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Abstract

COVID-19 is a potential life-threatening viral disease caused by SARS-CoV-2 and

was declared a pandemic by the WHO in March 2020. mRNA-based SARS-CoV-2

vaccines are routinely recommended in immune-compromised patients, including

patients with AA, as these patients are at increased risk of contracting COVID-19

and developing a more severe course of disease. Between March 2021 and

November 2021 relapse of AA occurred in four (age [median]: 53 years, range 30–84

years) out of 135 patients currently registered at our department and two de novo

cases of AA in temporal context to vaccination against SARS-CoV-2, were docu-

mented. Median time after first COVID-19 vaccination and relapse of AA was 77

days. All relapsed patients were vaccinated with the mRNA-based vaccine Comi-

rnaty®. Relapse in two out of the four patients was refractory to CsA/eltrombopag,

favoring IST with hATG/CsA or BMT, respectively. Our observations should prompt

clinicians to take vaccine-induced relapse of AA or de novo AA after SARS-CoV-2

vaccination into account. Furthermore, careful clinical monitoring and vigilance for

signs or symptoms that may indicate relapse of AA (e.g., bleeding complications) are

indicated.
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Novelty Statements

What is the new aspect of your work?

This is the first observational report in literature showing a possible association between relapse

of aplastic anemia (AA) and coronavirus-induced disease 2019 (COVID-19) vaccination in a rele-

vant number of patients. Furthermore, in two other patients, de novo diagnosis of AA was in

timed context to COVID-19 vaccination. However, clinical interpretation of our data clearly

requires caution as in none of the patients treated at our department, COVID-19 vaccine-

independent relapse or de novo and/or severe acute respiratory syndrome coronavirus

2 (SARS-CoV-2)-induced AA can be excluded.
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What is the central finding of your work?

Confirmed AA relapses were observed in four out of 135 patients with AA registered at our depart-

ment. Median time after 1st COVID-19 vaccination and diagnosis of AA relapse was 77 days. All

relapsed patients were vaccinated with an mRNA-based vaccine and in two out of these four

patients, relapse was refractory to cyclosporine A (CsA)/eltrombopag, favoring immunosuppressive

treatment (IST) with antithymocyte globulin (ATG)/CsA or bone marrow transplantation (BMT).

What is (or could be) the specific clinical relevance of your work?

Our observations should prompt clinicians to take vaccine-induced relapse of AA or de novo AA

after COVID-19 vaccination as a possible vaccine-related adverse event into account and to

inform patients about a potential risk for disease relapse following vaccinations.

1 | INTRODUCTION

Acquired aplastic anemia (AA) is a rare bone marrow failure (BMF) syn-

drome with an incidence of 2–3 cases/million inhabitants per year in

Europe and the United States, but higher in East Asia.1 The majority of

cases are related to an autoimmune-mediated, T-cell-dependent

destruction of early hematopoietic stem cells secondary to an initiating

and in most of the cases (70%–80%) unknown event.2,3 Disease severity

and diagnosis is defined by the (modified) Camitta criteria, requiring at

least two of the following criteria: 1. Neutrophils <1.5 � 109/l (non-

severe AA (nSAA); severe AA (SAA) <0.5 � 109/l; very severe AA (vSAA)

<0.2 � 109/l), 2. Platelets <50 � 109/l (nSAA; SAA and/or vSAA <20 �
109/l) and/or 3. a reticulocyte count <20 � 109/l). For SAA and vSAA,

the criteria of a hypocellular bone marrow (histologically determined cel-

lularity <25% or 25%–50% with a proportion of <30% hematopoietic

cells in the bone marrow) must also be fulfilled; for nSAA, proof of a

hypocellular bone marrow is sufficient.3 This classification is of prognos-

tic and therapeutic relevance. Depending on the affected hematopoietic

lineages, disease-associated complications in patients with AA are iron

overload secondary to red blood cell (RBC) comorbidity-adjusted

transfusion-dependency and/or bleeding complications, due to throm-

bocytopenia, possible HLA (human leucocyte antigen) and non-HLA

(minor histocompatibility) alloimmunization. Prolonged and/or severe

neutropenia or immunosuppressive treatment (IST), even though ant-

ithymocyte globulin (ATG) and cyclosporine A (CsA) are not considered

profoundly immunosuppressive, opposes patients at a greater risk for

both, life-threatening infections in addition to reactivation of viral infec-

tions, especially following ATG therapy. Infection-related complications

still remain one of the major causes of death in AA.3

On March 11, 2020, the World Health Organization (WHO)

