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Abstract

Context: COVID-19 results in an imbalance between procoagulant and anticoagulant homeostatic mechanisms that could be com-
plicated with thrombotic events. In β-thalassemia patients, the presence of comorbidities, iron overload, adrenal hypofunction,
splenectomy, and chronic hypercoagulable state might increase the susceptibility to COVID-19 and its severity.
Evidence Acquisition: The search was conducted in PubMed, Web of Science, and Scopus databases for the key terms of β-
thalassemia/thalassemia and COVID-19 until July 2021.
Results: The survey of published observational studies (mostly multicenter and case reports) indicated a lower prevalence of COVID-
19 in β-thalassemia patients compared with the general population, as well as mild to moderate COVID-19 in these patients, espe-
cially in those without comorbidity. β-Thalassemia children were susceptible to COVID-19 but with less severity compared to adults.
There is no report of pulmonary embolism and thrombotic events in β-thalassemia patients with COVID-19; however, coagulation
abnormality and pulmonary microembolism have been found in these patients.
Conclusions: Findings could be interpreted by the presence of high hemoglobin F (HbF) levels, the advantage of hydroxyurea (HU)
therapy, splenectomy, and iron chelation therapy in these patients. However, due to the low sample size and studying mainly young
patients, the results should be interpreted with caution, and it still needs more studies with a larger sample size to confirm these
findings.
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1. Context

SARS-CoV-2 (severe acute respiratory syndrome coron-
avirus 2), which is the cause of COVID-19 (coronavirus
disease 2019), infects the cells through binding to
angiotensin-converting enzyme 2. In response to the
infection, T cell activation and cytokine storm occur in
a severe form of the disease, resulting in organ damage,
mainly lung damage (1). The pandemic of COVID-19 as a
global public health emergency causes concern about pa-
tients with hemoglobinopathies, including thalassemia.
Patients with β-thalassemia major need regular blood
transfusions; although the risk of SARS-CoV-2 transmis-
sion through blood transfusion has not been documented,
the risk of transmission in a viremic donor with high viral
load should be considered.

Further, many β-thalassemia major patients are
splenectomized. The role of splenectomy in the increased
risk of viral infection or its severity is not clear, and spe-
cific data related to SARS-CoV-2 are absent (2). Although

β-thalassemias are not generally associated with respi-
ratory abnormalities, similar to SARS-CoV-2 patients in
hemoglobin (Hb) disorders, organ complications (such
as heart and lung complications) and also immune sys-
tem involvement have been detected (3). The presence
of comorbidities (such as hypertension, heart disease,
diabetes mellitus, and abnormal liver) and poor kidney
function increase the severity of COVID-19 (3, 4). Therefore,
severe organ dysfunctions might complicate SARS-CoV-2
infection in patients with hemoglobinopathies (3).

The present review aimed to summarize the preva-
lence and severity of COVID-19 inβ-thalassemia patients in-
fected with SARS-CoV-2 reported in the literature, as well as
discuss the underlying factors involved in possible differ-
ences in the prevalence and severity of COVID-19 in these
patients. Table 1 summarizes what is known about COVID-
19 susceptibility and severity inβ-thalassemia patients and
demonstrates how the current review will contribute to
the field and future research on the subject.
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Table 1. Knowledge Related to the Susceptibility and Severity of COVID-19 in β-Thalassemia Patients and How the Current Review Will Contribute to the Field and Future
Research on the Subject

What Is Known About the Topic? What Is New? What Are the Future Key Questions for Future
Work on the Topic?

β-Thalassemia patients have comorbidities and
adrenal hypofunction that might make them
vulnerable to viral infection.

There is a lower prevalence of COVID-19 in
β-thalassemia patients compared with the general
population, as well as mild to moderate COVID-19 in
these patients.

More studies with larger sample sizes need to
confirm lower susceptibility and the severity of
COVID-19 in β-thalassemia patients.

β-Thalassemia patients have a chronic
hypercoagulable state. Also, COVID-19 could be
complicated with thrombotic events.

High HbF levels, HU therapy, splenectomy, and iron
chelation therapy in β-thalassemia patients might
be beneficial against COVID-19 and its severe forms.

