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Heparin or nonheparin
anticoagulants for VITT
Donald M. Arnold | McMaster University

In this issue of Blood, Singh et al1 examined the interaction of heparin,
danaparoid, fondaparinux, and argatroban with antibodies against platelet
factor 4 (PF4) isolated from patients with vaccine-induced thrombotic
thrombocytopenia (VITT). The goal was to determine which anticoagulant(s)
could inhibit platelet activation and thrombosis in vitro, and provide biochemi-
cal data to inform treatment options for what is now considered one of the
most potent prothrombotic conditions ever observed.

VITT was a mysterious thrombotic disorder
that was observed during the mass rollout
of the adenoviral vector vaccine ChAdOx1
nCoV-19 (AstraZeneca) first in Europe and
then in other parts of the world 1 year into
the COVID-19 pandemic. The syndrome
seemed to affect predominantly young
healthy women, but this was more likely a
reflection of the population of health care
workers who were first in line for vaccina-
tion. Although the absolute number of
affected individuals was small, the presen-
tation was dramatic and outcomes were
devastating. In an attempt to explain the
acute onset of thrombosis and throm-
bocytopenia when it initially appeared,
clinicians tested broadly for possible

causes, including the antiphospholipid
antibody syndrome, thrombotic thrombo-
cytopenic purpura, and heparin-induced
thrombocytopenia (HIT), even though
patients had not been exposed to heparin.
Unexpectedly, all patients had very high
levels of anti-PF4 antibodies and demon-
strated positive results in platelet activation
assays with the addition of exogenous
PF4. Given the similarities with HIT, treat-
ment recommendations for VITT were rap-
idly adopted, including the use of
nonheparin anticoagulants and adjunct
intravenous immunoglobulin.2

Although this treatment strategy seemed
to work, nonheparin anticoagulants have

several disadvantages. For one, they can
be difficult to reverse, which is especially
concerning because of the high frequency
of cerebral venous sinus thrombosis and
associated intracerebral bleeding. In addi-
tion, nonheparin anticoagulants are less
accessible in low- and middle-income
countries where VITT is an ongoing con-
cern. Indeed, adenoviral vector vaccines
have many attractive features, including
room temperature storage, long shelf life,
and relatively low cost, making them an
appealing choice for vaccines for COVID-
19 and other infectious diseases in many
parts of the world. Thus, investigating the
biochemical and clinical effects of heparin
and nonheparin alternatives as potential
treatments for VITT is an important area
of research.

In a series of functional and serological
experiments, Singh and colleagues sho-
wed that heparin and danaparoid inhib-
ited thrombus formation ex vivo, inhibited
the formation of PF4/anti-PF4 immune
complexes, caused the dissociation of
preformed immune complexes, and inhib-
ited platelet activation (see figure). Fonda-
parinux did not inhibit the formation of
new immune complex or cause the dis-
ruption of preformed immune complexes,
but it modestly inhibited platelet activa-
tion. Argatroban had no effect on
immune complexes or platelet activation.
The ability of heparin to dissociate PF4/
anti-PF4 complexes follows recent molec-
ular studies showing that VITT antibodies
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The effect of unfractionated heparin, danaparoid, fondaparinux, and argatroban on PF4/anti-PF4 immune complexes from patients with VITT. Heparin and danaparoid
inhibit the formation of PF4/ anti-PF4 immune complexes (IC), cause the dissociation of pre-formed ICs, and inhibit platelet activation. Fondaparinux does not inhibit IC
formation and does not cause the dissociation of pre-formed ICs, but modestly inhibits platelet activation. Argatroban has no effect on ICs or platelet activation. Profes-
sional illustration by Patrick Lane, ScEYEnce Studios.
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bind to precisely the same amino acids
on PF4 as heparin.3 Danaparoid, a low-
molecular-weight heparinoid that consists
predominantly of dermatan sulfate and
low-sulfated heparan sulfate, presumably
also binds to positively charged PF4 and
thus can displace VITT antibodies in a
similar manner, because it has been
shown to inhibit the formation of PF4-
heparin complexes.4

These basic mechanistic data provide
important biological information about
VITT-induced thrombosis; however, the
safety of heparin as a treatment for VITT
remains uncertain. Evidence in favor of its
use include in vitro studies like the one by
Singh and colleagues showing that plate-
let activation induced by VITT sera can be
inhibited by the addition of pharmacologi-
cal concentrations of heparin,5 as
opposed to HIT where the addition of
pharmacological heparin enhances plate-
let activation in vitro. In addition, there
have been several reports of patients with
VITT who were treated with unfractio-
nated heparin without evidence of wors-
ening outcomes.6 On the other hand,
recent data have shown that some VITT
antibodies can bind to sites on PF4 that
are distinct from the heparin binding site,
as described in a report of VITT following
the Ad26.COV2.S (Johnson & Johnson/
Janssen) vaccine.7 Thus, it is possible that
heparin can enhance platelet activation in
some VITT patients, similar to HIT. Fur-
thermore, in a large clinical study of
patients with VITT (n 5 220), mortality
was higher among patients who received
unfractionated heparin compared with
nonheparin alternatives (10/50 [20%] vs
27/170 [16%]).8

Despite the rapid decline in the inci-
dence of VITT and the discontinuation of
adenoviral vector vaccines for COVID-19
in many countries, there is an ongoing
need for further clinical and basic
research in this highly prothrombotic dis-
order. Adenoviral vector vaccines will
continue to be used for COVID-19 in
many countries; thus, there is a global
responsibility to optimize their safety. In
addition, some patients with VITT con-
tinue to show serological evidence of
anti-PF4 antibodies and clinical morbid-
ities even 1 year later (“long VITT”9), and
optimizing their treatment is a priority.
Finally, understanding the mechanisms
by which anti-PF4 antibodies alone can
cause such severe thrombosis provides a
unique opportunity to advance our

understanding of the intersection
between immunity and thrombosis.10
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Defending the island
against excess heme
Lionel Blanc1,2 and Jeffrey M. Lipton1,2 | 1The Feinstein Institutes for Medical
Research; 2Cohen Children's Medical Center of New York

In this issue of Blood, Doty et al1 present evidence that excess heme gener-
ated in the Diamond Blackfan anemia (DBA) erythron has the unique ability to
affect normal erythropoiesis. This DBA extrinsic mechanism suggests to the
investigators that the level of chimerism achieved by genetic manipulations
must be considered in designing gene therapy/editing approaches.

First described in 1936 by Josephs and
well characterized in 1938 by Diamond
and Blackfan, DBA is a rare inherited
bone marrow failure syndrome and the
founding member of a novel class of dis-
orders, the ribosomopathies.2 Patients
with DBA classically present with mo-
derate to severe macrocytic anemia,
reticulocytopenia, short stature, and a
predisposition to cancer.3 Mutations in
.20 ribosomal proteins as well as some
nonribosomal proteins account for �75%
of the cases; 25% remain unexplained.
RPS19 was the first gene identified to be
mutated in DBA4 and represents �25%
of the cases.

The heterogeneity of mutations and
the variable expression and penetrance
of these mutations suggest multiple
mechanisms for the clinical manifesta-
tions of DBA. It is likely that all of the
mechanisms described thus far are
operational to a greater or lesser
extent, perhaps the consequence of
the specific haploinsufficient ribosomal
protein. They include global and spe-
cific translation defects, cell-cycle per-
turbation, p53 activation, abnormal
GATA1 expression, and the toxicity of
excess heme caused by dyssynchro-
nous globin synthesis.5 Thus, which
mechanism to address in order to
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