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ABSTRACT 
Aplastic anemia (AA) is the prototypical bone marrow failure syndrome due to a destruction of hematopoietic 
stem cells by cytotoxic T cells. According to case reports, vaccines could lead to the development of AA. We 
conducted the present systematic review to evaluate cases of AA following vaccination against coronavirus 
disease (COVID-19). 
We searched the following databases: PubMed, Scopus and EMBASE in English, Portuguese, and Spanish 

languages until April 24, 2023. Published reports and case series on the occurrence of AA following vaccination 
against COVID-19 were included. The Joanna Brigs Institute was used to assess study quality and risk of bias. 

Six studies were selected from 102 research studies and data were extracted according to the inclusion criteria. 
All case reports and case series reported the occurrence of AA following COVID-19 vaccination. AA events were 
mainly observed in vaccines with messenger ribonucleic acid technology (Moderna; Pfizer-BioNTech). AA was 
diagnosed by bone marrow biopsy and severity was determined by Camitta criteria. 
All cases of AA were properly diagnosed. The sample size was small; therefore, further investigations are 

required to demonstrate and elucidate the complete pathophysiological mechanisms of AA development after 
receiving COVID-19 vaccination. 
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INTRODUCTION 
  Aplastic anemia (AA) is a rare hematologic disorder 
presenting as a bone marrow failure syndrome1. It 
has an estimated incidence in Europe and the USA of 
2 to 3 cases/million and 5 to 6 cases/million in Asia, 
with a bimodal distribution for age between 15-25 
years and over 60 years, with no gender and race 
differences2. 
The etiology of AA is diverse, it is associated with 
occupational exposure to haptens such as benzene 
and pesticides, exposure to drugs, such as  

 
chloramphenicol and antiepileptics, among others 
that are reported3. AA is also associated with 
pregnancy, although it is a rare condition, but if left 
untreated it can cause severe maternal and fetal 
complications4. Other causes include AA associated 
with hepatitis, viral infections, radiation, and 
autoimmune disorders5. In most cases of AA, the 
cause is unknown, so it is called idiopathic AA6. 
Acquired AA is immune mediated by cytotoxic T cells 
that destroy and suppress hematopoietic progenitor 
cells. Hereditary AA is caused by various germline 
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mutations involving alterations in DNA repair, 
telomere maintenance or hematopoiesis7. Patients 
with AA usually have anemia, thrombocytopenia and 
infections resulting from autoimmune destruction. A 
hemoglobin (Hb) concentration <100 g/L, platelet 
count (PLT) <50 × 10 9 /L, neutrophil count (ANC) <1.5 
× 10 9 /L must be present for the diagnosis of AA. The 
Camitta criteria are used to assess the severity of AA 
and divides it into three groups: non-severe AA 
(NSAA), severe AA (SAA) and very severe AA (VSAA)8. 
Treatment for AA is based on immunosuppressive 
therapy (IST) (anti-thymocyte globulin (ATG) and 
cyclosporin A (CsA)) or stem cell transplantation. IST 
has a hematologic response rate of about 60 to 65%. 
However, the addition of a thrombopoietin agonist, 
eltrombopag (EPAG) improves the response9. 
Severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) infection causing coronavirus disease 
(COVID-19) continues, with new variants spreading 
rapidly and causing high morbidity and mortality, 
with more than 763 million diagnosed cases and 
more than 6.9 million deaths worldwide10,11. Faced 
with the emerging status for COVID-19, the US Food 
and Drug Administration (FDA) issued the emerging 
use of vaccines such as Pfizer-BioNTech (BNT162b2 
mRNA), modern (mRNA-1273) and Janssen/Johnson 
(traditional viral vector)9. Currently, existing vaccines 
against SAR-CoV-2 include inactivated, live 
attenuated, viral vector, protein subunit, RNA, DNA, 
and virus-like particle vaccines. The vaccines are 
intended to elicit T-cell immunity, B-cell immunity, 
and other immune responses12. 
Case reports have reported the occurrence of AA 
after vaccination against SARS-CoV-2, with a possible 
relation to the immune response that the vaccines 
produce13-15. AA is suggested as an adverse event 
after vaccination of special interest, because of this 
it is important to synthesize the current evidence to 
have knowledge about this adverse reaction. 
Therefore, our objective was to perform a systematic 
review of all published case reports and case series 
of AA after receiving the COVID-19 vaccine. 
 
