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Abstract

The search for developing effective vaccines against SARS-CoV-2 began with the
start of the COVID-19 pandemic, and the first vaccine dose was administered in
December 2020. Today, full vaccination of most of the world's population is con-
sidered the most important means to overcome the COVID-19 pandemic. Vacci-
nation has been associated with various struggles. Some adverse reactions have
resulted in the discontinuation of the specific vaccines use in some countries.
Countries in poor regions have faced difficulties supplying enough vaccine doses,
and the emergence of new variants of concern has resulted in reduced effectiveness
of available vaccines against COVID-19. The mix-and-match strategy, using
heterologous vaccines in the first and second doses, might successfully solve the
mentioned struggles. Moreover, this strategy has been associated with higher
cellular and humoral immune responses without significantly increasing the adverse
reactions. Hence, this strategy can help improve the vaccines' effectiveness, and act

as a solution for vaccine shortage in poor regions.
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vaccine worldwide, administered in 182 countries, followed by Pfizer

—BioNTech, Moderna, and Sinopharm vaccine, administered in

Research for developing effective vaccines against SARS-CoV-2 be-
gan as the COVID-19 pandemic started with a hope to put an end to
it, and the first vaccine dose was administered in December 2020. To
date, more than three billion people have received at least one dose
of the available COVID-19 vaccines and about two billion people
are fully vaccinated worldwide, which accounts for roughly 27% of

the world's population.®? AstraZeneca vaccine is the most used

115, 68, and 66 countries, respectively.

In March 2021, the use of AstraZeneca vaccine was pro-
hibited in young women in Germany with the fear of escalated
thrombolytic events, and those to whom this vaccine was ad-
ministered as the first dose had to get an alternative vaccine for
the second dose.®* Ever since many countries including France,
Denmark, ltaly, Canada, USA, Bahrain, South Chorea, Spain,
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Finland, Sweden, United Arab Emirates, and Norway have been
mixing COVID-19 vaccines.”

Available data from Centers for Disease Control and Prevention
(CDC) shows that vaccination is not distributed equally throughout the
world and poorer nations are facing a lot of struggle to keep up with the
vaccination program.’® Furthermore, mutations in the genome of SARS-
CoV-2 and the emergence of new Variants of Concern (VOC), have re-
sulted in reduced effectiveness of the available vaccines.”

Previous studies on using heterologous vaccines in prime-boost
immunization strategy have shown great success. Studies suggest
that by evoking both cellular and humoral immune response, het-
erologous vaccines can result in 4-10 times higher T-cell responses.®

Scientist are now convinced, that the mix-and-match approach
can both solve the problem of vaccine shortage in poorer regions, and

evoke greater immune response in the recipients. Hence, many

fever, headache, fatigue, malaise, myalgia, arthralgia,

allergic reaction, cough, fever, fatigue, myalgia, chill,
e 19
nausea or vomiting

feverish, fever'®
nausea’®?*

reactions'?
Injection site pain, erythema, paresthesia, redness, swelling,

Pain, erythema, induration, tenderness, hypersensitivity
Fatigue, headache, myalgia, fever, injection site pain*®
Flu-like illness, injection site reactions, headache, asthenia®’
injection site reaction, pain, tenderness, erythema, swelling,

Pain at the injection site, fatigue, headache, fever’
Fatigue, headache, muscle ache, malaise, chills, feeling

Adverse effect

countries have started mixing COVID-19 vaccine doses, using both
the vaccines of the same platform for both doses or administering
each dose with a vaccine of a different platform.>”

2 | AVAILABLE VACCINES AGAINST
COVID-19

76% (day 22 to day 90
after vaccination)®

Efficacy
95%”

94.1%"?
83.5%"
91.6%"

Several vaccines are currently available in various countries to protect
against COVID-19 infection. These vaccines are available on different
platforms. A group of these vaccines contains nucleoside-modified mes-
senger RNA (modRNA), from which we can name BNT162b2, developed
by Pfizer/Biontech, a lipid nanoparticle formulation, nucleoside-modified
messenger RNA (mRNA) that encodes full-length spike on the surface of

9-11 and

the SARS-CoV-2 mutated form in the prefusion conformation,
mRNA-1273, developed by Moderna, also a lipid-nanoparticle, which

encodes prefusion-stabilized spike glycoprotein.*?

