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A 64-year-old man who was receiving chemotherapy
for gastric cancer with liver metastases was referred to our
department for an allergy workup after experiencing a skin
reaction. The chemotherapy regimen comprised taxotere,
oxaliplatin, and 5-fluorouracil (5-FU) (combined with calcium
folinate) followed by abundant intravenous hydration. Each
cycle was administered in combination with a standard
preparation containing ondansetron and methylprednisolone
succinate. The patient experienced no problems during the
first 6 cycles of treatment. However, approximately 8 hours
after the beginning of the seventh cycle, he developed a
pruritic polymorphous maculopapular rash, mainly on the
upper and lower limbs. No associated systemic manifestations
were observed. Antihistamines and corticosteroids were
administered immediately, and the rash resolved within
72 hours. The same reaction occurred 2 weeks after this
episode, while the patient was receiving his eighth cycle of
chemotherapy.

Table. Concentrations Used During the Skin Tests Performed on Our
Patient

Concentration ~ Concentration

Drug for SPT for IDT
Carboplatin 10 mg/mL 1 mg/mL
Cisplatin 1 mg/mL 0.1 mg/mL
Oxaliplatin 5 mg/mL 0.5 mg/mL
Docetaxel 10 mg/mL 1 mg/mL
5-Fluorouracil 10 mg/mL 10 mg/mL
Calcium folinate 50 mg/mL 0.5 mg/mL
Methylprednisolone
succinate 10 mg/mL 1 mg/mL
Ondansetron 2 mg/mL 0.02 mg/mL

Abbreviations: IDT, intradermal test; SPT, skin prick test.
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Following these 2 reactions, the patient was referred to
our clinic, where we performed skin tests. Our evaluation
included skin prick tests followed by intradermal tests
with all of the drugs he had received, namely, docetaxel,
oxaliplatin, carboplatin, cisplatin, 5-FU, calcium folinate,
methylprednisolone succinate, and ondansetron. The
concentrations used are shown in the Table. All of the skin
tests were negative at the immediate reading. However,
about 12 hours later, they became positive for oxaliplatin and
docetaxel. During the following 2 days, positive results were
also observed for carboplatin and cisplatin.

Two months after our tests, the cancer progressed with
peritoneal and lymph node involvement, and the patient
required a further course of chemotherapy. The newly
prescribed regimen was FOLFOX (5-FU and oxaliplatin). The
drugs were administered in combination with corticosteroids.
Four hours after the beginning of the treatment, the patient
began to experience cutaneous pruritus, mainly on the forearm
on which we had recently performed our skin tests. During the
night, the rash spread in the same way as the previous rashes.
Since the FOLFOX regimen does not contain docetaxel, we
conclude that the reaction was induced by oxaliplatin.

Platinum salt reactions are generally described as
immediate-type reactions (type I), thus requiring skin tests to
be performed, and more rarely as hypersensitivity reactions
secondary to direct release of mediators (cytokines) [1]. Type II
reactions (thrombocytopenia and hemolytic anemia) have also
been reported [2]. However, no delayed-type reactions (type
IV) to these agents have been reported to date.

Leguy-Seguin et al [3] report on 7 patients with delayed-
type reactions to platinum salts. Nevertheless, none of these
patients presented delayed positive skin test results. To our
knowledge, no authors have reported patients with a history
of delayed reaction to platinum salts, in whom skin tests
demonstrated the role of the drug. Diagnosis has never been
confirmed in any of these patients after reintroduction of the
agent. In our case, corticosteroids were not powerful enough
to prevent the reaction, and the oncologists finally decided to
discontinue platinum salts.

The present case highlights the importance of a complete
allergy workup in both immediate-type and delayed-type
reactions. Investigations should include all the drugs a patient
has received, even those that seem less likely to have caused
the reaction.
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Articaine hydrochloride belongs to the amino amide
anesthetic group. Although one of the most widely used
anesthetics in dental procedures, it has rarely caused systemic
allergic reactions [1-5].

A 26-year-old woman with no history of atopy received
subcutaneous 4% articaine with 0.5% epinephrine for a dental
procedure. Twenty minutes after injection, she developed
generalized urticaria and dysphagia. The symptoms were
treated with parenteral antihistamines and corticosteroids and
resolved completely.

The allergy workup was as follows: prick test with latex;
prick and intradermal tests with undiluted 1% lidocaine, 1%
mepivacaine, and 0.5% bupivacaine; prick (undiluted) and
intradermal test (1:100, 1:10) with 4% articaine; and patch
testing with 1% lidocaine, 1% mepivacaine, 0.5% bupivacaine,
and 4% articaine in saline solution. Ten nonatopic and 10
atopic individuals were also tested as controls. Single-blind
placebo-controlled tests with epinephrine and alternative local
anesthetic agents (lidocaine, mepivacaine, and bupivacaine)
were performed to evaluate possible cross-reactivity.

Negative results were recorded for the prick and intradermal
tests with lidocaine, mepivacaine, and bupivacaine and for the
prick test with articaine and latex. The concentrations used
for these anesthetics were shown to be nonirritant in previous
studies [2,6,8].

An intradermal test with 4% articaine (diluted 1:10) was
positive. Twenty minutes after the intradermal test, the patient
developed urticarial lesions on the chest and face. The prick
and intradermal tests were negative in all the controls.

Patch tests with lidocaine, mepivacaine, bupivacaine, and
articaine in saline solution were negative.

We performed a single-blind placebo-controlled
subcutaneous challenge test with lidocaine, mepivacaine,
bupivacaine, and epinephrine, although the results were
negative.

We report a case of urticaria after intradermal skin testing
with articaine. Systemic reactions with this technique have
been described only occasionally, and the literature contains
few cases of allergy to articaine [1-5].

The cross-reactivity study revealed tolerance to other
amide local anesthetics, as reported by other authors. Few
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reports have established the degree of cross-reactivity between
amide local anesthetics in immediate-type hypersensitivity
reactions [1,4,6-8]. Warrington and McPhillips [4] reported
cross-reactivity between prilocaine, bupivacaine, and articaine
in a single patient. Our patient reacted to articaine and tolerated
lidocaine, mepivacaine, and bupivacaine.

Allergy to local anesthetics has important implications for
therapy; therefore, it is necessary to offer a safe alternative to
patients who demonstrate tolerance to other local anesthetics.
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Echinococcosis is an endemic disease in Spain. It can
induce immediate hypersensitivity reactions [1], which
can often be demonstrated by elevated levels of specific
immunoglobulin E (sIgE) to Echinococcus granulosus.
Therefore, the allergy workup for patients with elevated
total serum IgE includes determination of sIgE to parasites,
including Echinococcus. Moreover, many patients who are
allergic to cow’s milk proteins (CMP) also have positive sIgE
to Echinococcus, even though parasitosis has been ruled out.

The aims of this cross-sectional study were as follows:
first, to analyze whether positivity of sIgE to Echinococcus
is found only in patients with allergy to CMP or also in those
with other allergic disorders, such as animal dander allergy,
as compared to patients with elevated total serum IgE and
no allergy to CMP or animal dander; and second, to assess
whether sIgE to Echinococcus is associated with any specific
CMP in particular.

The study population comprised 51 patients (34 males,
mean age 6.8 years [2-15 years]) seen consecutively in our
pediatric allergy outpatient clinic. The patients were divided
into 3 groups. Group 1 comprised 29 patients with CMP allergy
a high level of sensitization (CAP =class 4 [ImmunoCAP,
Phadia]), and no allergy to animal dander. Group 2 comprised
10 patients without CMP allergy who were allergic to dog
dander, cat dander, or both. Group 3 comprised 12 patients with
total serum IgE >1000 kU /L and no allergy to CMP or dander.

All patients underwent skin prick tests (SPT) with cow’s
milk and dog and cat dander (ALK-Abell). Patients from
Group 1 were also tested for CMP using a-lactalbumin (ALA),
B-lactoglobulin (BLG), bovine serum albumin (BSA), and
casein. In all patients with positive SPT results for cow’s milk,
we investigated sIgE to CMP (ALA, BLG, BSA, and casein),
Echinococcus, and dog and cat dander.