declared the coronavirus-induced disease 2019 (COVID-19), caused

by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), a

pandemic with first reports observed in Wuhan, Hubei province,

China.4 Since then, tremendous efforts have been made, which finally

led to the development and authorized (emergency) use and/or

approval of several SARS-CoV-2 vaccines by the European Medicines

Agency (EMA) (mRNA-based: Comirnaty®, Spikevax®; viral vector-

based: Vaxzevria®, Janssen) and the U.S. Food and Drug Administra-

tion (FDA) (Comirnaty®, Spikevax®, Janssen).5,6

Since the beginning of the SARS-CoV-2 pandemic, an increased

risk in patients with AA of contracting a severe disease course in the

event of COVID-19 has repeatedly been pointed out and led to the

recommendation to favor vaccine administration in patients with

AA.7–9 However, appropriate timing of vaccination remains an

important question, especially in patients on IST or post allogeneic

stem cell transplantation, as efficacy data in these patients are lim-

ited. Moreover, whether these patients are even likely to mount an

immune response to a vaccine is unclear.8 If SARS-CoV-2 infection,

even though not observed by Paton et al.,10 might even be associ-

ated with a risk for overt relapse or could possibly serve as an initiat-

ing (post-infectious) event11 for AA remains of further debate,

despite rising evidence allowing to conclude a potential causative

relationship.12

Of note, AA relapse or de novo AA can further be observed in a

minority of patients postvaccination, especially following hepatitis B,

influenza and varicella vaccination.13–20 To the best of our knowledge,

this is the first comprehensive report of possible COVID-19 vaccine-

related AA relapse reported to date. Our data therefore highlight in

conjunction with the observations made by Cecchi et al.,21 Sridhara

et al.,22 and Tabata et al.23 (all de novo cases of AA) the potential risk

for contracting AA as a potential complication following vaccination

against SARS-CoV-2 (vaccine-related adverse event).

2 | MATERIAL AND METHODS

2.1 | Study design

This is a single center, retro- and in part prospective, observational

analysis in patients with confirmed AA relapse and de novo AA in

timed context to SARS-CoV-2 vaccination conducted at the Depart-

ment of Hematology and Stem Cell Transplantation at the University

Hospital Essen, Germany. All suspected cases were previously

reported to the Federal Institute for Vaccines and Biomedicines (Paul-

Ehrlich-Institut, PEI). The study was approved by the Ethics Commit-

tee of the University of Duisburg-Essen and conducted in accordance

with the Declaration of Helsinki (21-10 318-BO). Written informed

consent was obtained from the patients.
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2.2 | Disease-related definitions, methods,
treatments

Relapse of AA or de novo AA was diagnosed, graded, and treated

according to established guidelines.3,24,25 PNH clone size was deter-

mined by flow cytometry and expressed as the percentage of

fluorescein-labeled proaerolysin (FLAER)-negative granulocytes.26 Clonal

hematopoiesis (cytogenetic abnormalities and acute myeloid leukemia

(AML)/myelodysplastic syndrome (MDS)-associated somatic mutations;

Medical Care Center Dr Eberhard and Partner Dortmund) suggestive of

late clonal diseases in addition to histological examination of bone mar-

row, despite persistence of a hypocellular bone marrow in patients with

stable remission of AA might even be observed, were excluded in all

patients.

Quantitative determination of immunoglobulin G (IgG) antibodies

against the SARS-CoV-2 spike protein (anti-SARS-CoV-2 S antibody

levels) were determined in-house at the Institute of Virology of the Uni-

versity Hospital Essen from serum of our patients using the LIAISON

SARS-CoV-2 TrimericS IgG kit (DiaSorin, Saluggia, Italy) according to

the manufacturer's instructions. Measurement range of this chemilumi-

nescence immunoassay (CLIA) is from 4,81 to 2080 binding antibody

units (BAU/ml). Values ≥33,8 BAU/ml were considered positive.

2.3 | Statistical analysis

Due to the small sample size, statistical analyses were not performed.

