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SELECTED LITERATURE SCIENTIFIC ABSTRACTS 

INTERACTION WITH OTHER VACCINES / HETEROLOGIUS VACCINES 

 

 

AM US EST) 

1. Search Criteria: Search: Heterologous COVID Vaccines AND Moderna mRNA1273 OR 
Spikevax AND December 2021 

OR 

2. Search Criteria: Heterologous COVID Vaccines AND mRNA Vaccines AND December 
2021 
 

Exact search criteria used 

1. Heterologous COVID Vaccines AND Moderna mRNA1273 or Spikevax AND December 
2021 

(((Heterologous COVID Vaccines) AND (Moderna mRNA1273)) OR (Spikevax)) AND 
(("2021/12/01"[Date - Publication] : "2021/12/31"[Date - Publication])) 

2. Heterologous COVID Vaccines AND mRNA Vaccines AND December 2021 

((Heterologous COVID Vaccines) AND (mRNA Vaccines)) AND (("2021/12/01"[Date - 
Publication] : "2021/12/31"[Date - Publication])) 

PubMed NLM Search Criteria:  

Search: (((Heterologous COVID Vaccines) AND (Moderna mRNA1273)) OR (Spikevax)) 
AND (("2021/12/01"[Date - Publication] : "2021/12/31"[Date - Publication])) 

((("heterologous"[All Fields] OR "heterologously"[All Fields]) AND ("sars cov 2"[MeSH 
Terms] OR "sars cov 2"[All Fields] OR "covid"[All Fields] OR "covid 19"[MeSH Terms] OR 
"covid 19"[All Fields]) AND ("vaccin"[Supplementary Concept] OR "vaccin"[All Fields] OR 
"vaccination"[MeSH Terms] OR "vaccination"[All Fields] OR "vaccinable"[All Fields] OR 
"vaccinal"[All Fields] OR "vaccinate"[All Fields] OR "vaccinated"[All Fields] OR 
"vaccinates"[All Fields] OR "vaccinating"[All Fields] OR "vaccinations"[All Fields] OR 
"vaccination s"[All Fields] OR "vaccinator"[All Fields] OR "vaccinators"[All Fields] OR 
"vaccine s"[All Fields] OR "vaccined"[All Fields] OR "vaccines"[MeSH Terms] OR 
"vaccines"[All Fields] OR "vaccine"[All Fields] OR "vaccins"[All Fields]) AND 
("Moderna"[All Fields] AND ("2019 ncov vaccine mrna 1273"[MeSH Terms] OR ("2019 
ncov"[All Fields] AND "vaccine"[All Fields] AND "mrna 1273"[All Fields]) OR "2019 ncov 
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vaccine mrna 1273"[All Fields] OR "mrna1273"[All Fields]))) OR "Spikevax"[All Fields]) AND 
2021/12/01:2021/12/31[Date - Publication] 

Translations 

Heterologous: "heterologous"[All Fields] OR "heterologously"[All Fields] 

COVID: "sars-cov-2"[MeSH Terms] OR "sars-cov-2"[All Fields] OR "covid"[All Fields] OR 
"covid-19"[MeSH Terms] OR "covid-19"[All Fields] 

Vaccines: "vaccin"[Supplementary Concept] OR "vaccin"[All Fields] OR "vaccination"[MeSH 
Terms] OR "vaccination"[All Fields] OR "vaccinable"[All Fields] OR "vaccinal"[All Fields] OR 
"vaccinate"[All Fields] OR "vaccinated"[All Fields] OR "vaccinates"[All Fields] OR 
"vaccinating"[All Fields] OR "vaccinations"[All Fields] OR "vaccination's"[All Fields] OR 
"vaccinator"[All Fields] OR "vaccinators"[All Fields] OR "vaccine's"[All Fields] OR 
"vaccined"[All Fields] OR "vaccines"[MeSH Terms] OR "vaccines"[All Fields] OR 
"vaccine"[All Fields] OR "vaccins"[All Fields] 

mRNA1273: "2019-ncov vaccine mrna-1273"[MeSH Terms] OR ("2019-ncov"[All Fields] AND 
"vaccine"[All Fields] AND "mrna-1273"[All Fields]) OR "2019-ncov vaccine mrna-1273"[All 
Fields] OR "mrna1273"[All Fields] 

URL here: 

1. https://pubmed.ncbi.nlm.nih.gov/?term=%28%28%28Heterologous+COVID+Vaccines%
29+AND+%28Moderna+mRNA1273%29%29+OR+%28Spikevax%29%29+AND+%28
%28%222021%2F12%2F01%22%5BDate+-
+Publication%5D+%3A+%222021%2F12%2F31%22%5BDate+-
+Publication%5D%29%29&sort= 

2. https://pubmed.ncbi.nlm.nih.gov/?term=%28%28Heterologous+COVID+Vaccines%29+
AND+%28mRNA+Vaccines%29%29+AND+%28%28%222021%2F12%2F01%22%5B
Date+-+Publication%5D+%3A+%222021%2F12%2F31%22%5BDate+-
+Publication%5D%29%29 

Findings:  

Recall: Search 1: 8 

Recall: Search 2: 12 

Relevant to Heterologous vaccination: 5 

Informative publications ONLY: 4 
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Literature Findings (See Below Relevant or Informative):  

