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ABSTRACT

Mass vaccination with a safe and effective vaccine may be the best way to control the COVID-19
pandemic. Heterologous prime-boost vaccination with the CoronaVac and AZD1222 vaccines may
increase the immunogenicity elicited by either vaccine alone. This study sought to compare the immu-
nogenicity of a heterologous CoronaVac and AZD1222 prime-boost with a homologous CoronaVac prime-
boost. From July 13 to September 2, 2021, 88 participants were enrolled in the study. Half (n = 44) of the
participants were assigned to the AZD1222/CoronaVac cohort and half were assigned to the CoronaVac/
AZD1222 cohort. Both cohorts had a prime-boost interval of 4 weeks. A control group of 136 health care
personnel who received the homologous CoronaVac/CoronaVac prime-boost was matched by age and
sex to the experimental cohorts. The primary endpoint was the geometric mean ratio (GMR) of the anti-
receptor binding domain (RBD) antibody concentration 4 weeks after the booster dose was administered.
The CoronaVac/CoronaVac cohort served as the reference group. Baseline age and sex were similar, and
the median age was 42.5 years. The GMR was 2.58 (95% confidence interval [CI] 1.80-3.71) and 8.69 (95%
Cl 6.05-12.47) in the AZD1222/CoronaVac and CoronaVac/AZD1222 cohorts, respectively. Reactogenicity
was similar following prime and booster doses with the same vaccine. Findings indicated that the
heterologous CoronaVac and AZD1222 prime-boost combination elicited a more robust immune
response than the homologous CoronaVac prime-boost. While both heterologous prime-boost combina-
tions showed similar reactogenicity, the immunogenicity of the CoronaVac/AZD1222 cohort was higher,
indicating that the order of prime-boost vaccine administration was important.
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Introduction - . . - -
vaccination regimen to increase the flexibility of vaccination,

The coronavirus disease 2019 (COVID-19) pandemic is a major
global health issue, responsible for more than 233 million cases
and 4.7 million deaths worldwide as of 2 October 2021." To reduce
the disease burden, vaccines have been developed and distributed
globally. By October 2021, seven vaccines were approved by the
World Health Organization (WHO): mRNA-1273 (mRNA vac-
cine), BNT162b2 (mRNA vaccine), Ad26.COV2.S (adenoviral
vector vaccine), ChAdOx1 nCoV-19 (AZD1222) (adenoviral vec-
tor vaccine), BBIBP-CorV (inactivated vaccine), and CoronaVac
(inactivated vaccine).” To date, only four of these vaccines,
CoronaVac, BBIBP-CorV, AZD1222, and BNT162b2, are avail-
able in Thailand, of which CoronaVac and AZD1222 are the most
accessible and widely used.”

While studies have assessed the efficacy or effectiveness of the
four vaccines against COVID-19 in homologous prime-boost
vaccination,*” research on heterologous prime-boost vaccina-
tion is limited. Following the B.1.617.2 (Delta) variant outbreak,
however, the Thailand Ministry of public health approved the
use of a heterologous CoronaVac/AZD1222 prime-boost

shorten the interval between primary and booster doses, and
accelerate population immunity.® There is evidence support that
heterologous vaccination improve immunogenicity than homo-
logous vaccination.” Heterologous vaccination involves the use
of vaccines with different platforms, allowing patients to benefit
from the advantages of each vaccine regimen and increasing the
flexibility of vaccine management. The heterologous AZD1222/
BNT162b2 and BNT162b2/AZD1222 prime-boost vaccination
regimens, for example, induce stronger humoral and cell-
mediated immune responses than the homologous AZD1222
prime-boost vaccine regimen.'”'! These findings suggest that
AZD1222 and BNT162b2 together elicit powerful immunogeni-
city. However, there are no established data on the use of
CoronaVac or BBIBP-CorV in combination with AZD1222 or
BNT162b2 for prime-boost vaccination.

The current study assessed the efficacy of a CoronaVac and
AZD1222 heterologous prime-boost approach. Both vaccines
were used as a prime or a boost vaccine, and vice versa, with
a 4-week interval in between each dose.

