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Abstract

Aims To assess the 6 months immunogenicity to severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) mRNA vac-
cine in a population of heart transplanted (HTx) recipients and left ventricular assist device (LVAD)-supported patients.
Methods and results A prospective single-centre cohort study of HTx recipients and LVAD-supported patients who received
a two-dose SARSCoV-2 mRNA vaccine (BNT162b2, Pfizer-BioNTech). Whole blood for anti-spike IgG (S-IgG) antibodies were
drawn at 6 months after the first vaccine dose. S-IgG data at 6 weeks were available for a subgroup of HTx recipients.
S-IgG ≥ 50 AU/mL were interpreted positive. The cohort included 53 HTx recipients and 18 LVAD-supported patients. The me-
dian time from HTx or LVAD implantation to the 1st vaccine dose was 90 (IQR 30, 172) months and 22 (IQR 6, 78) months,
respectively. The seropositivity rates of S-IgG antibodies and their titre levels in HTx recipients and LVAD-supported patients
were 45% and 83% respectively, (P = 0.006), and 35 (IQR 7, 306) AU/mL and 311 (IQR 86, 774) AU/mL, respectively, (P = 0.006).
Reduced SARSCoV-2 vaccine immunogenicity in HTx recipients was associated with older age [odds ratio (OR) 0.917 confi-
dence interval (CI 0.871, 0.966), P = 0.011] and with the use of anti-metabolites-based immunosuppressive regimens [OR
0.224 (CI 0.065, 0.777), P = 0.018]. mTOR inhibitors were associated with higher immunogenicity [OR 3.1 (CI 1.01, 9.65),
P = 0.048]. Out of 13 HTx recipients who were S-IgG seropositive at 6 weeks after the first vaccine dose, 85% remained
S-IgG seropositive at 6 month follow-up.
Conclusions At 6 months post-vaccination, S-IgG immunogenicity in HTx recipients is low, particularly in older HTx recipients
and in those treated with anti-metabolites drugs.
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Introduction

Heart transplant (HTx) recipients infected with the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) carry
a poor prognosis with an estimated case fatality rate of 25%.1

Therefore, the SARSCoV-2 vaccine has been2,3 recommended
with a high priority to all heart and lung transplant candi-
dates and recipients by recipients by the International Society

for Heart and Lung transplantation (ISHLT).4 Nevertheless,
the immunocompromised milieu of solid-organ transplant re-
cipients, including the HTx population, has raised concerns
regarding the effectiveness and the durability of the immune
response elicited by such an intervention.2

We and others have previously reported5–7 diminished
short-term immunogenicity to the two-dose SARSCoV-2
mRNA vaccine in HTx recipients with S-IgG antibody titters
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ranging between 18% and 49% approximately 6 weeks from
the first vaccine dose. These findings have led key-opinion
leaders to the notion that in order to establish an efficient
immune response, an additional, third, dose of vaccine may
be required in this unique patient population.4 A recent study
has shown that a third vaccine dose is capable of eliciting a
humoral and cellular responses in the majority of HTx
recipients.5 Nevertheless, as longer-term immunogenicity in-
duced by the SARSCoV-2 mRNA vaccine in solid-organ trans-
plant recipients is unknown, the actual clinical necessity and
patient population volume for such an interventional ap-
proach are yet to be determined.

Left-ventricular assist device (LVAD)-supported patients,
who are often HTx candidates, represent another vulnerable
population for severe disease from SARS-CoV-2 infection de-
spite the lack of background immunosuppression therapies.8

Possible aetiologies are impaired cellular immunity,9 the
presence of a permanent artificial device, baseline severe car-
diomyopathy and frequent systemic co-morbidities. Pub-
lished data describing the immunogenicity to the
SARSCoV-2 mRNA vaccine in LVAD-supported patients are
lacking.

Therefore, in the present study, we aimed to assess
the mid-term immunogenicity to a two-dose SARSCoV-2
mRNA vaccine in a population of HTx recipients and
LVAD-supported patients.

Methods

We conducted a prospective cohort study of isolated HTx re-
cipients and LVAD-supported patients at the Rabin Medical
Center. We included subjects who have received a two-dose
SARSCoV-2 mRNA vaccine (BNT162b2, Pfizer-BioNTech,
Mainz, Germany, prime-boost regimen on Days 0 and 21, re-
spectively, at a dose of 30 μg each10) between December
2020 and February 2021. Major exclusion criteria to any sub-
group of the study were heart transplantation or LVAD im-
plantation within the previous 30 days, patient’s refusal to
get a full two-dose vaccine schedule or to participate in the
study and a known prior SARSCoV-2 infection (documented
by positive PCR nasal swab).

