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Abstract

Objective Solid organ transplant recipients have an increased risk of developing severe coronavirus disease 2019 (COVID-
19). Although SARS-CoV-2 mRNA vaccination has been strongly recommended for solid organ transplant recipients, its
efficacy and safety have remained unknown.

Methods We performed an observational prospective cohort study in 18 lung transplant recipients who received two doses
of SARS-CoV-2 mRNA vaccine, including BNT162b2 (n=17) or mRNA-1273 (n=1), between June and October 2021. The
titers of IgG antibodies against the SARS-CoV-2 spike protein (S-IgG) were measured in serum samples collected before
the prime dose, three weeks after the prime dose, and four weeks after the booster dose. Reactogenicity and adverse events
were evaluated after vaccination.

Results There were no recipients with previous SARS-CoV-2 infection prior to vaccination. S-IgG levels were elevated in
2/18 (11.1%) recipients after the prime dose and in 5/18 recipients (27.8%) after the booster dose (31.7 +£30.6 U/ml). The time
from transplantation to vaccination tended to be longer in the seropositive group than the seronegative group [7.5 (3.9-10.2)
vs 2.8 (1.9-4.0) years, p=0.059]. Maintenance dose of mycophenolate mofetil tended to be lower in the seropositive group
than in the seronegative group [500 (250-500) vs 1000 (1000-1000) mg/day, p =0.088]. Regarding the adverse events after
vaccination, the development of chronic lung allograft dysfunction (CLAD) or antibody-mediated rejection (AMR) were
observed in two seropositive patients.

Conclusions The antibody response to the SARS-CoV-2 mRNA vaccine was quite poor in lung transplant recipients. We
experienced cases that developed clinical CLAD or AMR that was likely related to SARS-CoV-2 vaccination.
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Introduction

In solid organ transplant recipients, SARS-CoV-2 infection
results in more severe COVID-19 in comparison to immu-
nocompetent hosts, with a high mortality rate of 14-46%
observed in lung transplant recipients [1-4]. Therefore,
the International Society for Heart and Lung Transplanta-
tion COVID-19 task force strongly recommended SARS-
CoV-2 vaccination in heart and lung transplant recipients
[5, 6]. However, lung transplant recipients are usually pro-
vided more intensive immunosuppressive therapy in com-
parison to other solid organ transplant recipients, which
could impair their ability to generate an adequate immune
response to the SARS-CoV-2 vaccine.

In the present study, we aimed to assess the immuno-
genicity and adverse events following SARS-CoV-2 vacci-
nation to determine the efficacy and safety of SARS-CoV-2
vaccination in lung transplant recipients.

Patients and methods

Lung transplant recipients managed at Kyoto University,
who were > 18 years age, and who underwent transplanta-
tion over one year previously were eligible for inclusion
in this observational prospective cohort study. Between
June and October 2021, 18 lung transplant recipients were
enrolled and received two doses of BNT162b2 vaccine
(Pfizer-BioNTech) (n=17) or mRNA-1273 vaccine (Mod-
erna) (n=1). Serum samples were collected shortly before
and three weeks after the initial dose, and four weeks
after the second dose. The IgG antibody levels against
the SARS-CoV-2 spike protein (S-IgG) were measured in
serum samples by an electrochemiluminescence immu-
noassay (ECLIA) using an Elecsys Anti-SARS-CoV-2
Antigen assay kit (Roche Diagnostics GmbH, Mannheim,
Germany). The sensitivity and specificity of this assay are
100% and 99.8%, respectively. Antibody-positive cut-off
value as determined by the manufacturer was > 0.8 U/mL
[7, 8] Local reactions, including redness, swelling, pain,
warm sensation, and stiffness at the injection site, and sys-
temic reactions, including fever, headache, fatigue, myal-
gia/arthralgia, and others (palpitations, tachypnea, etc.),
were examined by the questionnaires during days 0 to 9
after each vaccine dose.

This study was approved by the Institutional Review
Board of Kyoto University Hospital (R2971). Written
informed consent was obtained from all participants.