(modRNA)*®
(modRNA)*?
(Ad26)*®

cells)?%2*

and Ad26)*’
nanoparticle vaccine
(NVX-CoV2373)"7

Another platform on which COVID-19 vaccines are made, is through

Nucleoside-modified mRNA
Nucleoside-modified mRNA
Adenovirus recombinant vector®>*®
Adenovirus recombinant vector
Inactivated SARS-CoV-2 (vero
Adenovirus vector (recombinant Ad5
Recombinant spike glycoprotein

Platform

the use of vectors, such as ChAdOx1 nCoV-19 or AstraZeneca vaccine
(AZD1222), developed by Oxford University, a replication-deficient
chimpanzee adenoviral vector, which contains the SARS-CoV-2 struc-
tural surface glycoprotein antigen gene,'®> ¢ Gam-COVID-Vac vaccine
(Sputnik V), a heterologous recombinant adenovirus (rAd)-based vaccine
which carries the gene for SARS-CoV-2 full-length glycoprotein S (rAd26-
S and rAd5-S),"” and Ad26.COV2.S, developed by Johnson & Johnson, a
recombinant and replication-incompetent adenovirus serotype 26 (Ad26)

)

vector which encodes a full-length and also stabilized SARS-CoV-2 spike

protein. '

ChAdOx1_nCoV19

Another group of COVID-19 vaccines is protein subunit

vaccine such as NVX-CoV2373, a nanoparticle vaccine composed

Inactivated/CoronaVac

of trimeric full-length SARS-CoV-2 spike glycoproteins and
Matrix-M1 adjuvant.*’
A conventional method by which COVID-19 vaccines are made,

Name of Vaccine

BNT162b2

mRNA-1273

AZD1222(

Ad26.COV2.S

COVID-19 Vaccine (Vero Cell),
Sputnik V
NVX-CoV2373/Covovax

is the use of inactivated virus, from which we can name CoronaVac
2021

Available vaccines against COVID-19

developed by Sinovac Life Sciences.
An overview of the current available vaccines with a finalized

status of assessment according to WHO, the platform on which they

Pfizer/Biontech

Novavax

Moderna
Johnson and Johnson

Manufacturer
Oxford-AstraZeneca
Sinovac, Sinopharm
Gam-COVID-Vac

TABLE 1

are made and their probable side effects is summarized in Table 1.
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3 | RECENT REPORTS OF COVID-19
VACCINES MIXING

Since the outbreak of the Delta variant of the coronavirus, dozens of
countries are mixing vaccines, aiming to increase its effectiveness and
protection.??

There have been successful attempts of mixing COVID-19 vac-
cines in animals. In one study, the use of Sputnik V vaccine as the first
dose and AstraZeneca as the second dose in mice showed that not
only did this mixture not cause any particular problem, but it also
resulted in higher immunity.?®

In another study in mice, the effect of using self-amplifying
RNA vaccine (saRNA) and adenovirus carrier vaccine (ChAdOx1
nCoV-19/AZD1222) was investigated. The results of this study
indicated that the antibody response in the use of these two
types of vaccines is higher than using one type of vaccine for both
doses.?*

After these successful animal studies, clinical trials began,
mixing COVID-19 vaccines in human populations. Recent
studies have shown that mixing the Oxford-AstraZeneca and
the Pfizer-BioNTech vaccine triggers an immune response similar to
or even more significant than two doses of either vaccines.”” 2 A
study showed, that in people who received a dose of AstraZeneca
vaccine who were injected with the second dose of Pfizer, the im-
munoglobulin G (IgG) and IgA anti-spike (S) response was 11.5 times
higher than those receiving both doses of AstraZeneca, and the hu-
moral immune response was also better.”’

