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Severe Aplastic Anemia After Receiving SARS-CoV-2
Moderna mRNA Vaccination
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Abstract

A 60-year-old male patient presented to the emergency department
with complaints of easy bruising and worsening epistaxis after receiv-
ing severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
Moderna mRNA vaccination. He had no personal or family history
of hematological conditions. He had bruises in various stages involv-
ing the upper and lower extremities. Laboratory data revealed white
blood cell count of 1.2 x103/mm?3, hemoglobin of 8.0 g/dL, platelet
count of 1 x10%mm?, immature platelet fraction of 0.7%, absolute
neutrophil count of 0 x10%/uL, lymphocytes of 1.1 x103/uL, neutro-
phils of 3% and lymphocytes of 93%. He had normal liver and renal
function tests. Bone marrow biopsy confirmed very severe aplastic
anemia with severely hypocellular bone marrow. His platelets con-
tinued to downtrend despite platelet transfusions and steroids. He
was treated with immunosuppressive therapy with cyclosporine, anti-
thymocyte globulin, eltrombopag and prednisone. The patient was
discharged but was readmitted to the hospital secondary to recurrent
neutropenic fever and pneumonia. He had high-grade vancomycin-
resistant enterococcal infection and Clostridium difficile infection
leading to septic shock and succumbing to cardiac arrest. This case
demonstrates the possibility of very severe aplastic anemia following
SARS-CoV-2 mRNA vaccination and clinicians need to be aware of
this rare but serious side effect.
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Introduction

Aplastic anemia (AA) is a rare hematologic disorder that af-
fects 2 - 4 persons per million per year [1-5]. AA is charac-
terized by pancytopenia with loss of hematopoietic stem cells
(HSCs), progenitor cells, and precursor cells in the bone mar-
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row and bone marrow biopsy is essential for diagnosis of AA
[4]. For risk stratification and therapy selection, AA is classi-
fied as severe AA (SAA), very severe AA (VSAA) and non-
severe AA according to the following criteria [6].

Diagnosis of SAA requires both of the following criteria:
1) Bone marrow cellularity < 25% (or 25-50% if < 30% of
residual cells are hematopoietic); and 2) At least two of the fol-
lowing: a) Peripheral blood absolute neutrophil count (ANC)
of <500/uL (< 0.5 x 10%/L); b) Peripheral blood platelet count
of < 20,000/uL; and c) Peripheral blood reticulocyte count
of < 20,000/uL. Diagnosis of vSAA includes the criteria for
SAA (above) and ANC of < 200/uL. Criteria for non-severe
AA are: 1) Hypocellular bone marrow (as described for SAA);
and 2) Peripheral blood cytopenias not fulfilling criteria for
SAA or vSAA. AA has been reported after severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2) infection [7].
A causative association between the SARS-CoV-2 mRNA vac-
cinations and AA is possible, and clinicians should be aware of
this rare but serious adverse event.

Case Report

A 60-year-old male patient received the second dose of SARS-
CoV-2 Moderna mRNA vaccination and experienced easy
bruising on his arms and legs the following day after vacci-
nation. After 2 weeks, he presented to the emergency depart-
ment with worsening epistaxis but did not have a fever, chest
pain, cough, shortness of breath or abdominal pain. He denied
any significant past medical history such as diabetes mellitus
or renal disease or autoimmune diseases and he did not rou-
tinely take any medications. He was not a smoker, and rarely
consumed alcohol. There was no family history of any ma-
lignancy or hematological conditions. He worked for the city
installing septic tanks and had no exposure to any chemicals
or toxins. On exam, he was resting in the bed without distress,
temperature was 37.3 °C, pulse rate was 80/min and blood
pressure was 125/71 mm Hg. He had a nasal packing with
no active bleeding and oral mucosa showed no petechiae. On
neck exam, he did not have any palpable lymph nodes. The
chest was clear to auscultation and the abdomen exam did not
reveal any hepatosplenomegaly. On integumentary exam, he
had bruises in various stages involving the upper and lower
extremities with a dominant bruise in the left upper arm and
left thigh without any appreciable petechiae.

