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1  |  ANTIBODY RESPONSE TO COVID - 19 
VACCINES IN SOLID ORGAN TR ANSPL ANT 
RECIPIENTS

In March 2021 our research group reported that anti- spike/receptor 
binding domain antibody responses (hereafter “anti- spike antibod-
ies”) to the otherwise extremely immunogenic mRNA COVID- 19 
vaccines were significantly diminished in many solid organ transplant 
(SOT) recipients.1 This work used two clinical assays designed to de-
tect exposure to SARS- CoV- 2, later validated as associated with neu-
tralizing activity at higher levels in convalescent persons.2,3 Many 
groups corroborated and expanded upon these findings, estab-
lishing phenotypes associated with poor sero- response: older per-
sons, non- liver recipients, persons closer to transplant, and those 

receiving certain immunosuppressives such as antimetabolite ther-
apies (mycophenolate) and belatacept.4– 6 The deleterious impact 
of other biologics and cellular therapies, such as B cell– depleting 
agents, was also confirmed.7

The significance of poor antibody response was uncertain, but 
there was suspicion that this would connote higher risk of infection 
by SARS- CoV- 2 and might associate with serious disease given trans-
plant patients reside at the intersection of multimorbidity associated 
with poor COVID- 19 outcomes (diabetes, obesity, cardiovascular dis-
ease)8 and multifactorial transplant immunosuppression. Hesitance 
to use anti- spike antibody levels as a marker for either vulnerabil-
ity to or protection from COVID- 19 was, in part, due to flooding of 
the commercial market with antibody assays with varying operating 
characteristics, including those that targeted the nucleocapsid (N) 

Received: 13 December 2021  | Revised: 24 January 2022  | Accepted: 27 January 2022

DOI: 10.1111/ajt.16993  

V I E W P O I N T

SARS- CoV- 2 antibody testing for transplant recipients: A tool 
to personalize protection versus COVID- 19

William A. Werbel1  |   Dorry L. Segev2,3

This is an open access article under the terms of the Creative Commons Attribution- NonCommercial- NoDerivs License, which permits use and distribution in 
any medium, provided the original work is properly cited, the use is non- commercial and no modifications or adaptations are made.
© 2022 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

Abbreviations: CDC, Centers for Disease Control and Prevention; COVID- 19, coronavirus disease 2019; FDA, Food and Drug Administration; mAb, monoclonal antibody; mRNA, 
messenger ribonucleic acid; SARS- CoV- 2, severe acute respiratory syndrome coronavirus 2; SOT, solid organ transplant.

1Department of Medicine, Johns Hopkins 
University School of Medicine, Baltimore, 
Maryland, USA
2Department of Surgery, Johns Hopkins 
School of Medicine, Baltimore, Maryland, 
USA
3Department of Epidemiology, Johns 
Hopkins School of Public Health, 
Baltimore, Maryland, USA

Correspondence
Dorry Segev, Associate Vice- Chair of 
Research, Department of Surgery, Johns 
Hopkins Medical Institutions, 720 Rutland 
Ave, Ross 34, Baltimore, MD 21205, USA.
Email: dorry@jhmi.edu

Funding information
This work is supported by grants 
K23AI157893 (WAW) and K24AI144954 
(DLS) from the National Institute of 
Allergy and Infectious Disease.

