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Summary. Heparin-induced thrombocytopenia (HIT) is
frequently associated with antibodies (Abs) to heparin–PF4
complexes (H-PF4). In order to investigate whether there are
variations in specificity of Abs, we studied 63 samples from
patients with suspected HIT. Two groups of samples were
separated after comparing their reactivity against H-PF4 or
recombinant PF4 (r-PF4) using ELISA. In group Ab1
(n ¼ 46), Abs only or mainly bound to H-PF4 complexes
and thus most of the epitopes recognized probably involved
both heparin and PF4. In group Ab2 (n ¼ 17), Abs exhibited
similar reactivity to r-PF4 and H-PF4, and the antigens
recognized were possibly neoepitopes mainly expressed by
modified PF4 and by H-PF4 complexes. Platelet activation
tests were positive with 56 samples containing high titres of

Abs to H-PF4. Most samples (n ¼ 59) contained IgG
antibodies, often associated with IgA antibodies which
were more frequently found in group Ab2, and/or IgM.
With unfractionated heparin treatment, HIT was associated
with Ab1 or Ab2 antibodies, whereas only Ab1 antibodies
were detected after low-molecular-weight heparin (LMWH).
Furthermore, cross-reactivity with danaparoid sodium was
present only in group Ab1 and mainly involved LMWH-
treated patients.

Keywords: heparin-induced thrombocytopenia, heparin–
PF4 antibodies, heparin-dependent antibodies, danaparoid
sodium, Orgaran.

Heparin-induced thrombocytopenia (HIT) is a severe com-
plication of heparin therapy due to heparin-dependent
antibodies (Chong, 1995). These antibodies, which are
mainly of the IgG isotype, bind to platelets in the presence of
heparin, inducing cell activation and aggregation which
probably contribute to the thrombotic events observed
(Chong et al, 1981; Warkentin & Kelton, 1994, 1996).

Most heparin-dependent antibodies recognize macromo-
lecular complexes composed of heparin and platelet factor 4
(PF4) (Amiral et al, 1992). However, antibodies to heparin–
PF4 are not detected in about 15% of patients with HIT,
indicating that other antigens such as interleukin-8 (IL-8)
and neutrophil-activating peptide-2 (NAP-2) might be
involved (Amiral et al, 1996a).

Similarities between heparin-induced thrombocytopenia
and antiphospholipid syndrome have recently been empha-
sized (Arnout, 1996) since both disorders are complicated by

thrombocytopenia and thrombosis, and they are associated
with antibodies specific for negatively-charged molecules, i.e.
heparin or phospholipids (PL), combined in most cases with
a cationic protein, PF4 or b2-glycoprotein-I (b2-GPI).
However, antiphospholipid antibodies exhibit variable speci-
ficity directed in most cases against PL–b2-GPI complexes,
often with epitopes also exposed on immobilized b2-GPI.
Very few cases with antibodies which exhibit a unique
reactivity to b2-GPI have been described.

To investigate whether or not variations also exist in the
specificity of heparin-dependent antibodies, we studied
samples from 63 patients with suspected HIT containing
significant levels of antibodies to heparin–PF4 complexes.
Antibody reactivity to purified recombinant PF4 was
assessed, together with the ability to activate platelets in
vitro. In addition, in 50 selected samples, we sought cross-
reactivity between Abs and danaparoid sodium (Orgaran), a
natural heparinoid mainly composed of heparan sulphate
which exhibits lower binding properties to PF4 and platelets.
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MATERIALS AND METHODS

Patients. Sixty-three patients (24 men, 39 women, aged
43–95 years), initially treated with either unfractionated
heparin (UFH, subcutaneous or intravenous route, n ¼ 51)
or with low molecular weight heparin (LMWH; n ¼ 12)
(Fraxiparin, three; Enoxaparin, three; Fragmin, six) for
antithrombotic prophylaxis or following a thrombotic
event, were studied for suspected HIT. All had a normal
platelet count before treatment and had developed thrombo-
cytopenia, with platelets <100 × 109/l or a >40% decrease
from the initial platelet count. The mean platelet count was
48 × 109/l (7–102 × 109/l) when the diagnosis of HIT was
evoked clinically, at a mean interval of 12 d (2–25 d) after
initiation of heparin, and in 36 patients (57%) venous and/
or arterial thrombotic complications were also observed.

