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EVIDENCE SUMMARY

Among adults, what is the clinical and immunologic efficacy and
effectiveness and safety of heterologous COVID-19 vaccination
compared to standard homologous COVID-19 vaccination in preventing

COVID-19 infection?
Review by: John Jefferson Besa, MD, Mary Ann Castor, MD, Marie Carmela Lapitan, MD

RECOMMENDATIONS

We recommend the use of heterologous COVID-19 vaccination for those with serious
adverse event to the first dose. (Very low certainty of evidence; Strong recommendation)

We suggest the use of heterologous COVID-19 vaccination in the event of the
unavailability of the second dose in the recommended schedule. (Very low certainty of
evidence; Weak recommendation)

Consensus Issues

The panel decided to give a strong recommendation, despite the very low certainty of evidence,
on the use of heterologous vaccination among those with serious adverse event to the first
dose. This is because of the need to provide the sufficient protection afforded by the second
dose, especially for the vulnerable and at-risk populations. The importance of informed consent
was emphasized by the panel, particularly on the benefits and harms of the administration of
heterologous vaccination versus delayed administration of the second dose in the context of
vaccine unavailability.

Key Findings

3 RCTs, 18 observational studies, and 1 case report investigated the use of heterologous
vaccination using the following vaccines: BNT162b2, ChAdOx1, mRNA1273, CoronaVac,
BBV152, Ad5-nCoV. No study was found using Gam-COVID-Vac, NVX-CoV2373, and BBIBP-
CorV as a component of the vaccination regimen.

The overall certainty of evidence for efficacy/effectiveness is very low due to the study design (i.e.
observational studies with a lack of control for confounding factors), the use of surrogate
outcomes (immunogenicity), missing outcomes, and short follow up. The overall certainty of
evidence for safety is low because of the study design (i.e. observational studies), unclear to lack
of blinding, and the short follow-up.

Only one retrospective population-based cohort study with ChAdOx1/BNT162b2 or mRNA-1273
as the heterologous regimen showed clinical efficacy against SARS-CoV-2 infection,
hospitalization, and death.

Current evidence shows that heterologous primary vaccination is immunogenic and results in
acceptable adverse reaction rates. Different combinations and regimen perform differently.
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IntroduEtion

Vaccines are one of the key tools to curb the COVID-19 pandemic. However, with the suspension
of the use of the ChAdOx1 (AstraZeneca) vaccine in some European countries due to reports of
vaccine induced thrombotic thrombocytopenia (VITT) or thrombosis with thrombocytopenia
syndrome (TTS), some have recommended to have an mRNA-based vaccine as a second
dose.[1,2] Furthermore, with the decreased effectiveness of existing homologous combination
vaccines against variants of concern, there is a need to determine if heterologous prime-boost
regimens will induce comparable or more robust immune responses.[3-6] Vaccines also cost
differently and determining a cost-effective and safe combination is important especially in
resource-limited settings. Finally, with the inconsistent and erratic vaccine supplies, a
heterologous vaccination may allow programmatic flexibility in the dosing regimen.

Review Methods

In this review, heterologous vaccine was operationally defined as a combination of different types
of vaccines originally developed as part of a homologous multiple-dose or single-dose vaccine.
The COVID-19 Living OVerview of the Evidence (L-OVE) platform, the COVID-NMA, and
www.metaEvidence.org were searched for both randomized and non-randomized studies on
adults investigating the efficacy, effectiveness, and safety of a heterologous combination of any
COVID-19 vaccine last September 30, 2021. The weekly situational reports published by the
World Health Organization (WHO) and relevant reports from major global regulatory agencies
including the US Food and Drug Authority (US FDA), the US Center for Disease Control (CDC),
the European Medicines Agency (EMA), the United Kingdom Medicines and Healthcare Products
Regulatory Agency (UK-MHRA), the WHO, and the Philippine Food and Drug Association (PH
FDA) including their reference lists were also reviewed for relevant studies. The search strategies
are detailed in Appendix 2.

This review excluded multidose vaccination in which different types of vaccines were specifically
developed to be part of the dosing regimen (e.g. Gam-COVID-Vac) and heterologous booster
vaccination.

Randomized controlled trials (RCTs) were primarily sought for efficacy outcomes. Studies
providing vaccine efficacy against COVID-19 infection of all severity, hospitalization, and deaths
were preferred. In the absence of such, observational studies and studies providing
immunogenicity results were also considered. Immunogenicity outcomes included geometric
mean titers and seropositivity rates of neutralizing antibodies, anti-S, anti-RBD, and IFN-gamma.
Geometric mean ratios and differences between seropositivity rates of homologous and
heterologous vaccination were computed. The 28-day post-second dose results were used in the
review when multiple timings of serologic assessment were done within a study. Both RCTs and
observational studies were included for the safety outcomes, namely local and systemic adverse
reactions, any adverse event, serious adverse events, and deaths after the second dose.

Results

Characteristics of studies

As of September 17, 2021, a total of 21 studies composed of 3 RCTs and 18 observational studies
were included in this review. Of these studies, 13 used ChAdOx1/BNT162b2, two used
BNT162b2/ChAdOx1[7,8], two used ChAdOx1/mRNA1273[9,24], one used
ChAdOx1/BBV152[10], one wused mMRNA-1273/BNT162b2[27], one wused CoronaVac/
ChAdOx1[11], and one wused CoronaVac/Ad5-nCoV.[12] Three studies used a
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ChAdOX1/BNT162b2 or MRNA-1273.[13-15] No study was found on the use of Gam-COVID-Vac,
NVX-CoV2373, or BBIBP-CorV in the regimen.

Eight of the studies were on healthcare workers, two on immunocompromised populations, and
the rest were on the general population. Three were RCTs, one of which compared heterologous
ChAdOx1/BNT162b2 vaccination with a single dose ChAdOx1/observation[16], one was a four-
arm trial comparing ChAdOx1/BNT162b2, BNT162b2/ChAdOx1, ChAdOx1/ChAdOx1, and
BNT162b2/BNT162b2 regimens[7], and one compared CoronaVac/Ad5 with the homologous
CoronaVac vaccination.[12] The rest were observational cohort studies. Only one study reported
clinical effectiveness.[15] Nine studies provided information on the safety of heterologous
vaccination. Majority reported on reactogenicity within the first seven days. Six studies reported
heterologous vaccination against the variants of concern.

In general, heterologous vaccinations had longer dosing intervals (8 to 12 weeks), regardless of
the regimen. On the other hand, most of the homologous vaccinations had dosing intervals of 21
to 28 days, except for the ChAdOx1/ChAdOx1 regimen which had dosing intervals ranging from
4 to 12 weeks across the studies.

The characteristics of included studies are detailed in Appendix 5.

Risk of bias assessment

Two of the three randomized controlled trials were assessed to have low risk of bias.[12,16]
Although one of these was open label, the domains for blinding were assessed to be low risk
given the objective outcomes.[16] The third RCT was assessed to have serious risk of bias due
to missing data and non-blinding of clinical assessors.[7] All the observational studies were
assessed to have serious risk of bias due to the non-randomized nature of the study design, with
majority further downgraded to very serious risk due to non-blinding, missing outcomes, and lack
of control for confounding factors, and short follow up. The detailed risk of bias assessment is
presented in Appendix 4.

Clinical efficacy and effectiveness

ChAdOx1/BNT162b2 or mRNA-1273

One retrospective population-based cohort study from Denmark reported the vaccine
effectiveness rate of the ChAdOx1/mRNA-based vaccination regimen against any COVID-19
infection at 66% (95% CI 59-72) within 13 days of the second dose and at 88% (95% CI 83-92)
after 14 days of a ChAdOx1/mRNA-based vaccination regimen. Vaccine effectiveness against
all-cause hospitalization was 43% (95% CI 36-49) within 13 days and 50% (95% CI 45-55) after
14 days. The adjusted VE against COVID-19-related hospitalization after 14 days of vaccination
was at 93% (95% CI 80-98). No deaths were reported after vaccination.[15]

Immunogenicity
Across the studies, heterologous primary vaccination resulted in higher humoral and cellular
immune response compared with homologous vaccination.

ChAdOx1/BNT162b2 or mRNA-1273

One prospective cohort looked at immunocompetent individuals receiving ChAdOx as a first dose
followed by either BNT162b2 or mRNA-1273 as the second dose. The immunocompetent controls
from this study were used in another matched cohort study of solid organ transplant recipients.
Both studies mirrored the response of the ChaAdOx1/BNT162b2 regimen described above, with
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at least similar to higher immunogenicity seen in the heterologous vaccination compared to the
homologous regimen.[13,14]

ChAdOx1/BNT162b2

One randomized placebo-controlled trial demonstrated significantly higher antibody titers as well
as cellular responses 14 days after ChAdOx1/BNT162b2 vaccination.[16] Another RCT compared
the outcomes after ChAdOx1/BNT162b2 vaccination with the homologous vaccinations of either
vaccine and with the reverse sequence (BNT162b2/ChAdOx1). It showed no significant difference
in the antibody seropositivity rates across the groups. However, significantly higher antibody titers
(>2-fold rise or GMR > 2.0) after ChAdOx1/BNT162b2 than homologous ChAdOx1 vaccination or
the BNT162b2/ChAdOx1 combination. Similar levels of antibody titers were seen with the
homologous BNT162b2 vaccination.[7]

The above findings were also seen in the observational studies which had the same vaccination
regimen in the patient cohorts investigated.[13,14,17-22] Differences in seropositivity rates across
the vaccination regimen were not significant with differences of 10%.

ChAdOx1/mRNA 1273

One report from an ongoing clinical study assessed 51 healthcare workers who received mRNA-
1273 9to 12 weeks after a first dose of ChAdOx1, and compared their immunologic response to
37 healthcare workers who chose a homologous ChAdOx1 second dose. Those who received
MRNA-1273 as a second dose showed a greater increase in neutralization titer at 7-10 days post
boost, which was sustained at 30 days. Moreover, heterologous vaccination induced neutralizing
antibodies against the Beta variant whereas homologous ChAdOx1 did not.[9]

Another study compared the post-boost anti-S and anti-RBD antibody titers among vaccinees
who received either a heterologous ChAdOx1/mRNA-1273 or ChAdOx1/BNT162b2, or a
homologous ChAdOx1 or BNT162b2 regimen. Heterologous vaccination was found to result in
higher antibody titers.[17]

BNT162b2/ChAdOx1

In the randomized controlled study that used BNT162b2/ChAdOx1 in one of its arms, such
combination demonstrated higher and equivalent seropositivity rates and geometric mean titers
compared to homologous ChAdOx1 and homologous BNT162b2, respectively. However, in terms
of T cell responses, results showed higher GMT’s for the heterologous combinations, but with
lower seropositivity for the BNT162b2/ChAdOx1 combination, compared to both homologous
combinations and the ChAdOx1/BNT162b2 combination.[7] The observational study which
compared BNT162b2/ChAdOx1 to homologous vaccination of either component consistently
showed the same results with higher immunologic responses with the heterologous
vaccination.[17]

ChAdOx1/BBV152

One prospective study compared the heterologous ChAdOx1/BBV152 vaccination with
homologous vaccination with either of the two components. It showed higher titers after
heterologous vaccination than both homologous preparations. It also showed higher titers against
variants of concern compared to either homologous vaccination.[10]
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MRNA-1273/BNT162b2

One prospective study compared heterologous MRNA-1273/BNT162b2 vaccination with
homologous vaccination with either of the two components. It showed no difference in the IgG
levels among all groups.[23]

CoronaVac/ChAdOx1

One retrospective study used CoronaVac in combination with ChAdOx1. The
ChAdOx1/CoronaVac regimen resulted in higher humoral titers compared to both homologous
vaccinations. However, the CoronaVac/ChAdOx1 regimen showed equivalent anti-S IgG titers
with the homologous ChAdOx1 regimen, but still with higher titers compared with the homologous
CoronaVac vaccination.[11]

CoronaVac/Ad5-nCoV

One randomized controlled trial compared CoronaVac/Ad5 vaccination with homologous
CoronaVac vaccination.[12] It showed higher humoral titers, and higher humoral and cellular
seropositivity rates after heterologous vaccination. Adverse event rates, both local and systemic
reactogenicity, was significantly higher after heterologous compared to homologous vaccination.
No severe adverse events were recorded in both groups in this trial.