Anti- spike antibody testing has emerged as a powerful tool to assess SARS- CoV- 2 vac-
cine response in solid organ transplant (SOT) recipients, many of whom remain at risk 
for COVID- 19 despite vaccination. Neither the US Food and Drug Administration nor 
major transplant societies recommend testing antibody responses after vaccination, 
or its general incorporation into COVID- 19 risk stratification. Notably, in December 
2021, the American Society of Transplantation recognized anti- spike seronegativity 
as a consideration for use of monoclonal antibody pre- exposure prophylaxis. In this 
viewpoint, we narrate the evolving rationale for anti- spike antibody testing and ulti-
mately recommend that all SOT recipients be tested for anti- spike antibody after vac-
cination. This result should then be used to personalize efforts to improve protection 
versus COVID- 19 for the most vulnerable, such as additional vaccination strategies 
and consideration of passive immunoprophylaxis.
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protein, which is not contained in the COVID- 19 vaccines and is not 
a marker of vaccine response. This, as well as a general data vacuum 
regarding direct association between antibody level and real- world 
protection, prompted the US FDA to strongly recommend against 
assessing antibody level to measure vaccine response (fda.gov, press 
release May 16, 2021). Transplant societies also remained cautious 
to endorse any form of antibody testing after vaccination. For exam-
ple, in August 2021 The Transplantation Society (TTS) stated they 
“do not recommend checking antibody responses to the vaccine”9 
and in November 2021 the American Society of Transplantation 
(AST) stated that they “do not recommend routinely checking an-
tibody responses after any dose and do not recommend its use to 
determine need for additional vaccine doses”.10

Accumulating research did demonstrate that anti- spike assays were 
well correlated with neutralizing antibody after vaccination, which in 
turn emerged as the best correlate of protection after vaccination in 
the general population.11– 13 For example, vaccine trial participants with 
lower anti- spike antibody levels and neutralizing capacity experienced 
higher rates of infection after vaccination (so- called “breakthrough”). 
Additionally, exogenous administration of monoclonal neutralizing anti- 
spike antibody (mAb) was shown to prevent COVID- 1914 and reduce 
mortality specifically among seronegative persons.15

Large- scale data directly linking antibody level to outcomes in 
SOT recipients were (and remain) limited, due to multiple factors 
including lack of broad testing or prospective studies. Several case 
series in spring and summer 2021 suggested a strong relationship 
between anti- spike level and breakthrough COVID- 19,16– 18 with 
82% (47/57) of tested SOT recipients showing nil anti- spike anti-
body predominately following a two- dose mRNA series. A striking 
association between SOT status and severe breakthrough infections 
was reinforced through multicenter studies, even higher than other 
immunocompromised persons, although antibody testing was not 
reported.19,20 Synthesized data by the CDC demonstrated that sero-
conversion rates were lowest among SOT recipients as compared to 
other immunocompromised populations, supporting a link between 
these outcomes.21

2  |  IMPAC T OF ADDITIONAL 
VACCINATIONS

Spurred by reports of poor sero- response and serious COVID- 19 
outcomes after vaccination, research teams and SOT recipients 
alike called for urgent investigation into methods to improve protec-
tion versus COVID- 19. Once vaccine access increased in the United 
States, many transplant recipients began to independently obtain 
additional doses in late spring and summer of 2021. This approach 
was also adopted in several European countries with routine admin-
istration of a third vaccine dose in immunocompromised persons, 
often with preceding testing of anti- spike antibody.

Impressively, in many SOT recipients with low but detectable 
antibody, an additional dose did boost anti- spike antibody levels to 
those seen in the general population after two mRNA doses.22,23 This 

also laid the groundwork for a key clinical trial that formally tested 
this hypothesis and confirmed that, indeed, additional vaccine doses 
boosted humoral responses for a number of SOT recipients.24 This 
mounting evidence was heavily cited by the FDA and CDC in their 
authorization of an additional mRNA vaccine dose for moderately- 
to- severely immunocompromised persons.

Disappointingly, a significant subset of transplant recipients who 
were seronegative after two mRNA vaccine doses remain seronega-
tive after a third, or even fourth vaccine dose.25,26 Among these per-
sons, seroconversion to additional doses was typically 20%– 40%, to 
lower peak levels, and with very little associated neutralizing capac-
ity particularly versus variants of concern.27 In the absence of rou-
tine antibody testing, many patients and their providers remained 
unaware of potential extreme susceptibility to infection despite 
vaccination. For example, we have recently cared for several SOT 
recipients admitted with critical COVID- 19 who were discovered on 
admission to be seronegative despite three- dose mRNA vaccination.