CONTACT Kriangkrai Tawinprai @ Kriangkrai.taw@cra.ac.th @ Department of Medicine, Chulabhorn Hospital, Chulabhorn Royal Academy, 906 Kamphaeng Phet 6

Rd., Khet Lak Si, Bangkok 10210, Thailand
© 2022 The Author(s). Published with license by Taylor & Francis Group, LLC.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/by-nc-nd/4.0/),
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed, or built upon in any way.


http://orcid.org/0000-0002-2862-948X
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/21645515.2022.2052525&domain=pdf&date_stamp=2022-06-10

20525252 (&) G.COHEN ET AL.

Materials & methods
Study design and participants

A single-center, prospective cohort study was designed to
demonstrate the immunogenicity of a heterologous prime-
boost COVID-19 vaccine approach at Chulabhorn Hospital,
Bangkok, Thailand. The study aims to compare the immu-
nogenicity of the combination between the CoronaVac and
AZD1222 vaccine to the homologous CoronaVac. Between
July 13 and 2 September 2021, 88 participants were enrolled.
The study compared the immunogenicity of the CoronaVac
and AZD1222 vaccine combination to the homologous
CoronaVac vaccine. Of the participants, 44 were primed
with the CoronaVac vaccine and boosted with the
AZD1222 vaccine (CoronaVac/AZD1222), and 44 were
primed with the AZD1222 vaccine and boosted with the
CoronaVac vaccine (AZD1222/CoronaVac), with a 4-week
interval between each dose. Data on homologous prime-
boost with the CoronaVac vaccine were obtained from 136
health care workers in our institute who were sex- and age-
matched to the study participants. The health care workers
in our institute were invited to participate in the study of
immunogenicity and the safety of the COVID-19 vaccines
available in Thailand (TCTR20210517006).

Healthy participants who were >18 years of age and had no
history of SARS-CoV-2 infection or receipt of the SARS-CoV-2
vaccine were included in the study. Patients were excluded if they
were lactating or pregnant, had an underlying disease, had
received any vaccine within 14 days before enrollment, or had
respiratory tract infection symptoms or fever within 14 days
before enrollment. Written informed consent was obtained from
all participants before enrollment. The study protocol, consent
form, and case records form were reviewed and approved by the
Chulabhorn Ethics Committee (reference number: 057/2564).

This trial was registered with thaiclinicaltrials.org
(TCTR20210714003).
Procedures

After enrollment, baseline spike protein anti-receptor binding
domain (RBD) antibody levels were measured for all partici-
pants. The standard dose (.5 mL) of the CoronaVac or AZD1222
vaccine was administered intramuscularly into the deltoid mus-
cle. Four weeks after receipt of the booster dose, the total anti-
body concentration of the anti-receptor binding domain (RBD)
of SARS-CoV-2 (Elecsys S, Roche Diagnostics, Mannheim,
Germany) was assessed for each participant. Both vaccines
were manufactured and vialed using Good Manufacturing
Practices and were approved by Thailand’s regulatory agency.

Sample size calculation

The sample size was determined using the anti-RBD total
antibody concentration, 103.2 BAU/mL with a standard devia-
tion (SD) of 96.8 BAU/mL, after homologous prime-boost
CoronaVac vaccination at our institute. Assuming that the
heterologous prime-boost approach would increase immuno-
genicity by at least 60%, the effect size dz was estimated at .64.

Using a significance level of 5% (a =.05), a power of 80%, and
a 10% drop-out estimation, G power software calculated the
sample size at 44 participants per cohort.

Statistical analysis

Statistical analyses were performed using GraphPad Prism
version 9 and IBM SPSS statistic version 26. A p-value <.05
was considered statistically significant. The geometric mean
concentration (GMC) of the anti-RBD post-vaccine antibody
levels were compared for each cohort using a multiple linear
regression model. The CoronaVac/CoronaVac cohort served
as a reference. Summary statistics were presented as medians
and interquartile ranges (IQRs) or geometric mean concentra-
tion and 95% confidence intervals (CIs).

Efficacy endpoints

The geometric mean ratio (GMR) at 4 weeks post-vaccination
served as the primary endpoint and was compared between the
experimental and control cohorts. Reactogenicity served as the
secondary endpoint for each cohort.

