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Abstract: Coronavirus Disease 2019 (COVID-19) pandemic, which is caused by the severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2), has become the global challenge. Reaching global herd
immunity will help end the COVID-19 pandemic. However, vaccine shortage and vaccine hesitancy
are the obstacles to achieve global herd immunity against SARS-CoV-2. The current homologous
vaccine regimen is experimentally switching to heterologous vaccination at several study sites. How-
ever, the reactogenicity of heterologous ChAdOx1-S and mRNA vaccination against SARS-CoV-2
is still unclear. We have conducted a systematic review to summarize the current findings on the
safety and immunogenicity of this heterologous vaccination and elucidate their implications against
SARS-CoV-2. This systematic review was conducted by the guidelines of PRISMA. Articles were
searched from PubMed and other sources (MedRixv and Google scholar) starting from 1 January to
5 September 2021. The search term was heterologous ChAdOx1-S and BNT162b2 or mRNA-1273
vaccination. Our review found that participants with ChAdOx1/BNT162b2, ChAdOx1-S/mRNA-
1273 or BNT162b2/ChAdOx1-S did not have the serious adverse events seen with homologous
vaccination. Participants with the heterologous regimen (ChAdOx1/BNT162b2, ChAdOx1-S/mRNA-
1273 or BNT162b2/ChAdOx1-S), compared with those with two doses of ChAdOx1-S, have shown
a more robust immune responses against SARS-CoV-2, such as higher levels of responsive anti-
bodies or increased numbers of spike-specific T-cells. Nevertheless, these immune responses were

Vaccines 2021, 9, 1163. https://doi.org/10.3390/vaccines9101163 https://www.mdpi.com/journal/vaccines

https://www.mdpi.com/journal/vaccines
https://www.mdpi.com
https://orcid.org/0000-0001-9741-5824
https://orcid.org/0000-0002-3973-8390
https://orcid.org/0000-0002-8543-3862
https://orcid.org/0000-0002-1917-5893
https://orcid.org/0000-0001-5856-0498
https://doi.org/10.3390/vaccines9101163
https://doi.org/10.3390/vaccines9101163
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/vaccines9101163
https://www.mdpi.com/journal/vaccines
https://www.mdpi.com/article/10.3390/vaccines9101163?type=check_update&version=2


Vaccines 2021, 9, 1163 2 of 14

slightly diminished in the recipients of BNT162b2/ChAdOx1-S. Also, the safety study of heterolo-
gous ChAdOx1-S/mRNA vaccination was based on small populations. Further studies to enclose
diverse categories, such as race/ethnicity or geography, may be necessary. Overall, the heterolo-
gous immunization with ChAdOX1-S and the mRNA vaccine may improve the vaccine shortage
related slow pace of reaching herd immunity, especially using the heterologous immunization with
ChAdOx1-S/BNT162b2.

Keywords: SARS-CoV-2; COVID-19; heterologous; vaccine safety; T-cell response

1. Introduction

Coronavirus Disease 2019 (COVID-19) pandemic, which is caused by the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has become the global challenge.
The virus can infect host cells via the binding of cell receptor angiotensin-converting
enzyme 2 (ACE2) with their spike proteins [1]. The common symptoms in COVID-19
patients include cough, fever, headache, fatigue, gastrointestinal discomfort, dyspnea,
muscle pain, and olfactory/gustatory dysfunction [2]. The common medical images in
asymptomatic COVID-19 patients included [18F]FDG-avid extrapulmonary lesions, such
as multiple ground-glass opacities (GGOs), as well as [18F]FDG uptake in the mediastinal
and hilar lymph nodes [3]. Since the COVID-19 outbreak in late December 2019, there are
over 231.7 million cases and more than 4.7 million deaths in the entire world [4]. Several
strategies such as city lockdowns, social distancing restrictions, or personal mask protection
have been executed in many countries to control the spread of COVID-19 [5,6]. So far,
the COVID-19 pandemic is still spreading globally. This seriously affected global health,
society, and the economy [7]. The main treatment options for COVID-19 are antiviral
(against virus replication) and immunomodulatory/anti-inflammatory agents (to avoid
tissue damage). These are mostly symptomatic treatments, which include the usage of
dexamethasone, tocilizumab, remdesivir or chloroquine/hydroxychloroquine, but none of
these is ideal [8,9]. Thus, the prevention (vaccination) becomes valuable. Full immunization
with vaccines is considered as a critical strategy against SARS-CoV-2 [10]. It can help end
the COVID-19 pandemic by achieving global herd immunity. Thus, vaccine development
has been initiated through various platforms in 2020.

At end of July 2021, according to information from the WHO website and clinical
results [11–24], multiple vaccines can provide protection for COVID-19 as shown in Table 1.
The types of these vaccines include two recombinant adenovirus vaccines (ChAdOx1-S
and Ad26.COV2-S), one heterologous recombinant adenovirus vaccine (Gam-COVID-Vac),
two mRNA vaccines (BNT162b2 and mRNA-1273), two inactivated virus vaccines (BBIBP-
CorV and CoronaVac), and one recombinant protein vaccine (NVX-CoV2373). According
to Table 1, for full immunization with most vaccines (excluded from Ad26.COV2-S and
Gam-COVID-VaC), people need to be inoculated with two doses of the same vaccines
(i.e., homologous vaccination, homologous vaccine regimen, or homologous prime-boost
schedules) with an interval of 14 days to three months. As of 26 September 2021, only
32.86% of the world was fully immunized with the COVID-19 vaccine [25]. Vaccine shortage
delays the schedule for the second dose of homologous vaccination and postpones the
achievement of global herd immunity.



Vaccines 2021, 9, 1163 3 of 14

Table 1. List of valid vaccines for COVID-19.