3  |  SEEKING A CORREL ATE OF 
PROTEC TION

Much of the remaining controversy surrounding antibody testing re-
lates to (1) the quest for an antibody threshold associated with pro-
tection in patients taking longitudinal immunosuppression and (2) 
the potential for protective cellular responses in the absence of ro-
bust antibody response. In the general population, multiple studies 
have attempted to either directly measure or model thresholds asso-
ciated with high vaccine effectiveness, primarily based on anti- spike 
antibody response and associated neutralizing capacity, demon-
strating correlation with protection on a continuous scale.12,13,28 An 
absolute threshold of protection is a very lofty goal for respiratory 
viruses, and one that has not truly been achieved in the general pop-
ulation, let alone in the transplant population with impaired cellular 
compartments and potential for sluggish immune responses versus 
SARS- CoV- 2. Furthermore, the goalposts are constantly moving, as 
evidenced by the rise of the Omicron variant, which demonstrates 
significant immune evasion and need for potentially >20- fold higher 
antibody levels to neutralize.29 Thus, although this goal is important, 
it should not be the all- encompassing focus in the setting of an on-
going public health emergency. We can expect that SOT recipients 
will need to mount at least a level of anti- spike antibody associated 
with putative protection in the general population,12,13 potentially 
significantly higher given a lack of other innate and adaptive immune 
“cavalry” as a result of immunosuppressive medications as well as 
the immune evasion of SARS- CoV- 2 variants of concern.

4  |  DISCORDANCE BET WEEN CELLUL AR 
AND HUMOR AL RESPONSES

Several studies have indicated a subset of vaccinated SOT recipients 
show T cell reactivity versus the spike protein via cytokine release 
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assays in the absence of detectable anti- spike antibody response (0%– 
50% discordance, varying widely depending upon population, vaccine 
type, and assay used).30– 34 This finding is encouraging that a degree 
of protection versus severe disease may be present despite a lack of 
humoral response, though the significance and real- world applicability 
are uncertain for the SOT population. In particular, to our knowledge, 
there has been no correlative study between T cell responses and 
protection versus COVID- 19 in any vaccinated population, let alone 
in transplant recipients taking anti- rejection medications specifically 
designed to impair T cell function. This is compounded by a lack of 
standardization among assays, including testing with different T cell 
subtypes, cytokine profiling, and stimulation procedures. Importantly, 
there is no clinically available assay to test spike- specific T cell re-
sponses and few research labs have capacity to perform these in a 
relevant time frame. These features all contrast with the accessibility, 
utility, and data supporting anti- spike antibody as a bedside test with 
significant clinical consequence. This, however, does not discount the 
important role for cellular responses, particularly SARS- CoV- 2- specific 
CD8+ T cells, in painting the full landscape of vaccine- associated im-
mune response to COVID- 19 vaccination, particularly if interrogated 
using epitope- specific assays such as MHC- multimer staining or T cell 
receptor sequencing.

5  |  STR ATEGIES TO IMPROVE 
PROTEC TION VERSUS COVID - 19

The above lines of reasoning bring us directly to discussion of the role 
for anti- spike antibody testing as an important means to risk- stratify 
patients and direct them toward interventions to improve protection 
against COVID- 19. Although not an all- encompassing immune assess-
ment, data and biology support that transplant patients with negative 
or low anti- spike antibody levels are at high risk for infection, which 
in turn is the sine qua non for downstream severe disease in a subset 
of these patients. This likely reflects that antibody level is not only 
a measure of circulating proteins with neutralizing capacity but is a 
biomarker for the cellular machinery that permits vaccine response 
(i.e., functional B cells) and frequently correlates with other aspects of 
immune response (particularly CD4+ T cells).35 Thus, we believe that 
the transplant community should be active in pursuing approaches to 
improve vaccine response and protection, and that benefit/risk cal-
culus is best informed by anti- spike antibody levels. This starts with 
vaccination strategies, given demonstration in millions of persons that 
these vaccines are very safe and if optimized they have the potential to 
generate both humoral and cellular protection (the latter providing key 
cross- variant activity and memory).36 For example, we have partnered 
with the NIH to launch a multicenter clinical trial investigating the role 
for temporary peri- vaccination reduction of immunosuppression in se-
ronegative SOT recipients deemed to be of low clinical alloimmune 
risk (NCT05077254). Several other groups are pursuing similar stud-
ies (NCT04961229; NCT0506099). Additionally, we are invested in 
rigorously studying differences in immunogenicity of mixed platform 
vaccinations (e.g., adenoviral vector, mRNA, adjuvanted peptide, and 

