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SUMMARY
Following the outbreak of the COVID-19 pandemic,
millions of people around the world have been affected with SARS-CoV-2 infection. In addition to the typical symptoms, thrombotic events, lymphopenia, and
thrombocytopenia have been reported in COVID-19
patients. Immune thrombocytopenic purpura (ITP) is
one of the thrombotic events that occur in some COVID-19 patients. Hyperinflammation, cytokine storms,
and immune dysregulation in some patients are the
cause to the main COVID-19 complications such as
ALI (acute lung injury), acute respiratory distress
syndrome (ARDS), and multiple organ failure. Disruption in the differentiation of T-cells, enhanced differentiation of Th17 and Th1, cell death (pyroptosis),

n INTRODUCTION

S

evere acute respiratory syndrome coronavirus
(SARS-CoV-2) infection has been officially declared as a pandemic on March 11, 2020, and is
still a major global threat. Although the main clinical manifestations of coronavirus disease 2019
(COVID-19) are respiratory, its range of clinical
manifestations is extensive and may include neurological, gastrointestinal (GI), hepatic, and car-
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hyper-inflammation and dysfunction of inflammatory neutrophils and macrophages, and hyperactivity
of NLRP3-inflammasome are among the important
factors that may be the cause to COVID-19-induced
ITP. This study aimed to give an overview of the findings on the immunopathogenesis of ITP and COVID19-induced ITP. Further studies are required to better
understand the exact immunopathogenesis and effective treatments for ITP, especially in inflammatory
disorders.
Keywords: COVID-19, SARS-CoV-2, inflammasome,
immune thrombocytopenic purpura, platelets, immune dysregulation.

diac manifestations with varying degrees [1]. On
the other hand, changes in laboratory parameters
such as elevated liver enzymes, increased creatinine, electrolyte imbalance, a significant increase
in C-reactive protein (CRP), and hyper-inflammation are very common in SARS-CoV-2 infection
[2]. Various hematological disorders including
thrombotic events, lymphopenia, thrombocytopenia, immune thrombocytopenia [or immune
thrombocytopenic purpura (ITP)] have been reported in SARS-CoV-2 infection [3, 4]. ITP is defined as a platelet count of less than 100,000 per
microliter with no evidence of leukopenia or anemia [5]. ITP is usually detected incidentally in patients with platelet counts above 50,000 per micro-
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liter. Excessive bruising with minor trauma occurs
in those with platelet counts of 30,000 to 50,000
per microliter. In addition, patients with platelet
counts between 10,000 and 30,000 per microliter
spontaneously develop petechiae or ecchymoses,
and those with counts less than 10,000 per microliter are at risk for internal bleeding [6].
ITP has a higher prevalence among children than
adults. The annual prevalence of ITP in adults is
22 per million people [7-9]. The exact etiology of
ITP is still unknown but genetic and other triggering factors appear to be involved [10, 11]. For example, some viral infections have been associated
with secondary ITP such as human immunodeficiency virus (HIV), hepatitis C virus (HCV), cytomegalovirus (CMV), Epstein-Barr virus (EBV),
and varicella-zoster virus (VZV) [8, 12]. It has
been suggested that the viral infection-induced
antibodies may cross-react with normal platelets
and cause platelet destruction [13].
It is more prevalent in individuals older than 50
years. Most cases of COVID-19-induced ITP have
occurred within 2-3 weeks of SARS-CoV-2 infection and had recovered in less than one week [4].
The patients have shown a good response to treatment, especially with intravenous immunoglobulin (IVIG) and/or corticosteroids [12, 14]. Alonso-Beato et al. emphasized that COVID-19-induced ITP may occur both in mild and severe
COVID-19 and at any time during COVID-19’s
course [12].
The diagnosis of ITP is established by ruling out
other causes of thrombocytopenia [15]. It has two
criteria:
1) The presence of thrombocytopenia with other
normal findings (complete blood count and on
peripheral blood slides);
2) The absence of other clinical features of medical conditions that cause secondary ITP such
as systemic lupus erythematosus (SLE), antiphospholipid syndrome (APA), and chronic
lymphoid leukaemia (CLL) [10].
This study aimed to give an overview of the immunopathogenesis and clinical implications of
COVID-19-induced ITP.
n METHODS
We searched PubMed/Medline, Web of Science,
Scopus, and Google Scholar databases using the
following keywords: Immune thrombocytopenic

