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Abstract
Background: Enzyme replacement therapy (ERT) with recombinant human idursulfase is effective for the treatment of Hunter syndrome, mucopolysaccharidosis
(MPS) type II. However, various adverse events can occur by the infusion of
idursulfase. The purpose was to evaluate the occurrence of infusion-related allergic reactions, including anaphylaxis, to idursulfase in patients with MPS II receiving ERT and to elucidate its possible mechanism.
Methods: A total of 34 patients with MPS II were enrolled to receive ERT with
Elapraseâ at a dose of 0.5 mg/kg intravenously once a week. Information regarding the symptoms, frequency, and timing of anaphylaxis during treatment was
analyzed. Presence of anti-idursulfase IgE antibody was assessed by skin prick
test (SPT) and enzyme-linked immunosorbent assay (ELISA). Western blotting
was performed to confirm the reaction between idursulfase and specific IgE.
Results: Three patients (8.8%) showed anaphylaxis by infusion of idursulfase. No
deaths occurred during the study. Anti-idursulfase IgE antibody was detected by
SPT and ELISA. Immunoblotting with patients’ sera and Elapraseâ showed a
single band of specific IgE binding to the protein around 70 kD, and idursulfase
did not display amino acid sequence homology to known allergens. SPT with
idursulfase demonstrated positive results in all patients with anaphylaxis. However, we failed to reveal any risk factors for the development of infusion-related
immediate-type allergic reactions.
Conclusions: Anaphylaxis related to infusion of idursulfase is mediated by antiidursulfase IgE antibody, which might be produced by de novo synthesis.
SPT is useful in predicting the occurrence of anti-idursulfase IgEmediated anaphylaxis during infusion.

Mucopolysaccharidosis (MPS) type II, also known as Hunter
syndrome, is a rare lysosomal storage disorder in which
glycosaminoglycans accumulate within tissues and affect multiple
organs. The incidence of the disease is 0.30–0.71 per 100 000
live births (1) and is inherited in an X-linked recessive pattern.
The cause is a deficiency of the lysosomal enzyme iduronate2-sulfatase, which leads to chronic and progressive symptoms
such as skeletal deformities, neurologic impairments, airway
obstruction, and cardiomyopathy. In some patients with a
severe form of MPS II, death usually occurs in the teenage
years. Enzyme replacement therapy (ERT) with intravenous
infusion of idursulfase, a purified form of recombinant
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human iduronate-2-sulfatase, is available for the treatment of
MPS II and has been used in clinical practice. It is important
to initiate ERT as early as possible before irreversible
changes develop in many organs (2).
Recombinant human idursulfase (Elapraseâ; Shire
Human Genetic Therapies, Inc., Cambridge, MA, USA), a
glycoprotein composed of 525 amino acids (3), was
approved around the world for the treatment of MPS II. It
is a purified form of iduronate-2-sulfatase produced in a
human cell line via recombinant DNA technology. In a
randomized, double-blind, placebo-controlled trial of ERT
with idursulfase for 53 weeks in 96 patients with MPS II,
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adverse effects (AEs) were found at least 9% more frequently in idursulfase-treated patients than in placebo-treated patients (4). A Japanese study of 10 patients with MPS
II also reported that 50% of patients showed infusionrelated reactions (5). These previous studies reported severe
reactions including urticaria, vasovagal syncope, bronchospasm, and obstructive airway disease (5–7). Interestingly,
IgG anti-idursulfase antibodies were detected in about 50%
of patients who received ERT with idursulfase (4, 5). However, no associations were found between the presence of
antibodies and AEs. In those studies, no anti-idursulfase
IgE antibodies were detected (4–6, 8).
Recently, we experienced a patient with MPS II who
showed urticaria, facial edema, wheezing, dyspnea, and hypotension after infusion of idursulfase, although there has been
no report of anaphylaxis according to the literature (4–7). It
is important to determine the predictive and risk factors pertaining to the development of IgE-mediated reactions,
because ERT is the only imperative treatment in these
patients. Therefore, we performed complete enumeration
study to evaluate the occurrence of infusion-related allergic
reactions including anaphylaxis to idursulfase in patients with
MPS II and to elucidate its possible mechanism.

