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Insulin allergy is now a rare condition thanks to the 
introduction of human recombinant proteins in the 1980s. 
As a high-molecular-weight protein, insulin induces mainly 
type I hypersensitivity reactions, which can range from local 
erythema to anaphylaxis. Desensitization is the treatment of 
choice for systemic reactions in patients who require insulin 
and many authors recommend symptomatic treatment for 
local reactions [1]. Local forms of insulin allergy, however, 
can progress to systemic forms [2], and there has even been 
a report of fatal anaphylaxis in a patient who had previously 
experienced only local reactions [3].

We report the case of a 62-year old man who, in 2003, was 
diagnosed with type 2 diabetes mellitus, which was controlled 
with oral treatment for 7 years. In 2010, during admission to 
hospital due to hyperglycemic decompensation, he received 
intravenous insulin, which he tolerated well. On discharge, it 
was decided to initiate subcutaneous administration of insulin 
aspart plus protamine (12 units-0-12 units). Immediately 
after receiving the fi rst dose, the patient developed a pruritic, 
erythematous nodule (5 cm diameter) that lasted for 48 hours. 
Treatment was changed to insulin glargine (12 units-0-12 
units) and insulin detemir (14 units-0-14 units), but the lesion 
returned. Insulin was replaced by oral treatment and the patient 
was referred to our outpatient clinic. 

Skin prick tests (SPTs) performed with all available insulin 
preparations in Spain, including insulin lispro [3,4], were 
positive in all cases. Specifi c immunoglobulin (Ig) E for insulin 
was 14.8 kUA/L (ImmunoCap Phadia). SPTs with latex and 
protamine were both negative. Patch tests with insulin aspart 
plus protamine, insulin detemir, insulin glargine, latex and 
zinc were all negative at 48 and 96 hours. A diagnosis of type 
I hypersensitivity to insulin was established. 

A target dose of 6 units of subcutaneous insulin a day 
was established by an endocrinologist in accordance with 
the patient’s insulin needs. We started by administering 
simultaneous fractionated doses (2 by 2) of the total target 

Table. Desensitization Protocol
 

 Day Dose No. Units/ Cumulative Tolerated
   dose       dose/d, units   
 1 1 0.0001 0.0001 Yes
 1 2 0.001 0.0011 Yes
 1 3 0.01 0.0111 Yes
 1 4 0.1 0.1111 Yes
 1 5 1 1.1111 Yes
 1 6 2 3.1111 No
 2 7 1 1 Yes
 2 8 2 3 Yes
 2 9 4 7 Yes
 3 10 6a 6 Yes

aTwo simultaneous doses of 3 units.

dose in different parts of the body, but the patient developed 
immediate local induration and erythema, despite pretreatment 
with ebastine 20 mg and prednisone 60 mg. It was therefore 
decided to design a densensitization protocol to improve 
tolerance (Table 1). Each day, the patient took ebastine 20 mg 
and prednisone 60 mg thirty minutes before starting the 
procedure. Blood glucose levels were closely monitored by 
the endocrinologist throughout the densensitization protocol. 
On the fi rst day, we administered 6 consecutive subcutaneous 
doses of regular insulin every 20 minutes. The fi rst 5 doses 
(cumulative dose of <1.2 units) were all well tolerated, but the 
patient developed a local wheal immediately after the sixth dose 
(2 units). The procedure was stopped. On the following day, 3 
consecutive doses of 1, 2, and 4 units at 20-minute intervals 
were administered and tolerated. On the third day, we reached 
the target dose of 6 units per day with simultaneous injections 
of 3 units at 2 different sites. No lesions were observed. Down-
dosing of prednisone was initiated (with withdrawal of the drug 
after 3 days). The patient continued to take ebastine 20 mg and 
6 units of insulin glargine (2 simultaneous injections of 3 units) 
every day. No relevant increases in blood glucose levels were 
observed during the procedure. There were 2 mild decreases 
(80 mg/dL) but these were easily controlled by the intake of 
fruit juice. After 3 months of follow-up, the patient continues 
to follow the same treatment regimen and has experienced no 
further symptoms.

