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Abstract

Vaccination with a coronavirus disease-2019 (COVID-19) vaccine is an effective public health measure for reducing the
risk of infection and severe complications from COVID-19. However, serious hematological complications after COVID-19
vaccination have been reported. Here, we report a case of new-onset hypomegakaryocytic thrombocytopenia (HMT) with
the potential for progression to aplastic anemia (AA) that developed in a 46-year-old man 4 days after the fourth mRNA
COVID-19 vaccination. Platelet count rapidly decreased after vaccination and white blood cell count declined subsequently.
Bone marrow examination immediately after disease onset showed severely hypocellular marrow (cellularity of almost 0%)
in the absence of fibrosis, findings that were consistent with AA. Since the severity of pancytopenia did not meet the diag-
nostic criteria for AA, the patient was diagnosed with HMT that could progress to AA. Treatment with eltrombopag and
cyclosporine was started immediately after diagnosis and cytopenia improved. Although it is difficult to determine whether
the post-vaccination cytopenia was vaccine induced or accidental because the association was chronological, vaccination
with an mRNA-based COVID-19 vaccine may be associated with development of HMT/AA. Therefore, physicians should
be aware of this rare, but serious adverse event and promptly provide appropriate treatment.

Keywords Hypomegakaryocytic thrombocytopenia (HMT) - Aplastic anemia (AA) - COVID-19 - SARS-CoV-2 - Vaccine

Introduction

Aplastic anemia (AA) is a syndrome characterized by a
decrease in all blood cells in peripheral blood (pancytope-
nia) and a decrease in bone marrow cell density (hypoplasia)
[1]. Some patients with hypomegakaryocytic thrombocyto-
penia (HMT) do not meet the diagnostic criteria for AA and
that can potentially progress to AA [2].

Severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) has caused a global pandemic of coronavirus
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disease-2019 (COVID-19). COVID-19 vaccination is an
effective public health measure to reduce the risk of infec-
tion and severe complications from COVID-19 [3-5]. Recent
studies have shown that some patients developed AA after
COVID-19 vaccination. Although the severity of those cases
varied, there has been no reported case of HMT, and the
mechanisms of the pathogenesis of these diseases remain
unclear [6—11]. Here, we present a case of new-onset HMT
with the potential for progression to AA after the fourth
mRNA COVID-19 vaccination.

Case report

A 46-year-old Japanese man had been receiving treatment
from his family doctor for coronary angina pectoris and
dyslipidemia for 7 months. He was prescribed antihyper-
tensive and lipid-lowering medications and his medications
had not been changed for more than 6 months. He received
his primary (BNT162b2) and third (mRNA-1273) doses
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of an mRNA-based COVID-19 vaccine at 12 months and
7 months prior to his admission to our hospital, respectively.
During this period, he had no cytopenia. He had no his-
tory of SARS-CoV-2 infection. He received his fourth dose
of vaccine (BNT162b2) 4 days before his admission to our
hospital. He experienced chest discomfort in his sleep 2 days
after the fourth vaccination and visited a cardiovascular hos-
pital 4 days after the vaccination. Cardiac disease was ruled
out, and he was referred to our hospital because thrombo-
cytopenia (platelet count of 2.7 x 10*/uL) was observed. He
was admitted to our hospital on the same day.

Laboratory data showed a white blood cell count (WBC)
of 4200/uL, absolute neutrophil count (ANC) of 2184/pL,
red blood cell count (RBC) of 439 x 10%/pL, hemoglobin
(Hb) of 13.4 g/dL, reticulocyte count of 3.95 x 10%/uL, and
platelet count of 2.1 x 10%pL (Table 1). Plasma thrombopoi-
etin (TPO) level was 1.04 fmol/ml, which was elevated
above the upper limit of the normal range (0.68 fmol/ml).
The patient showed no bleeding symptoms at the time of
admission. However, his platelet count dropped to 0.9 x 10%/
pL and he developed a prominent bleeding tendency includ-
ing nasal bleeding on day 2 of admission.