IgE-mediated allergy to idursulfase

and their sera were frozen at 80°C until use. One patient
with anaphylaxis (patient no. 3) refused to provide blood for
further studies.
This study was approved by the institutional review board
at Samsung Medical Center, and informed consent was
obtained from all parents.
Skin prick test (SPT) and intradermal test (IDT)
Skin prick test (SPT) was performed on the volar aspect of
the forearm using a disposable 25-gauge needle to identify
the presence of specific IgE antibody to Elapraseâ with a
concentration of 2 lg/ml. Histamine was used as a positive
control and normal saline as a negative control. Fifteen minutes later, the largest diameter and its perpendicular diameter
of the wheals were measured. Both diameters were recorded,
summed, and divided by 2. A positive response of SPT was
regarded when the calculated value was  3 mm larger than
the negative control. Intradermal test (IDT) was carried out
in patients showing allergic reactions and negative results in
SPT. IDT involved injection of 0.02 ml at a concentration of
0.002 lg/ml. IDT was regarded positive if erythema developed and the wheal size was over the outline of the original
bleb (11–13). These tests were performed at least 6 weeks
after an anaphylactic reaction.

Material and methods
Study population

Electrophoresis and Western blotting

A total of 34 male patients with MPS II participated in this
study. The diagnosis of MPS II was made by clinical findings
and abnormal excretion of urinary glycosaminoglycan.
Genetic tests as well as enzyme assays using leukocyte pellets
were used to confirm the diagnosis. Clinical severity of MPS
II was divided into severe and attenuated forms according to
the neurological involvement including cognitive impairment
and hyperactivity (9). The mean age at the start of ERT was
12 years (range 3–38 years). Parents were asked to respond
to a questionnaire regarding basic demographic information
and allergy history of patients and their parents. A history of
allergic diseases was defined as atopic dermatitis, allergic
rhinitis, or asthma confirmed by a physician.
All patients received intravenous infusions of recombinant
human idursulfase (Shire Human Genetic Therapies, Inc.)
once a week at a dose of 0.5 mg/kg. The infusion rate started
at 0.04 mg/kg/h for the first 15 min and was increased to
0.08 mg/kg/h for the next 15 min. If the infusion was tolerated, the rate was increased up to 0.135 mg/kg/h until the
full volume was administered.
The diagnosis of anaphylaxis was based on the criteria
developed in the working group of the National Institute of
Allergy and Infectious Disease and Food Allergy and Anaphylaxis Network (10). Information regarding the symptoms,
frequency, and timing of anaphylaxis during treatment was
collected. Sensitization to common allergens such as house
dust mites, tree pollens, grass pollens, weed pollens, cats, and
dogs was determined by ImmunoCAP (Thermo Fisher Scientific Inc., Waltham, MA, USA), using the cutoff value of
0.35 kU/l. Blood samples from 33 patients were obtained,

Idursulfase (Shire Human Genetic Therapies, Inc.) was separated by sodium dodecyl sulfate–polyacrylamide gel electrophoresis (SDS-PAGE) according to the method described
by Laemmli (14). Detailed methods are described in the
supporting information.
Enzyme-linked immunosorbent assay (ELISA) and ELISA
inhibition assay
These are described in detail in the supporting information.
Bioinformatics
To determine whether the amino acid sequence of idursulfase
has significant homology to any known allergens, a search
was performed using Allergenic Protein Sequence Searches in
AllergenOnline, the Food Allergy Research & Resource Program allergen protein database. (www.allergenonline.org).
Statistical analysis
Data were analyzed using SPSS for Windows (version 20.0;
Chicago, IL, USA). The Fisher’s exact test was applied to
examine the association between the occurrence of allergic
reactions and categorical variables such as clinical severity of
MPS II, past medical history of allergic diseases, allergic diseases of the parents, total IgE, sensitization to common
inhalant allergens, and idursulfase-specific IgE. Detection of
idursulfase-specific IgE by ELISA was defined as absorbance
more than two standard deviations (SD) from the mean in
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seven healthy, nonatopic individuals who did not have MPS
and had never received IDS infusion. Differences in the total
IgE levels and total eosinophil counts between patients with
and without allergic reactions to Elapraseâ were also analyzed by Mann–Whitney U-tests. The levels of total IgE were
analyzed on a logarithmic scale. A P value <0.05 was considered significant.