Laboratory data showed a white blood cell count of 1.2 x
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Table 1. Laboratory Data at the Time of Initial Hospitalization

Laboratory parameter

At time of initial hospitalization on May 4, 2021

Reference ranges

White blood cells count, x 103/mm?3 1.2
Hemoglobin, g/dL 8.0
Platelet count, x 103/mm? 1
IPFE, % 0.7
RETC, x 10%/uL 4
ANC, % 103/uL 0
Monocytes, x 103/uL 0.0
Protime, s 12.7
Transferrin, mg/dL 181.9
Ferritin, ng/mL 534
Fibrinogen, mg/dL 478
LDH, U/L 203
Haptoglobin, mg/dL 242

4-11
13.5-17
130 - 450
1.2-8.6
26 - 168
1.5-78
02-1.0
94-125
200 - 390
20-250
200 - 465
135 -225
43-212

IPF: immature platelet fraction; RETC: reticulocyte count; ANC: absolute neutrophil count; LDH: lactate dehydrogenase.

103/mm?, hemoglobin of 8.0 g/dL, platelet count of 1 x 103/
mm?, immature platelet fraction (IPF) of 0.7%, reticulocyte
count (RETC) of 4 x 103/uL, absolute neutrophil count (ANC)
of 0 x 103/uL, and monocytes of 0.0 x 103/uL. He had normal
renal function, electrolytes, and hepatic function. Lactate de-
hydrogenase (LDH) was 203 U/L, haptoglobin was 242 mg/dL
and fibrinogen was 478 mg/dL (Table 1).

Peripheral smear showed pancytopenia with a marked de-
crease in granulocytes, normocytic anemia with non-specific
anisocytosis, thrombocytopenia with unremarkable platelets
and there were no schistocytes. Lymphocytes with mature
chromatin, abundant cytoplasm and occasional forms with
concentric irregular cytoplasmic projections concerning an
atypical population were present. On a subsequent peripheral
smear pancytopenia was again noted without abnormal red or
white blood cells.

He was admitted to the inpatient service and was evalu-
ated by hematology/oncology and infectious diseases services.
Initial blood cultures and urine cultures did not reveal any bac-
terial growth. Given neutropenic fever antibiotic prophylaxis
was provided with cefepime, fluconazole and valacyclovir.
Microbiology data revealed positive Epstein-Barr virus (EBV)
viral capsid antigen (VCA) IgG index at 7.5 (reference index is
< 0.8) with positive IgG, nuclear antigen index 7.6 (reference
index is < 0.8) and IgG positive for cytomegalovirus (CMV).
SARS-CoV-2 RNA was negative with a positive IgG index at
greater than 20 (reference index is < 0.99) suggestive of recent
vaccination. He tested negative for many microbiological tests
as described: Coccidioides enzyme immunoassay IgM and
IgG, parvo B19 DNA qualitative real-time polymerase chain
reaction (PCR), herpes simplex virus (HSV) 1, 2 DNA real-
time PCR, human immunodeficiency virus (HIV) 1/2 antigen,
antibody screen-fourth-generation, EBV VCA IgM, CMV an-
tibody IgM, IgG, hepatitis B surface antigen, core antibody,
IgM, hepatitis C antibody, CMV qualitative PCR, EBV quali-
tative RT-PCR, adenovirus, human metapneumovirus, human
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rhinovirus, influenza A, influenza A/H1, influenza A/H3, in-
fluenza B, parainfluenza virus 1, 2, 3, 4, respiratory syncytial
virus A, B, Streptococcus pneumoniae antigen and Legionella
pneumococcal antibody.

