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ABSTRACT

Background: To mitigate a national shortage of WIBP-CorV COVID-19 vaccine, China’s regulator approved
administering BBIBP-CorV after WIBP-CorV for completion of a primary series. In a pragmatic observa-
tional study, we compared immunogenicity and safety of a primary series of WIBP-CorV followed by
BBIBP-CorV with a primary series of two doses of BBIBP-CorV.
Methods: We invited healthy 18-59-years-old adults who had already received either WIBP-CorV or
BBIBP-CorV as their first dose in a primary series to participate in this observational cohort study.
Subjects who had received WIBP-CorV as their first dose became the observation group; subjects who
had received BBIBP-CorV as their first dose became the control group. All participants received BBIBP-
CorV as their second dose. We obtained sera 1, 2, and 6 months after second doses for nAb titer measure-
ment by micro-neutralization cytopathic effect assay with SARS-CoV-2 strain HBO1, standardized with
WHO International Standard for anti-SARS-CoV-2 immunoglobulin. Safety was assessed for the 7 days
after administration of second doses.
Results: Between March and December 2021, 275 subjects were included in the observation group and
133 in the control group. Neutralizing seropositivity (>1:4) rates were 98.91 % and 99.25 % at 1 month
and 53.16 % and 70.69 % at 6 months. One-month geometric mean titers (GMTs) were 21.33 and
22.45; one-month geometric mean concentrations (GMCs) were 227.71 IU/mL and 273.27 IU/mL. One
to two months after vaccination, observation group seropositivity rates and titers were not significantly
different to the control group’s. Adverse reaction rates were 11.27 % and 18.80 %, all mild or moderate in
severity.
Conclusions: Both primary series were immunogenic; immunogenicity of WIBP-CorV followed by BBIBP-
CorV was not different than immunogenicity following two doses of BBIBP-CorV for two months after
vaccination; safety profiles were acceptable for both regimens. BBIBP-CorV can be used to complete a pri-
mary series that started with WIBP-CorV.
© 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CCBY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

* Corresponding authors.

1. Introduction

Through July 2022, there have been more than 575 million
cases and 6 million COVID-19 deaths reported to the World Health
Organization [1]. Vaccines are powerful weapons for epidemic pre-
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least one dose of a COVID-19 vaccine, but only 19.9 % of people in

0264-410X/© 2022 The Authors. Published by Elsevier Ltd.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://crossmark.crossref.org/dialog/?doi=10.1016/j.vaccine.2022.08.037&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.vaccine.2022.08.037
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:wangfz@chinacdc.cn
mailto:huangby@ivdc.chinacdc.cn
https://doi.org/10.1016/j.vaccine.2022.08.037
http://www.sciencedirect.com/science/journal/0264410X
http://www.elsevier.com/locate/vaccine

X. Wang, Y. Deng, L. Zhao et al.

low-income countries have received a dose [2]. Vaccine shortages
and disruptions or delays in the supply chain due to production
or transportation problems have occurred frequently since
COVID-19 vaccines were approved.

There are seven vaccines approved conditionally or for emer-
gency use in China: five inactivated vaccines, one adenovirus vec-
tored vaccine, and one recombinant protein vaccine. Safety,
immunogenicity, and protective efficacy of these vaccines have
been shown in clinical trials [3-11]. In December 2020, during
the early stage of COVID-19 vaccine approval, Hubei and Hainan
provinces used the inactivated vaccine WIBP-CorV, developed by
the Wuhan Institute of Biological Products Co, Ltd, to vaccinate
people at high risk of SARS-CoV-2 exposure in a two-dose primary
series with an inter-dose interval of 3-8 weeks. However, due to
insufficient supplies of WIBP-CorV, and to avoid delays in vaccina-
tion, another inactivated vaccine, BBIBP-CorV, developed by the
Beijing Institute of Biological Products Co, Ltd, was approved to
complete a primary series that started with WIBP-CorV. Both man-
ufacturers belong to the China National Biotec Group Company
Limited.

