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Abstract
Background: The inactivated Sinopharm/BBIBP COVID-19 vaccine has been widely 
used in the world and has joined the COVAX vaccine supply program for developing 
countries. It is also well adapted for usage in low- and middle-income nations due to 
their low storage requirements.
Objective: This study aims to report on the kinetics, durability, and neutralizing ability 
of the induced immunity of the BBIBP vaccine, and the intensified antibody response 
elicited by the booster.
Methods: A total of 353 healthy adult participants, aged 20–74 years, were recruited in 
this multicenter study. A standard dose of the BBIBP vaccine was administered (Month 
0), followed by a second standard dose (Month 1), and a booster dose (after Month 
7). Vaccine-induced virus-specific antibody levels (SARS-CoV-2-IgA/IgM/IgG), con-
ventional virus neutralization test (cVNT), pseudovirus neutralization test (pVNT), and 
surrogate virus neutralization test (sVNT) were monitored over multiple time points.
Results: Neutralizing titers induced by the two doses of inactivated vaccine for 
COVID-19 peaked at Month 2 and declined to 33.89% at Month 6. Following the 
booster dose, elevated levels of antibodies were induced for IgA, IgG, and neutral-
izing antibodies, with neutralizing titer reaching 13.2 times that of before the booster.
Conclusion: By monitoring the antibody titer levels postvaccination, this study has 
shown that serum antibody levels will decrease over time, but a notable spike in an-
tibody levels postbooster highlights the anamnestic immune response. This signi-
fies that the protection capability has increased following the injection of booster 
immunization.
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1  |  INTRODUC TION

The coronavirus disease 2019 (COVID-19) global pandemic caused by 
the contagious virus severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) has dramatically accelerated vaccine development.1 
Vaccines can engage the body's immune system to guard against the 
disease, such as the production of protective neutralizing antibod-
ies. The development of new vaccines has been speed up from 10–
15 years to 1–2 years,2 with numerous vaccines being tested quickly 
in phase I, II, and III clinical trials followed by application in different 
regions. This was made possible by the knowledge and experience 
gained during previous epidemics, the maturation of advanced tech-
nological platforms, and the timely and large-scale investment of cor-
porations, governments, and nonprofit organizations without regard 
for cost.3 However, because these vaccinations are being developed 
and applied at such a quick speed, there are worries about not only 
their effectiveness in providing immunological protection to the com-
munity, but also the longevity of immunity in the population.

Inactivated vaccines are created by killing or deactivating the 
virus, preventing it from replicating. The development of inactivated 
vaccines is a mature technology with a well-tested regulatory pipeline 
and a high safety profile, and it has been widely utilized for decades 
for the prevention and control of emerging infectious diseases such 
as hepatitis A, influenza virus, and poliovirus. Currently, there are 
two major inactivated COVID-19 vaccines, both developed in China: 

the Sinovac CoronaVac COVID-19 vaccine and the Sinopharm's 
Beijing Bio-Institute of Biological Products Coronavirus Vaccine 
(BBIBP-CorV). Both inactivated vaccines have been shown to be 
generally safe and have induced antibody responses in adults in mul-
tiple clinical trials.4–6

Here, we report the immunogenicity, durability, and the effect of 
a booster dose of Sinopharm/BBIBP COVID-19 vaccine, in healthy 
adults in China. In this study, we monitored the virus-specific anti-
bodies (SARS-CoV-2-IgA/IgM/IgG) induced throughout the course 
of vaccination and performed virus neutralization experiments to 
test for the protective capability against virus invasion. This work 
tackles the critical question of how antibody levels, and the neu-
tralizing capability of antibodies, vary during vaccination with the 
BBIBP vaccine.

2  |  METHODS

2.1  |  Sampling

Initially, 500 healthy adult participants from three authorized hos-
pitals in Guangdong, China, have registered in this study: the First 
Affiliated Hospital of Guangzhou Medical University, the Fifth 
Affiliated Hospital of Zunyi Medical University, and the Dongguan 
Eighth People's Hospital. Following the initial injection, 479 

K E Y W O R D S
antibody persistence, booster, Coronavirus disease 2019, SARS-CoV-2, vaccine