As has been reported previously in both adults [5] and 
children [6], desensitization can improve tolerance to insulin 
in local hypersensitivity. Using the desensitization protocol 
described in this report, we improved patient comfort and 
reduced the risk of chronic skin lesions. It appears to be well 
established that a previous local reaction is the main risk factor 
for systemic reactions in the future [1]. Desensitization not 
only improves patient comfort, but might also help to prevent 
future episodes of anaphylaxis. 
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Histamine receptor 2 (H2) blockers such as cimetidine, 
famotidine, and ranitidine are mainly used for the treatment 
of disorders related to gastric acid hypersecretion [1]. A 
number of hypersensitivity reactions to H2 antagonists, mostly 
demonstrated by oral provocation and skin tests, have been 
reported [2,3]. Basophil activation testing (BAT) was recently 
used for the in vitro diagnosis of immunoglobulin (Ig) E–
mediated drug allergy [4]. To our knowledge, our case report 
is the fi rst to describe cimetidine-induced acute urticaria and 
angioedema confi rmed by both intradermal tests and BAT. 

A 34-year-old female presented with angioedema and 
generalized urticaria 1 hour after intravenous administration 
of cimetidine 200 mg. Her medical and family history was 
unremarkable. About 1 month later, skin tests with cimetidine, 
ranitidine, and famotidine were performed. The skin prick 
tests were all negative, but intradermal tests performed at 
dilutions of 0.1, 1, and 10 mg/mL were positive for cimetidine 
and ranitidine at the 10-mg/mL concentration. The results for 
famotidine were negative. Intradermal tests in 5 nonatopic, 
healthy controls yielded negative results for 10mg/mL of 
cimetidine. 

No specifi c IgE to cimetidine or ranitidine was detected 
in the patient’s sera by enzyme-linked immunosorbent assay 
(ELISA). CD203c and CD63 expression on blood basophils 
of the patient was determined by fl ow cytometry at the time 
of reaction and during the convalescence phase. CD203c and 
CD63 expression levels were both increased on the day of 
cimetidine administration (71.5% and 28.9%, respectively) 
compared to during convalescence (43.7% and 7.8%, 
respectively). Following incubation of the basophils with 
cimetidine at dilutions of 10-5, 10-3, 10-1, 1, 10 mg/mL for 30 
minutes, CD203c expression decreased in a dose-dependent 
manner (Figure). There was no significant difference in 
CD203c expression on the basophils of a healthy volunteer 
before and after cimetidine administration (35.7% vs 37.0%).

After obtaining informed consent, we performed an open-
label oral challenge with cimetidine and famotidine. An hour 
and a half after ingestion of cimetidine 200 mg, the patient 
developed angioedema on the face and urticaria on the neck 
and on the arms and legs. The oral challenge with famotidine 
was negative.

H2 antagonists are generally well tolerated and adverse 
reactions are rare [1]. Although the use of these drugs is rarely 
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associated with hypersensitivity reactions, there have been 
reports of asthma and rhinitis, urticaria, anaphylaxis and even 
toxic epidermal necrolysis and acute generalized exanthematous 
pustulosis [5]. However, as a strong inhibitor of the cytochrome 
P450, cimetidine, rather than inducing hypersensitivity reactions, 
generally gives rise to drug interactions. 

In our case, we confirmed cimetidine-induced acute 
urticaria and angioedema by an oral challenge test. Possible 
cross-reactivity with ranitidine was suggested by the 
intradermal tests results, but no cross-reactivity was noted 
for famotidine. To elucidate the mechanism of immediate 
hypersensitivity reactions to cimetidine, we performed in 
vitro tests, including ELISA, to detect specifi c IgE antibodies 
and basophil surface expression of CD203c and CD63. 
Specifi c IgE to cimetidine was not identifi ed in the sera of the 
patient. Moreover, cimetidine decreased basophil activation 
in the patient. Skin keratinocytes expressing cytochrome 
P450 enzymes are involved in drug metabolism [6], possibly 
explaining why intradermal testing with cimetidine was 
positive in the absence of serum specifi c IgE to cimetidine. 
Cimetidine metabolites thus, rather than cimetidine itself, 
might have been responsible for the allergic reaction in 
our patient. Ranitidine, nizatidine and famotidine, but not 
cimetidine, share similar side chains on the ring structures. 
This could explain why cross-reactivity between cimetidine 
and other H2 antagonists is rarely seen [5]. A recent study 
reported a case of cimetidine-induced anaphylaxis with 
possible cross-reactivity between ranitidine and famotidine 
based on skin test results [2]. Considering that the sulfoxide is 
a metabolite of both cimetidine and ranitidine [7], it is possible 
that a cross-reaction occurred between metabolites common 
to the 2 drugs rather than between cimetidine and ranitidine 

themselves. An oral challenge with ranitidine and testing of the 
metabolites of the 2 drugs by skin tests and BAT could provide 
more information to confi rm our suspicion of cross-reactivity 
between cimetidine and ranitidine in our patient.