The interruption of supply of WIBP-CorV provided an opportu-
nity to conduct a pragmatic observational cohort study to assess
the safety, immunogenicity, and immune persistence of a primary
series of WIBP-CorV followed by BBIBP-CorV compared with a pri-
mary series of two doses of BBIBP-CorV. We report results of our
study.

2. Methods
2.1. Setting and subjects

The study was set in Hubei and Hainan provinces and was con-
ducted from March 2021 to December 2021, during which time
there was almost no transmission of SARS-CoV-2 in the mainland
of China due implementation of public health and social measures
(PHSM) that prevent transmission. A population-based serological
survey in Hubei and six other provinces in China following initial
containment of SARS-CoV-2 showed population seroprevalence
to be 0.44 % in Hubei-ex-Wuhan and <0.1 % outside of Hubei
[12]. There were no SARS-CoV-2 outbreaks in the study areas dur-
ing the study period.

Hubei and Hainan provincial centers for disease prevention and
control (CDCs) invited healthy adults, 18-59-years-old, who were
already in the process of receiving a primary series with either
WIBP-CorV or BBIBP-CorV inactivated COVID-19 vaccine, to partic-
ipate in the study. Exclusion criteria were history of SARS-CoV-2
infection, history of using blood products or immunosuppressive
drugs, and history of severe adverse reaction following any vac-
cine. Withdrawal and discontinuation criteria included moving
away, inability to complete follow-up sample collection due to
health conditions or serious adverse reaction, or requesting to
withdraw or discontinue the study for any reason.

2.2. Vaccines

The study vaccines were WIBP-CorV, developed by Wuhan
Institute of Biological Products Co, Ltd., and BBIBP-CorV, developed
by Beijing Institute of Biological Products Co, Ltd. Both vaccines are
ancestral strain, whole-virus, B-propiolactone-inactivated, alu-
minum hydroxide adjuvanted, liquid COVID-19 vaccines. BBIBP-
CorV was made using the 19nCoV-CDC-Tan-HBO02 strain of SARS-
CoV-2 and WIBP-CorV was made using the WIV04 strain. Both vac-
cines had been conditionally approved for individuals 18 years and
older by the National Medical Products Administration (NMPA),
the vaccine regulatory authority of China, prior to the start of the
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study, and both were in widespread use in China during the study
period.

2.3. Design

Fig. 1 shows the study flow diagram. Due to insufficient supply
of WIBP-CorV, individuals who received one dose of either WIBP-
CorV or BBIBP-CorV vaccine to start their 2-dose primary series
had to complete their primary series with BBIBP-CorV. Consenting,
eligible adults who had received one dose of WIBP-CorV or one
dose of BBIBP-CorV were recruited into this cohort study before
receiving primary-series dose two. We observed the subjects dur-
ing the process of receiving dose two (always BBIBP-CorV),
obtained demographic information with a questionnaire, and
observed for adverse reactions occurring 0-7 days after dose two.
Thus, there were two study groups - one group received WIBP-
CorV as their first dose (observation group) and the other received
BBIBP-CorV as their first dose (control group) - both groups
received BBIBP-CorV as their second dose.

For the control group, we based the sample sizes target using
o = 0.05, B = 0.10, dropout rate A = 0.2, two-sided tests, with
expected seropositive by time since vaccination of 100 % at 1 month
[5], and effect sizes of 3.5 percentage point differences from
expected values. The required sample size was 133. The target
sample size of the observation group was set at 266, twice that
of the control group.

Three mL samples of venous blood were drawn from partici-
pants at 1 month, 2 months, and 6 months after administration
of the second dose. Specimens were processed the same day and
frozen until laboratory analysis.