Effectiveness against Variants of Concern

Six observational studies reported on the immunogenicity responses to heterologous vaccination
in relation to the variants of concern (Alpha, Beta and Delta). Five studies used
ChAdOx1/BNT162b2 [9,21,22,24,25] and one used CoronaVac/ChAdOx1.[10] All studies
consistently demonstrated significantly higher humoral titers and seropositivity rates after
heterologous vaccinations compared to homologous vaccination. No study was identified on
heterologous vaccination against the Gamma variant.

Safety

While generally well-tolerated with mostly mild to moderate adverse reactions, heterologous
vaccination was consistently shown to have higher (but not statistically significant) local and
systemic reactogenicity rates when compared with homologous vaccination, regardless of the
combination.[9,10,13,16,19,22,26,27] The most commonly reported events with higher rates
included pain at injection site, fever, headache, myalgia, and fatigue. Only two studies reported
severe adverse reactions, which included headache and myalgia. No long-term safety information
is available at this time.

The summary of findings are in Appendix 3.
Ongoing Studies

Search of clinicaltrials.gov registry last October 2, 2021 yielded 19 trials on heterologous COVID-
19 vaccination with the earliest trial completion on October 2021.
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Recommendations from Other Groups

Table 1. Summary of Recommendations from Other Groups

Regulatory Agency

Recommendation

World Health Organization (WHO)
as of August 10, 2021

For COVID-19 vaccines with a 2-dose primary series
schedule, the same vaccine product should be used for
both doses. If different COVID-19 vaccine products are
inadvertently administered in the two doses, no additional
doses of either vaccine are recommended. At present, mix
and match schedules constitute off-label use of respective
vaccines and as such should only be used if benefits
outweigh the risks such as in situations of interrupted
vaccine supply.[28]

Australian  Technical Advisory
Group on Immunization (ATAGI)
as of September 23, 2021

Recommends use of heterologous vaccination for special
circumstances such as serious vaccine-attributable
adverse events after the first dose, precautionary
conditions for which the use of BNT162b2 (Cominarty) or
MRNA-1273 (Spikevax) are recommended instead of
ChAdOx1 (AstraZeneca), and in those given an
incomplete course of a COVID-19 vaccine brand not
available in Australia.[29]

US Centers for Disease Control —
Advisory Committee on
Immunization (ACIP), UK-Joint
Committee on Vaccination and

Immunization (UK-JCVI), and
European Medicines  Agency
(EMA)

No specific recommendation on heterologous primary
vaccination

Research Gaps

The following are the identified knowledge and information gaps regarding heterologous primary

vaccination:
1. Clinical
homologous vaccination

efficacy and effectiveness of heterologous vaccination compared with

a. short-term and long-term outcomes
b. in special populations (children, immunocompromised persons, the elderly,
pregnant and lactating women)
c. against variants of concern
2. Comparative efficacy and effectiveness of the different heterologous vaccination

regimens

3. Duration of protection of heterologous vaccination, including comparison across the

possible different regimens

4. Long-term safety of heterologous vaccination
5. Comparative safety of the different heterologous vaccination regimens
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Appendix 1. Evidence to Decision

Table 1. Summary of Initial Judgements Prior to Panel Discussion (N =10

RESEARCH EVIDENCE/ADDITIONAL

FACTORS JUDGEMENT CONSIDERATIONS
No Yes
Problem (1) ©)
e ChAdOx1/mRNA-based paradigm
showed prevention of SARS-CoV-2
infection 66% (95% CI 59-72) at 0-13
Benefits Large Moderate Small Uncertain days follow-up; 88% (95% CI 83-92) at
(2) (5) (2) Q) 14 days follow-up; no reported
hospitalization and deaths.
¢ Immunologic profiles showed similar to
increased titers for varying combinations.
e Varies per combination used, from
Harm Large Small Uncertain similar to higher local and systemic
1) (5) (4) reactogenicity.
Certainty of High Moderate Low Very low ¢ Very low to moderate
evidence (4) (4) (2)
Favors .
. X Does not Uncertain
Balance of effects intervention .
6) favor vaccine 4)
e WHO Recommendation: Mix and match
Important _Possibly P_ossibly no . schedules. constitute off—lf_:lbel_use and
uncertainty important important No important that benefits should outweigh risks such
Values o uncertainty or | uncertainty or | uncertainty or as in situations of interrupted vaccine
or variability o o O
3) variability variability variability supply. .
(6) Q) e ATAGI Recommendation: Heterologous
vaccination be used conditionally.
Resources Uncertain Large cost Moderate Negligible Moderate Large e Varies per vaccine combination used
required 4) (2) cost cost or savings savings
(4) savings
Certainty of No included Verv low
evidence of studies ?1) Low Moderate High
resources required (9)
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Does not
No included Favors the favotrhegther Favors the
Cost effectiveness studies : . . intervention
) comparison intervention (1)
or the
comparison

Addresses issues of limitation and
unpredictability of supplies,
programmatic flexibility in dosing
regimen, and special needs of

Equit Uncertain Reduced Probably no Increased immunocompromised  patients and

quity (4) Q) impact (5) other selected populations.
Addresses wide disparity in vaccine
coverage: 85.1% fully-vaccinated
senior citizens in NCR; only 28.3% in
BARMM.
Acceptability Uncertain No Yes No Philippine guidelines yet
(5) (5)
I Uncertain Yes
Feasibility (5) No )
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Appendix 2. Search Strategy

The COVID-19 Living OVerview of the Evidence (L-OVE) platform, the COVID-NMA, and
www.metaEvidence.org were searched for both randomized and non-randomized studies on
adults investigating the efficacy, effectiveness, and safety of a heterologous COVID-19 vaccine.
For the COVID-19 L-OVE platform, the search was by PICO with the following filters in order:
"prevention or treatment", “public health”, "vaccination", and “SARS-CoV-2 vaccines”. Only
systematic reviews and primary studies were included with the latter's yield further filtered to
include all study designs but only those reporting data; the reference lists of systematic reviews
were examined for eligible studies. For the COVID-NMA, the living evidence synthesis of RCTs
related to vaccines was examined. For the database of www.metaEvidence.org, the search filters
were the following: “vaccines”,”"COVID-19 prophylaxis”, “all patients”, “all studies (RCT and
observational)’. The reference lists of the weekly situational (epidemiological) reports published
by the World Health Organization (WHO), and the VIEW-Hub Resource Library COVID-19
Vaccine Effectiveness Reports were searched for relevant studies. The WHO COVID-19
literature on coronavirus disease database was also searched using “heterologous” as a search
term. Relevant reports from major global regulatory agencies including the US Food and Drug
Authority (US FDA), the US Center for Disease Control (CDC), the European Medicines Agency
(EMA), the United Kingdom Medicines and Healthcare Products Regulatory Agency (UK-MHRA),
the WHO, and the Philippine Food and Drug Association (PH FDA) including their reference lists
were also reviewed for relevant studies.
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Appendix 3. Summary of Findings

N Risk of Bias Indirectness | Inconsistency Imprecision Others Effect Certainty
ChAdOx1/mRNA-based vaccine
Serious VE at 0-13d: 66%
Prevention of COVID-19 (observational, . ) (95% CI 59-72)
infection 1 Obs uncontrolled Not serious | Not assessed Not serious Not assessed VE at >14d: 88% Low
confounders) (95% CI 83-92)
Prevention of severe (obsseercgtliﬁnal
infection / hospitalization / | 1 Obs I ' Not serious | Not assessed Not serious Not assessed No death or hospitalization Low
death uncontrolled
confounders)
Immunogenicity 0 Not assessed Not Not assessed Not assessed Not assessed na na
assessed
Reactogenicity 0 Not assessed Not Not assessed Not assessed Not assessed na na
assessed
Adverse events 0 Not assessed Not Not assessed Not assessed Not assessed na na
assessed
Serious adverse events / 0 Not assessed Not Not assessed Not assessed Not assessed na na
Death assessed
ChAdOx1/mRNA-1273
.P reve_ntlon of COVID-19 0 Not assessed Not Not assessed Not assessed Not assessed na na
infection assessed
Prevention of severe Not
infection / hospitalization / 0 Not assessed Not assessed Not assessed Not assessed na na
assessed
death
Serious .
. (observational Serious . . . Similar to significant rise in
Immunogenicity 2 Obs ' (surrogate Not serious Not serious Not serious . : Very low
uncontrolled antibody titers
outcomes)
confounders)

Heterologous combination of COVID-19 vaccines
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Serious
Reactogenicity 1 Obs (observational, Not serious Not serious Not serious Not serious Higher reactogenicity na
short follow-up)
Adverse events 0 Not assessed Not Not assessed Not assessed Not assessed na na
assessed
Serious adverse events / 0 Not assessed Not Not assessed Not assessed Not assessed na na
Death assessed
ChAdOx1/BNT162b2
.P revention of COVID-19 0 Not assessed Not Not assessed Not assessed Not assessed na na
infection assessed
Prevention of severe Not
infection / hospitalization / 0 Not assessed Not assessed Not assessed Not assessed na na
assessed
death
Increased titers more vs.
Very serious homologous ChAdOx1 than
(observational, . homologous BNT162b2
Serious
Immunogenicity 3 Obs uncontrolied (surrogate Not serious Not serious Not serious A Very low
confounders, outcomes) Anti-spike IgG: 0.92 to 175-fold
missing Anti-RBD: 77.7 to 175-fold
outcomes) NAb: 0.9 to 62.95-fold
IFN-y: 2.3 to 4.25-fold
Serious o . .
Reactogenicity 2 RCT, (observational, Not serious Not serious Not serious Not serious Similar to higher reactogenlcny Low
4 Obs than homologous regimen
short follow-up)
2 RCT Serious Mixed reports of lower, similar,
Adverse events 5 Obs’ (observational, Not serious Not serious Not serious Not serious or higher adverse events than Low
short follow-up) the homologous regimen
Serious adverse events / > RCT Serious (short Not Serious Not serious Not serious Not serious No vaccine-related severe Moderate
Death follow-up) adverse events reported
N Risk of Bias Indirectness | Inconsistency Imprecision Others Effect Certainty

ChAdOx1/mRNA vaccine or vector vaccine/mRNA vaccine
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.P reve_ntlon of COVID-19 0 Not assessed Not Not assessed Not assessed Not assessed na na
infection assessed
Prevention of severe Not
infection / hospitalization / 0 Not assessed Not assessed Not assessed Not assessed na na
assessed

death
Immunogenicity Serlogs Serious o o o

2 Obs (observational, (surrogate Not serious Not serious Not serious Similar to significant rise in Very low

uncontrolled 9 antibody titers y
outcomes)
confounders)

Reactogenicity Serious More reactogenic than

1 Obs | (observational, Not serious Not serious Not serious Not serious homolo oug reqimen Low

short follow-up) 9 9

Adverse events Serious

1 Obs | (observational, Not serious Not serious Not serious Not serious Similar adverse events Low

short follow-up)

