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Abstract

Autoimmune hemolytic anemia (AIHA) is caused by the production of autoanti-

bodies against RBCs. COVID-19 vaccines can reduce the risk of severe disease,

however, various adverse effects such as AIHA were observed following vaccina-

tion. This review aimed to assess the relationship of AIHA and COVID-19 vaccina-

tion using the PRISMA guidelines. Among 18 cases included in this review, new

post-vaccination AIHA development was reported in 11 patients (7 women and

4 men) with a median age of 67.0 years. In 7 of 11 and 3 of 11 cases, the onset of

symptoms occurred after first and second vaccine dose with median times of

7 and 14 days, respectively. In 1 of 11 cases, the AIHA occurred on Day 17 after

booster vaccination. Ten of 11 and 1 of 11 AIHA patients received mRNA- and

vector-based vaccine, respectively. After vaccination, 9 of 11, 1 of 11, and 1 of

11 AIHA patients developed warm IgG, cold IgM, and mixed autoantibodies

against RBCs, respectively. Significant AIHA exacerbation was reported in seven

patients (four women and three men) with a median age of 73.0 years. In 4 of

7 and 2 of 7 exacerbated AIHA cases, the onset of symptoms occurred after first

and second vaccine dose with median times of 7 and 3 days, respectively. In 1 of

7 exacerbated AIHA cases, the onset of symptoms was observed on Day 2 after

booster vaccination. All exacerbated AIHA cases received mRNA-based vaccines;

3 of 7 and 4 of 7 exacerbated AIHA cases developed IgG and IgM against RBCs,

respectively. This review provides a comprehensive explanation regarding the

AIHA development and exacerbation after COVID-19 vaccination.
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1 | INTRODUCTION

Since the emergence of the SARS-CoV-2 pandemic, more than

548 million infections, and 6.3 million deaths have been docu-

mented, as of July 2, 2022.1 While there is currently no verified

treatment for the COVID-19, vaccination against SARS-CoV-2 is

the most efficient approach to remarkably limit the COVID-19

pandemic and decrease the risk of severe COVID-19. Vaccination

can provide protection against serious infection by inducing

neutralizing antibodies to SARS-CoV-2 spike (S) protein.2 As of

January 12, 2022, World Health Organization (WHO) has con-

firmed that some inactivated-based vaccines (Sinovac, Covaxin,

and Sinopharm), vector-based vaccines (AstraZeneca/Oxford and Johnson

and Johnson), mRNA-based vaccines (Moderna and Pfizer/BioNTech),

Received: 17 March 2022 Accepted: 14 September 2022

DOI: 10.1111/ijlh.13978

Int J Lab Hematol. 2022;1–11. wileyonlinelibrary.com/journal/ijlh © 2022 John Wiley & Sons Ltd. 1

https://orcid.org/0000-0002-8180-0602
mailto:jafarzadeh14@yahoo.com
mailto:mortazavismj@gmail.com
http://wileyonlinelibrary.com/journal/ijlh


and a subunit protein-based vaccine (Nuvaxovid) are effective and

safe.3,4 As of July 2, 2022, more than 12.0 billion vaccine doses

have been administered, globally.1 The results from some studies

indicate that the current available COVID-19 vaccines are overall

efficient and safe.5–7 However, various adverse events such as

thrombotic thrombocytopenia, thyroid dysfunctions, neurologic dis-

orders, and myocarditis have been reported after COVID-19

vaccination.8–11 Development of the new-onset and exacerbation of

autoimmune hemolytic anemia (AIHA) were also reported after

COVID-19 vaccination. Thereby, thorough monitoring of the

adverse effects of vaccination is required. The attention to

COVID-19 vaccination-related AIHA was reported in a few studies.

However, a summary review is required to generate a comprehen-

sive view to combine their findings. Therefore, we reviewed the

published papers to compile their results and provide a comprehen-

sive view regarding the features of AIHA development and exacer-

bation after COVID-19 vaccination.

2 | METHODS

2.1 | Search strategy

Using the guidelines of the PRISMA, we performed a systematic

review of the literature to find all articles concerning AIHA after

COVID-19 vaccination by searching for published papers until July

3, 2022, in major databases including PubMed, Web of Science,

PubMed Central, and Scopus. The following keywords were used:

COVID-19, SARS-CoV-2, vaccination, vaccine, and anemia. Inclusion

criteria were administration of the SARS-CoV-2 vaccine, and case

reports describing patients with the approved AIHA development and

exacerbation after vaccination. Unrelated publications and reviews

were excluded from study.