Hematological workup results are as described. Serum
protein electrophoresis demonstrated hypoalbuminemia; pe-
ripheral blood leukemia lymphoma panel showed no immu-
nophenotypic evidence of lymphoproliferative disorder, acute
leukemia, or plasma cell neoplasm. Antineutrophil cytoplas-
mic antibody (ANCA) screen was negative, antinuclear anti-
body and double-stranded DNA (dsDNA) at 42 TU/mL were
detected with normal complements (dsDNA antibody refer-
ence index < 4 [U/mL). Peripheral blood paroxysmal noctur-
nal hemoglobinuria (PNH) evaluation with fluorescein-labeled
proaerolysin (FLAER) revealed no flow cytometric evidence
of PNH and no evidence of aberrant loss of glycosylphosphati-
dylinositol (GPI)-linked markers tested. T-cell receptor beta
gene rearrangement was negative (Supplementary Material 1,
www.thejh.org).

Bone marrow biopsy showed less than 5% overall cellu-
larity. A few scattered lymphocytes, plasma cells and a rare
red cell were identified. Immunohistochemical stains were
performed to assist in the evaluation of residual marrow ele-
ments which identified scattered B cells, T cells, and plasma
cells. Kappa and lambda were both present. The features were
consistent with residual polyclonal lymphocytes and plasma
cells. The clot section was composed entirely of blood with-
out marrow elements. Bone marrow flow cytometry showed
no immunophenotypic evidence of lymphoproliferative dis-
order, acute leukemia, or plasma cell neoplasm. Fluorescence
in situ hybridization (FISH) for myelodysplastic syndrome
(MDS) panel was normal and chromosome analysis showed
normal male karyotype at the band level 350 as determined by
the trypsin-Giemsa method. Next-generation sequencing was
performed, and no relevant DNA mutation was detected. He
met the criteria for vSAA with bone marrow cellularity of less
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Table 2. Comparative Laboratory Test Results

L P At 'time of first hospitali- At time of discharge At 'time of second hospitali-  Reference
zation on May 4, 2021 on May 18, 2021 zation on May 20, 2021 range
White blood cell count, x 103/mm3 1.2 0.1 0.1 4-11
Hemoglobin, g/dL 8.0 7.8 8.4 13.5-17
Platelets, x 103/mm? 1 26 13 130 - 450
IPF, % 0.7 0.1 0.1 1.2-8.6

IPF: immature platelet fraction.

than 5%, ANC of 0 x 103/uL, RETC of 4 x 103/uL (absolute)
and platelet count of 1 x 103/mm? (Supplementary Material 1,
www.thejh.org).

He received platelet transfusions and based on the above
workup was initiated on methylprednisolone with an initial
improvement of platelet count to 89 x 103/mm?; however,
platelet count down trended to 30 x 103/mm? and white count
remained at 1.3 x 103/mm?. He was transferred to oncology
service at a tertiary care center for further evaluation and here
he was initiated on immunosuppressive therapy with cyclo-
sporine at 250 mg orally twice daily, lymphocyte immune
globulin, anti-thy (equine) at 40 mg/kg/day (total daily dose of
3,200 mg intravenously every 24 h) for 4 days, and eltrombop-
ag 150 mg PO daily. He was maintained on methylpredniso-
lone and antibiotic prophylaxis with levofloxacin, fluconazole
and valacyclovir. After completion of in-hospital therapies, he
was discharged home on cyclosporine, eltrombopag and pred-
nisone. His blood counts at the time of discharge were white
cell count 0.1 x 103/mm3, hemoglobin 7.8 g/dL, platelet count
26 x 103/mm?, and IPF 0.1%.

Two days after discharge, the patient was evaluated in the
clinic by the oncology team, and he was noted to be febrile
with a temperature of 39.5 °C. He complained of left-sided
chest pain and hemoptysis. Blood counts revealed white cell
count of 0.1 x 103/mm?3, hemoglobin of 8.4 g/dL, platelet count
of 13 x 103/mm?3, and IPF of 0.1%. He was readmitted to the
hospital oncology service for management of neutropenic fe-
ver and pneumonia (Table 2).

