line). A two-sided Friedman test with Dunn's multiple comparison was conducted between each of the SARS-CoV-2 strains. (d) Neutralizing titre of sera from vaccinees,
sampled at week 4 (n ¼ 13) and week 6 after vaccination (n ¼ 19) with CovIran. A multiple Mann-Whitney test was performed between samples from week 4 and week 6 after
vaccination; p values were not significant. (e) Correlation of participant age with serum neutralizing antibody titre against the Wuhan strain and VOCs. (f) Comparison of
neutralizing antibody activity against the Wuhan strain and VOCs between two age groups (individuals >50 years and <50 years of age). Analysis for comparison of neutralizing
activity of age groups was performed via Mann-Whitney test. (gei) Correlation of neutralizing capacity against Alpha (g), Beta (h), and Delta (i) variants with that of wild-type
Wuhan strain. Spearman r was used to determine correlations. Values from statistical analysis are depicted in the grey box.
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Fig. 2. Levels of receptor binding domain (RBD)- and S-binding antibodies in vaccinees. (a) Comparison of anti-RBD antibodies titres in vaccinees after the second dose of the
CovIran vaccine (intervention, n ¼ 36) and nonvaccinated persons (placebo, n ¼ 12). (b) Comparison of S-binding antibodies levels in the total vaccinees (intervention) and
nonvaccinated persons (placebo). A Mann-Whitney test was implemented for comparisons. (c) Changes in RBD-binding antibody levels from 4 weeks (day 28) to 6 weeks (day 42)
after COVID-19 vaccination. (d) Post-vaccination changes in S-binding antibody levels. Statistical analysis was carried out via a paired, nonparametric Wilcoxon test.
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dominant strain in affected countries. VOCs can lead to waves of
infection and potentially escape vaccine-induced immune re-
sponses due to their immune evasion abilities.

The most important emerging VOCs isolated from different
parts of the world are Alpha (variant 20I/501Y.V1, lineage B.1.1.7) in
the United Kingdom (September 2020), Beta (variant 20H/501Y.V2,
lineage B.1.351) in South Africa (May 2020), Gamma (variant
B.1.1.248, lineage P.1) in Brazil (November 2020), and Delta VOC
(variant B.1.617.2, lineage AY) in India (October 2020) [3,4]. Omicron
(B.1.1.529), the fifth of these VOCs, is characterized by 37 amino acid
substitutions in the S protein, 15 occurring in the receptor-binding
domain, which made Omicron able to evade neutralizing antibody
(NAb) stimulated via past infection or vaccination [5,6]. Omicron
replicated more rapidly in the upper respiratory system than all
other SARS-CoV-2 variants but displayed less efficient replication
and fusion activity in the lower respiratory system [7]. It is unclear
whether Omicron's high rate of transmissibility is due to intrinsic
virological characteristic or immune evasion [8].

If the SARS-CoV-2 pandemic is not effectively controlled, the
emerging VOCs, which diverge sharply from their ancestral strain
counterparts, can challenge global health system [9]. Due to the
emergence of antigenic distance variants, resistance to NAbs pro-
voked by vaccination is the main concern [10]. The current evi-
dence shows that the level of protection against each SARS-CoV-2
variant may be different [11]. In COVID-19, an indispensable
component of acquired immunity against this virus is the induction
of NAbs that attach to the SARS-CoV-2 spike (S) protein and prevent
the virus from attaching to cell receptors [12]. NAbs mostly inhibit
the binding of the virus ligand to cellular receptors, although in
some cases, they may block conformational changes essential for
fusion of the virus with the host cell membrane or proteolytic
cleavage [13]. NAbs evaluations are valuable to determine vaccine
potency against VOCs and to predict breakthrough infections [14].

As an inactivated vaccine, the BIV1-CovIran vaccine (Shifa
Pharmed Industrial Group, Tehran, Iran) induced high levels of
NAbs against theWuhan strain of SARS-CoV-2 in preclinical studies
and phase I, II, and III clinical trials [15]. However, it remains unclear
whether formulated inactivatedeSARS-CoV-2 vaccines developed
against the original Wuhan strain of the virus will still be effective
against VOCs. To clarify this, we examined and reported the
neutralizing activity of sera from BIV1-CovIran vaccinees against
the newly emerged variants of SARS-CoV-2.