Serious adverse events / 1 Obs Not assessed Not Not assessed Not assessed Not assessed na na
Death assessed
BNT162b2/ChAdOx1
.P reve_ntlon of COVID-19 0 Not assessed Not Not assessed Not assessed Not assessed na na
infection assessed
Prevention of severe Not
infection / hospitalization / 0 Not assessed assessed Not assessed Not assessed Not assessed na na

death
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Immunogenicity

Similar to minimal rise in
antibody titers vs. homologous

Serious (lack of Serious BNT162b2
1RCT blinding of (surrogate Not serious Not serious Not serious Low
assessors) outcomes) Significant rise in antibody
titers vs. homologous
ChAdOx1
Reactogenicity Serious (lack of
blinding of . -
11%%1’ assessors, Not serious Not serious Not serious Not serious Hligﬁgfgcézgiglcilzézan Moderate
observational, 9 9
short follow-up)
Adverse events Serious (lack of
1RCT blinding of Not serious Not serious Not serious Not serious No significant difference Moderate
assessors, short
follow-up)
Serious adverse events / Serious (lack of
Death 1RCT blinding of
1 obs assessors, Not serious Not serious Not serious Not serious None related to vaccination Moderate
observational
short follow-up)
ChAdOx1/BBV152
.P reve_ntlon of COVID-19 0 Not assessed Not Not assessed Not assessed Not assessed na na
infection assessed
Prevention of severe Not
infection / hospitalization / 0 Not assessed Not assessed Not assessed Not assessed na na
assessed
death
Immunogenicity Very serious
(observational, .
uncontrolled Serious . . . . . . .
1 Obs (surrogate Not serious Not serious Not serious Minimal rise in antibody titers Very low
confounders,
T outcomes)
missing
outcomes)
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Reactogenicity Serious
1 Obs (observational, Not serious Not serious Not serious Not serious Similar to homologous regimen Low
short follow-up)
Adverse events Serious
1 Obs (observational, Not serious Not serious Not serious Not serious Similar to homologous regimen Low
short follow-up)
Serious adverse events / Not
Death 0 Not assessed assessed Not assessed Not assessed Not assessed na na
MRNA-1273/BNT162b2
.P revention of COVID-19 0 Not assessed Not Not assessed Not assessed Not assessed na na
infection assessed
Prevention of severe Not
infection / hospitalization / 0 Not assessed Not assessed Not assessed Not assessed na na
assessed
death
Immunogenicity Very serious
(observational, .
uncontrolled Serious . . . . . . .
1 Obs (surrogate Not serious Not serious Not serious No difference in antibody titers Very low
confounders,
T outcomes)
missing
outcomes)
Reactogenicity 0 Not assessed Not Not assessed Not assessed Not assessed na na
assessed
Adverse events 0 Not assessed Not Not assessed Not assessed Not assessed na na
assessed
Serious adverse events / 0 Not assessed Not Not assessed Not assessed Not assessed na na
Death assessed
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N Risk of Bias Indirectness | Inconsistency Imprecision Others Effect Certainty
CoronaVac/ChAdOx1
Prevention of COVID-19 Not
infection 0 Not assessed assessed Not assessed Not assessed Not assessed na na
Prevention of severe Not
infection / hospitalization / 0 Not assessed Not assessed Not assessed Not assessed na na
assessed
death
Immunogenicity Very serious Significant rise in antibody
(observational, . titers vs. homologous
uncontrolled Serious . . . CoronoVac
1 Obs confounders (surrogate Not serious Not serious Not serious Very low
o ’ outcomes) L L . .
missing Similar rise in antibody titers
outcomes) vs. homologous ChAdOx1
Reactogenicity 0 Not assessed Not Not assessed Not assessed Not assessed na na
assessed
Adverse events 0 Not assessed Not Not assessed Not assessed Not assessed na na
assessed
Serious adverse events / 0 Not assessed Not Not assessed Not assessed Not assessed na na
Death assessed
CoronaVac/Ad5
.P reve_ntlon of COVID-19 0 Not assessed Not Not assessed Not assessed Not assessed na na
infection assessed
Prevention of severe Not
infection / hospitalization / 0 Not assessed Not assessed Not assessed Not assessed na na
assessed
death
Immunogenicity Serious Significant rise in antibody
1RCT Not serious (surrogate Not serious Not serious Not serious titers vs. homologous Low
outcomes) CoronaVac
Reactogenicity 1RCT Serious (short Not serious Not serious Not serious Not serious Higher local reactogenicity, Moderate

follow-up)

similar systemic reactogenicity
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Adverse events

1RCT

Serious (short
follow-up)

Not serious

Not serious

Not serious

Not serious

Low incidence in both groups

Moderate

Serious adverse events /

Death

1RCT

Serious (short
follow-up)

Not serious

Not serious

Not serious

Not serious

None reported

Moderate
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Appendix 4. Risk of Bias Assessment

Heterologous combination of COVID-19 vaccines

As of 22 October 2021

ASSESSMENT OF CONFOUNDING FACTORS
ALLOCATION | BLINDING OF | BLINDING OF | BUNDING oF |  MISSING SELECTIVE AGE EXPOSURE RISK | COMORBIDITIES | VARIANT PREVALENCE | OVERALL for | quepalL
e STUDY DESIGN | RANDOMIZATION | ;\\cr ol MENT | PARTICIPANTS |INVESTIGATORS | ASSESSORS ‘:omug\:E:P‘ REPORTING GONTROLOF | i

A B c A B c A B c A B c 22
Barros-Martin | Retrospective Cohort HIGH HIGH HIGH UNCLEAR UNCLEAR HIGH UNCLEAR ¥ u N N u N N u N N u N HIGH _ |VERYSERIOUS
Behrens Retrospective Cohort HIGH HIGH HIGH UNCLEAR UNCLEAR UNCLEAR UNCLEAR Y Y NA N u N N U N N ') N HIGH IVERY SERIOUS
Benning Prospective cohort HIGH HIGH HIGH UNCLEAR UNCLEAR HIGH UNCLEAR N4 u N N u N N u N N u N HIGH IVERY SERIOUS
Borobia RCT (Ph2) Low LOW LOW Low LOW Low Low NA | NA | NA | NA | NA | NA | NA | NA | NA | NA | NA NA NA NOT SERIOUS
Dimeglio Prospective cohort HIGH HIGH HIGH UNCLEAR UNCLEAR UNCLEAR UNCLEAR \4 u Y u N N u N u HIGH IVERY SERIOUS
Gram Retrospective cohort HIGH HIGH HIGH UNCLEAR UNCLEAR UNCLEAR UNCLEAR Y u Y Y u Y Y u Y Y u Y LOW SERIOUS
GroB Single cohort HIGH HIGH HIGH HIGH HIGH UNCLEAR UNCLEAR NA | NA | NA | NA [ NA | NA | NA | NA | NA | NA | NA NA NA
Hammerschmidt | Prospective cohort HIGH HIGH HIGH HIGH HIGH UNCLEAR UNCLEAR Y u N N u N N u N N u N HIGH IVERY SERIOUS
Hillus Prospective cohort HIGH HIGH UNCLEAR UNCLEAR UNCLEAR HIGH UNCLEAR ¥ N N N u N N u N N u N HIGH  |VERYSERIOUS
Kant Prospective cohort HIGH HIGH HIGH HIGH HIGH UNCLEAR UNCLEAR Y N N N u N Y Y | NA| N u N HIGH  |VERYSERIOUS
LiJ RCT Low Low LOW LOW LOW Low Low NA | NA [ NA | NA | NA [ NA | NA | NA [ NA | NA | NA NA NA NOT SERIOUS
Liu / Shaw RCT Low Low Low Low HIGH HIGH Low NA NA NA NA NA NA NA NA NA NA NA NA NA
Normark Prospective cohort HIGH HIGH HIGH UNCLEAR UNCLEAR UNCLEAR UNCLEAR Y N N N u N Y N N N u N HIGH VERY SERIOUS|
Powell Retrospective cohort HIGH HIGH HIGH UNCLEAR UNCLEAR HIGH UNCLEAR ¥ N N N u N N u N N u N HIGH _ |VERYSERIOUS
Rose Retrospective cohort HIGH HIGH HIGH UNCLEAR UNCLEAR UNCLEAR UNCLEAR ¥ N N N u N N u N N u N HIGH _ |VERY SERIOUS
Schmidt Prospective cohort HIGH HIGH HIGH UNCLEAR UNCLEAR UNCLEAR UNCLEAR Y N N N u N N u N N u N HIGH _ |VERYSERIOUS
Schmidt2 Retrospective cohort HIGH HIGH UNCLEAR UNCLEAR UNCLEAR UNCLEAR UNCLEAR \4 u N N u N N u N N u N HIGH IVERY SERIOUS
Tenbusch Retrospective cohort HIGH HIGH HIGH UNCLEAR UNCLEAR UNCLEAR UNCLEAR Y N N N u N N u N N u N HIGH _ |VERYSERIOUS
Vallee Retrospective cohort HIGH HIGH UNCLEAR UNCLEAR UNCLEAR UNCLEAR UNCLEAR Y u Y N u N N u N N U N HIGH IVERY SERIOUS
Vinh Prospective cohort HIGH HIGH HIGH UNCLEAR UNCLEAR UNCLEAR UNCLEAR Y u N N u N Y u N N u N HIGH _ |VERYSERIOUS
Yorsaeng Prospective cohort HIGH HIGH HIGH UNCLEAR UNCLEAR UNCLEAR UNCLEAR ¥ N N N u N N u N N u N HIGH  |VERYSERIOUS

Low UNCLEAR HGH | NOTAPPLCABLE ves [N |vo [(U Junciear  [[NA ]NoT APPLICABLE
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Appendix 5. Characteristics of Studies

ChAdOx1/BNT162b2
Study author Type of study . . Heterologous regimen .Homologous Certainty of
Study design | Population L regimen/comparator Follow-up Outcomes . Comments
(country) (date) (dosing interval) L evidence
(dosing interval)
Clinical efficacy/effectiveness
None | | I
Immunogenicity
Borobia Full publication (July |RCT (Ph2) Healthy, 18- |ChAdOx1/BNT162b2 no second dose or ChAdOx 14 d after V2 Anti-spike 1gG(GMT) | Very low Open label
(Spain) 2021) 60yo, (8-12 weeks) (i.e. maintain observation) 3684.87 vs 101.2 Randomization list centrally
received prim |(n = 441) (n=222) GMR : 37 fold generated by SAS,
ChAdOx1 8-12 increase balanced wirhtdrawals and
weeks prior to 1 withdrew consent () exclusions
screening 2 withdrew consent, 3 excluded
N =676 Texcluded anti-RBD* GMT
1 lost to follow up (pseudovirusneutr
Excluded alization)
clinically 7756.63 vs 99.84
significant GMR = 77.69 (59.57
acute illness, -101.32)
T at least
38'C, COVID- NAbt
19 disease; (% neutralizing
pregnancy capacity)
100% vs 100%
2 withdrawals (GMT)
in vaccine 1905.69 vs 41.81
group, 1in GMR : 45 time
control increase
7 exclusions IFN-y cytokine
from vaccine preduction against
and 3in SARS-CoV-2 spike
control peptidet
(GMT)
521.22 vs 122.67

Heterologous combination of COVID-19 vaccines

As of 22 October 2021




Philippine COVID-19 Living Clinical Practice Guidelines

Anti-spike-1gG titer
(Surrogate virus
neutralization test

(SVNT)

% positivity Anti
spike RBD
(Vesicular stomatits
virus- based
pseudovirus)

19G%

6-11 days post
boost : 100%
14-19 days post :
100%

IgA%

6-11 days post
boost : 92%

14-19 days post :
100%

Nab (B.1.1.7

2 fold lower
potency for Beta
(vs Alpha)

Liu Preprint/corresponden | RCT (Ph2) Adults > 50 ChAdOx1/BNT162b2 ChAdOx1/ChAdOx1, 28 d after V2 ELISA) Low Participant-blind
(UK) ce (July 2021) y.o, with no or |28-day interval 28-day interval Anti-spike IgG* - non-inferiority trial,
well- (n =90) (n =90) see tables IWRS
controlled, (n= 24, immuno) (n = 25, immuno) clinical assessors unmasked
mild-moderate Anti-spike binding only a sample of population
comorbidities |BNT162b2/ChAdOx1 BNT162b2/BNT162b2 1gGt with immunologic studies
(N=463) 28-day interval 28-day interval
(n =90) (n=93) (IFN-y ELISpot)
Excluded (n = 25, immuno) (n = 26, immuno) Cellular responses
Previous lab- IFN-y
confirmed
SARS-CoV-2 Pseudotype virus
infection, neutralization assay
history of (PNA))
anaphylaxis, NAb
history of
allergy fo a
vaccine
ingredient,
pregnancy,
breastfeeding,
intent to
conceive,
current use of
anticoagulants
GroB Preprint (July 2021) Single cohort, self- Received ChAdOx1/BNT162b2 (no comparison) 6-11 d after V2 % positivity 1gG Very low
(Germany) controlled ChAdOx1 as |56 days boost compared to prime % positivity 1gA
first dose (n = 26) 14-19 d after V2
(n = 26) Anti-spike-IgM titer

Heterologous combination of COVID-19 vaccines
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(Germany)

Preprint (July 2021)

Prospective cohort

not described

ChAdOX1/BNT1620
(n=41)

ChAJOX1/mRNA=1273
(n=1)

ChAdOx1/ChAdOx1
(n=9)

BNT162b2 / BNT162b2
(n=8)

15 d after V2

19G%
all groups reached
100%

1gG titers (anti-S
and Anti RBD)
titers in the
heterologous
groups 7-10x
higher than the
homologous ChAd
and 10 to 175 times
higher that the
homologous
BNT162b2