Safety

All participants were observed for at least 15 minutes after each
vaccination to monitor immediate adverse events. Short Message
Service (SMS) was used to assess the wellbeing of each participant
after 1, 7, and 30 days post-vaccination. Severity was defined as
(i) mild: not interfering with daily activity or a local reaction <5
cm, (ii) moderate: some interference with daily activity or a local
reaction of >5.1 cm to <10 cm, (iii) severe: significant interference
with daily activity or a local reaction 210 cm, or (iv) potentially
life-threatening: emergency care/hospitalization or a local reac-
tion including necrosis or exfoliative dermatitis.

Anti-RBD antibody measurements

There was evidence supporting that binding antibodies
assays correlated with the neutralizing antibody test.">" In
addition, binding antibodies also correlated with vaccine
efficacy.'* An automated electrochemiluminescence immu-
noassay (ECLIA), the Elecsys Anti-SARS-CoV-2 S kit
(Elecsys-S, Roche Diagnostics, Mannheim, Germany), was
used to detect the total anti-RBD antibody concentration in
each patient cohort. This kit is designed to detect antibodies
against wild-type SARS-CoV-2. The manufacturer cutoff
value for a positive response was >.8 U/mL. Based on the
WHO international standard for anti-SARS-CoV-2 immuno-
globulin concentration,'® the Elecsys-S unit was converted to
binding antibody units (BAU) using the equation: Elecsys-S
U=.972xBAU."

Results

From July 13 to 2 September 2021, 88 participants were
enrolled in the study. Of these, 10 AZD1222/CoronaVac
cohort participants and 10 CoronaVac/AZD1222 cohort parti-
cipants were lost to follow-up during the 4 weeks between the



booster dose and anti-RBD antibody measurements.
Summarization of the participants’ flow was demonstrated in
Figure 1 As a result, results were obtained for 34 participants in
both the AZD1222/CoronaVac and CoronaVac/AZD1222
cohorts. The median age of all participants was 42.5 years,
and 58.8%, 55.8%, and 57.4% of the individuals in the
AZD1222/CoronaVac, CoronaVac/AZD1222, and
CoronaVac/CoronaVac cohorts, respectively, were women
(Table 1). Baseline anti-RBD antibody levels were negative
for all participants except one in the AZD1222/CoronaVac
cohort who had a positive result of 1.14 BAU/mL (normal
range: <.8 BAU/mL) prior to enrollment. This level was too
low to represent a recent SARS-CoV-2 infection and may
instead have been the result of antibody cross-reactivity or
sample or reagent contamination.'” Of the participants,
70.6%, 76.5%, and 91.2% in the AZD1222/CoronaVac and
CoronaVac/AZD1222, and CoronaVac/CoronaVac cohorts,
respectively, had no underlying disease.

Participants in the AZD1222/CoronaVac cohort (GMR
2.58, 95% CI 1.80-3.71) and the CoronaVac/AZD1222 cohort
(GMR 8.69, 95% CI 6.05-12.47) had a higher GMR at 4 weeks
after the booster dose than those in the CoronaVac/CoronaVac
cohort (Table 2 and Figure 2).

The most common systemic reactogenicity after the
AZD1222/CoronaVac prime dose included myalgia, fatigue,
and headache (41%, 32%, and 32%, respectively) and 24%
experienced local reactogenicity. In contrast, the reactogenicity
of individuals in the CoronaVac/AZD1222 cohort was signifi-
cantly lower. The three most common symptoms were myal-
gia, fatigue, and headache (16%, 11%, and 11%, respectively),
and the local reactogenicity was only 2.6%.

Assessed for eligibility
(n=88)

Enrollment

Excluded (n=0)
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The most common reactogenicity after the CoronaVac/
AZD1222 booster dose included myalgia, headache, and fever
(37%, 34%, and 34%, respectively), and 17% of individuals
experienced local reactogenicity. The reactogenicity was sig-
nificantly lower for individuals in the AZD1222/CoronaVac
cohort after the CoronaVac booster. The most common symp-
toms observed in this cohort were headache, myalgia, and
fatigue (13%, 11%, and 9%, respectively), and the local reaction
was 14%. More detail on reactogenicity within 7 days after
vaccination is shown in Figure 3.