The data are presented as the medians and interquartile
ranges for continuous variables. The Mann—-Whitney U
test or unpaired ¢ test were used for the analysis of data
between two groups. Categorical data were analyzed by
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Fisher’s exact test. P values of < 0.05 were considered
to indicate statistical significance. All statistical analy-
ses were performed using GraphPad Prism version 9.0.0
(GraphPad Software, CA, USA).

Results

The clinical characteristics of 18 lung transplant recipi-
ents are shown in Table 1. Brain-dead donor lung trans-
plantation (BDLT) was performed for 14 recipients, and
living-donor lobar lung transplantation (LDLLT) was per-
formed for 4 recipients. The maintenance immunosuppres-
sion regimens consisted of a combination of tacrolimus,
mycophenolate mofetil (MMF), and prednisone in most
lung transplant cases.

SARS-CoV-2-specific IgG was not detected in any par-
ticipants prior to the initial dose. The S-IgG levels were
slightly increased in 2 of 18 (11.1%) patients at three
weeks after the first dose (1.6 4+ 1.1 U/ml) and were fur-
ther increased in 5 of 18 patients (27.8%) at 4 weeks after
the second dose (31.7+30.6 U/ml) (Fig. 1). These five
patients were defined as the seropositive group. SARS-
CoV-2-specific IgG was not detected in 16 patients after
the first dose and 13 patients after the second dose. These
thirteen patients were defined as the seronegative group.
There was no significant difference in age or transplant
type between the groups (Table 1). All seropositive
patients were men, whereas 8 of 13 (61.5%) patients in
the seronegative group were women (p =0.036). The sero-
positive group showed a significantly higher body mass
index (BMI) than the seronegative group [21.3 (20.0-23.0)
vs. 17.4 (16.0-18.8), p =0.026]. The period from lung
transplantation to vaccination tended to be longer in the
seropositive group [7.5 (3.9-10.2) years] in comparison
to the seronegative group [2.8 (1.9-4.0) years, p =0.059].
The dosage MMF administered to the seropositive group
[500 (250-500) mg/day] was lower in comparison to the
seronegative group [1000 (1000-1000) mg/day, p =0.088],
whereas the tacrolimus trough level and prednisone dosage
of the groups were similar.

Regarding the reactogenicity after each vaccine dose,
pain at the injection site was found to be the most common
local side effect (94.4% after each dose), and fatigue was
the most frequently encountered systemic symptom (22.2%
after the first dose and 27.8% after the second dose) (Fig. 2).

Possible clinical antibody-mediated rejection (AMR)
newly developed in one seropositive patient, and chronic
lung allograft dysfunction (CLAD) progressed in another
seropositive patient after the second dose. In contrast, the
development of AMR or CLAD was not observed in the
seronegative group.
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Table 1 Demographic and clinical characteristics of 18 lung transplant recipients who received two-dose SARS-CoV-2 mRNA vaccination

Patient characteristics Total (n=18) Seronegative (n=13) Seropositive (n=5) P value
Age, median (IQR), y 52.5 (48.3-56.8) 52.0 (49.0-53.0) 56.0 (45.0-62.0) 0.632
Female, No (%) 8 (44.4) 8 (61.5) 0(0.0) 0.036
BMI, median kg/m* (IQR) 18.6 (16.6-19.9) 17.4 (16.0-18.8) 21.3 (20.0-23.0) 0.026
Transplantation type, No (%)

Bilateral BDLT 8 (44.4) 6 (46.2) 2 (40.0)

Unilateral BDLT 6(33.3) 5(38.4) 1(20.0)

Bilateral LDLLT 4(22.2) 2(15.3) 2 (40.0)

Years since transplant, median (IQR) 3.8 (2.1-5.7) 2.8 (1.94.0) 7.5 (3.9-10.2) 0.059
Maintenance immunosuppression

FK, MMF, prednisone, no (%) 16 (88.9) 13 (100) 3 (60.0)

FK, prednisone, No (%) 1(5.6) 0(0.0) 1(20.0)