2.4. Laboratory testing and standardization

In a BSL-3 laboratory, serum neutralizing antibody (nAb)
responses were assessed by the reduction of cytopathic effect
(CPE) method in Vero cells using infectious SARS-CoV-2 strain
19nCoV-CDC-Tan-HBO1 (HBO1 is an ancestral strain isolated from
a patient during the initial outbreak in Wuhan in early 2020).
Briefly, serum was inactivated at 56°C for 30 min and successively
diluted from 1:4 to the required concentration in 2-fold series. An
equal volume of challenge virus solution containing 100 CCIDsq
virus was added. After neutralization in a 37°C incubator for 2 h,
a 1.5-2.5 x 10°/mL cell suspension was added to the wells; cyto-
pathic effect was assessed 4 days after infection. Neutralization
titers (NTsp) were expressed as the reciprocal of the highest dilu-
tion protecting 50 % of the cells from the virus challenge.
NTso > 4 were considered positive.

To facilitate comparison of SARS-CoV-2 neutralization assay
data from multiple assay formats and vaccines, we used the
WHO international standard (IS) and an internal neutralization
standard. The WHO 1°* IS for antisera to SARS-CoV-2 (NIBSC code
20/136) was obtained from National Institute for Biological Stan-
dards and Control (NIBSC). The internal neutralization standard
‘R1’ was generated in-house by Beijing Minhai Biotechnology Co.,
Ltd. by pooling a selection of SARS-CoV-2 RBD protein immunized
goat sera. All neutralization standardizations were run in triplicate
on the SARS-CoV-2 neutralizing assay described above. The inter-
nal reference was calibrated according to the WHO 1%t IS for anti-
SARS-CoV-2 immunoglobulin; test samples compared to the IS
can be expressed in [U/mL by the calculation: GMT of test samples
| (GMT of SARS-CoV-2 IS/1000) = IU/mL. The calibrated potency of
internal standard ‘R1’ was 16,734 IU/mL. The internal reference
was included in every experiment and used for correction of tested
sample results. To convert sample neutralization titers into inter-
national units, the neutralization dilution values of the sample
were divided by the neutralization of the internal standard run
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Y
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Fig. 1. Study flow diagram.

during the same experiment and then multiplied by the calibrated
potency of the respective internal standards in international units.
Use of the reference standard sera allowed neutralization assay
outputs to be converted to international units per milliliter (IU/
mL).

2.5. Safety

As is standard practice for vaccinations in China, participants
were requested to stay in the clinic for 30 min of observation after
vaccination. Adverse events during the clinic stay were recorded.
Participants were requested to record any injection site-specific
adverse reactions (e.g., pain, redness, swelling) and systemic
adverse reactions (e.g., fever, headache, fatigue) on diary cards
through 7 days after dose two (BBIBP-CorV). Unsolicited symptoms
and signs were recorded during follow-up. Subjects turned in diary
cards at the 1-month blood draw visit. Adverse events were graded
according to the guiding principles for grading standard of adverse
events in clinical trials of vaccines (No. 102 in 2019), issued by
NMPA [13].

2.6. Statistical analysis
Two trained postgraduate students independently entered data

in EpiData software version 3.1 with double entry verification. All
analyses were performed with R version 4.1.0. We used
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mean + standard deviation (SD) and composition ratio (%) to
describe sociodemographic information. Immunogenicity was
expressed by nAb seroconversion percentage (NTsq positive rates),
geometric mean titers (GMT), and geometric mean concentrations
(GMC, IU/mL) referenced to WHO, with associated 95 % confidence
intervals (CI). Any serologic values below the lower limit of quan-
tification were set to 0.5 times the lower limit of quantification.
Decrease of nAb titers was calculated by: (GMT at 1 month -
GMT at 12 months)/GMT at 1 month * 100 %, and a decreasing
trend was tested for by linear regression. Safety end points
included the incidence of injection site and systemic adverse reac-
tions within 30 min and through 7 days after vaccination. T tests,
Chi square tests, or Fisher exact tests and Mann-Whitney U tests
were used for comparisons. Chi square trend analyses and linear
regression models were used for trend tests. All tests were 2-
tailed, with P values of 0.05 or less considered statistically
significant.