3 | RESULTS

Between March 2021 and November 2021, histologic confirmation of

relapse of AA in four out of 135 AA patients, of which three patients had

opposed vaccination, treated at our department shortly after vaccination

against SARS-CoV-2 (3%) (median time after 1st COVID-19 vaccination:

77 days, range 53–113 days) was observed. None of the patients received

a vaccination other than Comirnaty® prior to diagnosis of AA relapse and

all patients were in stable hematologic remission prior to vaccination (22

months, range 16–60months). Furthermore, in two other patients, de

novo diagnosis of AAwas in timed context to COVID-19 vaccination.

3.1 | Temporal-related relapse of AA after SARS-
CoV-2 vaccination

Relapse of AA, as previously mentioned, was diagnosed in four adult

AA patients (>18 years of age) throughout observation time. The

respective characteristics of these patients before COVID-19 vaccina-

tion, including the date and the specific vaccine used at that time, in

addition to laboratory parameters prior to and post COVID-19 vacci-

nation are listed for each patient in Table 1.

As mentioned, all patients were in stable hematologic remission

for AA prior to COVID-19 vaccination, which was further evidencedT
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in two patients (patient 1 and 2) shortly before vaccination was car-

ried out (<7 days). All patients were vaccinated with a mRNA-based

vaccine (Comirnaty®) and received their second vaccine dose within

the recommended period of three to six weeks27 (patient 1: 43 days;

patient 2: 29 days; patient 3: 42 days; patient 4: 42 days).

In patient 1, transfusion-dependent thrombocytopenia was docu-

mented for the first time on day 78 following the first COVID-19 vaccine

dose (day 35 after second vaccine dose). Following confirmation of AA

relapse (day 86 after first COVID-19 vaccination), eltrombopag (EPAG)

in addition to CsA was initiated, resulting in transfusion independence

on day 87 of treatment. Regarding the remaining laboratory parameters,

the course was stable during the entire presentations at our department.

In patient 2, relapse of AA (vSAA) was confirmed by bone marrow

biopsy on day 46 after first dose of COVID-19 vaccine administration

(day 16 post second vaccine dose) with evidence of progressive trilinear

cytopenia, resulting in transfusion requirement for both, platelets and

packed red blood cells (pRBCs). As disease was unresponsive to EPAG/

CsA (treatment duration: 111 days), horse ATG (hATG)/CsA was used as

salvage therapy. Secondary to acute CsA-induced renal failure, a switch

from CsA to tacrolimus (TAC) was further indicated over time.

In patient 3, a sudden and unexpected deterioration of the previ-

ously stable laboratory parameters (since Feb. 2019), suggestive for

relapse of AA, was observed and closely related to COVID-19 vacci-

nation. In the subsequent bone marrow biopsy, AA relapse was con-

firmed on day 68 following first COVID-19 vaccine administration and

on day 26 after second vaccine dose, respectively. As in patients

1 and 2, EPAG was initiated in this patient. However, due to EPAG/

TAC-refractory vSAA (treatment duration: 81 days) with persistence

of platelet and pRBC transfusion support in addition to very severe

neutropenia, the patient underwent matched unrelated donor (MUD)

bone marrow transplantation (BMT) in September 2021. Prior to

BMT, disease course was complicated by atypical pneumonia sugges-

tive for pulmonary aspergillosis in the context of severe neutropenia.

In patient 4, an initial, however, slow decline in platelets with sub-

sequent evidence of neutropenia, suggestive for relapse of AA was

observed. On day 113 following first vaccine dose administration,

relapse of AA was confirmed. Prior to histologic confirmation of AA

relapse, treatment with EPAG was initiated due to a leading decline in

platelets and subsequent evidence of severe neutropenia (grade 3).

The clinical and laboratory data following COVID-19 vaccination,

including bone marrow histology for each individual patient with con-

firmed AA relapse are presented in Figures 1 and 2.

3.2 | Anti-SARS-CoV-2 S antibody levels in
patients with relapse of aplastic anemia following
COVID-19 vaccination

IgG antibodies directed against the SARS-CoV-2 spike protein S1

(BAU/ml) in patients with temporal-related relapse of AA were mea-

sured >4weeks after the first vaccination dose are shown in Table 2

(determination of anti-SARS-CoV-2 S IgG-antibody levels [days] after

2nd vaccination dose: patient 1: 51 days; patient 2: 78 days; patient 3:

33 days; patient 4: 50 days).