CyA, MMF, prednisone, no (%) 1(5.6) 0(0.0) 1(20.0)
Maintenance dose

FK trough, median (IQR) ng/ml 8.6 (6.1-10.0) 8.6 (6.7-10.0) 7.4 (5.5-9.5) 0.724

MMF, median (IQR) mg/day 1000 (500-1000) 1000 (1000-1000) 500 (250-500) 0.088

Prednisone, median (IQR) mg/kg/day 0.10 (0.09-0.11) 0.10 (0.09-0.14) 0.09 (0.09-0.10) 0.246

BMI body mass index, FK tacrolimus, MMF mycophenolate mofetil, CyA cyclosporin, SD standard deviation, BDLT brain-dead donor lung

transplantation, LDLLT living-donor lobar lung transplantation
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Fig. 1 SARS-CoV-2-specific IgG levels prior to the prime dose of
SARS-CoV-2 vaccine, three weeks after the prime dose (D1), and
four weeks after the booster dose (D2)

Case 1: possible clinical AMR and progression
of pulmonary fibrosis

The patient was a 62-year-old man who had undergone
right unilateral brain-dead donor lung transplantation
for idiopathic pulmonary fibrosis (IPF) four years previ-
ously; his postoperative course was uneventful. Mainte-
nance immunosuppressive therapy consisted of tacrolimus
(trough level: 8—15 ng/ml), MMF (1500 mg/day), and
prednisone (6 mg/day [0.1 mg/kg/day]).

100+
8 B Prime Dose
[ Booster Dose
£ 60
€
Q
1
& 404
20+
04 L]
] N O 2] L (] < R o
L O & ¢ & ¥ & &
& N 2 S & O ) N
& N R 2 & g @ R G N
QPb 6“0 & 6}{6 < 9?6 & v&(‘ o
'5‘& \\6
N @”
Local Systemic

Fig.2 Local and systemic reactions after SARS-CoV-2 vaccination

A week after receiving the second dose of the
BNT162b2 vaccine, he was referred to our outpatient
clinic with a primary complaint of exertional dyspnea
and dry cough. S-IgG was not detected three weeks after
the prime dose and S-IgG level was 11.7 U/ml four weeks
after the second dose. Chest computed tomography (CT)
showed reticular opacities with traction bronchiectasis
and lung volume loss in the implanted right middle and
lower lobes, as well as progression of left pulmonary
fibrosis, which were not observed on a chest CT scan per-
formed 5 months before vaccination (Fig. 3). To exclude
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Fig.3 Time course of possible clinical antibody-mediated rejection
(AMR) and progression of pulmonary fibrosis after the prime SARS-
CoV-2 vaccine dose (D1) and the booster dose (D2) in case 1. On
chest CT a week after D2 (®), arrows show reticular opacities with

infection events, bronchoscopy with bronchoalveolar
lavage (BAL) was performed. A bronchoalveolar lavage
fluid (BALF) analysis revealed 520 cells/pL (neutrophils
[26.0%], lymphocytes [8.0%], macrophages [66.0%],
and eosinophils [0%]). No specific bacteria or fungi
were cultured in the BALF. A pulmonary function test
showed the following results: forced expiratory volume
in 1 s (FEV, ), 3.13 L (with a 15% fall from baseline);
total lung capacity (TLC), 5.46 L (with a 7% fall from
baseline), and FEV | (/forced vital capacity (FVC), 77.7%.
Antibody screening test did not show any donor-specific
antibody (DSA) at that time. Steroid pulse therapy was
conducted, and the administration of inhaled corticoster-
oid/beta-agonist and azithromycin were initiated for the
treatment of possible CLAD. The administration of nint-
edanib was also started to manage the progression of IPF.
Although clinical symptoms of exertional dyspnea and
dry cough improved, the patient was finally diagnosed
with possible clinical AMR with presence of DSA against
human leukocyte antigen (HLA)-C7 (mean fluorescence
intensity: 1517) at 22 weeks after the prime dose. Intra-
venous high-dose immunoglobulin (IVIG) therapy (1 g/
kg) is currently performed every month. DSA has turned
negative one month after the initiation of IVIG therapy,
reticular opacities have gradually improved on chest CT,
and pulmonary function has not recovered but remained
stable with a TLC, 5.64L, FVC, 3.84L and FEV ,, 3.08 L.
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traction bronchiectasis or the exacerbation of left pulmonary fibrosis.
These findings were not observed on chest CT five months prior to
vaccination (®)