Neutralization titers
homologous ChA
had 13 to 11 fold
lower GMTs
compared to
heterologous or
homo BNT

Neutralization %
similar across
groups

Very low

with missing samples post-D2

Tenbusch
(Germany)

Preprint (July 2021)

Retrospective cohort

sera from
assessed in 2
different
laboratories

ChAdOX1/BNT162b2
(n=232)

ChAOX1/BNT162b2
(n=250)

BNT16202/BNT162b2
(n=410)

BNT162b2/BNT162b2
(h=127)

ChAdOx 1/ChAdOx1
(n=250)

14 d after V2

Neutralizing
antibody titers
(results in table)

Very low

sample selection not clarified
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Barros-Martins
(Germany)

Correspondence
(June 2021)

Retrospective cohort

healthcare
workers
primed with
ChAdOXx,
offered a
choice of
boost

additional BNT
homo group
included in
study

ChAdOx1/BNT162b2
74 days
(n=55)

ChAdOx1/ChAdOXx1
73 days
(n=32)

BNT162b2/BNT162b2
21 day interval
(n=46)

16-17 d after V2

anti-S spike 1gG
titers (fold increase
from preboost), for
wild strain (71.5 fold
inc vs 2.9), Alpha,
Beta and Gamma

neutralizing Ab titers
post boost, for all
strains

for Wuhan :
increased in both
groups but higher
titers in hetero

for VOCs :hetero
with higher titers
in all strains while
ChA homo only had
increase in Alpha
but not in Beta and
Gamma

spike specific B cell
positivity

spike specific CD4
positivity
increased in both
groups but higher
in hetero

spike specific CD8

Very low

self-chosen 2nd dose
comparison group BNT/BNT
chosen by investigator without
details

with missing datain all groups

Behrens
(Germany)

Correspondence
(August 2021)

prospective cohort

Healthcare
professionals
and
individuals
with potential
contact to
SARS-CoV-2

(from CoCo
study)

ChAdOx1/BNT162b2,
mean 73.5 (71-85) days
n=11

ChAdOx1/ChAdOXx1
mean 73.5 (71-85) days
n=12

15-17 d after V2

1gG
(ELISA)

50% neutralization
titer
(VSV-pseudoviral
assay)

activity vs variants
all heterologous
indiviruals
achieved NT50 = 25
against all variants
with NT50>100 in
85% of vaccinees,
unlike those who
had homologous
vaccination where
a proportion of
patients did not
reach the 25

Very low

balanced age
no control of confounding
factors
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Benning (Germany) | Full publication Prospective cohort Health care  |ChAdOx1/BNT162b2 ChAdOx 1/ChAdOx1 20d (results in table)  |Very low only a small sample of were
(August 2021) workers median 83d (77-94) interval median 82d (82-83) interval (1QR 19-21) after |TiTers subjected to some of the
(N= 166) (n=35) (n=17) V2 - Full spike immunologic studies
-81
heterologous BNT162b2/BNT162b2 -RBD
group younger median interval 20d (20-20) - 82
homologous (n=82) - nucleocapside
ChA older
than Neutralizing
homologous antibodies
BNT
Seropositivity
- full spike
-81
-RBD
-82
Dimeglio Preprint/corresponden | Prospective cohort Healthcare  |ChAdOx1/BNT162b2 ChAdOx1/ChAdOx1 1 m after V2 NAb titers Very low matched by age and gender for
(France) ce (July 2021) workers with (Live virus-based those >55 years old
covip-19 BNT162b2/BNT162b2 assay)
negative
antibodies pre- Nab seropositivity
vaccination in table
>55y0 with Nab titers nofed as
choice of not statistitcally
homologous or significant across
hetero; those groups
<55 all given
BNT booster
Hammers chmidt Correspondence Retrospective cohort [Healthcare ~ [ChAdOx1/BNT162b2 BNT162b2/BNT162b2, 21 days mean 17 (13-23) d [NAb against Delta  [Very low
(Germany) (August 2021) professionals |2-3 months interval interval after homologous |variant
and (n=54) (n=30) ChAdOx1 prime-  |(SVNT, pVNT)
individuals boost or
with potential ChAdOx1/ChAdOx1, heterologous BNT | ChA/ENT with
contact to 21 days interval prime-boost higher Nabs vs
SARS-CoV-2 (n=31) Alpha, beta and
mean 30 (15-65) d | Gamma compared

after homologous
BNT162b2 prime-
boost

to BNT/BNT

BNT/BNT higher
Nabs vs Delta vs
hetero...
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Hillus Full publication Prospective, health care  |ChAdOx1/BNT162b2 BNT162b2/BNT162b2 3 weeks after V2 |(Microarray-based |Very low use of electronic questionnaire
(Germany) (August 2021) observational cohort  [workers ina |71 d (IQR 70-73) 21d (IQR 21-21) immunoassay for AEs
tertiary care  |(n = 104) (n=174) surrogate virus
center neutralization Interim
(N=380 ChAdOx1/ChAdOx 1 test (sVNT) and missing data, less samples with
enrolled, (n=38) IGRA and ELISA) immunogenicity in homoBNT
excluded 26)) see tables for
results multivariate matching for sex
Excluded and age between vaccine groups
seropositive Anti-full spike
(PCR- Anti-spike 1
confiremd or reactivity
1gG Anti-spike RBD-IgG
detectable) anti - N
only 30 RBD binding
selected inhibition
samples (surrogate
tested for T- nutralization
cell response asssay)
(pseudoneutralizatio
n assay)
|D50 for Alpha and
Beta
T cell response (
(IFN-gamma release
assay)
Vallee Full publication Retrospective healthcare ChAdOx1/BNT162b2 BNT162b2/BNT162b2 30 and 60 d after |/gG antibodies Very low adjusted titers based on dosing
(France) (August 2021) crosssectional study |workers with |12 weeks interval 4 weeks interval V2 significantly higher interval
not previous |(n=130) (n=67) with HETERO but
CovID no significant
infection difference after
adjustment for time
BNT homo - between doses
younger
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ChAdOx1/BNT162b2
Study author Type of study \ . Heterologous regimen 'Homologous Certainty of
Study design | Population . regimen/comparator Follow-up Outcomes . Comments
(country) (date) (dosing interval) L evidence
(dosing interval)
Safety
Borobia Full publication (July |RCT (Ph2) Healthy, 18- |ChAdOx1/BNT162b2 no second dose or ChAdOx 7 d reactogenicity |Solicited local and |Low Open label
(Spain) 2021) 60yo, 8-12 weeks ( i.e. maintain observation) systemic adverse Randomization list centrally
received prim |(n = 441) (n = 222) 14 d after V2 events generated by SAS,
ChAdOx1 8-12 balanced wirhtdrawals and
weeks prior to 1 withdrew consent planned 1 year Unsolicited adverse exclusions
screening 2 withdrew consent, 3 excluded events
N =676 7excluded
1 lost to follow up 31 with severe
Excluded adverse events
clinically (malaise 23%,
significant myalgia 19% and
acute iliness, headcahe 16%
T at least
38'C, COVID-
19 disease;
pregnancy
2 withdrawals
in vaccine
group, 1in
control
7 exclusions
from vaccine
and 3 in
control
GroB Preprint (July 2021) |Single cohort, self- Received ChAdOx1/BNT162b2 (no comparison) Not stated Solicited local Low
(Germany) controlled ChAdOx1 as |56 days Interval boost compared to prime adverse events
first dose (n =26) 80.4%(23/26) with
(n=26) at least 1 mild or

moderate
symptoms

most common AE :
pain at injection
site (84.6%),
fatigue (84.6),
chills (19.2)

similar AE reports
in prime and boost

milder reaction to
boost than prime

Severe symptoms of
fatigue (7.7) and
headache (15.4%)
Solicited systemtic
adverse events
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As of 22 October 2021




Philippine COVID-19 Living Clinical Practice Guidelines

their second
dose 21 days
prior, with
recorded
mobile
numbers,
invited to the
survey

(n =1313)

Excluded
ncomplete
information,
those who
responded’not
known” when
asked about
prior COVID
19 symptoms

Local reactogenicity
ChAd/BNT : 51%
BNT/ChAd : 54.4%
ChAd/ ChAd : 32%
BNT/BNT : 26.3%

Systemic
reactogenicity
ChAd/BNT : 51.9%
BNT/ChAd : 44.3%
ChAd/ ChAd :
25.9%

BNT/BNT : 25.6%

HETERO more
likely to report
more severe AEs

Liu Preprint/corresponden | RCT (Ph2) Adults >50 |ChAdOx1/BNT162b2 ChAdOx1/ChAdOx1, 7 d after Solicited local and |Low Participant-blind
(UK) ce (July 2021) y.o, with no or [28-day interval 28-day interval immunization systemic events non-inferiority trial,
well- (n=90) (n=90) IWRS
controlled, (n= 24, immuno) (n =25, immuno) Unsolicited adverse clinical assessors unmasked
mild-moderate 28 d after events only a sample of population
comorbidities |BNT162b2/ChAdOx1 BNT162b2/BNT162b2 immunization with immunologic studies
(N=463) 28-day interval 28-day interval Medically attended
(n=90) (n=93) adverse events
Excluded (n = 25, immuno) (n =26, immuno)
Previous lab- Blood biochemistry
confirmed and hematology
SARS-CoV-2 assessments
infection,
history of both heterologous
anaphylaxis, regimen had higher
history of systemic reactions
allergy fo a than homologous
vaccine
ingredient, higher proportions
pregnancy, of paracetamol use
breastfeeding, in the heterologous
intent to
conceive, no
current use of thrombocytopenia
anticoagulants
Powell RWE (August 2021) |Retrospective cohort |Adults aged |ChAdOx1/BNT162b2 ChAdOx1/ChAdOx1 Within 21 d from |Overall AE rates Low database review
(UK) 18-75 med 76d med 69d V2 ChAd/BNT : 60.5%
recorded to  [(n =572) (n =461) BNT/ChAd : 58.8% Online survey questionnaire
have received ChAd/ ChAd : (response rate of 18.7%)
vaccination in |BNT162b2/ChAdOx1 BNT162b2/BNT162b2 35.2% (no protocol/
the NIMS,who |med 76d med 69d BNT/BNT : 29.3% no clear methods)
had received [(n = 167) (n=133)

subgrouped by age, sex,
previous infection, severe
AR on prime
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Benning (Germany)  |Full publication Prospective cohort Health care  |ChAdOx1/BNT162b2 ChAdOx1/ChAdOx1 Not stated Any reaction Low only a small sample of were
(August 2021) workers median 83d (77-94) interval median 82d (82-83) interval BNT/BNT = 83% subjected to some of the
(N=166) (n=35) (n=17) Cha/BNT = 72% immunologic studies
Cha/Cha = 29%
heterologous BNT162b2/BNT162b2
group younger median interval 20d (20-20) Local reactogenicity
homologous (n=82) Cha/Cha = 7%
ChA older Cha/BNT = 52%
than BNT/BNT = 53%
homologous
BNT Systemic
reactogenicity
BNT/BNT = 76%
Cha/BNT = 52%
Cha/Cha = 29%
Hillus Full publication Prospective, health care  |ChAdOx1/BNT162b2 BNT162b2/BNT162b2 1d,3d,5d,7d |Local Low use of electronic questionnaire
(Germany) (August 2021) observational cohort  |workersina |71 d (IQR 70-73) 21d(IQR 21-21) after V1 and V2 |Reactogenicity for AEs
tertiary care  |(n = 104) (n=174) ChA/BNT : 80%
center BNT/BNT : 75% Interim
(N=380 ChAdOx1/ChAdOx1 ChA/ChA : 60% missing data, less samples with
enrolled, (n=238) immunogenicity in homoBNT

excluded 26))

Excluded
seropositive
(PCR-
confiremd or
1gG
detectable)

only 30
selected
samples
tested for T-
cell response

Systemic Reaction
rate:

ChA/BNT : 49%
BNT/BNT : 65%
ChA/ChA : 39%

fatigue, myalgia,
headache and

chills, and fever
more common in
HOMO vs hetero

Severe AEs least
common after
hetero

no lifethreateaning
reactions

multivariate matching for sex
and age between vaccine groups
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anticoagulants