The likelihood of having HIT was evaluated in 58 patients,
using a previously described clinical score (Lecompte et al,
1995) with minor modifications (Table I). Patients were
divided into four different clinical groups corresponding to
’unlikely’ (n ¼ 3), ‘possible’ (n ¼ 19), ‘probable’ (n ¼ 30) and
‘definite’ HIT (n ¼ 6). Five patients were not scored because
of insufficient clinical information.

Serum and plasma samples were obtained from patients in
the 12–72 h following heparin discontinuation, and kept
frozen at ¹ 308C until assay.

ELISA for measuring antibodies to heparin–PF4 complexes
and to chemokines PF4, IL-8 and NAP-2. Heparin–PF4 ELISA
was performed using the Asserachrom HPIA kit (Diagnostica

Stago, Asnières, France) (Amiral et al, 1992). For the overall
assay measuring IgG, IgA and IgM isotypes, the test was
defined as negative if absorbance at 492 nm (A492) was <0.5
or as positive if A492 was > 0.5.

In 62 patients the isotype distribution of antibodies to
H-PF4 was analysed with monovalent anti-IgG–, anti-IgA–
and anti-IgM–peroxidase conjugates instead of the poly-
clonal anti-human IgG, A and M. A492 values >0.20 were
considered as positive (Amiral et al, 1996c).

Assays for antibody to recombinant PF4 were performed
as previously described (Amiral et al, 1996a). Briefly, purified
r-PF4 was coated onto microwells of m-maleimido-benzoyl-
N-hydroxy-sulpho-succinimide-preactivated covalink plates
without heparin and control plates were similarly prepared
without antigen. Antibody detection was performed on
plasma samples diluted at 1:100 and the reactivity range for
positive samples corresponded to A492 >0.5.

The cut-off values for assays of antibodies to H-PF4 or
r-PF4 were established as the mean values þ 3 standard
deviations of 50 control samples from normal subjects and
from patients with thrombocytopenia from causes other
than HIT.

Antibodies to IL-8 and NAP-2 were also assayed in 62
samples using a recently described ELISA procedure (Amiral
et al, 1996a).

For each patient, all ELISA values were confirmed on at
least two separate experiments.

Platelet aggregation tests. Platelet aggregation tests were
performed as described (Leroy et al, 1985). Briefly, dilutions
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Table I. Clinical criteria for estimating the likelihood of the diagnosis of heparin-induced thrombocytopenia.

Criteria

Platelets
Platelet count >120 × 109/l before heparin and <100 × 109/l during therapy (or decrease of at least 40%)

with
Thrombocytopenia resolved within 10 d following heparin discontinuation þ 2

or Platelet count recovered while receiving another heparin 0
or Platelet count recovered while receiving the same kind of heparin ¹ 1
or Thrombocytopenia did not resolve following heparin discontinuation ¹ 2

Thrombosis
Suggestive arterial thrombosis without predisposing factor þ 4
Arterial thrombosis with possible predisposing factor þ 2
Venous thrombosis under high doses of heparin þ 2
Any other thrombosis þ 1

Rechallenge
Recurrence of thrombocytopenia after re-exposure þ 6
No recurrence of thrombocytopenia after re-exposure ¹ 1

Other causes of thrombocytopenia
Excluded þ 2
Another drug possibly responsible 0
Another cause apart from drug (e.g. sepsis) is likely ¹ 2

Clinical groups
Definite > 6
Probable 3–5
Possible 1 or 2
Unlikely < 0
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of unfractionated porcine heparin (Léo, Saint Quentin en
Yvelines, France) (25 ml) were added to a mixture of donor
platelet-rich plasma (PRP) (135 ml adjusted to 300 × 109

platelets/l) and patient platelet-poor plasma (90 ml) to test at
least two final concentrations between 0.1 and 1.2 IU/ml.
Aggregation was continuously monitored for at least
15 min, and an increase in light transmission of at least
20% with a sharp slope was considered to be a positive result.
Collagen (Diagnostica Stago, Asnières, France) (20 mg/ml)
was used as a positive control and saline as a negative
control. At least five different random donors were tested for
each patient plasma, except when a positive HIT sample was
used to select good responders among donors.

