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ARTICLE INFO ABSTRACT

Keywords: COVID-19 pandemic has been managed through global vaccination programs. However, the
PastoCovac plus antibody waning in various types of vaccines came to notice. Hereby, PastoCovac Plus as a protein
SARS-CoV-2

subunit vaccine was investigated in immunized health care workers by COVAXIN (BBV152). The
booster vaccine was recommended at least three months post the second dose of COVAXIN. Sera
collection was done before and after each injection. SARS-CoV-2 PCR test was done monthly to
detect any asymptomatic and symptomatic vaccine breakthrough.

47.9 and 24.3% of the participants were seronegative for anti-N and anti-S antibodies three
months after the second dose of COVAXIN, respectively. On average, fold-rises of 70, 93, 8 and
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mean-rises of 23.32, 892.4, 5.59 were recorded regarding neutralizing antibody, quantitative and
semi-quantitative anti-Spike antibody, respectively. Anti-Spike and neutralizing antibodies sero-
conversion was seen 59.3% and 45.7%, respectively. The vaccine breakthrough assessment
showed that all the isolated samples belonged to SARS-CoV-2 Delta variant. PastoCovac Plus
boosting is strongly recommended in combination with inactivated vaccine platforms against
SARS-CoV-2.

1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has affected human population for more than three years as the
cause of COVID-19 pandemic [1-4]. The emerged infection resulted in an emergency need of vaccination which led to examination
different platforms including adenovirus-vectored, nucleic-acid-based, recombinant-protein-based and inactivated virus-based vac-
cines [5-8]. Inactivated vaccines have been licensed to overcome viral diseases for decades with successful safety profiles [9,10]. It has
been shown that inactivated virion-based vaccines can generate neutralizing antibodies against SARS-CoV-2 which has a crucial role in
vaccine efficacy. Thus, the development of these vaccines to prevent COVID-19 has been a rational approach based on other successful
mix-and-match strategies against other pathogens [11,12]. However, the persistence and level of the generated antibodies in vacci-
nated individuals and also the cell-mediated immune response are two major elements of a well-established vaccine [13,14].

COVAXIN (BBV152) was developed by Bharat Biotech, India as a COVID-19 vaccine based on SARS-CoV-2 NIV-2020-770 strain
which is inactivated with B-propiolactone [15]. This vaccine has been found effective in strong humoral immune response induction in
many preclinical and also clinical studies [16-18]. However, some studies showed that protective antibodies are not persistent in some
individuals after two doses of COVAXIN or even other vaccine types [19,20]. Therefore, the third dose of a vaccine was strongly
suggested mostly 3-6 months after the second dose as the new variants of SARS-CoV-2 appeared [21].

Soberana 02 and Soberana Plus vaccines are developed and produced at the Finlay Vaccine Institute of Cuba and manufactured in
Pasteur Institute of Iran as PastoCovac and PastoCovac Plus after a successful technology transfer. PastoCovac (the primary vaccine
series) is a recombinant protein vaccine composed of a highly immunogenic region of SARS-CoV-2 Spike (RBD) conjugated to the
tetanus toxin which completed clinical trials in Cuba [22]. PastoCovac Plus is the booster vaccine [dimer of RBD (50 pg)] [22-24]. The
results of phase III clinical trials in Cuba showed that heterologous combination led to a significant protection against COVID-19
development in which only 15 of 13833 vaccine recipients got infected vs. 155 of 14303 in placebo group. The study proved that
the vaccine efficacy against severe form of COVID-19 and the mortality rate as 63.0% and 59.0% for the two-dose schedule,
respectively. The mentioned rates reached to a remarkable increase in the heterologous three-dose schedule as 100% in both disease
severity and the associated death. In total, Soberana Plus resulted in vaccine immunogenicity enhancement to 92.4% (Clinical Trials
IFV/COR/09 number, RPCEC00000354) [22].