The exact role and mechanism of high HbF levels, HU
therapy, splenectomy, and iron chelation therapy in
reduced prevalence and the severity of COVID-19
need to be elucidated.

1.1. β-Thalassemia and COVID-19

β-Thalassemia is an inherited autosomal recessive dis-
order resulting from the decreased or the absence of β-
globin chain synthesis. According to the clinical mani-
festations,β-thalassemia is categorized intoβ-thalassemia
minor, β-thalassemia intermedia, and β-thalassemia ma-
jor (5). In β-thalassemia major, regular blood transfusions
can decrease anemia-related complications, compensate
for bone marrow expansion, and improve the survival rate
of patients. Iron chelation therapy reduces iron accumula-
tion secondary to multiple transfusions and dramatically
improves the prognosis (6).

There is an increased risk of thrombosis in patients
with β-thalassemia intermedia and β-thalassemia major.
The existence of a chronic hypercoagulable state, platelet
activation, and enhanced thrombin generation (already
existed in early childhood) has been observed in these pa-
tients (7).

The presence of comorbidities and severe iron over-
load might predispose β-thalassemia patients to virus in-
fection. Excess blood iron load results from the non-
transferrin-bound iron entrance into some cells and con-
version to ferritin and hemosiderin over time, all of which
occur in the setting of frequent transfusion. The influ-
ence of excessive iron on the hypothalamus or adrenal
glands results in adrenal hypofunction, limiting the abil-
ity to fight infections (8). COVID-19 leads to systemic in-
flammatory response and imbalance between procoagu-
lant and anticoagulant homeostatic mechanisms and is
therefore complicated by thrombotic events (4).

Regarding the susceptibility of β-thalassemia patients
to COVID-19 and its increased severity, there are 2 hypothe-
ses. In hypothesis 1, β-thalassemia patients might be more
susceptible to COVID-19 and its severe form due to their
chronic comorbidities, such as iron overload, stress ery-
thropoiesis, diabetes, heart disease, liver disease, adrenal
insufficiency, and splenectomy. Splenectomy and oxida-
tive stress due to iron overload can cause an immuno-
compromised condition in β-thalassemia patients. More-
over, impaired maturation and decreased neutrophil ac-

tivity, decreased natural killer cells, decreased phagocytic
function of monocytes and macrophages, decreased CD4+

to CD8+ ratio, and an increase in inflammatory cytokines
have been observed in these patients (9).

In addition, these patients need continuous treat-
ment and consequently increased contact with health-
care systems and hospitals, which put them in high ex-
posure to SARS-CoV-2. Host cell oxidative stress plays
a vital role in COVID-19 infection. Also, uncontrolled
oxidative stress induces hemolytic anemia in patients
with hemoglobinopathies. Further, therapy can induce
hemolytic crises in patients with hemoglobinopathies,
which should be avoided or closely monitored (10).

In hypothesis 2, the heterozygous β-thalassemia pa-
tients might have immunity against SARS-CoV-2 infection.
Using multiple linear regression analysis and relying only
on statistical methods, the evolution of COVID-19 infection
in 3 Italian regions of Puglia, Sardinia, and Sicilia with
different prevalences of β-thalassemia was analyzed. It
was proposed that heterozygous β-thalassemia individu-
als might develop immunity to SARS-CoV-2 infection (11).

1.2. Red Blood Cells and COVID-19

Red blood cells (RBCs) transport oxygen and could play
a role in the severity of hypoxemia in patients with COVID-
19. In COVID-19 patients, increased levels of glycolytic in-
termediates and altered lipid metabolism without alter-
ations in RBC count, hematocrit, or mean corpuscular Hb
levels have been reported (12). However, in patients with
severe COVID-19, the Hb levels essentially decreased com-
pared with those with mild COVID-19; also, the association
of poor outcomes of COVID-19 with higher Hb levels has
been detected (13).