1. Heterologous prime-boost strategies for COVID-19 vaccines 

Binaya Sapkota 1, Bhuvan Saud 2 3, Ranish Shrestha 4 5, Dhurgham Al-Fahad 6, Ranjit Sah 7, 
Sunil Shrestha 8, Alfonso J Rodriguez-Morales 9 10 
J Travel Med. 2021 Dec 16; taab191. doi: 10.1093/jtm/taab191. Online ahead of print. 
PMID: 34918097 DOI: 10.1093/jtm/taab191 
https://pubmed.ncbi.nlm.nih.gov/34918097/ 
Full text article: https://academic.oup.com/jtm/advance-article/doi/10.1093/jtm/taab191/6463576 
 
 
Abstract 

Rationale for review: Heterologous prime-boost doses of COVID-19 vaccines ('mix-and-match' 
approach) are being studied to test for the effectiveness of Oxford (AZD1222), Pfizer 
(BNT162b2), Moderna (mRNA-1273) and Novavax (NVX-CoV2373) vaccines for COVID in 
'Com-Cov2 trial' in UK, and that of Oxford and Pfizer vaccines in 'CombivacS trial' in Spain. 
Later, other heterologous combinatios of CoronaVac (DB15806), Janssen (JNJ-78436735), 
CanSino (AD5-nCOV), and other were also being trialed to explore their effectiveness. 
Previously, such a strategy was deployed for HIV, Ebola virus, malaria, tuberculosis, influenza, 
and hepatitis B to develop the artificial acquired active immunity. The present review explores 
the science behind such an approach for candidate COVID-19 vaccines developed using eleven 
different platforms approved by the World Health Organization. 

Key findings: The candidate vaccines' pharmaceutical parameters (e.g. platforms, number 
needed to vaccinate and intervals, adjuvanted status, excipients and preservatives added, efficacy 
and effectiveness, vaccine adverse events, and boosters), and clinical aspects must be analyzed 
for the mix-and-match approach. Heterologous prime-boost trials showed safety, effectiveness, 
higher systemic reactogenicity, well tolerability with improved immunogenicity, and flexibility 
profiles for future vaccinations, especially during acute and global shortages, compared to the 
homologous counterparts.  

Conclusions/recommendations. Still, large controlled trials are warranted to address 
challenging variants of concerns including Omicron and other, and to generalize the 
effectiveness of the approach in regular as well as emergency use during vaccine scarcity. 

Keywords: COVID-19; SARS-CoV-2; heterologous prime-boost mix-and-match; vaccine 
vaccination. 

© International Society of Travel Medicine 2020. Published by Oxford University Press. All 
rights reserved. For Permissions, please e-mail: journals.permissions@oup.com. 
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2. Immunogenicity, safety, and reactogenicity of heterologous COVID-19 primary 
vaccination incorporating mRNA, viral-vector, and protein-adjuvant vaccines in the 
UK (Com-COV2): a single-blind, randomised, phase 2, non-inferiority trial. 

Arabella S V Stuart 1, Robert H Shaw 1, Xinxue Liu 2, Melanie Greenland 2, Parvinder K Aley 
2, Nick J Andrews 3, J C Cameron 4, Sue Charlton 5, Elizabeth A Clutterbuck 2, Andrea M 
Collins 6, Tom Darton 7, Tanya Dinesh 2, Christopher J A Duncan 8, Anna England 5, Saul N 
Faust 9, Daniela M Ferreira 6, Adam Finn 10, Anna L Goodman 11, Christopher A Green 12, 
Bassam Hallis 5, Paul T Heath 13, Helen Hill 6, Bryn M Horsington 2, Teresa Lambe 14, Rajeka 
Lazarus 15, Vincenzo Libri 16, Patrick J Lillie 17, Yama F Mujadidi 2, Ruth Payne 7, Emma L 
Plested 2, Samuel Provstgaard-Morys 2, Maheshi N Ramasamy 1, Mary Ramsay 18, Robert C 
Read 9, Hannah Robinson 2, Gavin R Screaton 19, Nisha Singh 2, David P J Turner 20, Paul J 
Turner 21, Iason Vichos 2, Rachel White 2, Jonathan S Nguyen-Van-Tam 22, Matthew D Snape 
23, Com-COV2 Study Group. 

Lancet. 2022 Jan 1;399(10319):36-49. doi: 10.1016/S0140-6736(21)02718-5. Epub 2021 Dec 6. 

Lancet. 2022 1-7 January; 399(10319): 36–49. Published online 2021 Dec 6. doi: 
10.1016/S0140-6736(21)02718-5. PMCID: PMC8648333. PMID: 34883053 

DOI: 10.1016/S0140-6736(21)02718-5 

https://pubmed.ncbi.nlm.nih.gov/34883053/ 

Full text article: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8648333/ 

Abstract 

Background: Given the importance of flexible use of different COVID-19 vaccines within the 
same schedule to facilitate rapid deployment, we studied mixed priming schedules incorporating 
an adenoviral-vectored vaccine (ChAdOx1 nCoV-19 [ChAd], AstraZeneca), two mRNA 
vaccines (BNT162b2 [BNT], Pfizer-BioNTech, and mRNA-1273 [m1273], Moderna) and a 
nanoparticle vaccine containing SARS-CoV-2 spike glycoprotein and Matrix-M adjuvant (NVX-
CoV2373 [NVX], Novavax). 