While the challenge test is the gold standard for diagnosing 
allergy, it has limitations in patients with a history of 
anaphylaxis or with severe comorbid disorders. Because the 
relevant immunogen, including intermediate metabolites, is 
unknown in most drugs [8], the predictive value of skin testing 
and other methods for detecting specifi c IgE to H2 antagonists 
remains uncertain. We were unable to identify specifi c IgE 
to cimetidine in our patient using the protocol described in 
a previous report that demonstrated serum specifi c IgE in a 
patient with H2 blocker–induced anaphylaxis [9].

CD203c is a useful marker for fl ow cytometric analysis 
of increased basophil surface expression in response to IgE-
dependent stimuli [4]. It has been proven that BAT has high 
specifi city and moderate sensitivity for diagnosing allergy 
to certain drugs such as ß-lactam antibiotics, neuromuscular 
blocking agents, and clavulanic acid [4]. 

Considering that the incubation of the patient’s basophils 
with cimetidine resulted in a gradual decrease in CD203c 
expression in the case reported, it can be postulated that 
H2, like H1 antagonists, may suppress basophil activation. 
This hypothesis is consistent with a previous report that 
demonstrated that H2 antagonists potentiated the effects of  
H1 antihistamines in suppressing histamine-induced wheals [10]. 
Therefore, conventional BAT, which involves incubating 
allergens with basophils, cannot be applied to the diagnosis of 
H2 antagonist–induced hypersensitivity due to the inhibitory 
effect of these allergens on basophil activation. By contrast, 
investigating CD203c and CD63 expression on basophils at 
the time of the reaction would be a relatively safe and useful 
means of confi rming IgE-mediated hypersensitivity in vitro. 

In conclusion, our patient developed urticaria and angioedema 
following the administration of cimetidine. Based on a positive 
intradermal test to cimetidine and increased CD203c and CD63 
expression levels on basophils on the day of the reaction, we 
suggest the involvement of an IgE-mediated mechanism.
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Penicillins are the most frequently implicated drugs in 
immunologic adverse reactions such as immunoglobulin (Ig) 
E–mediated immediate reactions, maculopapular exanthema, 
erythema multiforme, and fi xed drug eruptions [1].

Ampicillin has been widely used since it was introduced 
in 1961. Reported reactions include exanthema, desquamative 
contact eczema, urticaria, and anaphylaxis [2,3].

Reactions attributed to T cell–dependent responses vary 
from mild reactions, such as exanthema or delayed urticaria, 
to more severe reactions such as Stevens-Johnson syndrome 
or toxic epidermal necrolysis [4]. The most common type 
is exanthema (occurring in 25% of all cases with skin 
manifestations), followed to a lesser extent by urticaria [3].

A 42-year-old man with no history of atopy or allergy 
fainted after injection of intramuscular penicillin for the 
treatment of an infection. The patient did not remember 
the penicillin involved. We have no further details of this 
episode.

Prick and intradermal test results with benzylpenicilloyl 
polylysine as the major determinant (0.04 mg/mL) and minor 
determinant mixture (0.5 mg/mL) were negative. Both major 
and minor determinants were purchased from Diater SA. Skin 
test results with benzylpenicillin 10 000 IU/mL (Normon SA), 
amoxicillin 20 mg/ml (GlaxoSmithKline SA), ampicillin 20 
mg/mL (Normon SA), cloxacillin 20 mg/mL (Normon SA), 
cefuroxime 2 mg/mL (GlaxoSmithKline SA), and ceftazidime 
2 mg/mL (Combino Pharm SL) were all negative. Specifi c 
IgE antibodies to penicillin V, penicillin G, amoxicillin, and 
ampicillin (CAP-FEIA, Phadia) were also negative. Patch 
testing was performed on the patient’s upper back with 
penicillin, amoxicillin, and ampicillin (all at a concentration 
of 5% in petrolatum). Patch tests were read at 48 and 96 hours, 
and the results were negative. A lymphoblastic transformation 
test with penicillin, amoxicillin, and ampicillin at 250 and        
50 μg/mL also gave negative results.