Iran conducted a clinical trial phase III on nearly 24000 adults, 18-80 years old, in 8 cities the vaccine efficacy was assessed 76.8%
for prevention of severe disease and 77.7% for hospitalization after the 2-dose regimen of PastoCovac, which improved to 96.6% for
both factors after the booster dose of PastoCovac Plus [25]. Moreover, PastoCovac Plus has shown to have the potency to reactive the
pre-existing immune response after priming with BBIP-CorV [26].

At the early stage of COVID-19 vaccination program, COVAXIN was among the applied vaccines in Iran for the population above 18
years old. The PastoCovac Plus vaccine, got the emergency approval in July 2021 to be produced and applied as the booster for all the
vaccine types in Iran [27]. In this study, we studied COVAXIN immunized Iranian health workers to evaluate vaccine immunogenicity
as well as the escaped variants determination in a 6-11 months follow-up. Moreover, PastoCovac Plus was applied in volunteers, at
least three months after the second dose of COVAXIN, and the specific antibodies were tracked.

2. Materials and methods
2.1. Study design and vaccination

This study was an observational study without randomization, conducted from July 2021 to June 2022 during which 6 months
active screening was followed by a 5-month self-reporting. An invitation announcement was sent to health care workers (HCWs) of
Pasteur Institute of Iran and about 250 individuals got two doses of COVAXIN. From those, 152 ones agreed to participate the study and
complete it. The participants were immunized by COVAXIN according to the manufacturer’s instruction in which injections by a 28-
day interval was recommended after signing the informed consent form.

Serum samples were collected one month (28 + 5 days) after the second dose of COVAXIN (this sampling was done after the peak of
Alpha variant and before the peak of the Delta variant in Iran). All the enrolled subjects were provided with the written informed
consent. Of the HCWs, those who were on treatment with immunosuppressive therapy and also pregnant women were not investigated.
The participants were aware of the results through a phone contact.

Individuals who didn’t show any antibody responses one month following the second dose of COVAXIN were invited to receive
PastoCovac Plus vaccine as a booster dose three months after the mentioned time. Moreover, the individuals who lost antibody titer or
had remarkable antibody decline were also advised to get the booster dose at least three months after the second dose. In order to
evaluate the immunogenicity of the booster dose, sera samples were obtained from individuals before and three weeks after the vaccine
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shot. The aliquots sera samples were stored frozen at —20 °C for further analyses. Fig. 1 simply illustrates the study process.
The study protocol complied with the Helsinki declaration and was approved by the ethical committee of Pasteur Institute of Iran
(IR.PII.REC.1400.043 Ethic code).

2.2. Serologic tests

Evaluation of humoral immune response was carried out on collected sera samples using three different assays including IgG/IgM
rapid test cassette [Orient Gene Biotech, Zhejiang, China, (Sensitivity: 95.8%, Specificity: 100%)] and then anti-SARS-CoV-2 ELISA
[Anti-Neucleocapcid IgG (Sensitivity: 94.1%, Specificity: 98.3%)] test (Pishtazteb, Iran), anti-SARS-CoV-2 ELISA Anti Spike-1 IgG
[EUROIMMUN, Germany (Sensitivity: 94.4%, Specificity: 99.6%)] and SARS-CoV-2 Neutralizing Antibody kit [Pishtazteb, Iran
(Sensitivity: 94.1%, Specificity: 98.3%)]. Antibody assessment was done during the six-month follow-up as: one month and 3 months
after the second dose of COVAXIN, before and after the PastoCovac Plus booster shot.

During the follow-up, the voluntary vaccinated individuals got a booster of PastoCovac Plus vaccine. The anti-SARS-CoV-2 ELISA
(IgG) (Anti Spike-1) [EUROIMMUN, Germany (Sensitivity: 94.4%, Specificity: 99.6%)], SARS-CoV-2 Neutralizing Antibody kit
(Pishtazteb, Iran) and anti-SARS-CoV-2 QuantiVac ELISA (IgG) [EUROIMMUN, Germany (Sensitivity: 93.2%, Specificity: 99.8%)]
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Fig. 1. A summary of study design and follow-up.
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were applied before the booster injection and also three weeks after it to evaluate the booster induction. Two different tests as
quantitative and semi-quantitative tests were applied regarding anti-Spike to achieve more accurate results.