Study author Type of study Study design Population Heterolt.:gmljs regimen Homolc.hgm.ls regimen Follow-up Outcomes Cart.alnty of Comments
(country) (date) (dosing interval) (dosing interval) evidence
Clinical efficacy/effectiveness
None
Immunogenicity
Liu Preprint/corresponden |RCT (Ph2) Adults > 50 ChAdOx1/BNT162b2 ChAdOx1/ChAdOx1, 28 d after V2 ELISA) Very low Participant-blind
(UK) ce (July 2021) y.o, with no or | 28-day interval 28-day interval Anti-spike 1gG* - non-inferiority trial,
well- (n=90) (n =90) see tables IWRS
controlled, (n= 24, immuno) (n = 25, immuno) clinical assessors
mild-moderate Anti-spike binding unmasked
comorbidities |BNT162b2/ChAdOx1 BNT162b2/BNT162b2 1gGt only a sample of population
(N=463) 28-day interval 28-day interval with immunologic studies
(n =90) (n=93) (IFN-y ELISpot)
Excluded (n = 25, immuno) (n = 26, immuno) Cellular responses
Previous lab- IFN-y
confirmed
SARS-CoV-2 Pseudotype virus
infection, neutralization assay
history of (PNA))
anaphylaxis, NAb
history of
allergy fo a
vaccine
ingredient,
pregnancy,
breastfeeding,
intent to
conceive,
current use of
anticoagulants
Safety
Liu Preprint/corresponden |RCT (Ph2) Adults > 50 ChAdOx1/BNT162b2 ChAdOx1/ChAdOx1, 7 d after Solicited local and |Low to moderate Participant-blind
(UK) ce (July 2021) y.0, with no or | 28-day interval 28-day interval immunization systemic events non-inferiority trial,
well- (n = 90) (n =90) IWRS
controlled, (n= 24, immuno) (n = 25, immuno) Unsolicited adverse clinical assessors
mild-moderate 28 d after events unmasked
comorbidities |BNT162b2/ChAdOx1 BNT162b2/BNT1682b2 immunization only a sample of population
(N=463) 28-day interval 28-day interval Medically attended with immunologic studies
(n =90) (n=93) adverse events
Excluded (n = 25, immuno) (n = 26, immuno)
Previous lab- Blood biochemistry
confirmed and hematology
SARS-CoV-2 assessments
infection,
history of both heterologous
anaphylaxis, regimen had higher
history of systemic reactions
allergy fo a than homologous
vaccine
ingredient, higher proportions
pregnancy, of paracetamol use
breastfeeding, in the heterologous
intent to
conceive, no
current use of thrombocytopenia
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RWE (August 2021)

Retrospective cohort

Adults aged
18-75
recorded to
have received
vaccination in
the NIMS,who
had received
their second
dose 21 days
prior, with
recorded
mobile
numbers,
invited to the
survey
(n=1313)

Excluded
ncomplete
information,
those who
responded’not
known” when
asked about
prior COVID
19 symptoms

ChAdOX 1/BNT162b2
med 76d
(n=572)

BNT162b2/ChAdOx1
med 76d
(n=167)

ChAdOx1/ChAdOX1
med 69d
(n = 461)

BNT162b2/BNT162b2
med 69d
(n=133)

Within 21 d from
v2

Overall AE rates
ChAd/BNT : 60.5%
BNT/ChAd : 58.8%
ChAd/ ChAd :
35.2%

BNT/BNT : 29.3%

Local reactogenicity
ChAd/BNT : 51%
BNT/ChAd : 54.4%
ChAd/ ChAd : 32%
BNT/BNT : 26.3%

Systemic
reactogenicity
ChAJ/BNT : 51.9%
BNT/ChAd : 44.3%
ChAd/ ChAd :
25.9%

BNT/BNT : 25.6%

HETERO more
likely to report
more severe AEs

Low to moderate

database review

Online survey questionnaire
(response rate of 18.7%)
(no protocol/

no clear methods)

subgrouped by age, sex,
previous infection, severe
AR on prime
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ChAdOx1/mRNA-1273

Study author
(country)

Type of study
(date)

Study design

Population

Heterologous regimen
(dosing interval)

Homologous regimen

(dosing interval)

Follow-up

Qutcomes

Certainty of
evidence

Comments

Clinical efficacy/effectiveness

None

Immunogenicity

Rose
(Germany)

Preprint (July 2021)

Prospective cohort

not described

ChAdOx1/BNT162b
(n=41)

ChAdOx1/mRNA-1273
(n=1)

ChAdOX1/ChAdOx1
(h=9)

BNT162b2 / BNT162b2
(n=8)

15 d post V2

19G%
all groups reached
100%

IgG titers (anti-S
and Anti RBD)
titers in the
heterologous
groups 7-10x
higher than the
homologous ChAd
and 10 to 175 times
higher that the
homologous
BNT162b2

Neutralization titers
homologous ChA
had 13 to 11 fold
lower GMTs
compared to
heterologous or
homo BNT

Neutralization %
similar across

groups

Very low

with missing samples post-
D2

Normark
(us)

Correspondence
(September 2021)

prospective cohort

healthcare
workers
(n=88)

excluded 5
who had
‘COVID prior

ChAdOx 1/mRNA-1273
84 (IQR 82-86)
(n=48)

ChAdOX1/ChAdOX1
70d (IQR 67-76)
(n=35)

7-10and 30 d
after V2
(extracted 30
days)

results in tables
S-binding and RED
binding titers

decreased
neutralization of
Beta, but HETERO
significantly higher
titers than HOMO

Very low

interim report of ongoing
study

s| younger Homo

Homo with more allergy and
comorbid

dosing interval longer in
HOMO

Safety

Normark
(us)

Correspondence
(September 2021)

prospective cohort

healthcare
workers
(n=88)

excluded 5
who had
COVID prior

ChAdOX1/mRNA-1273
84 (IQR 82-86)
(n=48)

ChAdOx1/ChAdOx1
70d (IQR 67-76)
(n=35)

7-10 d after V2

higher pain with
HETERO

more systemic
events with
HETERO : Fever,
fatigue, headcache,
chills, other

Low

interim report of ongoing
study

sl younger Homo

Homo with more allergy and
comorbid

dosing interval longer in
HOMO
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pain:5vs 7.5 vs
11.1

pyrexia : 15 vs 15
vs 11.1

malaise : 5 vs 15
vs. 5.5
paracetamol use :
7.5vs 17.5vs 11.1
overall frequency
of AE in hetero
similar to homo

ChAdOx1/BBV152
Study author Type of study Study design | Population Heterolt?got_ls regimen Homolc?got_Js regimen Follow-up Outcomes Cert_amty of Comments
(country) (date) (dosing interval) (dosing interval) evidence
Clinical efficacy/effectiveness
None I | | I | | |
Immunogenicity
Kant Preprint (August Prospective cohort individuals ChAdOx1/BBV152 ChAdOX1/ChAdOx 1 60-70 d after V1 |PRNT50 assay - Very low unclear on selection of the
(India) 2021) under the (n=18) (n = 40) see tables homologous groups
national ELISA)
vaccination BBV152/BBV152
program (n=40) Anti-RBD, anti-
spike, N protein
titers
NAD titers against
B.1, Alpha, Beta,
and Delta strains
Safety
Kant Preprint (August Prospective cohort individuals ChAdOx1/BBV152 ChAdOX1/ChAdOx1 7 d after V2 Solicited local and  |Low unclear on selection of the
(India) 2021) under the (n=18) (n=40) systemic Aes homologous groups
national (Cha/Cha vs
vaccination BBV152/BBV152 Cov/Cov vs
program (n=40) Cha/Cov)
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mRNA-1273/BNT162b2
Study author Type of study Study design | Population Heterok.)go;.:s regimen Homolqgot.as regimen Follow-up Outcomes Cert.amty of Comments
(country) (date) (dosing interval) (dosing interval) evidence
Clinical efficacy/effectivenss
None
Immunogenicity
Vinh Preprint (September | Prospective cohort >=65 year old, | MRNA-1273/BNT162b2 BNT162b2/BNT162b2 4 weeks similar levels of Very low
(Canada) 2021) in long term IgG were observed
care facility with no difference
mMRNA1273/mRNA1273 between HOMO and
HETERO
Safety
None
CoronaVac/ChAdOx1
Study author Type of study . . Heterologous regimen Homologous regimen Certainty of
(country) (date) Study design | Population (dosing interval) (dosing interval) Follow-up Outcomes evidence Comments

Clinical efficacy/effectiveness

None
Immun icity
Yorsaeng Preprint (September | Retrospective cohort |general CoronaVac/ChAdOx1 CoronaVac/CoronaVac not specified anti-S antibody Very low
(Thailand) 2021) population? 4 weeks 3 weeks titers
Not described |(n=54) (n=80)

ChAdOx1/ChAdOx1

10 weeks

(n=80)
Safety
None
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CoronaVac/Ad5-nCoV
Study author Type of study | Study design | Population Heterolt‘)gm:ls regimen Homoltfgot.Js regimen | Follow-up ‘ Outcomes ‘ Cert.alnty of Comments
(country) (date) (dosing interval) (dosing interval) evidence
Clinical efficacy/effectiveness
None | I I | |
Immunogenicity
Li Preprint (September  |RCT 18-59 yo, CoronaVac/Ad5 CoronaVac/CoronaVac 14 and 28 d after |neutralizing antibody |Low IWRS randomization
(China) 2021) healthy 1-2 months 1-2 months V2 titers (live viral participants, investigators,
received two  [(n=49) (n=49) assay) lab and outcome assessors
doses of - seroconversion- blinded to treatment but not
CoronaVac in |2 patients discontinued 1 patient discontinued see table to th 3 or 2 dose regimen;
the past 3-6 - GMT-see table
months or one - Geometric mean (4-arm trial, 2 arms on
dose of fold increase booster after 2 doses of
CoronaVac in 23.4vs 5.2 Coronavac)
the past 1-2
months IFN-Gamma titers -
see table
Excluded anti-RBD binding
previous titer - see table
clinical or
virologic
COVID-19
diagnosis or
infection,
pregnant
women
Safety
Li Preprint (September |RCT 18-59 yo, CoronaVac/AdS CoronaVac/CoronaVac 28 days after V2 |(Hetero vs Homo) Low IWRS randomization
(China) 2021) healthy 1-2 months 1-2 months any AE :25.5% vs participants, investigators,
received two  [(n=49) (n=49) 8.0% lab and outcome assessors
doses of Inj site AE : 23.5 blinded to treatment but not
CoronaVac in |2 patients discontinued 1 patient discontinued vs 2.0 to th 3 or 2 dose regimen;
the past 3-6 Pain atinj : 19.6 vs
months or one 2.0 (4-arm trial, 2 arms on
dose of Any systemic : booster after 2 doses of
CoronaVac in 11.8 vs 6.0 Coronavac)
the past 1-2 Fever : 5.9vs 2.0
months Fatigue : 7.8 vs 4.0
Excluded low incidence of
previous unsolicited adverse
clinical or reactions
virologic
CovID-19 no severe AE in
diagnosis or both groups
infection,
pregnant
women
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ChAdOx1/BNT162b2 or mRNA-1273

Study author Type of study
(country) (date)

Heterologous regimen Homologous regimen

(dosing interval) (dosing interval) Follow-up Qutcomes

Study design ‘ Population evidence

Certainty of

Comments

Clinical efficacy/effectiveness

Gram Preprint (July 2021) Retrospective Vaccinated ChAdOx1/BNT162b2 ChAdOx1/- Immediately after |VE against SARS- Low
(Denmark) population-based residents in (n = 88,050) (n = 144,360) or no vaccination vaccination up to |CoV-2 infection,
cohort study Denmark emigration, death, |(0-713d)
ChAdOx1/mRNA-1273 or June 23, 2021 |ChA/mRNA : 66%
N = 5,542,079 |(n = 48,501) whichever comes |(59,72)

first (>=14d)

results presented as ChA/mRNA : 88%
ChAdOx1 / mRNA vaccine 0-13 d and =/> 14 | (83,92)

d after V2
COVID-19 related
hospitalization
none

COVID 19 related
death

all cause
hospitalization
(0-13d)
Cha/mRNA :43%
(36,49)

(>=14d)
Cha/mRNA : 50%
(45, 55)

all cause death
none accurred

controlled for calendar time,
age, sex, heritage,
comorbidity, and
hospitaliation (for death)

g
Schmidt Correspondence (July |Prospective cohort 216 ChAdOx1/mRNA-based ChAdOx1/ChAdOx1 Median 14 d after |results in table Very low
(Germany) 2021) immunocompe |(n = 97) (n =58) vaccination after |Spike specfic 1gG
tent V2 level (BAU/ml)
individuals mRNA-based/mRNA-based
(n =864) Surrogate
neutralization test
(inhibitory activity)

