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A B S T R A C T   

The development of various autoimmune diseases has been reported after COVID-19 infections or vaccinations. 
However, no method for assessing the relationships between vaccines and the development of autoimmune 
diseases has been established. Aplastic anemia (AA) is an immune-mediated bone marrow failure syndrome. We 
report a case of severe AA that arose after the administration of a COVID-19 vaccine (the Pfizer-BioNTech mRNA 
vaccine), which was treated with allogeneic hematopoietic stem cell transplantation (HSCT). In this patient, 
antibodies against the SARS-CoV-2 spike protein were detected both before and after the HSCT. After the pa
tient’s hematopoietic stem cells were replaced through HSCT, his AA improved despite the presence of anti- 
SARS-CoV-2 antibodies. In this case, antibodies derived from the COVID-19 vaccine may not have been 
directly involved in the development of AA. This case suggests that the measurement of vaccine antibody titers 
before and after allogeneic HSCT may provide clues to the pathogenesis of vaccine-related autoimmune diseases. 
Although causality was not proven in this case, further evaluations are warranted to assess the associations 
between vaccines and AA.   

1. Introduction 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has 
caused a global pandemic of coronavirus disease 2019 (COVID-19). The 
introduction of SARS-CoV-2 vaccines has drastically reduced the trans
mission rate of the disease. Studies have confirmed the safety and effi
cacy of the available SARS-CoV-2 vaccines. However, rare cases of 
adverse immunological reactions to SARS-CoV-2 vaccines have been 
reported, including cases involving immune-mediated disease [1–3]. 
Although evaluating the associations between SARS-CoV-2 vaccines and 
the development of autoimmune diseases is important, no method for 
assessing such relationships has been established. Aplastic anemia (AA), 
a bone marrow failure syndrome, appears to be immune-mediated [4,5]. 
In addition to T lymphocytes and cytokines, autoantibodies are involved 
in the development of AA as immunological factors [4]. Here, we report 
a case of AA that developed after the administration of a SARS-CoV-2 
vaccine and discuss the association between AA and vaccination. 

2. Case description 

A previously healthy 56-year-old male, who was not taking any 

medication, was referred to a clinic because of bleeding in the oral cavity 
after dental therapy. Laboratory tests showed that his white blood cell 
count (1.6 × 109/l) and platelet count (11 × 109/l) were decreased. Four 
days before his visit to the clinic, he had received a second dose of the 
Pfizer-BioNTech mRNA vaccine (three weeks after his first dose). He was 
admitted to our hospital due to progressive pancytopenia (Supplemen
tary Table 1). He had no history of COVID-19 infection. The Elecsys® 
anti-SARS-CoV-2 immunoassay (Roche, Basel, Switzerland), which is 
used to detect anti-SARS-CoV-2 nucleocapsid protein antibodies, pro
duced a negative result. Tests for immunoglobulin G against cytomeg
alovirus and Epstein-Barr virus produced positive results, but were not 
indicative of virus reactivation. Serological tests for hepatitis B, hepatitis 
C, and human immunodeficiency virus produced negative results. A 
bone marrow biopsy revealed a hypocellular marrow (Fig. 1). The pa
tient was diagnosed with very severe AA [6]. Human leukocyte antigen 
(HLA) testing showed DRB1 04:05 04:05, which is not associated with a 
high frequency of AA. The administration of granulocyte-colony stim
ulating factor had no effect on his neutropenia. In spite of the admin
istration of cyclosporine and eltrombopag, his pancytopenia progressed. 

He underwent an allogeneic hematopoietic stem cell transplantation 
(HSCT) from an HLA haploidentical related donor (Fig. 2). The donor 
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had no history of COVID-19 infection and had not received a SARS-CoV- 
2 vaccine. The conditioning regimen consisted of 120 mg/m2 fludar
abine, 100 mg/kg cyclophosphamide, 2.5 mg/kg anti-thymocyte glob
ulin, and 2 Gy of total body irradiation. Tacrolimus and short-term 
methotrexate were used as a prophylaxis against graft-versus-host dis
ease (GVHD). Post-transplant cyclophosphamide was not administered 
because the patient’s HLA-A, C, and DR were homologous, which would 
not increase the risk of GVHD. The transplanted cells collected from the 
donor’s bone marrow were transfused into the patient after the removal 
of red blood cells and plasma. Twenty-one days after the HSCT, 
neutrophil engraftment was achieved. Chimerism analysis performed on 
day 29 after the HSCT revealed complete chimerism in the peripheral 
blood. The patient developed acute GVHD (skin grade 1), which was 
ameliorated with a topical corticosteroid alone. 

