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ABSTRACT
Objective: Various hematologic side effects of the Coronavirus Disease 2019 (COVID-19)
vaccination has been reported, and most of them are thought to be related to autoimmune
pathways. To the best of our knowledge, only few cases of post-COVID-19 vaccination
aplastic anemia (AA) have been reported and there is no reported Korean case of COVID-19
vaccine-induced AA yet. We present a case of severe immune-mediated AA that developed
after the administration of a messenger ribonucleic acid (mRNA) gene-based spike protein
vaccine against COVID-19, which responded well to immunosuppressive therapy, and
discuss the probable pathogenesis of AA and the implication of vaccination along with a
comparison of previous cases reported.
Methods: A 53-year-old Korean man developed sudden pancytopenia three months after
COVID-19 vaccination. To evaluate the cause of pancytopenia, a bone marrow study was
performed.
Results: A diagnosis of AA was made through the bone marrow study and he received triple
immunosuppressive therapy (IST). After triple IST for five months, his blood cell count was
improved and maintained without transfusion and his follow-up bone marrow examination
showed improved cellularity.
Conclusion: COVID-19 vaccine might be associated with the development of immune-
mediated AA. Prompt hematologic evaluation should be performed when there are
symptoms or signs suggestive of cytopenia after COVID-19 vaccination. Although the clinical
outcome of post-vaccination AA varies, a good prognosis can be possible for patients with
COVID-19 vaccination-induced AA.
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Introduction

About a year after the start of the Coronavirus Disease
2019 (COVID-19) vaccination, safety concerns regard-
ing the vaccine have been raised continuously. The
hematologic side effects of COVID-19 vaccination
include immune thrombocytopenia, autoimmune
hemolytic anemia, and the aggravation of pre-existing
hematologic diseases such as paroxysmal nocturnal
hematuria (PNH) [1–7]. Almost all hematologic mani-
festations after COVID-19 vaccination in previous
studies were thought to be related to autoimmune
pathways.

In the majority of sporadic cases, severe and acute
aplastic anemia (AA) appear to be immune-mediated
[8]. A few studies reported post-vaccination AA
[9,10]. To the best of our knowledge, few cases of
post-COVID-19 vaccination AA have been reported
[1,11–13]. However, a Korean case of COVID-19

vaccine-induced AA has not been reported yet. Here,
we present a case of very severe immune-mediated
AA that developed after the administration of an
mRNA gene-based spike protein vaccine against
COVID-19 that responded well to immunosuppressive
therapy. In addition, the probable pathogenesis of
post-COVID-19 vaccination AA and the implications
of vaccination are discussed.

Case description

A 53-year-old man was admitted to a tertiary hospital
because of bruises on both legs and melena in Novem-
ber 2021. He had no remarkable past or family history.
He was not taking any medications. He received the
first Moderna COVID-19 vaccine in August 2021 and
the second vaccine in September 2021. He first noted
the sudden onset of bruises two weeks after the first
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vaccine dose. He also noticed continuous bleeding
after shaving after the second vaccine dose. His most
recent complete blood cell counts (CBC) before
COVID-19 vaccination (three months before vacci-
nation) were normal (hemoglobin (Hb), 14.0 g/dL
(reference range: 13.0–17.5 g/dL); white blood cells
(WBC), 4.51 × 109 /L (reference range: 4.0–10.0 × 109

/L); platelets (PLT), 160 × 109 /L (reference range:
150–450 × 109 /L), and he had no symptoms of cytope-
nia before vaccination. CBC analysis at admission
showed the following results: Hb, 6.6 g/dL (reference
range: 13.0–18.0 g/dL); WBC, 1.92 × 109 /L (reference
range: 4.0–10.0 × 109 /L); absolute neutrophil count
(ANC), 0.12 × 109 /L (reference range: 1.4–7.5 × 109