2.2 | Study eligibility criteria

Abstracts and titles were screened according to specific inclusion criteria.

The search method is depicted in Figure 1. In total, 53 papers were

selected for screening. We included 15 reports in the study, 11 of which

reported the development of the new-onset AIHA after COVID-19 vacci-

nation and 4 of which reported AIHA exacerbation after vaccination.

Figure 1 shows the PRISMA flow diagram used in this systematic review.

Two experienced reviewers (A.J. and S.M.J.M) independently reviewed all

included papers to assess possible bias risk. As all included papers were

case reports (not randomized clinical trials), so there was no disagreement

between these two reviewers regarding the study bias point of view.

2.3 | Data extraction

Study outcomes, including patients' data and laboratory data were

extracted. Patient data: age, sex, comorbidities, type and brand of adminis-

trated vaccines, interval times from COVID-19 vaccination, and develop-

ment of the new-onset AIHA or AIHA exacerbation as well as therapeutic

programs for AIHA (Tables 1 and 3). Laboratory data: AIHA

diagnosis, hemoglobin levels at presentation, as well as, other related tests

such as lactate dehydrogenase (LDH) haptoglobin, and bilirubin levels

(Tables 1 and 3).

3 | RESULTS

3.1 | Development of AIHA after COVID-19
vaccination

AIHA is caused by IgG and/or IgM autoantibodies that react with red

blood cell (RBC)-related surface antigens.27,28Warm antibodies (mostly of

F IGURE 1 PRISMA flow chart used
in this systematic review
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the IgG type) account for 65%–70% of AIHA cases. Depending on the IgG

subtype (IgG1, IgG3) and concentration, these antibodies can also activate

complement on the RBC surface, resulting in both intravascular hemolysis

as well as extravascular phagocytosis mediated by C3b receptors.29,30

Warm autoantibodies can be detected by direct antiglobulin test (DAT)

positivity for IgG or IgG + C3b.31 Cold autoantibodies (usually of the IgM

class) account for 20%–25% of AIHAs that bind at cold temperatures and

rapidly activate complement, causing intravascular RBC lysis.29 Cold auto-

antibodies are usually from IgM isotype, however, rare cases of warm

IgM-related AIHAs can also occur.28,32 The RBC-reactive IgM autoanti-

bodies can be detected by the DAT with a strong positive result for C3d

but a negative orweakly positive result for IgG.28,33 AIHAhas awide range

of clinical manifestations, from asymptomatic to severe types with deadly

outcomes.29

Tables 1 and 2 summarize the main features of the 11 patients

who developed AIHA after COVID-19 vaccination, as of July 3, 2022.

Among 18 cases with post-vaccination AIHA, development of the

new AIHA was reported in 11 patients (7 women [63.6%] and 4 men

[36.4%]). Accordingly, the women/men ratio was 1.75. The median of

age was 74.0 years (with a range of 67–84 years) for men, and

53.0 years (with a range of 41–88 years) for women. In whole cases

with AIHA development after vaccination, the median age was

67 years (with a range of 41–88 years) (Table 2).

Four of seven (57.1%) and 3 of 7 (42.9%) women displayed the

onset of AIHA symptoms following the first and second vaccine dose,

with a median time of 7.0 days (with a range of 3–14 days) and

14.0 days (with a range of 2–120 days) following vaccination, respec-

tively. Three of four (75.0%) men displayed the onset of AIHA symp-

toms following the first vaccine dose, with a median time of 19.0 days

(with a range of 5–30 days). In 1 of 4 (25.5%) men, the onset of AIHA

symptoms was observed on Day 17 following the booster vaccination.

Overall, in 7 of 11 (63.6%) AIHA cases, the onset of the symptoms

occurred following the first vaccine dose with a median time of 7 days

(ranged: 3–30 days) after vaccination. Moreover, 3 of 11 (27.3%)

AIHA patients developed the symptoms after the second dose of vac-

cine with a median time of 14.0 days (ranged: 2–120 days) after vacci-

nation (Table 2). In 1 of 11 (9.1%) AIHA, the onset of AIHA symptoms

was observed on Day 17 following the booster vaccination.