Results
Clinical data
A total of 34 patients with MPS II received ERT with idursulfase. Four patients showed urticaria/angioedema, and
three patients manifested anaphylaxis during infusion
(Table 1). The total duration of ERT was 154  34 weeks
(range, 13–180 weeks), and no deaths occurred during the
study period. The first reaction was found at 67 
46 weeks (range, 3–109 weeks) after the first ERT with idursulfase.
Detection of anti-idursulfase IgE and IgG antibody
One patient refused to undergo SPT and IDT, and 4 of 33
patients reacted to the SPT. SPT with idursulfase demonstrated positive results in all patients with infusion-related
anaphylaxis. Two patients showing urticaria and negative
results in SPT revealed a positive reaction in IDT (Table 1).
All
27
patients
who
did
not
show
IgE-mediated AEs demonstrated negative reactions in SPT.
The sensitivity and specificity rates of SPT were 66.7% and
100%. The positivity of SPT was related to IgE-mediated
allergic reactions (P < 0.001) (Table 2).

The absorbance value of anti-idursulfase IgE antibody
(mean  SD) by ELISA was 0.022  0.007 in seven healthy,
nonatopic controls. Anti-idursulfase IgE antibody level over
the mean plus 2 SD in normal controls was detected in the
sera from seven patients with allergic reactions (Fig. 1). This
specific IgE binding was confirmed by ELISA inhibition test
in two patients with anaphylaxis (patient no. 1 and 2)
(Fig. 1). Idursulfase-specific IgG was also detected in these
patients by ELISA (Fig. 2). ELISA for the detection of idursulfase-specific IgG was not performed in one patient with
anaphylaxis (patient no. 3), because his mother refused blood
sampling. The sensitivity and specificity rates of specific IgE
detection by ELISA were 100% and 22.2%. No association
was found between the detection of anti-idursulfase IgE by
ELISA and allergic reactions (P = 0.398) (Table 2).
SDS-PAGE and immunoblotting
A thick and strong single band was shown between 70 and
80 kDa in SDS-PAGE (Fig. 3). Immunoblotting analysis was
conducted to investigate IgE reactivity against idursulfase
using the sera of two patients with anaphylaxis and a negative control. One patient (patient no. 1) clearly showed a
reaction to a protein around 70 kDa. On the other hand, IgE
binding was rarely seen in patient no. 2 (Fig. 3). It seemed to
be the sensitivity problem of immunoblotting, because serum
from the same patient showed positive idursulfase-specific
IgE by ELISA and inhibition ELISA (Fig. 1).
Bioinformatics
When comparing the amino acid sequence of idursulfase with
known allergens, no matches of >35% identity over successive 80 amino acid sequence were found. With regard to eight

Table 1 Clinical characteristics of patients who showed immediate-type adverse reactions to IDS

Patient

Age
(years)

Severity

Total duration
of ERT
(weeks)

1

10

Severe

168

2

13

Attenuated

162

3

15

Attenuated

165

4
5
6
7

12
12
7
9

Attenuated
Attenuated
Severe
Attenuated

166
166
164
161

Symptoms
of reaction
after ERT
Urticaria,
respiratory
distress
Urticaria,
respiratory
distress
Urticaria,
respiratory
distress,
LOC
Urticaria
Urticaria
Urticaria
Urticaria

Time to
reaction
after
ERT (min)

Dose to
elicit
reaction
(mg)

