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Transplantat
ABSTRACT
We report a case of a heart transplant recipient who presented with a rapidly growing Epstein-
Barr virus (EBV)−positive, diffuse large B-cell lymphoma 7 days after receiving the first dose of
the ChAdOx1 nCoV-19 vaccine. Because of the atypical radiologic presentation, the initial tenta-
tive diagnosis was a mediastinal abscess. This observation indicates a potential risk of EBV reac-
tivation after coronavirus disease 2019 (COVID-19) vaccination, which might lead to or
aggravate the presentation of posttransplant lymphoproliferative disorder in transplantation
patients. Transplant surgeons should be aware of the potential immunomodulatory effects of the
COVID-19 vaccination.
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DURING the coronavirus disease 2019 (COVID-19) pan-
demic, vaccination is recommended for immunocompro-

mised patients, including those who have received solid organ
transplantation [1]. The most common adverse reactions include
pain at the injection site, headache, fatigue, myalgia, fever, and
joint pain [2]. Less common side effects include lymphadenopa-
thy or lymphadenitis in the ipsilateral axillary region [3]. Addi-
tionally, reactivation of the Gammaherpesvirinae subfamily,
such as Epstein-Barr virus (EBV) and herpesvirus, have been
reported in case studies [4−6]. However, information on
COVID-19 vaccines among immunocompromised patients (eg,
solid organ transplant recipients, patients with blood and solid
organ cancers) is limited, and further investigation is required
regarding efficacy and safety [7].
This study was approved by the institutional review board of

the National Cheng Kung University Hospital (IRB No. B-EC-
110-024, 08/01/2021). Written informed consent for the publi-
cation of details and images was obtained from the patient.
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CASE PRESENTATION

A 51-year-old man was admitted with a chief complaint of fever
up to 38°C and generalized soreness at 1 week after the first dose
of the ChAdOx1 nCoV-19 vaccine (AstraZeneca) in the right del-
toid muscle. The symptoms lasted for 3 days. He had been diag-
nosed with idiopathic dilated cardiomyopathy and received an
orthotopic heart transplantation on February 6, 2014. He devel-
oped end-stage renal disease and required hemodialysis in Decem-
ber 2018. His recent immunosuppressant regimen included
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Fig 2. Computed tomography of the chest reveals a ring-enhanc-
ing mass in the right upper mediastinum and splenomegaly (A,
coronal view; B, axial view)
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tacrolimus (1 mg twice a day) and mycophenolate mofetil (1.25 g/
d). Chest radiography showed a new mass in the right upper medi-
astinum, which had not been seen on the chest film 1 month before
admission (Fig 1). Physical examination was unremarkable, and
there was no palpable axillary or supraclavicular lymphadenopa-
thy. Testing with nasopharyngeal swab severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) reverse transcription
−polymerase chain reaction (PCR) (Cobas 6800 system) was neg-
ative. Laboratory tests revealed normal white blood cell count
(4.0£ 103/uL), platelet count (2.76£ 105/uL), and C-reactive pro-
tein level (9.4 mg/L). The whole blood trough concentration of
tacrolimus was 6.5 ng/mL. Contrast-enhanced computed tomogra-
phy of the chest revealed a ring-enhancing mass of approximately
52 £ 50 £ 42 mm in the right upper mediastinum (Fig 2). Com-
puted tomography−guided drainage was performed under the
impression of a mediastinal abscess, which failed to drain any con-
tents. Therefore, he underwent debulking surgery for the mass
lesion using video-assisted thoracoscopy. Pathology examination
revealed EBV-positive diffuse large B-cell lymphoma (Fig 3),
which was consistent with a diagnosis of monomorphic posttrans-
plant lymphoproliferative disorder (PTLD). Blood, sputum, and
excisional specimens were sent for bacterial, fungal, and mycobac-
terial cultures and real-time PCR (Xpert MTB/RIF assay [Cepheid,
Sunnyvale, Calif, United States]) analyses. Abbott real-time PCR
was used to detect viremia, and data on cytomegalovirus, EBV,
and SARS-CoV-2 as well as herpes simplex virus type 1,
herpes simplex virus type 2, hepatitis B virus, and hepatitis C virus
serology were obtained. In addition, deoxyribonucleic acid (DNA)
microarray technology was used for mold, fungus, and mycobacte-
rium detection, and 16S ribosomal ribonucleic acid (RNA) gene
PCR was used to detect bacterial pathogens. All studies evaluating
the infectious etiology were negative. Even Abbott real-time EBV
PCR of serum was negative 2 months before and 1 month after
admission. The patient was treated with a 50% reduction in immu-
nosuppressant dosages in conjunction with rituximab once a week
for 4 weeks as an inpatient.
DISCUSSION

PTLD refers to a group of lymphoid disorders with heteroge-
neous presentations ranging from indolent to aggressive disease
[8,9]. The highest incidence occurs in cases of multivisceral
Fig 1. Chest radiography shows a mediastinal mass that bulges
the right upper mediastinal contour (B), which was not seen 1
month previously (A).
transplants, followed by lung transplants and heart transplants
[8]. The risk contribution of specific immunosuppressive agents
varies in reports, but greater impact has been reported of higher
intensity and longer duration immunosuppression (ie, total
immunosuppressive burden) [8,9]. The pathogenesis of PTLD
is closely associated with infection or reactivation of EBV in
the context of chronic immunosuppression as the main predis-
posing factor [8−10]. In the classic model, most EBV-positive
PTLD results from EBV-infected B cells with a latency III pat-
tern that proliferates only under conditions of reduced cytotoxic
T cells [8,10]. Additionally, different EBV life phases are asso-
ciated with different immune conditions [8]. Therefore, cell-
mediated immunity is crucial for quiescent coexistence with
EBV, especially for organ recipients who have made great
efforts to strike an optimal risk balance between infection and
immunosuppression. Nonetheless, EBV-positive PTLD only
develops in a minority of solid organ transplant recipients
receiving immunosuppression [8].
This suggests that the key step toward lymphomagenesis is

multifactorial and extends beyond the scope of chronic immu-
nosuppression. In a population-based study conducted in
Nebraska, the risk of non-Hodgkin lymphoma was positively