3.3 | Temporal-related de novo aplastic anemia
after SARS-CoV-2 vaccination

In two female patients de novo, timely related AA after COVID-19 vacci-

nation was observed. Of note, one of the patients suffered from

COVID-19 8 months prior to vaccination. Unfortunately, in none of

F IGURE 1 Clinical and laboratory courses following COVID-19 vaccination (N = 4). ANC, absolute neutrophil count (normal range, 1.7–6.2);
ARC, absolute reticulocyte count (normal range, 27–93); ASDCL, naphthol-AS-D-chloroacetate esterase; CsA, cyclosporine; EPAG, eltrombopag;
hATG, horse antithymocyte globulin; H&E, hematoxylin and eosin; Hb, hemoglobin (normal range, 13.7–17.2); MUD-BMT, matched unrelated
bone marrow transplantation
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F IGURE 2 Histologic confirmation (stainings: H&E, ASDCL; total magnification �200) of AA relapse (N = 4). Bone marrow histology. Pat.
1. Hypocellular bone marrow (cellularity <30%) with a left-shifted erythropoiesis (erythropoietic cells partly organized in clusters) and a severely
reduced granulo- and megakaryopoiesis. No evidence of myelodysplasia (bone marrow trepanate: 2 cm); Pat. 2. Severely hypocellular bone
marrow (cellularity 5%) with a severely reduced granulo- and erythropoiesis and a completely absent megakaryopoiesis. No evidence of
myelodysplasia or acute myeloblastic leukemia (bone marrow trepanate: 1.4 cm); Pat. 3. Aplastic bone marrow (cellularity 1%) with no
demarceable hematopoiesis (bone marrow trepanate: 1.8 cm); Pat. 4. Completely acellular bone marrow/exclusively fatty marrow with
hemorrhages (cellularity 0%) (bone marrow trepanate: 1.4 cm)
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these patients, laboratory parameters prior to diagnosis of AA were avail-

able to the state of file. Patients' laboratory data, including the date and

the specific vaccine administrated at that time are presented in Table 3.

Both patients subsequently received IST with hATG/CsA for treat-

ment of AA.

4 | DISCUSSION

Clinical interpretation of our data clearly requires caution, as in none

of the patients vaccine-independent relapse of AA or de novo AA

can completely be excluded. Neither can SARS-CoV-2-induced AA

be excluded in the one patient previously suffering from COVID-19

and diagnosis of de novo AA. However, taking the temporal relation-

ship into account, vaccine-related adverse events can neither be

excluded as our observation demonstrates for the first time in litera-

ture in a substantial number of patients in stable hematologic remis-

sion a risk for relapse of AA in timed context to COVID-19

vaccination.

As previously mentioned, all suspected cases of vaccine-

associated AA relapse were reported to the PEI. Based on our

observations, a warning was also sent to the German Society of

Hematology and Medical Oncology (DGHO),28 which was published

on 27.09.2021.

Remarkable seems to be the fact, that all relapsed patients were

vaccinated with the mRNA-based vaccine Comirnaty®. However,

whether there is merely an increased risk for disease recurrence after

vaccination with Comirnaty® cannot be primarily inferred from our

observations. The reason that patients were preferentially vaccinated

with Comirnaty® is based on several facts. Following the recommen-

dation of the German Federal Ministry of Health issued on February

2021, patients with AA were classified as high-priority individuals due

to an increased risk for a severe or even fatal disease course following

SARS-CoV-2 infection. This recommendation was further supported

by the DGHO favoring mRNA-based vaccines in these patients due to

an improved vaccine response compared to the vector-based vaccine

Vaxzevria®.29–31

Although we did not perform any functional analyses, a poten-

tial explanation for an increased relapse risk in patients with AA

despite stable hematologic remission could be related to the

enhanced CD8+ T-cell-dependent activation and immune-mediated

response of mRNA-based vaccines. Special attention should be

drawn in our opinion to mRNA-vaccine (T-cell)-induced T-bet

(T-box transcription factor TBX21) transcription factor activation as

recently shown by Oberhardt et al.32 T-bet is critical to T helper

TABLE 2 Anti-SARS-CoV-2 S antibody levels in patients with relapse of AA following COVID-19 vaccination (N = 4)