G R A P H I C A L  A B S T R A C T
This study monitored specific antibody levels (IgA/IgM/IgG), cVNT, pVNT, and sVNT tests in 353 healthy adult subjects over the course of 
vaccination. The first two injections of the vaccine induce humoral responses with a peak at 2 months. Following the booster dose, IgA, IgG, 
and neutralizing antibodies increase with a neutralizing titer 13.2 times higher than before the booster.
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individuals completed a questionnaire survey on adverse symptoms. 
However, a number of individuals dropped out of the study during 
follow-up monitoring, resulting in a final count of 353 participants 
(106  male, 247 female), aged 20–74  years (median: 33), being in-
cluded in the analysis. The sample size was not determined based 
on the statistical power calculation. None of the participants have 
been exposed to SARS-CoV-2 infection before or throughout the 
study, due to China's zero-COVID approach and continual RT-PCR 
screening during a small-scale local outbreak in Guangzhou in June 
2021.7 Main inclusion criteria: participants must be healthy, aged 18 
and above, willing to participate, able to understand, and sign the 
informed consent. Main exclusion criteria: 1. Those who are allergic 
to the active ingredient, any inactive ingredient, or substance used in 
the production process of the vaccine, or those who have previously 
been allergic to the same kind of vaccine; 2. those who have had 
severe allergic reactions to vaccines in the past (such as acute aller-
gic reactions, angioneurotic edema, dyspnea, etc.); 3. those suffering 
from uncontrolled epilepsy and other serious neurological diseases 
(such as transverse myelitis, Guillain-Barre syndrome, demyelinating 
diseases, etc.); 4. those who are febrile, or suffering from acute dis-
eases, or acute episodes of chronic diseases, or patients with uncon-
trolled serious chronic diseases; 5. pregnant women; and 6. those 
who had had a positive PCR test, or previous history of COVID-19 
infection.

After providing written informed consent by themselves, par-
ticipants were injected homologously with a two-shot regiment 
(28  days apart) of 4-μg dose of β-propiolactone-inactivated, alu-
minum hydroxide-adjuvanted Sinopharm/BBIBP COVID-19 vac-
cine, followed by a third booster injection 7 months following the 
initial injection. The vaccine was developed by the Beijing Institute 
of Biological Products (Beijing, China) and manufactured as previ-
ously described.8 The sampling of blood was conducted on Month 0, 
Month 1 (second injection), Month 2, Month 3, Month 6, Month 0.5 
after-boost, and Month 1 after-boost. Data were collected between 
26 January 2021 and 6 December 2021.

We evaluated the vaccine-elicited titers of SARS-CoV-2-specific 
antibodies IgA/IgM/IgG, surrogate virus neutralization test (sVNT) 
using receptor-binding domain– (RBD-) neutralizing antibodies, 
pseudovirus neutralization test (pVNT), and conventional virus neu-
tralization test (cVNT) of the participants. Due to research budget 
constraints, specific antibodies (IgA/IgM/IgG) and sVNT titers were 
detected for samples at all seven time points, whereas pVNT titers 
were detected only for the first three time points (Months 0, 1, 
and 2), and cVNT titers were detected for the first four time points 
(Months 0, 1, 2, and 3).

2.2  |  Serum antibody detection

SARS-CoV-2-IgA/IgM/IgG-specific antibodies in human serum 
samples in vitro were detected by the indirect chemiluminescence 
method, using the automated analytical instrument Axceed 260 
for clinical chemiluminescence immunoassay (Tianjin Bioscience 

Diagnostic Technology Co., Ltd.) and accompanying immunoassay 
test kits. Axceed 260 automatically conducted the following tasks: 
adding reagents, adding samples, adding magnetic beads, incubation 
reaction and mixing, cleaning magnetic beads, adding substrate and 
mixing, and reading relative light unit (RLU). This RLU would then be 
converted to a final titer readout, in titer units of S/CO. The product 
name for the IgA test kit is “Diagnostic Kit for Novel Coronavirus 
(2019-nCoV) IgA Antibody (Magnetic particle CLIA),” and similarly 
for IgM and IgG.

The test kits consisted of reagent 0 (magnetic particles-anti-FITC 
antibody), reagent 1 (FITC-labeled SARS-CoV-2-recombinant an-
tigen), reagent 2 (alkaline phosphatase–labeled mouse anti-human 
IgA/IgM/IgG monoclonal antibody), negative control, positive con-
trol, and other necessary auxiliary reagents.