Fig 3. Sections show (HE 400£) (A) large, atypical lymphocytes with bi-lobation within a lymphohistiocytic background. There was
extensive necrosis in the other parts (HE 400£). (B) Immunohistochemically, the atypical lymphocytes were positive for CD20 (>50%),
CD30, CD79a, PAX5, MUM1, and BCL2, and negative for k, lambda, CD3, CD10, CD15, CD68, BCL6, and c-MYC. ALK1 staining was
negative. Atypical large lymphocytes were positive for EBER in situ hybridization. P53 staining was heterogeneously positive. PDL1 was
also positive. ALK1, activin A receptor like type 1; BCL, B-cell lymphoma; CD, cluster of differentiate; c-MYC, cellular myelocytomatosis
oncogene; EBER, Epstein-Barr encoding region; HE, hematoxylin and eosin; MUM, multiple myeloma oncogen; PAX5, paired box 5;
PDL, programmed death-ligand.
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associated with receiving influenza vaccination (odds ratio
[OR] = 1.53; confidence interval [CI] = 1.14-2.06) [11]. In par-
ticular, follicular lymphoma (OR = 1.23; CI = 1.23-3.18) and
diffuse large B-cell lymphoma (OR = 1.88; CI = 1.13-3.12)
were among the most common forms of lymphoma. Alteration
of T helper 1 and Th2 cell balance after vaccination is inferred
to be the cause of this increased risk. Accordingly, vaccination
for SARS-CoV-2 may be an external stimulus and may tempo-
rarily alter this fragile balance [6], based on the experience
gained from various vaccines [4-6,11]. As a result, tissue EBV
reactivation may occur after COVID-19 vaccination [3].
Although it is far-fetched to establish a straightforward rela-

tionship between the COVID-19 vaccine and PTLD, 2 in vitro
studies have implicated it in oncogenesis. Chen et al [12]
reported that transfection of SARS-CoV-2 spike protein S vec-
tors led to a significant increase in representative lytic gene
expression in the iSLK.219 cell line harboring recombinant
Kaposi sarcoma-associated herpesvirus.219 (rKSHV.219). This
indicates that protein S, one of SARS-CoV-2 major structural
proteins and the target antigen encoded by the COVID-19 vac-
cine [2], has the potential to induce lytic reactivation of KSHV
in chronically infected cells. EBV and KSHV are members of
the Gammaherpesvirinae subfamily, which has a biphasic life
cycle comprising lytic and latent phases and can cause a variety
of cancers in humans [13]. In recent years, the role of the lytic
cycle in tumorigenesis and tumor progression of both viruses
have been elucidated and are well recognized as the main con-
tributors to genomic instability and the necessary antiapoptotic
and immunomodulatory signals [10,12,13]. Chiang et al [14]
demonstrated the ability of SARS-CoV-1 spike protein to trans-
form B cells in vitro, and proposed that devastating viral ligands
may accelerate abnormal conversion of lymphocytes under a
dampened immune system. Although SARS-CoV-2 and SARS-
CoV-1 have different S sequences and bind angiotensin-con-
verting enzyme 2 via distinct regions in the S protein receptor-
binding motif [15], the B-cell conversion ability of coronavirus
S protein is indirectly implied.
CONCLUSION

In summary, we hypothesize that the vaccine may contribute to
B lymphocyte tumorigenesis via the reactivation of latent EBV.
However, it has been acknowledged that chronically EBV-
infected B cells accumulate pro-oncogenic aberrations (eg,
A20, BCL2, BCL6, MYC, PAX5, and TP53) under impaired
immune surveillance and can transform into lymphoma by
themselves at some point in time [8,9]. In this reported case,
PTLD occurred 7 years after transplantation, which falls within
the range of the second peak [9]. The patient received a heart
transplant and was maintained on tacrolimus, both of which are
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associated with a higher risk of PTLD [9]. Nevertheless, the
blood concentration of tacrolimus was kept within low limits of
the therapeutic range, and EBV viral load in the serum was
undetectable for 5 years, even 4 weeks after diagnosis of EBV-
positive PTLD. Additionally, although serum EBV DNA kinet-
ics have been demonstrated to be important in the highest-risk
hematopoietic stem cell transplantation group, with a median of
7 days from EBV DNAemia onset to EBV-related lymphoproli-
ferative disorders, evidence in solid organ transplant is less
compelling because of the lack of sensitivity to localized EBV-
positive PTLD and EBV-negative PTLD [8].
We report a case of PTLD after COVID-19 vaccination in a

heart transplant recipient, which might show a possible patho-
genic link. Although we are not able to exclude the coincidence
of COVID-19 vaccination and the development of PTLD in this
case, transplant surgeons should be aware of the immunomodu-
latory effect after COVID-19 vaccination and always think the
worst until proven otherwise.
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