Ten of 11 (90.9%) AIHA patients received the mRNA-based vac-

cines and 1 of 11 (9.1%) received a vector-based vaccine. According

to the vaccine name, 5 of 11 (45.5%) AIHA cases received the Pfizer

vaccine, 4 of 11 (36.4%) AIHA cases received the Moderna vaccine,

and 1 of 11 (9.1%) cases received the AstraZeneca vaccine. The name

of the administrated vaccine was not originally reported for one case

who received the mRNA-based vaccine (Table 1).

Nine of 11 (81.8%) patients developed warm (IgG) anti-RBC auto-

antibodies, 1 of 11 (9.1%) patients developed cold (IgM) anti-RBC

autoantibodies, and 1 of 9 (9.1%) patients developed mixed

(IgG + IgM) anti-RBC autoantibodies after COVID-19 vaccination. In

one case, the development of the AIHA was observed 4 months after

vaccination with the second dose of the Moderna vaccine, indicating

the delayed onset of AIHA.13 Campos-Cabrera et al. also reported five

patients (without their characteristics) with secondary AIHA to

COVID-19 vaccination, whose Hb levels reduced to <7 mg/dl, that

were recovered using a treatment program with dexamethasone.34

3.2 | Exacerbation of AIHA after COVID-19
vaccination

Patients with idiopathic warm AIHA usually respond to corticosteroid

therapy. However, a number of patients display disease relapse after

TABLE 2 Age of patients and the onset time of autoimmune hemolytic anemia (AIHA) symptoms following COVID-19 vaccination according
to the gender of individuals

Observed AIHA Gender No. (%)

Age, years
mean ± SD
median (min � max)

Cases with
disease onset
after first dose

Onset time after
first dose (days)

Cases with disease
onset after
second dose

Onset time
after second
dose (days)

AIHA

development

Mena 4 (36.4%) 74.75 ± 7.41

74 (67–84)
3 (75.0%b) 18.0 ± 12.5c

19.0 (5–30)d
– –

Women 7 (64.6%) 58.57 ± 18.21

53.00 (41–88)
4 (57.1%b) 7.75 ± 4.57

7.0 (3–14)
3 (42.9%b) 45.33 ± 64.94

14.0 (2–120)

Total 11 (100.0%) 64.45 ± 16.79

67.0 (41–88)
7 (63.6%e) 12.14 ± 9.63

7.0 (3–30)
3 (27.3%e) 45.33 ± 64.94

14.0 (2–120)

AIHA

exacerbation

Men 3 (42.9%) 69.66 ± 9.45

73.0 (59–77)
2 (66.7%b) 7.0 ± 0.0

7.0 (7.0–7.0)
1 (33.3%b) 1.0 ± 0.0

1 (1.0–1.0)

Womenf 4 (57.1%) 60.50 ± 20.55

65.0 (33–79)
2 (50.0%b) 2.0 ± 0.0

2.0 (2.0–2.0)
1 (25.0%b) 5.0 ± 0.0

5 (5.0–5.0)

Total 7 (100.0%) 64.42 ± 16.27

73.0 (33–79)
4 (57.1%e) 5.33 ± 2.88

7.0 (2.0–7.0)
2 (28.6%e) 3.0 ± 2.82

3 (1.0–5.0)

aIn 1 of 4 (25.5%) men, the onset of AIHA symptoms was observed on Day 17 following the booster vaccination.
bThe percent was calculated within a specified gender.
cThe onset time expressed as mean ± SD.
dThe onset time expressed as median (min � max).
eThe percent was calculated according to the onset time of symptoms.
fIn 1 of 4 (25.5%) women, the AIHA exacerbation was observed on Day 2 following the booster vaccination.
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steroid-mediated remission. The short duration of maintenance and

quick tapering of corticosteroids as well as infections are possible risk

factors for relapsed/recurrent hemolysis in idiopathic AIHA.35

Tables 2 and 3 summarize the main features of the seven patients

who displayed AIHA exacerbation after COVID-19 vaccination, as of

July 3, 2022. Among 18 cases with post-vaccination AIHA, significant

AIHA exacerbation was reported in seven patients (4 women [57.1%]

and 3 men [42.9%]). Accordingly, the women/men ratio with signifi-

cant exacerbation of AIHA was 1.33. Among exacerbated AIHA cases,

the median of age was 73.0 years (with a range of 59–77 years) for

men and 65.0 years (with a range of 33–79 years) for women. In

whole, exacerbated AIHA cases, the median of age was 73 years (with

a range of 33–79 years) (Table 2).