Antibodies Cut-off for positive result consideration were as: Anti-N Antibody>1.1, Anti-S Antibody (semi-quantitative) >1.1,
Neutralizing Antibody >2.5 and Anti SARS-CoV-2 IgG QuantiVac (quantitative) > 11.

2.3. Neutralization assay

Conventional neutralizing antibody titers (cVNT5g) was conducted on randomly selected samples [28]. Briefly, the samples were
inactivated for 30 min at 56 °C. Vero cells were seeded in DMEM including 10% FBS. Serial dilution of sera samples was prepared. To
achieve that, 10 microtubes were prepared and labeled. 100 pl of the serum sample combined with 100 pl DMEM in the first microtube.
In order to make the virus dilution, 10 pl of the main sample (virus stock) was transferred to the 990 pl DMEM to make the working
vial. 100 pl of the working and 900 pl DMEM were mixed and 50 pl of this mixture was added to each well. For each well, 100 TCIDs of
SARS-CoV-2 was considered. The plate was incubated at room temperature for an hour. The prepared mixture was added into the wells
containing monolayers of Vero cells for 60 min incubation at 37 °C. The control wells also were defined as: 1) the wells without the
mixture of serum and virus, 2) one well without any serums, and 3) one well without any cells. After the incubation time and su-
pernatant removal, the cells were washed with DMEM. After 72 h of maintaining in DMEM at 37 °C, the CPE (cytopathic effect) was
assessed applying an inverted microscope and the titer of neutralizing antibodies was evaluated in accordance to the highest serum
dilution in which the virus was neutralized in 50% of the wells [28].

2.4. COVID-19 molecular test

All the subjects were evaluated by SARS-CoV-2 PCR test monthly in order to detect any asymptomatic and symptomatic break-
through. This was achieved as an active screening during the first 6-month follow-up. After this period, it was also considered ac-
cording to self-reporting and PCR-documented results by the patients. Nasopharyngeal swabs were taken and viral RNA extraction was
performed by the RNJia Virus Kit (ROJE Technologies, Iran) according to the manufacturer’s instructions. Real-Time Reverse-Tran-
scription PCR (Real-Time RT-PCR) assay was done using 2019-nCoV Nucleic Acid Diagnostic kit (Sansure biotech, Changsha, China),
according to the manufacturer’s protocol [2,29]. To determine the mutation pattern and the variant characterization of the detected
SARS-CoV-2, whole-genome sequencing of the virus was performed by the GridION NGS system (Oxford Nanopore Technologies, UK),
the Midnight RT PCR Expansion (Oxford Nanopore Technologies, UK) and the Rapid Barcoding Kit 96 (Oxford Nanopore Technologies,
UK). Finally, the sequence analysis was performed.

2.5. Statistical analysis

All statistical analyses were performed using SPSS statistics software (version 26.0). Descriptive analysis was reported in mean (and
standard deviation) and median (and interquartile range) for quantitative variables and frequency and percentage for qualitative
variables according to the provided cut-off in the manufacturer’s guide. Chi-square test or Fisher’s exact were applied to test the
unrelated categorical variables and McNemar test for related categorical variables. Wilcoxon signed-rank test was used for
nonparametric related titer responses during different sampling. Seroconversion of antibodies was defined as fourfold rise of the
antibodies compared to the baseline. All the tests were considered as two-way and a p-value <0.05 was reported statistically signif-
icant. The graphs were plotted by GraphPad Prism software (Version 8).

3. Results

152 HCW s from Pasteur Institute of Iran were recruited including 59.2% female (n = 90) and 40.8% male (n = 62) with a mean age
of 38.04 + 8.76 years (min:22, max:59). At least one underlying disease was reported in 12 (7.9%) people, in which Cardio Vascular
Disease (CVD) and thyroid dysfunction were the most frequent. Less than half (45.4%) of the participants had a history of SARS-CoV-2
infection before the first dose of COVAXIN and two individuals had COVID-19 positive PCR between two doses of COVAXIN along with
28.3% who had a history of allergy.