/L); PLT, 2 × 109 /L (reference range: 150–400 × 109

/L); and absolute reticulocytes, 10.6 × 109 /L (reference
range: 24–84 × 109 /L), with normal mean corpuscular
volume (94.3 fL). All other blood tests (including
serum bilirubin, lactate dehydrogenase, vitamins, and
iron status) and coagulation tests were within the
normal ranges. The peripheral blood smear showed
no abnormal immature cells such as blasts or
nucleated red blood cells (RBCs). RBC morphology
was not remarkable. Serologic tests for hepatitis
viruses and human immunodeficiency virus and auto-
immune tests were all negative except for cytomegalo-
virus (CMV) immunoglobulin G (IgG). The bone marrow
(BM) examination showed markedly hypocellular
marrow (less than 5% cellularity) without any morpho-
logic abnormalities or increases in the number of blasts
(Fig. 1A). The cytogenetic results were 45,X,-Y[4]/46,XY,

t(11;14)(p10;p10)[3]/46,XY[13]. Flow cytometric analy-
sis showed no definite PNH clones (0.02% RBC, 0.14%
granulocytes, and 0.60% monocytes; all were within
the reference ranges of the local laboratory). The diag-
nosis of very severe aplastic anemia was made. The
patient received triple immunosuppressive therapy
(IST: anti-thymocyte globulin (rabbit) 260 mg/day for
5 days, cyclosporin A 700 mg/day for 15 days,
800 mg for the next 10 days, 1200 mg for the next 2
days, 1400 mg for the next 2 days, 700 mg for the
next 10 days, 500 mg for the next 10 days, 300 mg
for the next 150 days, and eltrombopag 75 mg/day
for 180 days), and his blood cyclosporin level was con-
tinuously maintained within the therapeutic range
(150–300 ng/mL). During triple IST, he experienced
Escherichia coli sepsis and CMV colitis. However, he
recovered after appropriate antibiotic and antiviral
therapy. At the last follow-up (April 2022), he was still
maintained on triple IST. He showed improved blood
counts (Hb 10.3 g/dL, ANC 1.01 × 109 /L, and PLT
219 × 109 /L) without transfusion. His follow-up BM
examination showed improved cellularity (from 5%
to 30%, average: 15%) (Fig. 1B). The patient never
experienced COVID-19 during his hospital course.

Discussion

Until now, several hematologic adverse effects from
COVID-19 vaccinations have been reported, with vari-
able severity and outcomes [1–7,9,10]. The precise
cause of hematologic adverse effects, mostly

Figure 1. (A) Bone marrow biopsy at the time of aplastic anemia diagnosis. (B) Bone marrow biopsy and (C) clot section at follow-
up. (D) Changing blood count patterns in our patient. ** ANC, absolute neutrophil count; ATG, anti-thymocyte globulin; CsA,
cyclosporin A; HB, hemoglobin; PLT, platelet; WBC, white blood cells.

1192 S. WOO ET AL.



cytopenia, is currently unclear. However, most studies
have suggested an underlying immunologic mechan-
ism [2–4,6,14,15]. The triggering of autoimmune
responses to host proteins has been considered a
mechanism in the development of COVID-19 vaccine-
induced thrombotic thrombocytopenia [6]. A similar
mechanism of AA after COVID-19 vaccination was pro-
posed in previous reports [1,11]. The current literature
revealed a few hypotheses regarding the relationship
between spike protein received in mRNA vaccines
and adverse effects [16]. There are possible inter-
actions between spike protein and several intra-/extra-
cellular signaling pathways, which result in various
post-vaccination adverse effects [16]. According to
proteomic analysis, severe acute respiratory syndrome
Coronavirus 2 (SARS-CoV-2) spike protein could bind to
hemoglobin and its metabolites, and lead to further
adverse medical diseases [16,17]. A previous study
reported a possible association between AA relapse
and COVID-19 vaccination [12]. In that study, enhanced
CD8+ T-cell-dependent activation and immune-
mediated response to an mRNA-based COVID-19
vaccine were suggested as mechanisms for the
increased AA relapse risk.