variant- specific boosters), which have shown encouraging antibody 
and cellular responses.30,37 This is important given the current carte 
blanche for receipt of any vaccine as a booster dose amid ongoing 
equipoise.

Very relevantly, there is interest in the use of combinations of 
monoclonal antibodies (mAbs) for passive immunoprophylaxis of 
high- risk, immunocompromised individuals, such as SOT recipients. 
This is based on evidence that early treatment (or post- exposure 
prophylaxis) with mAb, especially among those who are seronega-
tive, significantly reduced serious COVID- 19 in the general popula-
tion.14,15 Most recently, the anti- spike mAb combination tixagevimab 
plus cilgavimab (AstraZeneca, EVUsheld®) was authorized by the 
FDA as pre- exposure prophylaxis after demonstrating effectiveness 
against symptomatic COVID- 19 (https://www.fda.gov/media/ 15470 
1/download). mAbs hold potential to reduce severe COVID- 19 in 
SOT recipients, yet there is concern that many of these formula-
tions may be evaded by the Omicron variant, including potentially 
tixagevimab plus cilgavimab,29,38 although sotrovimab (Vir/GSK, 
Xevudy®) appears to maintain high activity.39

So, how should we select which transplant recipients should be 
prioritized for alternative vaccination strategies or mAb? Discussion 
should start with a combination of well- established clinical factors for 
severe disease (age, obesity, diabetes, chronic kidney disease, etc.), 
coupled with assessment for risk of poor humoral vaccine response. 
Observational data have partially established this phenotype, but 
given wide availability of commercial antibody assays and the poten-
tial for variability in sero- response, we should simply test for anti- spike 
antibody. It is encouraging that the AST recently acknowledged anti- 
spike seronegativity as high- risk feature warranting prioritization for 
pre- exposure immunoprophylaxis,40 yet clear guidance from our trans-
plant societies is needed in choosing among assays, optimizing timing 
of antibody assessment, and ultimate interpretation of results. We rec-
ognize that antibody testing may not be immediately available at each 
transplant center and that it is important to ensure equity in access 
to this biomarker if it is to be used for allocation of scarce resources 
such as mAb. Public recognition by government agencies of anti- spike 
antibody testing as integral to clinical care may incentivize use and 
help reduce inequities in access including insurance coverage of these 
tests. Experience, thus far, supports the use of an FDA authorized 
semi or fully quantitative anti- spike assay41 validated in vaccinated, 
immunocompromised persons via neutralization testing (preferably 
live virus).27,42,43 Reporting anti- spike values in binding antibody units 
(BAU), normalized to the WHO international standard would also help 
reduce heterogeneity and confusion among assays (https://www.who.
int/publi catio ns/m/item/WHO- BS- 2020.2403). Several clinical plat-
forms have established conversion factors to BAU, which can either be 
directly used or correlated to other assays if binding the same target.44

6  |  CONCLUSIONS

We are facing yet another COVID- 19 wave driven by a transmissible 
variant of concern resistant to neutralization, but this time we have a 

https://www.fda.gov/media/154701/download
https://www.fda.gov/media/154701/download
https://www.who.int/publications/m/item/WHO-BS-2020.2403
https://www.who.int/publications/m/item/WHO-BS-2020.2403
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paradigm and tools, particularly anti- spike antibody testing, to mitigate 
risk and personalize efforts to maximize protection for the most vul-
nerable. We do not agree with recommending against antibody testing 
under the narrow premise that the biomarker is imperfect or that a 
threshold of protection is not definitely established: we frequent use 
cutting- edge testing in transplant medicine that requires clinical expe-
rience and guidelines to maximize benefit.