Since immune thrombocytopenia (ITP) was clinically
suspected, high-dose dexamethasone therapy (dexameth-
asone at a dose of 39.6 mg for 4 days) was immediately
started intravenously. He subsequently received transfusions
of platelets with a response. Dexamethasone caused a tem-
porary reactive increase in WBC. Bone marrow examina-
tion performed on the same day showed severe hypocellular

Table 1 Laboratory data on admission

marrow with a cellularity of almost 0% in the absence of
fibrosis (Fig. 1A, B). Nucleated cell count was 27 /mm?.
There was no increase or morphological abnormality of
megakaryocytes. There was no increase of blast cells. Bone
marrow biopsy of staging by CD61 showed no CD61-posi-
tive cells or platelets (Supplemental Fig. 1A). Conventional
chromosome analysis showed a normal karyotype. Flow
cytometric analysis showed no definite paroxysmal noctur-
nal hematuria (PNH) clones. These findings were compat-
ible with AA; however, the severity of pancytopenia did not
meet the diagnostic criteria for AA [12]. Therefore, he was
diagnosed with HMT that could progress to AA and disease
severity was considered equivalent to non-severe AA [2, 12].

The patient was treated according to the treatment strate-
gies for AA (Fig. 2). The steroid dose was promptly reduced
and steroid therapy was discontinued since it was not effec-
tive. Instead, eltrombopag at a dose of 12.5 mg/day was
administered from day 4 of admission, and the dose was
increased to 25 mg/day on day 7. Cyclosporine at a dose
of 120 mg/day (2 mg/kg) was also administered from day
6. Platelet count rapidly recovered and was 11.3x 10*/pL
on day 13. In contrast, ANC declined gradually and was
1050/pL on day 13 but gradually increased thereafter. He
was discharged on day 19. Although his complete blood
cell counts were completely recovered, bone marrow biopsy
on day 38 still showed severe hypocellular marrow. How-
ever, the nucleated cell count had increased to 58/mm?
(Fig. 1C). Bone marrow biopsy on day 94 showed a slight
improvement in cellularity and the nucleated cell count had

Assay
WBC 4200/puL TP 6.7 g/dL PA-IgG 84 ng/107 cells
Neutro 52% Alb 3.6 g/dL ANA <40x
Lym 34% Total-Bil 0.6 mg/dL
Mono 8% AST 24 U/L aCL-B2GP1 <1.2U/mL
Baso 1% ALT 30 U/L Antiphospholipid antibody 4.3 U/mL
Eosino 5% ALP 68 U/L High-sensitivity analysis of PNH
RBC 439 10*uL LDH 174 U/L Erythrocytes 0.000%
Hb 13.4 g/dL BUN 17.7 mg/dL Granulocytes 0.001%
Ht 38.5% Cr 0.88 mg/dL C3 116 mg/dL
Plt 2.1x10%uL Haptoglobin 186 mg/dL C4 22 mg/dL
Reticulocyte 3.951 x 10%uL CRP 0.29 mg/dL CHS50 39.7 U/mL
Reticulated platelet 7.0% Ferritin 76.8 ng/mL TPO 1.04 fmol/mL
PT 115s Anti-SARS-CoV-2S 19,690 U/mL
PT-INR 1.00 WT1 mRNA <50 copy/pgRNA
APTT 31.7s
Fibrinogen 242 mg/dL
FDP <2.0 pg/mL