During a test, reagent 0, reagent 1, and the sample were added 
to the reaction tube. If the sample contained an SARS-CoV-2 IgA/
IgM/IgG antibody, it would form a complex with the recombinant 
antigen in the aforementioned reagent and bind to the magnetic 
particles at the same time. After that, the free components were 
rinsed away. Reagent 2 was then added to the reaction tube. The 
alkaline phosphatase-labeled antibody served as a secondary 
antibody, binding to the IgA/IgM/IgG antibody in the sample to 
generate an alkaline phosphatase-labeled antibody-IgA/IgM/IgG 
antibody-recombinant antigen-magnetic particle complex. The 
RLU of each sample tube was determined by adding the substrate 
solution used in the automatic immunoassay system and catalyz-
ing the luminescence of the substrate solution with alkaline phos-
phatase. The RLU of the sample was positively correlated with the 
IgA/IgM/IgG antibody concentration of the SARS-CoV-2, allowing 
for the detection of SARS-CoV-2 IgA/IgM/IgG antibody in human 
serum.

2.3  |  Surrogate virus neutralization test

Surrogate virus neutralization test titers in human serum samples 
were identified in vitro using RBD-neutralizing antibodies (for wild-
type virus) utilizing the competitive chemiluminescence method, 
using the automated analytical apparatus Axceed 260 described 
above, with accompanying immunoassay test kits. The RLU obtained 
with Axceed 260 would be converted to a final titer readout, in titer 
units of AU/ml. Because the instrument has an upper detection titer 
limit of 30, if the final titer readout was greater than 30, the experi-
ment was repeated with the sample diluted 10 times. If the readout 
remained above 30, the sample would be further diluted 2 times 
(total 20x dilution).

The test kit consisted of reagent 0 (magnetic particle receptor 
angiotensin-converting enzyme (ACE2) antigen), reagent 1 (alka-
line phosphatase-labeled S protein RBD), calibrator 1, calibrator 
2, and other necessary auxiliary reagents. During a test, reagent 
0, reagent 1, and serum samples were added to the reaction tube. 
If the sample contained neutralizing antibody, it would compete 
with magnetic particle-labeled ACE2 antigen to bind S protein 
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RBD. Free components were then rinsed away. Substrate solu-
tion was added, substrate solution luminescence was catalyzed 
by alkaline phosphatase, and the RLU of each sample tube was 
quantified. The RLU of the sample negatively correlated with the 
concentration of SARS-CoV-2-neutralizing antibody in the sample, 
allowing us to calculate the titer of sVNT (in units of AU/ml) in 
human serum. Titer levels of ≥2 AU/ml were regarded as positive 
(threshold designed by manufacturer).

2.4  |  Pseudovirus neutralization test

For pVNT, we use the pseudovirus system SARS-CoV-2-Fluc AY.2 
(Vazyme Biotech Co., Ltd). The virus system takes the firefly lucif-
erase reporter gene (FLUC) carrying virus HIV-1 as the host virus, 
and it expresses SARS-CoV-2  spike protein in the virus shell. The 
pseudovirus infects endogenous or exogenous cell lines expressing 
ACE2 (such as the HEK293-ACE2 cell line, a transfected HEK293 
cell line that overexpresses human ACE2), which closely mimics the 
SARS-CoV-2 invasion process of target cells via spike ACE2. When 
cells are infected with a pseudovirus, they express FLUC proteins, 
which can react with luminous substrate and emit light. This lumi-
nosity value would indicate the amount of active pseudovirus pre-
sent. The degree to which the pseudovirus infects the target cell is 
positively correlated with FLUC luminescence and negatively cor-
related with the neutralizing activity of the antibody.

The experiments were carried out on 96-well plates. After dilut-
ing the serum 1:30, we sequentially performed gradient dilutions of 
1:3 each well for six wells. For reproducibility, the solutions and wells 
were produced twice.

The experimental protocol was as follows: first, 100 μl/well of 
serum was added, followed by 50 μl/well of virus, and the neutral-
ization took place at 37°C for 1 h. 50 μl of HEK293-ACE2 cells at a 
density of 2*104 cells/50μl were then added to each well, and the 
mixture was cultured at 37°C for 48 h. Bio-Litetm Luciferase Assay 
System (Vazyme Biotech Co., Ltd) was then added directly to the cell 
culture to cause cell lysis, releasing luciferase, which emitted a sta-
ble light signal. The luciferase luminescence values of the samples in 
the 96-well plate were measured using a full-wavelength microplate 
analyzer. The 50 percent inhibitory dose (ID50) titer was calculated 
using the Reed-Muench method (the dilution multiples when 50% of 
pseudoviruses are neutralized), indicating the neutralization ability 
of antibody against SARS-CoV-2. Titer values of ≥30 were consid-
ered positive (threshold designed by manufacturer).

