
Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), a positive sense, single-stranded RNA enveloped beta 

coronavirus, has infected more than 250 million people world-
wide and led to over 5 million deaths. The major morbidity and 
cause of mortality is respiratory failure due to viral pneumonitis 
that occurs in about 14% of patients [1]. Other classes of com-
plications that impact the clinical course of coronavirus disease 
2019 (COVID-19) are autoimmune disorders [2]. These sequel-
ae include conditions such as acute transverse myelitis, immune 
thrombocytopenic purpura (ITP), encephalitis, type 1 diabetes, 
granulomatosis with polyangiitis (GPA), autoimmune hemolytic 
anemia, Guillain-Barré syndrome, Miller Fisher syndrome, pos-
terior uveitis, optic neuritis, reactive arthritis, Grave’s disease, 
postural tachycardia syndrome, and myasthenia gravis. The rela-

tionship is based on temporal occurrence soon after SARS-CoV-2 
infection. Some of these diseases may be triggered by the infec-
tion, and a rapid response of most of these phenomena to immu-
nosuppression supports an autoimmune process. 

ITP is an acquired ailment characterized by a platelet count 

formation or increased platelet loss. This disease is likely sec-
ondary to anti-platelet and anti-megakaryocyte autoantibodies 
and T-cell mediated platelet and megakaryocyte destruction, 
but there are no established confirmatory tests. Instead, ITP is 
diagnosed by exclusion of other disorders. The incidence is 3 
per 105/year in children and adults with greater frequency in 
the young and old [3]. Clinical presentation is most commonly 
skin or mucosal (nasal, uterine, gastrointestinal, tracheobronchi-
al) bleeding, but bleeding can occur in the central nervous sys-
tem. Medical history, physical exam, and laboratory studies are 
conducted to eliminate other causes of thrombocytopenia and to 
distinguish primary from secondary ITP. The differential diag-
nosis includes congenital amegakaryocytic thrombocytopenia, 
Wiskott-Aldrich syndrome, Bernard-Soulier syndrome, GATA1 
and RUNX1 mutations, absent radii-TAR syndrome, right heart 
defects-DiGeorge syndrome, large platelets with neutrophil 
Döhle bodies-MYH9-related disorders, alcohol/chemotherapy/
therapeutic radiation exposure, folate or B12 deficiency, usage 
of heparin/quinine/penicillin/tirofiban/abciximab/valproic ac-
id, prior SLE/ANA or ANCA vasculitis/RA/APLS, concurrent 
myeloma/leukemia/lymphoma /myelodysplasia/myelophthisis, 
HELLP, cirrhosis, TTP, or infections with HBV/HCV/HIV/
EBV/VZV/parvovirus B19/CMV/ .

Anti-platelet and anti-platelet glycoprotein assays can be con-
ducted and have shown good specificity (93%) but poor sensitivity 
(53%) [4]. Specific challenges in diagnosis during the pandemic are 
the mild-moderate thrombocytopenia and hemophagocytic lympho-
histiocytosis of severe COVID-19 [5]. Treatments of primary ITP 
include platelet transfusions, oral or intravenous corticosteroids, 
intravenous immunoglobulin, thrombopoietin receptor agonists, rit-
uximab, and splenectomy. Experimental therapy with infusions of 
mesenchymal stem cells has been tried successfully [6]. 



The etiology of ITP is unknown, but it is thought to be im-
munologic in origin. Susceptibility mutations (SOCS1, MHC, 

-

predispose the host to ITP [7]. 
When the susceptible host receives an environmental trig-

ger, autoimmunity follows. Common triggers are pathogen-as-
sociated molecular patterns (PAMPs) such as intracellular viral 
RNAs. The PAMP binding to pathogen-related receptors-PRRs 
on innate immune cells induces a cascade ending with expres-
sion of BAFF, IL12, CD40, and others [8]. Host immune cells 
respond to these signals yielding decreased regulatory B and T 
cells and increased cytotoxic T lymphocytes-CTLs and splenic 
follicular T helper cells. Finally, stimulation of germinal cen-
ter B cells and peripheral CTLs leads to anti-platelet and an-
ti-megakaryocyte autoantibodies and self-reactive CTLs. An-
ti-platelet autoantibodies in ITP were demonstrated in the last 
century [9]. Autoantibodies bind platelet and megakaryocyte 
glycoproteins (IIb, IIIa, Ib/IX/V, Ia/IIa, IV, or VI). CTLs rec-
ognizing the N-terminal domain of GpIIb/IIIa employ perforin 
and granzyme to effect platelet and megakaryocyte apoptosis. 