Although all transplant patients irrespective of antibody level 
should maintain physical distancing, masking, and avoidance of in-
door crowded environments during periods of high SARS- CoV- 2 
circulation, the recognition of extreme susceptibility to infection in 
the setting of minimal antibody response after vaccination may fac-
tor in to an individual's risk calculus. Furthermore, this may provide 
additional incentive for family members, coworkers, and employers 
to maximize critical ring protection by undergoing booster vaccina-
tions or observing other behavioral measures to protect the vulner-
able recipient. Antibody testing by well- informed providers using 
appropriate assays will be key to identifying which SOT recipients 
remain at highest risk for disease after vaccination, and for whom we 
should target progressive vaccination and immunoprophylactic ther-
apies. Explicit guidance from our transplant societies on how best 
to integrate antibody testing into clinical practice would help raise 
awareness and foster the responsible use of the practice, potentially 
saving lives as the pandemic continues.

ACKNOWLEDG MENTS
We would like to thank Dr. Andrew H. Karaba for his conceptual 
review of this manuscript.

DISCLOSURE
The authors of this manuscript have conflicts of interest to disclose 
as described by the American Journal of Transplantation. DLS has re-
ceived consulting and speaking honoraria from Sanofi, Novartis, CSL 
Behring, Jazz Pharmaceuticals, Veloxis, Mallinckrodt, and Thermo 
Fisher Scientific. WAW has no relevant disclosures.

DATA AVAIL ABILIT Y S TATEMENT
Not applicable.

ORCID
William A. Werbel  https://orcid.org/0000-0003-2943-5895 
Dorry L. Segev  https://orcid.org/0000-0002-1924-4801 

R E FE R E N C E S
 1. Boyarsky BJ, Werbel WA, Avery RK, et al. Immunogenicity of a 

single dose of SARS- CoV- 2 messenger RNA vaccine in solid organ 
transplant recipients. JAMA. 2021;325(17):1784- 1786.

 2. Klein SL, Pekosz A, Park H- S, et al. Sex, age, and hospitalization 
drive antibody responses in a COVID- 19 convalescent plasma 
donor population. J Clin Invest. 2020;130(11):6141- 6150.

 3. Resman Rus K, Korva M, Knap N, et al. Performance of the rapid 
high- throughput automated electrochemiluminescence immuno-
assay targeting total antibodies to the SARS- CoV- 2 spike protein 
receptor binding domain in comparison to the neutralization assay. 
J Clin Virol. 2021;139:104820.

 4. Boyarsky BJ, Werbel WA, Avery RK, et al. Antibody response to 
two- dose SARS- CoV- 2 messenger RNA vaccine series in solid 
organ transplant recipients. JAMA. 2021;325(21):2204- 2206.

 5. Grupper A, Rabinowich L, Schwartz D, et al. Reduced humoral re-
sponse to mRNA SARS- Cov- 2 BNT162b2 vaccine in kidney trans-
plant recipients without prior exposure to the virus. Am J Transplant. 
2021;21(8):2719- 2726.

 6. Chavarot N, Ouedrani A, Marion O, et al. Poor anti- SARS- CoV- 2 
humoral and T- cell responses after 2 injections of mRNA vaccine in 
kidney transplant recipients treated with belatacept. Transplantation. 
2021;105(9):e94- e95.

 7. Connolly CM, Boyarsky BJ, Ruddy JA, et al. Absence of humoral 
response after two- dose SARS- CoV- 2 messenger RNA vaccination 
in patients with rheumatic and musculoskeletal diseases: a case se-
ries. Ann Intern Med. 2021;174(9):1332- 1334.

