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Abstract
Aims Immunocompromised patients have been excluded from studies of SARS-CoV-2 messenger RNA vaccines. The
immune response to vaccines against other infectious agents has been shown to be blunted in such patients. We aimed to
analyse the humoral and cellular response to prime-boost vaccination with the BNT162b2 vaccine (Pfizer-BioNTech) in
cardiothoracic transplant recipients.
Methods and results A total of 50 transplant patients [1–3 years post heart (42), lung (7), or heart–lung (1) transplant, mean
age 55 ± 10 years] and a control group of 50 healthy staff members were included. Blood samples were analysed 21 days
after the prime and the boosting dose, respectively, to quantify anti-SARS-CoV-2 spike protein (S) immunoglobulin titres
(tested by Abbott, Euroimmun and RocheElecsys Immunoassays, each) and the functional inhibitory capacity of neutralizing
antibodies (Genscript). To test for a specific T-cell response, heparinized whole blood was stimulated with SARS-CoV-2
specific peptides, covering domains of the viral spike, nucleocapsid and membrane protein, and the interferon-γ release was
measured (QuantiFERON Monitor ELISA, Qiagen). The vast majority of transplant patients (90%) showed neither a detectable humoral nor a T-cell response three weeks after the completed two-dose BNT162b2 vaccination; these results are in
sharp contrast to the robust immunogenicity seen in the control group: 98% exhibited seroconversion after the prime dose
already, with a further significant increase of IgG titres after the booster dose (average > tenfold increase), a more than 90%
inhibition capability of neutralizing antibodies as well as evidence of a T-cell responsiveness.
Conclusions The findings of poor immune responses to a two-dose BNT162b2 vaccination in cardiothoracic transplant
patients have a significant impact for organ transplant recipients specifically and possibly for immunocompromised patients
in general. It urges for a review of future vaccine strategies in these patients.
Keywords Covid-19 infection · BioNTech/Pfizer (BNT162b2) vaccine · Immunocompromised patients · Transplant
recipients · Immunogenicity

Introduction
The Covid-19 pandemic caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) has a widespread
impact on health, including a substantial mortality among
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older adults and patients with pre-existing health conditions [1]. Solid organ transplant recipients are considered
a group at increased risk: although not associated with a
higher infection rate, maybe due to high adherence to selfcare measures preliminary data suggest an increased risk of
severe disease and death in case of infection [2–5].
Vaccination has emerged as a key tool for controlling
the pandemic health crisis by preventing severe disease and
mortality and by increasing population immunity.
Four vaccines have been approved by the European Medicines Agency (EMA) on base of the phase 3 clinical efficacy studies showing good safety and immunogenicity [6–9]
However, immunocompromised patients have been excluded
from these studies.
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In spite of lacking data about the novel concept of mRNA
vaccines in organ transplant recipients, national and international transplant societies have recommended earliest possible vaccination for all recipients > 3–6 months post-transplant (unless recently treated with lymphocyte-depleting
agents) and national vaccination strategies have suggested
prioritized treatment for this potentially vulnerable group
[10–12].
The immune response to other types of vaccines have
been shown to be blunted in immunosuppressed patients
[13, 14].
To gain more insights in the immunogenicity of mRNA
vaccines under immunosuppressive therapy, we analysed the
antibody as well as the T-cell response after the first and
second dose of the BNT162b2 vaccination in cardiothoracic
organ transplant recipients.

Methods
Study participants and data collection
Transplant recipients (Tx) who had been offered vaccination with the BNT162b2 vaccine (Pfizer-BioNTech) were
recruited through their German transplant centres to participate in this prospective cohort and those who received
an offer for SARS-CoV-2 vaccination (independently of the
study, according to the German priority guideline) were
included. The study was approved by the local Ethical committee of the Heart and Diabetes Centre Nordrhein-Westfalen (HDZ) in Bad Oeynhausen, Germany (Reg.-No 2021742), and participants provided written informed consent.
Healthy members of the medical staff of the HDZ who
were offered the vaccination with BNT162b2 in-hospital
served as controls. Samples were collected in accordance
with the German Act on Medical Devices for the collection
of human residual material. All staff members gave written
informed consent. The study was registered in the German
Clinical Trials Register (DRKS00024199).
Blood samples were captured: pre-vaccination (Tx
group), 21 days after the first vaccine dose and 21 days after
the second vaccine dose (Tx and control group), respectively.