What directs the immune activated B and T cells to attack plate-
lets and megakaryocytes in ITP patients? There is no definitive 
answer, but the current popular hypothesis is molecular mimicry. 
Environmental stimuli such as viruses may share peptide sequenc-
es with platelet proteins. These peptides may bind MHC and B and 
T cell receptors (BCRs and TCRs) to produce ITP. Evidence, how-
ever, is scant. Dengue virus infection generates complement fixing 
platelet autoantibodies that also bind dengue virus NS-1 protein 
as well as platelet proteins [10]. Dual or chimeric TCRs have not 

occur in ITP with diverse VDDJC rearrangements [11].

the degree of thrombocytopenia. Beyond adaptive immune dys-
function, other origins for the viral-mediated thrombocytopenia 
are viral infection of stem cells and megakaryocytes with reduced 
c-MPL expression and reduced platelet formation, cytokine storm 
inhibiting stem cell and megakaryocyte differentiation, and pul-
monary injury altering megakaryocyte fragmentation into plate-
lets and pulmonary microthrombi consuming platelets [12].

A 71-year-old Caucasian male with stage IV prostate carcinoma 
metastatic to bones and nodes on enzalutamide, zoledronic ac-
id, and leuprolide presented to a local urgent care facility with a 
4-day history of malaise and fatigue. He denied fever, chills, an-
osmia, headaches, nausea, vomiting, or diarrhea. He was SARS-

CoV-2 reverse transcription polymerase chain reaction (RT-PCR) 
positive by nasopharyngeal swab and was treated with dexameth-
asone, hydroxychloroquine, and oseltamivir as an outpatient. His 
symptoms resolved within days, but his SARS CoV-2 RT-PCR 
remained positive on weekly testing. Four weeks later, he went 
to the emergency department at the West Palm Beach Veterans 
Administration Medical Center (West Palm Beach VAMC) com-
plaining of lower extremity petechiae and ecchymoses. Nasal 
swab SARS-CoV-2 RT-PCR was positive. He denied fever, chills, 
shortness of breath, chest pain, cough, or sputum production. On 
examination, he was afebrile with a blood pressure of 130/90 
mmHg, a pulse rate of 74 beats/minute, a respiratory rate of 18 
breaths/minute, and an oxygen saturation of 99% on room air. He 
was well developed and well-nourished with normal head, ears, 
eyes, throat, neck, chest, cardiac, abdominal, and neurological ex-
ams but had bilateral lower extremity petechiae and ecchymoses 
on the right medial malleolus. Initial laboratory work showed 

-
thrombin time international normalized ratio of 1.0, reticulocyte 
count of 2.6%, blood sugar of 127 mg/dl, fibrinogen of 264 ng/dl, 
D-dimer of 487 ng/ml, partial thromboplastin time of 31 seconds, 
serum creatinine of 0.9 mg/dl, SARS CoV-2 RT-PCR nasal swab 
positive with Cq of 42, SARS CoV-2 anti-N immunoglobulin G 
ratio of 7.32 and anti-N immunoglobulin M of 6.09, PSA of 0.94 
ng/ml, C-ANCA and P-ANCA both < 1, ADAMSTS13 activi-
ty 107%, and no ADAMSTS13 inhibitor. Peripheral smear did 
not show schistocytes or platelet aggregates. Haptoglobin was 20 
mg/dl and hepatitis B and C serologies were negative. HIV anti-
body and antigen were negative. Influenza and RSV nasal swab 
PCR was negative. Urinalysis was normal. Ferritin was 435 ng/
ml. Anti-platelet antibodies and anti-platelet glycoprotein anti-
bodies were undetectable. Peripheral T helper and T suppressor 

