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Abstract

Lung transplant patients are at increased risk of infection due to immunosuppression. Vaccination is a key source of
protection; however, after transplant, patients tend to have diminished host response. This is an important concern given
the ongoing coronavirus disease 2019 (COVID-19) pandemic. Less is known about how transplant patients respond to
COVID-19 vaccination and how best to approach immunization in the setting of a global pandemic. Lung transplant
patients, and solid organ transplant patients as whole, have a less robust immune response after COVID-19 vaccination.
This article reviews the literature on vaccine immune response in transplant patients with a focus on COVID-19

vaccination and international society guidelines.
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Introduction

Transplant patients are immunosuppressed and at in-
creased risk of morbidity and mortality related to infection
as compared to the immunocompetent population. This in-
creased risk profile also holds true for coronavirus disease
2019 (COVID-19) infection [1-4]. Vaccination is an im-
portant strategy to prevent post-transplant complications.

Before the release of COVID-19 vaccines globally, trans-
plant patients lacked targeted tools to prevent infection.
COVID-19 vaccination dramatically changed the landscape
for both immunosuppressed and immunocompetent hosts.
This review will discuss the importance of understanding hu-
moral and cellular impairments in solid organ transplant
(SOT) patients, specific factors related to liver transplant
(LT) recipients, the integral role vaccination plays in disease
prevention, and transplant society guidelines on COVID-19
vaccination.
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Immunosuppressive Factors

The approach to immunosuppression in lung transplantation
varies from center to center, but the utilization of potent in-
duction immunosuppression is on the rise. A recent report
found that 76% of adult lung transplant recipients received
induction immunosuppression [5]. Agents utilized for induc-
tion immunosuppression include lymphocyte depleting thera-
py (anti-thymocyte globulin or alemtuzumab) and anti-
interleukin-2 (anti-IL-2¢¢ or basiliximab), which are often
used in combination with high-dose corticosteroids.
Medications currently used for induction immunosuppression
have significant effects on the number and function of lym-
phocytes, a key component of the immune response to
vaccination.

Alemtuzumab is utilized in the treatment of multiple scle-
rosis in addition to its use as an induction agent in transplan-
tation. In one study in multiple sclerosis patients assessing
vaccine response after alemtuzumab therapy, 91% (N = 21)
of patients were able to develop a protective response to a
novel vaccine. Of the 21 patients who developed a response
to vaccination, the majority were immunized greater than
6 months from receipt of alemtuzumab. In a subgroup of those
immunized within 6 months of alemtuzumab, 40% (N = 2) of
patients developed a protective antibody. Data from this study
must be cautiously applied to transplant recipients since these
patients were not on maintenance immunosuppression, but
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this study does illustrate the reduced vaccine response to vac-
cines after receipt of alemtuzumab [6].

In addition to induction immunosuppression, LT recipients
are typically on two or more classes of maintenance immuno-
suppression to regulate immune function. Commonly used
immunosuppressive medications have multiple downstream
effects impacting several facets of the immune system. For a
review of this topic, readers are encouraged to seek a review
specific to transplant immunosuppression [7, 8]. Commonly
used medications come from a variety of classes of medica-
tions and exert their effect differently. Calcineurin inhibitors
block T-cell activation and proliferation and impair IL-2 pro-
duction. Mycophenolate derivatives reduce T and B lympho-
cytes through impaired proliferation and increased apoptosis.
Corticosteroids impact T-cells through impaired development,
survival, activation, and decreased migration [7]. Mammalian
target of rapamycin (mTOR) inhibitors impairs T-cell prolif-
eration and alters regulatory T-cells, but this pathway is also
implicated in increased development of CD8 memory cells
and preserved humoral response to vaccination, which is fur-
ther discussed below [9]. In combination, the most frequently
used maintenance immunosuppressive regimen impacts the
ability to recognize and counteract foreign antigens. This is
beneficial for preventing recognition of the allograft, but det-
rimental when trying to develop immunity from vaccination.

Retrospective studies examining transplant recipients’ re-
sponse to vaccine have identified factors associated with a
poor response to COVID-19 vaccination. The use of an anti-
metabolite such as a mycophenolic acid derivative results in a
reduced response to COVID-19 vaccination [10, 11]. SOT
recipients who did not develop antibodies against severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) after vac-
cination were those who were of a younger age, thoracic organ
recipients, induction therapy recipients, and tacrolimus + my-
cophenolic acid + steroids recipients (anti-metabolite group)
[10].