Vaccine Name Developer
Country Manufacturer Vaccine Type Storage Tempera-

ture/Shelf Life Number of Doses Interval
between Doses

Vaccine
Efficacy/Age (y)

Serious
Adverse Event Reference

ChAdOx1-S
(AZD1222) UK

AstraZeneca, SK
Bioscience, and
Serum Institute

of India

Recombinant
adenovirus vector 2–8 ◦C/6 months 2 Day 28–84 63%/≥18

Cerebral venous sinus
thrombosis (CSVT)
and other venous

thrombosis
with thrombocytope-

nia syndrome

[11–14]

Ad26.COV2-S USA
and Europe

Janssen Pharma-
ceutical and

Johnson & Johnson

Recombinant
adenovirus vector

2–8 ◦C/4.5 months
−20 ◦C/2 years 1 Day 0 66.9%/≥18

Cerebral venous sinus
thrombosis (CSVT)
and other venous

vthrombosis
with thrombocytope-

nia syndrome

[12–15]

BNT162b2 USA and
Germany

Pfizer
and BioNTech mRNA −70 ◦C/6 months 2 Day 21 92%/≥16 Anaphylaxis

and myocarditis [12,14,16,17]

mRNA-1273 USA and
Europe Moderna Biotech mRNA 2–8 ◦C/1 month

−20 ◦C/6 months 2 Day 28 94.1%/≥18

Myocarditis,
anaphylaxis, and other

serious
allergic reactions

[12,14,17–19]

BBIBP-CorV
(BIBP vaccine
or Sinopharm

COVID-19 vaccine)

China

Beijing Institute
of Biological

Products
and Sinopharm

Inactivated virus 2–8 ◦C/2 years 2 Day 14 78.1%/18–59 No adverse reports ** [12,14]

CoronaVac China Sinovac Inactivated virus 2–8 ◦C/2 years 2 Day 14 50.7%/18–59
51.1%/≥60 No adverse reports ** [12,14,20,21]

NVX-CoV2373 USA Novavax Recombinant
protein 2–8 ◦C/not reported 2 Day 21 89.7%/≥18 * Myocarditis [22]

Gam-COVID-Vac
(Sputnik V) Russia

Gamaleya
Research Institute
of Epidemiology

and Microbiology

Heterologous
recombinant

adenovirus vector

2–8 ◦C for dry form
or −18.5 ◦C

for liquid
form/not reported

1st dose rAd5; 2nd
dose rAd6 Day 21 91.6%/≥18 No adverse reports ** [23,24]

* The vaccine efficacy was based on combination of vaccination with one or two dose. ** Accorded to WHO website.
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Since the vaccination is voluntary, the rate of full immunization also depends on
population acceptance [26]. Accompanied with the increased numbers of vaccinated
people, more uncommon serious adverse events are found in the immunization with
ChAdOx1-S, Ad26.COV2-S, BNT162b2, mRNA-1273, or NVX-CoV2373 (Table 1). As of the
beginning of March 2021, the life-threatening cerebral or other venous sinus thrombosis
related to homologous ChAdOx1-S vaccination (ChAdOx1-S/ChAdOx1-S) have frequently
occurred, especially in young women [27–29]. Those uncommon serious adverse events
may trigger the decline of COVID-19 vaccination, including those people who had received
the first dose of ChAdOx1-S. These events have enhance the forming of vaccine hesitancy,
which is a behavior of a delayed acceptance or refusal of vaccination despite the vaccination
services which are available [26,30]. Subsequently, vaccine hesitancy may become one of
the key factors to delay the completion of global herd immunity.

The status of vaccine shortage and vaccine hesitancy can affect the timing of global
herd immunity. The use of heterologous vaccines may be beneficial for earlier reduction
of the COVID-19 pandemic. Since the vaccine shortage and vaccine hesitancy slow the
rate of herd immunity, the current vaccine regimen has been switched to heterologous
vaccination from homologous vaccination [31,32]. Several studies have been reported
for the safety and immunogenicity of heterologous ChAdOx1-S and mRNA vaccination
(heterologous combing with first dose/second dose of ChAdOx1-S/mRNA and mRNA
vaccine/ChAdOx1-S) [33–41]. However, the implication of heterologous ChAdOx1-S and
mRNA vaccination against COVID-19 is still unclear. The safety and immunogenicity
for each vaccine regmien are crtical factors to combat COVID-19. Hence, we conduct a
systematic review to summarize the current findings on the safety and immuno-genicity of
this heterologous vaccination and elucidate their implications against COVID-19.

Our systematic review showed that populations with ChAdOx1/BNT162b2, ChAdOx1-
S/mRNA-1273 or BNT162b2/ChAdOx1-S did not have serious adverse events. Compari-
son of two doses of ChAdOx1-S vaccination, the participants with ChAdOx1/BNT162b2,
ChAdOx1-S/mRNA-1273 or BNT162b2/ChAdOx1-S have shown a robust immune re-
sponse against SARS-CoV-2, such as a high level of Spike-specific IgG titer, a high neutral-
ization antibody titer, or a strong Spike-specific T-cell response. In addition, the immune
response in the population with ChAdOx1-S/BNT162b2 was better than the population
with BNT162b2/ChAdOx1-S. In order to analyze the evolution of heterologous ChAdOx1-S
and mRNA vaccination, the present study aimed at assessing knowledge about the heterol-
ogous vaccination among studies from Europe (Sweden, UK and Germany) with the focal
points of safety and immunogenicity.