Two of three (66.7%) men and 2 of 4 (50.0%) women displayed

AIHA exacerbation following the first vaccine dose, with a median

time of 7.0 and 2.0 days, respectively. One of three (33.3%) men and

1 of 4 (25.0%) women displayed the AIHA exacerbation on 1 and

5 days following the second vaccine, respectively. In 1 of 4 (25.5%)

women, the AIHA exacerbation was observed on Day 2 following the

booster vaccination. Overall, in 4 of 7 (57.1%) exacerbated AIHA

cases, the onset of the symptoms occurred following the first vaccine

dose with a median time of 7 days (with a range of 2–7 days) after

vaccination. Moreover, 2 of 7 (28.6%) exacerbated AIHA cases devel-

oped the symptoms after the second dose of vaccine with a median

time of 3 days (with a range of 1–5 days) after vaccination. In 1 of

7 (14.3%) exacerbated AIHA cases, the onset of the symptoms was

observed on Day 2 following the booster vaccination.

Seven of seven (100.0%) exacerbated AIHA cases received mRNA-

based vaccines. According to the vaccine name, 4 of 7 (57.1%) exacer-

bated AIHA cases received the Moderna vaccine and 2 of 7 (28.6%)

cases received the Pfizer vaccine. The name of the administrated vaccine

was not originally reported for one exacerbated case (Table 3).

Three of seven (42.9%) patients with exacerbated AIHA devel-

oped warm (IgG) anti-RBC autoantibodies, while 4 of 7 (57.1%)