A CAP inhibition study of sIgE to Echinococcus was
conducted [2] using a serum pool from 16 patients allergic
to CMP and with positive sIgE to Echinococcus. All patients
underwent serology testing for hydatidosis; the results
were negative in all cases. Patients with elevated sIgE to
Echinococcus also underwent a complete blood count, chest
X-rays, and abdominal ultrasound, all of which were normal.
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Table. Specific Immunoglobulin E to Echinococcus granulosus in Children Allergic to Cow's Milk Proteins?

CAP Echinococcus >0.35 kU./L <0.35 kU./L
n=25 n=4
Total IgE 947 (106-2639) 221.5(102-1873) P=.227
Specific IgE
Cow’s milk 86.5 (15.5-101) 50.2 (26.1-101) P=.521
a-Lactalbumin 16.2 (1.5-101) 11.98 (2.30-39.3) P=.785
B-Lactoglobulin 12.9 (0.74-101) 2.39(0.34-21.7) P=.116
Casein 79.5 (7.26-101) 45.35 (19.5-101) P=.477
BSA 4.5 (0.34-101) 0.34 (0.34-1.15) P=.012
Dog dander 5.8 (0.87-25.4) 2.32 (1.15-11.9) P=.109
Cat dander 1.88 (0.34-16.9) 0.34 (0.34-6.89) P=.144
Echinococcus 4.56 (0.39-101) 0.34 (0.34-0.34)

Abbreviations: BSA, bovine serum albumin; Ig, immunoglobulin.

%kU4/L (median and range); cutoff for positivity, 0.35 kU/L.

sIgE to Echinococcus (>0.35 kU,/L) was detected in 34
of the 51 patients (68%). The highest frequency was found
in Group 1 (25/29 [86.2%]), which also had the highest sIgE
levels (median, 3.75 kUA/L [0.34->100]). sIgE to Echinococcus
was detected in 5 out of 10 patients in Group 2 (median,
0.4 kU,/L [0.34 to 8.35]) and in 4 out of 12 patients in Group 3
(median 0.34 kU,/L [0.34 to 6.4]).

In Group 1, children with positive sIgE to Echinococcus
had higher levels of sIgE to cow’s milk and to all CMPs
than those with negative sIgE to Echinococcus (Table).
Nevertheless, the association reached statistical significance
only with BSA (medians compared using the Mann-Whitney
test). sIgE to Echinococcus was 87% inhibited by BSA, and
sIgE to BSA was 99% inhibited by preincubation of the serum
pool with BSA.

The CAP inhibition results provide evidence of IgE cross-
reactivity between E granulosus and BSA. This may be due
to contamination of the Echinococcus extract with BSA from
the bovine host, or to BSA or other host proteins present in
the hydatic cyst [3]. Echinococcus is a parasite with various
antigens [4]. Several host proteins, including serum albumin
and y-globulin, have been detected in cyst fluid [5].

In Group 2, no association was found between IgE to dog
or cat dander and IgE to Echinococcus. These patients were not
sensitized to CMP. Other authors have shown that, although
some dander allergens are serum albumins that share a high
degree of homology with BSA (cat albumin [Fel d 2] and dog
serum albumin [Can f 3]), patients who are allergic only to
animal dander seem to recognize other major allergens, such
as lipocalins (Can f 1, Can f 2, and Fel d 4) [6].

Group 3 was characterized by low frequency of sensitization
to Echinococcus and low levels of sIgE.

In conclusion, sensitization to Echinococcus was found
more frequently in children with allergy to CMP and was
associated with sensitization to BSA. Nevertheless, sIgE to
Echinococcus in patients with CMP allergy does not seem to
be a marker of hydatidosis.
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Ibuprofen is one of the most commonly prescribed
nonsteroidal anti-inflammatory drugs (NSAIDs) for
symptomatic relief of mild pain and fever.

The most common side effects of ibuprofen involve the
gastrointestinal system. The principal clinical manifestations
of allergic reactions to ibuprofen are urticaria and angioedema,
although other types of hypersensitivity reaction have also
been described [1-9].

Exudative erythema multiforme is a self-limiting
dermatosis with characteristic skin lesions and variable
mucosal involvement. In almost 50% of cases, the trigger
is unknown. This condition has been associated with viral
infections (eg, herpes simplex infection), drugs, connective
tissue disease, and tumors. Several drugs have been associated
with this reaction, especially sulfonamides, penicillins and
other antibiotics, NSAIDs (diclofenac [6], ibuprofen [7-9],
naproxen [7]), and allopurinol.

Cases secondary to viruses generally affect the extremities,
whereas those secondary to drugs affect the trunk.

Exudative erythema multiforme takes 2 clinical forms:
the minor form is the more common and usually causes mild
symptoms; the major form, or Stevens-Johnson Syndrome, is
more severe, with systemic symptoms and mucosal involvement.

A 32-year-old woman with no history of allergic disease
was referred to the allergy department after a suspected allergic
reaction to drugs. She had begun treatment with omeprazole
and paracetamol 1 week earlier and presented with pruritic
maculopapular lesions on the face and dorsum of the hands.
She had no mucosal lesions.

The patient reported similar lesions on her arms and legs
after 1 week of treatment with ibuprofen and paracetamol a
year previously.

The results of skin prick tests with paracetamol (500 mg/mL),
ibuprofen (400 mg/mL), and omeprazole (40 mg/mL) and intradermal
tests with paracetamol (50 mg/mL) and omeprazole (4 mg/mL) were
negative.

Patch testing with paracetamol (10% in petrolatum) and
ibuprofen (5% in petrolatum) also yielded negative results.

Oral challenge testing with paracetamol (1000 mg),
omeprazole (40 mg), and ibuprofen (1000 mg) was negative.
The patient subsequently continued treatment with each
drug for 1 week, after which time no reaction was observed
with paracetamol or omeprazole. After 7 days of treatment
with ibuprofen (600 mg every 12 hours), she developed
maculopapular lesions with erythema and pruritus on the
dorsum of the hands and on the elbows (Figure, A).

Histopathology of a skin biopsy from the lesions on the
elbows and hands revealed the lesions to be compatible with
exudative erythema multiforme (Figure, B).

Arylpropionic acid NSAIDs were prohibited. Tolerance
to other NSAIDs was confirmed. The patient subsequently
received treatment with etoricoxib and diclofenac for 10 days
without presenting a reaction.

Oral challenge was performed with all the drugs involved,
because the patient’s symptoms were mild. Continuation of
treatment after a negative challenge test is uncommon, and a
recent review of hypersensitivity reactions to NSAIDs makes
no mention of this diagnostic approach [10].

In our case, diagnosis was confirmed by continuing
treatment for 1 week after a negative oral challenge test result.

We conclude that, in patients with a delayed reaction and
depending on the clinical picture, it is important to continue
treatment with the suspected drug to demonstrate tolerance
and prevent misdiagnosis.

Figure. A, Lesions on the hands. B, Skin biopsy.
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This case was presented as a poster at the Symposium
Internacional de Alergia a Medicamentos (SEAIC) 2009,
Logrofio, Spain.
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For many years, bee venom has been used to treat patients
sensitized to bumblebee venom, as several studies have shown
a high degree of cross-reactivity between bee and bumblebee
venom [1]. Bumblebee venom allergy is rare in the general
population, and normally results from primary sensitization
to bee venom.

Bumblebees are less aggressive than bees and do not
usually sting; consequently, allergic reaction to bumblebee
stings is rare in the general population. However, in the
last decade, the prevalence of allergy to hymenoptera has
increased, specifically in the Mediterranean area (mainly
Almeria and Malaga), where bumblebees are increasingly
used for pollination of greenhouse plants such as tomatoes,
zucchini, and peppers.

As these flowers are not attractive to bees, farmers use
bumblebees (especially Bombus terrestris) because they are
larger than bees, can visit more plants per flight, work at low
temperatures and low light intensity, and do not fly in swarms
outside the greenhouse. The increased use of this species in
greenhouses has led to an increase in the frequency of adverse
reactions to bumblebee venom.

For many years, bee venom was used to treat patients
sensitized to bumblebee venom, as commercial extracts of
this specific type were not available and different studies
showed a high degree of cross-reactivity between bee and
bumblebee venom [1]. However, cross-reactivity between
these venoms is often very low or nonexistent. Bumblebee
phospholipase A2 was recently shown to be only 53% identical
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to bee phospholipase A2 [2]. This finding could explain the
failure of immunotherapy with bee venom in some patients
who are allergic to bumblebee venom [3]. Consequently,
immunotherapy with bee venom does not always protect
these patients.