3. Results
3.1. Participants

Four hundred and ten eligible participants were recruited into
the study. With the exception of two individuals who did not com-
plete the questionnaire, 408 participants were successfully
enrolled: 275 had received WIBP-CorV for their first dose and
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became the observation group and 133 had received BBIBP-CorV
for their first dose and became the control group. Subjects in both
groups received BBIBP-CorV for their second dose. Table 1 shows
participant characteristics by study group. Demographic and clini-
cal characteristics were similar. The most common comorbidity
was hypertension. The average inter-dose interval in the control
group was four days longer than in the observation group (30.5
vs 26.3 days), a statistically significant difference.

3.2. Neutralizing antibody responses to vaccination

Neutralizing antibody responses declined over time for both
observation group and control group subjects. In the WIBP-CorV-
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first observation group, NTsq positive rates declined from 98.91 %
at 1 month to 53.16 % at 6 months (trend ¥* = 199.54,
P < 0.001), and corresponding nAb titers decreased by 83.31 %
(t = —30.98, P < 0.001); nAb concentrations declined from 227.71
[95 %CI: 209.06-248.03] to 13.34 [95 %Cl: 12.34-14.41] (IU/mL).
In the BBIBP-CorV-first control group, NTso positive rates declined
from 99.25 % to 70.69 % in 6 months (trend ¥ = 55.68, P < 0.001)
and corresponding GMTs decreased by 76.12 % (t = —17.41,
P < 0.001); GMC declined from 273.27 [95 %Cl: 243.93-306.13]
to 25.08 [95 %Cl: 21.23-29.64] (IU/mL) (Figs. 2 and 3).

Based on NTsq positive rate and GMT, the neutralizing antibody
response of the observation group was not significantly different
from that in the control group for the first 2 months after vaccina-

Table 1
Socio-demographic characteristics of study participants (N = 408).
Variable Observation Group (WIBP-CorV + BBIBP-CorV) Control Group (BBIBP-CorV + BBIBP-CorV) t/x? P
n(%) n(%)
Age (years)
Mean (SD) 37.94(9.88) 37.84(9.41) 0.095 0.924
Gender
Male 113(41.09) 45(33.83) 1.695 0.193
Female 162(58.91) 88(66.17)
Obesity (BMI > 28 kg/m?)
Yes 14(5.09) 7(5.26) 0.000 1.000
No 261(94.91) 126(94.74)
Comorbidities”
Yes 17(6.23) 8(6.02) 0.000 1.000
No 256(93.77) 125(93.98)
Inter-dose interval (days)
Mean(SD) 30.50(4.59) 26.32(5.03) 8.110 <0.001
Median(range) 30(21-53) 28(15-33)
15-27 62(22.55) 66(49.62) 29.285 <0.001
28-53 213(77.45) 67(50.38)
Total 275(100.00) 133(100.00)

2 Two individuals lacked comorbidity data and were excluded, making 406 subjects for comorbidity description.

group . Control Group . Observation Group

307 n=133 n=275 n=126

N
o
f

Geometric mean titer
>

1 month

2 months

n=275 n=116 n=269

6 months

Time after 2nd Dose

Mann-Whitney U test was used in GMT test.

n represented the sample size of each group included in analysis.

Fig. 2. Neutralizing antibody titer after the administration of 2 doses of inactivated COVID-19 vaccine.
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Fig. 3. Geometric mean concentrations of neutralizing antibody after the administration of 2 doses of inactivated COVID-19 vaccine.

tion (NTsg positive rate: P=0.114; GMT: P = 0.241 at 2 months) but
was lower at 6 months (NTso positive rate: P = 0.002; GMT:
P < 0.001). The control group had statistically greater GMCs than
the observation group at all time points (Table 2).