Anti-SARS-CoV-2§ anti-SARS-CoV-2 spike, PA-IgG platelet-associated immunoglobulin G, ANA anti-nuclear antibody, aCL-$2GPI anticar-
diolipin B2-glycoprotein-1 complex antibody, PNH paroxysmal nocturnal hematuria, CH hemolytic complement activity, TPO thrombopoietin
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Fig.1 A Bone marrow smear for diagnosis of staging by May—
Giemsa (M.G.) staging (x400). It showed hypoplasia and no mega-
karyocyte proliferation or dysplasia. The number of nucleated cells
was 23,000/uL. B Bone marrow biopsy for diagnosis of staging by
hematoxylin and eosin (H.E.) staging (x200). It showed severe
hypocellular marrow and replacement of hematopoietic cells by fat.
Nucleated cell count was 27/mm? C Bone marrow biopsy on day
38 at follow-up of staging by H.E. (x200). It still showed severe

increased to 84/mm? (Fig. 1D, E). Furthermore, although
there were no CD61-positive cells, CD61-positive platelets
were observed on day 38 and 94 (Supplemental Fig. 1B, C).
Figure 3 shows the MRI findings on day 108. T1-weighted
images of the ilium showed diffuse high-intensity areas;
however, there were focal low-intensity areas (Fig. 3A).
These low low-intensity areas on the T1-weighted images
showed high-intensity on the fat-suppressed T2-weighted
images (Fig. 3B). T2-weighted images showed no high-
intensity areas suggesting tumor cell infiltration. These
findings were consistent with partial recovery of normal
hematopoietic cells after treatment.

Discussion

The development of vaccines against COVID-19 has made
it possible to reduce the risk for and severity of SARS-
CoV-2 infection; however, concerns about the safety of
vaccines continue to be raised [3-5]. Several cases of AA
after COVID-19 vaccination including new onset and recur-
rence with variable severity and various outcomes have been
reported [6—11]. Cases of AA that developed after vacci-
nation with either adenoviral-vectored or mRNA vaccine
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hypocellular marrow and marrow cellularity was almost 0%, but the
nucleated cell count had increased to 58/mm?. D Bone marrow smear
on day 94 of staging by M.G. (x400). It still showed hypoplasia, but
the number of nucleated cells had increased to 105,000/uL. E Bone
marrow biopsy on day 94 of staging by H.E. (X 200). It showed slight
improvement in cellularity and the nucleated cell count had increased
to 84/mm?

subtypes and after vaccination with the first dose or multi-
ple doses have been reported [6—11]. Historically, vaccines
for hepatitis B virus, HIN1 influenza, and varicella-zoster
virus have been shown to possibly induce AA [13-17]. Two
important mechanisms of depletion of hematopoietic stem
cells (HSCs) in AA have been reported: qualitative abnor-
malities of the HSCs themselves and damage to HSCs by
immunologic mechanisms [2, 18]. In patients with AA,
immune-mediated destruction of HSCs plays a central role
in the pathophysiology, and inflammatory cytokines, such
as tumor necrosis factor-a, y-interferon and transforming
growth factor-f3, which are secreted from activated immune
cells are thought to inhibit hematopoiesis [19-23]. A mecha-
nism that is similar to the mechanism for the development
of AA may exist in HMT patients with thrombocytopenia
alone, possibly because the levels of myelosuppressive
cytokines in the bone marrow of HMT patients are lower
than those in AA patients [2].

Some cases of AA after COVID-19 vaccination recovered
without treatment, but in most cases, various treatments,
including blood transfusion, use of cyclosporine, throm-
bopoietin receptor agonists, rabbit anti-thymocyte globulin,
corticosteroid, and granulocyte colony-stimulating factor
and allogeneic hematopoietic stem cell transplantation,
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Fig.2 Clinical course in our patient. Platelet count rapidly decreased
after vaccination. Dexamethasone caused a temporary reactive
increase in white blood cell count, but it declined subsequently. These
were gradually restored by administration of eltrombopag and cyclo-