Discussion

This study showed that a heterologous combination of the
CoronaVac and AZD1222 vaccines elicited a more robust
immune response than homologous CoronaVac vaccination
with similar time intervals between doses. Moreover, the
order of the prime-boost approach was important. The
CoronaVac/AZD1222 cohort elicited higher immunogenicity
than the AZD1222/CoronaVac cohort. In addition, booster
dose reactogenicity did not differ from the reactogenicity of
the prime dose with the same vaccine. These findings support
the hypothesis that the heterologous prime-boost approach
improves the immune response to SARS-CoV-2.

Recent studies of the COVID-19 vaccine combination have
focused on adenoviral vector and messenger RNA
platforms;'®'"'®1? this is the first study to evaluate the immu-
nogenicity elicited by combining the inactivated COVID-19
vaccine and adenoviral vector platform. Although they used
different vaccine platforms, the findings from this study were
similar to those from the COM-COV study. The COM-COV

Health care workers who completed 2 doses
of CoronaVac and data of immunogenicity
available (n=1940)

Matching with age and sex
(2:1)

CoronaVac/AZD1222 group (n=44)
+ Received allocated intervention (n=44)

AZD1222/CoronaVac group (n=44)
+ Received allocated intervention (n=44)

Health care workers with age and sex match
with study participants. (n=136)

Lost to follow-up (give reasons) (n=10)
Personal reason (n=10).

Discontinued intervention (n=0)

Lost to follow-up (give reasons) (n=10)
Personal reason (n=10).

Discontinued intervention (n=0)

Analysis

A4

A,

Analysed (n=34)
+ Excluded from analysis (give reasons)
(n=0)

Analysed (n=34)

(n=0)

+ Excluded from analysis (give reasons)

Analysed (n=136)
+ Excluded from analysis (give reasons) (n=0)

Figure 1. Participants’ flow. Eighty-eight participants in the study group were enrolled. Forty-four participants were assigned to CoronaVac/azd1222 group and 44 to
AZD1222/CoronaVac group. Twenty participants lost to follow-up, 10 in CoronaVac/azd1222 group and 10 in AZD1222/CoronaVac group. a comparison group was
collected from health care workers who completed 2 doses of CoronaVac and available immunogenicity data. 136 health care workers with age and sex matching were

chosen for analysis.
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Table 1. Demographic and clinical characteristic at baseline of all participant in each cohort.

Demographic and clinical characteristic at baseline

Sinovac/Astrazeneca
vaccine (N = 34)

Astrazeneca/Sinovac
vaccine (N = 34)

Sinovac/Sinovac vaccine

Characteristic (Control group) (N = 136) Total (N = 68) P-value

Sex — No. of participants (%)

Male 58 (42.6%) 14 (41.2%) 15 (44.2%) 29 (42.6%) N.S. (p value =.881)
Female 78 (57.4%) 20 (58.8%) 19 (55.8%) 39 (57.4%)
Median age (range) — years 43 (18-64) 43.5 (18-64) 41(18-63) 42.5 (18-64) N.S. (p value =.971)
Race—No. of participants (%)
Thai 136 (100%) 34 (100%) 34 (100%) 68 (100%)

Baseline Anti-RBD Ab status—
No. of participants (%)

Negative 136 (100%) 33 (97.1%) 34 (100%) 67 (98.5%)
Positive 0 (0%) 1(2.9%) 0 (0%) 1 (1.5%)
Underlying disease
Hypertension 4 (2.9%) 2 (5.9%) 4 (11.8%) 6 (8.8%)
Dyslipidemia 8 (5.9%) 3 (8.8%) 1 (2.9%) 4 (5.9%)
Cardiac arrhythmia 1(.7%) 2 (5.9%) 0 (0%) 2 (2.9%)
Thyroid disorder 0 (0%) 1 (2.9%) 1(2.9%) 2 (2.9%)
Gout 0 (0%) 1(2.9%) 0 (0%) 1 (1.5%)
Asthma 0 (0%) 1 (2.9%) 0 (0%) 1 (1.5%)
Allergic rhinitis 3 (2.2%) 4 (11.8%) 5 (14.7%) 9 (13.2%)
Migraine 2 (1.5%) 1 (2.9%) 1 (2.9%) 2 (2.9%)
None 125 (91.2%) 24 (70.6%) 26 (76.5%) 50 (73.5%)
Interval between the two doses 21 28 28
(day)

Table 2. Geometric mean ratio of anti-RBD of the spike protein of SARS-CoV-2 at 4-week after the 2nd dose of heterologous prime-boost approach.