2. Article Screening

This systematic review was conducted by the guidelines of PRISMA (Figure 1). Articles
were searched from PubMed and other sources (MedRixv and Google scholar) starting
from from 1 January to 5 September 2021. The search term was heterologous ChAdOx1-
S and BNT162b2 or mRNA-1273 vaccination. This review was absorbed in the studies
regarding the safety and immunogenicity of heterologous vaccination. Duplicated articles
were removed. All authors reviewed the articles and excluded irrelevant articles by the title
and abstracts. The language of all articles was restricted to English. Our systematic review
finally included ten articles (two short comments [33,34], six clinical studies [35–40], one
observation study [41] and one prospective study [42]) from fourteen potentially relevant
citations. The two brief reports depict the design and findings in two clinical studies [36,37],
which were included in this review.
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Figure 1. The flow diagram of PRISMA showed the processing of article screening in this study.

3. Safety and Immunogenicity

Current studies of heterologous ChAdOx1-S and mRNA vaccination are shown in
Table 2, including five clinical studies [35–40], one observation study [41] and one prospec-
tive study [42]. Those studies were individually processed in Sweden, UK, Spain, and
Germany. The interventions for heterologous vaccination of ChAdOx1-S and mRNA vac-
cine are combined as two doses. There are four types of heterologous groups according
to the order of dose inoculated in these studies (1st dose/2nd dose), including ChAdOx1-
S/BNT162b2 [35–42], BNT162b2/ChAdOx1-S [35,39], ChAdOx1-S/mRNA-1273 [34], and
ChAdOx1-S/BNT162b2 or mRNA-1273 [40,42] (Table 2).

The safety of heterologous ChAdOx1-S and mRNA vaccination was reported in
five clinical studies [35–40] and one prospective study [42]. Two clinical studies had
separately enrolled the participants for heterologous ChAdOx1-S/BNT162b2 vaccination
from Spain (n = 451) [37] and Germany (n = 26) [38]. Two clinical studies utilized the same
participants from the UK to separately evaluate the vaccine safety within seven and 28 days
after the boost (n = 110) [34,39]. Another one was estimated the vaccine effectiveness
(VE) of heterologous vaccine (ChAdOx1 with mRNA vaccine as the second dose) from
Denmark [40]. The interval for heterologous vaccination of ChAdOx1-S/BNT162b2 was
8–12 weeks for the study in Spain [37], eight weeks for that in Germany [38], four weeks
for that in the United Kingdom [35,39], and 82 days in Denmark [40]. For the prospective
study, the individuals were screened who received the ChAdOx1-S/BNT162b2 with the
10–12-week vaccine interval (n = 104). Although the intervals were dissimilar, these studies
all reported no serious adverse events regarding heterologous ChAdOx1-S/BNT162b2
vaccination after one [42], seven [36,37], 28 days [39], or more than one day [38].

The two clinical studies from the United Kingdom also enrolled the participants
for heterologous BNT162b2/ChAdOx1-S vaccination with the four-week interval. All
participants with heterologous BNT162b2/ChAdOx1-S vaccination did not present vaccine-
related serious adverse events within seven [36] and 28 days [39] after boost (n = 114). The
occurrence of serious adverse events was not related to the vaccination order of BNT162b2
and ChAdOx1-S.
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Table 2. Studies of heterologous ChAdOx1-S with mRNA vaccination.

Reference Country Design Interval
between Doses

Intervention
(1st/2nd Dose) Results

Johan N. et al.,
2021 [35] Sweden An open, multicenter phase

IV study 9–12 weeks

Homologous vaccine group:
ChAdOx1-S/ChAdOx1-S (n = 37, 28-

to 62-year-old)
Heterologous vaccine group:

ChAdOx1-S/mRNA-1273 (n = 51, 23-
to 59-year-old)

S-specific and RBD-specific IgG geometric mean titers
At the day of the 2nd dose inoculation, the similar titer of S-specific and RBD-specific IgG between
two groups

• At D7 to D10 after 2nd dose inoculation, S-specific and RBD-specific IgG titers in the
ChAdOx1-S/mRNA-1273 were separately 115-fold and 125-fold of that on the day of the 2nd dose
inoculation, and that was 5-fold in the ChAdOx1-S/ChAdOx1-S

• At D30 after 2nd dose inoculation, S-specific and RBD-specific IgG titers in two groups were the same
with that on D7 to D10 time point.

Neutralization antibody against wild type SARS-CoV-2

• At the day of 2nd dose inoculation, the titer of ID50 was similar between two groups
• At D7 to D10 after 2nd dose inoculation, the titer of ID50 in the ChAdOx1-S/mRNA-1273 was 20-fold

of that on the day of 2nd dose inoculation and it was 2-fold in the ChAdOx1-S/ChAdOx1-S
• At D30 after 2nd dose inoculation, the titer of ID50 in two groups was 1.6 to 1.7-fold of that on D7 to

D10 time point, but it was not significant

Neutralization antibody against B.1.351, Beta variant SARS-CoV-2

• At the D7 to D10 after 2nd dose inoculation, the ChAdOx1-S/mRNA-1273 had induced the
antibodies that could neutralize the B.1.351, Beta variant SARS-CoV-2, but the
ChAdOx1-S/ChAdOx1-S could not induce potent antibodies against this variant

Adverse events (on the D7 to D10 after 2nd dose inoculation)

• No serious adverse events were reported in two groups
• The incidence of systemic adverse events such as fever, headache, chills and injection site pain, was

frequently found in the ChAdOx1-S/mRNA-1273 than that in the ChAdOx1-S/ChAdOx1-S
• The grade of adverse events was not statistically significant different between two groups

Robert,
H.S. et al.,

2021 [33,34,36]
UK

A single-blind,
randomized, multicenter

phase II study
4 weeks

Homologous vaccine group
(50- to 69-year-old):

ChAdOx1-S/ChAdOx1-S (n = 115);
BNT162b2/BNT 162b2 (n = 110)

Heterologous vaccine group
(50- to 69-year-old):

ChAdOx1-S/BNT162b2 (n = 110);
BNT162b2/ChAdOx1-S (n = 114)

Adverse events

• No serious adverse events reported in all groups within 7 days after inoculation
• The systemic adverse events were more frequently found in the heterologous vaccine groups than

that in their homologous vaccine groups within 2 days after inoculation
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Table 2. Cont.