Cycle number at the
first reaction

IDS-specific IgE

Urticaria

SPT

IDT

ELISA

Anaphylaxis

10

0.24

3

68

Positive

ND

Positive

10

0.195

85

115

Positive

ND

Positive

60

2.34

3

3

Positive

ND

Positive

40
10
120
5

0.68
0.16
5.16
0.08

74
109
109
89

–
–
–
–

Positive
Negative
Negative
ND

ND
Positive
Positive
ND

Positive
Positive
Positive
Positive

ERT, enzyme replacement therapy; IDS, idursulfase; SPT, skin prick test; IDT, intradermal test; ELISA, enzyme-linked immunosorbent assay;
LOC, loss of consciousness; ND, not determined.
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Table 2 Predictive factors for IgE-mediated adverse reactions to idursulfase
IgE-mediated adverse
reaction (+) (n = 7)

IgE-mediated adverse
reaction ( ) (n = 27)

P value

Sensitivity

Specificity

*

IDS-specific IgE by skin prick test (%)
Positive
4 (66.7)
Negative
2 (33.3)
IDS-specific IgE by ELISA (%)
Positive
7 (100.0)
Negative
0 (0.0)

0 (0.0)
27 (100.0)

<0.001

66.7

100.0

21 (77.8)
6 (22.2)

0.398

100.0

22.2

IDS, idursulfase; ELISA, enzyme-linked immunosorbent assay.
*One patient refused to undergo skin prick test.

A

B

Figure 2 IDS-specific IgG in patient no. 1 and 2 who showed anaphylaxis to IDS.

A

Figure 1 Idursulfase (IDS)-specific IgE in patients who showed
immediate-type adverse reactions to IDS. (A) ELISA data for IDSspecific IgE from patient no. 1 to 7; (B) Inhibition ELISA data for
IDS-specific IgE from patient no. 1 and 2 who showed anaphylaxis
to IDS. Dotted lines indicate two standard deviations from the
mean in seven healthy, nonatopic individuals who did not have
MPS and had never received IDS infusion.

or more contiguous amino acids in common with any allergen sequence, no homology was detected.
Risk factors related to allergic reactions
The median values for serum total IgE and total eosinophil
counts were 130.0 kU/l (range, 26.2–385.0) and 190.0/mm3

B

Figure 3 Electrophoretic maps of idursulfase (A) and immunoblotting of idursulfase with sera from two patients (no. 1, no. 2) and a
negative control (B).

(range, 0–321) in the patients with allergic reactions and
55.7 kU/l (range, 5.9–1,228.0) and 77.7/mm3 (range,
0–670.7) in the patients without allergic reactions. No difference was found in logarithmic total IgE and eosinophil
counts (P = 0.335 and 0.177) between two groups. In addition, there were no differences in the past history of allergic
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Table 3 Risk factors for the development of IgE-mediated adverse
reactions to idursulfase
IgE-mediated
adverse
reaction (+)
(n = 7)

IgE-mediated
adverse
reaction ( )
(n = 27)

P value

Past history of allergic diseases (%)
Yes
2 (28.6)
No
5 (71.4)

14 (51.9)
13 (48.1)

0.405

Paternal allergic diseases (%)
Yes
0 (0)
No
7 (100)

4 (14.8)
23 (85.2)

0.559

Maternal allergic diseases (%)
Yes
1 (14.3)
No
6 (85.7)

3 (11.1)
24 (88.9)

1.000

Disease severity (%)
Severe form
Attenuated form

5 (71.4)
2 (28.6)

10 (37.0)
17 (63.0)

0.199

Total IgE (%)
<100
 100

3 (42.9)
4 (57.1)

18 (66.7)
9 (33.3)

0.387

12 (44.4)
15 (55.6)