Case 2: CLAD progression

The patient was a 64-year-old male who had received bilat-
eral living-donor lobar lung transplantation for IPF 10 years
previously. The maintenance immunosuppressive drugs con-
sisted of cyclosporine (trough level: 150-250 ng/ml), MMF
(250 mg/day), and prednisone (10 mg [0.2 mg/kg], every
other day). At one year after transplantation, the pulmonary
function had gradually decreased due to possible clinical
AMR with the presence of DSA against HLA-DQ4 (mean
fluorescence intensity: 14,990.1) and -DQ8 (mean fluores-
cence intensity: 11,731.3). Following steroid pulse and IVIG
(1 g/kg) therapy, DSA gradually decreased and eventually
disappeared eight years after transplantation. The pulmonary
function had remained stable with a FEV, ; of 1.9 L since
then.

The patient was referred to our outpatient clinic with
worsening exertional dyspnea one week after the second
dose of SARS-CoV-2 vaccination. S-IgG was not detected
three weeks after the prime dose and S-IgG level was 15.2
U/ml four weeks after the second dose. Ground-glass opaci-
ties extended in both lower lobes and pleural effusion was
increased on the right side on chest CT (Fig. 4). A pulmo-
nary function test showed the following results: FEV g,
1.67 L (with a 23% decline from baseline), TLC, 3.22 L
(with a 15% fall from baseline), and FEV, (/FVC, 92.8%.
DSA was not detected. A BALF analysis showed 380 cells/
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Fig.4 Time course of the progression of chronic lung allograft rejec-
tion (CLAD) after D1 and D2 in case 2. On chest CT a week after
D2 (®), ground-glass opacities were extended in both lower lobes and
pleural effusion was increased on the right side. These findings were

pL (neutrophils [1.0%], lymphocytes [3.0%], macrophage
[96.0%], and eosinophils [0%]), and no specific bacteria and
fungi were detected in the BALF culture. The patient was
clinically diagnosed with CLAD stage 1, restrictive allograft
syndrome phenotype, which was treated by steroid pulse
therapy, conversion of cyclosporine to tacrolimus, adminis-
tration of azithromycin, and home oxygen therapy. However,
the patient has gradually been deteriorating with worsening
ground-glass opacities on chest CT.

Discussion

The current study evaluated the immune response and
adverse events after two-dose SARS-CoV-2 vaccination
to determine the efficacy and safety of the vaccine in lung
transplant recipients. A significantly reduced humoral
immune response was found in lung transplant patients, even
after two-dose vaccination, with only 27.8% showing posi-
tive S-IgG levels at four weeks after the second dose. This
finding is consistent with previous studies that reported a
diminished antibody response (0-36%) after the two-dose
SARS-CoV-2 mRNA vaccine in lung transplant patients
[9-12]. However, in this study, the antibody response
increased from 11.1% after the first dose to 27.8% after the
second dose, which indicates that booster dose had an accre-
tive, although moderate, effect on antibody production in
lung transplant patients. Importantly, early reports provided
evidence of an increase in the serologic response after the
third dose of SARS-CoV-2 vaccine in solid organ transplant
recipients [13, 14]. Furthermore, a recent study reported
that lung transplant recipients with no antibody response
after two doses of SARS-CoV-2 vaccine showed a cellular

not observed on chest CT six months before vaccination (®). TLC,
total lung capacity. FVC, forced vital capacity. FEV ,, forced expira-
tory volume in 1 s. BAL, bronchoalveolar lavage. CT, computed
tomography. DSA, donor-specific antibody

response (47%) and humoral response (13%) at three weeks
after the third dose, although the effect of the third dose
on antibody generation was still moderate [15]. Therefore,
considering the increase in seropositivity between the first,
second, and third vaccine doses, further studies are needed
to elucidate the potential benefits of an additional booster
dose on antibody production among immunocompromised
organ transplant recipients.