Reference Country Design Interval
between Doses

Intervention
(1st/2nd Dose) Results

Alberto,
M.B. et al.,
2021 [34,37]

Spain
An open-label, randomized,

controlled multicenter
phase II study

8–12 weeks

Without homologous vaccine group,
only 1 dose of ChAdOx1-S (n = 226,

18- to 60-year-old):
Heterologous vaccine group (18- to

60-year-old):
ChAdOx1-S/BNT162b2 (n = 451)

S-specific and RBD-specific IgG geometric mean titers

• At the day of 2nd dose inoculation, the similar titer of S-specific and RBD-specific IgG between
two groups

• The titer of S-specific and RBD-specific IgG in the 1st dose of ChAdOx1-S on the day of 2nd dose
inoculation, which was similar to that on D7 and D14 after inoculation

• At D7 and D14 after 2nd dose inoculation, both S-specific and RBD-specific IgG titers in the
ChAdOx1-S/BNT162b2 were significantly higher than that in the 1st dose of ChAdOx1-S

Neutralization antibody against pseudovirus-SARS-CoV-2

• At the day of 2nd dose inoculation, PVNT50 was similar between two groups
• At D14 after 2nd dose inoculation, PVNT50 in the ChAdOx1-S/BNT162b2 were 45-fold of that in the

1st dose of ChAdOx1-S

S-specific T cell immune response

• At the day of 2nd dose inoculation, production of IFN-γ was similar between two groups
• At the D14 after 2nd dose inoculation, production of IFN-γ in the ChAdOx1-S/BNT162b2 was

significantly higher than in the 1st dose of ChAdOx1-S

Adverse events

• No serious adverse events were reported in heterologous vaccine group
• Incidence of systematic adverse events were more than others in ChAdOx1-S/BNT162b2 within D7

after 2nd dose of inoculation
• There was no data regarding the difference in the incidence of adverse events between the two group

Tina S. et al.,
2021 [41] Germany Observation study

9–12 weeks:
ChAdOx1-

S/ChAdOx1-S;
ChAdOx1-

S/BNT162b2 or
mRNA-1273
3–6 weeks:

BNT162b2/BNT162b2
or mRNA-

1273/mRNA-1273

Homologous vaccine group:
ChAdOx1-S/ChAdOx1-S (n = 55, 36-

to 61-year-old);
BNT162b2/BNT162b2 or

mRNA-1273/mRNA-1273 (n = 62, 29-
to 52-year-old)

Heterologous vaccine group:
ChAdOx1-S/BNT162b2 or
mRNA-1273 (n = 96, 30- to

59-year-old)

S-specific IgG geometric mean titers:

• At the D14 after 2nd dose inoculation, the titer of S-specific IgG was similar between
ChAdOx1-S/BNT162b2 or mRNA-1273 and 2 dose of BNT162b2 or mRNA-1273, that was
significantly higher than that in the ChAdOx1-S/ChAdOx1-S

Neutralization antibody against SARS-CoV-2 by surrogate virus neutralization test

• At the D14 after 2nd dose inoculation, the percentage inhibition of neutralization antibody was
similar between ChAdOx1-S/BNT162b2 or mRNA-1273 and 2nd dose of BNT162b2 or mRNA-1273,
that was significantly higher than that in the ChAdOx1-S/ChAdOx1-S

S-specific T cell immune response:

• At the D14 after 2nd dose inoculation, percentage of CD69+ IFN-γ+ CD4+ T cells was similar
between ChAdOx1-S/BNT162b2 or mRNA-1273 and 2nd dose of BNT162b2 or mRNA-1273, that was
significantly higher than that in the ChAdOx1-S/ChAdOx1-S

• The percentage of CD69+ IFN-γ+ CD8+ T cells was significantly higher than that in both
ChAdOx1-S/ChAdOx1-S and 2nd dose of BNT162b2 or mRNA-1273

Adverse events (within D7 after 2nd inoculation):

• No serious adverse events were reported in heterologous vaccine group
• The incidence of adverse events in the ChAdOx1-S/BNT162b2 or mRNA-1273 was similar to that in

the 2 doses of BNT162b2 or mRNA-1273, but more than that in the 2 doses of ChAdOx1-S
• The incidence of adverse events in the ChAdOx1-S/BNT162b2 was similar to that in the

ChAdOx1-S prime
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Table 2. Cont.

Reference Country Design Interval
between Doses

Intervention
(1st/2nd Dose) Results

Rüdiger
G. et al.,
2021 [38]

Germany Clinical study 8 weeks

Homologous vaccine group:
BNT162b2/BNT162b2 (n = NR, 25-to

55-year-old)
Heterologous vaccine group:

ChAdOx1-S/BNT162-b2 (n = 26, 25-
to 46- year-old)

S-specific IgG titer:

• At the D14–19 after 2nd dose inoculation, this titer in the ChAdOx1-S/BNT162b2 were separately
significantly higher than that at the day of 2nd dose inoculation and that in the 2 doses of BNT162b2
at D13–15 after 2nd dose inoculation

Neutralization antibody against pseudovirus-wild type-SARS-CoV-2

• At the D14–19 after 2nd dose inoculation, the PVNT50 in the ChAdOx1-S/BNT162b2 were separately
significantly higher than that at the day of 2nd dose inoculation and that in the 2 doses of BNT162b2
at D13–15 after 2nd dose inoculation