 
 
 
 

MATERIALS AND METHODS 
The present systematic review follows the guidelines 
of "Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses" (PRISMA)16. 
 
Review objectives  
The main objective of the present systematic review 
is to clarify the possible relationship of aplastic 
anemia associated with COVID-19 vaccination. 
 
Search strategy 
For the present review, a selective bibliographic 
search was performed in the following electronic 
databases: PubMed, Scopus and EMBASE. A search 
strategy was created with the term "Aplastic 
anemia" related to the terms "COVID-19 Vaccines" 
and "SARS-CoV-2 Vaccines" by means of Boolean 
operands "AND" or "OR". The search was completed 
with gray literature using the following search string: 
"Aplastic anemia" AND "COVID-19 Vaccine", in 
Google Scholar. In addition, the reference list of 
included articles was manually reviewed to identify 
additional studies. The search strategy for each 
database is detailed in Supplementary Material. The 
search was limited to English, Portuguese, and 
Spanish. The first search was conducted on April 6, 
2023, followed by an additional search on April 24, 
2023. 
The search strategy follows the guidelines of the 

"Preferred Reporting Items for Systematic reviews 

and Meta-Analyses literature search extension" 

(PRISMA-S)17. 

Criteria for inclusion and exclusion 
Case report and case series studies on the 
occurrence of aplastic anemia following COVID-19 
vaccination were included. Systematic review and 
narrative studies, letters to the editor, animal 
studies, hypotheses and in vitro studies were 
excluded. In addition, articles with insufficient data 
and written in languages other than English, 
Portuguese and Spanish were excluded. 
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Study selection 
The author (NLCG) downloaded all references from 
the databases to an EndNote document to remove 
duplicate items. Then, the author exported all 
references to the Rayyan QCRI website 
(https://rayyan.qcri.org/). Two authors (NLCG and 
TSCE) independently screened the titles and 
abstracts of the references to identify relevant 
studies that met the inclusion criteria for eligibility. 
The reviewers then evaluated the selected studies in 
full text. Any discrepancies between reviewers were 
resolved by mutual discussion. 
 
Data extraction 
Two authors (NLCG and TSCE) extracted the data of 
interest independently. Any disagreement was 
resolved by mutual discussion. Extraction was 
performed using a previously prepared Microsoft 
Excel sheet. Data such as author's name, year of 
publication, age, sex, type of vaccine, history, time 
after vaccination, clinical manifestations, laboratory, 
biopsy, disease severity, treatment and evolution 
were extracted. The characteristics of the studies are 
detailed in Table 1. 

 

Quality Evaluation 
To assess the quality and risk of bias of the present 
systematic review, the Joanna Brigs Institute (JBI)18  

was used. All studies were assessed by the NLCG 
author, and any disagreements were mutually 
resolved. The JBI presents four available assessment 
options: "Yes, No, Unclear, and Not applicable". In 
addition, affirmative responses were summarized 
from 0 to 8. Articles with a score below 4 are 
considered low quality and those with a score above 
4 are considered high quality. The evaluation of the 
included studies is detailed in Tables 2 and 3. 
 
RESULTS 
Eligible studies 
A total of 102 studies were identified. After the 
elimination of duplicates and evaluated for eligibility, 
9 articles were selected. Finally, 7 studies were used 
in the present systematic review. The study selection 
process is shown in the PRISMA 2020 flow chart 
Figure 1. 
 