Cytokines interferon
(IFN)-y

Spike-specific CD4 ,
cD8

Homologous vector group
older than other groups

Schmidt2 Full publication Prospective cohort 40 solid ChAdOx1/mRNA-based ChAdOx1/ChAdOx1 Median 14 d after |CD4 T cell levels Very low
(Germany) (August 2021) transplant (n =20) (n=9) V2 after HOMO were
recipients lower than HETERO
70 mRNA-based/mRNA-based
immunocompe (n=9) CD8 higher in
tent controls hetero but not
signifeant

1gG and
netrualizing Ab
higher in Hetero
and HomomRNA,
thatn Homo vec

matching across transplant
vs immunocompetent, not
based on vaccination

Safety

Schmidt Correspondence (July |Prospective cohort 216 Vector vaccine/mRNA vaccine |Vector vaccine/Vector vaccine Within first week |Local and systemic |Low
(Germany) 2021) immunocompe |(n = 97) (n = 55) after D1 and D2 |adverse events
tent
individuals mRNA vaccine/mRNA vaccine mRNA-boosted
(n =64) regimen less
tolerated

Homologous vector group
older than other groups
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Appendix 6. Seropositivit

Immunologic study

HETERO Regimen
(N)

HOMO Regimen
(N)

Difference between

STUDY ID (Test Used) post-boost post-boost Regimen after D2
(W ol Assess izl Seropositivity Seropositivity e
ChAd/BNT ChAd/ChAd 3.3%
(35) (17) (9810 16.4)
AntiS1 IgG positivity 97.0 93.5 ) '
20 days ChAd/BNT BNT/BNT 2 0%
(35) (82) 06
96.8 97.0 (71t06.7)
ChAd/BNT BNT/BNT
Full spike (15) (15) 0.00%
Bennin 100% 100%
g ChAd/BNT BNT/BNT
S1 (15) (15) 0.00%
100% 100%
ChAd/BNT BNT/BNT
RBD (15) (15) 0.00%
100% 100%
ChAd/BNT BNT/BNT 7.0%
S2 (15) (15) o+
93% 100% (-20t0 5.91)
Nab
(live virus based) Ch/?gé?m BN(Ta’a'?)NT 12.1%
(12 month) o o (-31t0 6.3)
<55 ylo 75.7% 87.8%
Nab
. . (live virus based) ChAd/BNT BNT/BNT 27.2%
Dimeglio (22) (22)
(2 month) 95 4% 68.2% (5.86-48.5)
>55 y/o ) '
Nab
(live virus based) ChA(gél?NT ChA(dZIZC;hAd 31.8%
(1 month) 95.4% 63.6% (9.9-53.7)
>55 y/o ) '
Anti-spike Ché%/g)NT Ch?f(/)(é)h Ad 1.0%
(28days) o o (-4.6 t0 6.6)
96% 95%
Anti-spike Cha‘gSB)NT B'\('H%;\'T 4.0%
(28days) 96% 100% (-7.7 10 -0.3)
Anti-spike BN(Y(%;Ad Ch'?%g;] Ad 5.0%
(28days) (8.3-9.2)
100% 95%
Anti-spike BNT/ChAd BNT/BNT
P (109) (110) 0.00%
¥ (28days) 100% 100%
iu
Cellular Response Ch(Al((j)/7B)NT Ch?f(/)g)hAd 2.0%
(28 days) (-0.7t0 4.7)
100% 98%
Cellular Response Ché%/%NT BN(I(/)!;;\I T 7.0%
(28 days) 96% 94% (2.21-11.8)
Cellular Response BN(-;/(%;Ad Ch?f(/)%:)h Ad -8.0%
(28 days) 90% 98% (-14.2t0 -1.73)
Cellular Response BN(Yé:Sr;Ad Bl\é'll'(/)E;;\l T -3.0%
(28 days) 90% 94% (-10.4to 4.4)
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ChAd/BNT BNT/BNT
RBD reactivity (94) (101) 10% gg)'g o
100% 99% '
ChAd/BNT ChAd/ChAd
RBD reactivity (94) (36) 0
100% 100%
ChAd/BNT ChAd/ChAd
Nab
(surrogate virus neutralization) (94) (36) 0
100% 100%
Nab ChAd/BNT BNT/BNT 1.0%
(surrogate virus neutralization) (94) (101) (-0.9 to 2.94)
il 100% 99% ) )
Hillus ChAJ/BNT ChAd/ChAd 2%
Anti-S1 (94) (36) :
100% 97% (-2.57 t0 8.57)
ChAd/BNT BNT/BNT
Anti-S1 (94) (101) 1.0%
100% 99% (-0.9 to 2.94)
(surrogate vir’:sa k?1eutra|ization) Ché(gE)NT ChA(%/;hAd (-4 :? .tz;ylos 7)
g 97.1% 92.4% : '
Nab ChAd/BNT BNT/BNT 0.5%
(surrogate virus neutralization) (104) (174) (-3.7t04.7)
97.1% 96.6% ) )
CoV/Ad5 CoV/CoV 6.1%
LiJ Neutralizing Antibody (50) (50) (-0.5 t.o 12.73)
100% 93.9% - )
vector/mRNA mMRNA/MRNA Median
IFN gamma CD4 97) (55) percentages, not
0.17 0.16 GMTs
vector/mRNA vector/vector Median
IFN gamma CD4 (97) (64) percentages, not
Schmidt 0.17 0.04 GMTs
vector/mRNA mMRNA/MRNA Median
IFN gamma CD8 (97) (55) percentages, not
0.28 0.06 GMTs
vector/mRNA vector/vector Median
IFN gamma CD8 (97) (64) percentages, not
0.28 0.04 GMTs
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Appendix 8. Titer Levels

Immunologic study HETERO Regimen HOMO Regimen GMR
STUDY ID (Test Used) (N) (N) (Hetero:Homo)
(Time of Assessment) GMT (95% CI) GMT (95% CI) (95% CI)
ChAd/BNT BNT/BNT
(n=) (n=) 0.8
. 116.2 (IQR 61.8-170) 145.5 (100.0-291.1)
Anti-S11gG levels ChAd/BNT ChAd/ChAd
(n=) (n=) 8.87
Bennings 116.t21 (((51}.8-170) 13.1 (7./0-29.0)
. ChAd/BNT BNT/BNT
Full spike MFI values 24243 23849 1.02
ChAd/BNT BNT/BNT
S1 MFI values 19332 16955 1.14
ChA/BNT BNT/BNT
S2 MFI values 13138 9696 1.35
ChA/BNT Cha/Cha
Anti-spike 1gG (104) (104) 9.27
12906 1392
BNT/ChA BNT/BNT
Anti-spike 1gG (109) (109) 0.51
7133 14080
ChA/BNT BNT/BNT
Anti-spike 1gG (104) (109) 0.92
12906 14080
BNT/ChA Cha/Cha
Anti-spike 1gG (209) (104) 5.12
7133 1392
Neutralizing Antibodies CQ’%?;\IT Chaj(():lr;Ad 8.5
(pseudotype assay NT50) 515 61 (6.5-11)
Neutralizing Antibodies B'\(II(/)E)hA BI\(IIC/)BZS\IT 0.67
(pseudotype assay NT50) 383 574 (0.51-0.88)
Liu
Neutralizing Antibodies ChA/BNT BNT/BNT
(pseudotype assay NT50) (101) (102) 0.9
515 574
Neutralizing Antibodies BNT/ChA Cha/ChAd
(pseudotype assay NT50) (104) (101) 6.3
383 61
IFN-Gamma ChAd/BNT ChAd/ChAd 3.9
(ELISpot) (108) (104) @ 9'_5 3)
28 days after 184 48 T
IFN-Gamma ChAd/BNT BNT/BNT
(ELISpot) (108) (110) 23
28 days after 184 80
IFN-Gamma BNT/ChAd ChAd/ChAd
(ELISpot) (109) (104) 2.02
28 days after 97 48
IFN-Gamma BNT/ChAd BNT/BNT 1.2
(ELISpot) (109) (110) © 87.-1 7
28 days after 97 80 ) '
Anti-spike 1gG ChAd/BNT ChAd/ChAd
Behrens (Quantivac) (112) (12) 3.55
16 days after 611.0 171.9
Anti S1-RBD ChAd/CoV ChAd/ChAd
(Elisa) (18) (40) 0.83
Kant 9 weeks later 1866 2260
Anti S1-RBD ChAd/CoV CoV/CoV
(Elisa) (18) (40) 2.63
9 weeks later 1866 710
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N-protein ChAd/CoV ChAd/ChAd
9 weeks (18) (40) 3.24
1145 353.7
N-protein ChAd/CoV CoV/CoV
9 weeks (18) (40) 1.54
1145 742.4
IgG titers ChAd/CoV ChAd/ChAd
(whole virus) (18) (40) 154
9 weeks 171.4 111
19G ChAd/CoV CoV/CoV
(whole virus) (18) (40) 1.99
9 weeks 171.4 86
Neutralzing Antibodies ChAd/CoV ChAd/ChAd
(PRNT50) (18) (40) 3.33
9 weeks 539.4 162
Neutralzing Antibodies ChAd/CoV CoV/CoV
(PRNT50) (18) (40) 3.44
9 weeks 539.4 156.6
. g vector/mRNA MRNA/MRNA
Spike-specific 1IgG
P A 4p days 9 (97) (55) 0.74
Schmidt 3630 4932
Spike-specific IgG vector/mRNA vector/vector
14 days 97) (64) 8.99
3630 404
Neutralizing antibody ChAd/BNT BNT/BNT
(surrogate neutralization (232) (410) 162
assay)
14 days 2798 1730
neutralizing antibody ChAJ/BNT BNT/BNT
Tenbusch (Su”ogatzsgfi“;ra"Zat'on (250) (127) 2.58
W da’)’ls 6673 2583
neutralizing antibody
(surrogate neutralization ChAJ/BNT ChAd/ChAd
(250) (66) 62.95
assay)
14 days 6673 106
Anti-spike IgG ChAd/BNT BNT/BNT
3 weeks 0 0 1.03
5.6 5.6
Anti-spike IgG ChAd/BNT ChAd/ChAd
3 weeks 0 0 114
. 5.6 4.9
Hillus IFN-gamma ChAd/BNT BNT/BNT
(IGRA) (91) (66) 2.35
3 weeks 4762 2026
IFN- gamma ChAd/BNT ChAd/ChAd
(IGRA) (92) (34) 4.45
3weeks 4726 1061
S-Binding ChAd/Mod ChAd/ChAd
1 month (48) (35) 14.1
Normark 104083 7381
RBD-bindin ChAd/Mod ChAd/ChAd
L odave 9 48) (35) 34.05
Y 41680 1224
Anti-laG ChAd/BNT BNT/BNT
Vallee 9 (130) (67) 0.68
30-60 days
7268.6 10,734.9
. CoV/ChAd CoV/CoV
Yorsaeng anes s (54) (80) 8.27
P 797 96.4
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Anti-S IgG CoV/ChAd ChAd/ChAd
unspecified (54) (80) 0.97
797 818
Neutralizing antibodies CoV/Ad5 CoV/CoV
(live viral netrualization assa) (50) (50) 4.68
28 days 49.6 10.6
CoV/Ad5 CoV/CoV
LiJ 'Fﬁg;glg‘a (50) (50) 1.66
65 40
Anti RBD-binding 1gG Cov/AdS CoviCov
14 days (50) (50) 6.11
941.8 154.1
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Study

