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I N TRODUC TION

Vaccine-induced immune thrombotic thrombocytopenia 
(VITT) is a rare, but life-threatening autoimmune compli-
cation of adenoviral (Ad) vector COVID-19 vaccines due to 
the generation of anti-platelet factor 4 (PF4) antibodies.1–3

No specific predisposing risk factors for VITT have been 
identified so far and the higher incidence initially reported 
in young women was not confirmed in later series.1

Human leucocyte antigen (HLA) class I and II present 
protein fragments to CD8+ and CD4+ T cells, respectively, 

to trigger the immune response. HLA is the most polymor-
phic gene cluster of the human genome and it is an import-
ant genetic predisposition factor for autoimmune diseases. 
In fact, some HLA alleles, particularly those of class II, have 
been associated with the risk of autoimmune disorders like 
thrombotic thrombocytopenic purpura (TTP), heparin-
induced thrombocytopenia (HIT) and immune thrombo-
cytopenia (ITP).4 These conditions show similarities with 
VITT, as they are all characterized by thrombocytopenia 
and thrombosis and are caused by immune mechanisms.4 
Anti-PF4 antibodies activating platelets and neutrophils 
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Summary
No risk factors have been identified for vaccine-induced immune thrombotic throm-
bocytopenia (VITT) so far. The aim of this study was to identify human leucocyte an-
tigen (HLA) alleles potentially associated with VITT susceptibility. Specific HLA class 
II alleles were detected with significantly higher frequency in VITT patients compared 
with Italian controls: DPB1*17:01, DQA1*05:01, and DRB1*11:04. In silico analysis re-
vealed increased affinity of DRB1*11:04 for a platelet factor 4 (PF4)-derived peptide, 
ITSLEVIKA, that contains two amino acids present in the specific binding site of anti-
PF4 antibodies from VITT patients. Our findings show for the first time a genetic 
predisposition to developing anti-PF4 antibodies in response to Ad-vector vaccines.
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have been shown to be present in both HIT and VITT, even 
if directed against different PF4 epitopes.5,6 Anti-platelet 
autoantibodies detected in ~60% of patients with ITP, have 
also been found in 30% of patients with VITT7 and in 42% of 
anti-COVID-19 Ad vector-vaccinated subjects.8

To the best of our knowledge, no HLA studies have been 
reported so far in VITT patients. We aimed to identify gene 
variants associated with VITT susceptibility in the Italian 
population with a special focus on the HLA system.

M ETHODS

Patients

Sixteen patients who survived an acute VITT event were en-
rolled in a multicentre study involving 14 Italian centres. 
The section on Internal and Cardiovascular Medicine of 
the University of Perugia centralized samples and analy-
sis. The study was approved by the local Ethics Committees 
(CER Umbria n. 3656/20 and the Bioethics Committee of the 
University of Perugia n. 222848) and each study participant or 
their legally authorized representative gave written informed 
consent to study enrollment in accordance with the Declaration 
of Helsinki. Demographic and clinical variables were collected 
at enrollment, as well as all the relevant clinical and laboratory 
data on the VITT episode.3 VITT was classified as definite 
or probable according to the consensus diagnostic criteria for 
VITT developed by the UK Haematology Expert Group.3

Samples

Peripheral venous blood was collected either in ACD-A 
or in 0.18% K3EDTA, as previously reported.8 ACD-A-
anticoagulated whole blood was immediately stored at −20°C 
and later used for DNA extraction, whole exome sequencing 
(WES) (Data S1) and HLA typing.

HLA typing by targeted sequencing

DNA samples of VITT patients were analysed by DKMS Life 
Science Lab gGmbH (LSL). The sequencing involved con-
secutive PCRs followed by next-generation sequencing using 
the MiSeq platform.9 All subjects were genotyped for HLA-
A, -B, and -C, -DRB1, -DQA1, -DQB1, -DPA1, and –DPB1 ob-
taining a three-field resolution. The typing was based on the 
regions covering the peptide binding domains and exon 3 for 
HLA class II genes.

Anti-PF4/heparin antibodies

The search for anti-PF4/heparin antibodies and their ability to 
induce platelet activation was carried out by the enrolling cen-
tres at the time of patient hospitalization for VITT (Data S1).

Prediction of peptide binding by in silico 
analysis

To identify the interaction between human PF4-derived pep-
tides and the HLA genotypes identified, an in silico peptide 
binding assay was performed using NetMHCIIpan-4.3 for 
MHC class II (https://​servi​ces.​healt​htech.​dtu.​dk/​servi​ces/​
NetMH​CIIpa​n-​4.3/​).10,11 The software calculates the predic-
tion binding affinity of human PF4 protein-derived peptides 
to the identified VITT-related HLA alleles using artificial 
neural networks. The amino acid sequence of human PF4 
was obtained from UniProt (P02776) (https://​www.​unipr​ot.​
org/​unipr​otkb/​P02776/​entry​) (Data S1).