Characteristics of studies included 
Six studies were included for systematic review (5 
case reports; 1 case series). Nine patients were 
included in this analysis. The mean age of patients 
who developed AA following COVID-19 vaccination 
was 59.1 years. The gender distribution was (2 
females; 7 males). Two patients had a history; the 
first had Hashimoto's thyroiditis and pneumococcal 
and influenza vaccination, the second had 
thalassemia. AA events were mostly observed after 
receiving the Moderna (mRNA) vaccine (after the 
first dose, n=1; after the second dose, n=3), followed 
by the Pfizer BioNTech (mRNA) vaccine (after the 
first dose, n=1; after the second dose, n=2) and 
finally the Oxford-AstraZeneca (viral vector) vaccine 
(after the first dose, n=1; after the second dose, n=1). 
The onset of symptoms after receiving vaccination 
was estimated to be mainly 2 weeks (n=4), the 
minimum time was 1 day and the maximum 1 month. 
The clinical manifestations reported were bleeding, 
hematomas, fever, dyspnea, muscle pain, melena, 
petechiae and asthenia. In relation to laboratory 
parameters the most affected series was Platelets 
(PLT) (Range: 1-15x10 9 /l), followed by hemoglobin 
(Hb) (Range: 43-112 g/l) and absolute neutrophil 
count (ANC) (Range: 0-0.99x10 9 /l). Diagnosis was 
made by bone marrow biopsy and Hypocellularity 
(<15%) was observed in all cases. The severity of AA 
was determined by Camitta criteria with VSAA (n=4), 
SAA (n=4) and NSAA (n=1). Patients received IST + 
EPAG (n=4), IST + EPAG + methylprednisolone (n=2), 
IST (n=1), Alo-HCST (n=1) and CsA alone (n=1). Only 
one patient after treatment with IST + EPAG + 
methylprednisolone was switched to HCST. Most 
patients had a favorable evolution, only 1 was 
readmitted for neutropenic fever and pneumonia. 
The characteristics of the studies are detailed in 
Table 1. 
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Table 1: Characteristics of reported studies on the development of aplastic anemia after vaccination against SARS-CoV-2

 

M: male; F: female; mRNA: messenger ribonucleic acid; PLT: platelets; WBC: white blood cells; ANC: absolute neutrophil count; Hb: hemoglobin; IST: 
immunosuppressive therapy; Alo-HCST: allogeneic hematopoietic stem cell transplantation; EPAG: eltrombopag; CsA: cyclosporin-A; GAT: 
antithymocyte globulin; G-CSF: granulocyte colony-stimulating factor; G-CSF: granulocyte colony-stimulating factor. 
NSAA: non-severe aplastic anemia; SAA: severe aplastic anemia; VSAA: very severe aplastic anemia 

 
 
 
 
 
 
 
 
 
 
 

 

Author Year of 
publicat
ion 

Patie
nt 
age 
(year
s) 

Sex Vaccin
e type 

Backgroun
d 

Sympto
m onset 
after 
vaccinat
ion 

Clinical 
manifestatio
ns 

Laboratory Bone 
marro
w 
biops
y 

Severity 
of 
aplasia 
(Accordi
ng to 
Camitta 
Criteria) 

Main treatment Evolution 

Cecchi et al.19 2021 76 M Pfizer-
BioNTe
ch 
(ARNm) 

None 1 month 
after 
second 
dose 

Asthenia and 
mucocutane
ous bleeding 

PLT: 3x10 9 /l 
WBC: 
3.7x10 9 /l 
ANC: 
0.46x10 9 /l  
Hb: 112 g/l 
 

Hypoc
ellulari
ty 
10% 

SAA IST Unknown 

Tabata et al.13 2021 56 M Pfizer-
BioNTe
ch 
(ARNm) 

None 4 days 
after 
second 
dose 

Bleeding in 
oral cavity 

PLT: 11x10 9 /l 
WBC: 
1.6x10 9 /l 

Hypoc
ellulari
ty 

VSAA Alo-HCST Favorable 

Wang et al.20 2022 67 F Modern 
(ARNm) 