3.3. Adverse reactions and events

Systemic and injection site adverse reactions are shown in
Table 3 and Fig. 4. Adverse reactions within 7 days after the second
dose were reported by 31 participants (11.27 %) in the observation
group and 25 participants (18.80 %) in the control group. During
the 30-minute observation period, at least one adverse reaction
occurred in 12 (4.36 %) of 275 observation group subjects and 13
(9.77 %) of 133 control group subjects (P = 0.055). The most com-
mon injection site adverse reaction within 30 min was pain, which
was reported in 11 (4.00 %) observation group subjects and 12
(9.02 %) control group subjects (P = 0.067). One participant in the
control group reported dizziness; there were no other systemic
adverse reactions reported during the 30-minute observation per-
iod. The most common adverse reaction during the 7-day reporting

period was pain, which was reported by 24 (8.73 %) of 275 obser-
vation group subjects, compared with 12 (9.02 %) of 133 control
group subjects. Additional injection site adverse reactions included
redness (1 [0.75 %] in the control group), swelling (2 [1.50 %] in the
control group) and induration (2 [0.73 %] vs 2 [1.50 %]). Systematic
adverse reactions within 7 days in the observation group were
weakness (1 [0.36 %]) and chills (1 [0.36 %]), and in the control
group 1 (0.75 %) reported dizziness. All adverse reactions were
mild in severity (grade 1 or 2) and were transient and self-
limiting, without need of treatment. There were no notable differ-
ences in adverse events between groups. No other unsolicited
symptoms or signs were reported.

4. Discussion

In this observational cohort study of adults, we compared the
safety, immunogenicity, and immune persistence of a primary ser-
ies of one dose of WIBP-CorV followed by one dose of BBIBP-CorV
with a primary series of two doses of BBIBP-CorV. Our study
showed that during the first 2 months after completing the pri-

Table 2
Neutralizing antibody responses to inactivated COVID-19 vaccine.
Time after 2nd Dose  Observation Group (WIBP-CorV + BBIBP-CorV)  Control Group (BBIBP-CorV + BBIBP-CorV)  y?/W P value
Seroconversion rate (%) 1 month 98.91 (97.67-100.00) 99.25 (97.76-100.00) -2 1.000
2 months 96.00 (93.67-98.33) 99.21 (97.64-100.00) - 0.114
6 months 53.16 (47.16-59.16) 70.69 (62.28-79.10) 9.546 0.002
GMT(1:) (95 %CI) 1 month 21.33 (19.62-23.18) 22.45 (20.16-24.99) 17,653  0.564
2 months 16.80 (15.28-18.47) 19.28 (17.48-21.25) 16,076 0.241
6 months 3.56 (3.28-3.86) 5.36 (4.56-6.31) 11,246  <0.001
GMC[IU/mL] (95 %CI) 1 month 227.71 (209.06-248.03) 273.27 (243.93-306.13) 15,362 0.008
2 months 179.35 (162.34-198.13) 236.71 (213.81-262.07) 14,012 0.002
6 months 13.34 (12.34-14.41) 25.08 (21.23-29.64) 8685 <0.001

® Fisher's test was used for statistical analysis.
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Table 3
Adverse reactions within 30 min and through 7 days after the second dose.

Observation Group (WIBP-CorV + BBIBP-CorV) Control Group (BBIBP-CorV + BBIBP-CorV) x? P value

