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Established Facts

o Enzyme replacement therapy (ERT) is important in reducing the morbidity and mortality rates of ly-
sosomal storage disorders.

o Reactions can be experienced during ERT caused by either IgE-mediated or non-immunologic mech-
anisms.

o When slowing the rate of infusion and/or premedication fail to prevent reactions, desensitisation is
indicated.

Novel Insights

o Intheliterature, there are only a few reports on patients who experienced hypersensitivity reactions to
different ERTs, underwent enzyme desensitisation and were able to continue with treatment.
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and VI, who had IgE-mediated hypersensitivity reactions and
positive skin tests. Successful desensitisation protocols with
the culprit enzyme solution were used for these patients. All
3 patients were able to safely receive ERT with the desensiti-
sation protocol. ©2016 S. Karger AG, Basel

Introduction

Congenital metabolic disorders result from the ab-
sence or abnormality of an enzyme or its cofactor, leading
to either the accumulation or deficiency of a specific me-
tabolite [1]. Lysosomal storage disorders are caused by
defective lysosomal metabolism, which leads to the accu-
mulation of various glycosaminoglycans, glycoproteins
or glycolipids in the lysosomes of various tissues [2]. En-
zyme replacement therapy (ERT) is vital for the treatment
of lysosomal storage disorders, including Pompe disease,
mucopolysaccharidosis type I (MPS I) and MPS V1. It is
generally safe and well-tolerated, but hypersensitivity re-
actions (rash, urticaria, angioedema, bronchoconstric-
tion, rhinitis and anaphylaxis) in response to ERT have
been reported. However, these reactions are usually mild
or moderate [3-5].

In the absence of alternatives, such patients require
long-term ERT, even if they exhibit hypersensitivity reac-
tions. Therefore, desensitisation with the culprit recom-
binant enzyme may be essential. Here, we report the cas-
es of 3 patients with lysosomal storage disorders who ex-
perienced IgE-mediated hypersensitivity reactions in
response to ERT and had positive skin tests with a culprit
enzyme (alglucosidase alfa, arylsulfatase B and laroni-
dase) solution. Each patient received the culprit enzyme
according to different successful desensitisation proto-
cols designed for each enzyme.

Case Report

Case 1

A 17-month-old girl was diagnosed with Pompe disease during
the neonatal period; her brother had previously died from Pompe
disease. She had been receiving alglucosidase alfa (Myozyme®)
ERT (20 mg/kg) every 2 weeks since birth. When she was 4 months
old, at the eighth dose of ERT, she experienced urticaria on her face
and trunk, without systemic symptoms, 60 min after starting the
procedure. The infusion was stopped, and the patient was treated
with 0.5 mg/kg of hydroxyzine. The symptoms improved 1 h later
and the infusion was restarted. After 10 min, she experienced gen-
eralised urticaria again, and so the infusion was discontinued. Two
weeks after the reaction, the patient was intravenously premedi-

Hypersensitivity and Desensitisation with
Recombinant Enzymes

Table 1. Protocol for intravenous desensitisation with alglucosi-
dase alfa

Step Solution, =~ Amount, Rate, Time, Dose, = Cumulative
pg/ml ml ml/h min pg dose, pg
1 0.1(A) 5 15 20 0.5 0.5
2 0.1(A) 15 45 20 1.5 2
3 1B) 5 15 20 5 7
4 1(B) 15 45 20 15 22
5 10(C) 5 15 20 50 72
6 10 (C) 15 45 20 150 222
7 100 (D) 5 10 30 500 722
8 100 (D) 15 30 30 1,500 2,222
9 100 (D) 30 60 30 3,000 5,222
10 1,000 (E) 5 10 30 5,000 10,222
11 1,000 (E) 10 20 30 10,000 20,222
12 1,000 (E) 20 40 30 20,000 40,222
13 1,000 (E) 40 80 30 40,000 80,222
14 1,000 (E) 70 140 30 70,000 150,000

Target dose: 150 mg of alglucosidase alfa. Total time: 360 min.
Solution E (1,000 pg/ml): 150 mg of alglucosidase alfa in 150 ml of
normal saline solution (SS). Solution D (100 pug/ml): 50 ml of SS
followed by 5.5 ml of solution E. Solution C (10 pg/ml): 27 ml of
SS followed by 3 ml of solution D. Solution B (1 pug/ml): 27 ml of
SS followed by 3 ml of solution C. Solution A (0.1 pg/ml): 27 ml of
SS followed by 3 ml of solution B.

cated with 1 mg/kg of diphenhydramine and methylprednisolone
1 h before the ERT infusion and the infusion rate was decreased.
However, she experienced generalised urticaria again. The infu-
sion was interrupted. When she was referred to our clinic, skin
tests were performed with alglucosidase alfa [6]. A skin prick test
with an undiluted enzyme and an intradermal test with a 1:1,000
dilution were negative. However, an intradermal test with a 1:100
dilution was positive with a 3 x 3 mm wheal and flare compared to
the control. A 14-step alglucosidase alfa desensitisation protocol
using 5 solutions with concentrations starting from 1/10,000 was
used, resembling a protocol previously reported in the literature
[6] (table 1). Since then, she has been receiving ERT with desensi-
tisation every 2 weeks without any reaction.