Hashimoto'
s thyroiditis, 
pneumococ
cal and 
seasonal 
influenza 
vaccines 

2 weeks 
after 
second 
dose 

None PLT: 3x10 9 /l 
WBC: 
1.8x10 9 /l 
ANC: 
0.31x10 9 /l  
Hb: 45 g/l 
 

Hypoc
ellulari
ty 5% 

SAA IST + EPAG Favorable 

Sridhara et 
al.21 

2022 60 M Modern 
(ARNm) 

None 1 day 
after 
second 
dose 

Hematomas 
and epistaxis 

PLT: 1x10 9 /l 
WBC: 
1.2x10 9 /l 
ANC: 0x10 9 /l  
Hb: 80 g/l 
 

Hypoc
ellulari
ty < 
5% 

VSAA IST + 
methylprednisol
one + EPAG 

Discharged, 
readmitted two 
days later for 
neutropenic fever 
and pneumonia. 

Woo et al.14 2022 53 M Modern 
(ARNm) 

None 2 weeks 
after first 
dose 

Hematomas 
and melena 

PLT: 2x10 9 /l 
WBC: 
1.92x10 9 /l 
ANC: 
0.12x10 9 /l  
Hb: 66 g/l 
 

Hypoc
ellulari
ty < 
5% 

VSAA IST + EPAG Favorable 

Chen et al.15 2022 64 F Oxford-
AstraZe
neca 
(viral 
vector) 

None 5 days 
after first 
dose 

Petechiae 
and fever 

PLT: 3x10 9 /l 
ANC: 
0.99x10 9 /l  
Hb: 78 g/l 
 

Hypoc
ellulari
ty < 
3% 

VSAA IST + 
methylprednisol
one + EPAG; 
HCST 

Favorable  

73 M Modern 
(ARNm) 

None 2 weeks 
after 
second 
dose 

Fever, 
muscular 
pain, and 
dyspnea 

PLT: 13x10 9 /l 
ANC: 
0.499x10 9 /l  
Hb: 79 g/l 
 

Hypoc
ellulari
ty < 
5% 

SAA IST + EPAG Favorable  

64 M Oxford-
AstraZe
neca 
(viral 
vector) 

None 2 weeks 
after 
second 
dose 

None PLT: 15x10 9 /l 
ANC: 
0.747x10 9 /l  
Hb: 69 g/l 
 

Hypoc
ellulari
ty 3-
5% 

NSAA CsA Partial response 

19 M Pfizer-
BioNTe
ch 
(ARNm) 

Thalassemi
a 

3 weeks 
after first 
dose 

Severe 
dyspnea on 
exertion 

PLT: 11x10 9 /l 
ANC: 
0.281x10 9 /l  
Hb: 43 g/l 
 

Hypoc
ellulari
ty 10-
15% 

SAA IST + EPAG Partial response 
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Table 2: Quality assessment based on the JBI tool for case reports 

 Cecchi et al.  Tabata et al.  Wang et al. Sridhara et al.  Woo et al. 

1. Were patient’s 
demographic characteristics 
clearly described? 

Yes Yes Yes Yes Yes 

2. Was the patient’s history 
clearly described and 
presented as a timeline? 

Yes Yes  Yes  Yes Yes 

3. Was the current clinical 
condition 

Yes Yes Yes Yes Yes 

4. Were diagnostic tests or 
assessment methods and 
the results clearly 
described? 

Yes Yes Yes Yes Yes 

5. Was the intervention(s) or 
treatment procedure(s) 
clearly described? 

Yes Yes Yes Yes Yes 

6. Was the post-intervention 
clinical condition clearly 
described? 

Unclear Yes Yes Yes Yes 

7. Were adverse events 
(harms) or unanticipated 
events identified and 
described? 

Yes Yes Yes Yes Yes 

8. Does the case report 
provide takeaway lessons? 

Yes Yes Yes Yes Yes 

 
 
 
                        Table 3: Quality assessment based on the JBI tool for case series 

 Chen et al. 