CRP, and IL6 were all normal at 1587 pg/ml, 0.22 ng/dl, and 
2.9 pg/ml, respectively. Heparin antibody screen was negative. 
Chest X-ray showed right lower lobe bronchiectatic changes and 
borderline cardiomegaly. Abdominal ultrasound showed nor-
mal spleen and liver. His past medical history was remarkable 
for metastatic prostate carcinoma, post-traumatic stress disorder, 
depression, and osteoarthritis. Medications included the prostate 
cancer medications plus budesonide, meloxicam, and tamsulosin. 
He denied prior surgeries, cigarette use, or ethanol consumption. 
He was admitted to the West Palm Beach VAMC with diag-
nosis of COVID-19 associated ITP. He was given one platelet 
transfusion, a single intravenous 60 grams immunoglobulin and 
four daily oral 40 mg dexamethasone. He self-discharged from 
the hospital after one day. Follow-up exam and laboratory tests 
showed resolution of the petechiae, ecchymoses, SARS CoV-2 
RT-PCR positivity, and thrombocytopenia (supplemental data). 
Anti-SARS-CoV-2 nucleocapsid IgG antibody titers remained 
high (supplemental data).



Informed consent to monitor and report was obtained from 
the patient and approved by the West Palm Beach VA Research 
and Education Committee, USA. Nasopharyngeal swab spec-
imens from the patient were shipped to Orlando, FL, USA 
for performance of the Gene Xpert Cepheid Innovation XPR 
SARS-CoV2-10 RT-PCR assay measuring viral N2 sequence 
abundance. The limit of detection was 0.01 plaque-forming 
units/ml (CFU/ml) or 250 viral RNA copies/ml with first cycle 
number above background Cq of 43. Blood samples were col-
lected using a semi separator tube, and serum was also shipped 
to Orlando for performance of the Abbott Architect anti-N 
SARS CoV-2 IgG and IgM assay with results calculated in che-
miluminescence ratios of sample to control and negative ratios 
were < 1.4. Other blood samples were gathered and assayed 
for blood counts, chemistries, coagulation tests, inflammatory 
peptides, and anti-platelet antibodies at the West Palm Beach 
VAMC clinical laboratories. 

A review of the literature was conducted using PubMed. 
We searched the database until 3 July 2021 using the keywords 
“COVID-19” and “immune thrombocytopenia”. No additional 
publications were retrieved by adding search terms “SARS CoV-
2” or “immune thrombocytopenic purpura”. We omitted cases re-
lated to vaccines or patients with prior ITP or chronic ITP or cases 
presenting > 45 days after COVID-19 diagnosis. We also omitted 

mild to moderate thrombocytopenia in one-third of COVID-19 
patients [13]. We analyzed the data using the model of Bhattacha-
rjee and Banerjee [14]. Chi-square or Fisher’s exact tests were 
used to investigate whether there were significant differences in 
categorical variables among COVID severity groups. ANOVA or 
Kruskal-Wallis tests were conducted to examine if there were sig-
nificant differences in continuous variables among COVID sever-
ity groups. Two-sample -tests or Wilcoxon rank-sum tests were 
used to identify which pair of COVID severity groups yielded 
significant differences in continuous variables with an adjusted 
significance level using Bonferroni corrections. Log-rank tests 
were conducted to examine whether the time to ITP is significant-
ly different among COVID severity groups.

Computational investigation into the positive control dengue 
virus non-structural protein 1 (NS1) that is known to induce ITP 
in a mouse model was studied [10]. Briefly a microarray dataset 
(PMID:31863085, downloaded from Gene Expression Omnibus 
under accession GSE109048) measuring platelet gene expression 
in 20 healthy human donors was used. There were 4039 genes 
with an average expression of ± 7 in log-transformed normalized 
microarray expression units in the platelet sample. In addition, 201 

in log transformed normalized microarray expression units of the 
platelet sample based on N-glycosylation in platelets according to 
the N-GlycositeAtlas database. Both these peptide sets were in-
tersected with the set of the dengue virus proteome (NC001477.1) 
and the SARS-CoV-2 virus proteome (NC_045512.2). The FM 

index search algorithm [15] employed a suffix array construct 
re-implemented in the Julia programming language was used 
with 0 mismatch and k-mers of 6 or 7 [16]. 