Statistical analysis

We compared HLA class I allele frequencies at each locus 
(HLA-A, -B, and -C) of VITT patients with those of Italian 
controls available in allel​efreq​uenci​es.​net, a freely accessi-
ble repository of the immune gene frequencies in different 
worldwide populations.12 Given that not all the HLA class I 
loci were analysed in all the Italian populations reported in 
allel​efreq​uenci​es.​net, we selected the population for which 
the typing of all the HLA class I alleles identified in our 
VITT patients was analysed: the ‘Italy pop 5 population’ 
comprising 975 subjects (1950 alleles). We compared HLA 
class II allele frequencies at each locus (HLA-DPB1, -DQA1, 
-DQB1, and -DRB1) of VITT patients with those of Italian 
controls available in allel​efreq​uenci​es.​net. Given that not all 
the HLA class II loci were analysed in all the Italian popula-
tions reported in allel​efreq​uenci​es.​net, we merged the two 
Italian populations for which the typing of all the HLA class 
II alleles identified in our VITT patients was carried out: the 
‘Italy Bergamo population’, comprising 101 subjects, and the 
‘Italy North pop 3’, comprising 97 subjects, for a total of 198 
subjects (396 alleles). HLA-DPA1 allele frequencies are not 
available from the reference population databases, therefore, 
this locus was excluded from the analysis.13 Alleles not ex-
ceeding 5% frequency in VITT patients were not considered 
as relevant for further analysis.

HLA allele frequencies of VITT patients and the Italian 
control populations were compared with the Fisher's exact test, 
and we report only the significant p-values. False-discovery 
rate (FDR) was controlled at 5% using the Benjamini–
Hochberg procedure. All analyses were performed using the 
GraphPad Prism 10.2.3 for Windows software (GraphPad 
Software, San Diego, CA, USA, www.​graph​pad.​com).

R E SU LTS

Characteristics of VITT patients

Sixteen unrelated Caucasian Italian VITT patients were en-
rolled in this study. Patients were enrolled 180.0 ± 15.0 days 
(min 72–max 284) after the acute VITT episode. Mean age 
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was 51.6 ± 3.2 years (range, 33–73 years) and 43.7% were males 
(Table S1). Fourteen patients (87.5%) suffered VITT follow-
ing ChAdOx1, whilst 2 (12.5%) following Ad26.COV2.S vac-
cination. Eleven patients (68.75%) were classified as definite, 
and five (31.25%) as probable VITT.3 Clinical and laboratory 
diagnostic criteria at the time of the acute VITT event are 
reported in Tables S2 and S3.

Whole exome sequencing

Exome sequencing data were obtained from the 16 unre-
lated individuals with VITT and 402 unrelated control sub-
jects at the McDonnel Genome Institute (MGI, Washington 
University in St. Louis). We did not identify differences in 
the number of gene variants between VITT patients and 
controls in the gene burden analysis, therefore, no genes 
turned out to be associated with an increased risk of suffer-
ing from VITT.

Comparison of allele frequencies between 
VITT and healthy Italian individuals

HLA genotyping of the individual VITT patients is reported 
in Table S4.

The distribution of HLA class I and II genotypes for 
VITT patients is shown in Figure 1A–H. All the HLA class 

I alleles had the same frequency in VITT patients and 
Italian controls. We found three HLA class II alleles with 
an increased frequency in VITT patients compared with 
controls: HLA-DPB1*17:01 (0.125 in VITT vs. 0.002 in con-
trols, p = 0.0009), -DQA1*05:01 (0.375 in VITT vs. 0.085 in 
controls, p = 0.00015), and -DRB1*11:04 (0.218 in VITT vs. 
0.053 in controls, p = 0.03380) alleles (Table  1A). In addi-
tion to these three HLA class II alleles, when we analysed 
only the 11 VITT patients with a definite diagnosis, we 
found also an increased frequency of the HLA-DQB1*02:01 
allele (0.318 in definite VITT patients vs. 0.080 in controls, 
p = 0.01680) compared with Italian controls (Table S5), and 
an even higher statistical significance for -DPB1*17:01 and 
-DRB1*11:04.

All the 11 VITT patients with a definite diagnosis enrolled 
in our study were carriers of at least one of the four HLA al-
leles identified to be more frequent in VITT patients with a 
definite diagnosis compared with Italian controls (Table S4).

