Allergy to heparin: A new in vitro diagnostic technique
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ABSTRACT

Introduction: Few descriptions of allergic reactions
to heparin have been published, because these re-
actions are not well known, their prevalence is low
and they are difficult to diagnose due to the lack of an
in vitro test until now. We propose a new technique,
the basophil activation test (BAT) for the diagnosis of
these reactions.

Methods and results: We performed in vivo and
in vitro studies with heparin and its derivatives in two
patients with heparin-induced acute urticaria. In both
patients the results of prick tests with sodium and
calcium heparin, enoxaparin and nadroparin with im-
mediate reading were negative. Intradermal skin
tests with immediate reading and reading at 48 and
at 96 hours with calcium heparin, enoxaparin and na-
droparin were positive in the immediate reading and
after 48 hours in the first patient. The second patient
show ed positivity to nadroparin in the immediate re-
ading. The same drugs were also tested using patch
tests, with reading after 48 and 72 hours. The se-
cond patient show ed positivity to nadroparin after
48 hours.

The BAT was positive to enoxaparin in the first pa-
tient and revealed show ed slight positivity to sodium
heparin in the second patient.

Conclusions: We consider the BAT to be a useful,
safe and reliable test for the in vitro diagnosis of he-
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parin allergy. This test avoids the use of provocation
tests, which present arisk to the patient.
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RESUMEN

Introduccién: Las reacciones alérgicas frente a he-
parina se encuentran poco descritas en la bibliografia
por su baja prevalencia, desconocimiento y dificultad
que entrana su diagnéstico, debido a la inexistencia
de pruebas in vitro hasta el momento. Proponemos
una nueva técnica, el test de activacion de basofilos
(TAB), para su diagnéstico in vitro.

Material y resultados: Realizamos estudio in vivo
e in vitro frente a heparina y derivados, en dos pa-
cientes con urticaria aguda en relacién a este farma-
co. Los resultado fueron: prueba cutanea prick con
HNF (heparina sédica y calcica) y con HBPM (enoxa-
parina y nadroparina) con lectura inmediata negativa,
2) pruebas intradérmicas con HNF (heparina calcica)
y HBPM con lectura inmediata, a las 48 h y a las
96 h, resultando positiva para el paciente 1 tanto la
lectura inmediata como alas 48 h, la paciente 2 pre-
senté positividad frente la nadroparina en lectura in-
mediata 3) pruebas epicutaneas con HNF y HBPM
con lectura alas 48 y 72 h positiva a nadroparina a
las 48 h en la paciente 2.

TAB: paciente 1 positivo para nadroparinay en la
paciente 2 débilmente positivo para heparina sédica.

Conclusiones: Consideramos el TAB como un mé-
todo util, seguro y fiable para el diagnéstico in vitro de
alergia a heparina, pudiendo evitar la realizacion de
pruebas de provocacion y con riesgo para el paciente.

Palabras clave: Alergia a heparina. Test de activacién
de basofilos. Diagndstico in vitro. CD 63. Alergia a
medicamentos.
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INTRODUCTION

Heparin is an anticoagulant drug discovered by Mc
Lean in 19167, even though it was in 1938 when it
was used for the first time?. Since then, it has been
used very frequently as prevention and treatment of
thromboembolism.

Firstly, the only existing heparin was the sodium
one, w hich required intravenous administration, and
only in the first 70s is the calcium heparin discove-
red, that allows its subcutaneous administration and
its use as prophylactic treatment.

Non fractionated heparin (NFH) is a glycosami-
noglycan of heterogeneous molecular weight (mean
15000 daltons) that is obtained and purified from the
bovine lung or the intestinal mucosa of the pig. It can
be administered by intravenous or subcutaneous via
(intramuscular via must be avoided), and it is com-
mercialised in two forms, as sodium salt (iv) or as cal-
cium heparinate (sc).

In 1980, by means of fraction techniques (enzy-
matic, chemical or physicochemical), purification and
synthesis, more homogeneous preparations are ob-
tained from low molecular weight polymers (mean
w eight 5000 daltons), denominated fractionated or
low molecular weight heparins (LMWH), that alike
the NFH potentiate the inhibitor effect of the antith-
rombine Ill. They present some advantages compa-
red to NFH, such as a greater availability, longer
semi-life, and a more efficient and safer antithrombo-
tic effect.

The following belong to that group:

— Bemiparin (Hibor®).

— Dalteparin (Boxol®, Fragmin®).

— Enoxaparin (Clexane®, Decipar®).
— Nadroparin (Fraxiparina®).

— Tinzaparin (Innohep®).