0.398

Sensitization to inhalant allergen (%)
Yes
5 (71.4)
No
2 (28.6)

diseases, parental allergic diseases, severity of MPS II, total
IgE levels, and sensitization to common inhalant allergens
between patients with and without allergic reactions
(Table 3).
Discussion
Anaphylaxis and urticaria are typical symptoms of IgE-mediated immediate-type hypersensitivity (15). In our study, 3 of
34 patients (8.8%) demonstrated recurrent anaphylactic reactions during infusion of idursulfase, while urticaria was
shown in four patients (11.8%). In our patients with immediate-type allergic reactions during infusion, we identified specific IgE antibody against Elapraseâ by SPT, ELISA, and
inhibition ELISA. To our knowledge, this is the first report
of the presence of specific IgE antibodies against Elapraseâ
in relation to AEs. We also found anti-idursulfase IgG antibodies in these patients with anaphylaxis. However, it is
more plausible that urticaria or anaphylaxis, typical immediate-type allergic symptoms, is mediated by antiidursulfase IgE antibody, because previous studies failed to
demonstrate the associations between the presence of these
specific IgG antibodies and AEs (4, 5). Moreover, specific
IgG antibodies are more likely to involve in type 2 or 3
hypersensitivity rather than type 1 hypersensitivity (15, 16).
Therefore, these AEs by infusion of idursulfase in our
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patients can be categorized as type b, which is mediated by
specific IgE, according to the proposed classification of side
effects of biological agents (16). It is not surprising that
IgE-mediated anaphylaxis has developed during infusion of
idursulfase, because specific IgE antibodies have been
reported in patients receiving infusion of the other biologic
agents such as OKT3 monoclonal antibody in transplant
recipients (17), laronidase for MPS I (18), and alglucerase for
Gaucher disease (19).
We found specific IgE binding between patient’s sera and
Elapraseâ and concluded that anti-idursulfase IgE antibody
exists in those sera. Although this reactivity might be caused
by the transfer of a cross-reactive protein from Elapraseâ
and it binds with the already existing specific IgE from
patient’s sera, this possibility seems to be low, because process- or product-related impurities are consistently eliminated
through the purification process and the final product is
reported to be >99.9% pure (20). We also demonstrated that
only a single band was shown at the same size in SDS-PAGE
and immunoblotting. In addition, we could not find any
amino acid sequence similarity between idursulfase and
known allergens (21). It is presumed that anti-idursulfase IgE
antibody was newly produced after exposure of a new protein, which does not exist in patients with MPS II. This idea
is more plausible because in our patients, anaphylaxis did
not occur at the first dose but developed after several times
of infusion.
A possible reason why IgE has never been detected in previous studies is the difference in the duration of ERT. Sensitization to a specific allergen requires repeated exposure for a
certain period of time. The duration of exposure in our study
was approximately 3 years compared with 1–2 years in previous studies (4–7). With regard to the two patients with anaphylaxis in the present study, it took 16 months and
27 months to show the first episode of anaphylactic reactions, except for one case (patient no. 3) that took 3 weeks.
Unfortunately, we do not know the exact timing of seroconversion, because SPT and ELISA were performed after the
development of anaphylaxis. Another reason might be the
sensitivity of the test to detect anti-idursulfase IgE antibody.
Our results indicate that life-threatening anaphylaxis can
develop and be mediated by anti-idursulfase IgE antibody
during ERT in patients with MPS II. Close observation is
required for these patients due to the possible occurrence of
anaphylaxis while idursulfase is administered. We attempted
to figure out the patients more prone to develop anti-idursulfase IgE antibodies and subsequent anaphylaxis. Unfortunately, we failed to reveal any risk factors in terms of past
history or family history of allergic diseases, sensitization to
common allergens, disease severity, and so on. Instead, we
found that SPT or IDT with idursulfase was positive in all
patients who showed anaphylaxis. It suggests that SPT before
infusion of idursulfase could be used as a screening test of
allergic reactions, although positive SPT does not always predict anaphylaxis. Of note, subsequent infusion can be managed with a slower rate of administration for the purpose of
preventing anaphylaxis in patients with MPS II who need
continuous ERT.
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When drug allergy is suspected, skin tests can be performed with biological agent as well as beta-lactams (15, 22,
23). Although SPT and IDT are known to be most sensitive
methods for the diagnosis of immediate-type allergic reactions to beta-lactams, skin tests for biological agents have
been performed in few patients with a history of infusionrelated reactions (22–24). Nevertheless, our study showed
that SPT can be used to predict allergic reactions with an
acceptable sensitivity and a high specificity. Further clinical
experiences will present more accurate data regarding the
usefulness of skin tests for the prediction of biological agentrelated hypersensitivity.
In conclusion, anaphylaxis can occur by infusion of idursulfase in 8.8% of children with MPS II. This immediate-type
hypersensitivity is mediated by anti-idursulfase IgE antibody,
which might be produced by de novo synthesis. SPT might
be useful in predicting the development of anti-idursulfase
IgE-mediated anaphylaxis during infusion.