Additional factors in SOT recipients that have been shown
to impact response to COVID-19 vaccination were examined
in a study of 393 transplant recipients at a center in France.
Factors that resulted in higher humoral response to vaccina-
tion included male gender, a longer period between transplan-
tation and vaccination, higher baseline lymphocyte count,
higher baseline glomerular filtration rate (GFR), and utiliza-
tion of tacrolimus + everolimus =+ steroids combination
(mTOR containing immunosuppressive regimen) [10].
Additional studies have shown that mTOR inhibitors, occa-
sionally used as one of the immunosuppressive agents in or-
gan transplantation, resulted in an improved response to
COVID-19 vaccination over standard immunosuppression.
In a study of renal transplant recipients, those on an mTOR
inhibitor had higher anti-SARS-CoV-2 immunoglobulin
(IgG) titers as well as measures of T-cell function to SARS-
CoV-2[12].

Vaccination (non-COVID) in Solid Organ
Transplant Recipients

SOT recipients are immunosuppressed, which places them at
increased risk of infections [13]. This is true for vaccine-
preventable illnesses, to which SOT recipients have a variable
response to vaccination. Previous literature studies of pneu-
mococcal and influenza immunizations have noted that, due to
a variety of external and internal factors, including humoral
and cellular immunity, thoracic organ transplant recipients do
not respond in the same way to vaccination as immunocom-
petent hosts [3, 14-16].

Humoral immune response has been studied for pneumo-
coccal and influenza vaccines in heart transplant recipients. A
small cohort of heart transplant patients was compared to an
immunocompetent control group. For the 23-valent polysac-
charide pneumococcal vaccine, the transplant patients and
control group had similar median antibody titers after vacci-
nation. However, for the influenza vaccination (trivalent),
post-vaccination antibody titers were significantly lower in
the transplant patients [15]. A separate research group mea-
sured pre- and post-pneumococcal vaccination antibody levels
in heart transplant recipients and a control group without
transplant. They found that the transplant recipients had a
blunted IgG response compared to the healthy control group
[16].

LT recipients have unique characteristics that make them
more susceptible to infections, such as drug-related immuno-
suppression, postoperative anatomical changes to lung anato-
my and physiology, retention of mucus due to poor clearance,
and reactions to acute rejection [3]. LT patients are typically
given pneumococcal conjugate and polysaccharide vaccines
prior to transplant. Retrospective comparison of this vaccine
series in LT candidates and recipients has been evaluated by
measuring titers over time to assess a booster effect.
Researchers found that after lung transplant, these patients
had no significant increase in antibodies after sequential ad-
ministration of both pneumococcal vaccinations [17].

A retrospective analysis of LT patients was undertaken in
the Netherlands to assess response to pneumococcal vaccina-
tion. Antibodies from pneumococcal vaccination were mea-
sured before and after transplantation. The analysis found a
progressive decline in titers after transplant and in subsequent
visits, which represented a decrease in humoral immunity
[18].

Influenza vaccination response in lung transplant recipients
has also been assessed in relation to both humoral and cell-
mediated immunity. An initial study in 2001 looked at humor-
al response with measurements of antibody titers before and
after influenza vaccination in lung transplant patients at least
3 months after transplant. These values were compared to an
immunocompetent control group. Titers for three serogroups
represented in the vaccine were measured and found to be
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significantly lower in the transplant group, with only five of
the 43 patients (8.6%) developing protective levels to all three
serogroups [3]. Later work by the same group looked at non-
specific markers of cell-mediated immune response to influ-
enza vaccination in lung transplant patients. This study mea-
sured IL-2, IL-10, interferon gamma, and granzyme B levels
as markers of T-cell and B-cell function. The researchers again
compared transplant recipients with an immunocompetent
control group in relation to their pre- and post-vaccination
cytokine levels. No significant rise in cell-mediated factors
was observed after vaccination in the transplant group.
These levels were also lower when compared to the healthy
control group [14].

Influenza vaccine dosage also influences immunity. High-
dose influenza vaccine has typically been reserved for patients
over the age of 65, who often have lower immune response. A
double-blind, randomized trial assessed the humoral
(antibody) response in SOT recipients to either the high-dose
(HD) or standard-dose (SD) influenza vaccine. Patients with
any SOT (kidney, liver, heart, lung, pancreas, or combination)
were randomized to either the HD or SD arm. Measurements
of post-vaccination titers at approximately 4 weeks were
higher in the patients who were administered the HD influenza
vaccine [19].