Among sickle cell disease (SCD) patients (including
sickle/β-thalassemia with COVID-19), the benefit of early
simple/exchange transfusion in those patients with acute
chest syndrome has been indicated with rapid clinical
improvement of tachypnea/dyspnea and oxygen satura-
tion and the clinical course of the disease (14). Also, the
mortality rate of non-transfusion-dependent thalassemia
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(NTDT) patients was higher than transfusion-dependent
thalassemia (TDT) patients (15). Further, the level of HbF
might affect the outcome of COVID-19 in β-thalassemia pa-
tients. Unique structural properties of the HbF tetramer
make HbF-containing RBCs inadequate hosts for Plasmod-
ium falciparum (16). Thus, it is possible that high HbF levels
in β-thalassemia patients provided an advantage against
viral infection, particularly infection with SARS-CoV-2.

2. Evidence Acquisition

We searched PubMed, Web of Science, and Scopus
databases for the key terms of β-thalassemia/thalassemia
and COVID-19 until July 2021. A total of 13 published pa-
pers that consisted of 123 adult and children patients re-
ported in questionnaire-based studies, observational stud-
ies, and case reports were summarized. The following data
(if available) were extracted: sample size, mean age, his-
tory of splenectomy, type of β-thalassemia, splenectomy,
transfusion dependency, presence of comorbidity, serum
ferritin, and clinical course of COVID-19.

3. Results

3.1. Observed/Reported Incidence and the Severity of COVID-19

3.1.1. Multicenter Studies

Although patients with β-thalassemia are suscepti-
ble to infectious diseases due to immune system defects,
splenectomy, adrenal hypofunction, iron overload, and
multiple transfusions, a resistance to COVID-19 has been
detected in β-thalassemia patients with a low prevalence
of infection in Ferrara, a town in northern Italy with a high
prevalence of β-thalassemia and COVID-19 affected individ-
uals (17). Also, a preliminary report from northern Italy
with a high prevalence of COVID-19 demonstrated that only
11 out of 6900 β-thalassemia patients were detected with
COVID-19 (18). Among infected patients with COVID-19, 10
patients were transfusion-dependent, and almost all pa-
tients had comorbidities. Despite the presence of comor-
bidities (especially splenectomy in these patients), severe
manifestations of the disease, cytokine storm, and mortal-
ity were not observed in these patients, and the infected
individuals had mild to moderate clinical presentations of
COVID-19 (18).

Furthermore, in a multicenter study from Iran (includ-
ing 18 350 thalassemia major and intermedia that among
them 15950 were transfusion-dependent), it was reported
only 23 cases with COVID-19 (15 confirmed and 8 suspected
symptomatic cases) (19). The severity of the disease was
mild to moderate in 17 out of 23 patients, and 6 (26.1%) pa-
tients died. However, 4 out of 15 confirmed COVID-19 died

(26.6%), all of whom had comorbidities. In this study, most
of the patients (60%) had at least 1 comorbidity. Although
80% of confirmed COVID-19 patients were splenectomized,
splenectomy was not significantly correlated with the fa-
tal outcome of COVID-19. The results of this study sug-
gested that the incidence of COVID-19 in patients with β-
thalassemia major and intermedia was lower than that of
the general population (19). However, the high mortality
rate in these patients was attributed to the presence of co-
morbidities.

Furthermore, in an international multicenter study
9499 patients with hemoglobinopathies from 10 countries
(including 2659 thalassemia major and 530 thalassemia
intermedia) were surveyed using a questionnaire. In this
study, there were 13 young patients (7 with thalassemia ma-
jor, 3 with thalassemia intermedia, and 3 with SCD) with
confirmed COVID-19. In the majority of patients, the clin-
ical course of COVID-19 was moderate. However, there was
1 female β-thalassemia patient who died (20). The severity
of COVID-19 was mild to moderate among thalassemia pa-
tients, but the presence of multiple comorbidities led to se-
vere forms of the infection and poor prognosis.

In a study of 43 patients with β-thalassemia (non-
transfusion- and transfusion-dependent) with at least 1 co-
morbidity from Iran (with the age range of 9 - 67 years), the
mortality rate of NTDT patients (27.3%) was higher than TDT
patients (15.6%) and the general population (4.71%). In NTDT
patients, there are potentially persistent chronic anemia
and hypercoagulable state, and microthrombosis makes
NTDT patients susceptible to developing pulmonary artery
hypertension and heart failure, followed by a higher risk of
death. Nonetheless, the prevalence of COVID-19 seems to be
lower in β-thalassemia patients than in the general popu-
lation (15).