Both the non fractionated heparins and the low
molecular weight ones, although these last ones not
as frequently, produce adverse reactions amply stu-
died such as hemorrhage or osteoporosis when ad-
ministered for longer than six months, and throm-
bocytopenia.

Nevertheless, there are some adverse reactions
not as frequent, such as the allergic reactions. These
have been known since 1950 but their diagnosis is
still a challenge due to the polytreatment often follo-
wed by the patients, the scarce reliability of the in
vivo diagnostic techniques, and the lack of safe in vi-
tro tests that could support the diagnosis and avoid
risks to the patients with anaphylactic reaction.

In this work, we describe two patients whose
allergy to heparin was proven by a new in vitro diag-
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nostic technique: the basophil activation test (BAT).
The usefulness of this technique in the in vitro diag-
nosis of drug allergy and other allergens has been
previously confirmed?S.

PATIENTS AND METHODS
Case report 1

18 year old woman, with background of multiple
surgeries due to congenital anomaly of short femur.
During the last post-surgery and after eight days of tre-
atment with subcutaneous enoxaparin and metami-
zol, two hours after the last dose of subcutaneous eno-
xaparin the patient presents generalised pruritic
erythematous infiltrated plaques and palpebral angioe-
dema. She went to the Emergency Service, where she
was administered intravenous corticosteroids and an-
tihistamines, presenting a good response.

After consulting with the Orthopedic Surgery
Department, the patient was indicated to immedia-
tely stop the administration of heparin. In the anam-
nesis, no administration of any other drug in the pre-
vious six hours or any other triggering factor was
referred by the patient, who tolerated metamizol
subsequently.

Case report 2

Twenty-seven year old woman, with personal
background of seasonal allergic rhinoconjunctivitis
with sensitisation to grass pollen, under treatment
with subcutaneous enoxaparin after surgery of disk
hernia. The patient came to consultation referring, on
the seventh day under treatment with enoxaparin, it-
ching in popliteal area, buttocks and scalp. She con-
tinued treatment until six days later, when approxi-
mately 15 minutes after administration of
enoxaparin, she started with dizziness and sweating
that lasted one hour and three hours later, erythema-
tous infiltrated plaques in upper limbs, back and an-
terior part of the tights. The patient did not present
any other symptoms, and had a good evolution once
the treatment was stopped, requiring no medication.

After a recovering period going from three to four
weeks, the patients underwent the following in vivo
allergological study:

1. Skin Prick tests with NFH (sodium heparin and
calcium heparin) and with LMWH (enoxaparin and
nadroparin).

2. Intradermal tests with NFH (calcium heparin)
and LMWH (enoxaparin and nadroparin).
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Table |

Results of skin prick tests
with the different heparins tested

Sodium heparin - Calcium heparin - Enoxaparin  Nadroparin
(5700 V) (5000 U) (4000U) (2500 U)

Case 1 - - - -
Case 2 - - - -

- negative.

3. Patch tests with NFH (sodium heparin and cal-
cium heparin), and with LMWH (enoxaparin and na-
droparin).

Blood test and erythrocyte sedimentation rate
was also performed.

Concerning the in vitro allergologic study, the fo-
llowing tests were performed: Total serum IgE and
Basophil Activation Test (BAT). This test was perfor-
med following the technique previously described®*.
After in vitro allergen-specific stimulation, basophils
become activated and express CD63. This can be de-
tected by flow cytometry using monoclonal antibo-
dies, like anti-CD63-PE and anti IgE-FITC. In the first
case nadroparin was used at two dilutions (1/40 and
1/160), and in the second case calcium heparin and
enoxaparin was used at the same concentrations.

RESULTS

In the allergologic study performed, we found (ta-
bles I-1V):

1. Prick tests with sodium and calcium heparin,
enoxaparin and nadroparin, were negative in both
cases.

2. Intradermal skin tests with immediate lecture, at
48 and at 96 hours, with calcium heparin, enoxaparin
and nadroparin, were positive in the immediate lectu-
re and after 48 hours for the first patient. In the second
case, we only obtained a positivity to nadroparin in
the immediate lecture (fig. 1).

3. The same drugs were also tested by patch tests,
with lecture after 48 and 72 hours, finding only a posi-
tivity after 48 hours to nadroparin in the second patient.

4. Concerning the in vitro study, total serum IgE
was within normal values (60.9 kU/I and 29.8 kU/I
respectively).

5. Basophil Activation Test was performed with
nadroparin and enoxaparin in the first case, being po-
sitive to enoxaparin, and with sodium heparin and
enoxaparin in the second case, being positive for so-
dium heparin (fig. 2).