Patients sensitized to bumblebee venom can be divided into
2 types [4]. The first type comprises patients who present high
cross-reactivity with bee venom, are not generally exposed
to bumblebee professionally, and have primary sensitization
to bee venom. The second type comprises patients who are
specifically sensitized to bumblebee venom. They generally
work in greenhouses and are frequently stung. As such patients
show scarce cross-reactivity with bee venom, the European
Academy of Allergy and Clinical Immunology [5] recommends
the use of bumblebee venom for immunotherapy.

In Spain (mainly in Almeria and Mélaga), bumblebee
venom (ALK-Abelld) has been used since 2005 for the
diagnosis and treatment of allergic patients. Immunotherapy
with bumblebee venom is similar to immunotherapy with bee
and wasp venom, even with respect to the incidence of side
effects [6].

Therefore, the committee would like to make the following
recommendations:

1. Greenhouse workers who experience a systemic reaction
following a bumblebee sting should undergo a study of
sensitization to bumblebee venom.

2. Greenhouse workers who are allergic to bumblebee
venom and have high levels of exposure should undergo
immunotherapy with bumblebee venom.

3. Individualized preparations of pure extract of bumblebee
venom such as those used in the present study should
be readily available for purposes of diagnosis and
treatment.
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We report the case of a female patient who experienced an
anaphylactic reaction due to hypersensitivity to sulpiride and
sensitization to metamizole. Sulpiride is a selective dopamine
2 receptor antagonist belonging to the benzamide group. It
has antidepressive, antiemetic, neuroleptic, and antivertigo
properties. Only 1 case of immediate-type hypersensitivity
(urticaria) to sulpiride has been reported [1]. Metamizole
is a nonsteroidal anti-inflammatory drug belonging to the
pyrazolone group that is frequently used as a mild analgesic.
In Spain, nonsteroidal anti-inflammatory drugs are the second
cause of immunoglobulin (Ig) E-mediated reactions to drugs.
A search of MEDLINE revealed 40 articles on metamizole-
induced allergy, some of which analyzed metamizole-induced
anaphylaxis [2,3,4]. However, none of the articles reported
hypersensitivity to sulpiride and metamizole.

A 29-year-old woman with no personal history of atopy
was referred to our unit for an allergy workup because she
had presented an anaphylactic reaction immediately after
parental administration of 100 mg of sulpiride (Sanofi-Aventis)
and 2 g of metamizole (Boehringer-Ingelheim) for renal
colic. The reaction began with itching palms and progressed
to generalized urticaria, edema, dysphagia, and dyspnea.
The patient was treated with parenteral corticosteroids,
antihistamines, and epinephrine in the emergency room. She
had received these drugs in the past and subsequently tolerated
ibuprofen and piroxicam.

After obtaining the patient’s informed consent, we
determined tryptase and specific IgE levels and performed a
skin prick test (400 mg/mL) and intradermal test (1 mg/mL)
with metamizole. Tryptase was within normal levels, and the
results for specific IgE and prick test were negative. The result
of the intradermal test was positive for 1 mg/mL (15 mm), with
a wheal of 7 mm for histamine and no response for saline.
Intradermal testing with metamizole was negative in 5 controls.
Assingle-blind oral challenge test with sulpiride was performed
to confirm that the patient could tolerate the drug, because we
thought that her reaction was induced by metamizole. It was
positive with 17 mg. The patient presented intense itching
on her hands and wheals on her arms, back, and waist. The
oral challenge was stopped, and the patient was immediately
treated with 5 mg of parenteral dexchlorpheniramine (Schering
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Plough), 40 mg of methylprednisolone (Sanofi-Aventis),
and 0.3 mL of epinephrine 1 mg/mL. She remained under
observation for 3 hours. One month later we performed skin tests
with sulpiride and metamizole. Positive results were recorded
for metamizole (prick test, 400 mg/mL [5 mm]; intradermal
test, 1 mg/mL [8 mm]) and sulpiride (skin prick test, 5 mg/mL
[6 mm]). Prick testing with histamine was positive (5 mm) and
skin testing with metamizole was negative in 5 controls. These
results demonstrate that the reaction was due to sulpiride, thus
suggesting a type I hypersensitivity reaction.

The result of a basophil activation test with both drugs was
positive, although the response was stronger for sulpiride: the
activation threshold (minimum antigen concentration required
for a positive test result) was lower for sulpiride (50-100 ng/mL
[2.5 mg/mL with metamizole]) and the percentage of activated
basophils after allergen stimulation was 4-fold higher for
sulpiride than for metamizole. Basophil activation test results
were negative in 5 controls (Figure).
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Figure. Basophil activation test.

We studied the chemical formula of sulpiride and
metamizole to explain the cross-reactivity observed in our
patient. Both drugs have similar O=S=0 phenyl ring groups,
although these groups are not similar 3-dimensionally. The
phenyl group of metamizole is freely rotating, while sulpiride
can be constrained by the O=S=0 group. In addition, it seems
that this group is not recognized by antibodies. The result of an
inhibition test to assess cross-reactivity was negative.

We report a case of drug-induced anaphylaxis. Clinical
findings and positive skin prick test results, as well as a
positive challenge result with sulpiride, strongly suggest that
the patient developed type I hypersensitivity. This is the first
case of anaphylaxis to sulpiride. To our knowledge, this is also
the first case of hypersensitivity to sulpiride and sensitization to
metamizole. We investigated potential cross-reactivity between
both results, although our results were inconclusive.

J Investig Allergol Clin Immunol 2012; Vol. 22(5): 372-392
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A 19-year-old man was diagnosed with lymph node
tuberculosis and treated with first-line antituberculosis drugs
(isoniazid, rifampin, pyrazinamide, and ethambutol). After 2
weeks on treatment, he developed generalized erythematous
papular rash, for which he made repeated visits to the
emergency department. He was eventually admitted to the
pneumology department. During his stay, the patient developed
fever, leukocytosis, and eosinophilia, as well as liver failure,
and was therefore admitted to the intensive care unit. His
condition improved gradually following discontinuation of all
the drugs he was taking before the reaction and treatment with
high-dose parenteral corticosteroids. The result of a sputum test
for Mycobacterium tuberculosis was negative. Serology testing
for human herpes virus (HHV) types 1 and 2 was positive,
and testing for other herpes viruses (eg, cytomegalovirus,
Epstein-Barr virus), human immunodeficiency virus, and
hepatitis was negative.

Following recent recommendations [1,2], we performed
prick tests, intradermal tests (1:100, 1:1000), and patch tests
(10% in water). The immediate and delayed readings (at 48
and 72 hours) were negative for all tests. The results of the
tests were also negative in healthy controls.

When the result of the HHV serology test became negative,
we performed systematic challenge tests with each drug
involved in the process. We left an interval of at least 1 month
between one challenge and the next to avoid false positives
due to the fluctuations in eosinophilia that are inherent to drug
reaction with eosinophilia and systemic symptoms (DRESS)

Table. Drug Challenge Tests

Total Dose Clinical and
Administered Laboratory Findings
Isoniazid 90 mg Pruritus, eosinophilia
Rifampin 50 mg Pruritus, wheals
Pyrazinamide 125 mg Pruritus, erythema,
eosinophilia, hepatitis
Ethambutol 1200 mg Exanthema, fever,
eosinophilia
© 2012 Esmon Publicidad
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syndrome [3]. The symptoms that led to the patient being
admitted to the intensive care unit were reproduced to a greater
or lesser extent with each of the 4 drugs (Table). In each case,
the patient responded well to corticosteroids.

Although sensitization to several drugs in DRESS
syndrome has been reported [4], we tried all 4 first-line
antituberculosis drugs because of the adverse reactions and
administration difficulties inherent to second-line drugs. If
the patient had tolerated only 1 of the first-line drugs, chronic
treatment would have been much easier. Specific sensitization
to rifampin and pyrazinamide has also been reported [1,2].

Finally, we decided to perform challenge tests with
second-line drugs. The patient tolerated therapeutic doses
of levofloxacin, streptomycin, para-aminosalicylic acid, and
prothionamide.