All the participants had been immunized against SARS-CoV-2 by two doses of COVAXIN at a 28-day interval. Local pain (23.0%),
fever (13.8%) and headache (9.2%) were the most common adverse events after the vaccination.

PastoCovac Plus was injected to 81 individuals (according to the recommendation or their choice) including 48 females and 33
males with a mean age of 38.2 + 9.0 years (min:22, max:57). Local pain (18.5%) and weakness (11.1%) were the most common events
after the booster application. In fact, 60 (39.5%) and 27 (34.8%) of the studied population had at least one adverse event after
COVAXIN and PastoCovac Plus, respectively.

4. Antibody assessment
4.1. COVAXIN immunogenicity

The results show that one and three months after the second dose of COVAXIN, 28.3% and 47.9% of the participants were sero-
negative for anti-N antibody. Moreover, 15.1% of individuals were seronegative for anti-SARS-CoV-2-Spike IgG one month after the
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second dose of COVAXIN which increased to 24.3% three months after the second dose (Table 1). It is to say that, during the follow-up
observation, vaccinated subjects with COAVXIN with a low level of Abs were likely to be seronegative in 3 months. In order to identify
the seronegative individuals and subsequently the booster candidates, the individuals were categorized based on the Abs level. The
applied category simply provide us to recommend a booster shot at the right time.

The median of anti-N, anti-Spike and neutralizing antibodies decreased significantly 3 months post-vaccination (P < 0.001) in
comparison with the results one month after the vaccination (Wilcoxon signed-rank test).

The patients’ history was investigated in which previous infection with SARS-CoV-2, and the antibody rise association were
analyzed. The study results showed that there was a significant difference among the two groups in terms of anti-Spike, anti-N and
neutralizing antibodies positivity one month and 3 months after the second dose of vaccination. In other words, the prior COVID-19
history led to a better antibody induction in both window times (p < 0.05).

4.2. PastoCovac plus immunogenicity

In order to assess anti-Spike antibody more accurately, we applied two different ELISA tests as semi-quantitative and quantitative
before and after the booster shot. As Table 2 and Figs. 2 &3 show, the booster shot recipients reached a significant rise in anti-Spike and
neutralizing antibody which especially was remarkable regarding neutralizing antibody. What is more, anti-Spike and neutralizing
antibody became positive in all the seronegative population (see Fig. 3).

The mean of anti-SARS-CoV-2 QuantiVac ELISA (IgG) before the booster injection was 67.69 + 245.95 which raised to 956.74 +
1254.84 in booster recipients. In addition, the mean of neutralizing antibody before the booster shot was 11.49 + 10.92 which raised
to 33.80 £ 2.14.

On average, fold-rises of 70, 93, 8 and mean-rises of 23.32, 892.4, 5.59 were recorded regarding neutralizing antibody, quantitative
and semi-quantitative anti-Spike antibody, respectively.

Anti-Spike antibody seroconversion (four-fold rise over the baseline) was seen in 48 cases (59.3%) who got the booster dose. In
addition, four-fold increase of neutralizing antibody was achieved in 37 (45.7%) cases.

4.3. Virus netralization assay

The virus neutralization potency was assessed through cVNTs5 test on 6 randomly selected sera samples of immunized individuals
after the PastoCovac Plus booster shot against Wuhan variant. The control group was not available according to the fact that no one got
COVAXIN as a booster shot. The results showed that all the sera samples included antibodies with neutralization potency against
Wuhan variant (Average Ab titer 406.6 AU/ml).