Methods: Com-COV2 is a single-blind, randomised, non-inferiority trial in which adults aged 50 
years and older, previously immunised with a single dose of ChAd or BNT in the community, 
were randomly assigned (in random blocks of three and six) within these cohorts in a 1:1:1 ratio 
to receive a second dose intramuscularly (8-12 weeks after the first dose) with the homologous 
vaccine, m1273, or NVX. The primary endpoint was the geometric mean ratio (GMR) of serum 
SARS-CoV-2 anti-spike IgG concentrations measured by ELISA in heterologous versus 
homologous schedules at 28 days after the second dose, with a non-inferiority criterion of the 
GMR above 0ꞏ63 for the one-sided 98ꞏ75% CI. The primary analysis was on the per-protocol 
population, who were seronegative at baseline. Safety analyses were done for all participants 
who received a dose of study vaccine. The trial is registered with ISRCTN, number 27841311. 

Findings: Between April 19 and May 14, 2021, 1072 participants were enrolled at a median of 
9ꞏ4 weeks after receipt of a single dose of ChAd (n=540, 47% female) or BNT (n=532, 40% 
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female). In ChAd-primed participants, geometric mean concentration (GMC) 28 days after a 
boost of SARS-CoV-2 anti-spike IgG in recipients of ChAd/m1273 (20 114 ELISA laboratory 
units [ELU]/mL [95% CI 18 160 to 22 279]) and ChAd/NVX (5597 ELU/mL [4756 to 6586]) 
was non-inferior to that of ChAd/ChAd recipients (1971 ELU/mL [1718 to 2262]) with a GMR 
of 10ꞏ2 (one-sided 98ꞏ75% CI 8ꞏ4 to ∞) for ChAd/m1273 and 2ꞏ8 (2ꞏ2 to ∞) for ChAd/NVX, 
compared with ChAd/ChAd. In BNT-primed participants, non-inferiority was shown for 
BNT/m1273 (GMC 22 978 ELU/mL [95% CI 20 597 to 25 636]) but not for BNT/NVX (8874 
ELU/mL [7391 to 10 654]), compared with BNT/BNT (16 929 ELU/mL [15 025 to 19 075]) 
with a GMR of 1ꞏ3 (one-sided 98ꞏ75% CI 1ꞏ1 to ∞) for BNT/m1273 and 0ꞏ5 (0ꞏ4 to ∞) for 
BNT/NVX, compared with BNT/BNT; however, NVX still induced an 18-fold rise in GMC 28 
days after vaccination. There were 15 serious adverse events, none considered related to 
immunisation. 

Interpretation: Heterologous second dosing with m1273, but not NVX, increased transient 
systemic reactogenicity compared with homologous schedules. Multiple vaccines are appropriate 
to complete primary immunisation following priming with BNT or ChAd, facilitating rapid 
vaccine deployment globally and supporting recognition of such schedules for vaccine 
certification. 

Funding: UK Vaccine Task Force, Coalition for Epidemic Preparedness Innovations (CEPI), 
and National Institute for Health Research. NVX vaccine was supplied for use in the trial by 
Novavax. 

Copyright © 2022 Elsevier Ltd. All rights reserved. 

Conflict of interest statement 

Declaration of interests MDS acts on behalf of the University of Oxford as an investigator on 
studies funded or sponsored by vaccine manufacturers, including AstraZeneca, 
GlaxoSmithKline, Pfizer, Novavax, Janssen, Medimmune, and MCM. He receives no personal 
financial payment for this work. JSN-V-T is seconded to the Department of Health and Social 
Care, England. AMC and DMF are investigators on studies funded by Pfizer and Unilever. They 
receive no personal financial payment for this work. AF is a member of the Joint Committee on 
Vaccination and Immunisation and chair of the WHO European Technical Advisory Group of 
Experts on Immunisation. He is an investigator or provides consultative advice on clinical trials 
and studies of COVID-19 vaccines produced by AstraZeneca, Janssen, Valneva, Pfizer, and 
Sanofi, and of other vaccines from these and other manufacturers, including GlaxoSmithKline, 
VPI Pharmaceuticals, Takeda, and Bionet Asia. He receives no personal remuneration or benefits 
for any of this work. SNF acts on behalf of University Hospital Southampton NHS Foundation 
Trust as an investigator or provides consultative advice on clinical trials and studies of COVID-
19 and other vaccines funded or sponsored by vaccine manufacturers, including Janssen, Pfizer, 
AstraZeneca, GlaxoSmithKline, Novavax, Seqirus, Sanofi, Medimmune, Merck, and Valneva. 
He receives no personal financial payment for this work. PTH acts on behalf of St George's 
University of London as an investigator on clinical trials of COVID-19 vaccines funded or 
sponsored by vaccine manufacturers, including Janssen, Pfizer, AstraZeneca, Novavax, and 
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Valneva. He receives no personal financial payment for this work. CAG acts on behalf of 
University Hospitals Birmingham NHS Foundation Trust as an investigator on clinical trials and 
studies of COVID-19 and other vaccines funded or sponsored by vaccine manufacturers, 
including Janssen, Pfizer, AstraZeneca, Novavax, CureVac, Moderna, and Valneva. He receives 
no personal financial payment for this work. VL acts on behalf of University College London 
Hospitals NHS Foundation Trust as an investigator on clinical trials of COVID-19 vaccines 
funded or sponsored by vaccine manufacturers including Pfizer, AstraZeneca, and Valneva. He 
receives no personal financial payment for this work. TL is named as an inventor on a patent 
application covering the ChAd vaccine and is an occasional consultant to Vaccitech, unrelated to 
this work. ALG is named as an inventor on a patent covering use of a particular promoter 
construct that is often used in ChAdOx1-vectored vaccines and is incorporated in the ChAdOx1 
nCoV-19 vaccine. ALG benefits from royalty income paid to the University of Oxford from 
sales of this vaccine by AstraZeneca and its sublicensees under the University's revenue sharing 
policy. Oxford University has entered into a partnership with AstraZeneca for further 
development of ChAdOx1 nCoV-19. All other authors declare no competing interests. 

