Received: 18 January 2022 | Revised: 8 March 2022

Accepted: 10 March 2022

DOI: 10.1002/rth2.12700

BRIEF REPORT

I [:esearch & practice .
in thrombosis & haemostasis

Coagulation factor inhibitors in COVID-19: From SARS-CoV-2
vaccination to infection

Jeremy W. Jacobs MD, MHS!

W | Brian D. Adkins MD? ® % | Shannon C. Walker MD®*

Garrett S. Booth MD, MS®® ¥ | Allison P. Wheeler MD, MSCI © W

1Department of Laboratory Medicine,
Yale School of Medicine, New Haven,
Connecticut, USA

2Department of Pathology, Division of
Transfusion Medicine and Hemostasis,
University of Texas Southwestern, Dallas,
Texas, USA

SDepartment of Pathology, Microbiology
and Immunology, Vanderbilt University
Medical Center, Nashville, Tennessee, USA

“Vanderbilt Vaccine Research Program,
Vanderbilt University Medical Center,
Nashville, Tennessee, USA

Correspondence

Allison P. Wheeler, Department of
Pathology, Microbiology and Immunology,
Vanderbilt University Medical Center,
Nashville, TN, USA.

Email: allison.p.wheeler@vumc.org

Funding information
No funding was received for this research.

Handling Editor: Dr Henri Spronk

Abstract

Background: Recent reports have highlighted patients with COVID-19 and vaccine
recipients diagnosed with coagulation factor inhibitors. This is challenging. as severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection has been identified
as a prothrombotic risk factor, with heparin treatment decreasing mortality. However,
both infection and vaccination have been associated with immune-mediated hemato-
logic abnormalities, including thrombocytopenia, further rendering these groups at
risk for both hemorrhagic and thrombotic events.

Objectives: We sought to characterize the incidence and clinical findings of coagula-
tion factor inhibitors in patients with COVID-19 and vaccine recipients.

Methods: We queried the US Centers for Disease Control and Prevention’s Vaccine
Adverse Event Reporting System (VAERS), a publicly accessible database, for reports
of potential bleeding episodes or coagulation disturbances associated with SARS-
CoV-2 vaccination. We performed an additional comprehensive literature review to
identify reports of SARS-CoV-2 infection or vaccination-associated coagulation factor
inhibitors.

Results: VAERS data showed 58 cases of coagulation factor inhibitors, suggesting a
rate of 1.2 cases per 10 million doses. A total of 775 articles were screened and 15
were suitable for inclusion, with six reports of inhibitors after vaccination and nine
reports of inhibitors after infection. Inhibitor specificity for factor VIIl was most com-
mon. Among reported cases, two patients expired due to hemorrhage, one following
infection and one following vaccination.

Conclusion: The incidence of coagulation factor inhibitors in patients with SARS-CoV-2
vaccination and infection appears similar to the general population. Nonetheless,
given the importance of heparin therapy in treating hospital patients, recognition of

inhibitors is important.
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blood coagulation factor, coagulation factor inhibitor, COVID-19, COVID-19 vaccine, SARS-
CoV-2
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e Coagulation factor inhibitors are rare in the general population at 1.5 per million annually.

e We queried the Centers for Disease Control and Prevention’s Vaccine Adverse Event (VAERS) database of severe acute respiratory syn-

drome coronavirus 2 (SARS-CoV-2) vaccination through December 27, 2021.

e There were 58 factor inhibitor reports in VAERS and rare literature case reports with COVID-19.

e The rate of factor inhibitors in SARS-CoV-2 vaccination is 1.2 per 10 million doses.

1 | INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the
etiologic agent of COVID-19, is capable of potentiating numerous
hematologic derangements in those infected. Much research has
focused on mechanisms by which this virus contributes to a pro-
thrombotic state; however, there is mounting evidence that other
hematologic anomalies, such as immune thrombocytopenia,! auto-
immune hemolytic anemia,? and vaccine-induced thrombosis and
thrombocytopenia® may also be associated with SARS-CoV-2 in-
fection and/or vaccination. Hypotheses for development of these
immune dyscrasias include immune hyperstimulation, molecular
mimicry, and antibody cross reactivity with antigens on platelets and
red blood cells.** Despite significant research and insight gained
into the mechanisms of these presumptive autoimmune cytopenic
phenomena, little is known about the potential for SARS-CoV-2 to
elicit a severe bleeding phenotype secondary to autoreactivity.®”
Several case reports have recently described acquired coagu-
lation factor inhibitors in the setting of SARS-CoV-2 infection”? or
following SARS-CoV-2 vaccination.'®*® While few cases have been
reported, determining whether these hematologic abnormalities are
related to SARS-CoV-2 infection or vaccination, or are simply tem-
poral associations, is important as a recent randomized controlled
trial demonstrated decreased mortality with therapeutic-dose hep-
arin for patients admitted with COVID-19 and elevated D-dimers.'*
Therefore, to provide insight into this potential relationship between
acquired immune-mediated mechanisms underlying bleeding pheno-
types and COVID-19, we reviewed all documented cases of patients
with autoantibodies specifically directed against blood coagulation
factors in the setting of SARS-CoV-2 infection or vaccination. The
epidemiology, coagulation parameters, and patient outcomes were
documented. Furthermore, we assessed the US Centers for Disease
Control’s (CDC) Vaccine Adverse Event Reporting System (VAERS)
to ascertain an estimate of potential cases not published in the med-