Case 2

A 5-year-old boy with MPS VI had been receiving recombinant
human arylsulfatase B (Naglazyme®) weekly since he was diag-
nosed at the age of 1 year. While receiving ERT at the age of 4 years,
he experienced generalised urticaria without systemic symptoms,
30 min after starting the procedure. The infusion was stopped, and
the patient was treated with 0.5 mg/kg of hydroxyzine. The follow-
ing week, he was intravenously premedicated with diphenhydr-
amine (1 mg/kg) and methylprednisolone 1 h before ERT and the
infusion rate was decreased. However, he experienced generalised
urticaria again 60 min after starting the procedure. The infusion
was interrupted, and he was referred to our clinic. Skin prick tests
with both undiluted and a 1:10 dilution of arylsulfatase B and an
intradermal test with a 1:100 dilution were negative. However, an
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Table 2. Protocol for intravenous desensitisation with arylsulfatase B

Step Solution, Amount, Rate, Time, Dose, = Cumulative
pg/ml ml ml/h min pg dose, ug
1 7.5 (A) 0.5 2 15 3.77 3.7
2 75(A) 1 4 15 7.5 11.2
3 75(A) 2 8 15 15 26.2
4 7.5 (A) 4 16 15 30 56.2
5 75(A) 8 32 15 60 116.2
6 75(A) 16 64 15 120 236.2
7 150 (B) 1.5 6 15 225 461.2
8 150 (B) 3 12 15 450 911.2
9 150 (B) 6 24 15 900 1,811.2
10 150 (B) 12.5 50 15 1,875 3,686.2
11 150 (B) 25 100 15 3,750 7,436.2
12 150 (B) 50 200 15 7,500 14,936.2

Target dose: 15 mg of arylsulfatase B. Total time: 180 min. So-
lution B (150 pg/ml): 15 mg (15 ml) of arylsulfatase B in 85 ml of
normal saline solution (SS). Solution A (7.5 pug/ml): 38 ml of SS
followed by 2 ml of solution B.

Table 3. Protocol for intravenous desensitisation with laronidase

Step Solution, Amount, Rate, Time, Dose, = Cumulative
pg/ml ml ml/h min pg dose, pg
1 0.02 (A) 0.6 2.5 15 0.012 0.012
2 0.02 (A) 1.2 5 15 0.024 0.036
3 0.02 (A) 2.5 10 15 0.05 0.086
4 0.02 (A) 5 20 15 0.1 0.186
5 0.2 (B) 0.6 2.5 15 0.12 0.306
6 0.2 (B) 1.2 5 15 0.24 0.546
7 0.2 (B) 2.5 10 15 0.5 1.046
8 0.2 (B) 5 20 15 1 2.046
9 2(C) 1.2 5 15 2.4 4.446
10 2(C) 2.5 10 15 5 9.446
11 2(C) 5 20 15 10 19.446
12 2(C) 10 40 15 20 39.446
13 20(D) 2.5 10 15 50 89.446
14 20(D) 5 20 15 100 189.446
15 20(D) 10 40 15 200 389.446
16 20(D) 270 80 200 5,400 5,789.446

Target dose: 5.8 mg of laronidase. Total time: 425 min. Solution
D (20 pg/ml): 5.8 mg (10 ml) of laronidase in 280 ml of normal
saline solution (SS). Solution C (2 pg/ml): 22.5 ml of SS followed
by 2.5 ml of solution D. Solution B (0.2 pg/ml): 22.5 ml of SS fol-
lowed by 2.5 ml of solution C. Solution A (0.02 pg/ml): 22.5 ml of
SS followed by 2.5 ml of solution B.

intradermal test with a 1:10 dilution was positive with a 4 x 4 mm
wheal and a 10 x 10 mm flare reaction compared to the negative
control. A 12-step arylsulfatase B desensitisation protocol was per-
formed, resembling a protocol previously reported by Begin et al.
(table 2) [5]. While he was receiving the third dose of desensitisa-
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tion, he experienced urticaria again. The infusion was interrupted.
Before desensitisation, the patient was premedicated with hy-
droxyzine (0.5 mg/kg) and methylprednisolone (1 mg/kg). Since
then, he has been receiving arylsulfatase B ERT with desensitisa-
tion and premedication weekly without any reaction.