1. Were there clear criteria for 
inclusion in the case series? 

Yes 

2. Was the condition measured in a 
standard, reliable way for all 
participants included in the case 
series? 

Yes 

3. Were valid methods used for 
identification of the condition for all 
participants included in the case 
series? 

Yes 

4. Did the case series have 
consecutive inclusion of participants? 

Yes 

5. Did the case series have complete 
inclusion of participants? 

Yes 

6. Was there clear reporting of the 
demographics of the participants in 
the study? 

Yes 

7. Was there clear reporting of clinical 
information of the participants? 

Yes 

8. Were the outcomes or follow up 
results of cases clearly reported? 

Yes 

9. Was there clear reporting of the 
presenting site(s)/clinic(s) 
demographic information? 

Yes 

10. Was statistical analysis 
appropriate? 

Yes 

Overall appraisal: 10 out of 10 
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Figure 1. Flow diagram of study selection process for this review 
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DISCUSSION  
   Through the present systematic review, we found 
that vaccination against COVID-19, mainly those with 
mRNA technology, mainly the Modern vaccine. Most 
cases occurred in male patients. With severity 
classification according to SAA and VSAA criteria, 
only one case reported NSAA. Most of the patients 
presented a favorable evolution and response to 
treatment. According to JBI the quality assessment 
of studies included in this review was of high quality. 
 
Vaccinations and aplastic anemia 
The speed of vaccination against COVID-19 
generated many concerns in the clinical setting 
regarding the safety of the various vaccines. Given 
this, several diseases were reported as complications 
of vaccination, mainly cardiac complications such as 
myocarditis, pericarditis, and acute myocardial 
infarction22. Hematological complications include 
autoimmune disorders such as immune thrombotic 
thrombocytopenic purpura, autoimmune hemolytic 
anemia, Evans syndrome and vaccine-induced 
thrombotic thrombocytopenia23-26. In addition, very 
rare diseases such as atypical hemolytic uremic 
syndrome have been reported27. 
The current evidence we have for vaccines is from 
the various clinical trials. The messenger ribonucleic 
acid (mRNA) technology vaccines were associated 
with a higher risk of adverse events. However, in 
risk/benefit ratio, all types of vaccines outweigh the 
risks of these vaccines, and it is highly 
recommended28. Our study showed a relationship 
with mRNA technology vaccines, mainly Modern. 
The occurrence of post-vaccination AA is not new. 
Previously, rare cases have been described in 
relation to other types of vaccines, such as the 
occurrence of AA after receiving varicella zoster and 
H1N1 influenza vaccine29,30. A retro-prospective 
observational analysis by Röth et al. showed that 
vaccination against COVID-19 generated relapse in 
patients with AA who were in stable hematologic 
remission. The vaccine used was Pfizer-BioNTech 
(mRNA) and most cases occurred after the second 
dose31. 
The main hypotheses involve molecular mimicry. The 
vaccine could contribute to the pathogenesis of AA13. 
Also, that the underlying immune predisposition 

could have allowed the vaccines to trigger a cytotoxic 
T lymphocyte response producing AA21. Another 
hypothesis posits that the vaccine may induce 
aberrant T-cell activation15. All the hypotheses raised 
could contribute to the development of AA, since in 
AA there is immune dysregulation by expansion of 
cytotoxic T cells, decrease in regulatory T cells, and 
increase in TH-1 inflammation-related cytokines and 
proteins, particularly interferon-γ (IFN- γ), resulting 
in destruction of hematopoietic stem cells9. 
 
Limitations 
Our review has some limitations, which include only 
the participation of reported case reports and case 
series. Therefore, the results should be interpreted 
with some caution. In addition, few studies were 
included. 
 
CONCLUSION 
   We systematically evaluated all reported case 
reports and case series of AA after COVID-19 
vaccination. Our systematic review is the first on this 
pathology of interest and provides an overview of 
the reported case reports and case series. 
Nevertheless, further studies are suggested to 
elucidate the complete pathophysiological 
mechanisms in relation to the vaccine and the 
development of AA. In view of the above, comparing 
the number of reported cases of AA with the number 
of doses administered and the evolution of the 
patients. We observe that the benefits of vaccination 
outweigh the risks. However, it is important to 
observe and consider the patients mainly in the 
presence of clinical manifestations suggestive of AA. 
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