Other investigations performed are as described. Com-
puted tomography scans of the chest and abdomen revealed
mass-like soft tissue densities in the right suprahilar region,
right lower lobe, left basilar atelectasis, small left pleural ef-
fusion and diffuse wall thickening of the cecum as well as ter-
minal ileum. Multiple sets of blood cultures continued to re-
veal high-grade Enterococcus bacteremia (seven sets of blood
cultures). Based on radiological data and infectious workup,
he was treated with cefepime, vancomycin, fluconazole, and
azithromycin. On susceptibility testing, Enterococcus was
vancomycin-resistant and hence vancomycin was discontin-
ued, and he was commenced on daptomycin. The PICC line
which was placed in recent hospitalization was removed and
PICC line catheter tip cultures did not reveal any infection and
a 2D echocardiogram showed no evidence of endocarditis. My-
coplasma pneumoniae 1gG was positive, Aspergillus antigen
was detected on enzyme immunoassay with an antigen index
of 2.2 and Fungitell B-D glucan assay was positive with more
than 500 pg/mL (< 80 pg/mL). He was continued on dapto-
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mycin along with micafungin, ceftaroline and tigecycline. Cy-
closporine level was high, and therefore was discontinued. He
remained on prednisone. He developed diarrhea and stool test-
ing was positive for Clostridium difficile toxin and glutamate
dehydrogenase (GDH) antigen. Stool tests were unyielding for
Campylobacter, Salmonella, Vibrio cholera, enterotoxigenic
E. coli (ETC), Cryptosporidium species, Entamoeba histol-
ytica, Giardia lamblia, adenovirus EF 40/41, norovirus GI/GII,
rotavirus A, Shiga-like toxin E. coli (SDC) E. coli 0157 and
Shigella. Oral vancomycin was initiated for clostridial infec-
tion. He developed hypotension and remained unresponsive to
intravenous hydration and laboratory data at this point showed
serum bicarbonate of 15 mmol/L (bicarbonate range 19 - 31
mmol/L), anion gap of 17 (anion gap range 4 - 16), bilirubin
of 5.2 mg/dL (bilirubin range 0.2 - 1.3 mg/dL), aspartate ami-
notransferase (AST) 1,642 U/L (AST range 12 - 47 U/L), ALT
779 U/L (ALT range 5 - 60 U/L), alkaline phosphatase 413 U/L
(alkaline phosphatase range 40 - 140 U/L) and lactic acid 18.4
mmol/L (lactic acid range 0.5 - 2.2 mmol/L). Shock worsened,
and he sustained pulseless electrical activity (PEA) cardiac
arrest. Despite multiple rounds of cardiopulmonary resuscita-
tion, epinephrine and bicarbonate, the medical team was un-
able to obtain return of spontaneous circulation and the patient
expired (Fig. 1).

Discussion

AA is a life-threatening form of bone marrow failure which
refers to pancytopenia in association with bone marrow hy-
poplasia/aplasia. Multipotent HSCs constitute a small popu-
lation within CD34%/CD38 fraction of bone marrow cells.
Autoimmune damage to HSCs causes or contributes to ma-
jority of cases of AA [4]. Other etiologies that can lead to
AA are exposure to toxic chemicals such as benzene, sol-
vents, drugs such as carbamazepine, chloramphenicol, cancer
chemotherapy, viral infections such as EBV, HIV, immune
disorders such as eosinophilic fasciitis, systemic lupus ery-
thematosus, paroxysmal nocturnal hemoglobinuria and thy-
moma [4].

There is evidence of the deficient quantity and/or function
of T-regulatory cells in AA [8, 9]. Cytotoxic lymphocytes and
type I cytokines appear to be proximate effectors of autoim-
mune aplasia in AA. Interferon (IFN) gamma, other cytokines
(e.g., interleukin (IL)-17), natural killer cells, and autoantibod-
ies are also implicated in immune destruction of HSCs in AA
[10-12].
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on arms, legs
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epistaxis,
hospitalized for
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up
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therapy

5/18/21- Hospital

discharge

Figure 1. Timeline of clinical events following second SARS-CoV-2 vaccination. SARS-CoV-2: severe acute respiratory syn-

drome coronavirus 2.