 8. Williamson EJ, Walker AJ, Bhaskaran K, et al. Factors associ-
ated with COVID- 19- related death using OpenSAFELY. Nature. 
2020;584(7821):430- 436.

 9. The Transplantation Society: TID COVID- 19 Guidance Focused 
Review: SARS- CoV- 2 Vaccines in Transplant Recipients. Accessed 
December 11, 2021.

 10. American Society of Transplantation COVID- 19 Vaccine FAQ 
Sheet. https://www.myast.org/sites/ defau lt/files/ 11.14.21- Vacci 
neFAQ - Profe ssion als.pdf. Accessed December 10, 2021.

 11. Bergwerk M, Gonen T, Lustig Y, et al. Covid- 19 breakthrough 
infections in vaccinated health care workers. N Engl J Med. 
2021;385(16):1474- 1484.

 12. Gilbert PB, Montefiori DC, McDermott AB, et al. Immune correlates 
analysis of the mRNA- 1273 COVID- 19 vaccine efficacy clinical trial. 
Science. 2021:eab3435.

 13. Feng S, Phillips DJ, White T, et al. Correlates of protection against 
symptomatic and asymptomatic SARS- CoV- 2 infection. Nat Med. 
2021;27(11):2032- 2040.

 14. Cohen MS, Nirula A, Mulligan MJ, et al. Effect of bamlanivimab vs 
placebo on incidence of COVID- 19 among residents and staff of 
skilled nursing and assisted living facilities: a randomized clinical 
trial. JAMA. 2021;326(1):46- 55.

 15. RECOVERY Collaborative Group. Casirivimab and imdevimab in 
patients admitted to hospital with COVID- 19 (RECOVERY): a ran-
domised, controlled, open- label, platform trial. medRxiv. 2021. doi:
10.1101/2021.06.15.21258542.

 16. Caillard S, Chavarot N, Bertrand D, et al. Occurrence of se-
vere COVID- 19 in vaccinated transplant patients. Kidney Int. 
2021;100(2):477- 479.

 17. Anjan S, Natori Y, Fernandez Betances AA, et al. Breakthrough 
COVID- 19 infections after mRNA vaccination in solid organ trans-
plant recipients in Miami, Florida. Transplantation. 2021;105(10):e13
9- e141.

 18. Tau N, Yahav D, Schneider S, et al. Severe consequences of 
COVID- 19 infection among vaccinated kidney transplant recipi-
ents. Am J Transplant. 2021;21(8):2910- 2912.

 19. Qin CX, Moore LW, Anjan S, et al. Risk of breakthrough SARS- 
CoV- 2 infections in adult transplant recipients. Transplantation. 
2021;105(11):e265- e266.

 20. Sun J, Zheng Q, Madhira V, et al. Association between immune dys-
function and COVID- 19 breakthrough infection after SARS- CoV- 2 
vaccination in the US. JAMA Intern Med. 2022;182(2):153- 162.

 21. Oliver S. Data and clinical considerations for additional doses in 
immunocompromised people. Centers for Disease Control and 
Prevention ACIP Meeting. July 22, 2021.

 22. Werbel WA, Boyarsky BJ, Ou MT, et al. Safety and immunogenicity 
of a third dose of SARS- CoV- 2 vaccine in solid organ transplant re-
cipients: a case series. Ann Intern Med. 2021;174(9):1330- 1332.

 23. Kamar N, Abravanel F, Marion O, et al. Three doses of an mRNA 
Covid- 19 vaccine in solid- organ transplant recipients. N Engl J Med. 
2021;385(7):661- 662.

https://orcid.org/0000-0003-2943-5895
https://orcid.org/0000-0003-2943-5895
https://orcid.org/0000-0002-1924-4801
https://orcid.org/0000-0002-1924-4801
https://www.myast.org/sites/default/files/11.14.21-VaccineFAQ-Professionals.pdf
https://www.myast.org/sites/default/files/11.14.21-VaccineFAQ-Professionals.pdf
https://doi.org/10.1101/2021.06.15.21258542


1320  |   
AJT

WERBEL and SEGEV

 24. Hall VG, Ferreira VH, Ku T, et al. Randomized trial of a third dose 
of mRNA- 1273 vaccine in transplant recipients. N Engl J Med. 
2021;385(13):1244- 1246.