 

3. Robust induction of neutralizing antibodies against the SARS-CoV-2 Delta variant 
after homologous Spikevax or heterologous Vaxzevria-Spikevax vaccination 

Swantje I Hammerschmidt 1, Christoph Thurm 2 3 4, Berislav Bošnjak 1, Günter Bernhardt 1, 
Annegret Reinhold 2 3 4, Stefanie Willenzon 1, Christiane Ritter 1, Dirk Reinhold 2 3 4, 
Burkhart Schraven 2 3 4, Reinhold Förster 1 5 6 7 

Eur J Immunol. 2021 Dec 6. doi: 10.1002/eji.202149645. Online ahead of print. 

PMID: 34870322 DOI: 10.1002/eji.202149645 

https://pubmed.ncbi.nlm.nih.gov/34870322/ 

First published: 06 December 2021 https://doi.org/10.1002/eji.202149645 

Full text article: https://onlinelibrary.wiley.com/doi/10.1002/eji.202149645 

Abstract 

Sera of vaccines were assessed by surrogate virus neutralization tests for their capacity to 
neutralize the SARS-CoV-2 Delta variant. Homologous prime-boost immunization with 
Moderna's Spikevax as well as heterologous immunization with AstraZeneca's Vaxzevria 
followed by Moderna's Spikevax were identified as highly potent vaccination regimens for the 
induction of Delta-neutralizing antibodies. 

Additional Excerpts: 

….Participants received prime injections with ChAd, MOD, or BNT. Homologous booster doses 
were applied 28 and 41 days after MOD and BNT primes, respectively. Following ChAd prime, 
participants could choose to either receive a MOD or ChAd boost approximately 12 weeks post 
prime (Supporting Information Fig. S1 and Table S1). These various boosting intervals 



7 
 

corresponded to the recommendations of the German Standing Committee on Vaccination 
(Ständige Impfkommission, STIKO) at that time. Sera were taken one day before boosting as 
well as mean 14 days and mean 28 days after boosting … 
 

…Data from the present study confirm that homologous vaccination with ChAd induces limited 
amounts of antibodies able to neutralize the Delta VoC [9]. As reported before for BNT [9], the 
immune response in ChAd-primed individuals could be strongly increased by a boost 
immunization with another mRNA-based COVID-19 vaccine, MOD. Interestingly, of all 
vaccination regimens tested in the present study, homologous immunization with the MOD 
vaccine appears to induce the highest levels of antibodies able to neutralize the Delta variant of 
SARS-CoV-2 and that even heterologous immunization with ChAd/MOD induces titers similar 
to those found after vaccination with BNT/BNT. It is currently unclear why only the median 
titers of the ChAd/MOD group dropped by one dilution step from day 14 to day 28. Data from 
additional cohorts have to show whether this heterologous vaccination approach induces less 
long-lived humoral immunity compared to other vaccination regimens. Although our data 
indicate that individuals receiving homologous ChAd immunization have lower levels of Delta-
neutralizing antibodies, it is currently unclear whether these vaccinees are more prone to 
vaccination breakthroughs than those that developed higher titers of antibodies due to 
homologous or heterologous immunization with mRNA-based vaccines. 

Conclusion: 

In conclusion, MOD alone or in combination with Adenoviral vector vaccines provides a 
powerful approach to combat the Delta variant. 

 

Cellular immunity predominates over humoral immunity after homologous and 
heterologous mRNA and vector-based COVID-19 vaccine regimens in solid organ 
transplant recipients 

Tina Schmidt 1, Verena Klemis 1, David Schub 1, Sophie Schneitler 2, Matthias C Reichert 3, 
Heinrike Wilkens 4, Urban Sester 5, Martina Sester 1, Janine Mihm 5 

Am J Transplant. 2021 Dec;21(12):3990-4002. doi: 10.1111/ajt.16818. Epub 2021 Sep 6. 

PMID: 34453872 PMCID: PMC8652989 DOI: 10.1111/ajt.16818.  

https://pubmed.ncbi.nlm.nih.gov/34453872/ 

Full text article: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8652989/ 

 

Abstract 

Knowledge on the immunogenicity of vector-based and mRNA-vaccines in solid organ 
transplant recipients is limited. Therefore, SARS-CoV-2-specific T cells and antibodies were 
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analyzed in 40 transplant recipients and 70 controls after homologous or heterologous vaccine-
regimens. Plasmablasts and SARS-CoV-2-specific CD4 and CD8 T cells were quantified using 
flow cytometry. Specific antibodies were analyzed by ELISA and neutralization assay. The two 
vaccine types differed after the first vaccination, as IgG and neutralizing activity were more 
pronounced after mRNA priming (p = .0001 each), whereas CD4 and CD8 T cell levels were 
higher after vector priming (p = .009; p = .0001). All regimens were well tolerated, and SARS-
CoV-2-specific antibodies and/or T cells after second vaccination were induced in 100% of 
controls and 70.6% of transplant recipients. Although antibody and T cell levels were lower in 
patients, heterologous vaccination led to the most pronounced induction of antibodies and CD4 T 
cells. Plasmablast numbers were significantly higher in controls and correlated with SARS-CoV-
2-specific IgG- and T cell levels. While antibodies were only detected in 35.3% of patients, 
cellular immunity was more frequently found (64.7%) indicating that assessment of antibodies is 
insufficient to identify COVID-19-vaccine responders. In conclusion, heterologous vaccination 
seems promising in transplant recipients, and combined analysis of humoral and cellular 
immunity improves the identification of responders among immunocompromised individuals. 

