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Transplant recipients may
remain at risk for COVID-19
The COVID-19 pandemic has challenged
health care providers in the transplant com-
munity to provide management strategies
for immunosuppressed transplant recip-
ients in the absence of conventional evi-
dence-based data or peer-reviewed litera-
ture that traditionally shape clinical practice.
Thelack of evidence regarding the immuno-
genicity of COVID-19 vaccination is partic-
ularly problematic in transplant recipients,
who were excluded from the clinical trials
determining the safety and efficacy of the
landmark vaccines, yet have suffered severe
COVID-19 burden, with a case fatality ratio
that spans 10% to 30% (1-3).

Although early data indicate that the
vaccines are safe and are thus strongly

Transplant recipients were excluded from the initial clinical trials
determining safety and efficacy of the landmark COVID-19 vaccines.
Further, there is increasing evidence that immunosuppressed transplant
recipients have a blunted antibody response to COVID-19 vaccination. In a
concerning report by Sattler et al. in this issue of the JCI, kidney transplant
recipients not only lacked a humoral response following two doses of
Pfizer BNT162b2, but also displayed substantial impairment of the cellular
response to SARS-CoV-2 antigens. This Commentary addresses potential
strategies for transplant providers to evaluate and augment vaccine
immunogenicity given the likelihood that COVID-19 will remain a world-
wide threat to the health of transplant recipients.

recommended for all transplant recipients,
multiple reports indicate dampened anti-
body responses after two doses of mRNA
vaccines (4, 5). It is not surprising that
humoral vaccine response is reduced in
transplant recipients on chronic immuno-
suppressives (6), since this is well described
following standard influenza vaccination
(7, 8). It is, however, disappointing that
nearly 50% of transplant recipients do not
develop anti-spike seroresponse to vac-
cination, given the impressive immuno-
genicity of these vaccines in the general
population. These highly publicized find-
ings, plus growing reports of symptomatic
breakthrough cases after vaccination in
transplant recipients (9), raise concern that
a marked proportion of transplant recipi-
ents may remain at risk for COVID-19.
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Clinicians and scientists have voiced
hope that cellular responses, as impli-
cated following influenza vaccination
(10), might protect from serious dis-
ease. Published data on T cell responses
to COVID-19 vaccination in transplant
recipients, although important, have
been limited (e.g., IFN-y release assays;
refs. 11, 12). The report by Sattler et al.
in this issue of the JCI (13) uses in-depth
immunophenotyping to report further
concerning data that demonstrate not
only lack of humoral response, but nota-
ble impairment of cellular response fol-
lowing two doses of Pfizer BNT162b2
(tozinameran; Comirnaty) in a small
cohort of kidney transplant recipients.
Although the humoral response after two
doses of mRNA vaccination in transplant
recipients was 54% in the Boyarsky et al.
series (5), it was a dismal 2.6% percent in
the series of Sattler et al. studying a pop-
ulation of predominately middle-aged,
White kidney transplant recipients on
triple immunosuppression (calcineurin
inhibitors [CNI], antimetabolites, and
corticosteroids). Of equal importance,
these participants demonstrated very
diminished cellular response to SARS-
CoV-2 antigens following completion
of the mRNA vaccine series, which was
particularly evident in the dearth of
spike-specific CD8" T cell responses.
Thus, it is challenging to assume that cel-
lular responses will be a deus ex machi-
na for the majority of transplant patients
who do not develop evidence of humoral
response to vaccination.

Recommendations and
guidelines

Transplant recipients are anxiously, and
appropriately, reaching out to transplant
centers to provide recommendations
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Figure 1. Potential strategies for improving vaccine immunogenicity for transplant recipients.

regarding the necessity of testing for an
immune response after vaccination as well
as interpretation of results and strategies
for addressing a blunted or absent humor-
al response following the second dose (14).
The most recent CDC and FDA guidelines
do not recommend serologic testing fol-
lowing COVID-19 vaccination (15, 16). This
recommendation is partly based on the
impressive impact of the mRNA vaccines
in the prevention of severe illness or death
from COVID-19 in the general population
as well as the uncertain impact of a blunt-
ed anti-spike antibody response using the
myriad of commercially available tests with
varying operating characteristics. For similar
reasons, the American Society of Transplan-
tation (AST) does not recommend serologic
testing in transplant recipients following
COVID-19 vaccination (17). Nonetheless,
these data from Sattler showing impair-
ment of cellular responses and dovetailing
with previously reported lack of humoral
responses highlight the importance of eval-
uating vaccine-associated immune response
in immunosuppressed transplant recipients.

At this point in time, although commer-
cial serologic testing is limited to quantify-
ing antibody levels rather than formal neu-
tralization capacity, FDA emergency use
authorized assays that target the S1 subunit

of the spike protein have merit in assessing
humoral response to vaccination, given the
strong correlation with neutralizing anti-
body that in turn is associated with vaccine
effectiveness (18). In addition to measur-
ing circulating proteins that can block viral
entry, high levels of antibody also serve
as a surrogate for B cell competency and
response to vaccine antigen. As such, mon-
itoring of vaccine responses in transplant
recipients with an appropriate anti-spike
assay and interpreted by an informed trans-
plant provider may guide clinical decision
making and pointed counseling. Although
we concur with the AST that the ramifica-
tions of a blunted antibody response are
not fully known, it is logical that trans-
plant recipients with a minimal antibody
response should receive strong counseling
on behavior modification as advised by the
CDC as, effectively, unvaccinated people
who should continue to practice social dis-
tancing and masking, particularly in crowds
and among unvaccinated persons (19). Sim-
ilarly, the finding of low antibody levels in
an immunocompromised person, despite
vaccination, may be further impetus for
cohabitants and coworkers to undergo vac-
cination to provide the local and communi-
ty protection that the vaccines themselves
may not yet offer for transplant recipients.
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Strategies for improving
vaccine immunogenicity