2.5  |  Conventional virus neutralization test

During cVNT, an inactivated SARS-CoV-2 virus solution (wild-
type) with a titer of 100 TCID was combined with serum diluted at 
various levels and incubated under appropriate conditions before 
inoculating to Vero-E6 cells. Cell cultures were examined to see 
whether antibodies could suppress viral cytopathic effect (CPE). 

The infectivity of the virus reveals the capacity of serum antibodies 
to neutralize the virus.

The cVNT experiments were carried out at Guangdong Center for 
Disease Control and Prevention (CDC). Serum samples were deacti-
vated under 56°C for 30 min before being added to 96-well plates. 
The samples were each diluted in the following ratios: 1:4, 1:16, 1:64, 
1:256, and 1:1024. Solutions containing inactivated SARS-CoV-2 
virus were diluted to 100 TCID50 per 50 μl before adding 120 μl into 
each well containing diluted serum. After thoroughly mixing, the 
solution was incubated at 36°C with 5% CO2 for 2 h and shook gently 
for 1.5 h. Primary cells, such as Vero-E6 cells and human small air-
way epithelial cells (HPSAepiC), were well digested and grown into 
monolayer before being processed into cell suspension at a cell con-
centration of 1 × 104–2 × 104 cells/0.1 ml. Hundred milliliters of cell 
suspension was mixed with the serum-virus solution and incubated 
at 36°C with 5% CO2. The results were observed every day, and CPE 
in each well was recorded on days 5–8 when the 100 TCID50 anti-
gen control showed complete lesions. The reciprocal of the maximum 
serum dilution that could protect 50% cell wells from CPE was the 
neutralizing antibody titer of SARS-CoV-2 of the serum.

2.6  |  Statistical analysis

Geometric mean titer (GMT) of antibodies were calculated using 
the geometric mean of the titer levels, and their 95% confidence 
interval (CI) was calculated with the Student's t distribution on log-
transformed data and then back transformed. Participants were 
stratified according to age and sex. Comparison between titer-level 
differences between two groups was performed using the Mann–
Whitney Wilcoxon test. One-way analysis of variance (one-way 
ANOVA) was used to analyze the differences between mean val-
ues of different time points. Correlation analyses were performed 
using Pearson correlation analysis and the permutation test for 
Pearson's correlation coefficient. A value of p < .05 was considered 
to be significant. All calculations and figures were produced using 
MATLAB® R2021a (Natick, MA, USA).

3  |  RESULTS

The reported adverse reactions from the 479 recorded questionar-
ies included muscle pain (injection site) 14/479 (2.9%), fatigue 4/479 
(0.8%), muscle pain (noninjection site) 3/479 (0.6%), headache 2/479 
(0.4%), dizziness 2/479 (0.4%), color change at injection site 2/479 
(0.4%), nausea 1/479 (0.2%), and others 32/479 (6.7%). No serious 
adverse event was reported within 28  days postvaccination at all 
stages of injection.

Due to practical constraints during sample collection (fixed time 
of the week, working around weekends, national holidays, availabil-
ity of personnel and participants, and varying coordination in the 
schedule amongst the three sites), there were modest variations 
in sampling time points. The sampling date (median, minimum, 
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maximum) for sampling time point 1 (initial injection) was (0, 0, 0), 
for time point 2 (second injection) was (28, 20, 44), for time point 3 
was (57, 41, 72), for time point 4 was (101, 56, 128), for time point 
5 was (202, 119, 249), for time point 6 was (238, 224, 311), and for 
time point 7 was (266, 231, 290). The date of the booster dosage was 
(231, 200, 288). The number of dates separated from the injection of 
the booster dose for the two postbooster time points was (15, 7, 20) 
for time point 6 and (31, 28, 36) for time point 7.