 25. Kamar N, Abravanel F, Marion O, et al. Assessment of 4 doses of 
SARS- CoV- 2 messenger RNA- based vaccine in recipients of a solid 
organ transplant. JAMA Netw Open. 2021;4(11):e2136030.

 26. Benotmane I, Gautier G, Perrin P, et al. Antibody response after a 
third dose of the mRNA- 1273 SARS- CoV- 2 vaccine in kidney trans-
plant recipients with minimal serologic response to 2 doses. JAMA. 
2021;326(11):1063- 1065.

 27. Benotmane I, Bruel T, Planas D, et al. A fourth dose of the mRNA- 
1273 SARS- CoV- 2 vaccine improves serum neutralization against 
the delta variant in kidney transplant recipients. medRxiv. 2021. do
i:10.1101/2021.11.25.21266704.

 28. Khoury DS, Cromer D, Reynaldi A, et al. Neutralizing antibody lev-
els are highly predictive of immune protection from symptomatic 
SARS- CoV- 2 infection. Nat Med. 2021;27(7):1205- 1211.

 29. Cao YR, Wang J, Jian F, et al. B.1.1.529 escapes the majority of 
SARS- CoV- 2 neutralizing antibodies of diverse epitopes. bioRxiv. 
2021. doi:10.1101/2021.12.07.470392

 30. Schmidt T, Klemis V, Schub D, et al. Cellular immunity predominates 
over humoral immunity after homologous and heterologous mRNA 
and vector- based COVID- 19 vaccine regimens in solid organ trans-
plant recipients. Am J Transplant. 2021;21(12):3990- 4002.

 31. Fernández- Ruiz M, Almendro- Vázquez P, Carretero O, et al. 
Discordance between SARS- CoV- 2- specific cell- mediated and anti-
body responses elicited by mRNA- 1273 vaccine in kidney and liver 
transplant recipients. Transplant Direct. 2021;7(12):e794.

 32. Hall VG, Ferreira VH, Ierullo M, et al. Humoral and cellular im-
mune response and safety of two- dose SARS- CoV- 2 mRNA- 1273 
vaccine in solid organ transplant recipients. Am J Transplant. 
2021;21(12):3980- 3989.

 33. Sattler A, Schrezenmeier E, Weber UA, et al. Impaired humoral 
and cellular immunity after SARS- CoV- 2 BNT162b2 (tozinameran) 
prime- boost vaccination in kidney transplant recipients. J Clin 
Invest. 2021;131(14):e150175.

 34. Havlin J, Svorcova M, Dvorackova E, et al. Immunogenicity 
of BNT162b2 mRNA COVID- 19 vaccine and SARS- CoV- 2 in-
fection in lung transplant recipients. J Heart Lung Transplant. 
2021;40(8):754- 758.

 35. Ferreira VH, Marinelli T, Ierullo M, et al. Severe acute respiratory 
syndrome Coronavirus 2 infection induces greater T- cell responses 

compared to vaccination in solid organ transplant recipients. J 
Infect Dis. 2021;224(11):1849- 1860.

 36. Tarke A, Sidney J, Methot N, et al. Impact of SARS- CoV- 2 variants 
on the total CD4(+) and CD8(+) T cell reactivity in infected or vac-
cinated individuals. Cell Rep Med. 2021;2(7):100355.

 37. Reindl- Schwaighofer R, Heinzel A, Mayrdorfer M, et al. Comparison 
of SARS- CoV- 2 antibody response 4 weeks after homologous vs 
heterologous third vaccine dose in kidney transplant recipients: a 
randomized clinical trial. JAMA Intern Med. 2022;182(2):165- 171.

