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Recently published studies have found an impaired immune response after SARS- 
CoV- 2 vaccination in solid organ recipients. However, most of these studies have not 
assessed immune cellular responses in liver and heart transplant recipients. We pro-
spectively studied heart and liver transplant recipients eligible for SARS- CoV- 2 vacci-
nation. Patients with past history of SARS- CoV- 2 infection or SARS- CoV- 2 detectable 
antibodies (IgM or IgG) were excluded. We assessed IgM/IgG antibodies and ELISpot 
against the S protein 4 weeks after receiving the second dose of the mRNA- 1273 
(Moderna) vaccine. Side effects, troponin I, liver tests and anti- HLA donor- specific 
antibodies (DSA) were also assessed. A total of 58 liver and 46 heart recipients re-
ceived two doses of mRNA- 1273 vaccine. Median time from transplantation to vac-
cination was 5.4 years (IQR 0.3– 27). Sixty- four percent of the patients developed 
SARS- CoV- 2 IgM/IgG antibodies and 79% S- ELISpot positivity. Ninety percent of 
recipients developed either humoral or cellular response (87% in heart recipients 
and 93% in liver recipients). Factors associated with vaccine unresponsiveness were 
hypogammaglobulinemia and vaccination during the first year after transplantation. 
Local and systemic side effects were mild or moderate, and none presented DSA or 
graft dysfunction after vaccination. Ninety percent of our patients did develop hu-
moral or cellular responses to mRNA- 1273 vaccine. Factors associated with vaccine 
unresponsiveness were hypogammaglobulinemia and vaccination during the first year 
after transplantation, highlighting the need to further protect these patients.
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1  |  INTRODUC TION

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS- CoV- 2) 
pandemic has rapidly spread around the world with more than 
160 million reported cases and more than 3 million deaths.1

The approved mRNA vaccines, BNT162b2 (Comirnaty) (Pfizer/
BioNTech)2 and mRNA- 1273 (Moderna)3 have shown 94.1%– 95% 
efficacy preventing Coronavirus Disease 2019 (COVID- 19) in immu-
nocompetent population.

Solid organ transplant (SOT) recipients are among the most 
vulnerable patients to develop severe COVID- 19 with higher 
reported morbidity and mortality compared with the general 
population.4,5

Neither SOT patients nor immunocompromised patients were 
included in the phase 3 clinical trials of the mRNA vaccines, but de-
spite the lack of information on their safety and immunogenicity, 
the European Society for Organ Transplantation and the American 
Society for Transplantation recommend vaccination of SOT recip-
ients, considering the potential benefits of the vaccine likely out-
weigh the risks.

Recently, data on the serologic response to mRNA SARS- Cov- 2 
vaccine in SOT has been reported. A study including SOT recipients 
receiving mRNA vaccines (48% received the mRNA- 1273 vaccine) 
showed that only 17% of the patients developed humoral response 
(anti- S1 or anti– receptor- binding domain) at a median of 20 days 
after the first dose of the vaccine,6 and 54% after the second dose.7 
Consistent with this finding, previous studies on influenza vaccina-
tion have shown decreased effectiveness in immunocompromised 
individuals,8 so additional or higher doses are recommended to in-
crease its immunogenicity.8

Our hypothesis is that the elicited humoral and cellular immune 
responses to mRNA- 1273 SARS- CoV- 2 vaccination in liver trans-
plant recipient (LTR) and heart transplant recipient (HTR) could be 
lower than that reported in the general population because of both 
the immunosuppressive therapy and primary underlying co- morbid 
conditions.

Therefore, the primary objectives of the study were to determine 
(a) the humoral and cellular immune response to the mRNA- 1273 
vaccine in SARS- CoV- 2 naïve LTR and HTR by assessing the detec-
tion of de novo antibodies (IgM/IgG) targeting the receptor- binding 
domain (RBD) of the S1 spike protein (IgM or IgG) and the cellular 
response to the S protein of SARS- CoV- 2 by the ELISpot technique. 
The secondary objective was to assess the safety of the mRNA- 1273 
vaccine in SARS- CoV- 2 naïve LTRs and HTRs.