Dong-Kyu Jin enrolled patients and conducted follow-up
reviews. Jeong-Ok Lee and Youngshin Han carried out the
laboratory experiments. Jihyun Kim, Youngshin Han,
Mi-Ran Park, Do-Soo Kim, Se-Hyun Maeng, and SungYoon Cho entered and analyzed the data. Jihyun Kim and
Kangmo Ahn interpreted the results and wrote the manuscript. All authors have contributed to, seen and approved
the manuscript.

Authors’ contributions

Supporting Information

The present work was carried out in collaboration between
all authors. Jihyun Kim, Kangmo Ahn, and Dong-Kyu Jin
defined the study theme. Jihyun Kim, Youngshin Han, Kangmo Ahn, and Dong-Kyu Jin designed the methods. Mi-Ran
Park, Do-Soo Kim, Se-Hyun Maeng, Sung-Yoon Cho, and

Additional Supporting Information may be found in the
online version of this article:
Data S1. Electrophoresis and Western blotting.
Data S2. Enzyme-linked immunosorbent assay (ELISA)
and ELISA inhibition assay.

Funding
There is no financial support for this research.
Conflict of interest
The authors declare that there are no potential conflict of
interests with respect to the authorship and/or publication of
this article.

References
1. Muenzer J. Overview of the mucopolysaccharidoses. Rheumatology (Oxford) 2011;50
(Suppl 5):v4–v12.
2. Schulze-Frenking G, Jones SA, Roberts J,
Beck M, Wraith JE. Effects of enzyme
replacement therapy on growth in patients
with mucopolysaccharidosis type II. J Inherit
Metab Dis 2011;34:203–208.
3. Burrow TA, Leslie ND. Review of the use
of idursulfase in the treatment of mucopolysaccharidosis II. Biologics 2008;2:311–320.
4. Muenzer J, Wraith JE, Beck M, Giugliani
R, Harmatz P, Eng CM et al. A phase II/III
clinical study of enzyme replacement therapy
with idursulfase in mucopolysaccharidosis II
(Hunter syndrome). Genet Med 2006;8:465–
473.
5. Okuyama T, Tanaka A, Suzuki Y, Ida H,
Tanaka T, Cox GF et al. Japan Elaprase
Treatment (JET) study: idursulfase enzyme
replacement therapy in adult patients with
attenuated Hunter syndrome (Mucopolysaccharidosis II, MPS II). Mol Genet Metab
2010;99:18–25.
6. Muenzer J, Beck M, Giugliani R, Suzuki Y,
Tylki-Szymanska A, Valayannopoulos V
et al. Idursulfase treatment of Hunter syndrome in children younger than 6 years:
results from the Hunter Outcome Survey.
Genet Med 2011;13:102–109.
7. Muenzer J, Beck M, Eng CM, Giugliani R,
Harmatz P, Martin R et al. Long-term,

8.

9.

10.

11.