 38. Planas D, Saunders N, Maes P, et al. Considerable escape of SARS- 
CoV- 2 variant Omicron to antibody neutralization. bioRxiv. 2021. 
doi:10.1101/2021.12.14.472630.

 39. Cameroni E, Saliba C, Bowen JE, et al. Broadly neutralizing antibod-
ies overcome SARS- CoV- 2 Omicron antigenic shift. bioRxiv. 2021.

 40. American Society of Transplantation AST Statement on Use of 
Monoclonal Antibody for Pre- Exposure Prophylaxis. https://www.myast.
org/sites/ defau lt/files/ AST%20Sta temen t%20on%20Use %20of%20
Mon oclon al%20Ant ibody_Final_0.pdf. Accessed December 20, 2021.

 41. US Food and Drug Administration EUA Authorized Serology Test 
Performance. https://www.fda.gov/medic al- devic es/coron aviru s- disea 
se- 2019- covid - 19- emerg ency- use- autho rizat ions- medic al- devic es/eua- 
autho rized - serol ogy- test- perfo rmance. Accessed December 21, 2021.

 42. Kumar D, Ferreira VH, Hall VG, et al. Neutralization of SARS- 
CoV- 2 variants in transplant recipients after two and three doses 
of mRNA- 1273 vaccine: secondary analysis of a randomized trial 
[published online ahead of print November 23, 2021]. Ann Intern 
Med. doi: 10.7326/M21- 3480

 43. Karaba AH, Zhu X, Liang T, et al. A third dose of SARS- CoV- 2 vac-
cine increases neutralizing antibodies against variants of concern 
in solid organ transplant recipients [published online ahead of print 
December 24, 2021]. Am J Transplant. doi: 10.1111/ajt.16933

 44. Infantino M, Pieri M, Nuccetelli M, et al. The WHO International 
Standard for COVID- 19 serological tests: towards harmonization of 
anti- spike assays. Int Immunopharmacol. 2021;100:108095.

How to cite this article: Werbel WA, Segev DL. SARS- CoV- 2 
antibody testing for transplant recipients: a tool to 
personalize protection versus COVID- 19. Am J Transplant. 
2022;22:1316– 1320. doi:10.1111/ajt.16993

https://doi.org/10.1101/2021.11.25.21266704
https://doi.org/10.1101/2021.12.07.470392
https://doi.org/10.1101/2021.12.14.472630
https://www.myast.org/sites/default/files/ASTStatementonUseofMonoclonalAntibodyFinal0.pdf
https://www.myast.org/sites/default/files/ASTStatementonUseofMonoclonalAntibodyFinal0.pdf
https://www.myast.org/sites/default/files/ASTStatementonUseofMonoclonalAntibodyFinal0.pdf
https://www.fda.gov/medical-devices/coronavirus-disease-2019-covid-19-emergency-use-authorizations-medical-devices/eua-authorized-serology-test-performance
https://www.fda.gov/medical-devices/coronavirus-disease-2019-covid-19-emergency-use-authorizations-medical-devices/eua-authorized-serology-test-performance
https://www.fda.gov/medical-devices/coronavirus-disease-2019-covid-19-emergency-use-authorizations-medical-devices/eua-authorized-serology-test-performance
https://doi.org/10.7326/M21-3480
https://doi.org/10.1111/ajt.16933
https://doi.org/10.1111/ajt.16993

	SARS-CoV-2 antibody testing for transplant recipients: A tool to personalize protection versus COVID-19
	1|ANTIBODY RESPONSE TO COVID-19 VACCINES IN SOLID ORGAN TRANSPLANT RECIPIENTS
	2|IMPACT OF ADDITIONAL VACCINATIONS
	3|SEEKING A CORRELATE OF PROTECTION
	4|DISCORDANCE BETWEEN CELLULAR AND HUMORAL RESPONSES
	5|STRATEGIES TO IMPROVE PROTECTION VERSUS COVID-19
	6|CONCLUSIONS
	ACKNOWLEDGMENTS
	DISCLOSURE
	Data Availability Statement
	REFERENCES