2  |  MATERIAL S AND METHODS

All HTRs and LTRs followed up at our institution received two doses 
of the mRNA- 1273 SARS- CoV- 2 vaccine (100 mcg administered in 
the deltoid region, 4 weeks apart from the first dose) as part of the 
national vaccination program. All consecutive patients receiving the 
vaccine were screened for this study.

Patients with multiorgan transplant, with past history of SARS- 
CoV- 2 infection or positive SARS- CoV- 2 serology at baseline, were 
excluded from the study.

Patients who agreed to participate signed the informed consent, 
and blood samples were drawn at baseline and 4 weeks after each 
vaccine dose. The choice of the time- points was based according to 
the previous experience of the phase- 1 trial.3 In all the time- points, 
we studied the antibodies response against the S protein (IgM/IgG) 
and the cellular response to the S protein of SARS- CoV- 2 virus by 
means of the ELISpot technique. The Institutional Ethics Committee 
approved the study (HCB/2021/0222).

During the study period, the 14- day accumulated incidence of 
COVID- 19 in Barcelona was between 176 and 248 cases/100.000.9

2.1  |  Patient information

The following variables were collected for analysis: age, gender, 
body mass index, comorbidities, date of transplant, immunosup-
pressive regimen, and use of induction or rejection treatment in 
the last year. Lymphopenia (defined as less than 1000 lympho-
cytes/mm3), hypogammaglobulinemia (defined as less than 6.8 g/L 
of total IgG at the time of inclusion), ultrasensitive troponin levels, 
liver function tests, chronic kidney disease (CKD) (defined as main-
tained GFR <60 ml/min/1.73 m2 in the last 3 months) were also 
collected.

Secondary outcomes included the analysis of all the baseline fac-
tors associated with no- response to the vaccine for either cellular or 
humoral response or both. Safety analysis included phone interview 
with patients 48– 72 h after each dose to assess patient's reported 
side effects, using a predefined questionnaire on local and systemic 
symptoms with a semiquantitative scale (none/mild/moderate/se-
vere). Troponin I levels and liver tests were also performed at base-
line, before the second dose and 4 weeks after the second dose. 
We additionally screened anti- HLA donor- specific HLA antibodies 
at baseline and 4 weeks after the second dose by a Luminex- based 
bead assay technique. Samples were screened using the Lifecodes 
LifeScreen Deluxe kit (Lifecodes, division of Immucor, Stamford, CT). 
If positive, antibody HLA specificities were determined using the 
Lifecodes Single Antigen bead assay (Lifecodes, division of Immucor, 
Stamford, CT). All beads showing a MFI >3000 were considered 
positive.

2.2  |  Quantification of antibodies to SARS- CoV- 2

A serological assay based on the chemiluminescent immunoassay 
by Atellica analyzer was used to determine the presence of total 
(IgG and IgM) antibodies against SARS- CoV- 2, Siemens SARS- 
CoV- 2 Total (COV2T). When COV2T showed to be positive, Siemens 
SARS- CoV- 2 IgG (COV2G) antibody test was realized, following 
manufacturer instructions. Both COV2T and COV2G antibody tests 
are directed against the spike 1 protein receptor binding domain 
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(S1- RBD). Sensitivity and specificity of COV2T of 93.2%– 97.5% 
and 99.5%– 100%, respectively, at >21 days after PCR positivity 
has been reported,10,11 whereas a COV2G sensitivity of 92.2% and 
specificity of 100% between days 7 and 13 after PCR positivity was 
published.11

2.3  |  IFN- γ ELISpot

Stimulation was conducted with 2 × 105 PBMCs in X- VIVOTM 15 me-
dium (Lonza) supplemented with 10% heat- inactivated AB serum and 
PepTivator® SARS- CoV- 2 Prot_S peptide pools1 (1 µg/ml, Miltenyi 
Biotec). Negative control wells lacked peptides, and positive control 
wells included mAb CD3- 2 of Kit. Cells were incubated overnight 
(16– 20 h) at 37°C 5% CO2 in precoated anti- IFN- γ MSIP white plates 
(mAb 1- D1K, Mabtech). Plates were then washed five times with PBS 
(Sigma- Aldrich) and incubated for 2 h at room temperature with horse-
radish peroxidase– conjugated anti- IFN- γ detection antibody (1 μg/
ml; clone mAb- 7B6- 1; Mabtech). After five further washes with PBS, 
tetramethylbenzidine substrate was added and spots were counted 
using an automated ELISpot Reader System (Autoimmun Diagnostika 
GmbH).