NCT Number Title Status Results Interventions Outcome Measures Sponsor/Collaborators URL
Collaborative
Study to Antibody against Spike protein measurement by
Evaluate No . N ELISA test|Incidence of adverse events by Ministry of Public Health, PP .
NCT04988048 | Heterologous Recruiting | Results 5;%';?1233" COVID-19 measurement of the number of reactions after Argentina|Russian Direct 7;;%?/\/’,’52?832;?530\/
Vaccination Available vaccination|Neutralising Antibody against Spike Investment Fund
Against Covid- protein and cellular immune response
19 in Argentina
Magnitude of SARS-CoV-2 specific antibody
binding and neutralization titers|Occurrence of
Delayed adverse events (AEs)|Occurrence of Adverse
Heterologous Biological: Events of Special Interest (AESIs).|Occurrence of
SARS-CoV-2 No Ad26.COV2.S|Biologica | New-Onset Chronic Medical Condition National Institute of Allergy httos://ClinicalTrials.qov
NCT04889209 | Vaccine Dosing | Recruiting | Results I: BNT162b2|Biological: (NOCMCs).|Occurrence of Related Medically and Infectious Diseases /sh%W/NCTO48892(53
(Boost) After Available | mRNA-1273|Biological: attended adverse events (MAAEs).|Occurrence of | (NIAID)
Receipt of EUA mRNA-1273.211 Serious Adverse Events (SAEs).|Occurrence of
Vaccines solicited reactogenicity adverse events
(AEs)|Response rate of SARS-CoV-2 specific
antibody binding and neutralization titers
Incidence of solicited adverse events within 7 days
after vaccination.|GMT of neutralizing antibodies
against live SARS-CoV-2 virus at Day 14 after the
booster vaccination.|Incidence of adverse
reactions within 28 days after
vaccination.|Incidence of adverse events within 28
days after vaccination.|Incidence of unsolicited AE
within 28 days after vaccination.|Incidence of
serious adverse events(SAE) from the first dose to
Study on _ ‘ ‘ the 6 mqnths after complgting the Ia_st dose_of
Heterologous Biological: recombinant | vaccination.|GMT of binding an_tlbodles against
Prime-boost of Ad5 yecto_red (;OVID-19 SARS-CoV-2 S and RBD protein measured by
Recombinant ‘ vaccme|Blolog|ca!: ELISA at day 14, day 28 after the second _ _ _
COVID-19 Active, No RBD—based proteln vacc!nat!on, and da)_/ 14, month 6 _af_ter the thlrd Jlang_su Province Centers https:/ClinicalTrials.gov
NCT04833101 vaccine (Ad5 not Results subunit vaccine vaccination.|Proportion of the participants with at for Disease Control and /shoW/NCTO 48331(51
recruiting | Available | (ZF2001) against least a four-fold increase of the binding antibodies Prevention

Vector) and
RBD-based
Protein Subunit
Vaccine

COVID-19|Biological:
trivalent split influenza
vaccine

against SARS-CoV-2 S and RBD protein at day
14, day 28 after the second vaccination, and day
14, month 6 after the third vaccination.|Fold
increase of binding antibodies against SARS-CoV-
2 S and RBD protein at day 14, day 28 after the
second vaccination, and day 14, month 6 after the
third vaccination.|GMT of neutralizing antibodies
against live SARS-CoV-2 virus at day 28 after the
second vaccination, and day 14, month 6 after the
third vaccination|Proportion of the participants with
at least a four-fold increase of neutralizing
antibodies against live SARS-CoV-2 virus at day
14, day 28 after the second vaccination, and day
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14, month 6 after the third vaccination.|Fold
increase of neutralizing antibodies against live
SARS-CoV-2 virus at day 14, day 28 after the
second vaccination and day 14, month 6 after the
third vaccination.

NCT05043259

Heterologous
Prime-boost
Immunization
With an
Aerosolised
Adenovirus
Type-5 Vector-
based COVID-
19 Vaccine
(Ad5-nCoV)
After Priming
With an
Inactivated
SARS-CoV-2
Vaccine

Recruiting

No
Results
Available

Biological: inactive
SARS-CoV-2 vaccine
(Vero cell)|Biological:
Low dose aerosolized
Ad5-nCoV/|Biological:
High dose aerosolized
Ad5-nCoV

Incidence of adverse reactions within 14 days after
the booster dose.|GMT of neutralizing antibodies
against live SARS-CoV-2 virus on day 14 after the
booster dose.|Incidence of adverse events within
0-28 days after the booster dose.|Incidence of
serious adverse events (SAE) till the 12 months
after the booster dose.|GMT of neutralizing
antibodies against live SARS-CoV-2 virus on day 7
and 28 after the booster dose.|Fold increase and
seroconversion of neutralizing antibodies against
live SARS-CoV-2 virus on day 14 after the booster
vaccination.|GMT, fold increase and
seroconversion of neutralizing antibodies against
live SARS-CoV-2 virus at month 3, 6, and 12 after
the booster dose.|GMT, fold increase and
seroconversion of binding antibodies against
SARS-CoV-2 RBD on day 7, day 14, day 28 after
the booster dose.|GMT, fold increase and
seroconversion of binding antibodies against
SARS-CoV-2 RBD at month 3, 6, and 12 after the
booster dose.|The levels of IFN- 1*4€e IL-2 and IL-

Jiangsu Province Centers
for Disease Control and
Prevention

https://ClinicalTrials.gov
/show/NCT05043259
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13 secreted by specific T cells on day 7 and 14
after the booster vaccination.

Immunogenicity

Biological: Heterologous
prime-boost schedule
with AZD1222 and

Immunogenicity: Neutralizing antibody against

of COVID-19 No SARS-CoV-2|Immunogenicityi’SAnti-SARS-CoV- ; - .
: Not yet MVC- ; . o Chang Gung Memorial https://ClinicalTrials.gov
NCT05054621 | Vaccine on recruiting Resplts COV1901Biological: 2 Splke antibody|Adverse eventsllmmunogenlmty. Hospital /Show/NCT05054621
Heterologous Available ; Anti-SARS-CoV-2 Nucleocapsid
Schedule Homologous prime- antibody|lImmunogenicity: T cell immunity
boost schedule with two ’
doses of AZD1222
Geometric Mean Titers (GMTSs) of anti-SARS-CoV- Inte_r national Vac‘%'?‘e
= Lo . Institute| The Coalition for
. . - 2 neutralizing antibodies|Incidence of SAEs and p b
Mix and Match Biological: BBIBP-CorV - - . . Epidemic Preparedness
. AESI observed at any time point during the entire ; .
Heterologous - Inactivated SARS- study period|incidence of solicited reactions within Innovations (CEPI)|Instituto
Prime-Boost CoV-2 vaccine (Vero Y P : . Nacional de SaA°de (INS),
) No ) S 7 days (local reactions) and 14 days (systemic ; . N g .
Study Using Not yet cell)|Biological: f ) - Mozambique|University of https://ClinicalTrials.gov
NCT04998240 o Results S reactions)|Incidence of unsolicited adverse events . B
Approved recruiting Available AZD1222 (replication- that are within 28 days after each Antananarivollnternational /show/NCT04998240
COVID-19 deficient Ad type 5 vaccination|Incidence of changes in laboratory Centre for Diarrhoeal
Vaccines in vector expressing full- . Disease Research,
. ; . safety measures from baseline to day 28 after
Mozambique length spike protein) g : : Bangladesh|Harvard
each vaccination|Geometric Mean Titers (GMTS) University|Heidelber
and Geometric Mean Fold Rise (GMFR) Iversity 9
University
Safety and Antibody seroconversion rate (4%q¥ 4 fold increase
Immunogenicity No Biological: from baseline) against SARS-CoV-2 Spike protein i .
NCT04760730 | Study in Adults :\lec():trzi?itn Results AZD1222|Biological: 29 days post second vaccination|Incidence of local | R-Pharm|AstraZeneca /hst:]%swlllﬁ Ic|:r¥((:)ig'é|§7lzgov
of AZD1222 9 | Available | rAd26-S and systemic solicited Adverse Events (AEs) for 7
and rAd26-S days following each vaccination (Day 1 through
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Administered as
Heterologous
Prime Boost
Regimen for the
Prevention of
Coronavirus
Disease 2019
(CoVID-19)

Day 7 for first vaccination and Day 29 through Day
35 for second vaccination)|Incidence of unsolicited
AEs, Serious Adverse Events (SAEs) and Adverse
Events of Special Interest (AESIs) through 29 days
post each vaccination|Incidence of SAEs and
AESiIs after first vaccination until study end (Day
180)|Antibody seroconversion rate (8%.¥ 4 fold
increase from baseline) against SARS-CoV-2
Spike protein 29 days post first
vaccination|Antibody seroconversion rate (a%o¥ 4
fold increase from baseline) against Receptor
Binding Domain (RBD) antigen|Geometric Mean
Titre (GMT) and Geometric Mean Fold Rise
(GMFR) of immunogenicity against Spike and RBD
antigens at the day of vaccination (baseline), Day
15, 29 days post each vaccination and at study
end (Day 180).|Antibody seroconversion rate (8%o¥
4 fold increase from baseline) SARS-CoV-2
neutralising antibodies| GMT and GMFR of
immunogenicity as measured by SARS-CoV-2
neutralising antibodies at day of vaccination
(baseline), Day 15, 29 days post each vaccination
and at study end (Day 180)

NCT05048940

Efficacy, Safety,
and
Immunogenicity
of Vaccine
Reimmunization
With a Third
Homologous
Versus
Heterologous
Dose Against
SARS-CoV-2in
Patients
Undergoing
Solid Organ
Transplantation.

Not yet
recruiting

No
Results
Available

Biological: Janssen
vaccine|Biological:
Spikevax (Moderna)
vaccine

Changes in the production of anti-S1-RBD I1gG
antibodies.|Change in the presence of activated T
cells specific for SARS-CoV-2 (Sprotein).|Changes
in the phenotype of effector/memory/virgin B and T
cell populations and subtypes of Th and NK cell
populations.|Incidence of
symptomatic/asymptomatic COVID infection after
revaccination.|Number of patients with hospital
admissions and/or visits to the emergency
department for severe symptoms related to
COVID-19 infection.

Instituto de InvestigaciA®n
MarquA©s de Valdecilla

https://ClinicalTrials.gov
/show/NCT05048940
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Study in Adults
of AZD1222
and rAd26-S

Antibody seroconversion rate (8%c¥ 4-fold increase
from baseline) against SARS-CoV-2 neutralising
antibodies 29 days post second
vaccination.|Incidence of local and systemic
solicited AEs for 7 days following each vaccination
(Day 1 through Day 7 for first vaccination and Day
29 through Day 35 for second
vaccination).|Incidence of unsolicited AEs, SAEs
and AESIs through 29 days post each vaccination
(ie, until Day 29 following the first vaccination and
Day 57 following the second
vaccination).|Incidence of SAEs and AESIs after
first vaccination until study end (Day
180).]JAntibody seroconversion rate (a%o¥ 4-fold
increase from baseline) against SARS-CoV-2
Spike protein|Antibody seroconversion rate (8%o¥
4-fold increase from baseline) against RBD

R-
Pharm|AstraZeneca|Russian

NCT04684446 ﬁgg'rrglsgegii as Recruitin ggsults 2?5:?2'%?;&0'0 ical: antigen.|GMT and GMFR of immunogenicity Direct Investment Fund|The https://ClinicalTrials.gov
Prime-Bgost 9 Available | rAd26-S gicat: against Spike and RBD antigens (MSD serology Gamaleya National Center /show/NCT04684446
Regimen for the assay) at the day of vaccination (baseline), Day of Epidemiology &

Pr gimer 15, 29 days post each vaccination and at study Microbiology
evention of end (Day 180).|Antibody seroconversion rate (8%o¥
COVID-19 ay 160). Y S oo
4-fold increase from baseline) SARS-CoV-2
neutralising antibodies 29 days post first
vaccination|GMT and GMFR of immunogenicity as
measured by SARS-CoV-2 neutralising antibodies
at day of vaccination (baseline), Day 15, 29 days
post each vaccination and at study end (Day
180).|Intracellular cytokine staining, including
quantification of Th1/Th2 responses, and flow
cytometry for B- and T-cell responses from day of
dosing baseline to 29 days post each vaccination
and until study end|A binary response, whereby a
participant is defined as a COVID-19 case if their
illness (virologically confirmed [RT-PCR positive]
and symptomatic) occurs
Heterologous ; —
SARS-CoV-2 No Biological: m‘relg;frilcllérl:;l\;%isclgl/ University | https://ClinicalTrials.gov

NCT04907331 | Vaccination Recruiting | Results Vaxzevria|Biological: Neutralizing antibodies|T cells|vaccine failures f GrazIMedical Uni - yf / hp ./NCT0490733.:§L]
With ChAdOx-1 Available | Comimaty of Graz|Medical University of | /show
and BNT162b2 Vienna
Strategies for
Combining the
First . .