The total positive rate and GMT of sVNT for each age group and 
time point are shown in Table 1. Additional results for SARS-CoV-
2-IgA/IgM/IgG antibody titer levels for each age group and time 
point are shown in Tables S1, S2 and S3. Figure 1 shows the spe-
cific antibody (SARS-CoV-2-IgA/IgM/IgG) and sVNT titer levels at 
each monitoring point (with the two postbooster monitoring points 
combined). The results show that three antibodies and sVNT have 
distinct kinetics.

Antibody titer-level distributions amongst the tested population 
are shown in the violin plot in Figure 2. Throughout the course of 
vaccination, SARS-CoV-2-IgA remained relatively constant at a low 
level compared with other antibodies (Figure 2A), with GMT remain-
ing below the positive threshold for all stages of the vaccination. 
After the initial GMT peak of 0.26 S/CO (0.23–0.31), it diminished to 
0.20 (0.17–0.22) at Month 6. The injection of a booster dose stimu-
lated it back up to 0.32 (0.25–0.40) at Month 0.5 postbooster, a 1.6-
fold increase from the lowest point, but then, it rapidly diminishes 
back down to 0.24 (0.16–0.34) at Month 1 postbooster. This differ-
ence in titer level between the two postbooster points is significant 
(p = .042).

At Month 2, IgM, IgG, and neutralizing antibodies (sVNT) 
reached the first peak level (Figures  2B,C and 3C), after which 
point, they slowly diminished over time, until a booster injection 
activated the anamnestic immunity, which is consistent with the 

TA B L E  1  sVNT GMT results with 95% confidence intervals and positive rate by time point and age group

Time point Statistic 18–30 y.o. 31–50 y.o. ≥51 y.o. Total

Month 0
(Dose I)

n 94 98 15 207a

GMT 0.18 0.39 0.36 0.28

95% CI 0.15–0.23 0.31–0.49 0.24–0.55 0.24–0.32

Positive rate 1.06% 6.12% 0 3.38%

Month 1
(Dose II)

n 99 113 15 227a

GMT 2.04 1.53 1.65 1.74

95% CI 1.73–2.41 1.23–1.89 0.86–3.18 1.52–2.00

Positive rate 61.62% 39.82% 53.33% 50.22%

Month 2 n 97 113 14 224a

GMT 7.67 6.57 3.89 6.80

95% CI 6.49–9.05 5.45–7.92 1.94–7.79 5.98–7.72

Positive rate 91.75% 91.15% 78.57% 90.63%

Month 3 n 98 99 15 212a

GMT 3.87 3.26 2.24 3.44

95% CI 3.24–4.63 2.66–4.00 1.01–4.98 2.99–3.95

Positive rate 80.61% 67.68% 66.67% 73.58%

Month 6 n 173 162 18 353

GMT 2.28 2.39 1.84 2.31

95% CI 1.95–2.67 1.99–2.89 1.27–2.68 2.05–2.59

Positive rate 61.85% 59.88% 55.56% 60.62%

0.5 Month postboost n 25 64 5 94b

GMT 35.85 27.52 24.34 29.33

95% CI 22.92–56.07 20.67–36.65 11.05–53.63 23.27–36.98

Positive rate 100% 96.88% 100% 97.87

1 Month
Postboost

n 9 33 5 47b

GMT 46.69 30.76 27.62 32.94

95% CI 23.37–93.29 21.74–43.52 7.03–108.48 24.22–44.81

Positive rate 100% 100% 100% 100%

aDue to budget limitations, tests were performed for randomly selected subgroups.
bNot all participants received booster injections. Some participants were excluded from the postbooster time points monitoring if they receive a 
booster from other vaccines.
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conventional understanding of antibody kinetics following vac-
cination. In particular, for SARS-CoV-2-IgM (Figure 2B), after the 
initial GMT peak of 1.19 S/CO (0.99–1.43), it diminished to 0.22 
(0.20–0.24) at Month 6. With the injection of a booster dose, the 
titer level increased to 0.48 (0.40–0.57, two postbooster time 
points combined). No significant difference was observed in titer 
levels between Month 0.5 postbooster and Month 1 postbooster 
(p =  .22). Interestingly, the postbooster GMT was lower than the 
peak at Month 2 and was consistent with the level at Month 1 after 
the initial injection.