© 2021 The Authors. American Journal of Transplantation published by Wiley Periodicals LLC 
on behalf of The American Society of Transplantation and the American Society of Transplant 
Surgeons. 

Conflict of interest statement 

The authors of this manuscript have conflicts of interest to disclose as described by the American 
Journal of Transplantation. H.W. has received fees for lectures and/or consultations from 
Actelion, Boehringer, Bayer, Biotest, GlaxeSmithKline, Janssen, MSD, Pfizer, and Roche. M.S. 
has received grant support from Astellas and Biotest to the organization Saarland University 
outside the submitted work, and honoraria for lectures from Biotest and Novartis. The other 
authors have no conflicts of interest to disclose. 

 

Boosting with heterologous vaccines effectively improves protective immune responses of 
the inactivated SARS-CoV-2 vaccine 

Jialu Zhang,* Qian He,* Chaoqiang An, Qunying Mao, Fan Gao, Lianlian Bian, Xing Wu, Qian 
Wang, Pei Liu, Lifang Song, Yaqian Huo, Siyuan Liu, Xujia Yan, Jinghuan Yang, Bopei Cui, 
Changgui Li, Junzhi Wang, Zhenglun Liang, and Miao Xu 

Emerg Microbes Infect. 2021; 10(1): 1598–1608. Published online 2021 Aug 18. doi: 
10.1080/22221751.2021.1957401. PMCID: PMC8381941. PMID: 34278956 

https://pubmed.ncbi.nlm.nih.gov/34278956/ 

Full text article: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8381941/ 
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Abstract 

Since the outbreak of COVID-19, a variety of vaccine platforms have been developed. Amongst 
these, inactivated vaccines have been authorized for emergency use or conditional marketing in 
many countries. To further enhance the protective immune responses in populations that have 
completed vaccination regimen, we investigated the immunogenic characteristics of different 
vaccine platforms and tried homologous or heterologous boost strategy post two doses of 
inactivated vaccines in a mouse model. Our results showed that the humoral and cellular immune 
responses induced by different vaccines when administered individually differ significantly. In 
particular, inactivated vaccines showed relatively lower level of neutralizing antibody and T cell 
responses, but a higher IgG2a/IgG1 ratio compared with other vaccines. Boosting with either 
recombinant subunit, adenovirus vectored or mRNA vaccine after two-doses of inactivated 
vaccine further improved both neutralizing antibody and Spike-specific Th1-type T cell 
responses compared to boosting with a third dose of inactivated vaccine. Our results provide new 
ideas for prophylactic inoculation strategy of SARS-CoV-2 vaccines. 

 

State of the CAR-T: Risk of Infections with Chimeric Antigen Receptor T-Cell Therapy 
and Determinants of SARS-CoV-2 Vaccine Responses 

Juliet Meir,1 Muhammad Abbas Abid,2 and Muhammad Bilal Abid3,⁎ 

Transplant Cell Ther. 2021 Dec; 27(12): 973–987. Published online 2021 Sep 27. doi: 
10.1016/j.jtct.2021.09.016.  

Journal ListElsevier Public Health Emergency CollectionPMC8473073 

PMCID: PMC8473073. PMID: 34587552 

Abstract 

Chimeric antigen receptor T cell (CAR-T) therapy has shown unprecedented response rates in 
patients with relapsed/refractory (R/R) hematologic malignancies. Although CAR-T therapy 
gives hope to heavily pretreated patients, the rapid commercialization and cumulative 
immunosuppression of this therapy predispose patients to infections for a prolonged period. 
CAR-T therapy poses distinctive short- and long-term toxicities and infection risks among 
patients who receive CAR T-cells after multiple prior treatments, often including hematopoietic 
cell transplantation. The acute toxicities include cytokine release syndrome and immune effector 
cell-associated neurotoxicity syndrome. The long-term B cell depletion, 
hypogammaglobulinemia, and cytopenia further predispose patients to severe infections and 
abrogate the remission success achieved by the living drug. These on-target-off-tumor toxicities 
deplete B-cells across the entire lineage and further diminish immune responses to vaccines. 
Early observational data suggest that patients with hematologic malignancies may not mount 
adequate humoral and cellular responses to SARS-CoV-2 vaccines. In this review, we 
summarize the immune compromising factors indigenous to CAR-T recipients. We discuss the 
immunogenic potential of different SARS-CoV-2 vaccines for CAR-T recipients based on the 
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differences in vaccine manufacturing platforms. Given the lack of data related to the safety and 
efficacy of SARS-CoV-2 vaccines in this distinctively immunosuppressed cohort, we summarize 
the infection risks associated with Food and Drug Administration-approved CAR-T constructs 
and the potential determinants of vaccine responses. The review further highlights the potential 
need for booster vaccine dosing and the promise for heterologous prime-boosting and other 
novel vaccine strategies in CAR-T recipients. 

© 2021 American Society for Transplantation and Cellular Therapy. Published by Elsevier Inc. 