Neutralization antibody against pseudovirus-variant-SARS-CoV-2

• PVNT50 against alpha- and beta-SARS-CoV-2 in in the ChAdOx1-S/BNT162b2 at D14–19 after 2nd
dose inoculation, was separately higher than that in the 2 doses of BNT162b2 at D13–15 after 2nd
dose inoculation, but the PVNT50 against delta-SARS-CoV was similar between two groups

S-specific T cell immune response:

• A significantly high percentage of S-specific IFN-γ+CD4 or CD8 T cells the ChAdOx1-S/BNT162b2 at
the D6–11 and D14–19 after 2nd dose inoculation in comparison to that at D2 before 1st dose
inoculation

• There was no data regarding the difference on S-specific T cell immune response between two groups

Adverse events (lasting than D1 after boost):

• No serious adverse events were reported in heterologous vaccine group
• There is no data regarding the difference in the incidence of adverse events between the two groups

Xin Xue
L. et. al.,
2021 [39]

UK

A single blinded,
randomized, multicenter,

phase II,
non-inferiority study

4 weeks

Homologous vaccine group (50- to
69-year-old):

ChAdOx1-S/ChAdOx1-S (n = 112);
BNT162b2/BNT162b2 (n = 110)

Heterologous vaccine group (50- to
69-year-old):

ChAdOx1-S/BNT162b2 (n = 110);
BNT162b2/ChAdOx1-S (n = 114)

S-specific IgG geometric mean titers:

• At D28 after 2nd dose inoculation, there was a similar titer between the ChAdOx1-S/BNT162b2 and
BNT162b2/BNT162b2, but that in ChAdOx1-S/BNT162b2 were significantly higher than that in
ChAdOx1-S/ChAdOx1-S and BNT162b2/ChAdOx1-S

Neutralization antibody against pseudovirus-wild type-SARS-CoV-2:

• At D28 after 2nd dose inoculation, there was a similar PVNT50 between the ChAdOx1-S/BNT162b2
and BNT162b2/BNT162b2, but that in ChAdOx1-S/BNT162b2 were significantly higher than that in
ChAdOx1-S/ChAdOx1-S and BNT162b2/ChAdOx1-S

S-specific T cell immune response:

• At D28 after 2nd dose inoculation, the number of IFN-γ+T cell per 106 PBMC in
ChAdOx1-S/BNT162b2 was more than that in ChAdOx1-S/BNT162b2, BNT162b2/BNT162b2 and
BNT162b2/ChAdOx1-S

Adverse events:

• Within D28 after 2nd dose inoculation, the incidence of systemic adverse events was increased in
heterologous vaccine group as compared to their homologous vaccine group, but no significant
difference between those vaccine schedules

• Within D28 after 2nd dose inoculation, there were four serious adverse events across all groups, but
not related to vaccine immunization
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Table 2. Cont.

Reference Country Design Interval
between Doses

Intervention
(1st/2nd Dose) Results

David
H. et al.,
2021 [42]

Germany Prospective study

3 weeks:
BNT162b2/BNT162b2

10–12 weeks:
ChAdOx1-S/ChAdOx1-S,
ChAdOx1-S/BNT162b2

Homologous vaccine group:
ChAdOx1-S/ChAdOx1-S (n = 38, 33-

to 59-year-old);
BNT162b2/BNT162b2 (n = 174, 29- to

43-year-old)
Heterologous vaccine group:

ChAdOx1-S/BNT162-b2 (n = 104, 29-
to 51-year-old)

S1-specific and RBD-specific IgG signal-to cutoff- ratio:

• At D21–28 after 2nd dose inoculation, the ratio of S1-specific IgG in the ChAdOx1-S/BNT162b2 was
more than that in all homologous vaccine groups, but no significant difference

• At D21–28 after 2nd dose inoculation, the ratio of RBD-specific IgG in ChAdOx1-S/BNT162b2 was
similar to that in BNT162b2/BNT162b2 and slightly more than that in the ChAdOx1-S/ChAdOx1-S

Index of S1-specific IgG avidity:

• At D21–28 after 2nd dose inoculation, the index of S1-specific IgG avidity in the
ChAdOx1-S/BNT162b2 was significantly higher than that in all homologous vaccine groups

Neutralization antibody against pseudovirus-variant-SARS-CoV-2

• At D21–28 after 2nd dose inoculation, PVNT50 against alpha- and beta- SARS-CoV-2 in the
ChAdOx1-S/BNT162b2 was significantly higher than that in all homologous vaccine groups

S1-specific T cell immune response:

• At the D21–28 after 2nd inoculation, the production of IFN-γ in the ChAdOx1-S/BNT162b2 was
significantly higher than that in in all homologous vaccine groups

Adverse events (within 24 h after 2nd dose inoculation):

• No serious adverse events were reported across all groups
• The incidence of systemic adverse event in the ChAdOx1-S/BNT162b2 was slightly more than in

ChAdOx1-S/ChAdOx1-S and less than that in BNT162b2/BNT162b2 and ChAdOx1-S prime

Gram
M.A. et al. [40] Denmark Clinical study 82 days

Heterologous vaccine group:
ChAdOx1-S/BNT162b2 (n = 88,050)

ChAdOx1-S/mRNA-1273 (n = 44,501)
Median age of 45 and 46 years at the

first and second dose

• A reduction in the risk of SARS-CoV-2 infection when combining the ChAdOx1 and an
mRNA vaccine.

• The vaccine effectiveness (VE) against SARS-CoV-2 infection when combining the ChAdOx1 and an
mRNA vaccine was 88%.

• The VE of ChAdOx1/mRNA is similar to the two doses of the BNT162b2 mRNA vaccine.
• No COVID-19 related hospitalizations were observed after the second dose.
• No COVID-19 related deaths were observed after neither the first dose ChAdOx1 nor the

ChAdOx1/mRNA vaccine schedule.