ical literature and estimate the risk per vaccine dose.

2 | METHODS

2.1 | Case selection

The CDC’s VAERS database was queried to assess for reports of
potential bleeding episodes or coagulation laboratory abnormalities
associated with receipt of a COVID-19 vaccine as of December 27,

2021. The VAERS database is a publicly available national database
comanaged by the CDC and the US Food and Drug Administration
(FDA), and serves as a passive surveillance system for detecting
potential adverse events associated with vaccines authorized or li-
censed by the FDA. This database accepts and analyzes reports of
adverse events submitted by any person, including the general pub-
lic, health care professionals, and vaccine manufacturers.

Information regarding adverse events submitted to VAERS in-
cludes vaccine type, administration date, adverse event onset,
current illnesses and medications, medical history, prior history of
adverse events following vaccination, and demographics. Not all
information was available for every report. Duplicate VAERS cases
were excluded from analysis.

A comprehensive literature review was also performed to iden-
tify all reports of SARS-CoV-2 infection or vaccination associated
with coagulation factor autoantibodies. Five biomedical databases
(PubMed, EMBASE, Web of Science, Scopus, Google Scholar) were
reviewed for relevant articles from December 1, 2019, through
December 26, 2021, according to a standardized search protocol
(Figure 1). Journal titles and abstracts were screened by two authors
according to specific inclusion criteria, and all included publications

were coded into relevant categories.

2.2 | Data analysis

All cases describing the development of a blood coagulation fac-
tor inhibitor following a SARS-CoV-2 vaccine dose reported to the
CDC'’s VAERS database were included, regardless of time interval
from vaccination to confirmation of coagulation abnormality. We
also included all case reports, case series, letters and correspond-
ence, and case-control and cohort studies with available and rel-
evant clinical data in the published literature. For cases that met
inclusion criteria, we abstracted demographic, laboratory, treat-
ment, and outcomes data.

To analyze outcomes, a binary parameter of either alive or de-
ceased at the time of the report was used. If the suspected cause of
death was reported by the original authors, we included the data for
those patients reported to be deceased. The outcome of cases re-
ported in the CDC’s VAERS database was either “deceased” or “not
deceased” at the time of the submitted report.

All statistical analyses were conducted using PRISM version 9.2.0
(GraphPad Software, San Diego, CA, USA). Distribution was non-
normal using a D’Agostino-Pearson test, and groups were compared
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Keywords for COVID-19 articles

« “COVID”, “COVID-19”, “COVID 197, “coronavirus
197, “coronavirus disease”, “novel coronavirus”, “SARS-
CoV-2”, “SARS”, “severe acute respiratory syndrome”,
“severe acute respiratory syndrome coronavirus 27,
“COVID-19 vaccine”, “COVID 19 vaccine”, “COVID-
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Total articles screened
(n=775)

»

inhibitor”, “acquired inhibitor”, “coagulation

Keywords for coagulation factor inhibitors Articles excluded
* ‘“acquired hemophilia”, “acquired haemophilia”, based on title/abstract
“hemophilia”, haemophilia”, “coagulation factor (n=740)

2 <,

autoantibody”, “acquired factor deficiency”

Inclusion criteria

* COVID-19 infection confirmed via detection of SARS-
CoV-2 nucleic acid by RT-PCR, SARS-CoV-2 antigen
test, or clinical history and convalescent SARS-CoV-2
serology consistent with recent infection OR

* Atleast 1 dose of a COVID-19 vaccine AND

* Development of an anti-coagulation factor autoantibody

Exclusion criteria

* Duplicate publications

« Articles not in English

¢ Cases without positive COVID-19 tests via RT-PCR,

Articles screened in full to assess for
inclusion/exclusion via predetermined criteria

COVID-19 antigen-test, or a consistent clinical history
and documentation of positive SARS-CoV-2 serology

* Cases of COVID-19 infection or vaccination and
congenital coagulation factor deficiencies

(n=35)
Articles describing acquired Articles describing acquired
coagulation factor inhibitors coagulation factor inhibitors
and COVID-19 infection and COVID-19 vaccination
(n=9) (n=6)

FIGURE 1 Case review search method and standardized protocol

using Mann-Whitney tests. Contingency tables were assessed using
Fisher exact test. P <.05 was considered significant.