To quantify positive peptide- specific responses, spots of the un-
stimulated wells were subtracted from the peptide- stimulated wells, 
and the results expressed as spot- forming units (SFU)/2 × 105 pe-
ripheral blood mononuclear- stem cells (PBMCs). We determined 
SARS- CoV- 2– specific spots by spot increment, defined as stimulated 
spot numbers ≥6 SFU/2 × 105 PBMCs. This cutoff was defined by 
calculating the mean ± 2 standard deviations of SFU/2 × 105 PBMCs 
in a group of healthy donors obtained prior to the start of the pan-
demic of SARS- CoV- 2.

2.4  |  Statistical analysis

Continuous variables have been described as mean with standard 
deviation or median and interquartile range, according to data distri-
bution. Categorical variables have been described as either absolute 
frequencies or percentages. The relationship between baseline vari-
ables and vaccine no- response was assessed with univariable logis-
tic regression analysis. Age, sex and variables that were associated 
with the primary outcome with a p < .1 were finally entered into the 
multivariable logistic analysis. Changes in the ELISpot and antibod-
ies titles through time points were assessed by Wilcoxon test for 
related samples. Difference in the ELISpot forming units and anti-
bodies titles between groups was analyzed by Mann– Whitney test 
for independent samples. All statistical tests have been conducted 
with a 95% confidence interval and a p- value <.05 has been consid-
ered significant. To perform all the analysis, the software SPSS v.25 
(SPSS inc) has been used. Figures were designed with GraphPad v.5 
(GraphPad Software).

3  |  RESULTS

A total of 116 liver and HTRs were screened for the study, 11 pa-
tients had baseline positive IgG SARS- CoV- 2 antibodies and one 
presented SARS- CoV- 2 mild infection 2 weeks after the first dose 
and therefore were excluded from the study. A total of 104 patients 
(58 liver and 46 heart recipients) received two doses of the mRNA- 
1273 SARS- CoV- 2 vaccine and were prospectively followed.

3.1  |  Baseline characteristics

Baseline characteristics according to type of organ transplanted 
are described in Table 1. Median age in both groups was 60 years 
and predominantly male. None of the patients had more than one 
transplant. HTRs presented more frequently dyslipidemia and CKD. 
Vaccination during the first year after transplant was significantly 
more common in LTRs, 10 (17.2%), compared with 2 (4.3%) in HTRs 
and the majority of them, 10 (83%), received the vaccine between 3 
and 6 months posttransplant. Patients who required induction im-
munosuppression received basiliximab. None of the patients expe-
rienced rejection within 12 months of vaccination needing steroids 
boluses or lymphocyte depletion agents. Use of mycophenolate 
acid and prednisone was significantly more frequent in HTRs. 
Most of the HTRs had an immunosuppressive regimen contain-
ing three drugs, whereas most of the LTRs were of monotherapy 
or dual therapy. There were no major differences in other baseline 
characteristics.

3.2  |  Humoral and cellular response to the 
mRNA- 1273 vaccine

Figure 1 shows the development of humoral and/or cellular response 
in SARS- CoV- 2- naïve patients after administration of two doses the 
mRNA- 1273 vaccine. Out of 58 LTR, 22 (37.9%) had SARS- CoV- 2 an-
tibodies after the first dose of the vaccine, and 41 (71%) after the 
second dose. Out of 46 HTRs, 5 (11%) had SARS- CoV- 2 antibodies 
after the first dose of the vaccine and 26 (57%) after the second 
dose. After the second dose of the vaccine, 50 (86%) LTR showed 
S- ELISpot positivity, and 32 (70%) HTRs showed S- ELISpot positiv-
ity. Six (13%) HTRs and four (7%) LTRs did not develop any kind of 
response to the vaccine. Figure 2A shows ELISpot 4 weeks after the 
second dose of vaccination. Median S- ELISpot response was signifi-
cantly higher in LTRs compared with HTRs (p < .001).