In another report from this group (a nationwide Ira-
nian experience), among 48 β-thalassemia patients (34
were transfusion-dependent) with the age range of 9 - 67
years, there were 8 severe/critical cases who had comor-
bidities and died (16.7%) from COVID-19. They suggested a
significantly lower prevalence and a higher mortality rate
of COVID-19 in β-thalassemia patients compared with the
general Iranian population. Also, they found susceptibil-
ity of children to COVID-19, but with less severity compared
with adults. Further, they did not detect pulmonary em-
bolism and thrombotic events in these patients during
hospitalization (21).

People with chronic illness take care of themselves
more than the healthy population. The less common
prevalence of COVID-19 in thalassemia patients may be due
to this reason. In a national study from England, among
26β-thalassemia patients with COVID-19, 1 TDT patient who
had comorbidity (splenectomy) died (22). A questionnaire-
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based study evaluated the impact of COVID-19 on the med-
ical and social care of β-thalassemia patients in Iran. Ac-
cording to this study, 11 out of 15 β-thalassemia patients
with COVID-19 recovered from COVID-19, and 4 died (2 with
β-thalassemia major and 2 with β-thalassemia interme-
dia). Two out of 4 β-thalassemia patients who died had
comorbidities (diabetes and liver failure) (23). The data of
studies that reportedβ-thalassemia patients infected with
SARS-CoV-2 are presented in Table 2.

3.1.2. Case Reports

Mild COVID-19 was reported among 4 transfusion-
dependent β-thalassemia children from Indonesia. How-
ever, coagulation abnormality was detected in 1 patient
without developing clinical thrombosis and with ele-
vated D-dimer (24). In 2 young Pakistani patients, mild
SARS-CoV-2 infection was reported (10, 25). One pa-
tient was a β-thalassemia major transfusion-dependent
woman with a history of splenectomy without receiv-
ing specific COVID-19 treatment and supportive therapy
(25), and the other patient was an asymptomatic male
with HbD/thalassemia/G6PD deficiency without comorbid-
ity (10). Also, mild COVID-19 infection in a 59-year-old
transfusion-dependent female with β-thalassemia major
was reported (26).

Further, SARS-CoV-2 infection was reported in an adult
TDT patient who had undergone splenectomy and chole-
cystectomy many years ago and was treated with iron
chelators. Despite developing pulmonary microembolism
and requiring more transfusions, this patient recovered
completely and was released from the hospital (27). Fi-
nally, Pinto et al. reported a splenectomized man with β-
thalassemia major and severe pulmonary arterial hyper-
tension who recovered after 10 days of hospitalization for
COVID-19 (Table 2) (28). As indicated in Table 2, the severity
and mortality due to COVID-19 were less in β-thalassemia
children than in adults.

3.2. Factors Affecting the Susceptibility and Severity of COVID-19

3.2.1. Hemoglobin Structure and Hemoglobin F Level

In silico analysis of ORF10, ORF3a, and ORF1ab proteins
of SARS-CoV-2 has indicated that these proteins can at-
tack the beta chain of Hb, resulting in the separation of
iron from the porphyrin ring (29) with the consequence
of impaired oxygen transfer. Thus, in hemoglobinopathies
with beta chain defects (such as β-thalassemias), the virus
might not attach to RBCs, disrupting the infection process
(29). Also, the distant amino acid sequence of the SARS-
CoV-2 spike glycoprotein cytoplasmic tail is similar to the
hepcidin protein (30). This glycoprotein can mimic the
hepcidin function, enhance the entry of iron into the cell,

and elevate ferritinemia. Thus, in hemoglobinopathies
(such as thalassemia), due to defects or the absence of beta
chains and low hepcidin level, susceptibility to COVID-19
infection might decrease (31).