3 | RESULTS
3.1 | SARS-CoV-2 vaccination
3.1.1 | VAERS database findings

Review of the CDC’s VAERS database as of December 27, 2021,
identified 58 reports (29 men, 29 women) of acquired FVIII inhibi-
tors potentially associated with a COVID-19 vaccine (Table 1). No
other acquired coagulation factor inhibitors were identified. As of
December 27, 2021, 503 480 667 vaccines had been administered,
suggesting a rate of 1.2 cases per 10 million doses. Fourteen (24%)
of these were reported in patients receiving the mRNA-1273 vaccine
and 44 (76%) patients received the BNT162b2 vaccine. No reports
following administration of the Janssen COVID-19 vaccine were
identified. The mean age of these patients was 75.4 (standard de-
viation [SD], 13.4) years. There was no significant difference in age
(P = .15), sex (P > .99), or days to onset (P = .65) between vaccine
manufacturers. A greater proportion of mMRNA-1273 vaccine recipi-
ents developed inhibitors after the first dose (70%; 7/10) compared
to BNT162b2 recipients, who predominantly developed inhibitors

after the second dose (65.6%; 25/38), though this difference was
not significant (P = .07). For 39 patients with clinical history avail-
able, 18.0% (7/39) had a history of malignancy, 15.4% (6/39) had a
history of autoimmune disease, and 2.6% (1/39) had a prior history
of a factor VIII (FVIII) inhibitor. The timing to onset of symptoms was
highly variable, with a mean of 24.2 (SD, 23.3) days, ranging from
2 to 101 days since the most recent dose. Three patients were re-
ported to be deceased from hemorrhagic sequelae.

The mean FVIII inhibitor titer for 19 patients with reported re-
sults was 113 Bethesda units (BU)/mL (SD, 180 BU/mL), ranging
from 1.84 BU/mL to >500 BU/mL.

3.1.2 | Literature review

Thirty-five articles fulfilled criteria for comprehensive screening
to assess relevance for inclusion in the analysis (Figure 1). A total
of 15 articles were included in the study, 6 of which described
coagulation factor inhibitors associated with SARS-CoV-2 vaccina-
tion (Table 2).

Acquired coagulation factor inhibitors, including five FVIII inhibi-
tors and one factor XIII (FXIII) inhibitor, were detected in six patients
(mean age, 67.2 [SD, 12.6] years) following SARS-CoV-2 vaccination
(three BNT162b2 vaccines, two mRNA-1273 vaccines, one vaccine
manufacturer not reported). Half (3/6) of patients had risk factors
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for autoantibody formation: two patients with autoimmune disease
and one patient with malignancy. No patients had a prior history of
an inhibitor. The reported onset of bleeding symptoms following
vaccine administration ranged from 48 hours after the first dose to
19 days after the second dose. One patient was deceased secondary
to cerebral hemorrhage.

The average coagulation inhibitor titer for the five patients for
which titers were reported was 64 BU/mL (SD, 39 BU/mL), ranging
from 11.2 BU/mL to 110 BU/mL.

3.2 | SARS-CoV-2infection

3.2.1 | Literature review

Nine of the 15 included articles described coagulation factor inhibi-
tors associated with SARS-CoV-2 infection (Table 3). Five FVIII in-
hibitors, two factor V (FV) inhibitors, one factor XI (FXI) inhibitor,
and one factor XIl (FXII) inhibitor were identified among the nine
patients (mean age, 69.8 [SD, 20.1] years). As expected, all patients
except one with an acquired FXII inhibitor developed significant
bleeding symptoms, predominantly large, expansive subcutaneous
bleeding. For the eight patients with data available, the onset of
bleeding ranged from 3 days to 4 months following COVID-19 symp-
tom onset. Development of coagulation factor inhibitors did not
correlate with the severity of infection, ranging from asymptomatic
infection to severe cardiopulmonary failure. Forty-four percent (4/9)
of patients had underlying risk factors for autoantibody formation,
including two patients with autoimmune disease, one patient with
malignancy, and one patient with a historical FVIII inhibitor treated
9 years prior that had been in remission since that time. One patient
expired secondary to cardiopulmonary failure in the setting of recur-
rent hemorrhage.

The mean coagulation factor inhibitor for the seven patients with
titers reported was 364 (SD, 821) BU/mL, ranging from 4 BU/mL (FV
inhibitor) to 2222 BU/mL (FVIIl inhibitor).