Figure  2C, on the other hand, shows that the SARS-CoV-2-
IgG GMT level peaked at 12.7 S/CO (10.9–14.9), before gradually 
decreasing to 1.4 (1.2–1.6) at Month 6, representing 10.9% of the 
peak value. After a booster dose, the SARS-CoV-2-IgG GMT level 
increased by a factor of 21.4 to 30.0 (25.2–35.8, two postbooster 
time points combined) postbooster, up from the level at Month 6. No 
significant difference was observed in titer levels between Month 
0.5 postbooster and Month 1 postbooster (p = .59).

Figure 3 depicts the results of three neutralization tests (cVNT, 
pVNT, and sVNT). After the first two injections, a similar and in-
creasing trend of neutralization titer was observed. Figure 3C shows 
that the GMT of sVNT peaked at 6.8 AU/ml (95% CI, 6.0–7.7), and at 
Month 6, it dropped to 2.3 (2.1–2.6), representing 33.9% of the peak 
value, with the total positive rate dropping from 90.6% to 60.6%. 
After a booster injection, the GMT increased to 30.5 (22.1–42.0, two 
postbooster time points combined), a factor of 13.2 increase from 
Month 6, or 4.5 times the first peak. There was no significant dif-
ference in titer levels between Month 0.5 postbooster and Month 1 
postbooster (p = .39).

Finally, levels of antibodies grouped by age (i.e., ≤40  y.o. and 
>40  y.o.) at each monitoring point are presented in Figure  4. 
Similarly, levels of antibodies grouped by gender at each monitoring 
point are presented in Figure 5. The results showed no statistically 
significant differences in antibody titer levels between different age 
groups and genders. Figure 6 shows that the measured SARS-CoV-2-
IgG correlates with sVNT titer levels (r = .647, p = 3 * 10−162).

4  |  DISCUSSION

The most effective regimen for COVID-19 vaccination is still un-
known as data continue to evolve following the waning of immunity 
over time and the emergence of new variants.9 Israel's study on the 
real-world protection of the boosters of vaccination showed that the 
third dose of BNT162b2 mRNA vaccination significantly reduced the 
COVID-19 infection rate, severe illness rate, and mortality rate of 
vaccinators.10 COVID-19 vaccine boosting might ultimately be re-
quired in the general population due to diminishing immunity or the 
emergence of new variants.11 However, the data are scarce on the 
antibody level and protective efficacy of inactivated vaccines after 
booster injection.

Currently, the Sinopharm/BBIBP COVID-19 vaccine has been 
certified by the World Health Organization for emergency use,12 
and it is approved for use in more than 45 countries worldwide.13 
Interim results from phase 3 trials of Sinopharm vaccines indicated 
78.1% efficacy in preventing COVID-19.12 Despite being one of the 
most widely used vaccines in the world, the vaccine's long-term ef-
fectiveness is unknown. Several key questions remain unanswered: 

F I G U R E  1  The antibody titer of IgA (dark green), IgM (magenta), IgG (red), and sVNT (blue). The curves connect the geometric mean 
end-point titers (GMTs) at each monitoring point, with the two postbooster monitoring points combined. Shaded regions denote the 95% CI 
range of the GMT
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F I G U R E  2  Violin plot showing distributions of antibody titer at each monitoring point. (A) IgA, PANOVA = 0.008. (B) IgM, PANOVA < 0.001. 
(C) IgG, PANOVA < 0.001. The black lines in the center of each violin show the median (circle), and the 25th and 75th percentiles. The blue 
dashed line shows the manufacturer-defined cutoff for positive results. Significance star for the Mann–Whitney Wilcoxon test: * represents 
p ≤ .05, ** represents p ≤ .01, *** represents p ≤ .001
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how durable is the immunity induced by the inactivated vaccine 
Sinopharm/BBIBP, and do people need a booster dose? To what ex-
tent does the booster dose elicit an anamnestic antibody response? 
How do different specific antibodies responsible for the protection 
of the body against viral invasion?

Through monitoring the humoral responses induced through-
out the course of vaccination, such as the virus-specific an-
tibodies (SARS-CoV-2-IgA/IgM/IgG), and performing virus 
neutralization tests, we demonstrated the durability of the 
vaccine-induced immunity and the decline in neutralizing titer 
over time. The effect of booster dose was also demonstrated, 

as a strong anamnestic antibody response was recorded. The 
SARS-CoV-2-IgG was found to be primarily responsible for the 
neutralizing titer, indicating its critical role in protecting the 
human body against virus invasion. Interestingly, SARS-CoV-2-
IgM behaved much unlike the other two types of antibodies, as 
a booster injection only eliciting a titer similar to the first injec-
tion, indicating characteristics consistent with those seen in the 
absence of anamnestic immunity.