patients developed cold (IgM) anti-RBC autoantibodies. The level of

Hb in patients with exacerbated AIHA reached 7.62 ± 1.41 mg/dl,

with a median level of 7.4 mg/dl (ranged 5.2–9.1 mg/dl). The results

from a study from Italy indicated that the SARS-CoV-2 vaccination

may be associated with a clinically significant decrease in hematologic

values in 7.4% of patients suffering from AIHA and a mild decrease

was observed in about 10.0% of AIHA patients. All cases have been

successfully managed with steroids and transfusion support.25

Campos-Cabrera et al. reported seven patients (without their charac-

teristics) with preexisting AIHA who developed hemolysis after vacci-

nation. Five of them with Hb levels >7 mg/dl were recovered without

any treatment, while two patients with Hb levels <7 mg/dl were

recovered using a treatment program with dexamethasone.34

4 | DISCUSSION

AIHA can emerge as a primary (idiopathic) disorder or secondarily in

association with other diseases, including autoimmune disorders

(such as lupus erythematosus, rheumatoid arthritis, antiphospholipid

syndrome, inflammatory bowel disease, and autoimmune thyroid dis-

eases), immunodeficiency disorders (such as common variable immu-

nodeficiency and IgA deficiency), lymphoproliferative disorders (such

as chronic lymphocytic leukemia, non-Hodgkin lymphoma, Hodgkin

lymphoma, and Waldenstrom macroglobulinemia), and infections

(such as SARS-CoV-2, epstein barr virus, cytomegalovirus, HIV, hepa-

titis C virus and Mycoplasma pneumonia).29,30,36 Treatment with a

number of drugs (such as penicillins, cephalosporin, alpha methyl

dopa, fludarabine, and oxaliplatinum) was also associated with AIHA

development.29,30 COVID-19 is associated with both warm AIHA

(28% of patients) and cold AIHA (38% of patients).36

The occurrence of AIHA was reported after vaccination with the

influenza vaccine.37,38 Other vaccines, such as DTP (diphtheria-teta-

nus-pertussis), also can cause AIHA due to the induction of warm and

cold anti-RBC antibodies.39 The results of this study indicate the

occurrence of AIHA following COVID-19 vaccination. However, the

etiology of AIHA remains to be determined in future studies. Vac-

cines, like infectious agents, can contribute to the development of

autoimmune disorders through a variety of pathways, including

molecular mimicry, polyclonal activation of lymphocytes, epitope

spreading, bystander activation, and presentation of the cryptic deter-

minants of antigens.5 If a vaccine's antigen has structural similarities

with self-antigens, then the immune response to that vaccine may

extend to host cells expressing the similar autoantigen. The cross-

reactive antibody response against the RBCs can result from an anti-

body response to SARS-CoV-2 proteins. The molecular mimicry

between ankyrin-1, an RBC membrane protein, and the SARS-

CoV-2 S protein was postulated by Angileri et al. They identified a

100.0% similarity between an ankyrin-1 putative immunogenic epi-

tope and an S protein-predicted epitope for B cells using an epitope

database.40 It was proposed that this molecular similarity can be con-

sidered as an etiologic basis for AIHA development in COVID-19

patients. We can speculate that the same cross-reactivity may con-

tribute to the AIHA development and exacerbation after COVID-19

vaccination.

Vaccines may contain additional components, such as adjuvants

that boost the immune response to the antigen, preservatives and sta-

bilizers, and occasionally traces of antibiotics to prevent bacterial and

fungal contamination.5 The etiologic role of some antibiotics (such as

penicillin and cephalosporin) in the induction of AIHA was clearly

explained.41 High titers of anti-cardiolipin antibodies following influ-

enza vaccination in lupus patients, as well as anti-ovarian and anti-

thyroid antibodies following HPV vaccination, have been related to

vaccine-related adjuvants (aluminum and thimerosal).42 The post-

vaccination AIHA developed with a higher rate in females compared

with males. Like most autoimmune disorders, these findings can be

attributed to the immunological impacts of sex hormones. For

instance, testosterone stimulates, while estrogen dampens the regula-

tory T (Treg) cell activity.43

The therapeutic approach to warm AIHA is significantly different

from patients with cold agglutinin hemolysis. In secondary AIHA,

treatment on the associated disorder should be considered.

JAFARZADEH ET AL. 9



Corticosteroids are the primary therapeutic agent for the treatment of

warm AIHA.

Splenectomy was the only effective therapy for warm AIHA

before the introduction of corticosteroid therapy. Splenectomy is still

an option, with a response rate of about 80.0%.29,30 However, sple-

nectomy may have complications, such as severe infection. Monoclo-

nal anti-CD20 antibody, rituximab, and cyclophosphamide are

effective for the treatment of both warm and cold AIHA. IVIG may be

used in combination with other therapies, particularly in severe hemo-

lysis cases.29,30 The inhibitors of complement are in clinical trials for

cold AIHA treatment with promising results.44 Clinical trials are also

ongoing to assess the safety and effectiveness of new AIHA therapies

such as fostamatinib (a Syk inhibitor) and ibrutinib (a Bruton tyrosine

kinase inhibitor).17

The data presented here indicated that the administration of a

corticosteroid drug was used in the treatment program of the majority

(9/11) of patients with new-onset of AIHA development followed by

the blood transfusion that was used in 6 of 11 patients. All patients

with AIHA exacerbation used a corticosteroid, and 2 of 7 exacerbated

cases used a corticosteroid together with erythropoietin plus rituxi-

mab in their treatment program.

5 | CONCLUSION

AIHA may be considered as a very rare complication of COVID-19

vaccination that occurs following vaccination. The direct causal rela-

tionship between COVID-19 vaccination and AIHA is still ambiguous.

Prospective studies evaluating RBC-related autoantibodies before and

after vaccination, as well as comparisons with an unvaccinated control

group, should be done to determine whether there is an increase in

AIHA incidence following SARS-CoV-2 vaccination. Both cold and

warm anti-RBC autoantibodies contribute to AIHA pathogenesis.

Hematologic monitoring, especially in patients with a history of AIHA

before and after COVID-19 vaccination appears appropriate to

promptly manage AIHA. It is also important to record AIHA events

and follow-up patients who develop this complication over time.

Globally, there is no exact statistically data about the coverage of

each COVID-19 vaccine type. The Pfizer and Modern vaccines are

the most administrated vaccines in European countries.45 In fact,

most cases of AIHA have been reported from the European coun-

tries and the United States, where most of the vaccines used are

mRNA based. Therefore, the increased incidence of AIHA after vac-

cination with mRNA-based vaccines may be attributed to the

higher coverage of these vaccines. However, the post-vaccination

AIHA is manageable and the advantages of immunization can

exceed these risks.
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