In this study, S-IgG development appeared to be asso-
ciated with low-dose MMF and a longer time from trans-
plantation to vaccination, which is consistent with previ-
ous reports [9, 16, 17]. However, temporary adjustment of
immunosuppressive regimens during and/or after vaccina-
tion, with a possible increase in the risk of graft rejection,
should not be considered in lung transplant recipients.
Notably, possible clinical AMR or CLAD progressed in
the seropositive patients after two-dose vaccination, and
the association between these adverse events and SARS-
CoV-2 vaccination should be investigated. Although this
seems to be the first report on the progression of clinical
AMR and CLAD in post-lung transplant patients following
SARS-CoV-2 vaccination. To confirm lung graft rejection,
a biopsy of lung tissue needs to be performed. One weak
point associated with this paper is due to the fact that we
diagnosed both AMR and CLAD progression clinically
without performing transbronchial lung biopsies due to the
patients’ poor respiratory condition and refusal. However,
it is true that the two patients who lived independently and
had been stable for many years after undergoing surgery,
clearly developed a worsening of their symptoms after
receiving the two-dose vaccination including a worsen-
ing of their clinical respiratory condition, a deterioration
of their pulmonary function and the new appearance of
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consolidations on chest CT. In fact, allograft rejection fol-
lowing the receipt of the SARS-CoV-2 vaccine was previ-
ously reported in kidney, pancreas, and liver transplant
patients [18—20]. SARS-CoV-2 vaccine, a novel type of
mRNA vaccine, stimulates robust cellular and humoral
immune responses by eliciting CD4 + and CD 8+ T cells
and B cells, which could be a trigger of donor-specific
anti-HLA antibody production and CLAD development in
responders to the SARS-CoV-2 vaccine [21-23].

In the first case, pulmonary fibrosis was also exacerbated
in the left native lung with IPF, following the receipt of the
second vaccine dose. There have been some case reports on
the acute exacerbation of interstitial pneumonia or IPF after
SARS-CoV-2 vaccination [24, 25]. The chest CT findings
in the left native lung following vaccination were consistent
with those observed in previous case reports. Cellular and/
or humoral immunologic responses induced by the SARS-
CoV-2 vaccine may contribute to the acute exacerbation of
IPF [26].

The present study was associated with some limitations,
including its small size, the absence of a healthy control
group, and the fact we only assessed the S-IgG levels and
did not assess neutralizing antibody titers or memory T-cell
response. The small sample size might affect the relatively
high rate of lung allograft rejection following COVID-19
vaccination in this study. However, despite the small sample
size of the present study, which reported preliminary data, it
included the important experience of severe adverse events,
including clinical AMR and the deterioration of CLAD and
IPF, after SARS-CoV-2 vaccination in post-lung transplant
patients. Furthermore, despite the absence of a healthy con-
trol group, which made true comparison difficult, the robust
100% antibody response rate, observed in clinical trials
among the healthy population, was a reasonable benchmark.
[27] A recent study suggested that SARS-CoV-2-specific
T-cells may be present in some lung transplant recipients
despite the lack of antibody response [8, 13].

In conclusion, lung transplant recipients showed a
reduced S-IgG antibody response after the completion of
a two-dose series of SARS-CoV-2 mRNA vaccine, which
indicates that lung transplant recipients will likely remain
at risk of developing severe COVID-19, even after SARS-
CoV-2 vaccination. However, the true test of the SARS-
CoV-2 vaccine is its clinical efficacy in reducing the severity
of COVID-19 and associated mortality [27-29]. Therefore,
further study is required to determine whether the decreased
humoral response after SARS-CoV-2 vaccination that
was observed in the present study is truly associated with
lower clinical efficacy. Regarding the critical side effects,
we experienced seropositive cases that developed clinical
AMR and a deterioration of CLAD and IPF that was likely
related to the SARS-CoV-2 vaccine. We have now followed
these patients for less than 1 year. To really understand the
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magnitude of these adverse events, it would thus be helpful
to have a much longer follow-up of these patients’ courses.
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