Table 2 and Figure 2B show quantitative data on humoral and 
cellular responses. Median IgG/IgM antibodies were significantly 
higher after the second dose of the vaccine in HTRs, LTRs, and all 
patients combined (p < .001).

Overall, 94 (90%) patients had humoral or cellular response to 
the mRNA- 1273 SARS- CoV- 2 vaccine.
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3.3  |  Factors associated with lack of response 
to the vaccine

Table 3 describes the logistic regression analysis of factors as-
sociated with vaccine unresponsiveness, absence of SARS- CoV- 2 
IgG/IgM antibodies, 4 weeks after the second dose of mRNA- 
1273 SARS- CoV- 2 vaccine by type of transplantation. Risk fac-
tors associated with lack of antibody response in both groups 
were hypogammaglobulinemia (OR 61 [95% CI 3.7– 1000.4]), vac-
cination in the first posttransplant year (OR 30.7 [95% CI 3.1– 
307.2]), and high- dose mycophenolate acid use (OR 10.1 [95% 
CI 2.3– 44.3]). Age was the only significant factor associated 
with lack of humoral response in HTRs. In contrast, hypogam-
maglobulinemia, vaccination within 1 year after LT and use of 

mycophenolate were significantly associated with lack of hu-
moral response in LTR.

Table 4 describes the logistic regression analysis of factors associ-
ated with the absence of S- ELIspot positivity 4 weeks after the second 
dose of mRNA- 1273 SARS- CoV- 2 vaccine. Hypogammaglobulinemia 
was the only variable associated with the absence of cellular response 
in the entire cohort (OR 5.54 [95% CI 1.73– 17.7]) and also in the HTR 
cohort, whereas this association was not observed in LTRs.

Finally, we assessed the predictors of absence of both humoral 
and cellular response after two doses of the mRNA- 1273 SARS- CoV- 2 
vaccine (Table 5). In the entire cohort, hypogammaglobulinemia (OR 
11.13 [95% CI 2.5– 49.4]) and vaccination (OR 7 [95% CI 1.07– 45.8]) 
within the first year of transplant were strongly correlated with lack 
of response.

Heart recipients
n = 46

Liver recipients
n = 58 p- value

Age (years), median 60 (20– 80) 61.5 (18– 88) .6

Sex (female) 13 (28%) 18 (31%) .7

Hypertension 28 (61%) 33 (57%) .7

Diabetes 14 (30%) 21 (36.2%) .5

BMI, median (IQR) 24.8 (18– 36.5) 26.3 (17– 42) .8

Dyslipidemia 36 (78%) 22 (38%) <.001

HIV infection 0 2 (3.4%) 1

Median time from transplantation, 
years (IQR)

6.3 (0.4– 21) 4.6 (0.3– 26.8) .4

First- year posttransplant 2 (4.3%) 10 (17.2%) .04

Prior transplantation 0 0 — 

Acute allograft rejection (last year) 0 0 — 

Induction (past year) .6

ATG — — 

Basiliximab 2 (4.3%) 4 (7%)

Rituximab — — 

Immunosuppressive regimen <.001

Quadruple therapy 3 (6.5%) — 

Triple therapy 35 (76%) 7 (12%)

Bitherapy 8 (17%) 23 (40%)

Monotherapy — 27 (47%)

No therapy — 1 (2%)

Type of immunosuppressive drug <.001

Calcineurin inhibitors 45 (98%) 53 (91%)

Mycophenolate 33 (72%) 15 (26%)

Prednisone 38 (83%) 13 (22%)

mTOR inhibitors 15 (33%) 13 (22%)

Lymphopenia (<1000/mm3) (%yes) 4 (8.7%) 12 (20.7%) .09

Hypogammaglobulinemia   
(<6.8 g/L IgG)

9 (19.6%) 8 (14%) .4

Chronic kidney disease   
(GFR <60 ml/min/1.73 m2)

21(45.6%) 15 (26%) .004

TA B L E  1  Baseline characteristics 
according to type of transplantation
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3.4  |  Safety

Pain in the site of injection was the most common patient- reported 
side effect (80%), followed by fatigue (15%), swelling (12%), and low- 
grade fever (7%). There were no significant differences between the 
first and the second dose for all the reported side effects. Patients 
required analgesics in 33% and 40% of cases after the first and the 
second dose, respectively.