Methods

In this study, we assessed the effect of the original strain of
Wuhan SARS-CoV-2 and VOCs such as Alpha, Beta, and Delta on
humoral immunity elicited by the inactivated vaccine. To this end,
we studied one cohort of individuals vaccinated with two doses of
the CovIran vaccine. Subsequently, we examined the neutralizing
activity of vaccine sera. The sera of individuals vaccinated with the
CovIran vaccine were collected 4e6 weeks after the second injec-
tion. Afterwards, the conventional virus neutralization test (cVNT)
was separately conducted by preincubating the vaccine sera with
different types of SARS-CoV-2 on the culture system of Vero cells. In
the next step, we compared theWuhan straineneutralizing titres of



Fig. 3. Correlation of serological parameters with serum IC50 titres against Wuhan strain and variants of concern (VOCs) Alpha, Beta, and Delta. (aee) Nonparametric Spearman
correlation of receptor binding domain (RBD)-binding antibody levels with IC50 titres from neutralizing sera collected from vaccine recipients (n ¼ 32) against SARS-CoV-2 (a),
Wuhan strain (b), Alpha (c), Beta (d), and Delta (e). Spearman r and p values are indicated in the rectangular box in each graph. (f) Correlation of S-binding antibody levels with IC50
titres from neutralizing sera collected from vaccine recipients against each of the SARS-CoV-2 strains.
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each vaccinee to titres for each of the VOCs. Receptor binding
domain (RBD)- and S-binding antibody levels in adults who had
received two doses of the CovIran vaccine were measured via ELISA
and compared to that of the placebo cohort.

Study population and serum specimen

Serum samples were obtained from 32 fully vaccinated adult
individuals who participated in the first and second phases of the
BIV1-CovIran candidate vaccine clinical trials. The studies were
approved by the National Research Ethics Committee under refer-
ence codes IR.NREC.1399.003, IR.NREC.1399.007, and IR.N-
REC.1399.008. The sera samples were taken 4e6 weeks after the
injection of the second dose (5 mg inactivated vaccine).

SARS-CoV-2 strains

The clinical isolates of SARS-CoV-2, including Alpha (lineage
B.1.1.7), Beta (lineage B.1.351), Delta (lineage B.1.617.2), and the
original Wuhan strain, were isolated from nasopharyngeal swab
samples, determined using the SARS-CoV-2 RT-PCR test (GA SARS-
CoV-2 OneStep RT-PCR Kit), and confirmed via sequencing. Virus
isolation and initial passage were carried out in Vero cells. SARS-
CoV-2 was inoculated and titrated on Vero cells. Viral infectivity
was calculated as tissue culture infectious dose 50% (TCID50) via
the Karber method. All procedures with viruses were conducted in
a biosafety level 3 facility (BSL-3), and the approved standard
operating procedures were followed whenworking with live SARS-
CoV-2.

cVNT

A cVNT was conducted to verify the presence of NAbs in sera.
Sera from vaccinees were assessed against SARS-CoV-2 variants as
described earlier [16]. Briefly, sera samples were incubated at 56�C
for 30minutes to inhibit the complement activity. Next, each serum
sample was diluted two-fold, serially. Each dilution was exposed to
an equal amount of 100 TCID50 of SARS-CoV-2. After 90 minutes
incubating at 37�C with 5% CO, the mixture was added into
monolayer Vero cells for 1 hour at 37�C. The inoculumwas removed
at 1 hour post-infection, and infected cells were then replenished
with fetal bovine serum (FBS)-free DMEM supplemented with 1%
penicillin-streptomycin for 72 hours. Finally, the virus cytopathic
effect on the cell monolayer was observed. Neutralization titre was
presented as the highest serum dilution that inhibited any virus
cytopathic effect in triplicate wells.

ELISA

Venous blood was taken through venipuncture within evacu-
ated blood tubes with gel and clot activator. Serawere separated via
centrifugation at 2000� g for 10 minutes at room temperature and
divided into two similar aliquots of roughly 1.5 mL, which were
preserved at e70�C until all measurements were carried out. The
measure of anti-spike IgG and anti-RBD IgG was carried out ac-
cording to the manufacturer's instructions (Pishtaz Teb Zaman Di-
agnostics, Tehran, Iran).