Serologic testing
Determination of anti‑SARS‑CoV‑2 IgG antibodies (Abbott)
The commercial SARS-CoV-2 IgG II Quant assay (Abbott,
Lake Forrest, IL, USA) is a chemiluminescent microparticle immunoassay (CMIA) which was used for the quantitative measurement of IgG antibodies against the spike
receptor-binding domain (RBD) of SARS-CoV-2 in human
serum on the Alinity I system. Data were expressed in WHO
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standardized units BAU (binding antibody unit) per ml.
According to the manufacturer’s recommendation, values
below 7.1 BAU/ml were regarded as negative whereas values
equal to or above 7.1 BAU/ml were interpreted as positive
for IgG antibodies against SARS-CoV-2.
Determination of anti‑SARS‑CoV‑2 IgG antibodies
(Euroimmun)
Two commercial ELISAs (Euroimmun, Lübeck, Germany)
were used to test for antibodies to the S1 domain of the
SARS-CoV-2 spike protein (IgG). For quantitative determination of IgG, data were expressed in relative Units per ml
(RU/ml). Values below 10 RU/ml were regarded as negative
whereas values above 10 RU/ml were interpreted as positive
as stated by the manufacturer.
Determination of anti‑SARS‑CoV‑2 IgG antibodies
(RocheElecsys)
The Elecsys Anti-SARS-CoV-2 S assay (Roche, Penzberg,
Germany) is a commercially available immunoassay using a
recombinant RBD of the S-Antigen representing protein for
the quantitative determination of high-affinity antibodies to
SARS-CoV-2 on a Roche cobas e411 platform. For quantitative determination of IgG, data were expressed in Units per
ml (U/ml). Values smaller than 0.8 U/ml were interpreted
as negative for anti-SARS-CoV-2 antibodies and positive
otherwise following the manufacturers’ instructions.
Determination of neutralizing antibodies
against SARS‑CoV‑2
The presence of neutralizing antibodies against SARSCoV-2 was determined using the cPass™ SARS-CoV-2
Neutralization Antibody Detection KIT (GenScript, Piscataway Township, USA) and performed according to the
manufacturer’s instructions. The inhibition capability was
calculated as follows:
)
(
OD value of sample
× 100%
Inhibition = 1 −
OD value of negative control
According to the manufacturer, values greater than or
equal to 20% were considered positive concerning neutralizing antibodies.

Tests for T‑cell response
Stimulation of immune cells using SARS‑CoV‑2 peptides
To test for a cellular immune response, immune cells from
heparinized whole blood were stimulated with SARS-CoV-2
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specific peptides (Miltenyi Biotec, Bergisch-Gladbach, Germany), covering domains of the viral spike, nucleocapsid,
and membrane protein (final concentration of each peptide:
1 µg/ml). Treatment of whole blood with water served as
negative controls.
Determination of interferon‑γ in plasma
Interferon-γ (IFN-γ) release was evaluated using a commercial ELISA (QuantiFERON Monitor ELISA, Quiagen,
Hilden, Germany), modified as previously described to allow
for rapid and reliable analysis with a standard microplatereader not requiring manual plate-coating [15, 16]. IFN-γ
values of unstimulated controls were subtracted from the
stimulated samples.

Statistical analysis
Results are presented as mean ± standard deviation for continuous variables with normal distribution, median [interquartile range (IWR), 25th to 75th percentiles] for continuous variables without normal distribution, and number
(percentage) for categorical data. Student’s t test was used to
compare normally distributed continuous variables between
two groups. The Mann–Whitney U test was used to analyse
non-normally distributed data. Statistical analyses were performed in Python using the SciPy package. Figures were
created in Python using the seaborn and matplotlib libraries. Statistical tests are two-sided, and p values < 0.05 were
considered to be statistically significant.