Measurement of cell-mediated immunity may offer a dif-
ferent view of immunogenicity in transplant patients in rela-
tion to HD or SD influenza vaccination. A heterogeneous
group of SOTs was randomized to either HD or SD influenza
vaccine. Approximately 4 weeks after vaccination, blood sam-
ples were analyzed for specific CD4 and CD8 T-cell popula-
tions. The samples showed increased cellular response in the
HD group as compared to SD. In combination, these studies
argue for considering HD dosing for influenza vaccination in
transplant recipients [2].

Humoral Immunity COVID-19 Vaccination

LT recipients are at increased risk of severe disease from
COVID-19 [20, 21]. Similar to the impaired immune response
seen in other vaccines, such as pneumococcal and influenza,
solid organ transplant recipients have a diminished humoral
response to COVID-19 vaccination.

Initial study of SOT recipients has identified significantly
lower antibody response compared to immunocompetent pa-
tients after a single dose of messenger ribonucleic acid
(mRNA) COVID-19 vaccination [11]. Further study by the
same investigator looked at 658 solid organ transplant patients
and demonstrated that, although a slight majority had detectable
antibody levels after a second dose of mRNA COVID vaccine,
46% of patients had no antibody response after both doses [22].

In a study specific to heart and lung transplants, researchers
examined whether patients developed a measurable antibody

level after the first dose of COVID vaccine or only after the
second dose of COVID vaccine. Results showed that 49% of
recipients did not produce protective antibody levels after two
doses of mRNA vaccine, 39% of recipients produced protec-
tive antibody response only after the second dose, and 12%
had measurable response after the initial dose, which persisted
when measured after the second dose. Young age and lack of
anti-metabolite immunosuppression were considered statisti-
cally significant variables for positive antibody response. In
addition, heart transplant patients were more likely to develop
an immune response than lung transplant patients [1].

In a small cohort of 73 LT patients given a two-dose
mRNA vaccine, only 25% had IgG (specific to spike protein)
above the defined cutoff. Labs were drawn for this study at
median time of 17.5 days after second Pfizer dose and 19 days
after second Moderna dose. In this study, a majority of pa-
tients did not develop a robust humoral immune response
[20]. Havlin et al. noted similarly low-level humoral measure-
ments in a study of LT patients. For all 48 LT participants in
the trial, none had measurable IgG levels after vaccination
indicating immunity to COVID-19. That group was compared
to “natural” immunity in LT patients who recovered from
COVID-19 infection; 85% of these patients had measurable
IgG levels [23].

Lack of humoral response to two-dose mRNA vaccination
in transplant patients raises the question of whether additional
doses or an alternate vaccination strategy is necessary. A sys-
tematic review of the literature undertaken by Efros et al. iden-
tified seven studies that examined immunologic response to a
third dose of mRNA vaccine in SOT recipients. All but one
study demonstrated improved response in transplant recipients
who received a third vaccine dose [24].

In the case of heart transplants, one set of study patients had
antibody levels measured before and after a third dose was
administered. Improvement in antibody response from 23%
of patients to 67% of patients was seen after the third dose, in
this case the Pfizer-BioNTech series [25]. A small study of LT
patients underwent third dose vaccination with Pfizer-
BioNTech COVID-19 vaccine. Prior to the third dose, no
patients had detectable antibody levels (IgG), and 3 weeks
after the third dose, only 13% had measurable levels [26].
Larger study specific to lung transplantation and additional
vaccine doses should be undertaken for this at-risk population.

The Omicron variant has been a cause of concern given
known lower vaccine response in the immunocompetent pop-
ulation. One study in non-lung transplant recipients demon-
strated lower neutralizing antibodies to Omicron as compared
to wild type and Delta in transplant patients after a three-dose
mRNA series [27]. More study is ongoing related to the cur-
rent strain(s).

Non-mRNA-based COVID-19 vaccines are utilized inter-
nationally, including in India. These vaccines include the fol-
lowing: Covishield (adenovirus vector), Covaxin (inactivated
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virus), Sinopharm (inactivated virus), and Sputnik V (adeno-
virus vector). Limited data on these vaccines exists in the
transplant community. Humoral immune response was
assessed in renal transplant patients given the Sinopharm
(BBIBP-CorV) vaccine. In renal transplant patients that had
not had COVID-19 infection, 43% of participants had a mea-
surable antibody response, as compared with 86% in the gen-
eral population of immunocompetent patients [28].