12.

open-labeled extension study of idursulfase
in the treatment of Hunter syndrome. Genet
Med 2011;13:95–101.
Burton BK, Whiteman DA. Incidence and
timing of infusion-related reactions in
patients with mucopolysaccharidosis type II
(Hunter syndrome) on idursulfase therapy in
the real-world setting: a perspective from the
Hunter Outcome Survey (HOS). Mol Genet
Metab 2011;103:113–120.
Jones SA, Almassy Z, Beck M, Burt K,
Clarke JT, Giugliani R et al. Mortality
and cause of death in mucopolysaccharidosis type II-a historical review based on
data from the Hunter Outcome Survey
(HOS). J Inherit Metab Dis 2009;32:
534–543.
Sampson HA, Munoz-Furlong A, Campbell
RL, Adkinson NF Jr, Bock SA, Branum A
et al. Second symposium on the definition
and management of anaphylaxis: summary
report–Second National Institute of Allergy
and Infectious Disease/Food Allergy and
Anaphylaxis Network symposium. J Allergy
Clin Immunol 2006;117:391–397.
Brockow K, Romano A, Blanca M, Ring J,
Pichler W, Demoly P. General considerations for skin test procedures in the diagnosis of drug hypersensitivity. Allergy
2002;57:45–51.
Barbaud A, Goncalo M, Bruynzeel D,
Bircher A. Guidelines for performing skin

Allergy 68 (2013) 796–802 © 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

13.

14.

15.

16.
17.

18.

19.

tests with drugs in the investigation of cutaneous adverse drug reactions. Contact Derm
2001;45:321–328.
Mirakian R, Ewan PW, Durham SR, Youlten LJ, Dugue P, Friedmann PS et al.
BSACI guidelines for the management of
drug allergy. Clin Exp Allergy 2009;39:43–
61.
Laemmli UK. Cleavage of structural
proteins during the assembly of the head of
bacteriophage T4. Nature 1970;227:680–685.
Gomez E, Torres MJ, Mayorga C, Blanca
M. Immunologic evaluation of drug allergy.
Allergy Asthma Immunol Res 2012;4:251–
263.
Pichler WJ. Adverse side-effects to biological
agents. Allergy 2006;61:912–920.
Abramowicz D, Crusiaux A, Goldman M.
Anaphylactic shock after retreatment with
OKT3 monoclonal antibody. N Engl J Med
1992;327:736.
Clarke LA, Wraith JE, Beck M, Kolodny
EH, Pastores GM, Muenzer J et al. Longterm efficacy and safety of laronidase in the
treatment of mucopolysaccharidosis I. Pediatrics 2009;123:229–240.
Rosenberg M, Kingma W, Fitzpatrick MA,
Richards SM. Immunosurveillance of alglucerase enzyme therapy for Gaucher patients:
induction of humoral tolerance in seroconverted patients after repeat administration.
Blood 1999;93:2081–2088.

801

IgE-mediated allergy to idursulfase

20. Clarke LA. Idursulfase for the treatment of
mucopolysaccharidosis II. Expert Opin Pharmacother 2008;9:311–317.
21. Wilson PJ, Morris CP, Anson DS,
Occhiodoro T, Bielicki J, Clements PR
et al. Hunter syndrome: isolation of an
iduronate-2-sulfatase cDNA clone and
analysis of patient DNA. Proc

802

Kim et al.

Natl Acad Sci U S A 1990;87:8531–
8535.
22. Blanca M, Mayorga C, Torres MJ, Warrington
R, Romano A, Demoly P et al. Side-chain-specific reactions to betalactams: 14 years later.
Clin Exp Allergy 2002;32:192–197.
23. Vultaggio A, Matucci A, Nencini F, Pratesi
S, Parronchi P, Rossi O et al. Anti-inflix-

imab IgE and non-IgE antibodies and induction of infusion-related severe anaphylactic
reactions. Allergy 2010;65:657–661.
24. Campi P, Benucci M, Manfredi M, Demoly
P. Hypersensitivity reactions to biological
agents with special emphasis on tumor
necrosis factor-alpha antagonists. Curr Opin
Allergy Clin Immunol 2007;7:393–403.

Allergy 68 (2013) 796–802 © 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