After obtaining the patient’s informed consent, we performed 
a single-blind oral challenge with phenoxymethylpenicillin 
(125, 250, and 500 mg), amoxicillin (125, 250, and 500 mg), 
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cloxacillin (125, 250, and 500 mg), and ampicillin (125, 250, 
and 500 mg), increasing doses at 1-hour intervals. To rule out a 
nonimmediate reaction, the therapeutic dose was subsequently 
taken at home every 8 hours for 3 days. An oral challenge 
with phenoxymethylpenicillin, amoxicillin, and cloxacillin 
was negative. The result of a single-blind oral challenge with 
ampicillin was positive, with a delayed reaction. Twenty-four 
hours after the challenge (cumulative dose of 1875 mg), a 
pruritic maculopapular rash was observed on the trunk and 
arms. The symptoms subsided in 48 hours with systemic 
antihistamines and corticosteroids.

As the patient had experienced the reaction more than 2 
years earlier, and according to the recommendations set out in 
the position paper of the European Network for Drug Allergy [5], 
the skin tests were repeated after 4 weeks. The results were 
again negative. Due to the difference between the fi ndings of 
the allergy workup and the history as reported by the patient, we 
decided to repeat the oral challenge to confi rm that ampicillin 
had caused the reaction. The result of the second oral challenge 
with ampicillin was also positive. Twenty-four hours after the 
challenge, the patient developed the same symptoms as after 
the fi rst challenge.

Maculopapular or morbilliform rashes are common during 
treatment with ß-lactams, particularly ampicillin [6]. These 
rashes usually appear at least 2 to 3 days after the drug has 
been started, are not associated with IgE antibodies, and do not 
appear to predispose the patient to urticarial reactions. Over 
the last decade, however, various investigators have come to 
the conclusion that these rashes often represent type IV (cell-
mediated) hypersensitivity, which is associated with patch test 
and/or delayed intradermal test positivity [6].

In nonimmediate reactions, patch and/or intradermal 
tests have been proposed for in vivo diagnosis. Although the 
lymphocyte transformation test has also been proposed for 
diagnostic purposes, its role has not been defi ned [4]. In a 
prospective study of nonimmediate reactions, Padial et al [4] 
found that only 9% of individuals had a positive intradermal 
test result. We performed both intradermal and patch tests and 
a lymphocyte transformation test, and the results were negative 
for all three. A drug challenge was necessary to establish the 
diagnosis.

Studies carried out with monoclonal antibodies [7] and 
polyclonal antibodies [8,9] in animals have shown that 
ampicillin can induce an immunological response linked to its 
side chain structure. In humans, there is not suffi cient evidence 
to prove that ampicillin is able to induce a specifi c response. 
Experimental studies indicate that the side chain of ampicillin 
may generate unique epitopes and that low cross-reactivity with 
amoxicillin exists [2]. In our case, the patient was sensitized 
to ampicillin and tolerated amoxicillin; therefore, he may be 
sensitized to the specifi c epitopes to this drug. In addition, 
immunologic specifi city was demonstrated by the fact that the 
patient tolerated oral phenoxymethylpenicillin, a molecule that 
differs from ampicillin only in that it lacks an amino group on 
the benzene ring.

In summary, we report a patient with a selective 
nonimmediate reaction to ampicillin with good tolerance to 
amoxicillin and phenoxymethylpenicillin. The diagnosis was 
confi rmed using a positive single-blind oral challenge.
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Figure. Note the atypical facies of the patient on the left. Primary follicle under 
the mucosal layer with inconspicuous germinal center (hematoxylin-eosin staining, 
original magnifi cation ×20) in the top right corner. Small number of CD 20+ 
lymphocytes outside the germinal centers (CD2020 staining, original magnifi cation 
×20) in the bottom right corner. 

The immunodefi ciency, centromeric instability, and facial 
anomalies (ICF) syndrome is an inherited immunodefi ciency 
syndrome characterized by a variable degree of mental 
and motor retardation and dysmorphic facial features [1,2]. 
Mutations in the DNA methyltransferase 3B gene (DNMT3B) 
are responsible for the majority of ICF cases reported to date 
[3]. These mutations cause instability in the juxtacentromeric 
heterochromatin regions of chromosomes 1 and 16, and, 
sometimes chromosome 9 [4,5]. Clinical features of the 
ICF syndrome include unusual facial features such as 
hypertelorism, fl at nasal bridge, and macroglossia, mental 
retardation, intestinal dysfunction, psychomotor impairment, 
and delayed developmental milestones [6]. 