. ELISA assessment of concentration of IgG anti S
Component of Active, No Drug: Gam-COVID-Vac ) . Ministerio de Salud de PP )
NCT05027672 | Sputnik V With | not Results | (rAd26)/ Gam-covID- | SPike (Ul/ml) at 28 days.|Serious adverse events | 1o AutAsnoma de hitps.//ClinicalTrials. gov
. . Adverse events of special interest|Neutralising . /show/NCT05027672
Other recruiting | Available | Vac (rAd5) L - Buenos Aires
Adenoviral or antibodies against SARS-CoV-2
mRNA-based
Vaccines.
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Safety and
Immunogenicity
of the

UniversitAatsklinikum
Hamburg-

Immunoglobulin G (IgG)|Geometric mean titer of
Spike-specific Immunoglobulin G (IgG)|Percent of
cells expressing a cytokine by cell type (CD4+ or
CD8+), cytokine set (Thl or Th2 cytokine for CD4+
and CD8+ cytokine for CD8+ or other
combinations of interest) and peptide pool
(covering spike and T cell epitope
regions)|Percentage of subjects who

Cand_ldate . Biological: MVA-SARS- | Percentage of Participants Experiencing Solicited Eppendorf|German Center
Vaccine MVA- Active, No I . N . ; . .
NCT04569383 | SARS-2-S and not Results 2-S vacm_natlo_ns (days Local or Systemic Reactogenlc_lt)_/ as Defined by for Infection N _ _ https://ClinicalTrials.gov
- B 0 & 28)|Biological: the Study Protocol|lmmunogenicity. Number of Research|Philipps University | /show/NCT04569383
a Booster recruiting | Available Comi = h d Marbura Medical
Vaccination omirnaty participants who seroconverte: arburg Medical
. ) Center|Ludwig-Maximilians -
With a Licensed . - -
Vacci . University of Munich
accine Against
COVID-19
Royal College of Surgeons
in Ireland - Medical
University of Bahrain|The
22{53332? National Taskforce for
g No Biological: BBIBP- . . Combatting COVID-19- g .
NCT04993560 COVID-19 Recruiting | Results CorV|Biological: Change from Basgll_ne Immunogenicity at 8 Kingdom of Bahrain|Bahrain hitps://ClinicalTrials.gov
Prime-boost B weeks|Reactogenicity /show/NCT04993560
- Available | BNT162b2 Defence Force Royal
Vaccine in . ; o
Bahrain Medical Servu_:es|M|n|§try of
Health, Bahrain|Bahrain
International Exhibition &
Convention Centre
Occurrence of Adverse Events of Special Interest
(AESIs)|Occurrence of clinical safety laboratory
adverse events by severity grade|Occurrence of
Serious Adverse Events (SAEs)|Occurrence of
solicited local reactogenicity adverse events
(AEs)|Occurrence of solicited systemic
reactogenicity adverse events (AEs)|Occurrence of
. unsolicited adverse events (AEs)|Geometric mean
Chimpanzee fold rise from baseline in titer measured by a
Adenovirus and SARS-CoV-2 neutralization assay|Geometric
Self-Amplifying Biological: ChAdV68- mean fold rise from baseline in tit)ér of receptor-
mRNA Prime- S|Biological: ChAdV68- S - T pto National Institute of Allergy
No . ) binding domain (RBD) specific Immunoglobulin G A f i .
NCT04776317 Boost . Recruiting | Results S—TCE|B_|olog]caI. SAM- (IgG)|Geometric mean fold rise from baseline in and Infectious Diseases hitps://ClinicalTrials.gov
Prophylactic . LNP-S|Biological: SAM- . . o . (NIAID)|Gritstone Oncology, | /show/NCT04776317
) Available ) titer of Spike-specific Immunoglobulin G
Vaccines LNP-S-TCE|Other: : . Inc.
; . . (IgG)|Geometric mean titer measured by a SARS-
Against SARS- Sodium Chloride, 0.9% L . .
: CoV-2 neutralization assay|Geometric mean titer
CoV-2 in of receptor-binding domain (RBD) specific
Healthy Adults p 9 p
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seroconverted for RBD from wild-type virus and
emergent viral strains|Percentage of subjects who
seroconverted for spike protein from wild-type
virus and emergent viral strains|Percentage of
subjects who seroconverted for wild-type virus and
emergent viral strains|Rate of spot-forming cell per
million cells by peptide pool|Responder status,
derived from the intracellular cytokine staining
(ICS) cell counts for each set of applicable
cytokines and each peptide pool|Responder
status, determined by interferon (IFN) gamma
Enzyme Linked Immunospot Assay (ELISpot) for
each peptide pool|Th1/Th2 cytokine balance of T
cell response

NCT04927936

A Trial Among
HealthCare
Workers (HCW)
Vaccinated
With Janssen
Vaccine: the
SWITCH Trial

Recruiting

No
Results
Available

Biological: Vaccination
once with Janssen
vaccine (only
priming)|Biological:
Vaccination with
Janssen vaccine
followed with Janssen
vaccine (homologous
boosting).|Biological:
Vaccination with
Janssen vaccine
followed with Moderna
vaccine (heterologous
boosting).|Biological:
Vaccination with
Janssen vaccine
followed with Pfizer
vaccine (heterologous
boosting).

Determination of antibodies by a quantitative IgG
assay (LIAISON SARS-CoV-2 TrimericS 1gG
essay) 28 days after booster

Erasmus Medical
Center|Leiden University
Medical Center|University
Medical Center
Groningen|Academisch
Medisch Centrum -
Universiteit van Amsterdam
(AMC-UVA)

https://ClinicalTrials.gov
/show/NCT04927936
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To assess the humoral immune response against
SARS-CoV-2, 14 days after a vaccination with
COMIRNATY in subjects that received a previous
single dose of VAXZEVRIA, as compared with no
dosing.|To assess the humoral immune response
against SARS-CoV-2, 28 days after a vaccination
with COMIRNATY in subjects that received a
previous single dose of VAXZEVRIA
(antibodies)|To assess the humoral immune
response against SARS-CoV-2, 28 days after a
vaccination with COMIRNATY in subjects that
received a previous single dose of VAXZEVRIA
(Virus neutralization)|To assess the occurrence of
symptomatic molecularly confirmed COVID-19 and

protein on day 14, day 28 and month 6 after the
booster vaccination.|Fold increase of neutralizing
antibodies against live SARS-CoV-2 virus on day

Vaccination severity of COVID-19 signs and symptoms after
With Active No the administration of a dose of COMIRNATY in Spanish Clinical Research
COMIRNATY in ' . subjects that received a prior single dose of - https://ClinicalTrials.gov
NCT04860739 Subjects With a chtruitin E\?{iililflzltts)le Drug: COMIRNATY VAXZEVRIA|To evaluate the safety of a dose of Eleet\SNaOILkd'CS;IESe[I\:IInSUMO /show/NCT04860739
VAXZEVRIA 9 COMIRNATY in subjects that received a previous
First Dose single dose of VAXZEVRIA (solicited adverse
events)|To evaluate the safety of a dose of
COMIRNATY in subjects that received a previous
single dose of VAXZEVRIA (unsolicited adverse
events)|To evaluate the safety of a dose of
COMIRNATY in subjects that received a previous
single dose of VAXZEVRIA (serious adverse
events)|To evaluate the safety of a dose of
COMIRNATY in subjects that received a previous
single dose of VAXZEVRIA (Medically-attended
adverse events)|To assess the humoral immune
response against viral variants of SARS-CoV-2, 14
and 28 days after a dose of COMIRNATY in
subjects that received a previous single dose of
VAXZEVRIA
Incidence of adverse reactions within 28 days after
the booster dose.|GMT of neutralizing antibodies
against live SARS-CoV-2 virus on day 14 after the
Study on booster dose.|Incidence of solicited AE within 14
Sequential days after the booster dose|Incidence of
Imml_mization of Biological: Recombinant unsolicite_d AE within 2_8 days after the booster
Inactivated SARS-CoV-2 Ad5 dose.|Incidence of serious adverse events (SAE) Jian )
- gsu Province Centers
NCT04952727 \C/OVI_D—19 d R -, go | vectored E" tdh_e 6 mo_gthds? after the bgc;séesr (éos\?.|ZGSMT ng for Disease Control and https://ClinicalTrials.gov
accine an ecruiting esults vaccine|Biological: inding antibodies against “~oV-z S an Prevention|CanSino /show/NCT04952727
Recombinant Available Inactive SARS-COV-2 protein on day 14, day 28 and month 6 after the Biologics Inc
COVID-19 vaccine (Vero cell) booster dose.|GMT of neutralizing antibodies ’
Vaccine (Ad5 against live SARS-CoV-2 virus on day 28 and
Vector) in month 6 after the booster dose.|Fold increase of
Elderly Adults binding antibodies against SARS-CoV-2 S and N
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14, day 28 and month 6 after the booster
vaccination.|Proportion of the participants with at
least a four-fold increase of the binding antibodies
against SARS-CoV-2 S and N protein on day 14,
day 28 and month 6 after the booster
vaccination.|Proportion of the participants with at
least a four-fold increase of neutralizing antibodies
against live SARS-CoV-2virus on day 14, day 28
and month 6 after the booster vaccination.|Specific
T cell responses on day 14 after the booster
vaccination.

Incidence of adverse reactions within 28 days after
the booster dose.|GMT of neutralizing antibodies
against live SARS-CoV-2 virus on day 14 after the
booster dose.|Incidence of solicited AE within 14
days after the booster dose|Incidence of
unsolicited AE within 28 days after the booster
dose.|Incidence of serious adverse events (SAE)
till the 6 months after the booster dose.|GMT of
binding antibodies against SARS-CoV-2 S and N

Study on protein on day 14, day 28 and month 6 after the
Sequential booster dose.|GMT of neutralizing antibodies
Immunization of Biological: Recombinant | against live SARS-CoV-2 virus on day 28 and
Inactivated Active No SARS-CoV-2 Ad5 month 6 after the booster dose.|Fold increase of Jiangsu Province Centers
NCT04892459 SAR_S-CoV-Z not ' Results vectqred _ . bindir_]g antibodies against SARS-CoV-2 S and N for Disease Cont(ol and https://ClinicalTrials.gov
Vaccine and recruitin Available vaccine|Biological: protein on day 14, day 28 and month 6 after the Prevention|CanSino /show/NCT04892459
Recombinant 9 Inactive SARS-CoV-2 booster vaccination.|Fold increase of neutralizing Biologics Inc.
SARS-CoV-2 vaccine (Vero cell) antibodies against live SARS-CoV-2 virus on day
Vaccine (Ad5 14, day 28 and month 6 after the booster
Vector) vaccination.|Proportion of the participants with at
least a four-fold increase of the binding antibodies
against SARS-CoV-2 S and N protein on day 14,
day 28 and month 6 after the booster
vaccination.|Proportion of the participants with at
least a four-fold increase of neutralizing antibodies
against live SARS-CoV-2 virus on day 14, day 28
and month 6 after the booster vaccination.|Specific
T cell responses on day 14 after the booster
vaccination.
Canadian Immunization
Antibody response to SARS-CoV-2 S Research Network|Canadian
Biological: mMRNA-1273 | protein|Durability of antibody response to SARS- Center for Vaccinology|BC
Mix and Match SARS-CoV-2 CoV-2 S over 12 months|Pseudoneutralization Children's Hospital
of the Second No vaccine|Biological: assay, T cell testing, Antibody dependent cellular Research Institute|Children's
COVID-19 . BNT162b2|Biological: cytotoxicity (ADCC), Antibody avidity, RNA Hospital Research Institute https://ClinicalTrials.gov
NCT04894435 Vaccine Dose Recruiting i\?;illjgtfle ChAdOx1-S seq|Incidence of grade 3 solicited local and of Manitoba|CHU de /show/NCT04894435

for Safety and
Immunogenicity

[recombinant]|Other: 0,
28 day schedule|Other:
0, 112 day schedule

systemic adverse events, SAEs, AEFIs, MAAEs,
AESiIs in the 7 days following vaccine
receipt.|]Acceptability of vaccines as determined by
participant-completed questionnaire.

Quebec-Universite
Laval|Ottawa Hospital
Research Institute|Ontario
Agency for Health Protection
and Promotion|University of
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General Hospital|Interior
Health

‘ ‘ ‘ Toronto|Massachusetts
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