Secondary AA can be caused by infections, drugs, or
various diseases. The pathophysiology and treatment
of AA are somewhat different depending upon the
cause [8]. For example, cytotoxic drugs can damage
marrow chemically and physically. Treatment for
such damage includes supportive care, hematopoietic
growth factors, and hematopoietic stem cell transplan-
tation (HSCT) [8]. Idiopathic and various immune-
associated diseases can destroy marrow immunologi-
cally. Such destruction can be treated by immunosup-
pressive therapy and HSCT [8]. Our patient responded
well to conventional immunosuppressive therapy for
AA and maintained tolerable blood counts without
transfusions several months after diagnosis, further
supporting the autoimmune mechanism of AA stimu-
lated by the COVID-19 vaccine [8]. This is the strongest
evidence for an immune mechanism of AA after
COVID-19 vaccination.

In our patient, bruising started two weeks after the
first dose of vaccine, and bleeding started just after the
second dose of vaccine. According to the literature,
spike protein can circulate in the blood from one
hour after mRNA vaccination, and the serologic
response arises about three weeks after vaccination
[16]. Measuring the blood spike protein antigen titer
could have helped to elucidate the mechanism of AA
in our patient, although false-negative results can be
seen since the spike protein is a modified antigen
and all testing involves the initial antigen [18].
However, the test was not performed. Based on the
current literature, the possible cause of AA in our
patient may have been an interaction with spike
protein, a serologic response, or both when

considering the time that the hematologic symptoms
occurred. In this case, we should also consider the
possibility that this was a spike protein-derived tem-
poral condition mimicking AA. However, since our
patient responded well to immunosuppressive treat-
ment for AA, we thought that the possibility of true
and definite AA caused by the above-mentioned poss-
ible mechanisms was high.

It was also necessary to determine whether or not
AA was already present. Before vaccination, our
patient had no history of infection, drug intake, or
other possible causes of AA. According to the litera-
ture, the first symptoms related to cytopenia or the
first CBC abnormalities were reported as early as the
day following vaccination, and as late as three
months after [1,11–13]. AA was usually diagnosed 1–
2 weeks after receiving other forms of vaccines [9,19].
Our patient’s blood test results were normal three
months before vaccination, but he experienced the
sudden onset of bruising two weeks after the first vac-
cination and was diagnosed with AA two months after
the second dose of the COVID-19 vaccine. Our patient’s
timeline is consistent with that of other patients
reported in the literature [1,11–13]. Therefore, this
case was most likely COVID-19 vaccine-induced AA
rather than the expression of pre-existing disease.

In our patient, the chromosomal abnormality t
(11;14)(p10;p10) was found. Generally, the t
(11;14)(q13;q32) abnormality can be found in plasma
cell myeloma and other hematologic malignancies,
but there was no evidence of other hematologic
malignancies, including myeloma, in the patient’s
bone marrow study. The t(11;14)(p10;p10) abnormal-
ity has not been reported to be associated with any
specific hematologic malignancies. No specific genes
have been identified in this location but clonal mosai-
cism of the chromosome has been found in many
normal tissues. Some benign clonal populations are
common in AA [8]. Therefore, the significance of this
chromosomal abnormality was inconclusive. Close
bone marrow study follow-ups and chromosomal
analysis should be done to evaluate the clinical signifi-
cance of a chromosomal abnormality. Next-gener-
ation sequencing (NGS) can detect mutations
associated with myeloid malignancies in nearly 20%
of the patients with AA [20]. Unfortunately, we
could not perform an NGS study. However, a
genetic abnormality is not an essential requirement
for the diagnosis of AA. Therefore, we could diagnose
AA in our patient.

The clinical and laboratory characteristics of the
cases reported so far, as well as those in our case, are
summarized in Table 1 [1,11–13]. All reported patients
were males who had received an mRNA gene-based
spike protein vaccine against COVID-19. The onset
time varied from one day to 2–3 months after vacci-
nation. However, our patient experienced the sudden
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onset of bruising two weeks after the first vaccination.
Therefore, the onset time was thought to be within
one month after vaccination. The severity of AA after
COVID-19 vaccination was severe without definite
PNH clones. However, the clinical course of each case
was different. The three previously reported patients
showed insufficient responses to IST, and one patient
expired. Actually, the only curative treatment for AA is
HSCT. It is always the preferred treatment, especially
in a young patient with immune aplastic anemia [8].
However, IST is the standard treatment modality for
older patients who do not undergo HSCT. About 20–
30% of the patients who responded to IST showed a
complete response [8]. Contrary to the two previously
reported patients, our patient responded well to IST.
Hemaintained an improved blood count without trans-
fusion. His bone marrow cellularity also improved. It is
currently unclear which factors contributed to these
prognostic differences. Different vaccinemanufacturers
and/or chromosomal abnormalities might have con-
tributed to the differences in the clinical courses. There-
fore, the possibility of a good prognosis in patients with
immune-mediated AA after COVID-19 vaccination
could be considered, although there was insufficient
information to develop a comprehensive theory.