S, spike protein; RBD, receptor-binding domain; ID50, 50% inhibitory dilution; PVNT50, 50% of pseudovirus neutralization titer; NR, not reported; S1, S1 domain of spike protein.
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A clinical study in Sweden further reported no serious adverse events in the partic-
ipants with the heterologous ChAdOx1-S/mRNA-1273 vaccination on day 7 to day 10
after the boost [36]. This was also found in the individuals with heterologous ChAdOx1-
S/mRNA-1273 or ChAdOx1-S/BNT162b2 vaccination within seven days after the boost
(n = 96). Regardless of interventions or intervals of heterologous ChAdOx1-S and mRNA
vaccination, there were no serious adverse events regarding this heterologous vaccine
regimen. However, the serious adverse events are still listed in the safety concerns of
ChAdOx1-S and mRNA vaccine as very rare, which have been only observed in one per
100,000 to 250,000 ChAdOx1-S vaccinated people [43] and 2.5 to 24 per 10,000,000 mRNA
vaccinated people [15–17]. Current studies in the safety of heterologous ChAdOx1-S and
mRNA vaccination were based only on small populations. More clinical studies are needed
to evaluate the safety of heterologous vaccination.

The immunogenicity of heterologous ChAdOx1-S and mRNA vaccination is impor-
tant for COVID-19 protection. Current studies have evaluated the immunogenicity of
heterologous ChAdOx1-S and mRNA vaccination via detecting the level of SARS-CoV-
2-specific IgG, the ability of neutralization antibody against wild type or variant SARS-
CoV-2 or Spike-specific T-cell immune response (Table 2). These five studies reported
the levels of SARS-CoV-2-specific IgG between homologous and heterologous vaccine
groups [35,38–42]. Four of those studies independently showed that the level of SARS-CoV-
2-Spike-specific IgG was significantly higher (in people who received ChAdOx1-S, then
the boost of BNT162b2 or mRNA-1273) than that in people having homologous ChAdOx1-
S/ChAdOx1-S vaccination regardless of the inoculating intervals [35,39–43]. Moreover,
this IgG level of the heterologous vaccination groups was similar to or higher than that of
the homologous vaccination with BNT162b2/BNT162b2 [38,39,42] or mRNA 1273/mRNA
1273 [41]. A similar observation was found on the level of SARS-CoV-2- receptor-binding
domain-specific IgG [35,42]. One clinical study further showed that the heterologous
ChAdOx1-S/BNT162b2 vaccination could induce a higher level of SARS-CoV-2-Spike-
specific IgG in comparison to the heterologous BNT162b2/ChAdOx1-S vaccination [39].

Four studies reviewed as following, have shown the efficacy of neutralization an-
tibody against wild type SARS-CoV-2 between homologous and heterologous vaccine
groups [35,38,39,41]. The 50% of pseudovirus neutralization titer (PVNT50) in the heterolo-
gous ChAdOx1-S/BNT162b2 vaccinated people was significantly higher than that in the
homologous ChAdOx1-S/ChAdOx1-S vaccinated people and was equal or similar to that
in the homologous BNT162b2/BNT162b2 vaccinated people regardless of the inoculating
intervals [38,39]. One clinical study showed that the percentage of inhibition of surrogate
virus neutralization antibody in the groups of heterologous ChAdOx1-S/BNT162b2 or
mRNA1273 vaccination was significantly higher than that in the homologous ChAdOx1-
S/ChAdOx1-S vaccination [41]. Another study that utilized the real virus neutralization
test found similar results between the groups of the heterologous ChAdOx1-S/mRNA1273
vaccination and the homologous ChAdOx1-S/ChAdOx1-S vaccination [35]. In addition,
the efficacy of neutralization antibody against wild type SARS-CoV-2 in the heterolo-
gous ChAdOx1-S/BNT162b2 vaccination group was better than that of the heterologous
BNT162b2/ChAdOx1-S vaccination group [39].

The efficacy of neutralization antibody against variant SARS-CoV-2 between homolo-
gous and heterologous vaccine groups which was detected in three studies [35,38,42]. The
heterologous vaccination of ChAdOx1-S/BNT162b2 or ChAdOx1-S/mRNA-1273 produced a
better neutralization capacity against alpha- or beta- SARS-CoV-2 when compared with that of
the homologous vaccination of ChAdOx1-S/ChAdOx1-S or BNT162b2/BNT162b2 [35,38,42].

There were three studies which showed the Spike-specific T-cell immune response
between the heterologous vaccine group and the homologous vaccine group [39,41,42].
This was detected by the production of IFN-γ or the level of IFN-γ+ T-cell in PBMC after
Spike stimulation. The production of IFN-γ was significantly higher in the heterologous
ChAdOx1-S/BNT162b2 vaccination than that in the homologous ChAdOx1-S/ChAdOx1-
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S [42]. Although the level of IFN-γ+ T-cell in PBMC was not significantly higher in the
heterologous ChAdOx1-S/BNT162b2 group [39], the other study showed that the level
of antigen-specific T-cells (CD69+ IFN-γ+ CD8+ T-cell) was significantly higher in the
heterologous ChAdOx1-S/BNT162b2 or mRNA-1273 group [43]. Overall, the heterologous
ChAdOx1-S and mRNA vaccination could induce a robust immune response against
COVID-19 in comparison with the homologous ChAdOx1-S/ChAdOx1-S.