It is difficult to compare the various vaccines to one anoth-
er, let alone in the transplant population. Vaccine response in
immunocompetent patients was comparatively evaluated in a
study in Mongolia between Sinopharm, Sputnik V,
AstraZeneca/Oxford, and Pfizer COVID vaccines. When
measuring a surrogate antibody assay, the researchers found
that the Sinopharm and Sputnik V vaccines elicited the lowest
response, AstraZeneca/Oxford elicited an intermediate re-
sponse, and Pfizer elicited the highest response [29]. When
the Sinopharm (BBIBP-CorV) vaccine was compared to the
Pfizer vaccine in immunocompetent patients, it was found to
elicit lower antibody and interferon response. However given
that this was not a trial with transplant patients, it would be
difficult to extrapolate from these findings [30].

Fourth doses of mRNA COVID vaccine are currently be-
ing investigated. A small group of kidney transplant recipients
in France was studied for a fourth dose. These patients were
selected if, after three doses of COVID vaccine, they had an
antibody level below a threshold that signaled lower immuni-
ty. At a median time of 29 days after the fourth dose, 50% of
the 92 patients in the study had an increased antibody response
that crossed the previously specified threshold [31]. In a case
series of SOT recipients, researchers categorized patients as
non-responders, low titer responders, or high titer responders
after three doses of COVID vaccine based on antibody assay.
Among those patients in the non-responder and low titer re-
sponder group who were given a fourth dose of COVID vac-
cine, five out of eight patients (63 %) increased antibody levels
into the high titer level [32]. Fourth doses of the Pfizer COVID
vaccine have been more widely rolled out in Israel to immu-
nosuppressed patients, healthcare workers, and individuals
over 60 years old. Results from this rollout are forthcoming
[33].

Cell-mediated Immunity

T-lymphocyte function is a key component of the overall im-
mune state for patients on immunosuppression. Measurement
of T-lymphocytes, when stimulated with SARS-CoV-2 anti-
gens, may be a marker of protection against COVID-19 infec-
tion, particularly in those who lack a sufficient humoral re-
sponse [20, 21, 25, 26, 31, 32, 34, 35]. T-cell activity is com-
monly assessed by measuring interferon or a cytokine released
by intact T-lymphocytes when stimulated with an antigen of

interest. This technology is used worldwide in interferon gam-
ma releasing assays, for example, in the diagnosis of latent
tuberculosis utilizing the QuantiFERON or T-spot brand
assay.

When T-lymphocytes identify an antigen they have previ-
ously encountered, the strength of that response can be mea-
sured and correlated with the degree of immune response.
This correlated level of protection has been demonstrated in
cytomegalovirus (CMV) cell-mediated immunity studies
[36-38]. A commercially available assay for the measurement
of cell-mediated immunity against cytomegalovirus presently
available is the QuantiFERON CMV T-cell assay. This assay
uses the same principles described above to measure T-cell
response to an antigen of interest and a recent prospective trial
in lung transplant recipients utilized this assay to identify pa-
tients capable of controlling CMV without anti-viral prophy-
laxis [39].

Cell-mediated immunity against SARS-CoV-2 21 days af-
ter second dose of the Pfizer-BioNTech vaccine was assessed
in fifty thoracic organ transplant recipients utilizing a modi-
fied QuantiFERON-based interferon gamma releasing assay.
Interferon gamma release in the transplant recipients was sig-
nificantly reduced when compared to 50 immunocompetent
controls (p < 0.0001). The majority of their 50 thoracic trans-
plant recipients were heart transplant recipients (N = 42). No
subgroup analysis was performed between heart and lung
transplant recipients. Notably, they reported that eight trans-
plant recipients without detectable antibodies had an interfer-
on gamma response [35].

An additional study examined cell-mediated response in 12
lung transplant recipients without protective levels of SARS-
CoV-2 antibodies 4 to 6 weeks after second Pfizer-BioNTech
vaccination. Measurement of interferon-gamma, interleukin-
2, and tumor necrosis factor (TNF)-alpha was performed after
stimulation of intact T-cells in the presence of receptor-
binding domain antigens. Of the 12 patients assessed, four
had measurable T-cell responses. The identification of T-cell
responses in the absence of detectable SARS-CoV-2 anti-
spike antibodies emphasizes the complexities of the immune
system in lung transplant recipients as well as the importance
of vaccination [23].