purpura; COVID-19; COVID-19-associated-ITP;
ITP; COVID-19-induced ITP; COVID-19; SARSCoV-2; Inflammasome; Platelets; Immune dysregulation.
COVID-19-induced Immune Thrombocytopenic
Purpura
COVID-19-induced ITP has been reported to
cause more severe thrombocytopenia, significantly lower platelet counts, more bleeding
episodes, and more intracranial hemorrhages
(ICHs) compared to non-COVID-19-induced ITP
[12]. The incidence of thrombocytopenia in COVID-19 patients has been variable across studies. In
April 2020, one of the first case reports of ITP in a
COVID-19 patient was reported [16]. Moreover,
mild thrombocytopenia has been observed in up
to one-third of these patients with higher rates
in patients with severe COVID-19 (57.7%) compared with non-severe COVID-19 (31.6%) [17].
A study reported that the majority (71%) of the
cases of COVID-19-associated ITP were elderly
(age >50 years). They also reported that 75% of
the cases had moderate-to-severe COVID-19 and
about 30% to 40% were asymptomatic [3]. A recent systematic review and meta-analysis reported that most of the patients that had developed
COVID-19-associated ITP were male (54.8%) and
over 50 years of age (median age of 63 years). In
addition, most of the patients had developed ITP
within 2-3 weeks after SARS-CoV-2 infection and
recovered within a week [4].
Clinical presentations
Although ITP may manifest acutely and suddenly, in most cases it has an insidious onset. Bleeding in symptomatic patients with ITP can range
from mild petechiae and bruising to severe haemorrhage. Thrombocytopenia-induced bleeding
often occurs as mucocutaneous bleeding [15]. Patients with COVID-19-induced ITP have a wide
range of clinical presentations including asymptomatic, petechiae, epistaxis, cutaneous bleeding,
ICH, and cerebral haemorrhage [14, 18]. Kewan
et al. reported that most of their patients with
COVID-19-induced ITP had Grade 1-2 bleeding
based on the modified World Health Organization (WHO) bleeding score. The clinical presentations of COVID-19-induced ITP may occur within the first week of SARS-CoV-2 infection or with
delay [14].

COVID-19-associated immune thrombocytopenic purpura 43

type. Th1 is responsible for the response to intracellular pathogens and its overexpression can
lead to autoimmune diseases. CD4 T-cells are
essential for the conversion of B-cells to plasma
cells; therefore, an increase in the Th1 ratio produces autoreactive B-cells and secretion of autoantibodies. Th17 is another inflammatory T-cell
that is elevated in ITP, which, in turn, disrupts the
Th1/Th2 ratio and increases autoantibodies [21,
22]. Another proposed mechanism in ITP is a disruption in the proportion of cytotoxic CD8+ T-cell
subtypes. This induces platelet apoptosis and inhibits thrombopoiesis in megakaryocytes [20]. A
summary of the dysregulation of T-cells in COVID-19-induced
ITP is in
shown
increases autoantibodies [21, 22]. Another proposed mechanism
in ITP is a disruption
the in Figure 1.
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glycoproteins
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[20]. A summary
of the dysregulation
of T-cells
in COVIDThe primary
cause
of the autoimmune responsleads
to the production
of autoantibodies
against
es in ITP is unclear and may be related to genetic
platelets and megakaryocytes. Subsequently, cy19-ITP is shown in Figure 1.
and environmental factors. In addition, several
totoxic CD8+ T-cells lyse these platelets and megviral infections are associated with secondary ITP
akaryocytes. These two mechanisms can occur
such as HIV, HCV, CMV, HSV (herpes simplex viin parallel or separately. Therefore, the induction
ruses), Ebola virus, and EBV. There have also been
of apoptosis in platelets or megakaryocytes and
reports of thrombocytopenia due to SARS-CoV-1
their subsequent phagocytosis by macrophaginfection which were generally mild. Several poses and dendritic cells, increase platelet clearance
sible mechanisms have been proposed for the
and decrease platelet count [19, 20]. CD4+ T-cell
development of ITP due to infection with virusimbalance also occurs in ITP in which the Th1/
es. These include molecular mimicry of platelet
Th2 ratio increases in favour of the Th1 phenomembrane glycoproteins, a direct attack on megakaryocytes, induction of megakaryocyte apoptosis, and activation of inflammasomes in platelets
[23, 24].
The stimulation of the membrane glycoproteins
of the platelets by viruses induces CD4+ T-cell-assisted B-cell response. This induction leads to the
production of antibodies (mostly IgG) against GP
IIb/IIIa receptors and targets both viruses and
platelets. In addition, this molecular mimicry activates CD8+ T-cells which directly causes platelet
lysis [23, 24].
Immunopathogenesis
The exact pathogenesis of COVID-19-induced ITP
is still unclear. However, it has been suggested
the SARS-CoV-2 viral antigens induce a response
that cross-react with normal platelets and, in
turn, cause platelet destruction or inhibit platelet
release [13]. It seems that SARS-CoV-2 infection
stimulates a significant immune response, given
the excellent response to treatment (IVIG and corticosteroid) in patients with COVID-19-induced
ITP. This viral-autoimmune response could be
due to several causes such as molecular mimicry,
cryptic antigen expression, or epitope spreading
[3, 12].