4. Discussion

This systematic review aimed to summarize the current findings on the safety and
immunogenicity of this heterologous vaccination to elucidate their implications against
COVID-19. The line of our systematic review showed that the heterologous combination
with ChAdOx1-S and mRNA vaccine can induce a robust immune response to eliminate
the SARS-CoV-2. It is similar to a robust humoral and cellular response induced by
the heterologous vaccination of Gam-COVID-Vac [23,24]. It indicates the heterologous
ChAdOx1-S and mRNA vaccination can enhance the immune response against SARS-CoV-
2. In addition, the immune response in the population with ChAdOx1-S/BNT162b2 was
better than the population with BNT162b2/ChAdOx1-S. Our systematic review cannot
demonstrate the efficacy of heterologous ChAdOx1-S and mRNA vaccination; however,
people with heterologous vaccination of Gam-COVID-Vac present 91.6% efficacy against
COVID-19 [23,24]. The level of neutralization antibody has been reported to correlate with
the clinical protection [44]. It can be expected that people with heterologous ChAdOx1-S
and mRNA vaccination have a good protective effect for COVID-19. Current studies
in the safety of heterologous ChAdOx1-S and mRNA vaccination were based on small
populations. The incidence of serious cases in people who received ChAdOx1-S or mRNA
vaccine were very rare [39]. Despite of no serious adverse events in the people with
heterologous ChAdOx1-S and mRNA vaccination, it cannot really reflect the incidence
of serious cases in the real world. Overall, the heterologous ChAdOx1-S and mRNA
vaccination is an excellent strategy of vaccination to control the COVID-19 pandemic, but
it is also accompanied by a potential safety concern.

The immune response in the population with ChAdOx1-S/BNT162b2 was better than
the population with BNT162b2/ChAdOx1-S. This finding indicated that a strong immune
response can be induced in the people who had received the first dose of ChAdOx1-S
with a BNT162b2 boost. Although the mechanisms are unknown, it provides the priority
order of heterologous ChAdOx1-S and BNT162b2. It is helpful for vaccine management
in the countries who are starting to implement heterologous ChAdOx1-S and BNT162b2
vaccination. Because there are studies regarding the safety and immunogenicity of heterol-
ogous mRNA-1273/ChAdOx1-S vaccination, we do not know the ability of this regime to
eliminate the SARS-CoV-2 and control COVID-19 pandemic. Additionally, the heterologous
combination in this review is restricted to the ChAdOx1-S and mRNA vaccine, in which
the implications of heterologous combination with other vaccines are not addressed.

5. Conclusions

Reaching global herd immunity will help stop the spread of COVID-19, but the
vaccine shortage and vaccine hesitancy are the obstacles to achieve such immunity against
SARS-CoV-2. This review suggested that the heterologous ChAdOx1-S and BNT162b2
or mRNA-1273 vaccination is a feasible and practical approach to end the COVID-19
pandemic. Although stronger immune responses can be induced without having serious
adverse events, an extensive follow-up study may be needed to verify vaccine-induced
protection against COVID-19 and related hospitalization/death.

Author Contributions: T.-C.H., C.-C.C. and H.-P.C.: manuscript drafting; Y.-M.A.C. and K.-P.C.:
drafted the work and revised it critically for important intellectual content; C.-H.L. and C.-H.Y.
provided editorial assistance before submission; M.-H.Y. and Y.-C.T. prepared the manuscript and
provided editorial assistance before submission. All authors have read and agreed to the published
version of the manuscript.



Vaccines 2021, 9, 1163 12 of 14

Funding: This work was supported by research grants: MOST 109-2221-E-037-001-MY3 from the
Ministry of Science and Technology, NSYSUKMU109-P012 from NSYSU-KMU Research Project, and
the Research Center for Environmental Medicine, Kaohsiung Medical University, Kaohsiung, Taiwan,
from The Featured Areas Research Center Program within the framework of the Higher Education
Sprout Project by the Ministry of Education (MOE) in Taiwan.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: The authors thank S. Sheldon MT (ASCP, Retired) of Oklahoma University
Medical Center Edmond for fruitful discussions and editorial assistance.

Conflicts of Interest: The authors declare no conflict of interest. All persons who made significant
contributions to this study and the manuscript are included in the author list. The first draft of
the manuscript was written by Tzu-Chuan Ho, Ming-Hui Yang, and Yu-Chang Tyan, and no other
honoraria, grants, or other forms of payment were given to anyone to produce the manuscript.

References
1. Letko, M.; Marzi, A.; Munster, V. Functional assessment of cell entry and receptor usage for SARS-CoV-2 and other lineage B

betacoronaviruses. Nat. Microbiol. 2020, 5, 562–569. [CrossRef]
2. Chang, C.-C.; Yang, M.-H.; Chang, S.-M.; Hsieh, Y.-J.; Lee, C.-H.; Chen, Y.-M.A.; Yuan, C.-H.; Ho, S.-Y.; Tyan, Y.-C. Clinical

significance of olfactory dysfunction in patients of COVID-19. J. Chin. Med. Assoc. 2021, 84, 682–689. [CrossRef]
3. Ho, T.-C.; Chang, C.-C.; Chan, H.-P.; Huang, Y.-F.; Chen, Y.-M.; Chuang, K.-P.; Lee, C.-H.; Yuan, C.-H.; Deng, Y.-Z.; Yang,

M.-H.; et al. Pulmonary Findings of [18F]FDG PET/CT Images on Asymptomatic COVID-19 Patients. Pathogens 2021, 10, 839.
[CrossRef]

4. World Health Organization. WHO Coronavirus (COVID-19) Dashboard. Available online: https://covid19.who.int/ (accessed on
28 September 2021).