Given the risk of fatal outcome, we did not try to
desensitize the patient to isoniazid, rifampin, pyrazinamide,
or ethambutol, and he was advised not to take these drugs.
Desensitization protocols are contraindicated in patients with
DRESS syndrome.

DRESS syndrome is characterized by the presence of at
least 3 of the following findings: fever, rash, eosinophilia,
atypical circulating lymphocytes, enlarged lymph nodes, and
elevated transaminases related to liver failure. The reaction
is generally induced by specific drugs, the most typical being
allopurinol, sulfonamides, and aromatic antiepileptic agents
such as phenytoin, phenobarbital, and carbamazepine [5].
Most reactions are with phenytoin. As DRESS syndrome is
a potentially fatal condition, the drugs responsible for the
reaction must be discontinued immediately, and high doses of
corticosteroids must be given along with supportive measures
[6]. Although the pathophysiology of DRESS syndrome is
unknown, it is believed that herpes viruses may play a role in
the syndrome, particularly HHV-6, HHV-7, cytomegalovirus,
and Epstein-Barr virus.

In DRESS syndrome secondary to drug administration
and in other types of life-threatening delayed-type reactions
or reactions not mediated by immunoglobulin (Ig) E, such as
erythema multiforme major and toxic epidermal necrolysis,
the pathophysiological and immunological mechanisms are
unknown. This represents a significant difference from IgE-
mediated sensitization, which is relatively easy to control
within the context of challenge tests and desensitization.
In the case we report, we had the difficult choice of either
directly prohibiting administration of first-line drugs in a
young patient or exercising great caution and administering
them one after another, leaving a reasonable gap between each
one, to clarify whether it was only one or several of them that
had actually triggered the severe symptoms that led to the
patient being admitted to the intensive care unit. Finally, in
view of the severity of the symptoms of the patient’s lymph
node tuberculosis, we decided to proceed with the challenge
test, which was positive for every drug we tested.

No systematic skin tests or challenge tests have been
performed with first-line antituberculosis drugs in similar
cases. Furthermore, the results observed lead us to hypothesize
that the cross-reactivity between isoniazid, rifampicin,
pyrazinamide, and ethambutol cannot be explained in terms
of chemical structure. The pharmacological interaction with

© 2012 Esmon Publicidad

immune receptors (p-i concept) could have played a role in
this case. Drug allergy is an example of the drug—receptor
interaction, where the consequence of the interaction results in
T-cell activation and expansion: this stimulation is dependent
on an additional major histocompatibility complex interaction
for full activation of the reactive T cell, which results in
cytokine synthesis, proliferation, and, probably, clinical
symptoms. As the reaction mimics an immunologic response,
it is interpreted as an immune mechanism, although it is
actually drug-driven T-cell expansion. The stimulated T cells
have additional peptide specificity, which is unknown [7]. This
concept can also explain the low tolerance to the 4 different
drugs analyzed in this study.

Acknowledgments

During the acute clinical phase the patient was hospitalized
and treated by the Pneumology Department and the Intensive
Care Unit at Hospital General de Elda (Alicante, Spain). The
authors are grateful to Sandra Rossi Baixauli (ALK Abelld), Dr.
Luis Prieto, M* Dolores Alcolea, and M* Auxiliadora Pacheco
for their contribution to this article.

References

1. Rodrigues Carvalho S, Silva I, Leiria-Pinto P, Rosado-Pinto J.
Rapid oral tolerance induction to isoniazid and pyrazinamide
and controlled administration of ethambutol: clinical case.
Allergol Immunopathol (Madr). 2009 Nov-Dec;37(6):336-8.

2. Strauss RM, Green ST, Gawkrodger DJ. Rifampicin allergy
confirmed by an intradermal test, but with a negative patch
test. Contact Dermatitis. 2001;45:108.

3. Walsh SA, Creamer D. Drug reaction with eosinophilia and
systemic symptoms (DRESS): a clinical update and review of
current thinking. Clin Exp Dermatol. 2011 Jan;36(1):6-11.

4. Joo Ho Lee y col. Drug Rash with Eosinophilia and Systemic
Symptoms (DRESS) syndrome induced by celecoxib and anti-
tuberculosis drugs. J Korean Med Sci. 2008;23:521-5.

5. Chaabane A, Aouam K, Ben Fredj N, A Boughattas N. [DRESS
Syndrome: 11 Case Reports and a Literature Review]. Therapie.
2010 11-12;65(6):543-50. French.

6. Fleming P, Marik PE. The DRESS syndrome: the great clinical
mimicker. Pharmacotherapy. 2011 Mar;31(3):332.

7. Posadas SJ, Pichler WJ. Delayed drug hypersensitivity reactions -
new concepts. Clin Exp Allergy. 2007 Jul;37(7):989-99. Review.

I Manuscript received October 23, 2011, accepted for publication
January 31, 2012.

Joan Domenech Witek

Hospital General de Elda

Ctra. Elda-Sax, Ptda. La Torreta, s/n

03600 Elda, Alicante, Spain

J Investig Allergol Clin Immunol 2012; Vol. 22(5): 372-392



382 Practitioner’s Corner

Severe Reaction Following Sugammadex
Injection: Hypersensitivity?

C Frances!
IService de dermato-allergologie, Hopital Tenon, APHP,
Paris, France

2Service d’anesthésie-réanimation, Institut Gustave-Roussy,
Villejuif, France

Key words: Cyclodextrins. Hypersensitivity. Sugammadex.
Palabras clave: Ciclodextrinas. Hipersensibilidad. Sugammadex.

Sugammadex is a modified y-cyclodextrin that was recently
approved for reversal of the neuromuscular blockade induced
by rocuronium and vecuronium [1].

A 62-year-old man (65 kg, 173 cm) underwent laryngoscopy
for evaluation of a vocal cord tumor. He was taking
acebutolol for arterial hypertension and simvastatin for
hypercholesterolemia. The patient was sedated with propofol,
and remifentanil and rocuronium 0.6 mg/kg were administered
for tracheal intubation. Antibiotic prophylaxis (2 g amoxicillin-
clavulanic acid) was also administered. The laryngoscopy was
performed without difficulty. At the end of the procedure,
sugammadex (150 mg [2.3 mg/kg]) diluted in 0.9% saline was
injected. Within 3 minutes following the injection, the patient
developed intense erythema without edema, systolic blood
pressure fell below 45 mmHg with tachycardia (150 beats/min),
and oxygen saturation fell to 40% without bronchospasm.
He received an epinephrine bolus to maintain hemodynamic
stability and was transferred, ventilated, to the intensive care
unit. The patient was gradually weaned from mechanical
ventilation and epinephrine.

Three hours after the reaction, the patient’s histamine level
was >100 nmol/L (reference value, <10 nmol/L), whereas the
tryptase level was normal. Five months later, the patient underwent
a skin prick test with undiluted solutions of all the drugs injected
and intradermal tests with propofol (0.01, 0.1, and 1 mg/mL),
rocuronium (0.01 and 0.1 mg/mL), remifentanil (0.0003 and
0.003 mg/mL), sugammadex (100 mg/mL and 0.1 mg/mL),
amoxicillin-clavulanic acid (2, 20 and 200 mg/mL), and a prick
test with latex. All the tests showed negative results except for
the prick test with sugammadex 100 mg/mL (6-30 mm) and
intradermal test with sugammadex 0.1 mg/mL (9-40 mm) (with
positive histamine control to 9-30 mm). The sugammadex prick
test was negative at 20 minutes, but showed a positive result
at 30 minutes; hence the positive result with the 0.1 mg/mL
intradermal test. A challenge test with amoxicillin-clavulanic
acid produced no reaction. Testing with sugammadex under
the same conditions in 5 control participants was negative. We
did not perform in vitro tests with 8-lactams or neuromuscular
blocking agents.

Sugammadex is the first selective relaxant-binding agent
indicated for reversal of neuromuscular blockade since May
2009. Only a few cases of hypersensitivity reaction have

J Investig Allergol Clin Immunol 2012; Vol. 22(5): 372-392

been reported to date. The case report by Menéndez-Ozcoidi
et al [2] is very similar to ours, except that the patient had
milder symptoms. Laboratory tests revealed a high histamine
level and normal tryptase level with a positive skin prick
test result [2]. During a phase I trial with sugammadex, 1
out of 13 volunteers experienced a hypersensitivity reaction
following the first exposure to the product. The infusion was
discontinued, and the result of an intradermal skin test was
positive [3]. In 2 phase I trials (n=62 and n=83), 6 volunteers
experienced hypersensitivity symptoms (rash and flushing
which did not require treatment) after receiving sugammadex
at 32 mg/kg [1,4].