Statistical analysis

Statistical analysis of results was performed by using GraphPad
Prism software, version 9.0. For cVNT experiments, a Friedman test
with Dunn's multiple comparison was conducted between each of
the SARS-CoV-2 strains. A linear regression was applied to assess
whether there was a statistically significant relationship between
age and neutralization activity. To compare neutralization activities
in 4-week and 6-week vaccine groups, a multiple Mann-Whitney
test was performed between the samples obtained from each of
the groups for each strain. Comparison of NAb activity against the
Wuhan strain and the VOCs between individuals aged >50
and < 50 years was conducted via Mann-Whitney test. To deter-
mine the correlation between neutralizing capacity against Alpha
(g), Beta (h), and Delta (i) variants and the wildtype Wuhan strain,
the Spearman test was used. A comparison of anti-RBD and anti-S
antibodies levels in vaccinated and nonvaccinated cohorts was
conducted via Mann-Whitney test. Significant differences between
4-week and 6-week RBD- and S-binding activities were assessed
via a Wilcoxon test. Spearman correlation coefficients were carried
out to evaluate correlation between cVNT and ELISA tests.

Results

We detected remarkable neutralizing activity against the
Wuhan strain of SARS-CoV-2 in 29 of 32 (90.6%; 95% CI: 75.0e98.0)
vaccinees (half-maximal neutralization titre, IC50 > 16 as a detec-
tion cut-off). Eight of 32 vaccinated persons (25%) in the present
study lost all neutralizing activity against the Delta variant, and
12.5% (4 of 32) were unable to neutralize Alpha and Beta variants at
detectable levels (Fig. 1(a)). Of the vaccines, 12.5% (4/32) had no
detectable neutralizing activity (IC50, 16 after vaccination (Fig. 1(b)).
Geometrical mean titres (GMTs) for Beta and Delta variants were
reduced 2- and 5.6-fold relative to the Wuhan strain (p < 0.0018
and p < 0.0001, respectively), whereas neutralizing activity against
the Alpha variant was not considerably changed in sera (Fig.1(c)). In
serum samples from participants who had received a second dose
of CovIran 28 or 42 days earlier, we found no significant difference
in neutralizing activity. This indicated that there is no change in
neutralizing capacity against SARS-CoV-2 at 4 to 6 weeks after
vaccination (Fig. 1(d)).

The reduction in neutralizing capacity against the SARS-CoV-2
Wuhan strain was greater for older than younger adults, whereas
no correlation was found between age and GMTs for VOCs after
vaccination (Fig. 1(e) and (f)). The Wuhan strain GMT for older
persons with age >50 years was reduced 2.4-fold relative to those
with age <50 years (p < 0.0167).

We found that Wuhan strain neutralizing titres were highly
correlated with the Alpha variant at the individual level (Fig. 1(g)).
In contrast, the correlation of the neutralizing titres for the Wuhan
strain was weak with Beta (Fig. 1(h)) and Delta variants (Fig. 1(i)).

Subsequently, RBD- and S-binding antibody levels in vaccinees
were measured through ELISA. Compared to that of the placebo
cohort, antibody concentrations in vaccinated individual sera were
2.7-fold higher (p < 0.0001) for RBD (Fig. 2(a)) and 3.9-fold higher
(p < 0.0001) for S (Fig. 2(b)). Moreover, we assessed RBD- and S-
binding antibody concentrations on day 0 (pre-dose) and day 28
and day 42 (4 and 6 weeks after the second dose, respectively). In
total, there was a considerable increase in RBD- and S-binding
antibody levels at 28 and 42 days following the second vaccination
(Fig. 2(c) and (d)). Additionally, post-vaccination S-binding anti-
body levels at day 42 were notably higher than the antibody levels
induced by the vaccine at day 28 (p < 0.0001) (Fig. 2(d)). However,
there was no further remarkable change in RBD-binding antibody
levels between day 28 and 42 (p ¼ 0.1010) (Fig. 2(c)).