Whole blood for the assessment of anti-spike IgG (S-IgG)
antibodies were drawn at 6 months after the first vaccine
dose. The HTx recipients group was in continuation with
our previous study7; thus, S-IgG serologic data at Days 35 to
40 (6 weeks time-point) were available for a subgroup of
HTx recipients (n = 30). As previously described,7 serum was
separated by centrifugation, aliquoted and stored at �20°C.
SARS-CoV-2 IgG II quantitative testing was performed using
the Abbott architect analyser i2000sr platform in accordance
with manufacturer’s package insert.11 This antibody chemilu-
minescent microparticle immunoassay was used to quantify

IgG antibodies in human serum and plasma samples. The as-
say detects antibodies against the receptor binding protein of
the S1 subunit of the spike protein of SARSCoV-2. The
resulting chemiluminescence following the addition of
anti-human IgG-labelled in comparison with the IgG II calibra-
tor/standard indicates the strength of response, which re-
flects the quantity of IgG present. S-IgG value of 50 AU/mL
and greater was interpreted as seropositive.11–13

Clinical and pharmacological data were extracted from pa-
tients’ electronic records. All HTx recipients were under stan-
dard immunosuppressive therapy with oral tacrolimus or
cyclosporine, mycophenolate mofetil and/or everolimus and
prednisone.

Statistical analysis

The statistical analysis for this paper was generated using SAS
Software, Version 9.4 (SAS Institute Inc., Cary, NC, USA). Con-
tinuous variables were presented by median and interquartile
25th, 75th range. Categorical variables were presented by (N,
%). T test was used to compare the value of baseline contin-
uous variables, which were deemed to have a normal distri-
bution, between study groups and Wilcoxon was used for
non-normal variables. Fisher’s exact test was used to com-
pare the value of baseline categorical variables between
study groups. Logistic regression was used to assess the rela-
tionship between study group and baseline values to study
outcome (S-IgG immunogenicity at 6 months). Values less
than 0.05 were considered statistically significant.

The study protocol was approved by the Institutional Re-
view Board and patients’ approval has been obtained (RMC
1069-20).

Results

The study included 53 HTx recipients and 18 LVAD-supported
patients who received a two-dose SARSCoV-2 vaccine and
provided informed consent to participate in this study
(Figure 1). Patients’ baseline characteristics are reported in
Table 1. The median time from HTx or LVAD implantation to
the 1st vaccine dose was 90 [interquartile (IQR) 30, 172]
months and 22 (IQR 6, 78) months, respectively. Sixty-eight
per cent (n = 36) of HTx recipients were on anti-metabo-
lites-based immunosuppressive regimen, and 78% (n = 14)
of LVAD-supported patients were implanted with HeartMate
3 LVADs.

Clinically, two HTx recipients suffered from SARSCoV-2 in-
fection at 1 week and 1 month after the completion of a
two-dose vaccination schedule and were excluded from fur-
ther antibody titre analysis due to possible cross-reactivity.
None of these patients required supplemental oxygen or hos-
pitalization. None of the LVAD-supported patients in our co-
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hort suffered from SARSCoV-2 infection during the study sur-
veillance period.

SARSCoV-2 S-IgG seropositivity rates and their titre levels
are presented in Figure 2. At 6 months after the completion
of a two-dose vaccination schedule, S-IgG seropositivity rates
and titre levels in LVAD-supported patients and HTx recipi-
ents were 83% and 45%, respectively (P = 0.006), and 311
(IQR 86, 774) AU/mL and 35 (IQR 7, 306) AU/mL, respectively
(P = 0.006). Combined serologic S-IgG data at 6 weeks and
6 months post-vaccination were available for 30 HTx recipi-
ents (Figure 3). Out of the 13 HTx recipients who were

S-IgG seropositive at 6 weeks [median titre level 662 (IQR
135, 2190) AU/mL], 85% (n = 11) had a durable humoral re-
sponse at 6 months post-vaccination [median titre level 344
(IQR 110, 633) AU/mL].

The characteristics of HTx recipients who succeeded versus
failed to demonstrate S-IgG immunogenicity at 6 months
post-vaccination are presented at Table 2. Reduced
SARSCoV-2 vaccine immunogenicity was associated with
older age [odds ratio (OR) 0.917 confidence interval (CI
0.871, 0.966), P = 0.011] and with the use of anti-
metabolites-based protocols [OR 0.224 (CI 0.065, 0.777),
P = 0.018]. Notably, patients treated with mTOR inhibitors
were more likely to demonstrate S-IgG antibodies [OR 3.1
(CI 1.01, 9.65), P = 0.048].