14C-Serotonin release assays. Serotonin release assays were
performed as previously described (Sheridan et al, 1986)
with minor modifications. Briefly, platelets from healthy
donors were labelled with 5-hydroxy-14C-tryptamine crea-
tinine sulphate (Dupond de Nemour, Boston, U.S.A.) for
45 min at 378C (1.85 MBq per ml of PRP). After washing,
75 ml of labelled platelets resuspended at 300 × 109/l in
tyrode buffer with calcium 3 mM were incubated for 1 h at
room temperature with 20 ml of test sample and 5 ml of
unfractionated heparin at 0, 0.1, 1 and 10 or 100 IU/ml
(final concentrations). The release reaction was terminated
with PBS-EDTA (0.1 M) and the platelets were centrifuged.
The radioactivity in the supernatants was then counted and
the percentage of release calculated. A test result was
defined as positive if release >20% was measured at 0.1 or
1 IU/ml of heparin with complete inhibition at 10 or
100 IU/ml. The test was considered as negative if the release
was <20% or not inhibited in the presence of 100 IU/ml of
heparin.

Reactivity of heparin-dependent antibodies with danaparoid
sodium. In 50 selected cases with positive platelet activation
tests in the presence of unfractionated heparin, danaparoid
sodium (Nourypharma, Oss, Holland) was also tested at
concentrations of 0.1, 1 and 10 anti-Xa U/ml either in
serotonin release assay (n¼49) or in one additional case with
platelet aggregation tests. Cross-reactivity was considered to
be present only when a positive result was obtained at 0.1
and/or 1 antiXa U/ml and complete inhibition with 10 anti-
Xa U/ml.

Statistical analyses. Student’s t-test was used to determine
statistical significance between the different data sets which
were expressed as mean 6 one standard deviation.

Fisher’s exact test was used to determine differences
between groups. A statistically significant difference was
assumed when P<0.05.

RESULTS

ELISA for antibodies to heparin–PF4 complexes or to chemokines
(PF4, IL-8 and NAP-2)
Samples from all patients contained significant levels of
antibodies specific for heparin–PF4 complexes with absor-
bances varying between 0.50 and 3.54 (mean 2.09 6 0.98)
(Fig 1). Significant binding of IgG/A/M to recombinant PF4
(r-PF4) without heparin was demonstrated in 39 cases

(62%), with A492 values ranging from 0.5 to 3.18 (mean
1.46 6 0.95). Furthermore, two different groups of samples
were individualized by comparing the reactivity of antibodies
against r-PF4 alone and against heparin–PF4 complexes.
Group Ab1 (n ¼ 46) included antibodies which exhibited
preferential reactivity to heparin–PF4 complexes and the
ratio ‘A492 with heparin–PF4/A492 with r-PF4’ was always
>1.3 (range 1.36–34). In the second group (Ab2, n ¼ 17),
the binding of antibodies to r-PF4 alone and to heparin–PF4
complexes was similar and the ratio ‘A492 with heparin–
PF4/A492 with r-PF4’ was close to 1.0 (0.87–1.29). In both
groups the mean level of antibodies to H-PF4 complexes was
not statistically different, although it was slightly higher in
group Ab2 (2.45 6 1.04 versus 1.98 6 0.96 in Ab1,
P ¼ 0.097).

Significant levels of antibodies to IL-8 (A492 >0.5) were
present in five patients previously treated with UFH (Table
II), one with Ab1 antibodies (patient 4) and four in group
Ab2. In two cases antibodies to r-PF4 were either
undetectable (patient 4) or at a very low level (patient 1).
In particular, patient 1 developed antibodies specific almost
exclusively to IL-8, with positive platelet aggregation tests
and a negative serotonin release assay. Low levels of
antibodies to NAP-2 (A492 ¼ 0.55) were detected in another
patient who was ‘unlikely’ to have HIT according to his
clinical history and who had low titres of Abs to H-PF4
(A492 ¼ 0.63).

Fig 1. Binding of heparin-dependent antibodies to heparin–PF4
complexes (vertical axis) and to r-PF4 (horizontal axis). The dashed
lines represent the cut-off values (A492 ¼ 0.5) which separate
positive and negative samples in both assays. Two different groups
were identified. Ab1 (W) ¼ samples with ‘A492 with H-PF4/A492 with
r-PF4’ ratio >1.3. For samples designated Ab2 (X), the ‘A492 with
H-PF4/A492 with r-PF4’ ratio was between 0.8 and 1.3.