Patient 1 2 3 4

COVID-19 vaccine Comirnaty® Comirnaty® Comirnaty® Comirnaty®

First dose (date) 29.03.2021 26.03.2021 28.04.2021 26.05.2021

Second dose (date) 11.05.2021 25.04.2021 09.06.2021 07.07.2021

Anti-SARS-CoV-2 S antibody levels (IgG) (BAU/ml) (days,

past first COVID-19 vaccine administration)

>2080 (94) 772 (108) >2080 (75) 580 (92)

Abbreviations: AA, aplastic anemia; BAU, Binding Antibody Units; COVID-19, coronavirus-induced disease 2019; IgG, immunoglobulin G; SARS-CoV-2 S,

severe acute respiratory syndrome coronavirus 2 spike protein (S1).

TABLE 3 Characteristics of patients with de novo AA following
COVID-19 vaccination (N = 2)

Patient 4 5

Gender Female Female

Relevant past medical

history

– COVID-19 infection

(01/2021)

AA grade (age at diagnosis,

yrs.)

SAA (77) vSAA (67)

PNH clone size at

diagnosis (Gran., %,

FLAER)

1.3 –

COVID-19 vaccine CoronaVac® Comirnaty®

First dose (date) 21.04.2021 16.06.2021

Second dose (date) 25.05.2021 –

Diagnosis of AA (date) 30.08.2021 01.09.2021

Diagnosis of AA post COVID-19 vaccination

First vaccine dose (days) 131 77

Second vaccine dose

(days)

97 –

First laboratory parameters post COVID-19 vaccination by the time of

presentation at our department

Hb (g/dl) 8.5 7.7 (transfused)

ANC (nl) 1.3 0.2

Platelets (nl) 10 12 (transfused)

ARC (nl) – 12.7

Anti-SARS-CoV-2 S

antibody levels (Ig G)

(BAU/ml) (days, past first

COVID-19 vaccine

administration)

273 (163) –

AA-related therapy hATG/CsA

(09/2021)

hATG/CsA

(09/2021)

Abbreviations: AA, aplastic anemia; ANC, absolute neutrophil count;

ARC, absolute reticulocyte count; BAU, Binding Antibody Units;

COVID-19, corona virus-induced disease 2019; CsA, cyclosporine;

FLAER, fluorescein-labeled proaerolysin; Gran., granulocytes; hATG,

horse antithymocyte globulin; Hb, hemoglobin; Ig G, immunoglobulin G;

PNH, paroxysmal nocturnal hemoglobinuria; severe aplastic anemia;

SARS-CoV-2, severe acute respiratory syndrome coronavirus type 2;

vSAA, very severe aplastic anemia; yrs., years.
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1 (Th1) cell differentiation and is highly expressed in patients with

AA. Furthermore, active transcription of the interferon-γ (IFN-γ)

gene, resulting in increased IFN-γ levels, is suggested to result from

T-bet up-regulation as demonstrated by Solomou et al.33 Of note,

increased levels of both, T-bet and IFN-γ, correlate with disease

activity.33

This potential mechanism might, therefore, explain the refractori-

ness to EPAG in three out of our patients, thus favoring BMT, if mRNA

vaccine-induced AA relapse is suspected. In patients not suitable for

BMT, IST with ATG/CsA, however, might still be an alternative thera-

peutic option depending age and clinical status of the patient.

In summary, our observations should prompt clinicians to take

relapse of AA after vaccination against SARS-CoV-2 as a possible

vaccine-related adverse event into account. In addition, careful clinical

monitoring and vigilance for signs or symptoms that may indicate

relapse of AA (e.g., bleeding complications) following vaccination is

recommended.

Prior to booster vaccination, as recently recommend for patients

>60 years of age or for moderately and/or severely immuno-

suppressed patients with an increased risk for a severe disease course,

determination of anti-SARS-CoV-2 S antibody levels might further be

a useful measure in patients with AA, as an unpredictable immune-

mediated, T-cell dependent response has to be avoided. However,

when interpreting the measured antibodies, it is important to remem-

ber that currently no threshold value for the number of binding anti-

bodies and loss of protection against infection exists.34 However,

further studies are mandatory to investigate the impact of clonal

hematopoiesis and the risk of relapse of AA after SARS-CoV-2 vacci-

nation in AA.
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