Discussion

In this study, we report the mid-term S-IgG immunogenicity
of HTx recipients and LVAD-supported patients following a
two-dose SARSCoV-2 mRNA vaccine. We found that only
45% of HTx recipients were S-IgG seropositive at 6 months
post-vaccination, similar to the short-term immunogenicity
previously observed in this population, and a significantly
lower seropositivity rate as compared with LVAD-supported
patients. Older age and the use of anti-metabolites-based
regimens were associated with failure to demonstrate S-IgG
seropositivity at 6 month follow-up. Eighty-five per cent of
HTx recipients who elicited humoral S-IgG immune response
at 6 weeks post-vaccination demonstrated S-IgG seropositiv-
ity at 6 months, albeit with lower titre levels.

Over the months following the Food and Drug Administra-
tion (FDA) approval and global distribution of SARSCoV-2

Figure 1 Schematic flowchart of study design presenting the different time-points analysed for S-IgG immunogenicity. Abbreviations: HTx, heart trans-
plantation; LVAD, left-ventricular assist device.

Table 1 Baseline characteristics of study’s cohorts: HTX recipients
and LVAD-supported patients

HTx
recipients
(n = 53)

LVAD-supported
patients
(n = 18)

Age (years) 62 (45, 69) 66 (56, 73)
Time from HTx or LVAD
implantation (months)

90 (30, 172) 22 (6, 78)

Gender (male) 43 (81) 16 (89)
Immunosuppressive regimen (%)

Calcineurin inhibitors 43 (81)
mTOR inhibitors 27 (51)
Oral steroids 36 (68)
Anti-metabolitesa 35 (66)

LVADs (%)
Heartware 2 (11)
HeartMate2 2 (11)
HeartMate3 14 (78)

Abbreviations: HTx, heart transplantation; LVAD, left-ventricular
assist device; mTOR, mammalian target of rapamycin.
Data are presented as median (25th, 75th quartiles) or as percent-
ages, as appropriate.
aAntimetabolites immunosuppression regimen refer to mycophe-
nolate mofetil, mycophenolic acid.
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mRNA vaccines, data regarding the short-term humoral re-
sponse to the vaccines in the general population and in solid
organ recipients have accumulated. Studies in heart, kidney,
and lung transplant recipients approximately 6 weeks after

the first vaccine dose have shown poor short-term S-IgG im-
munogenicity ranging between 18% and 49%,5,7 29% and
54%,14,15 and 18%16 seropositivity rates, respectively. These
findings are not surprising, since a weaker immunogenicity

Figure 2 S-IgG seropositive rates and titre levels in HTx recipients and LVAD-supported patients. (A) S-IgG antibody rates and (B) titre levels. Abbre-
viations: HTx, heart transplanted; LVAD, left-ventricular assist device.

Figure 3 S-IgG seropositive rates in HTx recipients at 6 weeks and at 6 months post-vaccination. Serologic S-IgG data at both 6 weeks and 6 months
timepoints were available for 30 HTx recipients. Abbreviations: HTx, heart transplantation.
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in solid organ recipients has been reported in response to
other formulations as well (i.e. influenza vaccine).17 In con-
trary, in the general immunocompetent population, the
short-term S-IgG immunogenicity following SARSCoV-2 vac-
cines has been markedly higher with reported seropositivity
rates ranging between 91% and 99%.18,19 This discrepancy
is attributed to the lack of a competent host immunity in
the immune-suppressed patient, which is needed in order
to generate a fully protective immune response following
vaccination.

Studies investigating longer-term immunogenicity after
natural SARS-CoV-2 infection in the general population dem-
onstrated relatively stable seropositivity rates at a follow-up
of 3 months18,20 and a modest decline (90% seropositivity
rate) at a longer follow-up of 8 months.21 Although evidence
regarding the durability of the humoral response following
the administration of mRNA SARS-CoV-2 vaccines are yet
scarce, current data are suggestive of an antibody decay sim-
ilar to that of natural infection.22–24 Recently, Pegu et al.
demonstrated the persistence, albeit at lower levels, of both
binding and functional antibodies against SARSCoV-2 variants
in the majority of subjects 6 months after vaccination.22 In a
study investigating 122 individuals who received a two-dose
SARSCoV-2 mRNA vaccine, S-RBD IgG levels were decreased
to 23% on average of their peak level (mean level decreased
from 26 928 AU/mL to 5702 AU/mL at 12 weeks), but re-
mained significantly higher compared with patients recov-
ered from SARS-CoV-2.23 These observations are compatible

with our findings regarding the durability of the humoral im-
mune response in LVAD-supported patients, suggesting that
this population should be regarded as ‘non at risk’ with re-
spect to SARS-CoV-2 immunogenicity. Other factors such as
the presence of a permanent artificial device, systemic
co-morbidities and frequent clinic visits and hospitalizations
may increase their vulnerability for SARS-CoV-2 acquisition
and disease severity. Importantly, considering the high S-IgG
seropositivity among LVAD-supported patients and the low
S-IgG seropositivity among HTx recipients, it is imperative to
encourage LVAD-supported patients who are in candidacy
to heart transplantation to get vaccinated, as currently rec-
ommended by the ISHLT.4