Occurrence of AA following immunizations is rare and
there are few reports of vaccine-related AA described in med-
ical literature. Viallard et al reported a patient who had de-
veloped severe pancytopenia after 3 weeks following a third
vaccination boost of recombinant hepatitis B vaccine. Bone
marrow biopsy of this patient demonstrated paucity of late
myeloid elements and maturation arrest. IFN gamma produc-
tion from peripheral blood mononuclear cells was dramatical-
ly increased and the authors hypothesized that pancytopenia
was induced by a dysregulation of CD8* cells via increased
IFN gamma production [13]. Shenoy et al reported a patient
who had developed severe pancytopenia and hepatitis after 10
days following a third dose of recombinant hepatitis B vac-
cine. Bone marrow aspiration cytology of this patient revealed
hypocellular marrow with marked reduction in erythropoiesis,
granulocytopoiesis and absence of precursors of granulocyte
series [14]. Both the patients described by Viallard et al and
Shenoy et al were teenagers. Shah et al reported development
of AA in two healthy males after immunization with hepatitis
B vaccine boost 7 days prior to presentation and anthrax vac-
cine 30 days prior to presentation. The first patient’s bone mar-
row revealed hypocellular marrow with 15% cellularity and
markedly reduced megakaryocytes and he was treated with
allogenic bone marrow transplant. The second patient’s bone
marrow revealed 40% cellularity with markedly decreased
megakaryocytes, and he was also treated with allogeneic bone
marrow transplant. The authors hypothesized that underlying
immune predisposition might have enabled the vaccines to
trigger cytotoxic T-lymphocyte response possibly leading to

AAT[15]. Angelini et al described transient SAA following var-
icella-zoster vaccine in an immunocompetent 17-month-old
girl after 3 weeks following immunization with VARIVAXIII.
Her bone marrow revealed absence of megakaryocytes and
neutrophils, although the sample was insufficient to determine
the overall cellularity. She showed signs of hematologic re-
covery 4 weeks after initial presentation and therefore immu-
nosuppressive therapy was not considered [16]. Donnini et al
reported occurrence of acquired SAA in a 25-year-old man fol-
lowing administration of HIN1 influenza virus vaccine. Bone
marrow biopsy of this patient revealed AA and immunophe-
notype demonstrated absence of CD34" cells with relative in-
crement in T lymphocytes. He received bone marrow human
leukocyte antigen (HLA)-identical sibling transplantation
and he demonstrated near complete hematological recovery
110 days following transplantation [17]. Pertaining to SARS-
COV-2 mRNA vaccinations, two cases of AA following ad-
ministration of SARS-CoV-2 Pfizer-BioNTech mRNA vaccine
are thus far reported. Cecchi et al reported occurrence of AA
in a 76-year-old man after 1 month following second dose of
SARS-CoV-2 Pfizer-BioNTech vaccination. Bone marrow bi-
opsy showed 10% cellularity with normal cytogenetics, and he
was treated with cyclosporin, rabbit anti-thymocyte globulin.
This patient however has persistent pancytopenia and remains
transfusion-dependent. The authors hypothesized that vaccine
may have induced an immune activation that disclosed a latent
autoimmunity [18]. Tabata et al also reported SAA in a pre-
viously healthy 56-year-old man following administration of
SARS-CoV-2 Pfizer-BioNTech mRNA vaccination and he was
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treated with allogeneic hematopoietic stem cell transplantation
(HSCT) [19].

Based on the above summarized literature about vaccine-
associated AA, a causative association between various vac-
cinations and immune-related bone marrow failure leading to
AA is possible, and our patient’s presentation suggests a tem-
poral relationship between mRNA SARS-CoV-2 vaccination
and vSAA might exist. This is the first described case of vVSAA
following administration of SARS-CoV-2 Moderna mRNA
vaccine. Clinicians should be aware of this rare but severe ad-
verse event and perform thorough clinical assessments, inves-
tigations and provide appropriate therapies.

Supplementary Material

Suppl 1. Leukemia lymphoma panel from peripheral blood,
bone marrow specimen, and FISH study.
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