Specificity and isotype of heparin-dependent antibodies and platelet
activation tests
At least one platelet activation test, i.e. 14C-serotonin release
assay (SRA) or platelet aggregation test (PAT), was positive for
56/63 samples tested in the presence of unfractionated

heparin (Table III). The SRA and PAT were negative in six
patients with Ab1 antibodies (13%) as compared to only one
in group Ab2 (5.8%), but the difference was not significant
(P ¼ 0.66). On the other hand, the mean level of antibodies to
H-PF4 in samples which failed to activate platelets
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Table II. Clinical features of patients with antibodies to IL-8.

Days to A 492
nadir

Patient platelet count Clinical status
(sex, age) Therapy (109/l) Thrombosis before heparin PAT SRA H-PF4 r-PF4 IL-8

1 (F, 68) UFH 16–70 No Malignancy þ ¹ 0.6 0.54 2.04
2 (F, 77) UFH 9–31 DVT/PE Pulmonary and þ þ 1.72 1.74 0.72

pleural infection
3 (F, 49) UFH 15–68 DVT/PE No þ þ 3.26 3.01 0.83
4 (M, 75) UFH 8–38 DVT Severe arthritis þ þ 1.25 0.33 1
5 (F, 64) UFH 12–23 No No þ þ 3.54 3.2 0.56

UFH ¼ Unfractionated heparin. DVT ¼ Deep vein thrombosis. PE ¼ Pulmonary embolism. Levels of antibodies to H-PF4, r-PF4 and IL-8 are
expressed in A492 (cut-off values ¼ 0.5).

Fig 2. Platelet aggregation tests (PAT),
serotonin release assays (SRA) according to
isotype distribution, levels and specificity of
heparin-dependent antibodies in the different
clinical groups of patients with suspected HIT.
Circles represent IgG, triangles represent IgA
and squares represent IgM. Empty symbols
correspond to Ab1 heparin-dependent
antibodies and filled symbols to Ab2
antibodies. The size of symbols for each isotype
indicate the approximate level of antibodies to
H-PF4: W, K, A ¼ A492 between 0.2 and 0.5; W,
K, A ¼ A492 between 0.5 and 1; W, K, A ¼

A492 > 1. Values in parentheses are the mean
absorbances (6 1 SD) in the overall H-PF4
ELISA.
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(0.82 6 0.24, n ¼ 7) was significantly lower than those
measured in positive sera with both SRA and PAT
(2.5 6 0.84, n ¼ 43, P ¼ 0.0001). In addition, diagnosis of
HIT was unlikely according to the clinical evaluation in three
of the seven patients with negative PAT and SRA (Fig 2). In 62
cases the specific assay of isotypes showed that most patients
(n ¼ 59) had IgG antibodies to H-PF4, associated with IgA
and/or IgM isotypes in 32 samples (Fig 2). Furthermore, in 38
patients high amounts of IgG were measured with absor-
bances >1.0, and all had positive platelet activation tests.
Only three patients developed antibodies with isotypes
different from IgG, two with low levels of IgM and one with
only IgA antibodies. IgA antibodies to H-PF4 were more
frequently found in patients with Ab2 antibodies (P ¼ 0.02)
and their plasma levels were significantly higher than in
group Ab1 (P ¼ 0.001, Table IV). In particular, all patients
who developed high levels of IgA antibodies (A492 >1, n ¼ 7)
were in group Ab2 (Fig 3). IgM antibodies to H-PF4 were also
more frequently detected in group Ab2 (P ¼ 0.005) but the
mean plasma levels were not significantly different to those of
Ab1 samples (P ¼ 0.172).

Specificity of heparin-dependent antibodies and cross-reactivity
with danaparoid sodium
Fifty samples (37 with Ab1 and 13 with Ab2 antibodies)
were tested to determine any cross-reactivity with danapar-
oid sodium. Five samples (Fig 4, filled symbols) contained
antibodies that induced platelet activation with danaparoid.
All were Ab1 antibodies, and no cross-reactivity with
danaparoid was found with antibodies in group Ab2.
Furthermore, heparin-dependent antibodies developed after
treatment with LMWH more frequently exhibited cross-
reactivity with danaparoid (n ¼ 4/11) compared to those
detected under UFH (1/39) and the difference was highly
significant (P ¼ 0.0063).

Table IV. Isotype distribution of Ab1 and Ab2 antibodies.