MHC-peptide in silico binding predictions

In silico analysis showed increased affinity of 
DRB1*11:04 for the PF4-derived peptides identified by 
the NetMHCIIpan-4.3 software (Table 1B). Among them, 
ITSLEVIKA was a strong binder for DRB1*11:04, showing 
that this peptide has a high likelihood to be presented by 
DRB1*11:04.

F I G U R E  1   VITT patients by their HLA alleles. VITT patients according to their class I HLA-A (A), -B (B) and -C (C) alleles, and to their class 
II HLA-DPA1 (D), -DPB1 (E), -DRB1 (F), -DQA1 (G) and -DQB1 (H) alleles, with alleles ordered from most to least frequent. Patients homozygous for 
each HLA locus reported are indicated in white, in black the heterozygous. HLA, human leucocyte antigen; VITT, vaccine-induced immune thrombotic 
thrombocytopenia.
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DISCUSSION

We show for the first time that specific HLA class II alleles 
are significantly more frequent in VITT patients compared 
with Italian control populations, and namely -DPB1*17:01, 
-DQA1*05:01, and -DRB1*11:04. None of these HLA alleles 
was previously associated with HIT and ITP, while one 
(HLA-DRB1*11) was previously reported to be higher in 
TTP in several European studies focused on Caucasian peo-
ple.14–16 This suggests the existence of a peculiar HLA-loci 
distribution in the immune reaction of VITT compared with 
other immune thrombotic thrombocytopenic disorders.

The in silico peptide binding assay identified one PF4-
derived peptide (ITSLEVIKA) as a strong binder of the 
HLA-DRB1*11:04. This peptide contained two amino acids 
present in the previously identified binding site of VITT an-
ti-PF4 antibodies,5,6 Glu28 and Ala32 (Figure S1).

We acknowledge that our study has limitations. First, the 
low number of VITT cases studied. However, VITT is a rare 
event with an incidence ranging from 1.7 to 16.1 cases every 
100 000 vaccinated subjects1 and previous studies showing 
that HLA alleles are susceptibility factors for rare autoim-
mune disorders, such as TTP, primary antiphospholipid 
syndrome, autoimmune encephalitis, and Guillain-Barré 
syndrome, were performed in similar small cohorts.14,15,17–20 
Second, attempts to estimate haplotypes using Hapl-o-Mat21 
were unsuccessful because the number of samples was too 
small. However, also other studies which identified HLA as-
sociation with other autoimmune diseases did not estimate 
haplotypes.14,15,17–20

Ours is the first study to identify that specific HLA alleles 
may predispose to the development of an abnormal immune 
response to Ad-vector vaccines increasing the susceptibil-
ity to develop VITT, probably by presenting PF4-derived 

peptides towards which anti-PF4 antibodies are directed5,6 
(Figure S2). Whilst mass HLA typing of subjects candidate to 
Ad-vector vaccines is likely unfeasible, our results may be of 
help to prevent thrombotic complications related to the use 
of adenoviral vector platforms for gene therapies.22 Future 
studies in larger cohorts are warranted to further confirm 
the relationship between specific HLA alleles and VITT.
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T A B L E  1   HLA class II alleles in VITT patients.

(A) Comparison of HLA class II allele frequencies between VITT patients and Italian control population

Allele Freq case Freq control p-Value p Value (FDR) Reciprocal of OR [95% CI]
Control cohort 
(total AC)

DPB1*17:01 0.125 0.002 0.000124 0.00090 0.0170 [0.00144–0.11580] 396

DQA1*05:01 0.375 0.085 0.000026 0.00015 0.1565 [0.07048–to 0.35790] 396

DRB1*11:04 0.218 0.053 0.002581 0.03380 0.2000 [0.07866–to 0.51320] 396

(B) In silico peptide binding analysis of human PF4-derived peptides to HLA-DRB1*11:04

HLA type Peptide sequence Core sequence % Rank Predicted binding

DRB1*11:04

PRHITSLEVIKAGPH ITSLEVIKA 0.80 Strong binder

RPRHITSLEVIKAGP ITSLEVIKA 1.30 Weak binder

RHITSLEVIKAGPHC ITSLEVIKA 3.25 Weak binder

VRPRHITSLEVIKAG ITSLEVIKA 3.72 Weak binder

PTAQLIATLKNGRKI LIATLKNGR 4.08 Weak binder

Note: Total AC in VITT patients = 32. Freq case: frequency of HLA allele in cases; Freq control: frequency of HLA allele in controls; p-value: p-value without multiple testing 
correction using Fisher's exact test; p-value (FDR): multiple testing corrected p-value using Benjamini–Hochberg false-discovery rate.
Abbreviations: AC, allele count; CI, confidence interval; HLA, human leucocyte antigen; OR, odds ratio; VITT, vaccine-induced immune thrombotic thrombocytopenia.
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