Inconsistent with these findings, few studies have
ruled out a link between the structure of Hb and the sever-
ity of COVID-19 disease. The Hb virus attachment theory has
not been generally accepted (32), and experimental data
are needed to confirm it. Further, Park et al (33) showed
that hypoxemia in COVID-19 patients was unlikely to be due
to impaired O2 handling in RBCs. E. Sotoudeh and H. So-
toudeh (34) found that mortality rates were lower in parts
of the world where hemoglobinopathies were prevalent
than in other parts. Therefore, it is suggested that the struc-
ture of Hb might be involved in the pathophysiology of
COVID-19.

High levels of HbF in thalassemia patients, along with
its antiparasitic effect, might be protective against viral
infections such as SARS-CoV-2. The high prevalence of
hemoglobinopathies in tropical countries with less COVID-
19-related mortality has been attributed to high HbF lev-
els and hydroxycarbamide (hydroxyurea, [HU]) therapy,
which induces HbF (34). Moreover, high levels of HbF and
its protective role in patients with hemoglobinopathies
and children could be the reason for less severe SARS-CoV-
2 infection. Thus, it was hypothesized that HbF-inducing
drugs (such as HU and erythropoietin) could play a role in
the control and treatment of COVID-19 (34).

HU is a medication used in patients with thalassemia
intermedia, which has possible immune-compromising
effects that might contribute to the adverse outcome in
these patients. Short-term toxicities (neutropenia and
thrombocytopenia) of HU have been demonstrated to be
reversible and manageable. On the other hand, its anti-
inflammatory function, antiviral effect, and increased HbF
levels might suggest the benefit of HU against the se-
vere forms of COVID-19 (35, 36). The overall favorable
outcome of COVID-19 in SCD children (including sickle/β-
thalassemia) has been attributed to the possible benefits
of HU therapy in these patients (14). However, further evi-
dence and clinical trials are needed to confirm the protec-
tive role of HU against the severity of COVID-19.

3.2.2. Splenectomy and Iron Overload

Splenectomy is a common therapeutic intervention in
β-thalassemias. Since splenectomy reduces the removal of
procoagulant RBCs and active platelets, it might increase
the risk of coagulopathy (27). Despite the immunological
functions of the spleen, there is no evidence of a higher risk
of severe COVID-19 in asplenic/hyposplenic patients (20). A
multicenter study from Iran (19) reported a high mortality
rate of β-thalassemia patients with COVID-19. In this study,

4 Iran J Pediatr. 2021; 31(6):e119789.



Rahimi S et al.

Table 2. Characteristics of Studies Reported β-Thalassemia Patients Infected with SARS-CoV-2

Reference Sample Size, N Mean Age (Range), y COVID-19 Severity
(Mortality), N

Disease Type
(TDT:NTDT), N

The Presence of
Comorbidity a , N

Serum Ferritin Mean
(Range), ng/mL

(10) 1 26 0 0:1 0 450

(18) 11 44, 31 - 61 0 10:1 11 NA

(19) 15 36.1, 22 - 66 4 12:3 12 1725

(20) 10 35.7, 22 - 66 1 10:0 8 1653, 225 - 5960

(21) 48 35.1, 9 - 67 8 34:14 38 1148, 142 - 17000

(22) 26 33, 0.5 - 92 1 with comorbidity 20:6 NA NA

(23) 4 30.5 4 4:0 4 1570

(24) 4 9 - 17 0 4:0 0 2524

(25) 1 25 0 1:0 1 3214

(26) 1 59 0 1:0 NA NA

(27) 1 46 0 1:0 1 465 - 1337

(28) 1 57 0 1:0 1 NA

Abbreviations: TDT, transfusion-dependent thalassemia; NTDT, non-transfusion-dependent thalassemia.
a Cancer, diabetes, liver failure, splenectomy, heart disease, pulmonary artery hypertension, hypertension, chronic kidney disease, nephropathy, and endocrine compli-
cations

approximately 82% of patients were splenectomized; how-
ever, the fatal outcome of COVID-19 was not associated with
splenectomy (19). The anti-inflammatory effect and inflam-
matory cytokine reduction have been reported in an ani-
mal study after splenectomy. However, the beneficial role
of splenectomy against cytokine storms and severe forms
of COVID-19 in patients withβ-thalassemia needs to be con-
firmed (37).