4.4. Vaccine breakthrough detection

According to Real-Time PCR results, SARS-CoV-2 breakthrough infection was obserevd in pariticipants as: Totally 42 individuals of
all participants developed COVID-19 after the second dose of COVAXIN, from whom 26 (62%) were captured in the first 6-month
(active screening), 16 (38%) were screened in the second window time (based self-reporting), and five people experienced the

Table 1
Descriptive analysis of immune response after COVAXIN and paired analysis of antibody titer at first and third assessment after full vaccination.
Antibody Type 30 days after the second dose of 90 days after the second dose of p-value derived from Wilcoxon Rank
COVAXIN COVAXIN test
Anti-SARS-CoV-2 Antibody, Rapid N =151 N =148 <0.01
test
Negative 82(54.3%) 97 (65.5%)
Positive 69 (45.7%) 51 (34.5%)
Anti-Nucleocapsid Antibody N =152 N =146
Median (IQR; 25%-75%) 2.5 (0.9-4.6) 1.3 (0.5-3.1) <0.001
<11 43 (28.3%) 70 (47.9%)
1.1< Antibody <3.0 49 (32.2%) 36 (24.7%)
3.0< Antibody<10 55 (36.2%) 36 (24.7%)
>10 5(3.3%) 4 (2.7%)
Anti-Spike Antibody N =152 N =148
Median (IQR; 25%-75%) 3.1 (1.6-5.1) 2.6 (1.1-4.7) <0.001
<1.1 23 (15.1%) 36 (24.3%)
1.1<Antibody<3.0 46 (30.3%) 45 (30.4%)
3.0<Antibody<10 82(53.9%) 59 (39.9%)
>10 1 (0.7%) 8 (5.4%)
Neutralizing Antibody N =152 N =147
Median (IQR; 25%-75%) 25.4 (13.1-31.9) 12.2 (4.6-24.4) <0.001
<25 11 (7.2) 29 (22.4%)
2.5<Antibody<10 14 (9.2) 33 (22.4)
>10 127 (83.6) 85 (57.8%)
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Table 2
Analysis of immune response before and after PastoCovac Plus booster injection.
Features Before booster injection After booster injection p-value
Anti-Spike Antibody (semi-quantitative) N=281 N=281
Median (IQR; 25%-75%) 1.6 (0.8-3.2) 8.9 (7.3-10.3) <0.001
<11 24 (29.6) 0(0.0)
1.1<Antibody<3.0 34 (42.0) 0(0.0)
3.0< Antibody<10 20 (24.7) 54 (66.7)
>10 3(3.7) 27 (33.3)
Neutralizing Antibody N=281 N=281
Median (IQR; 25%-75%) 9.8 (0.9-18.0) 34.1 (33.6-34.8) <0.001
<25 24 (29.6) 0(0)
2.5< Antibody<10 17 (21.0) 0 (0)
>10 40 (49.4) 81 (100.0)
Anti SARS-CoV-2 IgG QuantiVac (quantitative) N =281 N =381
Median (IQR; 25%-75%) 14.3 (7.5-47.1) 472.6 (103.1-1372.1) <0.001
<11 30 (39.0) 0(0.0)
>11.01 47 (61) 81 (100)

p-value<0.001
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Fig. 2. Scatter diagram of neutralizing antibody titers before and after injection of PastoCovac Plus as a booster. Median and 95% confidence
intervals have been shown on the diagram.

infection twice in the follow-up (once in each period).

18 individuals developed COVID-19 after PastoCovac Plus booster dose in a long-time follow-up.

In total, all the vaccine breakthrough cases (COVAXIN and PastoCovac Plus) were symptomatic except one. Nevertheless, the
vaccine-breakthrough experienced cases only developed a mild to moderate form of the infection after the booster shot which indicates
the importance of an on-time booster injection in prevention of the severe form of the disease. Mild symptoms included headache, low-
grade fever, sore throat, runny nose, fatigue and mild body pain which lasted less than 2-3 days. SARS-CoV-2 whole genome
sequencing analysis was performed randomly on seven accessible samples with suitable viral load for sequencing (N gene Ct value <
25). The analysis of sequences of SARS-CoV-2 breakthrough infection was performed by the sarscov2Phylo pipeline. The sequence’s
placement in the phylogenetic tree is performed by Ultrafast Sample placement on Existing tRee (UShER) [30]. The results revealed
that all analyzed samples from breakthrough events were characterized as Delta variants of SARS-CoV-2 (Fig. 4). AY.126 was the most
common variant (4 samples), one sample was characterized as AY.39, one sample was AY.121 and one sample belonged to AY.129.