Therapeutic interventions to ameliorate bleeding symptoms in-
cluded recombinant activated factor VII (rFVIla) and anti-inhibitor
coagulant complex. Immunosuppressive therapy regimens to erad-
icate the inhibitors were variable and included: rituximab, cortico-
steroids, and cyclophosphamide. Notably, one patient with a FV
inhibitor did not respond to intravenous immunoglobulin and corti-
costeroid therapy; thus, three therapeutic plasma exchange proce-
dures over consecutive days using one total body volume of 100%
fresh frozen plasma during each procedure was performed with sub-

sequent resolution of bleeding symptoms.

4 | DISCUSSION

Factor inhibitors are rare and tend to associate with advanced age,
pregnancy, autoimmune conditions, or malignancy, though a large
proportion have no identifiable cause.?®> General population data

show a cumulative rate of 1.5 cases per million persons/year,?® and a
cohort of 501 patients with FVIIl inhibitors demonstrated that 11.8%
and 11.6% were associated with malignancy and autoimmune dis-
eases, respectively.24 However, the rate in SARS-CoV-2-vaccinated
individuals appeared lower in this study, and accurate estimation of
the incidence in patients with SARS-COV-2 infection has not been
determined at this time. It remains unclear what, if any, etiologic
role SARS-CoV-2 vaccination or infection plays in the pathogenesis
of these inhibitors. Similarly, the association between acquired co-
agulation factor inhibitors and other infectious diseases and vac-
cinations is unknown, as only isolated case reports have described
patients with influenza infection,? hepatitis C virus and HIV infec-
tions,?® and following influenza vaccination.?”?® Nevertheless, this
comprehensive analysis of coagulation factor inhibitors in patients
with COVID-19 and SARS-CoV-2-vaccinated individuals highlights
both the challenge and necessity of making this diagnosis accurately
and promptly given the potential hemorrhagic sequelae.
Coagulation factor inhibitors represent a heterogenous group
of autoantibodies capable of disrupting any step in the clotting
cascade either by direct inhibition or increased clearance of clot-
ting factors, rendering standardization of therapy in this population
challenging.?’ Most factor inhibitors increase the risk of a bleeding
diathesis, with the notable exception of FXII inhibitors, as demon-
strated by the patient in this study without bleeding. The hemor-
rhagic predisposition associated with coagulation factor inhibitors is
especially concerning in patients admitted with COVID-19, as many
receive therapeutic anticoagulation to prevent thromboembolic
events. Current literature suggests that anticoagulation with hep-
arin is preferred, as it has shown a reduction in inpatient mortality,
while direct oral anticoagulants are being considered for use as an-
ticoagulation after discharge.X*2?3! While the incidence of acquired
autoantibodies appears to be rare in patients following SARS-CoV-2
infection and SARS-CoV-2 vaccination, systemic anticoagulation in
this group should be performed with great caution given the risk for
catastrophic bleeding in these patients, highlighting the need for an
individualized approach to management, and demonstrating the im-
portance of laboratory assessment before systemic anticoagulation.
Limitations to this study include the retrospective nature of
the methods and reliance on published literature for case details,
as well as underreporting and incomplete data availability in the
VAERS database. Given the high rates of publication in patients with
COVID-19, potential causes for inhibitors may have been falsely
attributed to the disease or vaccination, as approximately half of
reported SARS-CoV-2-associated inhibitors include patients with
comorbid conditions that could potentially contribute to autoan-
tibody development. VAERS data are useful given their national
scope, though the passive nature and variability of reported data
are limitations. Furthermore, VAERS database information includes
all reported side effects occurring in association with US-licensed
vaccines, regardless of the geographic location of vaccination, while
CDC data on vaccine dose administration are available only for
doses provided within the United States, limiting case estimation
accuracy. Nonetheless, this work provides a comprehensive review
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of available data from currently published medical literature and the
VAERS database system, and is the first study assessing acquired
coagulation factor inhibitors in patients with SARS-CoV-2 infection
and in SARS-CoV-2-vaccinated individuals.

Monitoring hemostasis in patients with COVID-19 remains com-
plex, with the standard-of-care continually evolving. The incidence of
coagulation factor inhibitors in patients with SARS-CoV-2 infection
appears to be similar to the cumulative incidence in the general pop-
ulation. Nonetheless, given the thromboembolic risk and importance
of heparin therapy, careful assessment and monitoring of coagulation
status is a necessity in this high-risk population. Though the devel-
opment of these inhibitors is rare in individuals with SARS-CoV-2
infection and following SARS-CoV-2 vaccination, clinicians and lab-
oratories should be aware of this potential adverse event and be fa-

miliar with testing and management of patients with these inhibitors.
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