In another study, it was observed that in people who received
the first dose of ChAdOx1 nCoV-19 vaccine and used mRNA vaccine
(BNT162b2 or mRNA-1273) for the second dose, the spike-specific
1gG, neutralizing antibodies, spike-specific CD4 T cells, spike-specific
CD8 T-cell levels and humoral and cellular immune responses was
significantly increased.®°

A second trial phase of a Spanish study demonstrated that mixed
vaccination with Oxford AstraZeneca as the first dose and Pfizer
BioNTech as the second dose increased antibody levels 150 times
more after 14 days of the second dose compared with a control
group that received only the first dose.?”

Com-COV trial with more than 800 volunteers from oxford
university demonstrated that mixing Oxford AstraZeneca and Pfizer
BioNTech induced a much more strong immune response.®*

Mix and match trials have not been reported severe side effects
yet; a study in Spain shows that 448 people injected Oxford-
AstraZeneca for the first dose, then Pfizer-BioNTech for the second
dose; they had poor side effects; blood tests show coarse antibody
response after two weak from the second shot.?” Likewise, Charité,
Saarland, and CombiVacS showed the same result, side effects of
these vaccines were not worse than two shots of the same vaccine.
Nevertheless, the Com-COV study demonstrates that mixing vac-
cines could cause more side effects than prescribing two doses of the
same vaccines.?®

Recent reports of COVID-19 vaccines mixing have been sum-
marized in Table 2 and 3.

Studies related to COVID-19 vaccine mixing (other vaccines)

TABLE 3

Number of
cases

Adverse effects

Efficacy and duration

Type of vaccines

Type of study

Study name

Covishield participants had more

The response of the vaccines and IQR between 21 days

First dose: Covishield (Oxford

Cross-sectional

n=552

Singh et al.**

adverse events compared with

Covaxin

or more to 6 months after the second dose showed
that anti spike antibody was obviously higher in

covishield in comparison with covaxin

Astrezaneca) Second dose:

Covaxin

study

Lower or similar adverse events

Higher IgG and neutralizing antibody in heterologous

First dose: Covishield (Oxford

Clinical Trial

n=18

Kant et al.®”

group compared with homologous group

Astrezaneca) Second dose:

Covaxin
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4 | UNDERLYING MECHANISM

Mixing vaccines and using vaccines of different platforms as the second
or booster dose has long been practiced before the emergence of
SARS-CoV-2. Various methods have been employed using different
vaccine formulations in subsequent vaccine doses, and promising results
have been achieved. So far, mixing DNA and vector vaccines has been
accompanied by higher immunity both in animal models and humans.*®
This method has been used for HPV, HIV, influenza, Ebola, and also trials
of HCV vaccines.>*™*? Furthermore, mixing DNA vaccines with protein
vaccines in trials of HSV, HIV, and HCV vaccines, mixing of protein and
viral vaccines, and also virus-like particle vaccines with DNA vaccines
have all been accompanied by higher immune responses.’%**

A number of possible mechanisms have been suggested for the
higher immunity caused by the use of heterologous vaccines. It is re-
commended that by using dissimilar vaccine formulations, different arms
of the immune system are evoked. Therefore, a combination of cellular
and humoral immunity, as an instance, can result in higher and more
prolonged immunity. It has also been seen that higher IgG levels, or
neutralizing antibodies can be achieved using heterologous vaccines as
these vaccines can evoke humoral immunity through different ways.®

The underlying mechanism for higher immunity when mixing
COVID-19 vaccines has not been clearly described. However, based on
the results from available studies on incorporating COVID-19 vaccines, it
is indicated that IgG antibodies, neutralizing antibodies, and also cellular
immune response are significantly increased using heterologous COVID-
19 vaccines compared to the homologous strategy.””*°#? This suggests
that the same mechanism, long known for other heterologous vaccines,
can also be the underlying mechanism for the higher immune response

achieved from mixing COVID-19 vaccines.