Due to the severity of the reaction in our case and the
positive skin test results with sugammadex, we diagnosed
this reaction as an allergic hypersensitivity reaction.
However, the normal tryptase levels could suggest nonallergic
hypersensitivity. Given that the patient had never received
sugammadex, we can speculate that he became sensitized
via oral ingestion of cyclodextrins in food. More cases are
needed to determine the mechanisms underlying this kind of
reaction. Nevertheless, physicians must be aware of potential
hypersensitivity reactions to sugammadex, and allergists must
include sugammadex in their anesthetics testing protocol.
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Up to 15% of adult-onset asthma is due to the inhalation
of occupational allergens [1]. Dust mites may be implicated in
5% of all cases, but the prevalence of mite sensitization among
farm workers and bakers can be higher [1]. Cross-reactivity
between seafood and mites has been widely described [2].
We report a case of occupational asthma caused by the mite
Tyrophagus putrescentiae in a dry-cured ham delivery man
who was allergic to shrimp.

A 43-year-old man who had always lived in Madrid, a
region with a low prevalence of mite sensitization [3], had
worked transporting dry-cured ham in a van since he was
30 years old. At the age of 38 years, he developed moderate
persistent rhinoconjunctivitis, cutaneous pruritus, and dyspnea
that worsened on week days and improved at weekends and
during holidays. The patient spent most of the time at work
in his van on delivery duties. When he was 40 years old, he
experienced 2 episodes of oral pruritus and lip angioedema
immediately after eating boiled shrimp; the symptoms subsided
3 hours after the administration of oral antihistamines. After
these episodes, he developed oral pruritus on 250
trying small amounts of other crustaceans at  15Q
home. He had good tolerance of cephalopods, 100
molluscs, and dry-cured ham, including the ham 75
he delivered. 50

The patient was tested with a commercially 37
available series of allergens. Skin prick test
results were positive to T putrescentiae,
Acarus siro, Dermatophagoides pteronyssinus, 25
Dermatophagoides farinae, Dermatophagoides 20
microceras, Lepidoglyphus destructor,
Euroglyphus maynei, Blomia tropicalis, and
shrimp, and negative to pollen, cat and dog
dander, and molds. A prick to prick test
with a portion of the dry-cured ham the 10
patient transported was negative for the meat KDa 1
but positive for the crust of the ham. Total

15

!
~
-

from brown shrimp), Penicillium notatum, Aspergillus
fumigatus, and Alternaria alternata.

Baseline rhinomanometry and spirometry were normal.
After a negative bronchial challenge with saline solution, a
nonspecific bronchial challenge with methacholine was slightly
positive (20% fall in forced expiratory volume in the first
second [FEV,] from baseline [PCy] at 7.62 mg/mL) whilst the
patient was on sick leave; 2 weeks after he returned to work,
a PCy of 0.53 mg/mL was recorded. The patient refused to
undergo an oral challenge with shrimp in our center.

Examination of a sample of dry-cured ham provided by the
patient demonstrated extensive contamination with Tyrophagus
species, although it could not be determined if they were
T putrescentiae or Tyrophagus longior. The patient also reported
that the inside of his delivery van, specially the floor, was
filled with mites. A specific positive bronchial challenge with a
commercial extract of T putrescentiae (Inmunotek Laboratories)
was carried out starting ata 1:1 000 000 w/v concentration with
10-fold increments until a bronchial response was obtained. A
20% decrease in FEV, was registered when a concentration of
1:1000 w/v was reached. No late-phase response was observed.

The aforementioned clinical and laboratory findings led
to the diagnosis of shrimp allergy and occupational asthma
due to T putrescentiae allergy. Further in vitro analyses were
conducted to confirm the sensitivity of the patient.

Specific IgE to natural (n) Pen m 1 (tropomyosin
from Penaeus monodon/giant tiger prawn) and nPen i 1
(tropomyosin from Penaeus indicus/Indian white prawn) (Bial
Aristegui) were determined by enzyme-linked immunosorbent
assay (ELISA). Values were expressed in optical densities (OD)
as the mean of duplicate determinations minus the blank. Both
determinations were positive: 1.18 OD for nPen m 1 and 0.76 OD
for nPen i 1, confirming sensitization to tropomyosin in these
shrimp species.

ELISA competition assays were conducted to investigate
cross-reactivity between T putrescentiae and shrimp. Using
T putrescentiae on the solid phase, the shrimp extract

P.

immunoglobulin (Ig) E was 287 kUA/L, and
specific IgE (CAP Phadia) was 12.5 kUA/L for
T putrescentiae and 3.11 kU /L for shrimp, and
negative for recombinant Pen a 1 (tropomyosin

Figure. Sodium dodecy! sulfate polyacrylamide gel electrophoresis (Lanes 1-5) and immunoblots
(Lanes 6-9) of Tyrophagus putrescentiae, shrimp, natural (n) Pen m 1, and nPen i 1. Lane 1:
molecular weight markers. Lanes 2 and 6: Tyrophagus putrescentiae. Lanes 3 and 7: shrimp.
Lanes 4 and 8: nPen m 1. Lanes 5 and 9: nPen i 1.
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was not able to inhibit IgE binding to T putrescentiae,
but T putrescentiae exhibited 40% inhibition of specific
IgE binding to shrimp. This suggests a low degree of cross-
reactivity between T putrescentiae and shrimp.

Sodium dodecyl sulfate polyacrylamide gel electrophoresis
of the T putrescentiae extract under reduced conditions showed
intense bands at approximately 26 kDa and 37 kDa, which
may correspond to Tyr p 3 [4] and Tyr p 10 [5]. Under the
same conditions, the shrimp extract displayed several bands,
including one at 35 kDa that may correspond to shrimp
tropomyosin. The same band was visualized for nPen m 1 and
nPen i 1. The sera of the patient bound specific IgE to bands
at approximately 26 kDa in the T putrescentiae extract and to
4 bands between 15 and 20 kDa in the shrimp extract. Diffuse
binding to tropomyosin was observed in the shrimp extract.

Dry-cured hams are an ideal substrate for the growth of
several mite species [6]. Despite the widespread distribution
of mites, in our review of the literature, we found only 1 case
of upper respiratory tract symptoms caused by occupational
exposure to T putrescentiae [7]. We also found cases of
contact dermatitis caused by exposure to T putrescentiae in
contaminated meat products [8,9], but none of the patients
showed respiratory symptoms. It is noteworthy that our patient
had been working for 8 years before he started to experience
symptoms, but latency periods of up to 18 years have been
reported for sensitization to storage mites [10]. To the best of
our knowledge, this is the first report of occupational asthma
due to T putrescentiae in a dry-cured ham worker.

In view of the low degree of cross-reactivity observed
between shrimp and T putrescentiae in the inhibition assays,
and the small amounts of tropomyosin detected in mites [2],
proteins other than tropomyosin may have been implicated.
Based on our results we cannot say whether in our patient,
shrimp allergy was a consequence of primary sensitization to
T putrescentiae by cross-reactivity or an allergy due to a new
sensitization and thus, an unrelated event.

We have presented a case of occupational asthma caused
by T putrescentiae contaminating dry-cured ham in a patient
with shrimp allergy. The most peculiar aspect of this case is
the uncommon source of exposure. More attention should
be given to van or car environments as a potential source of
occupational allergens, especially in relation to the transport
of food that is prone to contamination by mites.
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Cassava (Manihot esculenta), also called yuca or manioc,
is a woody shrub of the Euphorbiaceae (spurge family) native
to South America. It is extensively cultivated as an annual
crop in tropical and subtropical regions for its edible starchy
tuberous root, a major source of carbohydrates. Cassava is the
third largest source of food carbohydrates in the world and
is sometimes described as the “bread of the tropics”. It must
be cooked properly to detoxify it before it is eaten in various
ways (soft-boiled root, deep-fried, toasted, or as root flour).
It has become a staple food in South America, Mesoamerica,
the Caribbean, subtropical Africa, and Southern Asia, but is
not common in Europe.