Data describing longer-term immunogenicity after SARS-
CoV-2 vaccines in solid-organ recipients are limited. This
study demonstrates low S-IgG seropositivity in HTx recipients
at 6 months post-vaccination (particularly in older subjects
and those who use anti-metabolites drugs), results which
contrast the immunogenicity observed in LVAD-supported
patients and the general immunocompetent population at
post-vaccination mid-term follow-up. Although initial reports
are encouraging,5 whether an added third vaccine dose will
increase the S-IgG seropositivity rate of HTx recipients or
rather this will not affect those who remained S-IgG seroneg-
ative after a two-vaccine dose regimen deserves further
study in larger cohorts.

Another important observation of this study was the
higher S-IgG immunogenicity found with the use of mTOR in-
hibitors, possibly suggesting to prefer the latter in the popu-
lation of HTx recipients during this ongoing SARSCoV-2 era.
Nevertheless, as such a step involves other immune-related
considerations, this strategy should be more thoroughly in-
vestigated before high-level recommendations could be
provided.

Moreover, we found that the majority of HTx recipients,
who elicited humoral S-IgG immune response at 6 weeks
post-vaccination, demonstrated S-IgG seropositivity at
6 months. We believe that these findings, although observed
in a small group of patients, may offer some reassurance to
HTx recipients and their caregivers regarding longer-term S-
IgG immunogenicity.

This study has several limitations. First, this study is limited
by its small sample size and single-centre design. Neverthe-
less, our advanced heart failure unit is a referral centre which
integrates the management of approximately 50% of HTx re-
cipients in Israel. Second, the overall low incidence of
SARSCoV-2 symptomatic cases in our cohort prevents us from
evaluating the clinical implication of low S-IgG immunogenic-
ity in HTx recipients. This low SARSCoV-2 infection rate is
probably attributed to the low overall infection rate in
Israel at the time of the study. Third, this study lacks a neu-
tralization assay testing. However, strong correlation has
been previously reported between S-IgG titters and neutrali-
zation antibody levels.21,25

Table 2 Baseline characteristics of study HTx patients stratified by
their S-IgG immunogenicity to a two-dose (prime-boost)
BNT162b2 mRNA vaccine at 6 months

S-IgG
seronegative
(n = 29)

S-IgG
seropositive
(n = 24) P value

Age (years) 67 (62, 70) 45 (36, 61) 0.001
Time from HTx or LVAD
implantation (months)

75 (15, 164) 107 (38, 178) 0.685

Gender (male) 26 (90) 17 (71) 0.115
Immunosuppressive drugs

Calcineurin inhibitors 23 (79) 20 (83) 0.940
mTOR inhibitors 11 (38) 16 (67) 0.048
Oral steroids 21 (72) 15 (63) 0.459
Anti-metabolitesa 23 (79) 12 (50) 0.002

Immunosuppressive drug protocol
CNI-reducedb 5 (17) 12 (50) 0.018
Anti-metabolites based

protocolsc
24 (83) 12 (50)

Abbreviations: CNI, calcineurin inhibitors; HTx, heart transplanta-
tion; mTOR, mammalian target of rapamycin.
Data are presented as median (25th, 75th quartiles) or as percent-
ages, as appropriate.
aAntimetabolites immunosuppression regimen refer to mycophe-
nolate mofetil, mycophenolic acid.

bCNI-reduced protocols include CNIs and mTOR inhibitors.
cAnti-metabolites based protocols refer to CNI-based immunosup-
pression regimens (CNIs and anti-metabolites) and CNI-free immu-
nosuppression regimens (mTOR inhibitors and anti-metabolites).
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In conclusion, at 6 months post-vaccination S-IgG immuno-
genicity in HTx recipients is low, and thus, their protection
from the SARS-CoV-2 achieved by its targeted vaccine is im-
paired. These findings suggest the need for other immuniza-
tion strategies, such as an added booster vaccine dose in
HTx recipients or the avoidance of anti-metabolites immuno-
suppressive regimens- all of which deserve focused study.
The high S-IgG immunogenicity observed in LVAD-supported
patients supports their vaccination during candidacy and be-
fore undergoing heart transplantation.
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