5 | CONCLUSION

Shortage of vaccines, especially in poor regions, the emergence of
new variants of concern that have been partially resistant to available
vaccines, and a number of adverse reactions have forced several
countries to mix the COVID-19 vaccines."” This strategy has been
associated with significant success. Studies have shown that mixing
vaccines of different platforms can result in higher 1gG and neu-
tralizing antibodies as well as more strong cellular immune re-
sponse.””*%“? Furthermore, using heterologous COVID-19 vaccines
has resulted in higher neutralizing antibody levels against the VOC
compared to the homologous vaccines.*? As a result, both developing
and industrialized countries have started taking the mix-and-match
strategy into practice with the hope to immunize a greater percen-
tage of their populations effectively against COVID-19.°

Studies and trials on mixing the available COVID-19 have been
promising as they have been associated with a higher immune re-
sponse without a significant increase in adverse reactions. Hence,
this strategy can help improve the vaccines' effectiveness, as well as

acting as a solution for vaccine shortage in poor regions.

AUTHOR CONTRIBUTIONS
All the authors had substantial contributions to the conception of the
work. Drafting of the work was done by all the authors. All approved

the final draft and agree to be accountable for all aspects of the work.

DATA AVAILABILITY STATEMENT
Data sharing is not applicable to this article as no new data were

created or analyzed in this study.

ORCID
Ronak Rashedi https://orcid.org/0000-0003-2123-9419
Noosha Samieefar https://orcid.org/0000-0001-6429-7729

Nima Rezaei https://orcid.org/0000-0002-3836-1827

REFERENCES

1. CDC. Global COVID-19 Vaccinations [Internet]; 2021. Accessed
September 3, 2021. https://covid.cdc.gov/covid-data-tracker/#
global-vaccinations

2. WHO. WHO Coronavirus (COVID-19) Dashboard [Internet]; 2021.
Accessed August 28, 2021. https://www.who.int/emergencies/
diseases/novel-coronavirus-2019?adgroupsurvey=%7Badgroupsurvey%
7D%26gclid=CjwKCAjw3_KIBhA2EiwAaAAlijaREIGSq7xH7SvKbZscvb
0Oa5e43mkuK11AixkrzkMXYIqCrin42hBoCQ38QAvD_BwE

3. Greinacher A, Thiele T, Warkentin TE, Weisser K, Kyrle PA,
Eichinger S. Thrombotic thrombocytopenia after ChAdOx1 nCov-19
Vaccination. N Engl J Med. 2021;384(22):2092-2101.

4. Schultz NH, Sgrvoll IH, Michelsen AE, et al. Thrombosis and
thrombocytopenia after ChAdOx1 nCoV-19 vaccination. N Engl J
Med. 2021;384(22):2124-2130.

5. Sesa G, Health EP, Siepmann |, et al. The importance of health
communication during emergencies. The Mix-and-Match Question.
2021:1-12.

6. Zibadi S, Samieefar N, Sodeifian F, Mosavari N, Rezaei N. COVID-19
vaccination: what challenges are we going to face. Acta Biomed
Atenei Parm. 2021;92(4):e2021379.

7. Deming ME, Lyke KE. A ‘mix and match’ approach to SARS-CoV-2
vaccination. Nat Med. 2021;27:1-1511. doi:10.1038/s41591-021-
01463-x

8. Kardani K, Bolhassani A, Shahbazi S. Prime-boost vaccine strategy
against viral infections: Mechanisms and benefits. Vaccine. 2016;
34(4):413-423.