All possible 6-mers and 7-mers from the SARS-CoV-2 pro-
teome were used. We restricted our search to 0 mismatches 
based on the effects of single amino acid residue changes on 
peptide immune epitopes [17]. The peptides were searched in 
the human proteome for exact matches using a software tool 
called PepMatch (manuscript in preparation), which prepro-
cesses a reference proteome and searches peptides within. The 
human proteome, downloaded from UniProt (UP000005640), 
was preprocessed, and these peptides were searched within this 
reference proteome. PepMatch is designed to be 100% accu-
rate in finding matches with zero mismatches (substitutions). 
The tool can be found at https://github.com/IEDB/PEPMatch. 
To establish a potential molecular mimicry mechanism from the 
SARS-CoV-2 peptides, their amino acid sequences were shuf-
fled as negative controls. These samples were also searched for 
in the human proteome. Both the SARS-CoV-2 peptide pool 
and shuffled peptide pool were then mapped to the 4039 and 
201 identified genes and counted. A Fisher’s exact test was per-
formed to determine a potential relationship between SARS-
CoV-2 peptides and platelet-expressed genes. Data is available 
by contacting the corresponding author for bioinformatics and 
HIPAA-protected subject information including raw data, pro-
cessed data, software, algorithms, protocols, methods.

A systematic review of reported COVID-19 ITP cases revealed 
43 publications including a single case each (supplemental da-
ta). There were six articles with 2 cases, three with 3 cases, one 
article each of 8 and 14 cases for a total of 86 COVID-19 asso-
ciated ITP patients. These cases had a temporal correspondence 

-
ing chronic ITP, and no prior exposure to coronavirus vaccine. 
There were a total of 41 female patients (48%) and 45 male 
patients (52%). The mean age was 53 ± 22 years with a range 
from 1.5 years to 96 years of age. COVID-19 severity was mea-
sured for each patient and categorized based on the WHO score 
(COVID-19 therapeutic trial synopsis draft 18 February 2020 
ordinal scale for clinical improvement [https://www.who.int/
blueprint/priority-diseases/key-action/COVID19_Treatment_
Trial_Design_Master_Protocol_synopsis_Final_18022020.pdf] 
as mild (0–3), moderate (4–5), or severe (6–8). 

There were 13 patients (15%) with severe disease, 29 (34%) 
with moderate disease, and 44 (51%) with mild disease. There 
were no significant differences in mean age for the mild, mod-
erate, or severe disease patients with ages of 46 ± 20 years, 61 ± 
17 years, and 57 ± 30 years, respectively. There was a significant 



difference in age among COVID-19 severity groups (  = 0.01 by 
ANOVA test [Table 1] in which a significant difference in age oc-
curred between mild and moderate groups (  = 0.001 by two-sam-
ple -test). There was no significant difference in time to ITP 
among COVID-19 severity groups with time to ITP of 13 ± 12, 12 
± 8, and 13 ± 9 days for the mild, moderate and severe disease pa-

tients, respectively (Supplemental Data). No correlation was seen 
between COVID-19 severity and nadir platelet count with mild, 

bleeding severity as none (score 0), mild skin or mucosal bleed 
(score 1), moderate non-skin organ bleed (score 2), and severe 



central nervous system (CNS) bleed (score 3). There were 24 cas-
es without bleeding (28%), 27 cases with mild skin/mucosal bleed 
(31%), 29 cases with moderate non-skin organ bleeds (34%), and 
six cases with severe CNS bleeds (7%) [Figure 1]. 

There was no correlation between COVID-19 severity and 
ITP bleeding severity except for severe CNS bleeds [Table 1]. No 
bleeds were seen in 11 mild, 10 moderate, and 3 severe COVID-19 
cases. Mild bleeds occurred in 19 mild, 5 moderate, and 3 severe 
COVID-19 cases. Moderate bleeds were seen in 16 mild, 9 mod-
erate, and 4 severe COVID-19 cases. Severe CNS bleeds occurred 
in 3 moderate and 3 severe COVID-19 cases. Interestingly, bleed 
severity was weakly related to nadir platelet count with nadirs of 