No evidence of organ damage was observed: In the HTR popu-
lation, there were no significant changes in ultrasensitive troponine 
level thorough the study period. In the LTR population, there were 
no significant changes in transaminase levels thorough the study 
period.

No recipient showed an increase in HLA antibodies from base-
line to 3 weeks after the second dose of the vaccine. No patient 
developed rejection after vaccination. There have been no cases of 
COVID- 19 among the vaccinated recipients to date.

4  |  DISCUSSION

In our study, we found that mRNA SARS- CoV- 2 vaccines were safe 
in LTRs and HTRs, with a seroconversion rate of 64% and immune 
cellular response of 79%. Overall, 90% of our study population 
showed a positive response to the vaccine. To our knowledge, this is 
the first study reporting both humoral and cellular responses to the 
mRNA- 1273 vaccine in HTRs and LTRs.

SOT recipients have been reported to have worse outcomes 
after SARS- CoV- 2 infection, with an overall 20% mortality rate.12 A 
lot of effort and hope has been put on vaccines, as a strategy to 
protect this group of patients; however, the large clinical trials did 
not include immunocompromised patients in their design. To date, 
only a few studies showing humoral responses in SOT have been 
published.

In our study, the vaccine was found to be safe with only local ad-
verse events reported, and no episodes of rejection were reported 
in the immediate follow- up. This is in concordance with the previous 
studies in solid organ transplantation.7,13

Regarding humoral response, our LTRs had 71% rate of serocon-
version after the second dose of the vaccine. Rabinowich et al.13 
found that 47.5% of their LTR seroconverted after vaccination with 
BNT162b2. In contrast, Boyarsky et al.7 found that 80% of their 
LTRs developed antibody response in their study with both mRNA- 
approved vaccines. Use of antimetabolites has been associated with 
worse seroconversion rates6,14; in our series, we also found an asso-
ciation with the use of mycophenolate, despite only having 26% of 
our LTRs with mycophenolate, compared with Boyarsky (72% of the 
patients with antimetabolites) and Rabinowich (50%). However, the 
factors that were more strongly correlated with the lack of response 
were hypogammaglobulinemia and vaccination during the first year 
after transplantation. Neither Rabinowich nor Boyarsky collected 
hypogammaglobulinemia as a variable of their study, and they did 
not find a correlation between time of transplant and vaccination. 
Hypogammaglobulinemia and vaccination during the first year after 
transplantation are strongly correlated, although more common in 
lung and HTR, some studies have found that up to 26% of LTRs have 
hypogammaglobulinemia in the first year after transplant.15

Our HTR had lower rates of seroconversion compared with 
the LTR, probably related to the use of more aggressive immu-
nosuppressive regimens (76% on triple therapy vs. 12% in LTR). 
HTRs are known to have suboptimal vaccine responses, especially 
in the early posttransplant, mainly because of hypogammaglob-
ulinemia16 and increased immunosuppressive regimens. In our 
study, 57% of the HTRs had positive serology after the second 
dose of the vaccine. This is concordant with the series reported 
by Boyarsky et al.7 (56%) and Itzhaki et al.17 (49%) but much higher 
than that reported by Peled et al.18 (18%) and much lower than 
that reported by Marinaki et al.19 (75%). It is hard to hypothesize 

F I G U R E  1  Development of humoral 
and/or cellular responses in SARS- CoV- 
2- naïve patients after administration of 
the mRNA- 1273 vaccine. Patients with 
previous SARS- CoV- 2 humoral response 
were excluded from the analysis