We describe the case of a 47-year-old Colombian woman,
resident in Spain, who reported 2 anaphylactic reactions (with
elevated baseline serum tryptase levels) in a 5-month interval.
The episodes had occurred immediately after ingestion of
boiled cassava. She denied a history of atopy and did not
complain of symptoms in springtime or following the intake of
fruit or vegetable. She did, however, report pruritic erythema
on inflating balloons or using rubber gloves.
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Skin prick tests (SPTs) were performed with the most
common aeroallergens in our area, with food consumed in a
regular diet, and with vegetables known to cross-react with
latex (chestnut, kiwi, passion fruit, avocado, banana, papaya,
melon, tomato, and spinach). The results were negative in
all cases. Prick to prick testing with raw and boiled cassava
showed strongly positive results (wheal size equal to the
size of the histamine wheal and with 6 atopic patients as
negative controls). An SPT with a commercial latex extract
(Stallergenes) was also strongly positive.

Total immunoglobulin (Ig) E was 104 TU/L, and specific
IgE to latex measured by CAP (Phadia) was 68.20 kU/L.
ImmunoCAP ISAC (Phadia) consisting of a panel of 103
allergens was used to elucidate possible specific IgEs, eliciting
exclusively 9.5 ISU for Hev b 5.

To activate the cassava extract with biotin, the extract
was diluted in phosphate-buffered saline at 1 mg protein/mL
and biotinylated following the manufacturer’s instructions
(Roche Diagnostics GmbH) at a ratio of 1 to 5 moles.
Following the procedures described by Sander et al [1],
prewashed solid-phase Streptavidin ImmunoCAP (Phadia
AB) was loaded with 50 uL of biotinylated cassava extract
and incubated for 30 minutes at 37°C. The cassava extract
coupled to Streptavidin ImmunoCAP was used to determine
specific IgE in the ImmunoCAP 100 System (Phadia AB).

Likewise, specific IgE to recombinant Hev b 5 (tHev b 5)
and natural rubber latex was measured using UniCap 100.
Specific IgE to cassava was 5 kU/L.

To determine the level of cross-reactivity between rHev b 5
and cassava, immunoassay inhibitions were carried out as
described by Cardona et al [2]. Cassava extract and Hev b 5 were
used as solid phases, as previously described [3,4]. Cassava
extract was used as the inhibitor. A 1:1 dilution of these sera
was preincubated overnight at 4°C with cassava extract. After
centrifugation, the specific IgE responses were measured
using ImmunoCAP 100, and the percentage of inhibition was
calculated. The corresponding controls consisting of cassava
extract and rHev b 5 were included. The use of rHev b 5 as
the solid phase and cassava extract as the inhibitor resulted in
85% inhibition. Similarly, the use of cassava extract as the solid
phase and rHev b 5 as the inhibitor resulted in 82% inhibition.
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Figure. immunoglobulin (Ig) E-binding bands of 22 and 25 KDa with an isoelectric point of 5.5 revealed by IgE immunoblotting. IP indicates isoelectric

point; MW, molecular weight.
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Two-dimensional (2D) electrophoresis was performed
following standard methods. Briefly, samples were loaded
onto first-dimension IPG strips with a pH of 7 to 10 (BioRad
Hercules) and focused using a PROTEAN IEF cell (BioRad),
according to the manufacturer’s instructions. The proteins were
separated in the second dimension in 10% SDS polyacrylamide
gels, and were then either stained with Coomassie brilliant
blue R-250 or transferred to a PVDF membrane. The PVDF
membrane was incubated overnight with the patient’s sera at
4°C with agitation. After incubation for 1 hour with mouse
anti-human IgE (Fc) horseradish peroxidase conjugate
(SouthernBiotech), chemiluminescent reagents (ECLI,
Western Blotting Detection Reagents, Amersham Biosciences)
were used to detect the immune complex using a Chemi Doc
XR Reader (BioRad). Immunoblotting of the cassava extract
showed 2 IgE-binding spots of 22 and 25 kDa, with an isoelectric
point of 5.5 (Figure). Cross-reactivity assessment between
cassava and latex was performed by 2D-immunoblotting
inhibition following the previously described procedures,
using cassava extract as the solid phase and latex extract as
the inhibitor. After inhibition, a unique spot of 25 kDa, with an
isoelectric point of 5.5, corresponding to the specific cassava
allergen, was detected.

The IgE-binding spots revealed by 2D-immunoblotting
were sent to the Proteomic Unit (CNIC Foundation) for
identification by MALDI-TOF (matrix-assisted laser
desorption/ionization-time-of-flight mass spectrometry) and
tandem mass spectrometry. The amino acid sequence was
assessed using Mascot software (Matrix Science) and the
NCBInr database. No peptide match was found, probably
because of the low number of proteins described for cassava.

In our review of the literature, we found only 4 reports
of patients developing anaphylaxis after the ingestion of
boiled cassava (3 in Brazil and 1 in Spain, with latex-fruit
syndrome) [5-7]. The allergen study showed different results
regarding cross-reactivity between cassava and latex, which
was attributed to Hev b 7 (patatin-like protein) in the Brazilian
cases and to Hev b 6 (prohevein) in the Spanish case. In our
patient (who did not have latex-fruit syndrome), the cross-
reactivity with latex was related to Hev b 5 and we identified
the specific allergen of cassava (molecular weight, 25 kDa) and
an isoelectric point of 5.5 (not previously described).

In brief, we present a unique case of anaphylaxis to
cassava in a patient without associated latex-fruit syndrome
in which we demonstrated cross-reactivity with rHev b 5.
To our knowledge, this is the first specific cassava allergen
identified to date.
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In vitro quantification of allergen-specific immunoglobulin
(Ig) E (sIgE), together with skin testing, is of great value
in the diagnosis of allergic disease. Recent years have
witnessed developments in immunological assays for sIgE
and the introduction of several rapid, automated assays
for clinical diagnosis. Technical improvements have led
to enhanced analytical sensitivity and quantitation of sIgE
assays and widely adopted calibration methods traceable
to an international IgE reference preparation [1]. For sIgE
assays, however, there are currently no universally accepted
allergen-specific IgE antibody standards. Instead, heterologous
interpolation of allergen-specific IgE antibody results from
a total IgE dose-response curve based on the World Health
Organization (WHO) IgE standard 75/502 has become an
accepted calibration method [2]. A number of studies have
noted considerable discrepancies between kU./L values
obtained by different methods [3,4]. Furthermore, proficiency
testing has demonstrated that sIgE results obtained using
different systems are not comparable, despite being related to
the same reference material (eg, WHO IgE 75/502 standard) [3].
In clinical practice, this problem has been overcome by the
use of classes of sIgE instead of kU,/L. Recent guidelines,

© 2012 Esmon Publicidad

however, such as those proposed for food allergy, have clearly
urged laboratories to replace the use of classes by kUa/L [5].

kUA/L sIgE can be converted to mass units per volume
using a conversion factor of 2.4 (1 kU,/L sIgE=0.994 kU/L
total IgE=2.4 ng/mL sIgE) [6]. The aim of this study was to
evaluate interlaboratory variation in the measurement of serum
sIgE levels converted to ng/mL and to compare results with
those observed with traditional kU /L. measurements.

Ten laboratories from different hospitals in Spain that
perform in vitro allergy diagnosis participated in the study.
The manufacturer of the ImmunoCAP 250 system used for
testing (Phadia AB, Uppsala, Sweden) made the necessary
arrangements to measure sIgE in ng/mL and kU,/L. Once the
study had been approved by the participating laboratories and
the manufacturer, serum samples were collected as explained
below.

Random clinical samples sent for routine analysis
were collected in the serum banks of 2 of the participating
laboratories. The selected samples were thawed and mixed
to make 52 serum pools covering an sIgE range of 0.1 kUA/L
to 100 kU,/L for the most prevalent allergens (f1, 2, {3,
f13, 24, d1, el, e5, g6, t9, w6, w21, m6, p4, c2, il). Several
pools corresponding to different sIgE levels were considered:
high (H) (50-100 kUA/L), medium (M) (3.5-50 kU4/L), low
(L) (0.35-3.5 kUA/L), and extra-low (EL) (<0.35 kU4/L).
Aliquots stored at 4°C to 8°C were immediately shipped to the
participating laboratories for analysis.