High ferritin levels could be a negative prognostic fac-
tor in patients with COVID-19, and iron chelation with de-
feriprone or deferoxamine (which has also been suggested
in the treatment of COVID-19) decreased viral replication
and related pro-inflammatory pathways (31). Therefore,
iron chelation in patients who need transfusion might
also be beneficial against COVID-19, which needs to be con-
firmed.

3.3. Management of Patients with β-Thalassemias

Both intravascular and extravascular hemolysis can oc-
cur in thalassemia patients. Therefore, the cell blood count
of thalassemia patients with COVID-19 needs to be closely
monitored, and caution should be maintained toward the
possibility of exacerbated hemolytic anemia in acute viral
infection (20).

Although SARS-CoV-2 usually affects the respiratory
tract, it may sometimes enter the circulation. There-
fore, the possible risk of SARS-CoV-2 transmission through
blood transfusion products should be considered. Al-
though there is still no evidence of virus transmission

through the blood transfusion and the absence of SARS-
CoV-2 viremia in a blood donor with COVID-19 4 days be-
fore the onset of symptoms has been reported, individuals
with chronic transfusions should be aware of this possible
risk and need to take precautions (38, 39). Theoretically, an
asymptomatic infected blood donor may spread the virus
unintentionally; therefore, it is recommended that COVID-
19 patients avoid blood donations for at least 28 days after
being asymptomatic and completing medication (8).

Many patients with hemoglobinopathies, including
those with thalassemias, could be at increased risk of de-
veloping severe complications of COVID-19. Therefore, the
management of patients with hemoglobinopathies is im-
portant in controlling their infection. In the manage-
ment of hemoglobinopathies (especially patients with tha-
lassemias), lifestyle and nutrition controls should also be
considered. Sufficient amounts of antioxidant vitamins E
and C are necessary forβ-thalassemia patients due to their
need to be protected against oxidative stress, suppress the
cytokine storm in acute respiratory distress syndrome, and
improve antiviral potency. On the other hand, vitamin D3
as a regulator of adaptive and innate immunity has an-
tiviral effects, and vitamin D deficiency could increase the
mortality rate of COVID-19. Since iron accumulation in the
liver and skin of β-thalassemia patients could disturb vi-
tamin D synthesis, these patients might have vitamin D
deficiency. Therefore, vitamin D supplementation in β-
thalassemia patients is beneficial against viral and bacte-
rial infections (40).

Two trace elements of zinc and selenium are involved
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in the immune system’s integrity. Also, selenium is known
to have anti-inflammatory and antiviral functions through
altering the cytokine profile of macrophages and by T
helper proliferation. Iron chelating agents can increase
the excretion of these minerals and lead to deficiency.
Hence, dietary supplementation of these elements is also
necessary for β-thalassemia patients, particularly during
the COVID-19 pandemic (40).

4. Conclusions

In β-thalassemia patients, the presence of comorbidi-
ties might make them vulnerable to viral infection. In addi-
tion, iron overload in these patients affects the hypothala-
mus or adrenal glands with consequent adrenal hypofunc-
tion, limiting the ability to fight infections. Further, there
is a chronic hypercoagulable state, platelet activation, and
enhanced thrombin generation in these patients. On the
other hand, COVID-19 results in systemic inflammatory re-
sponse and imbalance between procoagulant and antico-
agulant homeostatic mechanisms, and it could be compli-
cated with thrombotic events.

The survey of published observational studies (mostly
multicenter and case reports) indicated a lower prevalence
of COVID-19 in β-thalassemia patients compared with the
general population, as well as mild to moderate COVID-
19 in these patients, especially in those patients without
comorbidity. Above findings could be interpreted by the
presence of high Hb F level (unsuitable Hb for infectious
agents), the beneficial effect of HU therapy in reducing in-
flammatory and coagulation parameters, the possible role
of splenectomy by decreasing proinflammatory cytokines,
and decreased iron sources for viral replication due to iron
chelation therapy in these patients. However, more studies
with larger sample sizes are still needed to confirm these
findings.
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