5. Discussion

Vaccination has been considered as the most effective prophylactic strategy against a variety of infectious diseases due to
neutralizing antibody induction and cellular immunity activation. The recent COVID-19 chaotic pandemic has resulted in the
development of a multitude of vaccine approaches in which whole inactivated virus type was firstly launched. An optimal vaccine
against SARS-CoV-2 should generate specific long-lasting antibodies and would induce immunity to prevent the disease and also the
virus transmission [31]. Nevertheless, studies indicated that COVID-19 antibodies might wane after a while in many people post
recovery [1,2,32,33] or some months after vaccination [34].



B. Farahmand et al. Heliyon 9 (2023) 20555

p-value<0.001

100003 -
] '.:o' .
® 28000
i oo 2t
- Bgo eage geo
10 3 '§’:=. ' ':".
b ..: 0:.0:
10-: e ] ‘
o 0....:.-
-4 e o
Yo
1 t T
Before After

PastoCovac Plus (Booster)

Anti-SARS-CoV-2 IgG titer (RU/mI) (Log 10 scale)

Fig. 3. Scatter diagram of specific IgG antibody responses against S antigen before and after PastoCovac Plus injection as a booster. Median and
95% confidence intervals have been shown on the diagram.

EPI_ISL_10586569, AY.39

EPI_ISL_10586571, AY.129
EPI_ISL_10586567, AY.126
EPI_ISL_10586570, AY.121
EPI_ISL_10586568, AY.126
EPI_ISL_10586566, AY.126
EPI_ISL_10714312, AY.126

[l 20t (Beta,v2) W rloaded sample

W 201 (Alpha,v1) 19A
30 W 20 (Gamma,v3) 198
Il 214 (Delta) 20A
4 B 211 (Delta) recombinant
B 21 (Delta) 208
B 21C(Epsilon) 20E (EU1)
56@%0 ® B 21D(Eta) I 206
21F (lota) W 20c
60 21G (Lambda) B 20F
B 21H (M) I 200
B 21 ©micron) [l 22c(Omicron)

W 211 (©micron)

Fig. 4. The phylogenic tree of breakthrough viral samples. The sequence’s placement in the phylogenic tree is performed by Ultrafast Sample
placement on Existing tRee (UShER).

In the present study, of 152 vaccinated individuals by BBV152, 15.1% were seronegative for anti SARS-CoV-2 Spike IgG one month
after the second dose which then reached to 24.3% two months later. Moreover, anti-N waned in 28.3% and 47.9% of individuals one
and three months after the second dose. In parallel to our observation, a significant decline of anti-S antibody was seen in Shrotri et al.
study as a five-fold reduction for ChAdOx1 vaccine (p < 0.001) and a two-fold for BNT162b2 vaccine (p < 0.001) between 21 and 41
days and >70 days post the second dose of both vaccines [34].

Therefore, observational studies on duration of protection and emerging data consistently present a decline in vaccine effectiveness
against SARS-CoV-2. In the context of WHO advice in support of booster vaccinations [35] and according to the potentially rapid
antibody waning suggested by the published data, heterologous regimens have been considered to elicit stronger antibody and also
T-cell responses [36].

Homologous boosters have been shown effective in some studies. BNT162b2 and mRNA-1273 vaccines led to neutralizing antibody
titers enhancement against wild-type SARS-CoV-2 and also against the delta variant [37,38]. Nevertheless, it is suggested that het-
erologous regimens may extend the persistence and longevity of protection provided by primary vaccine doses.
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In the other study, we also found that boosting through homologous regimens BBIP-CorV/BBIP-CorV or ChAdOx1/ChAdOx1could
be effective, however, a booster dose of a protein subunit vaccine led to a higher antibody generation in individuals (under review
data).