9. Polack FP, Thomas SJ, Kitchin N, et al. Safety and efficacy of the
BNT162b2 mRNA Covid-19 vaccine. N Engl J Med. 2020;383(27):
2603-2615. doi:10.1056/NEJM0a2034577

10. Sahin U, Muik A, Vogler |, et al. BNT162b2 induces SARS-CoV-2-
neutralising antibodies and T cells in humans. medRxiv. 2020;12(09):
20245175.

11. Vogel AB, Kanevsky I, Che Y, et al. BNT162b vaccines protect rhesus
macaques from SARS-CoV-2. Nature. 2021;592(7853):283-289.

12. Baden LR, El Sahly HM, Essink B, et al. Efficacy and Safety of the
mMRNA-1273 SARS-CoV-2 Vaccine. N Engl J Med. 2020;384(5):
403-416. doi:10.1056/NEJM0a2035389

13. Voysey M, Clemens SAC, Madhi SA, et al. Safety and efficacy of the
ChAdOx1 nCoV-19 vaccine (AZD1222) against SARS-CoV-2: an
interim analysis of four randomised controlled trials in Brazil, South
Africa, and the UK. Lancet. 2021;397(10269):99-111.

14. Ramasamy MN, Minassian AM, Ewer KJ, et al. Safety and im-
munogenicity of ChAdOx1 nCoV-19 vaccine administered in a
prime-boost regimen in young and old adults (COV002): a single-
blind, randomised, controlled, phase 2/3 trial. Lancet (London,
England). 2021;396(10267):1979-1993.


https://orcid.org/0000-0003-2123-9419
https://orcid.org/0000-0001-6429-7729
https://orcid.org/0000-0002-3836-1827
https://covid.cdc.gov/covid-data-tracker/#global-vaccinations
https://covid.cdc.gov/covid-data-tracker/#global-vaccinations
https://www.who.int/emergencies/diseases/novel-coronavirus-2019?adgroupsurvey=%7Badgroupsurvey%7D%26gclid=CjwKCAjw3_KIBhA2EiwAaAAlijaREiGSq7xH7SvKbZscvbOa5e43mkuK11AixkrzkMXYlqCrin42hBoCQ38QAvD_BwE
https://www.who.int/emergencies/diseases/novel-coronavirus-2019?adgroupsurvey=%7Badgroupsurvey%7D%26gclid=CjwKCAjw3_KIBhA2EiwAaAAlijaREiGSq7xH7SvKbZscvbOa5e43mkuK11AixkrzkMXYlqCrin42hBoCQ38QAvD_BwE
https://www.who.int/emergencies/diseases/novel-coronavirus-2019?adgroupsurvey=%7Badgroupsurvey%7D%26gclid=CjwKCAjw3_KIBhA2EiwAaAAlijaREiGSq7xH7SvKbZscvbOa5e43mkuK11AixkrzkMXYlqCrin42hBoCQ38QAvD_BwE
https://www.who.int/emergencies/diseases/novel-coronavirus-2019?adgroupsurvey=%7Badgroupsurvey%7D%26gclid=CjwKCAjw3_KIBhA2EiwAaAAlijaREiGSq7xH7SvKbZscvbOa5e43mkuK11AixkrzkMXYlqCrin42hBoCQ38QAvD_BwE
https://doi.org/10.1038/s41591-021-01463-x
https://doi.org/10.1038/s41591-021-01463-x
https://doi.org/10.1056/NEJMoa2034577
https://doi.org/10.1056/NEJMoa2035389

RASHEDI €T AL.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Folegatti PM, Ewer KJ, Aley PK, et al. Safety and immunogenicity of
the ChAdOx1 nCoV-19 vaccine against SARS-CoV-2: a preliminary
report of a phase 1/2, single-blind, randomised controlled trial.
Lancet [Internet]. 2020;396(10249):467-478.

Voysey M, Costa Clemens SA, Madhi SA, et al. Single-dose admin-
istration and the influence of the timing of the booster dose on
immunogenicity and efficacy of ChAdOx1 nCoV-19 (AZD1222)
vaccine: a pooled analysis of four randomised trials. Lancet. 2021;
397(10277).:881-891.

