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A major development during the fight against the global
pandemic caused by SARS-CoV-2 (severe acute respiratory
syndrome coronavirus 2) has been the extraordinarily rapid
emergence of effective vaccines that elicit an immune re-
sponse against the “spike” protein of this novel coronavi-
rus.1,2 Indeed, vaccines have been central to management of
this pandemic.3 Remarkably, a small proportion of otherwise
(mostly) healthy vaccine recipients develop a prothrombotic
thrombocytopenic syndrome—vaccine-induced immune
thrombotic thrombocytopenia (VITT)—that strongly mimics
immune heparin-induced thrombocytopenia (HIT) on clini-
cal, laboratory, and serological grounds.4–7

As shown in amulti-laboratory study headed by Professor
Ulrich Sachs, and reported in this issue of Thrombosis and
Haemostasis,8 while there are many serological similarities
between VITT and HIT antibodies, they are not identical. In
essence, VITT and HIT antibodies (particularly, “autoim-
mune” HIT antibodies9) are fraternal, not identical, twins
that despite sharing the key unifying property of anti-plate-
let factor 4 (PF4) reactivity nonetheless bind to different
regions on this target protein.

What insightsgained from50yearsof research intoHIT canbe
appliedto5monthsofexperienceevaluatingVITT?►Table 1 lists
three fundamental tenets of HIT serology.10–15

Many clinicians do not recognize how special these first
two fundamental tenets of HIT serology are. After all, other

platelet immunology disorders—(auto)immune thrombocy-
topenia (ITP), drug-induced ITP, neonatal alloimmune
thrombocytopenia—often do not have readily detectable
antibodies in patient serum/plasma (indeed, poor sensitivity
of platelet antibody assays in ITP makes this disorder a
diagnosis of exclusion). In contrast, HIT is defined as a
“clinical–pathological” disorder because thekey pathological
criterion—detectability of serum/plasma HIT antibodies—is
fundamental to diagnosis.16 The fact that patient
serum/plasma contains detectable HIT antibodies is proba-
bly crucial to explaining HIT pathogenesis, namely that
free plasma antibodies are required to assemble over time
the in situ multimolecular complexes (multivalent PF4/
polyanion/immunoglobulin G [IgG]) on platelet surfaces re-
quired to engage the platelet FcγIIa receptors, and thus to
trigger the platelet activation response that underlies HIT.10

A striking feature of VITT is its triggering by one of two
adenoviral vector vaccines (ChAdOx1 CoV-19 [AstraZeneca]
and Ad26.COV2.S [Johnson & Johnson/Janssen]),4–7,17 nei-
ther of which contains heparin. In as many as 1 or 2
individuals among 100,000 so vaccinated,18 approximately
1 week later there can emerge this disorder characterized by
one or more unusual and oftentimes severe thrombotic
events with marked thrombocytopenia, hypercoagulability
(elevated D-dimers, reduced fibrinogen), and—bizarrely—
positive testing in standard PF4-dependent enzyme-linked
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immunosorbent assays (ELISAs) and in functional (platelet
activation) assays.4,5,8 Thus, VITT strongly resembles HIT—
particularly the severe variant known as “autoimmune HIT”
(where antibodies strongly activate platelets even in the
absence of heparin).9 Indeed, it was this close clinical re-
semblance to HIT that led to the speedy identification of

pathogenic anti-PF4 antibodies playing a fundamental path-
ogenic role in VITT. However, as Sachs et al have shown, VITT
antibodies do not precisely mimic HIT antibodies in their
reactivity profile.

To perform their studies, Sachs and colleagues identified
sera from12patientswithclinicalVITTwhere two laboratories

Table 1 Fundamental tenets of HIT serology

Law #1 Patient serum/plasma always contain antibodies that recognize PF4 in standard solid-phase PF4/polyanion
immunoassays, i.e., ELISAs (sensitivity >99%a).

Law #2 Pathogenic anti-PF4 antibodies that cause HIT have platelet-activating properties (i.e., are detectable in
platelet activation assays); PF4 supplementation may be required for optimal sensitivity (overall sensitivity >99%).

Law #3 Rapid PF4-dependent immunoassays have high sensitivity (at least 85–90%) but generally not >99% sensitivity
as seen with ELISAs.

Abbreviations: ELISA, enzyme-linked immunosorbent assay; PF4, platelet factor 4; HIT, heparin-induced thrombocytopenia.
aAlthough occasional HIT sera will test negative in a particular ELISA, they will generally test positive in another PF4-dependent ELISA.