After 6  months from the initial injection, the antibody titers, 
and neutralizing titers, have shown a decline. This would imply a 
decrease in vaccine protection.14 This finding is consistent with 

F I G U R E  3  Virus neutralization test results at different time points. (A) Conventional virus neutralization test, PANOVA < 0.001. (B) 
Pseudovirus neutralization test, PANOVA < 0.001. (C) Surrogate neutralization test, PANOVA < 0.001. Horizontal bars show GMT level for 
each time point. The blue dashed line shows the manufacturer-defined cutoff for positive results. Significance star for the Mann–Whitney 
Wilcoxon test: * represents p ≤ .05, ** represents p ≤ .01, *** represents p ≤ .001
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a recent report on the waning of BNT162b2 vaccine protection 
against infection in Qatar, where the effectiveness of the vac-
cine decays rapidly after injection, but protection against severe 
COVID-19 cases remains high after 6 months.15 In the case of this 
study, the actual efficacy of the vaccine remains unclear, as the 
threshold of protection for antibody titers against COVID-19  re-
mains unknown. Another study discovered that the occurrence of 
COVID-19 breakthrough infections is correlated with the time from 
injecting the BNT162b2 vaccine.16 Together, all the evidence points 
to a decrease in the long-term protection of vaccines. However, in 
addition to inducing neutralizing antibodies, another aspect of the 
protective power of vaccines is dependent on the formation of im-
mune memory. The findings of this study indicate that immunity 
against SARS-COV-2 induced by the third dose of inactivated vac-
cine helps to provide better immune protection and enhance neu-
tralization titer.

Cao et al. evaluated the humoral immunogenicity and reacto-
genicity of CoronaVac or ZF2001 booster after two doses of in-
activated vaccine, the results showed that the third dose of either 
CoronaVac or ZF2001 vaccine rapidly induced a significantly high 
degree of humoral immunogenicity.17 The recently published clin-
ical trials also showed that the third dose of CoronaVac in adults 
administered 8 months after a second dose effectively resulted in a 
remarkable increase in the concentration of antibodies.18 Both stud-
ies have shown that booster vaccination can significantly increase 

antibody levels and is safe. Different from these researches, we not 
only tested the level of neutralizing antibodies after the booster in-
jection of the inactivated vaccine, but also we further explained the 
role of booster injections from different types of antibody levels and 
virus neutralization tests. This lays the groundwork for the clinical 
application of the inactivated vaccine booster.

According to a study on the Moderna mRNA-1273 vaccine, an-
tibody activity remained high in all age groups at 180 days after the 
second dose, with antibodies detected among all participants.19 
For BNT162b2 (Pfizer–BioNTech) and ChAdOx1 nCoV-19 (Oxford–
AstraZeneca), 21–41  days and 70  days or longer after the second 
dose, RBD-antibody levels declined about twofold and fivefold, 
respectively.20 This trend remained consistent when the results 
were stratified by gender, age, and clinical vulnerability. However, 
it is difficult to directly compare these estimates with the results of 
this study due to the heterogeneity of the antibody neutralization 
analysis.

Our study has several limitations. First, we did not evaluate B- 
and T-cell responses after vaccination. Second, we did not include 
people with a higher risk of infection, more severe prognosis, or 
other comorbidities. Finally, more real-world studies based on large-
scale outbreaks, and data from preclinical trials, are needed in future 
to comprehensively assess the immune persistence of inactivated 
vaccines and determine neutralizing antibody thresholds associated 
with preventive clinical outcomes.

F I G U R E  4  The antibody titer time 
profile for the two age groups (≤40 and 
>40 years old). The curves connect the 
geometric mean end-point titers (GMTs) 
at each monitoring point, with the two 
postbooster monitoring points combined. 
Shaded regions denote the 95% CI range 
of the GMT
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5  |  CONCLUSION

We found that the inactivated SARS-CoV-2 vaccine, BBIBP-CorV, is 
safe and well-tolerated in healthy adults. Humoral responses were 
induced after the first two injections of the vaccine and peaked at 
2  months following the initial injection before gradually declining 
over time. A booster dose considerably elicited the anamnestic im-
munity, as the neutralizing titer reaches 13.2 folds a month after the 
booster immunization.
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