Group No. of Participants Geometric Mean Concentration (95% Cl) Geometric Mean Ratio (95% Cl) *
CoronaVac/CoronaVac 136 84.03 (70.64-99.95) Ref.
AZD1222/CoronaVac 34 215.5 (174.9-265.6) 2.58 (1.8-3.71)
CoronaVac/AZD1222 34 736.1 (486.0-1115) 8.69 (6.05-12.47)

*Adjust with sex and age.

study showed that the neutralizing antibody levels induced by
AZD1222/BNT162b2 were higher than those induced by
AZD1222/AZD1222, with a GMR of 8.5. The cell-mediated
immune response was also higher in the AZDI1222/
BNT162b2 cohort, with a GMR of 3.8. The prime-boost vac-
cine order was also important in the COM-COV study; indeed,
the humoral and cell-mediated responses were higher in
response to the AZD1222/BNT162b2 combination than the
BNT162b2/AZD1222 combination.'’

There are a few hypotheses for why immunogenicity is
improved in response to heterologous prime-boost
vaccination.” First, there is variability in the strength of the
immune response mounted by different vaccine platforms.
CoronaVac is an inactivated vaccine platform and the adjusted
vaccine effectiveness is only 15.5% (95% CI 14.2%-16.8%) after
a single dose but increases to 65.9% (95% CI 65.2%-66.6%)
after the second dose.* This suggests that a single CoronaVac
vaccine dose elicits a low-level immune response with memory
lymphocytes. In contrast, a single dose of AZD1222 had an
adjusted vaccine effectiveness of 48.7% (95% CI 45.2%-51.9%)
that increased to 74.5% (95% CI 68.4%-79.4%) after the second
dose.”’ These results showed that a single dose of AZD1222
elicited a more robust immune response than a single dose of
CoronaVac. Thus, priming with the CoronaVac vaccine and
boosting with the AZD1222 could be expected to have strong
immunogenicity.

Immunogenicity may also be improved in response to het-
erologous prime-boost vaccination because different vaccine
platforms elicit distinct types of immune responses. Basically,

after inoculum with the inactivated vaccine, the antigen-
presenting cells (APCs), mainly dendritic cells (DCs), bound
the vaccine antigen using pattern recognition receptors (PRRs)
and then expressed co-stimulatory molecules, secreted chemo-
kine, and cytokines.”> After processing by the endocytic path-
way, the antigen will be presented to CD4+ T cells.””> Some
vaccine antigens attach to the B-cell; it activated B cell and was
internalized, processed, and presented to the helper T cell. The
humoral immune response was the main result of this
process.24’25 On the other hand, vaccination with an adenoviral
vector vaccine can elicit both humoral and cell-mediated
immune responses.”> ** Following adenoviral vector vaccina-
tion, the transgene can be expressed in both nonimmune and
immune cells. Transgene expression in nonimmune cells results
in a release of transgene product from the cells and then mainly
elicits a humoral immune response. In addition, transgene
expression in immune cells mediates antigen cross-
presentation, resulting in cytotoxic T lymphocyte (CTL).***
Moreover, different vaccine vectors elicit different robustness
of immune response.”® This complementary effect occurred
after heterologous prime-boost with different vaccine vectors.””