were needed [6—11]. It is currently unknown what factors
contribute to the differences in prognosis. A recent study
showed that patients with HMT that does not meet the diag-
nostic criteria for AA may potentially progress to AA [2].
Plasma TPO level is useful in assessing megakaryocyte
counts, which tend to be higher in AA/HMT and lower in
ITP [2, 24]. In this case, plasma TPO level was above the
normal range, and considering his bone marrow findings,
ITP was not suspected. Furthermore, it was shown that HMT
patients with high levels of plasma TPO had better outcomes
when treated with cyclosporine [2]. That study revealed that
about half of the HMT patients had a pathophysiology simi-
lar to that of AA and suggested that early treatment with
cyclosporine may improve the prognosis [2]. Measurement
of the plasma TPO level might be useful for selecting the
appropriate treatment in HMT patients. Although our case
showed severe hypocellular marrow that was typical for AA,
it did not strictly meet the diagnostic criteria for AA and was
diagnosed as HMT. Since the patient’s plasma TPO level at
the time of diagnosis was above the normal range, treatment
with cyclosporine was considered to have been successful
by referring to the previous report [2].

@ Springer
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Although it is difficult to determine whether the develop-
ment of a disease after vaccination was vaccine induced or
accidental, various cases of autoimmune disease have been
reported after COVID-19 vaccination including autoimmune
hepatitis, type 1 diabetes mellitus, acquired hemophilia,
ITP, and autoimmune hemolytic anemia as well as aggrava-
tion of pre-existing hematologic diseases such as PNH [7,
25-35]. Although the pathogenetic mechanisms by which
vaccines cause the development of autoimmune diseases
are not yet understood, almost all of the hematologic mani-
festations after COVID-19 vaccination in previous studies
were thought to be related to autoimmune pathways [11]. In
addition, there has been no method for predicting the devel-
opment of autoimmune diseases after vaccination. Previous
case reports showed that the initial symptoms related to cyto-
penia or the first complete blood count abnormalities were
merged between the day after vaccination and three months
later [6-9]. Before vaccination, our patient had no history of
infection, change of medications, or other possible causes of
cytopenia. Our patient’s timeline is consistent with that of
other previously reported patients. Consequently, this case
was most likely to have been COVID-19 vaccine-induced
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Fig.3 Findings of MRI on day 108. A T1-weighted images of the
ilium showed diffuse high-intensity areas; however, there were focal
low-intensity areas. B These low-intensity areas on the T1-weighted
images showed high-intensity on the fat-suppressed T2-weighted
images

HMT rather than the expression of a pre-existing disease.
However, one month has elapsed between the confirmation
of a normal platelet count and vaccination. Therefore, we
cannot rule out the possibility that thrombocytopenia had
already occurred prior to the fourth vaccination. In addition
to the accidental onset of the disease, the possibility that
the previous vaccination was the cause cannot be ruled out.

It cannot be ruled out that the patient had a transient
immunologic mechanism of cytopenia after the fourth vac-
cination and blood cell counts may have recovered in a few
days without treatment. In contrast, anti-TPO receptor anti-
bodies were reported to inhibit the binding of TPO to the
TPO receptor and suppress megakaryocyte differentiation
in the bone marrow [36]. Anti-TPO receptor antibody-pos-
itive cases also existed in ITP patients, with higher TPO
levels and poorer responses to TPO receptor agonists [37].
High anti-TPO receptor antibody titers may cause a reactive
increase in TPO. In our case, it may be possible that the
patient had anti-TPO receptor antibodies, and the platelet
count may have recovered rapidly due to the initial steroid
therapy, cyclosporine or eltrombopag. Unfortunately, the
measurement of anti-TPO receptor antibodies is unavail-
able in the usual laboratories, therefore, anti-TPO receptor
antibodies could not be measured in this case.

In conclusion, vaccination with an mRNA-based COVID-
19 vaccine may be associated with the development of

HMT/AA and physicians should be aware of this rare but
serious adverse event. If symptoms suggestive of cytope-
nia are merged after COVID-19 vaccination, hematologic
evaluation should be performed promptly. Patients with high
levels of plasma TPO, as in the present case, are likely to
respond to cyclosporine and the use of cyclosporine should
be considered as soon as possible. Further studies in large
and prospective cohorts are required to elucidate the associa-
tions between COVID-19 vaccination and HMT/AA.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s12185-023-03618-7.
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