Direct attack on megakaryocytes and induction of
megakaryocyte apoptosis
Another possible mechanism for the development
of ITP, such as that seen in HIV-associated thrombocytopenia, is the direct viral attack on megakaryocytes, induction of apoptosis in megakaryocytes, and reduced platelet production. Measuring the thrombopoietin level, which is the most
Figure 1 - Dysregulation of T-cells in COVID-19-induced
Figure 1 - Dysregulation of T-cells in COVID-19-induced immune thrombocytopenic purpura.
important regulator of thrombopoiesis, can preimmune thrombocytopenic purpura.
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dict and differentiate the involved mechanisms of
platelet destruction or reduction due to direct viral attack on megakaryocytes [25, 26]. Scaradavou
evaluated the incidence of thrombocytopenia in
patients with HIV and monitored the thrombopoietin levels. He found that a lower plasma level of
thrombopoietin was associated with a more normal mass of megakaryocytes in the bone marrow
and platelet destruction was more involved in
the mechanism of ITP. On the other hand, a higher level of thrombopoietin was associated with a
lower mass of megakaryocytes and lower platelet
production, and bone failure was more involved
in the mechanisms of ITP [20, 26].
Hyperactivity of NLRP3-inflammasome; A key factor
in COVID-19-induced immune thrombocytopenic
purpura
The NOD-like receptor family pyrin domain-containing 3 (NLRP3)-inflammasome is a multi-protein complex that has a key role in detecting a variety of pathogen-associated molecular patterns
(PAMPs) and damage-associated molecular patterns (DAMPs). Activation of NLRP3-inflammasome results in an inflammatory cell death called
pyroptosis as well as the production of active cytokines such as interleukin (IL)-1β and IL-18 [27,
28]. Currently, hyperactivity and dysregulation
of inflammasome function, especially NLRP3-inflammasome, is considered a key mechanism in
the immunopathogenesis of many inflammatory
disorders such as neurodegenerative diseases,
gout, and metabolic syndromes [29].
Studies on beta-coronaviruses at the onset of the
COVID-19 outbreak reported that cytokine storm
occurs significantly in COVID-19 patients due
to the hyperactivity and dysregulation of NLRP3-inflammasome [30, 31]. Recent articles have
also highlighted the potential role of NLRP3-inflammasome in COVID-19. For example, studies
have investigated the role of non-coding RNAs
in the regulation of NLRP3-inflammasome complex in COVID-19, the relationship between NLRP3-inflammasome and probiotics in COVID-19,
the various aspects of inflammasomes as role
players in COVID-19, and the potential role of
the NLRP3-inflammasomes in COVID-19 [32-41].
Interestingly, a recent study has shown that specific suppression of the NLRP3-inflammasome
represses the immune over-activation and diminishes COVID-19-like pathology in mice [42].