 
for bleed scores of 0, 1, 2, and 3, respectively. This correlation 
did not reach statistical significance. The time from symptoms or 
diagnosis of SARS-CoV-2 infection until platelet nadir was 13 ± 
10 days with range of 0 to 42 days (supplemental data). The broad 
range in times was due in part to limited information on each case, 
and we assigned a time of 0 days for asymptomatic COVID-19 pa-
tients that presented with bleeding diathesis or low platelet counts. 
As seen in the supplemental data, there were limited laboratory 
studies. Anti-platelet antibodies were positive in 4 of the 9 cases 
measured (44%). Bone marrow megakaryocytes were increased 
in 6 of 10 cases with bone marrow biopsies. Blood smear showed 
enlarged platelets in 3 of 22 reports. A limited number of therapies 
were applied with 61 patients receiving intravenous immunoglob-
ulin, 52 were administered corticosteroids, 23 got platelet trans-
fusion, 17 had thrombopoietin agonists, 2 were given tranexamic 
acid, and one each received rituximab, plasmapheresis, or vincris-
tine. Seven patients (8%) died, and platelet recovery was noted in 
the other 79 patients (92%). 

Bioinformatic analysis was first done with the positive control 
dengue virus NS1 protein for which an antibody has been asso-
ciated with ITP, at least in a mouse model [10]. Restricting the 
results to 7-mers perfect matches to the human N-glycosylated 
platelet antigens, we found one 7-mer, FLAIPPT from XPO1. 
XPO1 is exportin 1 and plays a key role in megakaryocyte 
differentiation. Inhibitors of XPO1 such as selinexor produce 
profound thrombocytopenia as its major complication [18]. Un-
fortunately, we do not have the target of the published NS-1/
platelet autoantibodies [10,19]. We then evaluated the SARS-
CoV-2 proteome. We discovered 693 distinct hits with the 4039 
human platelet antigens including 60 7-mers and 633 6-mers 
(113 of which are sub-k-mers of the 60 7-mers). Similar hits 
were observed with the 201 human N-glycosylated platelet anti-
gens including 49 6-mers and 4 7-mers [Table 2]. The lead can-
didate from SARS-CoV-2 spike was VSGTNGT and matches 
a heptamer in LAMP1. LAMP1 is an important platelet activa-
tion antigen originally characterized in 1990 [20]. Three other 
candidates were spike heptapeptide LDKYFKN found in FSTL, 

and ORF1ab heptapeptides--DEDEEEG found in APLP2 and 
ADVEWKF found in TRPC6. The APLP2 protein is present in 
platelet a-granules [21], and the TRPC calcium channel protein 
is important in platelet activation [22]. Copy frequency of the 
dengue and SARS-CoV-2 peptides in the human proteome were 
low for many of the candidate molecular mimics. The dengue 
NS1 heptapeptide FLAIPPT had one copy in the human pro-
teome. The VSGTNGT and LDKYFKN peptides were each 
found in a single human protein; ADVEWKF peptide was found 
in two human proteins; and DEDEEEG peptide in four human 
proteins. So at least the dengue virus heptapeptide and the first 
three SARS-CoV-2 heptapeptides are excellent autoimmune 



antigen candidates. The Fisher's exact test comparing viral pep-
tides with shuffled peptides as negative controls showed no sig-
nificance for most of the associations, but there were too few 
7-mers matched to the N-glycosylated platelet proteins to show 
statistical significance (1 vs. 1, = 1 for dengue virus and 4 
vs. 0, = 0.1 for SARS-CoV-2). Nevertheless, the infinite odds 
ratio for the SARS-CoV-2 is intriguing. The associated 2×x2 
contingency table is shown in Table 3 for all groups. To date, 
none of the coronavirus immunogenic peptides has been shown 
to produce ITP in animal models nor have been screened for 
SARS-CoV-2 sensitivity or specificity. 

The expected incidence of ITP in the general population is 3 
cases per 100,000 per year. Based on an estimated 200 million 
cases of COVID-19 in 18 months, one would expect 9000 co-
incidental ITP cases. However, we required the hematologic 
disease to happen with 45 days of the SARS-CoV-2 infection. 
Thus only 0.08 ITP cases would accidentally coincide or 720 
cases. Correcting our literature review to include all patients 

published cases. If investigators publish at least 14% of all 
COVID-19 ITP cases, the relationship of COVID-19 and ITP 
may be due to chance alone. However, this rate of publication 
appears exceedingly high. We recognize that case reports should 
not be used to estimate disease incidence to due lack of a de-
nominator [23], but we believe the current findings are sugges-
tive of a true association.