 

 

 

Heterologous prime-boost: breaking the protective immune response bottleneck of 
COVID-19 vaccine candidates 

Qian He 1, Qunying Mao 1, Chaoqiang An 1, Jialu Zhang 1, Fan Gao 1, Lianlian Bian 1, 
Changgui Li 1, Zhenglun Liang 1, Miao Xu 1, Junzhi Wang 1 

Emerg Microbes Infect. 2021 Dec;10(1):629-637. doi: 10.1080/22221751.2021.1902245. 

PMID: 33691606 PMCID: PMC8009122 DOI: 10.1080/22221751.2021.1902245 

https://pubmed.ncbi.nlm.nih.gov/33691606/ 

Full text article: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8009122/ 

 

Abstract 

COVID-19 vaccines emerging from different platforms differ in efficacy, duration of protection, 
and side effects. To maximize the benefits of vaccination, we explored the utility of employing a 
heterologous prime-boost strategy in which different combinations of the four types of leading 
COVID-19 vaccine candidates that are undergoing clinical trials in China were tested in a mouse 
model. Our results showed that sequential immunization with adenovirus vectored vaccine 
followed by inactivated/recombinant subunit/mRNA vaccine administration specifically 
increased levels of neutralizing antibodies and promoted the modulation of antibody responses to 
predominantly neutralizing antibodies. Moreover, a heterologous prime-boost regimen with an 
adenovirus vector vaccine also improved Th1-biased T cell responses. Our results provide new 
ideas for the development and application of COVID-19 vaccines to control the SARS-CoV-2 
pandemic. 

 

Keywords: COVID-19 vaccine; Heterologous prime-boost; T cell response; neutralizing 
antibody; th1/th2 balance. 
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JAMA Intern Med 

. 2021 Dec 20;e217372. doi: 10.1001/jamainternmed.2021.7372. Online ahead of print. 

Comparison of SARS-CoV-2 Antibody Response 4 Weeks After Homologous vs Heterologous 
Third Vaccine Dose in Kidney Transplant Recipients: A Randomized Clinical Trial 

Roman Reindl-Schwaighofer 1, Andreas Heinzel 1, Manuel Mayrdorfer 1, Rhea Jabbour 1, 
Thomas M Hofbauer 2, Anne Merrelaar 3, Michael Eder 1, Florina Regele 1, Konstantin Doberer 
1, Paul Spechtl 1, Constantin Aschauer 1, Maximilian Koblischke 4, Christopher Paschen 1, 
Farsad Eskandary 1, Karin Hu 1, Barbara Öhler 1, Arshdeep Bhandal 1, Sabine Kleibenböck 1, 
Rahel I Jagoditsch 1, Bianca Reiskopf 1, Florian Heger 5, Gregor Bond 1, Georg A Böhmig 1, 
Robert Strassl 6, Lukas Weseslindtner 4, Alexander Indra 5 7, Judith H Aberle 4, Michael Binder 
8, Rainer Oberbauer 1 

PMID: 34928302 PMCID: PMC8689434 DOI: 10.1001/jamainternmed.2021.7372 

https://pubmed.ncbi.nlm.nih.gov/34928302/ 

Full text article: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8689434/ 

 

Abstract 

Importance: Fewer than 50% of kidney transplant recipients (KTRs) develop antibodies against 
the SARS-CoV-2 spike protein after 2 doses of an mRNA vaccine. Preliminary data suggest that 
a heterologous vaccination, combining mRNA and viral vector vaccines, may increase 
immunogenicity. 

Objective: To assess the effectiveness of a third dose of an mRNA vs a vector vaccine in KTRs 
who did not have antibodies against the SARS-CoV-2 spike protein after 2 doses of an mRNA 
vaccine. 

Design, setting, and participants: This was a single center, single-blinded, 1:1 randomized 
clinical trial of a third dose of vaccine against SARS-CoV-2, conducted from June 15 to August 
16, 2021, in 201 KTRs who had not developed SARS-CoV-2 spike protein antibodies after 2 
doses of an mRNA vaccine. Data analyses were performed from August 17 to August 31, 2021. 

Interventions: mRNA (BNT162b2 or mRNA-1273) or vector (Ad26COVS1) as a third dose of 
a SARS-CoV-2 vaccine. 
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Main outcomes and measures: The primary study end point was seroconversion after 4 weeks 
(29-42 days) following the third vaccine dose. Secondary end points included neutralizing 
antibodies and T-cell response assessed by interferon-γ release assays (IGRA). In addition, the 
association of patient characteristics and vaccine response was assessed using logistic regression, 
and the reactogenicity of the vaccines was compared. 

Results: Among the study population of 197 kidney transplant recipients (mean [SD] age, 61.2 
[12.4] years; 82 [42%] women), 39% developed SARS-CoV-2 antibodies after the third vaccine. 
There was no statistically significant difference between groups, with an antibody response rate 
of 35% and 42% for the mRNA and vector vaccines, respectively. Only 22% of seroconverted 
patients had neutralizing antibodies. Similarly, T-cell response assessed by IGRA was low with 
only 17 patients showing a positive response after the third vaccination. Receiving nontriple 
immunosuppression (odds ratio [OR], 3.59; 95% CI, 1.33-10.75), longer time after kidney 
transplant (OR, 1.44; 95% CI, 1.15-1.83, per doubling of years), and torque teno virus plasma 
levels (OR, 0.92; 95% CI, 0.88-0.96, per doubling of levels) were associated with vaccine 
response. The third dose of an mRNA vaccine was associated with a higher frequency of local 
pain at the injection site compared with the vector vaccine, while systemic symptoms were 
comparable between groups. 