Results
Patient characteristics
Fifty transplant recipients (Tx) and 50 healthy staff members
serving as control group were included in the study. The
Tx group had a higher percentage of male patients than the
control group (64% vs. 34%, p < 0.0001) and a higher average age (55 ± 10 vs 47 ± 10 years, p < 0.0001).
The Tx group was homogenic with respect to the time
since transplant, all having been transplanted between 1 and
3 years before study inclusion [median 689 (501; 859) days].
Most Tx patients (92%) were on an immunosuppressive
regimen with a calcineurin inhibitor, combined with mycofenolate acid or mofetil (Table 1).

Previous SARS‑CoV‑2 infection
None of the Tx patients had detectable Anti-SARS-CoV-2
IgG-titres (Abbot) prior to the first vaccination dose and
none had been tested positive for Anti-SARS-CoV-2 before.

Table 1  Demographic and clinical characteristics of transplant recipients
Transplant
recipients (n)
(n = 50)
Age group (years)
18–39
40–59
> 60
Sex
Male
Female
Type of organ transplantation
Heart
Lung
Heart–lung
Time since transplantation (months)
10–12
12–24
24–36
Type of maintenance immunosuppression
Tacrolimus/MMF
Cyclosporin/MMF
Tacrolimus/mTOR-inhibitor

5
32
13
32
18
42
7
1
1
25
24
41
5
4

MMF mycofenolate mofetil, mTOR mammalian target of rapamycin

All individuals of the control group of healthy staff members
had undergone weekly pooled PCR analyses of nasopharyngeal swaps and none had tested positive prior to the first vaccination (nor during the 6 weeks following the prime-boost
vaccination).

B‑cell response following prime‑boost SARS‑CoV‑2
vaccination
Anti‑SARS‑CoV‑2 IgG titres
Anti-SARS-CoV-2 IgG titres above the cut-off value of 7.1
BAU/ml (Abbot-ELISA) were detected in all but one control subjects one 21 days after the prime dose [Median 82
(41;149) BAU/ml]. 21 days after the booster dose the titres
had markedly increased in all individuals [median 1417
(732; 2589) BAU/ml, p < 0.0001 vs prime dose]. Notably,
there was a broad range of Anti-SARS-CoV-2 IgG titres
within the control group at both timepoints (range 8–559
and 251–7351 BAU/ml after the prime and boost dose,
respectively; Fig. 1a). Analyses with the immunoassays of
Roche and Euroimmun revealed comparable results (Fig. 1b,
c): titres above the cut-off values were detectable in all but
one individuals after the prime dose [Roche: median 33
(12; 75) U/ml; Euroimmun: Median 62 (27; 100) RU/ml],
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Fig. 2  Serological responses to BNT162b2 vaccination in transplant
recipients and healthy controls (n = 50 each): Inhibitory capacity of
neutralizing antibodies. Samples drawn 21 days after the prime (blue
dots) and the booster dose (orange dots). Scatter plots show inhibition in %. Statistical analysis was by Mann–Whitney Test. Horizontal
solid lines show Medians. Horizontal dotted lines show cut-off values
according to manufacturer (Genscript). Ns non-significant

followed by significantly higher IgG titres in all participants
21 days after the booster (Roche: > 250 U/ml, Euroimmun:
> 100 RU/ml in all controls).
These findings are in drastic contrast to the results in the
Tx group: 21 days after the prime dose, 48 out of 50 patients
(96%) showed no Anti-SARS-CoV-2 IgG titres above the
thresholds of the three tests used; for 45 of these patients,
the results did not change 3 weeks following the boosting
dose (Fig. 1a–c). One patient (male heart transplant, 29 years
old, 482 days post Tx, immunosuppression with tacrolimus
and mycofenolate) had IgG antibody titres comparable to
the control group after boost dose, the other four patients
showed a weak antibody response, with titres above the
cut-off values, but markedly lower than the lowest response
among the control group. Results were consistent for all
three tests (Abbot, Roche, Euroimmun) used.
Neutralizing antibodies against SARS‑CoV‑2 (Fig. 2)
Fig. 1  Serological responses to BNT162b2 vaccination in transplant
recipients and healthy controls (n = 50 each): IgG-Antibodies. Samples drawn 21 days after the prime (blue dots) and the booster dose
(orange dots). Scatter plots show: A Anti-SARS-CoV-2 IgG, given
in binding antibody units per ml ([BAU/ml]; Abbott). B Anti-SARSCoV-2 IgG, given in Units per ml ([U/ml]; RocheElecsys). C AntiSARS-CoV-2 IgG, given in Relative Units per ml [(RU/ml); Euroimmun]. Statistical analysis was by Mann–Whitney Test. Horizontal
solid lines show Medians. Horizontal dotted lines show cut-off values
according to manufacturers. ns non-significant, IgG immunoglobulin
G
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The analysis of the functional inhibitory capacity of neutralizing anti-SARS-CoV-2 antibodies demonstrated a positive
immunization effect (cut-off ≥ 20% inhibition) in 82% of
control individuals after the prime dose (with a large scatter
of response) and in all controls after the second dose [median
95% (93;96) boost vs 46% (23;62) prime, p < 0.0001].
In contrast, no Tx patient showed a positive inhibitory
capacity after prime dose, with no significant increase after
the boost dose [median 4% (1; 7) after boost, < 0.0001 vs
control]. Consistent with the findings of Anti-SARS-CoV-2
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IgGs only one patient showed an inhibition comparable to
healthy controls.