Secondary viral infection mediated ITP has been observed 
for other RNA viruses including the beta coronavirus HKU1 and 
the flaviviruses such as hepatitis C, dengue virus, and Zika virus 

[12]. SARS-CoV-2 is also a positive single-strand RNA virus 
and thus is also a likely cause of secondary ITP.

The findings in our case report resemble the results from 
the literature. The age and gender of our patient match with the 
slight male predominance and are within one standard deviation 
of the mean age of the 85 other cases. Our patient developed 
only skin hemorrhage, which fits with the results in a third of the 
literature cases. He had only mild COVID-19 and that was seen 
in 52% of published patients. The 27 days lag from COVID-19 
diagnosis until platelet nadir is a little over one standard devia-
tion greater than the mean time. The treatment response to plate-
let transfusion, corticosteroids and intravenous immunoglobulin 
pairs with the results of 24 of the 85 published cases and, as 
occurred in 22/24 cases, led to recovery.

The etiology of COVID-19 ITP is unknown. Published re-

in a third of severe COVID-19 cases implicate viral infection or 
cytokine storm effects on stem cells and megakaryocytes or pul-
monary damage effects via microthrombi or altered megakaryo-
cyte fragmentation [12]. However, in our case and most of the 
cases shown in Table 2, the ITP arose post-acute viral infection 
and in the presence of minimal or absent viremia or hypercyto-
kinemia. As proposed by Bhattacharjee and Banerjee [14] and 
David et al. [23], SARS-CoV-2 induced ITP is an autoimmune 
condition that employs viral innate immune signaling in pre-
disposed hosts to generate adaptive immune stimulated T and 
B lymphocytes cross-reactive with platelet/megakaryocyte anti-
gens. Such a situation would be expected to develop coincident 
with an adaptive immune response at 7–21 days post-infection. 

Unfortunately, half of the tested patients, including our own, 
did not show anti-platelet glycoprotein autoantibodies. Most pa-
tients were not assayed. The assays may not be sensitive enough. 



Platelets normally carry normal immunoglobulin on their abun-
dant Fc receptors, and strong autoantibodies may remove target 
platelets so readily that platelet bound autoantibodies are not 
measurable. Molecular mimicry between SARS-CoV-2 epitopes 
and platelet/megakaryocyte epitopes has been proposed, but there 
was no confirmatory evidence. Kanduc and Shoenfeld [24] report 
hexamer and heptamer matches between SARS-CoV-2 and the 
human proteome. The SARS-CoV-2 S protein-platelet proteome 
hexamers and heptamers that we found are a subset of those re-
ported. Kanduc [25] further suggested that low host proteome 
frequency is needed for autoimmunity. 

We tested in silico candidate peptides versus scrambled con-
trols and, while viral hexamers did not show significance evidence 
for viral ITP molecular mimicry, the SARS-CoV-2 heptamers but 
not scrambled heptamers were found in human platelet glycopro-
teins. The numbers were too low for statistical significance. Nev-
ertheless, three of these heptamers were only found in one or two 
human proteins, and the fourth heptamer was found only in four 
human proteins. Thus, there is a possibility that the SARS-CoV-2 
viral heptamers may be associated with ITP molecular mimicry. 
These peptide antigens can be tested in serum immunoassays ei-
ther by antigen binding to plates with labeled antigen detectors 
or secondary anti-human Fab conjugates in active COVID-19 
and dengue virus ITP. Such an approach may obviate some of the 
problems with current intact platelet assays and provide confir-
matory evidence for autoimmune molecular mimicry. 

Secondary ITP from SARS-CoV-2 infection is rare but shows 
reproducible findings including onset several weeks post-infec-
tion/symptoms, severe thrombocytopenia often with signs of 
bleeding, and, in almost all cases, response to intravenous im-
munoglobulin, corticosteroids with or without thrombopoietin 
agonists. The etiology remains uncertain with a continued need 
for better autoantibody assays. We nominate some heptamers 
for diagnostic testing. In addition, early therapeutic intervention 
will likely reduce severe bleeding episodes. 