A positive mild correlation between RBD-antibody binding
concentrations and virus neutralization titres was observed in this
study (Fig. 3(a)). Moreover, anti-RBD antibodies positively corre-
lated with neutralization titres in each strain in our study
(Fig. 3(bee)). This indicated that the concentration of variant-
specific RBD-binding antibody is commensurate with live virus
neutralization activity against each strain. It is important to note
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that high antibody levels could also be observed in the absence of
neutralization in some participants. However, no significant cor-
relation was observed between the levels of anti-S antibody and
virus neutralization titres for all strains (Fig. 3(f)).

Discussion

In this study, humoral response cross-reactivity to the original
SARS-CoV-2 and new emerging variants was evaluated in sera
collected from BIV1-CovIran vaccinees. We report that the
neutralizing activity of immune sera against B.1.1.7 and B.1.351 is
largely preserved, but it clearly decreased against B.1.617.2 in
comparison to the wild type. The delta variant is potentially more
challenging because it is less sensitive to sera collected from vac-
cinees [16]. The lower correlation between neutralizing titre values
of the original strain with that of the Delta variant likely demon-
strates that some of the epitopes detected via Wuhan strain NAbs
are altered in the Delta variant. Our findings for B.1.1.7 and B.1.351
parallel the results of other inactivated vaccines. Wang et al. re-
ported that B.1.1.7 had slight resistance to the neutralizing activity
of BBIBP-CorV or CoronaVac vaccine sera, whereas B.1.351 dis-
played more resistance to the neutralization of vaccine sera (by a
factor of 2.5 to 3.3) than the wild-type strain [17]. In line with the
current study, the NAb after BNT162b2 vaccination was reduced
5.8-fold against B.1.617.2 compared to wild-type, notably less than
against B.1.1.7 (2.6-fold vs. wild-type) and similar to the decrease
detected against B.1.351 (4.9-fold vs. wild-type) [18].

In the current study, aging was influential in decreasing both
NAbs and anti-S-RBD antibodies responses against the wild-type
Wuhan strain. Individuals aged >50 years showed significantly
reduced levels of antibody against the Wuhan strain, whereas in
the VOCs this was not observed. In line with our study, the sero-
conversion rates of Sinopharm/BBIBP-CorV vaccinated individuals
were significantly lower in persons >60 years of age in comparison
with thosewhowere 20 to 39 years of age [19]. In the parallel study,
age had a statistically substantial impact on both NAbs and anti-S-
RBD antibodies. It has become apparent that younger individuals
(<50 years) raised higher titres after day 36, and their change rate
was strikingly lower than in older individuals (�50 years) [20]. This
finding is in accordancewith the influence of age on antibody levels
after vaccination with Spikevax (Moderna, Cambridge, MA) [21].

There was an affirmative correlation between RBD-antibody
binding levels and virus neutralization titres. Furthermore, anti-
RBD antibodies were associated with neutralization titres in
each strain in this study. This suggested that the concentration of
variant-specific RBD-binding antibodies is related to the
neutralization activity of live virus against each strain. In 2020,
Salazar et al., concluded that anti-RBD titres could act as a sur-
rogate for virus neutralization titres to identify appropriate
plasma donors, although there was no significant correlation
between anti-S antibody concentrations and virus neutralization
titres for all strains [22]. In contrast to this study, Dolscheid-
Pommerich et al., reported that high and low anti-S1 IgG levels
were correlated with a positive predictive rate of 72.0% for high-
titre NAbs and a negative predictive rate of 90.8% for low-levels
NAbs, subsequently [23].

This study has several potential limitations. A relatively small
number of individuals in a short time frame after immunization
have been evaluated. Moreover, we have not studied the impact
of cellular immune response, which may provide broader pro-
tection against emerging VOCs than the humoral response,
although the inactivated vaccine generally skews the immune
response toward a Th2-dominant response [24]. Future investi-
gation is required to adopt new vaccination approaches, such
as administering more booster doses, optimal mix and match
strategies, and a new formulation based on intranasal adminis-
tration to stop virus shedding, and to move forward to develop a
multivalent candidate vaccine to address emerging variants.
Rapidly emerging VOCs may overtake the speed of production of
safe novel VOC vaccines.

The results of the present study indicate that the BIV1-CovIran
inactivated vaccine is potent against the Alpha, Beta, and Delta
variants. Studying the status of vaccinated individuals in different
age groups, especially the elderly and immune-compromised pa-
tients, and developing new vaccines for emerging variants will be
the most important goals of our future studies.
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