Serum samples were measured in monoplicate by the
ImmunoCAP 250 in 2 separate runs: one for classical kUa/L
units and the other for mass units in ng/mL using a new curve
and prototype reagents for ng/mL prepared by Phadia AB.
All the reagents and calibrators used by the 10 participating
laboratories belonged to the same lot to avoid a further source
of variability. Standards for calculating the curve in ng/mL and
necessary modifications to the software were prepared by the
equipment manufacturer.

Results were analyzed using the SPSS 15.0 software
package. Means, SDs, and interlaboratory coefficients of
variation (CVs) were calculated for all the results reported
in both units by the 10 participating laboratories. Linear
regression, using kU,/L converted to ng/mL by a global or
laboratory-specific conversion factor, was used to compare the
2 measurement units. Bland-Altman plots were performed to
illustrate the difference between the 2 measurements against
the mean of the 2 measurements. Bland-Altman logarithmic
differences between kU /L and ng/mL were calculated for the
overall results [7].

The results obtained for each of the pooled serum samples
tested for sIgE in both units are shown in the Table. In general,
the CVs were similar and below 30% for each sIgE tested at
all the serum levels. No differences were found in terms of
interlaboratory CV for either of the units.

We found a quantitative agreement between kU,/L and
ng/mL. The results for sIgE to all the allergens as a whole
were plotted on a linear plot and a logarithmic Bland-Altman
plot (data not shown), and showed considerable measurement
consistency.

To further assess agreement between both units in the
measurement of sIgE, all the reported data were pooled and the

J Investig Allergol Clin Immunol 2012; Vol. 22(5): 372-392
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Table. Mean levels, SD, and Interlaboratory Coefficient of Variation (CV) for Specific Immunoglobulin E
Measurements in kUx/L and ng/mL

kUA/L ng/mL
Allergen

Mean SD CvV Mean SD CvV
f1 57.4 14.3 25.0 189.3 49.3 26.0
25.1 4.4 17.5 82.8 15.0 18.1
1.6 0.3 194 5.3 1.2 23.0
0.4 0.0 10.8 1.3 0.2 13.8
2 92.7 12.0 13.0 285.8 65.9 23.1
33.5 7.1 21.2 111.7 21.2 18.9
5.6 0.9 154 18.6 1.9 10.3
0.5 0.1 15.3 1.5 0.3 20.7
3 63.6 7.2 11.3 200.2 243 12.2
2.0 0.7 36.3 6.8 1.7 24.5
f13 68.1 11.5 16.8 223.6 46.5 20.8
11.5 2.8 24.1 41.5 6.3 15.2
1.6 0.6 39.9 5.4 1.6 30.8
0.3 0.0 14.7 1.1 0.1 12.7
24 1.8 0.2 9.6 5.7 0.5 9.0
0.1 0.0 22.5 0.4 0.1 20.6
dl 71.3 8.0 11.2 225.1 27.9 124
48.6 5.2 10.8 150.8 21.9 14.5
17.8 2.4 134 56.1 11.9 21.2
1.8 0.2 14.1 5.6 0.9 16.3
0.1 0.0 12.3 0.4 0.1 29.9
el 94.8 16.4 17.3 437.5 45.3 10.3
454 5.1 11.2 148.0 18.6 12.5
11.2 2.2 19.2 36.6 7.7 21.0
0.7 0.0 6.6 2.1 0.2 9.5
e5 74.3 18.2 24.5 241.5 53.0 22.0
42.7 5.3 12.3 138.9 22.0 159
4.2 1.2 27.3 14.1 4.2 30.2
26 55.8 5.8 10.3 180.1 23.7 13.2
29.6 4.4 15.0 92.3 14.8 16.0
6.6 0.9 134 22.3 3.9 17.6
1.2 0.1 11.3 3.9 0.5 13.3
t9 30.6 4.3 14.0 99.5 124 12.4
5.6 0.7 12.3 18.4 2.4 129
3.6 0.4 11.8 10.8 1.3 12.0
wo6 68.1 0.4 0.6 15.1 1.5 10.0
0.4 0.0 11.7 1.1 0.1 10.1
w21 20.6 1.4 6.6 69.6 11.9 17.0
mb6 38.3 10.2 26.6 128.8 373 29.0
5.2 0.7 12.8 16.4 2.3 14.3
p4 93.8 19.6 20.9 293.5 68.0 232
36.6 6.2 16.9 120.5 15.6 12.9
6.3 0.7 10.8 21.2 1.9 8.8
0.2 0.0 11.6 0.6 0.1 19.9
c2 5.0 0.4 7.2 15.8 2.4 15.5
2.1 0.2 9.4 6.7 1.1 15.7
0.8 0.0 4.7 2.6 0.2 8.6
0.1 0.0 254 0.2 0.1 25.3
il 46.5 9.2 19.8 151.6 332 21.9
17.0 1.2 7.3 55.7 3.9 7.0
2.3 0.2 10.6 7.7 0.9 12.1
0.1 0.1 53.3 0.4 0.2 54.5

Abbreviation: CV, coefficient of variation.
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CVs analyzed. The mean (SD) results were 129.8 (11.4) ng/mL
(CV, 14.1%) and 11.5 (3.4) KUA/L (CV, 15.1%). Furthermore,
the expected mean kU /L result based on the curve in ng/mL
and the conversion factor (1 kU,/L=2.4 ng/mL) was very
close to that indicated: 11.8 (3.4) kU,/L. Finally, the average
difference between samples measured in ng/mL and kU,/L
was 15.54% with an adjustment factor of 13.59% for each
laboratory.

There are few methods available in clinical laboratories to
quantify serum levels of sIgE. Despite this, however, results
are inconsistent [3,4,6] and there is a clear lack of agreement
between methods. Most systems report results in kUA/L but
with a very high variability. This means that it is not possible
to compute a mean value against which to reliably compare
results. Several reasons have been proposed to explain such
poor agreement, including differences related to allergens
(purification, preparation, etc) and test reagents (buffers,
antibodies, etc). This poor agreement makes it difficult not
only to compare results between laboratories but also to
design multicenter clinical protocols. In other words, sIgE
measurements cannot be used as valid endpoints.

This study shows good agreement between the use of ng/mL
and kU,/L units as a measurement of sIgE to a number of
allergens at different concentrations using the ImmunoCAP 250
system, with no significant differences observed in precision
when reporting in ng/mL or in kU,/L, even at low levels of sIgE
(<0.5 kU4/L). With this platform, the variability observed in
the kU /L assays was predictable from the variability obtained
in mass unit assays by using the theoretical conversion factor
(1 kUs/L=2.4 ng/mL). Despite this good conversion from
kU,/Ltong/mL, it must be stressed that a high interlaboratory
CV was observed for both units of measurement. Besides,
the preparation of standards in ng/mL was based on the
reassignment of standards prepared in kU,/L. We are aware
that an ideal comparison should be based on standards prepared
either in kUA/L or in ng/mL.

Finally, additional studies are needed to compare results
obtained using other IgE measurement systems. The clinical
relevance of measuring sIgE levels in mass units will be
determined in clinical validation studies.
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Flavoxate hydrochloride is a urinary anticholinergic drug
with antimuscarinic effects and a tertiary amine structure [1]. It is
used to treat urinary frequency and retention due to neurogenic
bladder, chronic prostatitis, and chronic cystitis. Acetylcholine
is the primary contractile neurotransmitter in the human
detrusor, and antimuscarinics exert their effects by inhibiting
the binding of acetylcholine at muscarinic receptors M2 and
M3 on detrusor smooth muscle cells and other structures within
the bladder wall [2]. Flavoxate suppresses the overactive
bladder by exerting a relaxant effect on the detrusor muscle
and a central suppressive effect on the micturition reflex [3].

Antimuscarinics are generally well tolerated, even in
special populations such as elderly patients and children. The
most frequently reported adverse events in clinical studies are
dry mouth, constipation, headache, and blurred vision.

A 26-year-old woman was referred to our allergy unit for
evaluation of generalized, pruritic erythema and hand edema
that had appeared 6 months earlier 5 hours after taking Monurol
(fosfomycin) and Uronid (flavoxate hydrochloride) for a
urinary infection. She was admitted to the emergency room and
treated with methyl prednisolone and dexchlorpheniramine.
She had no history of allergic disease.