Case 3

A 17-month-old girl was diagnosed with MPS I when she was
10 months old and had been receiving laronidase ERT (0.58 mg/
kg) every 2 weeks. While she was receiving the third dose of ERT,
she experienced generalised urticaria, lip-swelling, dyspnoea,
tachypnoea and hypotension, 30 min after starting the procedure.
The infusion was stopped; the patient was treated with adrenalin
(0.01 mg/kg intramuscularly), methylprednisolone (1 mg/kg in-
travenously), diphenhydramine (1 mg/kg) and nebulised salbuta-
mol, and was admitted to the intensive care unit. When she was
evaluated at our allergy clinic, a skin prick test with undiluted lar-
onidase was negative. However, an intradermal test with a 1:100
dilution was positive with a 4 x 4 mm wheal and a 6 x 6 mm flare
reaction compared to the negative control. A 16-step laronidase
desensitisation protocol was prepared for her (table 3). Due to the
fact that the patient developed urticaria during desensitisation, she
was premedicated with hydroxyzine (0.5 mg/kg) and methylpred-
nisolone (1 mg/kg) before desensitisation. She has been receiving
laronidase ERT every 2 weeks with desensitisation and premedica-
tion without any reaction since.

Discussion

ERT is important in reducing the morbidity and mor-
tality rates in patients with lysosomal storage disorders.
Reactions can be experienced during ERT that can be
caused by either IgE-mediated or non-immunologic
mechanisms. The majority of infusion-associated reac-
tions are successfully treated by interrupting or slowing
the rate of infusion and/or by the administration of anti-
histamines, antipyretics and/or corticosteroids [4, 7, 8].
However, when these measures fail to prevent hypersen-
sitivity reactions, desensitisation with the culprit enzyme
is indicated [9]. In the literature, a few patients have re-
ceived ERT with desensitisation [3, 5-7, 10-12]. Here we
reported three cases in which the patients had IgE-medi-
ated hypersensitivity reactions and subsequently under-
went desensitisation prior to each application of ERT,
without further reactions. However, in 2 of the cases, cas-
es 2 and 3, premedication prior to each desensitisation
protocol was needed.

Alglucosidase alfa for Pompe disease, arylsulfatase B
for MPS VI and laronidase for MPS I have been used for
ERT and have changed the progression of the diseases
[13-16]. Even when allergic reactions are experienced, it
is absolutely necessary to continue ERT. Only a few previ-
ous reports provide information about patients who have
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been desensitised with the culprit enzyme. Our patients
experienced reactions despite slowing the rate of infusion
and the administration of premedication. The patients
had positive intradermal skin tests with the culprit en-
zymes. Desensitisation was successfully performed for all
3 patients without any reaction. They have since been un-
dergoing ERT after desensitisation with premedication
without any problem.

Generally, it is preferred to use desensitisation proto-
cols after they have been successfully used on at least 10
patients; however, there are only a few patients who have
had ERT with desensitisation. Thus, we planned our pro-
tocols using the general rules that are suggested by the
recent ‘EAACI Consensus Statement on Rapid Desensi-
tisation for Drug Hypersensitivity’ [17]. We also consid-
ered the few protocols that were reported in the literature.

Infusion reactions with ERT have been reported in
14% of patients with Pompe disease. To our knowledge,
3 patients in the literature have been desensitised with al-
glucosidase alfa. The first was an adult who experienced
anaphylaxis during enzyme infusion, and her intrader-
mal test was positive at a 1:100 dilution. She was desensi-
tised with a 12-step protocol that lasted 12-14 h [6]. A
15-month-old girl also experienced anaphylaxis during
treatment and was desensitised over 18 weeks, by dou-
bling the dose of solution every week [18]. A 7-month-old
girl who experienced anaphylaxis during treatment had a
positive intradermal test with a 1:1,000 dilution. She was
desensitised with a 14-step protocol using solutions of 6
different concentrations [19]. Our patient (case 1) expe-
rienced urticaria during infusion, and her intradermal
test was positive with a 1:100 dilution. We used a 14-step
protocol, which lasted 6 h, using solutions of 5 increasing
concentrations, resembling the protocol used by Karagol
etal. [19].
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In the literature, there is only 1 patient who was desen-
sitised with arylsulfatase B. A 10-year-old patient with
MPS VI was reported to have urticaria concomitant with
severe conjunctivitis and lip angioedema. The patient had
a positive intradermal skin test with a 1:100 dilution and
was desensitised with a 16-step protocol, which lasted for
5 h [5]. Our patient (case 2) had generalised urticaria
without systemic symptoms and had a positive intrader-
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desensitised this patient with a 12-step protocol that last-
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Infusion reactions with laronidase have been reported
in 16% of patients with MPS. In the literature, there is
only 1 patient who was desensitised with laronidase. An
11-year-old girl with MPS I was desensitised because she
had generalised urticaria during a laronidase infusion.
Skin tests were not performed. The desensitisation proto-
col comprised 12 steps [3]. Our patient (case 3) was too
young and had previously experienced an anaphylactic
reaction during infusion, so we applied the procedure in
16 steps, using a slow increase of the concentrations. The
procedure was completed within 7 h.

To conclude, the discontinuation of ERT due to ad-
verse drug reactions is a significant loss for patients with
metabolic disorders. When patients with these disorders
experience IgE-mediated allergic reactions with enzyme
replacement, an allergic evaluation and skin tests should
be performed, and continuation of the treatment with de-
sensitisation must be considered.
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