5. Chiu, N.C.; Chi, H.; Tai, Y.L.; Peng, C.C.; Tseng, C.Y.; Chen, C.C.; Tan, B.C.; Lin, C.Y. Impact of Wearing Masks, Hand Hygiene,
and Social Distancing on Influenza, Enterovirus, and All-Cause Pneumonia during the Coronavirus Pandemic: Retrospective
National Epidemiological Surveillance Study. J. Med. Internet Res. 2020, 22, e21257. [CrossRef]

6. Roma, P.; Monaro, M.; Muzi, L.; Colasanti, M.; Ricci, E.; Biondi, S.; Napoli, C.; Ferracuti, S.; Mazza, C. How to Improve Compliance
with Protective Health Measures during the COVID-19 Outbreak: Testing a Moderated Mediation Model and Machine Learning
Algorithms. Int. J. Environ. Res. Public Health 2020, 17, 7252. [CrossRef] [PubMed]

7. Haleem, A.; Javaid, M.; Vaishya, R. Effects of COVID-19 pandemic in daily life. Curr. Med. Res. Pract. 2020, 10, 78–79. [CrossRef]
8. Janik, E.; Niemcewicz, M.; Podogrocki, M.; Saluk-Bijak, J.; Bijak, M. Existing Drugs Considered as Promising in COVID-19

Therapy. Int. J. Mol. Sci. 2021, 22, 5434. [CrossRef] [PubMed]
9. Ho, T.-C.; Wang, Y.-H.; Chen, Y.-L.; Tsai, W.-C.; Lee, C.-H.; Chuang, K.-P.; Chen, Y.-M.; Yuan, C.-H.; Ho, S.-Y.; Yang, M.-H.; et al.

Chloroquine and Hydroxychloroquine: Efficacy in the Treatment of the COVID-19. Pathogens 2021, 10, 217. [CrossRef] [PubMed]
10. Mathieu, E.; Ritchie, H.; Ortiz-Ospina, E.; Roser, M.; Hasell, J.; Appel, C.; Giattion, C.; Rodés-Guirao, L. A global database of

COVID-19 vaccinations. Nat. Hum. Behav. 2021, 5, 947–953. [CrossRef]
11. MacIntyre, C.R.; Veness, B.; Berger, D.; Hamad, N.; Bari, N. Thrombosis with Thrombocytopenia Syndrome (TTS) following

AstraZeneca ChAdOx1 nCoV-19 (AZD1222) COVID-19 vaccination—A risk-benefit analysis for people <60 years in Australia.
Vaccine 2021, 39, 4784–4787.

12. World Health Organization. Strategic Advisory Group of Experts on Immunization (SAGE). 2021. Available online: https://
www.who.int/groups/strategic-advisory-group-of-experts-on-immunization/covid-19-materials (accessed on 10 August 2021).

13. Long, B.; Bridwell, R.; Gottlieb, M. Thrombosis with thrombocytopenia syndrome associated with COVID-19 vaccines. Am. J.
Emerg. Med. 2021, 49, 58–61. [CrossRef]

14. World Health Organization. Coronavirus Disease (COVID-19)-COVID-19 Vaccine EUL Issued. Available online: https://extranet.
who.int/pqweb/vaccines/covid-19-vaccines (accessed on 14 August 2021).

15. Schmidt, T.; Klemis, V.; Schub, D.; Mihm, J.; Hielscher, F.; Marx, S.; Abu-Omar, A.; Ziegler, L.; Guckelmus, C.; Urschel, R.; et al.
Immunogenicity and reactogenicity of heterologous ChAdOx1 nCoV-19/mRNA vaccination. Nat. Med. 2021, 27, 1530–1535.
[CrossRef]

16. Shimabukuro, T. Allergic reactions including anaphylaxis after receipt of the first dose of Pfizer-BioNTech COVID-19 vaccine—
United States, December 14–23, 2020. Am. J. Transplant. 2021, 21, 1332–1337. [CrossRef]

17. Shay, D.K.; Shimabukuro, T.T.; DeStefano, F. Myocarditis Occurring After Immunization with mRNA-Based COVID-19 Vaccines.
JAMA Cardiol. 2021, in press. [CrossRef]

http://doi.org/10.1038/s41564-020-0688-y
http://doi.org/10.1097/JCMA.0000000000000560
http://doi.org/10.3390/pathogens10070839
https://covid19.who.int/
http://doi.org/10.2196/21257
http://doi.org/10.3390/ijerph17197252
http://www.ncbi.nlm.nih.gov/pubmed/33020395
http://doi.org/10.1016/j.cmrp.2020.03.011
http://doi.org/10.3390/ijms22115434
http://www.ncbi.nlm.nih.gov/pubmed/34063964
http://doi.org/10.3390/pathogens10020217
http://www.ncbi.nlm.nih.gov/pubmed/33671315
http://doi.org/10.1038/s41562-021-01122-8
https://www.who.int/groups/strategic-advisory-group-of-experts-on-immunization/covid-19-materials
https://www.who.int/groups/strategic-advisory-group-of-experts-on-immunization/covid-19-materials
http://doi.org/10.1016/j.ajem.2021.05.054
https://extranet.who.int/pqweb/vaccines/covid-19-vaccines
https://extranet.who.int/pqweb/vaccines/covid-19-vaccines
http://doi.org/10.1038/s41591-021-01464-w
http://doi.org/10.1111/ajt.16516
http://doi.org/10.1001/jamacardio.2021.2821


Vaccines 2021, 9, 1163 13 of 14

18. American Centers for Disease Control and Prevention. Safety Monitoring of the Janssen (Johnson & Johnson) COVID-19 Vaccine—
United States, March–April 2021. Available online: https://www.cdc.gov/mmwr/volumes/70/wr/mm7018e2.htm (accessed on
14 August 2021).

19. McMahon, D.E.; Amerson, E.; Rosenbach, M.; Lipoff, J.B.; Moustafa, D.; Tyagi, A.; Desai, S.R.; French, L.E.; Lim, H.W.; Thiers,
B.H.; et al. Cutaneous reactions reported after Moderna and Pfizer COVID-19 vaccination: A registry-based study of 414 cases. J.
Am. Acad. Dermatol. 2021, 85, 46–55. [CrossRef] [PubMed]
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