After obtaining informed consent, we performed skin
prick tests, intradermal tests, and challenge tests to identify
the offending drug.

Intradermal and challenge tests performed with fosfomycin
were negative. A prick test with flavoxate (200 mg/mL) was
also negative, leading us to propose a challenge test with the
same drug. Intradermal tests were not performed with flavoxate
because we were unable to find a parenteral preparation. For
the challenge test, the patient took a cumulative dose of 200 mg;
1 hour after the last dose, she developed facial itching and
light facial and hand erythema. She was treated with oral
antihistamine and the symptoms disappeared, but 2 hours
later, she developed itching, erythema, and hand edema. She
received treatment with intramuscular corticosteroids and
antihistamine and the symptoms disappeared in 2 hours.

After discussing the need for alternative treatment, we
investigated tolerance of other anticholinergic drugs used to
treat urinary tract symptoms, namely, oxybutynin, tolterodine,
and trospium (Figure). Prick tests performed with oxybutynin
(5 mg/mL), tolterodine (2 mg/mL), and trospium (4 mg/mL)
were all negative. Intradermal tests were not performed because
we did not find parenteral preparations. Challenge tests were
performed with oxybutynin and tolterodine, and were negative.
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Figure. Chemical structure of urinary anticholinergic drugs.

A challenge test was not performed with trospium because the
patient decided to finish the study.

Flavoxate hydrochloride is associated with adverse
effects such as gastrointestinal symptoms, sleepiness, and
drug eruption [4]. Erythema and hand edema have not been
reported to date, however, either for flavoxate hydrochloride
or for the similar, well-known drugs, oxybutynin, tolterodine,
and trospium.

Because the patient had recurrent urinary infections and
cystitis, we decided to test tolerance of flavoxate, oxybutynin,
and tolterodine. Because these 3 drugs are tertiary amines, it
was decided to performed a challenge test due to the possibility
of cross-reactivity. The negative results indicate the absence
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of cross-reactivity in our patient, but our findings cannot be
extrapolated to other patients. Trospium is a quaternary amine,
so we believe that cross-reactivity between flavoxate and
trospium would be very unlikely. However, we were unable to
test this hypothesis as the patient refused to undergo a challenge
test with this drug.

In our review of the literature, we found only 1 report of
generalized drug eruption with fever and loss of appetite due
to flavoxate hydrochloride [4]. Patch and oral challenge tests
were positive and a cross-reactivity study was not carried out.

In conclusion, we have described a case of erythema and
hand edema that appeared several hours after the patient took
flavoxate. Although we were unable to demonstrate an IgE-
mediated mechanism by prick testing, the positive challenge
test indicates that a hypersensitivity mechanism might have
been involved.

Challenge tests demonstrated the lack of cross-reactivity
between flavoxate and both oxybutynin and tolterodine. We
think that trospium, a quaternary amine, would probably have
been tolerated without incidence, although we were not able
to prove this by challenge testing.

More studies are needed to test cross-reactivity between
oxybutynin, tolterodine, trospium, and flavoxate. To the best
of our knowledge, this is the second case of hypersensitivity
to flavoxate and the first case in which cross-reactivity has
been studied.
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E.S. started weaning at the age of 6 months. She ate pear
homogenate (88% pear, a small amount of corn starch) and a
diet consisting of vegetables, rice cream, and freeze-dried lamb
(which contains a small amount of corn starch), without any
evident problems. After 4 weeks, weaning was discontinued
for 3 days because of a viral infection, and the infant was
exclusively breastfed.

When she was 7 months old, she ate 4 teaspoons of
vegetable, corn, and tapioca, and 2.5 hours later developed
repeated episodes of diarrhea and vomiting with pallor,
hypotonia, and lethargy. She was taken to the emergency
department and after several hours was sent home in good
clinical condition with a suspected diagnosis of acute viral
gastrointestinal infection. Ten days later, she consumed breast
milk followed by 80 g of pear homogenate (with corn starch),
and developed profuse vomiting, diarrhea, pallor, and lethargy
after 2 hours. She was admitted to hospital, where anaphylaxis
due to cow’s milk (CM) protein was suspected, although
specific immunoglobulin (Ig) E was not investigated. CM
was removed from the infant’s and mother’s diet. The infant
was exclusively breastfed for 10 days, after which she ate 60 g
of pear homogenate (still with corn starch). Four hours later,
she experienced profuse vomiting, without pallor or lethargy.
She was admitted to the emergency department and was
examined, by chance, by a pediatrician with allergy expertise
who suspected food protein-induced enterocolitis syndrome
(FPIES) to corn, the only food present in all 3 critical episodes.
She was discharged and prescribed a corn-free diet. CM was
reintroduced into both the infant’s and the mother’s diet.

Prick to prick tests with corn and other grains not yet
eaten by the infant (Kamut, wheat, buckwheat and spelt)
were performed later and resulted negative. An oral food
challenge (OFC) with a range of grains other than corn was
also performed and no reactions were observed. Weaning onto
age-appropriate food (except corn) was suggested. The infant
consumed pear, lamb, vegetable with rice flour, grains other
than corn, and cow’s milk, and avoided all foods containing
corn and its derivates. She experienced no other episodes of
FPIES with this diet. An OFC to test tolerance to corn was
performed 1 year after the last episode, when the infant was
18-months-old, with negative results. At follow-up 2 months
later, the child had eaten corn several times and experienced
no further episodes of FPIES.

This is the first description of FPIES induced by corn.
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It is very important to know all the foods that can induce
this syndrome as knowledge is still lacking in this area [1].
Moreover, according to Caubet et al [2], diagnosis of FPIES
is often delayed, especially when the syndrome is triggered by
solid foods; this delay is attributed to a low index of suspicion
and the presence of clinical features that overlap with those
seen in other gastrointestinal disorders. In our case, diagnosis
was delayed because of misdiagnosis: a gastrointestinal
infection was suspected after the first reaction, and CM
anaphylaxis after the second.

FPIES symptoms can occur after the first or second
exposure to an offending food [3]. In our case, the patient ate
food containing corn in small amounts (pear homogenate and
freeze-dried lamb) for 2 weeks, without any evident problems.
The first acute episode occurred when, after exclusive
breastfeeding for 3 days, the infant was re-exposed to corn in
larger quantities than before. It is possible that the 3-day corn-
free diet played a key role in the development of acute FPIES
after the reintroduction of corn. A similar pattern has been
described for FPIES with a chronic onset, in which patients
with intermittent chronic vomiting and diarrhea develop more
violent and acute symptoms if they eat the trigger food after
a period of trigger food—free diet [3,4]. This reaction has also
been reported for cases of specific oral tolerance induction [5]
and seems to suggest that removal of the offending food from
a diet might be a destabilizing factor in a situation of unstable
equilibrium. However, our patient did not present symptoms
of chronic FPIES. Another important factor was probably the
fact that the quantity of food that triggered the first episode
was greater than quantities she had eaten previously.

In our case we did not perform a diagnostic OFC, but we
complied with all the criteria established by Powell [4] and
more recently confirmed [6,7]. An OFC to determine tolerance
of corn was performed 1 year after the last episode, which is
standard practice for [gE-mediated food allergies. There are no
data in the literature about when an OFC should be performed
in FPIES induced by solid foods; the only information available
is that described for FPIES induced by CM [8,9].

Another interesting aspect of this case is that we did not
advise the parents to exclude poultry or grains other than corn
from the child’s diet until the first year of life, or to replace
common formula milk with hydrolyzed CM formula. These
suggestions were proposed by Sicherer [10] since children with
a history of FPIES to one type of grain seem to have a 50%
chance of developing FPIES to other types of grains because
of the “window of physiologic susceptibility” [7]. On the other
hand, Caubet et al [3] claim that this is an unresolved issue, as
it is not known whether children with FPIES to rice have an
increased risk of FPIES to other grains, and the same probably
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applies to FPIES to corn. We decided to perform OFCs with
cereals other than corn before giving dietary prescriptions, and
they all resulted negative.

In conclusion, this case shows that corn can cause FPIES.
To the best of our knowledge, this is the first report of such
a case. We still know little about the natural course of this
syndrome and it would be desirable to have new reports of
solid food FPIES to increase our knowledge in this area.
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