Furthermore, studies have shown the significant
effects of NLRP3-inflammasome on T-cell responses. A study clearly showed that the NLRP3
gene and level of protein expression in patients
with active ITP were significantly higher than in
healthy controls and ITP patients in remission.
Apoptosis-associated speck-like protein containing a caspase-1 recruitment domain (ASC)
and caspase-1 as other major components of
NLRP3-inflammasome also showed higher expression in the active ITP group compared to the
control group. NLRP3 and ASC expression had
a significant correlation in the active ITP group,
confirming the destructive role of NLRP3-inflammasome in the occurrence of ITP. Interestingly, the plasma levels of IL-18 were higher in
patients with active ITP compared to controls.
On the other hand, this rate returned to normal
levels in individuals that had survived. Overall,
the findings of this study suggested that the activation of NLRP3-inflammasome could be a potential mechanism in the immunopathogenesis of
ITP [43]. Another study reported an increase in
NLRP3-, NLRC4-, and NLRP6-inflammasomes in
patients with primary ITP [19]. The association of
increased HMGB1 as an early detection marker
with the activation of NLRP3-inflammasome activation has been demonstrated, especially in pediatric cases of ITP [44].
In a study, the polymorphisms in many inflammation-related genes associated with ITP were
evaluated. In addition to SNPs of genes associated with inflammation, the NLRP3 gene polymorphism was also studied. Although no significant
association between most SNPs was observed in
this study, the protective role of rs10499194 was
reported in ITP [45].
Another study showed that platelets regulate the
activation of NLRP3-inflammasome and IL1-β
production through a variety of pathways, such
as platelet-derived lipid mediators, purines, nucleic acids, and a large number of platelet-derived
cytokines. Therefore, any abnormality in platelet
count can be associated with the dysregulation
of NLRP3-inflammasome [2]. These are important during extensive cytopenia such as in COVID-19-induced ITP. One type of cell death is pyroptosis which is caused by the activation of an
inflammasome complex. Although the exact role
and involvement of inflammasome in patients
with ITP is not fully understood, increased ex-
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pression of NLRP3-inflammasome in platelets
and its associated inflammatory cytokines have
been observed in patients with ITP and some other autoimmune diseases. Cell destruction by HIV
and many other viruses is due to the activation
of the inflammasome and subsequent pyroptosis
[46]. Therefore, this protein complex could be one
of the possible mechanisms of ITP that develop
after viral infections such as SARS-CoV-2. In addition to establishing homeostasis in innate and
acquired immune systems, the platelets play an
active role in controlling infections and causing
inflammatory reactions. In conditions such as
sepsis, malaria, or viral infection (such as HIV),
platelets have been shown to produce a chain of
inflammatory responses by activating the inflammasomes (predominantly NLRP3-inflammasome) [2].
The platelet-secreted IL-1β which is induced
through the activation of IL-IR on endothelial
cells promotes the expression of VCAM-1 (vascular cell adhesion molecule 1) in endothelial
cells and, consequently, increases their permeability and plasma leakage. These are primarily a
defence reaction for the migration of neutrophils

and immune cells but their hyperactivity can lead
to thrombocytopenia. IL-18 cytokine, also known
as interferon-(IFN)-γ-inducing factor, is another
important inflammatory cytokine. One of the effects of IL-18 over-activation is the increased proliferation and cytotoxic activity of CD8+ T-cells
which leads to the lysis of platelets or megakaryocytes [16]. This cytokine can also change the Th1/
Th2 ratio in favour of Th1. As previously stated,
this imbalance is associated with increased autoreactive B-cells and secretion of autoantibodies.
Further investigations on the hyperactivity of
NLRP3-inflammasome and SARS-CoV-2 infection-induced ITP are required. The previous studies highlight the importance of further studies
to better understand the immunopathogenesis
of SARS-CoV-2 infection and to find the missing
parts of the mysterious puzzle of this disease. As
a result, more effective therapeutic interventions
would be eventually achieved. Given the urgent
requirement for COVID-19 treatment options and
considering the costs of producing new drugs,
drug repurposing seems beneficial [47]. Therefore, several clinical trials have been conducted
on various drugs and therapies that modulate the
Figure 2 - Platelets in
COVID-19-induced immune
thrombocytopenic purpura
(Ig: Immunoglobulin;
GP: Glycoprotein;
IL: Interleukin;
INF: Interferon).