Transplant recipients that receive 2 doses of mRN-1273 SARS-CoV-2 
vaccine (Moderna)

N=104

Heart recipients
N=46

Liver recipients
N=58

IgG/IgM -
N= 20 (43%)

IgG/IgM +
N= 26 (57%)

Vaccine response

N=54 (93%)

IgG/IgM +
N=41 (71%)

IgG/IgM -
N= 17 (29%)

Vaccine response

N=40 (87%)

ELISPOT (S)+
N=18 (69%)

ELISPOT (S)+
N=14 (70%)

ELISPOT (S)+
N=37 (90%)

ELISPOT (S)+
N=13 (76%)
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which factors could explain this difference. The type of vaccine 
used in the studies differed: mRNA- 1273 vaccine in our group 
versus BNT162b2 vaccine in Peled's, Itzhaki's, or Marinaki's. 
Interestingly, compared with Peled, our recipients were more fre-
quently on a triple immunosuppressive regimen (75% in our HTRs 
vs. 48% in Peled's HTRs); nevertheless, the rate of mycophenolate 

use in both studies was similar (75% vs. 71%). The fact that we 
could not identify this association is because of the small size of 
our cohort because we were able to identify the association when 
we combined the whole study group. Small number of patients and 
heterogeneous populations included in all these reports probably 
account for the differences in seroconversion rates.

F I G U R E  2  (A) S- ELISpot 4 weeks 
after 2 doses of mRNA- 1273 vaccine. (B) 
Humoral responses 4 weeks after first 
and second dose of mRNA- 1273 vaccine. 
HTR, heart transplant recipients; LTR, liver 
transplant recipients [Color figure can be 
viewed at wileyonlinelibrary.com]

(A)

(B)

https://onlinelibrary.wiley.com/
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Reports of cellular immunity in SOTs are scarce. Cellular immu-
nity probably plays an important role in the control of SARS- CoV- 2 
infection. Recent studies in lung and kidney transplant recipients 
found lower cellular responses compared with our results.20,21 In 
our study, we found very high rates of combined humoral and cel-
lular responses of up to 90%. It is to note that more than 70% of pa-
tients who had negative antibodies after both doses of vaccines had 

S- ELISpot positivity. Cucchiari et al.20 found 35% S- ELISpot positivity 
in their cohort of kidney and kidney- pancreas transplant recipients 
receiving mRNA- 1273 vaccine. Similarly, Havlin et al.21 were able 
to detect specific T cell in 33% of their lung transplant recipients, 
none of which had detectable humoral response after two doses of 
BNT162b2 vaccine. Overall, with the available data, LTRs and HTRs 
seem to have higher seroconversion rates to either of the mRNA 

HTR
Median (IQR)

LTR
Median (IQR)

Combined
Median (IQR)

IgG/IgM antibodies 4 weeks after first 
dose of mRNA−1273 vaccine

0.13 (0.44) 0.28 (3.42) 0.17 (1.01)

IgG/IgM antibodies 4 weeks after second 
dose of vaccine

2.44 (9.81) 10 (9.58) 10 (9.65)

No of spots per 200 000 4 weeks after 
second dose of mRNA−1273 vaccine

10 (12) 24.5 (27.5) 14 (22.5)

Abbreviations: HTR, heart transplant recipient, LTR, liver transplant recipient.

TA B L E  2  Humoral and cellular 
responses to the mRNA- 1273 vaccine

TA B L E  3  Multivariable analysis on factors associated with vaccine unresponsiveness (absence of SARS- CoV- 2 IgG/IgM antibodies) 
4 weeks after the second dose of mRNA- 1273 SARS- CoV- 2 vaccine

Variable
Combined
(OR; 95% CI)

Heart Liver

p- value (OR; 95% CI) p- value (OR; 95% CI) p- value

Age 1.04 (1– 1.08) .077 1.06 (1.004– 
1.12)

.035

Sex (female) 0.32 (0.1– 1) .05 0.09 (0.01– 0.8) .032

Hypogammaglobulinemia 5.7 (1.6– 21.1) .008 61 (3.7– 1004.3) .004

Vaccination first year after transplant 11.9 (2.4– 58.42) .002 30.7 (3.1– 307.2) .004