Safety of Vaccines in Transplantation

Monitoring and safety of COVID-19 vaccines have been of
utmost importance for acceptance in the transplant community
and the public. To date, over ten billion doses of COVID-19
vaccines have been administered [40]. The COVID-19 pan-
demic marked the first widespread use of a mRNA-containing
vaccine against an infectious disease. mRNA vaccines have
had widespread acceptance in transplant recipients, and tens
of thousands of doses are estimated to have been received by
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solid organ transplant recipients. An early trial of 741 SOT
recipients who received two doses of a mRNA vaccine found
these vaccines were well tolerated with local reactions, most
frequently pain at the injection site, and systemic reactions,
most frequently fatigue and headache. No reported cases of
anaphylaxis requiring epinephrine, nor development of neu-
rologic conditions such as Guillain-Barré syndrome or Bell’s
palsy, were identified. One patient, a renal transplant recipient,
developed acute rejection after the second mRNA vaccine
[41].

Adenovirus-vectored vaccines, such as the Janssen/
Johnson & Johnson vaccine or the Oxford/AstraZeneca vac-
cine, utilize an adenovirus vector that is replication deficient
and cannot replicate in any host. This technology varies from
live virus vaccines which must take up residence and replicate
in a host for an immune response. No currently available
COVID-19 vaccines utilize live viruses, which are contraindi-
cated in immunocompromised patients. Other COVID-19
vaccine technology includes protein subunit vaccines and in-
activated vaccines, both of which are based on long-standing
vaccine technology with proven safety records in immuno-
competent and immunocompromised individuals [42].

Society Guidelines

The American Society of Transplantation (AST) released an
initial joint statement with the International Society of Heart
and Lung Transplantation (ISHLT) on August 13, 2021, urg-
ing all transplant candidates and recipients to obtain vaccina-
tion against COVID-19. For those patients not yet
transplanted, it was recommended that they attempt to com-
plete the series at least 2 weeks prior to transplantation [43].

Further guidance has been released with additional detail.
The guidance reiterated the need for three doses of mRNA
COVID-19 vaccine, with the third dose occurring greater than
28 days after the second dose. For those patients who received
a single-dose Johnson & Johnson/Janssen vaccine, a mRNA
full-dose vaccine is the recommended second immunization
greater than 2 months after the first immunization. Post-trans-
plant, if the patient had not received all vaccinations, the
COVID-19 series can be given 1 to 3 months after surgery.
In addition, the AST recommends that all family members and
close contacts greater than 5 years of age be fully immunized
[44]. Guidance on additional COVID-19 vaccinations beyond
the primary series and increased age eligibility is forthcoming,
and it is recommended to seck out the most up-to-date guid-
ance. The AST does not recommend adjustment of immuno-
suppression for vaccination purposes (outside of a clinical
trial.) [45]

The ISHLT released their own guidance on February 1,
2021, concerning the vaccines available internationally, in-
cluding mRNA (Moderna, Pfizer-BioNTech) and viral

vectors (Johnson & Johnson/Janssen, Oxford/AstraZeneca).
The ISHLT also recommended completing vaccination for
COVID-19 before transplant but specified that, if not complet-
ed, at least one dose to be given 2 to 3 weeks prior to trans-
plant, if possible. In terms of post-transplant timing, the
ISHLT gave a wider range of time, with a minimum of 1
month after surgery or 3 to 6 months after surgery if a T-
cell-depleting regimen was used [45]. Both the AST and
ISHLT recommend that all persons in contact with the trans-
plant recipient be vaccinated [43—45].

Conclusion/Current Recommendations

As COVID-19 continues to persist globally and remains a
concern, vaccination against COVID-19 in transplant recipi-
ents provides reduced protective response when compared to
immunocompetent hosts. However, COVID-19 vaccination
remains beneficial in transplant recipients to reduce infection
severity, hospitalizations, and death. The measurement of re-
sponse to vaccination is complex and highly dependent on
several dynamic factors. The authors agree with guideline
writing societies and strongly recommend COVID-19 vacci-
nation for all—including transplant recipients—with the opti-
mal time for vaccination occurring prior to transplantation.
The optimal number of COVID doses and timing remains
unclear with emerging evidence citing the need for a fourth
mRNA vaccine.
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