Conclusions and relevance: This randomized clinical trial found that 39% of KTRs without an 
immune response against SARS-CoV-2 after 2 doses of an mRNA vaccine developed antibodies 
against the SARS-CoV-2 spike protein 4 weeks after a third dose of an mRNA or a vector 
vaccine. The heterologous vaccination strategy with a vector-based vaccine was well tolerated 
and safe but not significantly better than the homologous mRNA-based strategy. 

Trial registration: EudraCT Identifier: 2021-002927-39. 
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Vaccine effectiveness against SARS-CoV-2 infection, hospitalization, and death when 
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Abstract 

Background: The recommendations in several countries to stop using the ChAdOx1 vaccine has 
led to vaccine programs combining different Coronavirus Disease 2019 (COVID-19) vaccine 
types, which necessitates knowledge on vaccine effectiveness (VE) of heterologous vaccine 
schedules. The aim of this Danish nationwide population-based cohort study was therefore to 
estimate the VE against Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) 
infection and COVID-19-related hospitalization and death following the first dose of the 
ChAdOx1 vaccine and the combination of the ChAdOx1/mRNA vaccines. 

Methods and findings: All individuals alive in or immigrating to Denmark from 9 February 
2021 to 23 June 2021 were identified in the Danish Civil Registration System. Information on 
exposure, outcomes, and covariates was obtained from Danish national registries. Poisson and 
Cox regression models were used to calculate crude and adjusted VE, respectively, along with 
95% confidence intervals (CIs) against SARS-CoV-2 infection and COVID-19-related 
hospitalization or death comparing vaccinated versus unvaccinated individuals. The VE 
estimates were adjusted for calendar time as underlying time and for sex, age, comorbidity, 
country of origin, and hospital admission. The analyses included 5,542,079 individuals (97.6% 
of the total Danish population). A total of 144,360 individuals were vaccinated with the 
ChAdOx1 vaccine as the first dose, and of these, 136,551 individuals received an mRNA vaccine 
as the second dose. A total of 1,691,464 person-years and 83,034 SARS-CoV-2 infections were 
included. The individuals vaccinated with the first dose of the ChAdOx1 vaccine dose had a 
median age of 45 years. The study population was characterized by an equal distribution of 
males and females; 6.7% and 9.2% originated from high-income and other countries, 
respectively. The VE against SARS-CoV-2 infection when combining the ChAdOx1 and an 
mRNA vaccine was 88% (95% CI: 83; 92) 14 days after the second dose and onwards. There 
were no COVID-19-related hospitalizations or deaths among the individuals vaccinated with the 
combined vaccine schedule during the study period. Study limitations including unmeasured 
confounders such as risk behavior and increasing overall vaccine coverage in the general 
population creating herd immunity are important to take into consideration when interpreting the 
results. 

Conclusions: In this study, we observed a large reduction in the risk of SARS-CoV-2 infection 
when combining the ChAdOx1 and an mRNA vaccine, compared with unvaccinated individuals. 
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1. The EMA recommends the dose booster with Spikevax 

Jean-Marie Manus 

Rev Francoph Lab. 2022 Jan; 2022 (538): 7. Published online 2021 Dec. 27. French. DOI:  
10.1016 / S1773-035X (21) 00345-2 

PMCID: PMC8710983 PMID: 34976119 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8710983/ 

Copyright and License information Disclaimer 

The Commission for Human Medical Products (CHMP) of the European Medicines Agency 
(EMA) has concluded that a booster dose , or booster dose , of Moderna's Covid-19 Spikevax 
vaccine should be considered in patients from 18 years old. This after data has concluded that 
this booster, administered six to eight months after the second dose of the initial regimen, makes 
it possible to raise the level of serum antibodies in vaccinated adults whose antibody level was 
decreasing. 

 

The booster dose is half the dose given during the initial vaccination. The EMA underlines [ 1 ] 
that “the same data indicate that the presentation of side effects after administration of this 
booster are similar to those possibly observed during the second dose. The risk of heart 
inflammation - myocarditis - or other very rare side effects after the booster is closely monitored 
”. As with all medicines, the EMA closely monitors all safety and activity data of Spikevax. 

 

At the national level, the public health systems of European countries in conjunction with the 
EMA must publish recommendations on the correct use of booster doses, taking into account the 
local epidemiological situation, efficacy data and safety measures during the administration of 
the recall. 

 

In early October, the EMA CHMP also concluded that a booster dose of the Comirnaty vaccine 
(BioNTech-Pfizer) should be considered at least six months after the second dose in patients 
from 18 years of age. . It is also recommended that this extra dose of Comirnaty and Spikevax 
can be given to patients with severely weakened immune systems no later than 28 days after their 
second dose. 
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The deployment of vaccination campaigns in the European Union remains the prerogative of the 
National Technical Advisory Groups for Immunization. They are responsible for organizing the 
vaccination campaigns in each member country, taking into account the local endemic 
conditions, the circulation of the virus, especially that of the variants of concern, the vaccine 
supply and the capacities of the national public health systems. . 