Heterologous schedules have the privilage of clinical efficacy and flexibility in supply, which facilitate the application for countries
with limited vaccine access or those with different vaccines beside the potential of a stronger response. Furthermore, mixing vaccines
migh be necessary with new SARS-CoV-2 variants [39,40].

PastoCovac Plus, a protein subunit vaccine, was investigated as the booster dose in this study which significantly re-induced
specific antibodies against COVID-19. Anti-S antibody median before the booster injection was 14.3 which then raised to 472.6
after the application of PastoCovac Plus. In parallel with this significant change, neutralizing antibody showed the median (IQR; 25%—
75%) of 34.1 after the booster dose which is dramatically higher than the pre-booster median (IQR; 25%-75%) titration of 9.8.

In a study by Zhang et al., BBIBP-CorV (inactivated vaccine) was applied as a two-dose inactivated vaccine in mice and ZF2001
(protein subunit vaccine) was applied as the booster in parallel with other regimens. The findings showed the highest level of RBD-
specific IgG, anti-spike IgG and neutralizing antibodies in BBIBP- BBIBP- ZF2001 immunized group [41]. In the next study, protein
subunit vaccine (ZF2001) was administered during a 4-8-month interval in healthy individuals who were primed by two doses of
inactivated whole virus vaccines CoronaVac or BBIBP-CorV. The results showed significant increase in neutralizing antibody in
addition to high induction of anti-RBD IgG, 14 days post booster injection [42].

In a similar study, ChAdOx1 nCoV-19 booster was evaluated after two shots of CoronaVac in a group of HCWs. The mean anti-spike
IgG level one month after the third dose vaccination increased to 2499.89 BAU/mL, which was significantly higher than the baseline
IgG level (84.88 BAU/mL; p < 0.001). Nevertheless, anti-spike IgG level decreased to 822.37 BAU/mL, three months post-vaccination.
Furthermore, neutralizing antibody was assessed at the same window time in which it increased one month after the booster from the
baseline of 20.61%-98.3% (p < 0.001) and was still high three months post vaccination (93.87%, p < 0.001) [43]. Thus, similar to our
findings, a different platform of booster significantly boosted specific antibodies after two shots of an inactivated virion vaccine.

From another point of view, the evaluated heterologous regimen in the present data was totally safe and well-tolerated in which the
local pain at the injection site and weakness were the most common side effects. Long-term assessment of the vaccine adverse events in
a 180-day follow-also proved that were no significant differences between the homologous and heterologous vaccine regimens
regarding late adverse events triggered by PastoCovac/PastoCovac Plus booster doses [44].

Overall, the generated vaccines against COVID-19 are presenting well safety profiles among which protein-based type vaccine has
shown to have a great potency of anti-Spike and neutralizing antibodies induction [45,46]. PastoCovac Plus, investigated in the present
study, has been evaluated notably efficient in specific SARS-CoV-2 antibody enhancement which could be applied as the booster of
inactivated-viral vaccines worldwide.

The present study lacks a control group due to the fact that COVAXIN was not applied as a booster dose in Iran. The other limitation
could be the platform of booster vaccination as only protein-based type. Other platforms could be evaluated and compared to come up
with the most proper type of the booster vaccine. Moreover, there was not a control group in parallel according to the type of the study
as an observational one.

6. Conclusions

A different vaccine platform as a booster might provide more durable immune response and a better protection against SARS-CoV-2
variants. Hereby, we showed that PastoCovac Plus as a protein-based vaccine could effectively stimulate specific antibodies against
SARS-CoV-2 after two-dose of an inactivated-viral type vaccine, COVAXIN. All the vaccinated subjects in this study who received the
booster shot, achieved high titration of the specific antibodies. PastoCovac Plus vaccine could be highly recommended as a safe and
effective booster dose in immunized people with inactivated vaccine type. According to the obtained data in this study, it has a high
potency to enhance humoral immune responses in terms of anti-S, anti-N and also neutralizing antibodies even in seronegative
vaccinated individuals. Furthermore, according to this study, the safety profile of PastoCovac Plus as a booster vaccine in combination
with an inactivated vaccine was established.
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