The dose of prime and boost vaccine is also pivotal. The
dose of the prime vaccine did not influence the immunogeni-
city after completing heterologous prime-boost vaccination in
some studies.”™’' However, a higher vaccine booster dose
showed a significant final immune response than a low booster
dose.’® Although the inactivated vaccine elicited a low anti-
body level compared to another vaccine platform,”® specific
memory B cells also induced and promptly responded after the
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Figure 2. Anti-Receptor binding domain (RBD) total antibodies 1 month after
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AZD1222, boost with CoronaVac. SV/AZ: prime with CoronaVac, boost with
AZD1222.

booster dose.”® The immune response after vaccination with the
AZD1222 vaccine was more robust than CoronaVac, which
reflected a higher dose of vaccine in AZD1222 to CoronaVac.*®
This may explain why the CoronaVac/AZD1222 group had
a higher immune response than the AZD1222/CoronaVac
group.™
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A vaccine containing protein antigen can elicit the T cell-
dependent B cell responses. This response includes prolifera-
tion, isotype switching, and maturation affinity of antigen-
specific B cells. Not only antibodies production, but it also
generates the memory B cells and long live plasma cells that
can immediately respond to antigen-specific stimulation.’
Moreover, innate immunity also enhances response upon res-
timulation. Primary specific antibodies and memory T cells
after prime vaccination provide a distinct environment at the
time of boost vaccination. In addition to detecting pathogen-
associated molecular patterns (PAMPs), the innate cell also
detects immune complexes of vaccine immunogens and pri-
mary antibodies. They are cleared and trigger inflammation by
Fc receptors expressing phagocytic cells.

In addition, the innate cells can be trained. They mediated
enhanced effector response after restimulation. The memory-
like feature of the innate cells is so-called trained immunity.
The mechanisms of trained immunity include metabolic
rewriting, epigenetic reprogramming, and change in gene
expression.”® The trained immunity may enhance the boost
vaccine in the heterologous prime-boost approach.

The heterologous prime-boost approach may also induce
a robust immune response because it is not impacted by
vector immunity. Voysey et al. showed that the greater the
interval between the prime and boost vaccine doses, the
more effective the response.”” A heterologous approach
using the Gam-COVID-Vac vaccine showed excellent vac-
cine efficacy, an effect also found in response to the
CoronaVac vaccine.’® The neutralizing antibody titer was
significantly higher when a third CoronaVac vaccine dose
was administered 6 months rather than only 1 month after
the second dose.”

High anti-RBD antibody levels correlate with vaccine
efficacy.”® Thus, this study supports Thailand Department of
Disease Control policies to vaccinate the public using
a CoronaVac vaccine prime followed by a AZD1222 vaccine
boost rather than homologous CoronaVac prime-boost
vaccination.® The current study will influence further
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considerations of the most optimal way to immunize the gen-
eral population and achieve the highest level of herd immunity
in resource-limited settings.

This study had a few limitations. First, it used a non-
randomized design that may make it difficult to compare
the experimental and control groups. Second, because
a novel heterologous prime-boost approach was used along
with new vaccines, many participants expressed hesitancy
about the vaccination protocol. To address this, the partici-
pants were permitted to choose which vaccine regimen they
would receive. Repeating this study as a randomized con-
trolled trial would help to strengthen its validity. Second,
the rate of loss to follow-up in both groups was quite high
(22.7%, 10/44). Most of these participants were not available
at the time scheduled for the anti-RBD antibodies test. This
may contribute to the interpretation of the anti-RBD anti-
bodies concentration. However, the rate of loss to follow-up
was equal in both groups. Third, the duration of the immu-
nogenicity after heterologous prime-boost was unknown.
Further study is needed to establish this duration. Fourth,
the population was considerable healthy, the results cannot
be generalized to other populations. Fifth, although this find-
ing support that heterologous prime-boost with CoronaVac
and AZDI1222 vaccine was superior to homologous
CoronaVac vaccine, its lack of the homologous AZD1222
vaccine as the control. Further study is needed to demon-
strate that heterologous prime-boost with CoronaVac/
AZD1222 was not inferior to homologous AZD1222 vaccine.
Finally, the antibody response is only one element of immune
pmtection,28 the T-cell function, and innate immunity are
not mentioned in this study.25 In addition, further research is
needed to compare the immunogenicity of the heterologous
CoronaVac/AZD1222 prime-boost vaccine regimen with the

homologous AZD1222/AZD1222 prime-boost vaccine
regimen.
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