T‑cell response following boost SARS‑CoV‑2
vaccination
The Interferon (IFN)-γ response to spike antigens SARSCoV-2 peptides in whole blood samples drawn 21 days
after the boost dose was significantly lower in the Tx patient
group [median 0.031 (0.007; 0.141)] when compared to controls [median 0.512 (0.172; 1.281), p < 0.0001)]. However,
there was an overlap between groups (Fig. 3).
Eight Tx patients with no detectable antibodies after
boost dose did show an IFN-γ release of > 0.16 IU/ml (suggested as a cut-off for scoring by Petrone et al. [16]) In 80%
of controls IFN-γ release was > 0.16 IU/ml.
There was no significant difference in the relatively low
IFN-γ production of unstimulated whole blood samples
between the groups.

Discussion
This study demonstrates a lack of immunogenicity of the
completed prime-boost vaccination with the mRNA SARSCoV-2 vaccine BNT162b2 in cardiothoracic transplant
recipients even 3 weeks after the second dose, strongly
suggesting that immunosuppressed cardiothoracic organ

Fig. 3  Specific T-cell response as stimulated IFN-γ release. Samples
drawn 21 days after the booster dose. Scatter plots show Interferon γ
(IFN-γ) release after stimulation with SARS-CoV-2 specific peptides
(Miltenyi Biotec), given in International Units per ml [IU/ml]. Statistical analysis was by (Mann–Whitney Test). Horizontal lines show
Medians. ns non-significant