Ab1 Ab2
(n ¼ 46) (n ¼ 16)

(one not tested)

IgG 44 (1.72 6 1.02) P ¼ 0.493 15 (1.94 6 1.14)
IgA 16 (0.41 6 0.1) P ¼ 0.001 11 (1.39 6 1.06)
IgM 10 (0.39 6 0.24) P ¼ 0.172 10 (0.64 6 0.48)

The mean values (6 1 SD) of all significant absorbances (> 0.2)
measured in groups Ab1 and Ab2 for IgG, IgA and IgM isotypes are
indicated in parentheses.

Fig 3. Specific assay for IgM, IgA and IgG antibodies to H-PF4
complexes in Ab1 (W) and Ab2 (X) patients. The left column shows
results for the overall assay of IgG/A/M.

Fig 4. Cross-reactivity of Ab1 and Ab2 heparin-dependent anti-
bodies with danaparoid sodium. Circles represent antibodies
developed following treatment with unfractionated heparin, and
triangles antibodies detected in patients treated with low-molecular-
weight heparin. Empty symbols correspond to antibodies which did
not react with danaparoid sodium and filled symbols to samples with
a positive cross-reactivity with danaparoid sodium.

Table III. Platelet aggregation test (PAT) and
serotonin release assay (SRA) in patients with
Ab1 and Ab2 antibodies.

Ab1 Ab2
(n ¼ 46) (n ¼ 17)

PAT (þ) 35 16
SRA (þ) 36 13
SRA and/or PAT (þ) 40 16



DISCUSSION

The frequent occurrence of antibodies (Abs) specific to H-
PF4 complexes in type II HIT has been clearly demonstrated
(Amiral et al, 1992; Greinacher et al, 1994a, b; Kelton et al,
1994; Visentin et al, 1994) and their responsibility in the
development of both thrombocytopenia and thrombosis is
likely (Visentin et al, 1994). The antigens which bind most
HIT Abs are expressed by H-PF4 macromolecular complexes
(Amiral et al, 1995) formed in the presence of critical
amounts of heparin and PF4 tetramers, but the precise
epitopes which are recognized within these complexes have
not yet been completely defined.

In this study we compared the reactivity of heparin-
dependent antibodies developed in 63 patients against either
heparin–PF4 complexes or purified recombinant PF4 (r-PF4)
without heparin. The comparison distinguished at least two
different categories of antibodies with different specificities.

The first group (Ab1) included antibodies that recognized
epitopes which necessitated the presence of heparin mole-
cules since the binding of Ab1 immunoglobulins (Ig) was
only obtained or was significantly higher with heparin–PF4
complexes. Indeed, with r-PF4 alone either no binding of
Ab1 Ig could be obtained (24 cases) or the reactivity was
lower (22 cases). In the first situation (i.e. when Ab1 did not
bind to r-PF4) recognition targets for antibodies were
possibly combined epitopes, exposed only when heparin
was bound to PF4, since it has been shown that heparin
alone or bound to heparin-binding proteins other than PF4
is not a target for HIT antibodies (Amiral et al, 1992; Kelton
et al, 1994). In the 22 other cases, either the antibodies to
multimolecular H-PF4 complexes also partially cross-reacted
with PF4 alone, or different antibodies with variable
specificities were present in the plasma of patients with a
polyclonal immune response.

In the 17 samples of the Ab2 group, the binding of
antibodies to r-PF4 and H-PF4 by the ELISA was similar.
Thus, the epitopes recognized in this situation appeared to be
only dependent on PF4, and might be expressed in vivo after
the interaction of the chemokine with heparin. In vitro the
coating procedure of PF4 might also induce the expression of
neoepitopes, allowing the direct binding of Ab2 on the
chemokine alone when attached to the plastic surface. These
hypotheses resemble those previously described in antiphos-
pholipid syndrome, for which it was shown that in certain
conditions some anticardiolipin antibodies bound directly to
b2-GPI immobilized in the absence of phospholipid in
microtitre plates (Roubey et al, 1995). Indeed, similar
autoimmune processes might exist in HIT and in antiphos-
pholipid syndrome, explaining the presence of anticardiolipid
antibodies simultaneously with heparin-dependent antibo-
dies in some patients affected with one of these disorders
(Gruel et al, 1992; Lasne et al, 1997).