Fig. 1 Serological similarities and differences between HIT and VITT antibodies. The concept is that whereas (PF4-supplemented) washed
platelet activation assays and PF4-dependent ELISAs show high sensitivity for both HIT and VITT antibodies, markedly different reaction profiles
are seen with rapid HIT assays. PIPA here refers to the classic HIPA test performed with supplemental PF4. CLIA, chemiluminescence
immunoassay; ELISA, enzyme-linked immunosorbent assay; HIPA, heparin-induced platelet activation assay; HIT, heparin-induced thrombo-
cytopenia; LFA, lateral flow assay; LIA, latex-enhanced immunoassay (latex immunoturbidimetric assay); PaGIA, particle gel immunoassay; PF4,
platelet factor 4; PF4-SRA, PF4-dependent serotonin-release assay; PIPA, PF4-induced platelet activation assay; SRA, serotonin-release assay;
VITT, vaccine-induced immune thrombotic thrombocytopenia.
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independently demonstrated PF4-dependent platelet-activat-
ing properties in patient serum. Thus, they had high confi-
dence that these sera did indeed contain VITT antibodies. They
then had four independent laboratories perform various
immunoassays—two commercial ELISAs as well as three dif-
ferent rapid assays—to determine their reactivity profiles. The
three rapid assays were the particle gel immunoassay (PaGIA;
Bio-Rad, Hercules, California, United States), the lateral flow
assay (LFA;Milenia Biotec; Giessen, Germany), and the chemi-
luminescence immunoassay (CLIA; Instrumentation Labora-
tory, Bedford, Massachusetts, United States). These three
immunoassays are all known to have high sensitivity for
detecting pathologic HIT antibodies (at least 90%).12–14,19,20

What did they find? Both commercial ELISAs showed high
sensitivity for VITT antibodies: the IgG-specific PF4/polyvi-
nylsulfonate ELISA (Immucor, Waukesha, United States) test-
ed positive with all 12 sera, with generally strong-positive
results (mean optical density: 2.7 units [reference range:
<0.40]). A second IgG-specific ELISA (Zymutest HIA, Hyphen
Biomed, Neuville-sur-Oise, France), which uses heparin to
bind proteins (including PF4) contained within platelet ly-
sate, thereby forming PF4/heparin (and, theoretically, other
heparin-dependent antigens), yielded positive results in
11/12 sera tested. (A third ELISA, the IgG-specific PF4/hepa-
rin ELISA from Stago—not reported in their paper, but
subsequently studied, with data presented on July 17,
2021 at the Scientific and Standardization Committee meet-
ing of the International Society on Thrombosis and Haemo-
stasis—also was positive in 10/11 patient sera tested.) Thus,
as is known to be the case with HIT, VITT antibodies are
detected with high sensitivity in solid-phase ELISAs that
utilize standard plastic wells.

In contrast, all three rapid assays evaluated showed poor
sensitivity for detecting VITT antibodies. The PaGIA yielded
positive results in only 3/12 (25%) samples tested, the LFA in
only 1/12 (8%) samples studied, andmost strikingly, the CLIA
was positive in none (0%) of 10 samples tested. Given their
aforementioned high sensitivity in HIT, this insensitivity of
the rapid HIT assays for VITT antibody detection is striking.
Indeed, Sachs and colleagues even proposed that an ELISA-
positive/CLIA-negative reaction profile, in the appropriate
clinical context, could be viewed as laboratory “confirma-
tion” of VITT! Although the authors did not evaluate a fourth
rapid assay, the latex immunoturbidimetric assay, others
have noted its lack of sensitivity too for detecting VITT
antibodies.5,17,21,22

Thus, while HIT and VITT share remarkably similar clini-
cal, laboratory, and serological features, they are not identi-
cal (►Fig. 1). HIT and VITT can be conceptualized as fraternal,
not identical, twins; they belong to the same family of
platelet-activating anti-PF4 immune responses, but with
different target antigen regions on PF4. Indeed, a recent
study23 of PF4 epitope mapping has identified a distinct
region recognized by VITT antibodies that corresponds to the
heparin-binding site on PF4; in contrast, HIT antibodies
recognize separate and distinct sites on PF4, although tell-
ingly autoimmune HITserawith heparin-independent plate-
let-activating properties also recognize the VITT epitope site.

Presumably, rapid assays for HIT are designed to detect
antibodies that recognize heparin-dependent epitopes on
PF4, and so they fail to detect VITT antibodies directed at a
highly localized epitope on PF4 which supports heparin-
independent platelet activation by these highly pathogenic
antibodies.
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