transplant recipients are left immunologically unprotected
against COVID-19 infection.
Reduced immune responses to conventional vaccination concepts following organ transplantation [13, 14] or in
general, for patients under immunosuppressive therapy [17]
have been reported before. However, the extent of missing
humoral and cellular immune response following vaccination appears unexpected.
First insights into the immunogenicity of the BNT162b2
vaccine in an immunocompromised patient population have
been reported as interim results from the SOAP-trial on cancer patients: the immune response following the prime dose
was low in solid cancer patients (< 40%) and very low in
haematological cancer patients (< 15%). However, in their
population efficacy was greatly increased by boosting after
21 days [18].
There have been recent reports on poor anti-spike (S)
antibody responses to mRNA vaccines in renal [19] and liver
[20] transplant patients as well as in a mixed cohort of single
organ transplant recipients [21] all of which had included
patients over a wide range of years post-transplant, with
reported semiquantitative serologic testing only. We present more detailed data on B-cell as well as specific T-cell
responses in an uniform group of thoracic organ transplant
recipients, all in their 2nd–3rd year post-transplant.
In our study, all participants have completed a full twodose vaccination regimen, the doses being exactly 21 days
apart: it demonstrates no seroconversion following the
completed two-dose vaccination strategy in the vast majority (90%) of tested cardiothoracic organ recipients. These
results contrast with the robust immunogenicity in the control group, who already exhibited a 98% seroconversion
following the prime dose (although with a wide scatter of
antibody titres), followed uniformly by a significant, on average > tenfold increase of IgG as well as neutralizing antibodies after the boosting.
In contrast to the healthy control group, evidence for a
specific T-cell response (as determined by IFN-γ release of
whole blood stimulated by spike antigens SARS-CoV-2 peptides) was also lacking in the majority of transplant recipients. However, in a subgroup of transplant recipients—with
no detectable humoral response—a small IFN-γ release
could be observed. Although cross-reactivity with a former
Corona Virus-infection cannot be ruled out as a possible
explanation [16], it might give evidence for a weak specific
T-cell response in this subgroup of patients. The detection
of specific T-cell responses in individuals lacking detectable
circulation antibodies has also been described in convalescents after asymptomatic to mild COVID-19 infections [22].
The authors conclude that seroprevalence as an indicator
may underestimate the extent of adaptive immune responses
against SARS-CoV-2. The importance to combine analysis
of B- and T-cell immunity has been emphasized elsewhere
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[23, 24]. In spite of growing insights into the persistence and
decay of antibody responses both following infection [25]
and vaccination, [9, 26] we do not yet know the exact correlates of immunity neither regarding the levels of required
antibody titres nor whether suboptimal B-cell responses
combined with T-cell responses might still protect from
severe COVD-19.
Limitations of our study include the small number of
patients enrolled. Larger populations are necessary to answer
additional questions:
Considering the time-dependent and distinct immunosuppressive regimens after single organ transplantation, it seems
obvious that doses and composition of different immunosuppressive strategies may impact on the immunogenicity after
mRNA vaccination against SARS-CoV-2.
Our findings focussed on cardiothoracic patients in their
first three years post-transplant, most of them being on triple immunosuppressive therapy including a calcineurin
inhibitor, mycophenolate-mofetil as well as corticosteroids.
The relative high-maintenance immunosuppression might
explain why our finding of poor humoral response was even
more pronounced than recent reports by others: in a small
group of 23 renal patients, the five patients with (low) detectable antibodies were on average 18 years post-transplant
[19]; in a cohort of 80 liver transplants (median of 5 years
post-transplant, 47% with (low-titre) detectable antibodies)
maintenance immunosuppression was lower compared to our
study group, with anti-metabolite agents included in only
50% of patients, and only 21% of patients being on triple
immunosuppressive therapy [20]. In a larger mixed cohort of
solid organ transplant recipients poor humoral response was
associated with older age, cardiothoracic transplant organ,
first years post-transplant, maintenance immunosuppression
regime including anti-metabolites [21]—all factors holding
true for our study population.
Larger scale analyses have to elucidate whether long-term
thoracic organ transplant recipients under lowered maintenance immunosuppression may confer better vaccination
effects. Future studies will also have to focus on age per se.
In fact, we observed mild antibody responses to BNT162b2
in younger transplant recipients.
Our sobering results on the poor response to the mRNA
BNT162b2 vaccine in transplant recipients prompt further
questions on dosing of the vaccine. The preliminary data
by Boharsky et al. suggest that the mRNA-1273 SARSCoV-2 vaccine by Moderna with a higher concentration
per dose may confer immune responses in a larger percentage of transplants [21], but this certainly needs deeper
investigation.
To gain adequate protection against other potentially
threatening infections augmenting vaccination strategies
such as higher doses per vial or additional boosting have
been suggested for transplant recipients before [13, 27, 28]./
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Considering the beneficial data on safety and adverse local
and systemic events of the BNT162B2 vaccine in immunocompromised cancer [18] and transplant [29] patients, additional booster dose(s) could be considered, at least in those
transplant patients showing at least some detectable B- or
T-Cell-response to the first two doses. Of course, additional
information on the effectiveness of other COVID-19 vaccines,
e.g. vector-based vaccines, is needed.
In summary, given the globally poor antibody- and T-cell
response of our transplant patients to a completed two-dose
regimen with the mRNA BNT162b2 vaccine our findings
mandate an urgent review of vaccination strategies for organ
transplant recipients. As there may be relevant differences
in immune responses among immunosuppressed patients
depending on age, time since transplant, immunosuppressive
regimen etc., post-vaccination testing for both, B- and T-cell
responses is advisable for best medical care.
As long as transplant recipients are left unprotected, adherence to all public health measures in place, such as social distancing and shielding even after vaccination is mandatory.
Creating herd immunity around these patients using a strategy
of “ring vaccination” should be an additional safety measure.
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