The cellular response data described in
the paper by Sattler et al. may be helpful in
understanding the mechanisms of impaired
vaccine immune response in immuno-
suppressed patients as well as potential
strategies for altering immunosuppressive
medications during the vaccination win-
dow or offering a different platform for
a subsequent booster vaccination How-
ever, cellular assays to measure vaccine
responses are not commercially available.
Viral-specific helper CD4" T cell responses
have been shown to correlate with antibody
levels and neutralization titers (20-22).
Importantly, cutoffs for protective CD4*
or cytolytic CD8* T cell responses have
not been defined in any population. Cuc-
chiari et al. (23) recently demonstrated
that SARS-CoV-2-specific T cell respons-
es can be observed in up to 50% of kidney
transplant recipients who do not develop
antibodies following vaccination. Unlike
antibody responses, however, it is not yet
known whether these T cell responses cor-
relate with protection versus SARS-CoV-2
infection or attenuate disease severity, par-
ticularly in persons taking immunosuppres-
sives explicitly tailored to blunt T cell activ-
ity (i.e., inhibit alloimmunity).
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What are potential strategies for
improving vaccine immunogenicity given
the likelihood that COVID-19 will remain a
world-wide threat to the health of transplant
recipients (Figure 1 and ref. 24)? Alternative
vaccination regimens, including addition-
al doses of mRNA vaccines, are currently
being assessed in clinical trials, including
a Canadian trial of a third booster dose of
Moderna COVID-19 vaccine in transplant
recipients (25). The French Health min-
istry now routinely recommends a third
dose of mRNA vaccines for recipients of
bone marrow and solid organ transplants as
well other immunosuppressed populations
(26). There are also anecdotal reports (14)
of third doses in the United States, includ-
ing an antibody response to an adenoviral
vectored vaccine after a failed response
to two doses of mRNA vaccine in a trans-
plant recipient (i.e., heterologous boosting).
Indeed, there is some evidence that the
Oxford-AstraZeneca adenovirus vaccine
ChAdOx1 stimulates a more potent cellular
response than BNT162b2 mRNA vaccine
in elderly persons (27). Based on the report
by Sattler et al., it will be important to pro-
spectively study both the humoral and cel-
lular responses using any alternative dosing
strategies as well as associated modulation
of immunosuppression regimens. In that
way, approaches that are optimal in improv-
ing the broad impairment in effector cyto-
kine production, memory differentiation,
and spike-specific CD8" T cell responses as
noted in this study can be adopted into vac-
cination strategies.

Modulation of immunosuppressives is
another potential strategy. The lack of an
antibody response following completion of
the mRNA vaccines has been strongly cor-
related with the utilization of the antiprolif-
erative agent mycophenolic mofetil (MMF)
in the immunosuppressive regimens of
transplant recipients (5, 6). This has also
been observed in influenza vaccination
(8). All of the recipients in the Sattler study
were maintained on immunosuppressive
regimens, including a CNI and an MMF;
hence, the impact of the antiproliferative
agent could not be determined. One poten-
tial strategy for enhancing the immune
response in transplant recipients could be
to minimize or potentially hold the anti-
proliferative agent at the time of a vaccine
booster in patients with a failed vaccine-
mediated antibody response. Although
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not recommended by transplant societies
at this time, this approach has been explic-
itly recommended for persons taking anti-
proliferative agents for control of autoim-
mune diseases (28). This strategy must be
nuanced and individualized, as for exam-
ple, recipients with recent transplantation
and/or who are highly allosensitized could
be at unacceptably high risk for rejection or
other alloimmune events. Fortunately, to
date, there is no strong evidence to support
enhancement of the alloimmune response
by COVID-19 vaccination in transplant
recipients (29). For recipients that are
deemed low risk by their transplant provid-
er for developing an alloimmune complica-
tion in the context of antiproliferative agent
minimization, for example, long-standing
liver transplant recipients, the ability to
modulate immunosuppression at the time
of the vaccine booster may be a reasonable
approach after individualized discussion of
the risks and benefits.

In order to deliver optimal vaccine
responses for our transplant recipients, it
will be important to conduct careful, mon-
itored clinical trials of vaccine boosters as
well as modulation of immunosuppres-
sion regimens. Nonetheless, many trans-
plant recipients do not have access to such
clinical trials and deserve information in
real time, particularly in regions suffering
unchecked viral spread and in advance of
anticipated seasonal coronavirus disease
spikes. As with all management strategies
for transplantation during the COVID-19
pandemic, any of the outlined approaches
will have to be made in a relative data vac-
uum alongside individualized discussion
between clinicians and transplant recipi-
ents, carefully integrating rapidly evolving
observational and clinical trial results into
that vague but important notion of clinical
judgment. In the interim, appropriate test-
ing for humoral responses following vacci-
nation in transplant recipients would pro-
vide data for encouraging and reinforcing
safe behavior and would identify the high-
est risk individuals who may benefit from
these exploratory, but crucial interventions.
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