The titers of antibodies against SARS-CoV-2 were measured before 
and after the HSCT to examine the association between the SARS-CoV-2 
vaccine the patient received and the development of AA. The mea
surement of anti-SARS-CoV-2 spike protein antibody titers was 

performed by SRL, Inc. (Tokyo, Japan) using the Elecsys® anti-SARS- 
CoV-2 S immunoassay (Roche, Basel, Switzerland). The titers of anti
bodies against SARS-CoV-2 before the conditioning regimen and 63 days 
after the HSCT were 540 and 34.9 U/mL (reference range, <0.8 U/mL), 
respectively (Fig. 2). These results suggest that the AA was ameliorated 
by the allogeneic HSCT even though anti-SARS-CoV-2 spike protein 
antibodies continued to be detected after the HSCT. 

3. Discussion 

We report a case in which AA developed after the administration of a 
SARS-CoV-2 vaccine. No association between new-onset AA and SARS- 
CoV-2 vaccines has been reported. The patient in this case underwent 
allogeneic HSCT. In this patient, antibodies against the SARS-CoV-2 
spike protein were detected both before and after the HSCT. After the 
allogeneic HSCT, the patient’s AA was ameliorated despite the presence 
of antibodies against SARS-CoV-2. Our results did not reveal a direct 
association between antibodies derived from the SARS-CoV-2 vaccine 

Fig. 1. Histological findings of the bone marrow biopsy specimen at diagnosis. Panel A: Hematoxylin and eosin (H.E.) staining (x40) of the bone marrow after the 
administration of a SARS-CoV-2 vaccine showed a markedly hypocellular marrow. Panel B: H.E. staining (x400) showed the replacement of hematopoietic cells by fat 
and a few nucleated cells. 

Fig. 2. Evaluation of neutrophil count, The X-axis indicates the number of days after the 2nd dose of the COVID-19 vaccine was administered. The allogeneic BMT 
was conducted at 34 days after the 2nd dose of the COVID-19 vaccine was administered. The gray boxes indicate the titers of antibodies against the SARS-CoV-2 spike 
protein (log scale). BMT, bone marrow transplantation; COVID-19, coronavirus disease 2019; CyA, cyclosporine A; TAC, tacrolimus. 
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and the development of AA. Further studies are needed to investigate the 
impairment of hematopoiesis induced by immune reactions after SARS- 
CoV-2 vaccine administration. 

One of the most feared adverse reactions to vaccines is the devel
opment of autoimmune disease. To the best of our knowledge, only six 
cases of newly diagnosed acquired AA have been reported after vacci
nation [7–11] (Table 1). However, in general, AA is not recognized as a 
vaccine-related adverse event [12]. The mRNA vaccines against 
SARS-CoV-2 have a novel mechanism of action. Therefore, it is impor
tant to collect information about their adverse events. Various cases of 
autoimmune disease have been reported after SARS-CoV-2 vaccine 
administration, including autoimmune hepatitis, type 1 diabetes melli
tus, immune thrombocytopenia, and acquired hemophilia [3,13–15]. 
Patients with AA after COVID-19 infection were also reported [16,17]. 
Further epidemiological evaluations of the incidence of AA after 
COVID-19 infection and SARS-CoV-2 vaccination are warranted. 

Various cases of vaccine-related autoimmune disease have been re
ported. Most of these reports have linked vaccination to the develop
ment of autoimmune disease based on clinical observations of temporal 
associations. There is no established method for examining the re
lationships between vaccines and the development of autoimmune dis
eases. The pathogenetic mechanisms by which vaccines cause the 
development of autoimmune disease are still unclear. The major hy
potheses relating to such immunological reactions involve epitope 
mimicry [18,19]. For example, it has been reported that vaccine-derived 
antibodies may exhibit structural similarities with autoantibodies [18, 
19]. There is significant evidence that AA is an immune-mediated con
dition, mainly based on the effectiveness of immunosuppressive therapy 
against AA. In addition to T cells and cytokines, autoantibodies are one 
of the factors that contribute to the pathogenesis of AA [4]. However, 
autoantibodies specific to AA and the role of autoantibodies for the 
pathogenesis of AA are unclear. The allogeneic HSCT replaces the re
cipient’s hematopoietic and associated immune systems with those of 
the donor. The measurement of vaccine antibody titers before and after 
allogeneic HSCT may provide a clue to the pathogenesis of 
vaccine-related autoimmune diseases. The clonal expansion of effector T 
cells was also reported to occur following vaccination [20]. To under
stand the link between COVID-19 vaccination and the development of 
AA, the following needs to be examined: the exploration of autoanti
bodies against stem cells, the role for molecular mimicry between mRNA 
vaccine encoded antigens and stem cells, and T-cell subset dynamics 
after vaccination. 

In conclusion, the administered SARS-CoV-2 mRNA vaccine may 
have contributed to the pathogenesis of AA in this case. However, it is 
not clear whether antibodies derived from the SARS-CoV-2 vaccine 
directly contributed to the development of AA because the anti-SARS- 
CoV-2 antibodies remained after the patient’s pancytopenia had been 
ameliorated by the allogeneic HSCT. Further evaluations in large co
horts are warranted to elucidate the associations between AA and SARS- 
CoV-2 vaccines. 
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