N =275 N=133
Adverse reactions within 0-7 days
Any 31(11.27 %) 25(18.80 %) 3.674 0.055
Injection site adverse reactions within 30 min
Any 12(4.36 %) 13(9.77 %) 3.671 0.055
Pain 11(4.00 %) 12(9.02 %) 3.359 0.067
Redness 9(3.27 %) 8(6.02 %) 1.071 0.301
Swelling 8(2.91 %) 10(7.52 %) 3.490 0.062
Induration 8(2.91 %) 9(6.77 %) 2.445 0.118
Rash 8(2.91 %) 8(6.02 %) 1.545 0214
Other 4(1.45 %) 0(0.00 %) - 0.309
Systemic adverse reactions within 30 min
Any 0(0.00 %) 1(0.75 %) - 0.326
Fever 0(0.00 %) 0(0.00 %) - 1.000
Dizzy 0(0.00 %) 1(0.75 %) = 0.326
Injection site adverse reactions within 7 days
Any 24(8.73 %) 13(9.77 %) 0.026 0.872
Pain 24(8.73 %) 12(9.02 %) 0.000 1.000
Redness 0(0.00 %) 1(0.75 %) -1 0.326
Swelling 0(0.00 %) 2(1.50 %) - 0.106
Induration 2(0.73 %) 2(1.50 %) -7 0.599
Systemic adverse reactions within 7 days
Any 2(0.73 %) 1(0.75 %) - 1.000
Weakness 1(0.36 %) 0(0.00 %) -4 1.000
Chills 1(0.36 %) 0(0.00 %) - 1.000
Dizzy 0(0.00 %) 1(0.75 %) -7 0.326

2 Fisher's test was used for statistical analysis.
A B
Adverse reactions within 30 minutes Adverse reactions within 7 days
Pain Pain
0% A%
Dizzy Redness Dizzy \_ Redness
/ / N
Fever | Swelling Chills | } Swelling
1 J 1 {
i / r’
///
Other Induration Weakness " Induration

—#—  Control Group

—#*—  Obsenation Group

Fig. 4. Adverse reactions within 30 min and through 7 days after the administration of 2 doses of inactivated COVID-19 vaccine.

mary series, NTsq positive rates and GMTs of the two primary ser-
ies regimens were not significantly different. All adverse reactions
were mild and there were no significant differences in adverse
reaction rates between the two regimens. Primary series that start
with WIBP-CorV can be completed with BBIBP-CorV vaccine.
Completing COVID-19 vaccination with vaccines produced by
different manufacturers has been widely used worldwide to miti-
gate insufficient vaccine supplies, avoid rare adverse reactions, or

further enhance immunogenicity [14-16]. Heterologous booster
vaccination has been approved in many countries including China
[17-19]. In the early stage of COVID-19 vaccine approval in China,
Hubei and Hainan provinces used two different vaccine products
made by the same technical route in primary series schedules.
Because of insufficient supply of WIBP-CorV, individuals who
started their primary series with WIBP-CorV had to complete their
primary series with a regulator-approved second dose of BBIBP-
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CorV. Our study found that this vaccination schedule had an
acceptable safety profile and non-inferior immunogenicity for the
first two months after primary series completion.

A single-blind, randomized, phase 2, non-inferiority trial in the
UK showed non-inferiority of mRNA-1273 after a dose of
BNT162b2 (GMC of live virus neutralizing antibody, normalized
NTgo: 3252, 95 %Cl: 2416-4376) to 2 doses of BNT162b2 (GMC:
3216, 95 %Cl: 2336-4427), demonstrating the similar immuno-
genicity of two different manufactures’ COVID-19 vaccines made
by the same technical route [20]. Many studies have established
that heterologous booster vaccination with vaccines made by dif-
ferent technical routes induces stronger immune response than
homologous booster vaccination [14,16,21].

Serum neutralizing antibody monitoring over 6 months in our
study showed that the humoral immune response produced in
both study groups declined over time, and with similar downward
trends. Immunogenicity and protective efficacy of COVID-19 vac-
cine waning over time has been found in many studies, regardless
of vaccine type [22-24]. For example, Zeng and colleagues found
that neutralizing seropositivity decreased from 100 % to 35 % for
people aged 18-59 six months after 2 doses of CoronaVac, while
GMT decreased from 45.9 to 6.8 [25]. GMTs from Pfizer/BioNTech
BNT162b2 decreased from 557.1 to 119.4 six months after immu-
nization according to Levin and colleagues’ study [22].