Logunov DY, Dolzhikova IV, Shcheblyakov DV, et al. Safety and
efficacy of an rAd26 and rAd5 vector-based heterologous prime-
boost COVID-19 vaccine: an interim analysis of a randomised con-
trolled phase 3 trial in Russia. Lancet. 2021;397(10275):671-681.
Sadoff J, Le Gars M, Shukarev G, et al. Interim results of a phase
1-2a trial of Ad26.COV2.S Covid-19 vaccine. N Engl J Med. 2021;
384(19):1824-1835.

Keech C, Albert G, Cho |, et al. Phase 1-2 trial of a SARS-CoV-2
recombinant spike protein nanoparticle vaccine. N Engl J Med. 2020;
383(24):2320-2332.

Zhang Y, Zeng G, Pan H, et al. Safety, tolerability, and immunogenicity of
an inactivated SARS-CoV-2 vaccine in healthy adults aged 18-59 years:
a randomised, double-blind, placebo-controlled, phase 1/2 clinical trial.
Lancet Infect Dis. 2021;21(2):181-192.

Tanriover MD, Doganay HL, Akova M, et al. Efficacy and safety of an
inactivated whole-virion SARS-CoV-2 vaccine (CoronaVac): interim
results of a double-blind, randomised, placebo-controlled, phase 3
trial in Turkey. Lancet [Internet]. 2021;398(10296):213-222.

Kunal S, Sakthivel P, Gupta N, Ish P. Mix and match COVID-19 vaccines:
potential benefit and perspective from India. Postgrad Med J. 2021;1-3.
Ea E, la S, Ah E, et al. Mixing of Sputnik V and Astrazeneca COVID-
19. Vaccines. 2021;6:19-21.

Spencer AJ, McKay PF, Belij-Rammerstorfer S, et al. Heterologous
vaccination regimens with self-amplifying RNA and adenoviral
COVID vaccines induce robust immune responses in mice. Nat
Commun. 2021;12(1):1-8. doi:10.1038/s41467-021-23173-1

Vogel G. Mixing vaccines may boost immune responses. Science.
2021;372(6547):1138.

Lewis D. Mix-and-match COVID vaccines: the case is growing, but
questions remain. Nature [Internet]. 2021;595(7867):344-345.
Borobia AM, Carcas AJ, Pérez-Olmeda M, et al. Immunogenicity and
reactogenicity of BNT162b2 booster in ChAdOx1-S-primed parti-
cipants (CombiVacS): a multicentre, open-label, randomised, con-
trolled, phase 2 trial. Lancet. 2021;398(10295):121-130.

Hillus D, Schwarz T, Tober-Lau P, et al. Safety, reactogenicity, and im-
munogenicity of homologous and heterologous prime-boost immunisa-
tion with ChAdOx1-nCoV19 and BNT162b2: a prospective cohort
study. medRxiv. 2021:21257334. doi:10.1101/2021.05.19.21257334
Barros-Martins J, Hammerschmidt SI, Cossmann A, et al. Immune
responses against SARS-CoV-2 variants after heterologous and
homologous ChAdOx1 nCoV-19/BNT162b2 vaccination. Nat Med.
2021;27:1525-1529. doi:10.1038/s41591-021-01449-9

Schmidt T, Klemis V, Schub D, et al. Immunogenicity and re-
actogenicity of heterologous ChAdOx1 nCoV-19/mRNA vaccina-
tion. Nat Med. 2021;27:1530-1535.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

1299
MEDICAL VIROLOGY — YV 1 LEY—‘—

Liu X, Shaw RH, Stuart AS. Safety and immunogenicity report from
the Com-COV study—a single-blind randomised non-inferiority trial
comparing heterologus and homologus prime-boost schedules with
an adenoviral vectored and mRNA COVID-19 vaccine. SSRN Electron
J. 2021. doi:10.2139/ssrn.3874014

GroR3 R, Zanoni M, Seidel A, et al. Heterologous ChAdOx1 nCoV-19
and BNT162b2 prime-boost vaccination elicits potent neutralizing
antibody responses and T cell reactivity. medRxiv. 2021:21257971.
doi:10.1101/2021.05.30.21257971

Shaw RH, Stuart A, Greenland M, Liu X, Nguyen Van-Tam JS,
Snape MD. Heterologous prime-boost COVID-19 vaccination: initial
reactogenicity data. Lancet. 2021;397(10289):2043-2046.