Table Il

Results of intradermal tests

Calcium heparin (5000 U) Enoxaparin (4000 U) Nadroparin (5700 U)
Imm 48 h 96 h Imm 48 h 96 h Imm 48 h 96 h
Case 1 8 x5 5x3* - 8 x5 5x3* - 9x4* 5x3* -
Case 2 - - - - - - 9 x4* - -
*Papule diameter in mm.
Table llI

Results of patch tests

Sodium heparin (2500 U)

Calcium heparin (5000 U)

Enoxaparin (4000 U) Nadroparin (5700 U)

48 h 72h 48 h 72h 48h 72h 48 h 72h
Case 1 - - - - - - -
Case 2 - - - - - + -
- negative; + : erythema.
Allergol et Immunopathol 2003;31(6):324-8 42
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Table IV

Results of Basophil Activation Test (Percentage of basophils activated with the different heparins tested)

Sodium heparin Calcium heparin Enoxaparin Nadroparin
Negative control Anti-IgE
1/40 1/160 1/40 1/160 1/40 1/160 1/40 1/160
Case 1 3.8% 73.02% NP NP 1.94% 1.07% 9.7% 65%
Case 2 1.1% 89.06 % 6.12% 4.4% NP 3.70% 3.80% NP NP

NP: not performed.

DISCUSSION

The first description of a case of allergy to heparin
was done by Chernoff in 19516, From that moment,
there are several works in the literature, such as the
one by Serradimigni in 19687 that describes three ca-
ses of allergy to heparin, and the one by Curry in
19738, Subsequently, more cases have been publis-
hed, generally only one case is described in each pu-
blication, because this is a very rare pathology.

In the literature, we can find hypersensitivity reac-
tions to heparin type I, Il, lll and 1V according to the
classification by Gell and Coombs?, even though the
type IV is the most frequent and documented one.

Concerning the type | orimmediate hypersensiti-
vity reactions, in 1975 Dukes described a case of
allergic conjunctivitis as reaction to non fractionated
heparin. In 1977 Savas et al® described an elderly wo-
man who developed severe bronchospasm three
hours after starting treatment with intravenous hepa-
rin.

The cases of anaphylactic shock are very rare. The
first one was described by Coon and Willis in 19661,
It is not possible to anticipate the patients who could
develop a shock, although it is postulated that pa-
tients with localised hemorrhagic necrosis due to he-
parin, could trigger anaphylactic reactions.

Regarding the type Il or cytotoxic reactions, in a
study performed by Harenberg et al'!, the associa-
tion between thrombocytopenia, thombosis and he-
parin induced antibodies (IgG) was observed in 3%
of the patients who follow ed post-surgery treatment.
They also observed that one-fourth of patients with
skin reaction triggered by heparin and with IgG anti-
bodies developed complications such as lung throm-
boembolism or skin necrosis. This is why the authors
advise that skin test to this drug should be perfor-
med to those patients whose delayed skin reaction
could be heparin-induced, and eliminate the drug in
the future if the study was positive.

As for type Ill reactions, the vasculitis have been
described'?. Lefebvre et al'® described an aged woman
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Figure 1.—Intradermal tests: positive result to Nadroparin in the
immediate lecture.

who developed skin necrosis areas after administra-
tion of subcutaneous heparin on the lipodystrophic ab-
dominal area due to insulin subcutaneous injections,
showing the biopsy a leukocytoclastic vasculitis.

The type IV or delayed reactions are the most pre-
valent and documented in the literature, being more
frequent in adult women. The reactions usually take
place 2 to 4 days after heparin administration. Among
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Figure 2.—Example of positive case in BAT. In the upper right square the activated basophils expressing CD63 in basal determination, in res-
ponse to anti IgE (positive control) and in response to 1/40 and 1/160 Nadroparin concentrations.

the skin reactions, persistent erithema, urticaria
and/or exfoliative dermatitis are included. Up to now,
the performance of intradermal or patch tests was
considered important for this group of patients in or-
der to confirm the etiological agent, since there was
no other kind of test for their in vitro diagnosis.

Several studies in the literature state that skin
tests confirm and detect cross reactivity between
NFH, LMWH and heparinoides, being the intradermal
tests the most reliable diagnostic tool'4, even though
the sensitivity and the specificity of these tests is yet
to be determined.

In some cases, provocation tests must be perfor-
med in order to reach a final diagnosis®, in spite of
being this kind of tests quite risky for the patient. On
the light of our results, we suggest using this new in
vitro diagnostic technique, the Basophil Activation
Test (BAT), in the study of possible sensitisation to
heparins. In some cases of shock, it is advisable
to perform the BAT before the skin test, in order to
avoid the risk it bears for the patient, and always be-
fore the provocation tests.
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