High dose of mycophenolic acid (≥1500 mg/
day)

3.34 (1.4– 7.7) .005 10.1 (2.3– 44.3) .002

TA B L E  4  Multivariable analysis on factors associated with vaccine unresponsiveness (absence of S- ELISpot positivity) 4 weeks after the 
second dose of mRNA- 1273 SARS- CoV- 2 vaccine

Variable
Combined
(OR; 95% CI)

Heart Liver

p- value (OR; 95% CI) p- value (OR; 95% CI) p- value

Age 0.99 (0.95– 1.03) .75

Sex (female) 1.4 (0.4– 5.1) .6

Hypogammaglobulinemia 5.5 (1.7– 17.7) .004 9.87 (1.65– 59.15) .012

Vaccination first year after transplant 4.6 (0.8– 25.1) .078

TA B L E  5  Multivariable analysis on factors associated with vaccine unresponsiveness (absence of IgG antibodies AND S- ELISpot) 4 weeks 
after the second dose of mRNA- 1273 SARS- CoV- 2 vaccine

Variable
Combined
(OR; 95% CI)

Heart Liver

p- value (OR; 95% CI) p- value (OR; 95% CI) p- value

Age 1.04 (0.96– 1.1) .31

Sex (female) 0.64 (0.1– 4.02) .64

Chronic kidney disease 4.3 (0.8– 22.7) .08

Hypogammaglobulinemia 11.13 (2.5– 49.4) .002 19.98 (1.99– 200.16) .011

Vaccination first year after transplant 7 (1.07– 45.8) .042 20.14 (1.8– 221.7) .014
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vaccines,7 than kidney or lung transplant recipients, and therefore it 
is not surprising that the cellular responses are higher too.

Risk factors associated with lack of any type of response were 
again hypogammaglobulinemia and vaccination during the first year 
after transplantation, suggesting that these patients are probably 
the most vulnerable. Identifying these patients is crucial, advising 
them to maintain precautions until herd immunity is achieved and 
encouraging their close contacts to get vaccinated.

Our study has several limitations; first, we included a small num-
ber of patients, and we did not include a control group. However, there 
are extensive and consistent data in large clinical trials regarding effi-
cacy of vaccine in healthy individuals.2,3 We did not evaluate baseline 
and in- between vaccine dose cellular responses; therefore, we could 
have missed patients with asymptomatic SARS- CoV- 2 infection that 
did not produce antibodies. Our study analyzed immunity response to 
an specific mRNA SARS- CoV- 2 vaccine, in line with recent published 
data,17,19– 21 but immunity response to other vaccines should be eval-
uated to select the optimal vaccine in SOT recipients. Finally, whether 
cellular responses are associated with protection is yet to be elucidated.

We believe our study adds evidence to the scarce published data 
in SOTs. SOT recipients that receive SARS- CoV- 2 vaccines should 
continue to maintain precautions and encourage vaccination of 
their household. Whether additional22 or delayed doses of vaccine 
might help to boost humoral and cellular responses to SARS- CoV- 2 
vaccines, similar to other respiratory viruses’ vaccines23 is yet to be 
elucidated. Similarly, other types of vaccines such as vector vaccines 
or protein subunit vaccines might have different immunogenic prop-
erties in this specific population.

In conclusion, mRNA- 1273 SARS- CoV- 2 vaccine showed a high 
rate of immunological response, with a combination of humoral and 
cellular responses close to 90% in our HTR and LTR cohort. Factors 
associated with vaccine unresponsiveness were hypogammaglobu-
linemia and vaccination during the first year after transplantation, 
highlighting the need to identify these patients.
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ENDNOTE
 1 The PepTivator® SARS- CoV- 2 Prot_S is a pool of peptides, con-

sisting mainly of 15- mer sequences with 11 amino acids overlap, 
covering the immunodominant sequence domains of the spike 
glycoprotein (“S”) of SARS- Coronavirus 2 (GenBank MN908947.3, 
Protein QHD43416.1).
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