 

The EMA is working closely with national health authorities and the European Center for 
Disease Prevention and Control to assess all data transmitted to it and disseminate 
recommendations to protect populations throughout the progressing pandemic. 
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UNITED 
KINGDOM

Regulatory 
Authority

Cardiac arrest, Cardiomegaly, Left ventricular 
failure, Limb discomfort, Nasopharyngitis, 
Pyrexia, Seizure

Serious 59.00 708.00 Male COVID-19 VACCINE ASTRAZENECA; 
COVID-19 VACCINE ASTRAZENECA; 
GALPHARM IBUPROFEN; INFLUENZA 
VACCINE INACT SPLIT; 
OMEPRAZOLE; PARACETAMOL

UNITED 
KINGDOM

Regulatory 
Authority

Feeling abnormal, Sudden death Serious 66.00 792.00 Male Myocardial infarction(H); COVID-19 VACCINE 
ASTRAZENECA

ATORVASTATIN; COVID-19 VACCINE 
ASTRAZENECA; PARACETAMOL

3004737

UNITED 
STATES

Spontaneous Asthenia, Chills, Death, Dyspnoea, Fatigue, 
Loss of consciousness, Malaise

Serious 75.00 900.00 Unknown PFIZER BIONTECH COVID-19 VACCINE; Systemic
lupus erythematosus(C)

#069H21A

UNITED 
KINGDOM

Regulatory 
Authority

Death, Dyspnoea Serious 98.00 1176.00 Male Macular degeneration(C); Atrial fibrillation(C); 
Hypothyroidism(C); Neovascular age-related 
macular degeneration(C); Asthenia(H); Cognitive 
disorder(H); Urinary tract infection(C); 
APIXABAN(H); CYANOCOBALAMIN(H); FERROUS
FUMARATE(H); FINASTERIDE(H); 
OMEPRAZOLE(H); TAMSULOSIN(H)

COVID-19 VACCINE ASTRAZENECA; 
COVID-19 VACCINE ASTRAZENECA; 
TRIMETHOPRIM

NETHERLANDS Regulatory 
Authority

Cardiac arrest, Oedema peripheral, Parkinson's 
disease

Serious 91.00 1092.00 Male PFIZER BIONTECH COVID-19 VACCINE; PFIZER 
BIONTECH COVID-19 VACCINE; Parkinson's 
disease(C); Hypotension(H)

NONSPI; ANTI-PARKINSON; 
COLECALCIFEROL; DOPAMINE; 
APOMORPHINE

3005243

KOREA, 
REPUBLIC OF

Spontaneous Apallic syndrome, Myocardial infarction Serious Male Rehabilitation therapy; ASTRAZENECA COVID-19 
VACCINE

GERMANY Regulatory 
Authority

Myocarditis, Sudden death Serious 51.00 612.00 Male COVID-19(H); COMIRNATY(H)

PHILIPPINES Regulatory 
Authority

Chest pain, Dyspnoea, Oropharyngeal pain, 
Oxygen saturation decreased

Serious 34.00 408.00 Male COMIRNATY, COMIRNATY, COMIRNATY, COMIRNATY 055ez1a

FRANCE Regulatory 
Authority

Cardiac arrest, Intestinal obstruction, Sepsis Serious 44.00 528.00 Female Gene mutation(H); Lung disorder(H); Obesity(H); 
Intellectual disability(H)

COMIRNATY, COMIRNATY, COMIRNATY

GERMANY Regulatory 
Authority

Aortic aneurysm rupture Serious 52.00 624.00 Male COVID-19 VACCINE JANSSEN

FRANCE Regulatory 
Authority

Cardiac failure, Ischaemic stroke Serious 92.00 1104.00 Male COMIRNATY; COMIRNATY; Myocardial 
ischaemia(H); Myocardial infarction(H); 
Dyslipidaemia(H); Osteoarthritis(H); Carotid 
endarterectomy; Carotid endarterectomy; Prostatic 
operation

BISOPROLOL; CLOPIDOGREL; 
ATORVASTATIN; COVERAM; 
FUROSEMIDE; ZYMAD; SILODOSINE; 
PARACETAMOL

214031

KOREA, 
REPUBLIC OF

Spontaneous Cardiac arrest Serious 62.00 744.00 Male JANSSEN COVID-19 VACCINE

UNITED 
KINGDOM

Regulatory 
Authority

Cardiac arrest, Death, Dyspnoea, Headache, 
Influenza like illness, Oxygen saturation 
decreased

Serious 39.00 468.00 Male COVID-19 MRNA VACCINE BNT162B2; COVID-19 
MRNA VACCINE BNT162B2

3005686

SWEDEN Regulatory 
Authority

Pulmonary embolism Serious 67.00 804.00 Female Breast cancer(H); Vascular dementia(C); Psychotic 
disorder(C)

FLUZONE [INFLUENZA VACCINE] COMIRNATY 023F21A

GERMANY Regulatory 
Authority

Acute myocardial infarction Serious 50.00 600.00 Male Hypertension(H); COMIRNATY; COMIRNATY 3004233

ITALY Regulatory 
Authority

Acute myocardial infarction, Cough, 
Haemoptysis, Pulmonary embolism

Serious 79.00 948.00 Male COMIRNATY(H); COMIRNATY(H) 3005887

GERMANY Regulatory 
Authority

Sudden death Serious 39.00 468.00 Male Mental impairment(H); COMIRNATY(H); 
COMIRNATY(H)

092F21A

4.1(b) 4.1(b)







































































































SPIKEVAX (COVID-19 mRNA Vaccine [nucleoside 

modified]) 
01 Jul 2021 to 31 Dec 2021 

PBRER No. 2 

Page 620 of 682 

 

 
Confidential: Property of ModernaTX, Inc. 
 

20.11.20. Interaction with Other COVID-19 vaccines (Heterologous Vaccine 

Schedule): Pfizer: Cumulative Case Narratives Listings 

 
















































































































































































































