Figure 2 - Platelets in COVID-19-induced immune thrombocytopenic purpura (Ig:
Immunoglobulin; GP: Glycoprotein; IL: Interleukin; INF: Interferon).
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Figure 3 - Schematic
diagram of the evidence
displaying the potential
role of inflammasomes
in the pathogenicity of
immune thrombocytopenic
purpura (ITP) as well as the
potential inhibitors
of NLRP3-inflammasome.

Figure 3 - Schematic diagram of the evidence displaying the potential role of inflammasomes in

with ITP that do not have life-threatening hemimmune system [48, 49]. The NLRP3-inflammasimmune
(ITP)
as well as
the potential
inhibitors
orrhages arepurpura
usually
observed
initially.
However,
ome inhibitors investigatedthe
inpathogenicity
the clinical of
trials
as thrombocytopenic
following the progression of the disease, other
potential COVID-19 treatments include statins,
of NLRP3-inflammasome.
treatment options such as corticosteroids, intrasirolimus, azithromycin, cyclosporine, oridonin,
venous immunoglobulin (IVIG), anti-D Ig, and
quercetin, curcumin, and Tranilast [50, 51]. These
rituximab may be administered [55]. The first-line
drugs may have the potential to be treatment optreatment of COVID-19-associated thrombocytions in COVID-19-induced ITP.
topenia includes administration of IVIG (1g/kg)
A summary of the roles of platelets in COVcombined with systemic corticosteroids such as
ID-19-induced ITP is shown in Figure 2. In addiprednisolone or dexamethasone. To avoid the risk
tion, Figure 3 shows a schematic diagram of the
of secondary infection, it is best to keep the dose
evidence displaying the potential role of inflamand duration of steroid treatment to a minimum
masomes in the pathogenicity of ITP.
and then initiate tapering after a maximum of two
weeks. More than 70% of patients respond well
Diagnosis
to the first-line treatment but a small percentage
The diagnosis of ITP is established by ruling out
of patients are resistant [54]. There have been reother causes of thrombocytopenia such as thromports on the effectiveness of combination therabotic thrombocytopenic purpura (TTP), hemopy with dexamethasone and rituximab. The next
lytic uremic syndrome (HUS), microangiopathic
treatment options in patients that are unresponhemolytic anemia (MAHA),Diagnosis
and heparin-induced
sive to treatment include thrombopoietin recepthrombocytopenia (HIT) [15, 20, 52].
tor agonists (TPO-RAs) or splenectomy [54, 55].
The diagnosis of ITP is established by ruling out other causes of thrombocytopenia such as
TPO-RAs (such as eltrombopag) provoke platelet
Management
by stimulating
Patients with ITP that havethrombotic
severe thrombocytothrombocytopenic production
purpura (TTP),
hemolytic thrombopoietin
uremic syndrome (TPO)
(HUS),
receptors on megakaryocytes [54]. Combination
penia (platelets less than 20,000) should be treated.
therapy with systemic steroids and monoclonal
Treatment usually involves prednisolone (1 mg/
14
antibodies (such
as rituximab) is recommended as
kg /day). Steroids help to prevent bleeding and
the main treatment option in patients with COVreduce platelet destruction [53]. Most ITP patients
ID-19- associated ITP [55]. Studies have reported
respond to prednisolone treatment within two
that patients with ITP or those receiving steroids
weeks and the major response is seen within the
have a risk for thrombosis [56]. In addition, there
first week of treatment [53]. The management of
is a risk of thrombosis in patients with COVID-19.
COVID-19-induced ITP depends on the patient’s
Therefore, the balance between thrombosis and
underlying condition, the extent of platelet deplebleeding must be considered when selecting the
tion, and clinical presentations [54, 55]. Patients
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Table 1 - Treatment options in COVID-19-induced immune thrombocytopenic purpura (ITP) [54, 55, 57].
Treatment options in COVID-19-induced ITP
Systemic corticosteroids (Prednisolone, Dexamethasone)
Rituximab
IVIG
Anti-D Ig
TPO-RAs (Eltrombopag)
Splenectomy
Platelet transfusion
Abbreviations: Immune thrombocytopenic purpura (ITP), Intravenous
immunoglobulin (IVIG), and Thrombopoietin receptor agonists (TPORAs).