Singh AK, Phatak SR, Singh NK; et al. Antibody response after first-
dose of ChAdOx1-nCOV (Covishield™®) and BBV-152 (Covax-
in™®) amongst health care workers in India: preliminary results of
cross-sectional coronavirus vaccine-induced antibody titre. medRxiv.
2021:39:6492-6509.

Kant R, Dwivedi G, Zaman K, et al. Serendipitous COVID-19
vaccine-mix in Uttar Pradesh, India: safety and immunogenicity as-
sessment of a heterologous regime. medRxiv. 2021:21261716.
doi:10.1101/2021.08.06.21261716

Lin K, Roosinovich E, Ma B, Hung C-F, Wu T-C. Therapeutic HPV
DNA vaccines. Immunol Res. 2010;47(1-3):86-112.

Wang S, Parker C, Taaffe J, et al. DNA vaccine prime--inactivated
influenza vaccine boost is more effective than using DNA or in-
activated vaccine alone in eliciting antibody responses against H1 or
H3 serotype influenza viruses. Vaccine. 2008;26(29-30):3626-3633.
WHO. WHO Technical Consultation: Heterologous Prime-Boost
Immunization in Ebola vaccine development and testing, licensure
and use [Internet]; 2014. Accessed September 3, 2021. https://
www.who.int/immunization/research/meetings_workshops/Agenda_
ebola_primeboost_novi14.pdf?ua=1

Saeedi A, Ghaemi A, Tabarraei A, et al. Enhanced cell immune re-
sponses to hepatitis c virus core by novel heterologous DNA prime/
lambda nanoparticles boost in mice. Virus Genes. 2014;49(1):11-21.
Lu S. Heterologous prime-boost vaccination. Curr Opin Immunol.
2009;21(3):346-351.

Alekseeva E, Sominskaya I, Skrastina D, et al. Enhancement of the
expression of HCV core gene does not enhance core-specific im-
mune response in DNA immunization: advantages of the hetero-
logous DNA prime, protein boost immunization regimen. Genet
Vaccines Ther. 2009;7:7.

Benning L, Tollner M, Hidmark A. Heterologous ChAdOx1 nCoV-19/
BNT162b2 prime-boost vaccination induces strong humoral re-
sponses among health care workers. Vaccines. 2021;9(8):857.

How to cite this article: Rashedi R, Samieefar N, Masoumi N,
Mohseni S, Rezaei N. COVID-19 vaccines mix-and-match: The
concept, the efficacy and the doubts. J Med Virol.
2022;94:1294-1299. doi:10.1002/jmv.27463


https://doi.org/10.1038/s41467-021-23173-1
https://doi.org/10.1101/2021.05.19.21257334
https://doi.org/10.1038/s41591-021-01449-9
https://doi.org/10.2139/ssrn.3874014
https://doi.org/10.1101/2021.05.30.21257971
https://doi.org/10.1101/2021.08.06.21261716
https://www.who.int/immunization/research/meetings_workshops/Agenda_ebola_primeboost_nov14.pdf?ua=1
https://www.who.int/immunization/research/meetings_workshops/Agenda_ebola_primeboost_nov14.pdf?ua=1
https://www.who.int/immunization/research/meetings_workshops/Agenda_ebola_primeboost_nov14.pdf?ua=1
https://doi.org/10.1002/jmv.27463