In conclusion, the COVID-19 vaccine might be
associated with the development of immune-
mediated cytopenia and/or AA. Prompt hematologic
evaluation should be performed when there are symp-
toms or signs suggestive of cytopenia after COVID-19
vaccination. Although the clinical outcomes of
patients with post-vaccination AA varied from insuffi-
cient recovery despite appropriate medical treatment
and HSCT to hematologic improvement with only
medical treatment, patients with COVID-19 vacci-
nation-induced AA may have good prognoses. The
exact factors contributing to the differences in clinical
outcomes are currently unknown. Further studies with
large and prospective cohorts are needed to deter-
mine the relationship between COVID-19 vaccination
and AA.
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Table 1. Clinical and laboratory features of patients with COVID-19-vaccine-induced aplastic anemia.

Cecchi et al., 2021 Tobata et al., 2021 Sridhara et al., 2022
Roth et al., 2022 (4 cases of

relapsed AA) This patient

Age/gender 76/M 56/M 60/M Median 53/all male 53/M
Type and
frequency of
COVID-19
vaccination

Pfizer-BioNTech,
second

Pfizer-BioNTech,
second

Moderna, second Pfizer-BioNTech, second Moderna, second

Onset time after
vaccination

1 month 4 days 1 d 5–35 days 2 weeks

A
ANC count (x109/L) 0.46 0.008 0 1.14 - 2.54 0.1
Hemoglobin (g/L) 112 111 80 110–140 6.6
Reticulocyte count
(x109/L)

38 5 4 37.1–70.7 10.6

Platelet count
(x109/L)

3 11 1 7 - 78 2

Peripheral blood
finding

No schistocytes or
blasts

Not presented No schistocytes or
blasts

Not presented No schistocytes or blasts

Bone marrow
finding

10% cellularity with
absence of blasts or
dysplastic features

Hypocellular marrow Hypocellular marrow
(5% cellularity)

Hypocellular marrow (0-
30% cellularity)

Hypocellular marrow
(<5% cellularity)

Hematologic
diagnosis

Severe AA Severe AA Severe AA AA relapse Severe AA

PNH clone 0.6% granulocytes
and 0.03%
erythrocytes

Not presented No PNH clone 0.02% erythrocytes,
0.14% granulocytes,
and 0.60% monocytes

Chromosome Normal Not presented Normal Not presented 45,X,-Y[4]/46,XY,t
(11;14)(p10;p10)[3]/
46,XY[13].

Treatment IST G-CSF, cyclosporine,
eltrombopag
Allogeneic HSCT

IST IST
IST and allogenic HSCT

Triple IST

Clinical course Serum sickness and
CMV infection

Pancytopenic and
transfusion-
dependent at last
follow-up

Skin grade 1 acute
GVHD

Neutrophil
engraftment and
complete chimerism
after HSCT

Pneumonia,
Enterococcus
bacteremia and
C.difficile enteritis
Expired

Stable but persistent
neutropenia and
thrombocytopenia
aspergillosis

Improved blood counts
without transfusion
and bone marrow
cellularity

*AA, aplastic anemia; ANC, absolute neutrophil count; CMV, cytomegalovirus, G-CSF, granulocyte colony-stimulating factor; GVHD, graft-versus-host
disease, HSCT, hematopoietic stem cell transplantation; IST, immunosuppressive therapy; PNH, paroxysmal nocturnal hematuria.
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