appropriate treatment option for patients with
ITP. In addition, platelet transfusion should be
performed alone or simultaneously with other
treatments only if there is severe and life-threatening bleeding [54, 57]. A study conducted by Rampotas et al. showed that low-dose (prednisolone
20 mg) and high-dose corticosteroids had equal
effectiveness. They also reported that TPO-RAs
are highly effective either as the first-line or additional treatment option. Moreover, patients receiving TPO-RAs showed lower rates of thrombosis compared to patients treated with steroids or
without any treatment [56]. The treatment options
in COVID-19-induced ITP are shown in Table 1.
Prognosis and clinical outcome
Kewan et al. reported that excellent prognosis
and clinical of outcome COVID-19-induced ITP
with a response rate of 72.8% to treatment with
corticosteroids and IVIG. The median time to ITP
recovery in their study was four days. They also
reported that none of the deaths in patients with
COVID-19-induced ITP were associated with
bleeding or ITP [14]. In addition, a recent systematic review and meta-analysis reported that most
of the patients that had developed COVID-19-associated ITP recovered in less than one week [4].
Alonso-Beato et al. reported an overall mortality
of 7% in patients with COVID-19-induced ITP.
About 2.8% and 4.8% of the patients expired due
to bleeding events and respiratory failure (caused
by COVID-19), respectively [12].
COVID-19 vaccine-induced immune
thrombocytopenic purpura
Vaccine-induced ITP has been associated with
both live and inactivated vaccines (such as rubella, pneumococcus, and influenza vaccines)

and has been linked to increased function of
B-cells [58]. Furthermore, different types of COVID-19 vaccines have been reported to trigger
de novo ITP including the Pfizer and Moderna
(mRNA-based vaccines) and ChAdOx1 nCov19 (AZD122; AstraZeneca) and Ad26.COV2. S
(Janssen) (vector-based vaccines) [58, 59]. These
patients had been treated with the same treatment options for COVID-19-induced ITP (such as
IVIGs, glucocorticoids, or TPO-RAs) [58, 59]. In
addition, there have been reports of exacerbations
of ITP following COVID-19 vaccinations. Dijk et
al. and Kuter et al. reported a relapse incidence
of 8% and 12% in ITP patients, respectively [60,
61]. Ali et al. suggested delaying the administration of the second dose of the COVID-19 vaccine
in pregnant patients with ITP flare following
COVID-19 vaccination to avoid thrombocytopenia-related complications which could affect the
mode of delivery [62]. The term ‘vaccine-induced
immune thrombotic thrombocytopenia (VITT)’
refers to the thrombotic complications that occur
following the administration of the adenovirus
vector-based COVID-19 vaccines. However, the
exact pathogenesis of VITT is still unclear. It has
been suggested that the polyanionic constituents
of the adenovirus vector-based vaccines trigger
antibody production against PF4 (platelet factor
4) which, in turn, induce platelet activation. As a
result, thrombocytopenia and thrombosis occur
[63].
n CONCLUSIONS
SARS-CoV-2 infection and ITP have very complex immunopathogenesis. The dysregulation
and dysfunction of immune responses are the
key factors in both conditions. However, the exact
immunopathogenesis of both diseases is not yet
fully understood. Various hematological events
such as thrombocytopenia have been observed
in SARS-CoV-2 infection. ITP is a type of thrombocytopenia that occurs due to increased platelet
depletion or decreased platelet production in the
bone marrow following immune responses. A
greater focus on the cause of COVID-19-induced
ITP not only helps to better understand the underlying immunopathogenesis and find an effective
treatment for COVID-19 but also provides a new
perspective on the causes of ITP, especially in other inflammatory disorders similar to COVID-19.
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Unregulated immune responses, especially by T
lymphocytes, are the main involved mechanisms
in ITP. The pathological effects of NLRP3-inflammasome hyper-activation such as hyper-inflammation through the overproduction of IL-1β and
IL-18, pyroptosis, increased Th17 level, the destructive activity of IL-17, and immune dysregulation might be the causes of severe thrombocytopenia and lymphopenia in COVID-19. Further
studies on the common immunopathological aspects of ITP, COVID-19, and other severe inflammatory disorders could establish a new approach
to treating ITP in the future.
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