The majority of patients with HIT (73% in our study)
develop antibodies with specificities involving both heparin
and platelet factor 4. HIT antibodies only bind to PF4 when a
tetrameric conformation is achieved (Amiral et al, 1995) and
the role of heparin is critical in this process. This was recently
supported by Horsewood et al (1996) who showed that most

of the antibodies bound to non-contiguous conformational
epitopes only expressed on PF4 molecules in the presence of
glycosaminoglycans.

Apart from antibodies which in vitro bind to epitopes
expressed exclusively by PF4 (27% of our samples),
antibodies to IL-8 were also detected in five patients,
including four cases of the Ab2 group. Several patients
with antibodies to IL-8 have previously been described, but
they also lacked Abs to H-PF4 complexes (Amiral et al,
1996a). In our series, case 1 was almost identical but, in
contrast, high levels of anti-H-PF4 and anti-r-PF4 antibodies
were measured in three other patients (patients 2, 3 and 5.
Table II), and the reactivity against IL-8 might thus have
been due to the 40% aminoacid homology existing between
PF4 and IL-8. In patients 1 and 4 the clinical status
(malignancy or severe arthritis) possibly contributed to the
formation of antibodies to IL-8 (Bendtzen et al, 1995) before
initiation of heparin therapy. These conditions might further
contribute to the development of Abs to heparin–chemokine
complexes and thrombocytopenia, but the precise relation-
ships between these antibodies and HIT remain to be defined.

We did not find any difference between Ab1 and Ab2 with
regard to PAT and SRA results, and the ability of HIT
antibodies to activate platelets appeared mainly dependent
on their isotype and plasma levels. High levels of IgG were
strongly associated with positive platelet activation tests and
this supports the role of platelet FcgRIIA receptors for cell
activation, thrombocytopenia, and possibly thrombosis
(Kelton et al, 1994; Visentin et al, 1994). Although the
most frequently observed HIT antibodies are IgG, other
isotypes (i.e. IgA or IgM) are frequently associated in type II
HIT and present alone in few cases (three in our study).
However, the pathogenicity of IgM and/or IgA HIT antibodies
remains poorly defined, with the possible involvement of
monocytes and neutrophils which express FcaR receptors for
IgA immune complexes and lymphocytes that expose FcmR
receptors.

We also studied the cross-reactivity of 50 HIT antibodies
with danaparoid sodium, which is considered to be a safe
alternative antithrombotic treatment in HIT (Magnani,
1993). In agreement with previous in vitro studies
(Greinacher et al, 1992; Vun et al, 1996), we found an
overall cross-reactivity rate of 10% (5/50) which was
confirmed in ELISA with a significant increase in A492

varying between 0.3 and 0.9 units when danaparoid sodium
was coated with PF4 in the wells (data not shown).
Interestingly, all antibodies which cross-reacted with dana-
paroid exhibited Ab1 specificity, with epitopes involving both
heparin and PF4. In addition, platelet activation was also
obtained in the presence of danaparoid sodium with four of
the 11 Ab1 antibodies developed after LMWH therapy. Thus,
the cross-reactivity rate with danaparoid sodium of anti-
bodies developed under LMWH was significantly higher
(36%) compared to those in cases treated by UFH (2.5%).
Danaparoid sodium consists mainly of heparan sulphate,
and this compound probably supports the observed cross-
reactivity (Kelton et al, 1994). As danaparoid sodium, LMW
heparins exhibit a lower charge density than UFH, with a
sharp decrease in binding properties to plasma proteins such
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as PF4 or to platelets. On the other hand, LMW heparins can
induce the generation of antibodies to H-PF4 complexes and
possibly thrombocytopenia and thrombosis (Amiral et al,
1996b; Elalamy et al, 1996; Peters et al, 1996). In our
patients with ‘possible’, ‘probable’ or ‘definite’ HIT the
specificity of Abs induced by LMWH’s was never related to
epitopes only expressed by PF4 (Ab2), but always involved
both the chemokine and the polysaccharide (Table V). Unlike
UFH, LMW heparins are thus apparently unable to induce
the formation of Ab2 antibodies, and this could result from
their weaker ability to bind to PF4 and subsequently to
modify its structure.

In conclusion, the specificity of antibodies induced by
heparin may vary from one patient to another, according to
the heparin treatment received. Moreover, antibodies devel-
oped after LMWH treatment exhibit specifities which
preferentially involve both PF4 and heparin and are
associated with higher in vitro cross-reactivity with
danaparoid sodium.
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