In terms of safety and reactogenicity, the most common adverse
reactions within 30 min and 7 days of combined vaccination were
pain, redness, and swelling at the injection site. There were no seri-
ous adverse reactions in either group, and there were no differ-
ences in adverse reaction incidence. In clinical trials of BBIBP-
CorV, incidences of adverse reactions within the first 7 days were
33 % (8/24) in phase 1, and 12 %-18 % (10/84 and 15/84 for 0-
21-day group and 0-28-day group, respectively) in phase 2 in a
4 ng dose group of participants aged 18-59 years [5]. In clinical tri-
als of WIBP-CorV, 7-day adverse reactions rates were 16.7 % (4/24)
in phase 1 and 19.0 % (16/84) in phase 2 for a 5 pug dose group [3].
Our safety and reactogenicity results were similar to findings from
clinical trials of both vaccines and to other studies of inactivated
vaccines [4,6], with reactogenicity somewhat lower than seen with
mRNA or adenovirus vectored vaccines [26-29]. However, a cross-
sectional study for the side effects of CoronaVac in Turkish health-
care workers reported a higher incidence of side effects following
inactivated vaccine administration (62.5 %, 487/780) than what
we found in our study or in clinical trials. This may be because
healthcare workers have a high level of health literacy and scien-
tific interest, making it easier to conduct self-assessments [30].

There are many methods being used for neutralizing antibody
detection, and different methods, laboratories, and testing person-
nel may give different results. In December 2020, the WHO Expert
Committee on Biological Standardization formulated the WHO
international standard for anti-SARS-CoV-2 immunoglobulin
(NIBSC code 20/136) to promote standardized evaluation of
COVID-19 vaccines [31]. In our study, we used the first WHO 1S,
NIBSC code 20/136 to facilitate comparison of SARS-CoV-2 neutral-
ization assay data from multiple assay formats and vaccine candi-
dates. A study on Oxford/AstraZeneca's vaccine AZD1222 also
corrected the neutralizing antibody titer using the WHO interna-
tional standard. The results showed that when the protective effect
of AZD1222 against symptomatic infection of Alpha variant was
80 %, the standardized GMC was 247 (95 % CI: 101-NC) IU/mL
[32], which was similar to our findings at 1 month for WIBP-
CorV followed by BBIBP-CorV (227.71, 95 %CI: 209.06-248.03 1U/
mL), but slightly higher than that at 2 months (179.35, 95 %CI:
162.34-198.13 IU/mL). A predictive model study of immune pro-
tection and in vitro neutralization levels found that a 50 % protec-
tive neutralization level was equivalent to a measured in vitro
neutralization titer of between 1:10 and 1:30 in most assays, or
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approximately 54 IU/mL (95 %Cl: 30-96 IU/mL) - indicating that
the heterologous primary series in our study induced a good
humoral immune response [33].

Our study has limitations. First, we only assessed live virus neu-
tralizing antibody levels and did not test individual antigens or cel-
lular immune responses. The effect of such combined vaccination
regimens on cellular immune response is not clear and needs fur-
ther study. Earlier basic immunity studies have shown that both of
the two inactivated vaccines we studied can induce cellular immu-
nity. Second, there may be underreporting of adverse reactions.
However, that our safety and immunogenicity findings are similar
to other studies of the same vaccines provides some confidence in
our safety/reactogenicity results. Third, the interval between pri-
mary series doses in our study was slightly longer in the heterolo-
gous primary series group than the homologous group, which may
lead to a slight overestimation of neutralizing antibody GMT in the
observation group. Several studies have shown that increasing the
primary series dose interval will increase antibody responses
[6,34].

In conclusion, we found that after a first dose of WIBP-CorV
COVID-19 vaccine, completing the primary series with BBIBP-
CorV induced a good humoral immune response and had an
acceptable safety profile compared with a primary series consist-
ing of two doses of BBIBP-CorV. Therefore, BBIBP-CorV is an appro-
priate vaccine for completing a primary series that started with
WIBP-CorV.
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