Immunodeficiency in ICF ranges from severe 
agammaglobulinemia to a mild reduction in immune response, 
although B cells are present in suffi cient numbers in peripheral 
blood [6]. The aim of this paper was to demonstrate the immune 
histology of lymphoid tissue from an ICF patient who had 
undergone adenotonsillectomy. 

A 5-year-old girl was referred to the pediatric immunology 
department of our hospital because of recurrent infections. She 
was the fi rst child of nonconsanguineous parents. She had had 
recurrent acute otitis media and sinusitis since 3 months of 
age and also had recurrent conjunctivitis. Her developmental 
milestones were normal and her family history unremarkable. 

On physical examination, she was 14.5 kg in weight (25th 
percentile) and 100 cm (3rd-10th percentile) in height. Her 
face was dysmorphic, with hypertelorism, fl at nasal bridge, 
low-set ears, high forehead, and macroglossia. Her tonsils 
were hypertrophic. She had uvula bifi dus and a high-arched 
palate with mandibular prognathism (Figure). The tympanic 
membranes were bilaterally perforated. She had mild thoracic 
scoliosis and joint laxity with cubitus valgus. The remainder 
of the examination was unremarkable. 

Laboratory examinations revealed normal leukocyte, 
erythrocyte, and platelet counts, and immunological studies 
revealed panhypogammaglobulinemia. Serum immunoglobulin 
(Ig) G was 42.1 mg/dL (reference range, 345-1236 mg/dL), 
IgA was <6.6 mg/dL (reference range, 14-159 mg/dL), and 
IgM was 17 mg/dL (reference range, 43-207 mg/dL). The 
thymus was visible on chest X-ray. Total serum protein and 
albumin levels were normal and there was no proteinuria. 
Repeated serum immunoglobulin levels were all below the 
lower limit of normal. Anti-rubeola IgG was negative. Natural 
isohemagglutinins (anti-A and anti-B) were negative. The 
percentage and number of peripheral blood B cells were normal 
for her age (21.5 % and 0.37×109/L, respectively.)

The atypical facies and hypogammaglobulinemia in 
association with normal B cell numbers suggested ICF 
syndrome. The centromeric instability of chromosomes 
1, 9, and 16, shown by standard cytogenetic analysis, 
confi rmed the diagnosis. The patient was started on 
monthly intravenous immunoglobulin (IVIG) therapy. 
The frequency and duration of the infections decreased. 
However, adenotonsillar hypertrophy causing upper 
airway obstruction required surgical intervention. One 
year after the start of IVIG therapy, she underwent 
adenotonsillectomy. 

The histopathological examination of the adenoid and 
tonsillary tissue revealed preserved general architecture. 
Primary follicles were seen under the mucosal layer but 
germinal centers were inconspicuous (Figure). CD20+ 
lymphocytes were scarce outside the germinal centers 
(Figure) and CD3+ lymphocytes were condensed in the 
paracortical area. Immunofl uorescence staining revealed 
numerous IgM+ cells, but very few IgA+ and IgG+ cells. 

ICF has been described in fewer than 50 patients 
worldwide since it was fi rst described in 1978 [7]. Among the 
main features of the disease are hypogammaglobulinemia 
and agammaglobulinemia. In one study, 27 out of 44 
patients had agammaglobulinemia, although they had 
B cells in the peripheral blood [6]. Recently, Blanco-
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Betancourt et al [8] investigated B-cell defects in this syndrome 
and showed that peripheral blood contained only naïve B cells 
and that there was a defi ciency of memory and gut plasma 
cells. This suggested that negative selection breakdown and 
peripheral B-cell maturation blockage might contribute to 
agammaglobulinemia in ICF. Immune responses usually take 
place in secondary lymphoid organs such as lymph nodes, 
and most lymphocytes within these organs are transitory. 
T cells and B cells segregate into separate regions. B-cell 
compartments include naïve cells within follicles and marginal 
zones, with the formation of germinal centers and plasma 
cells when B cells respond to antigens [9]. The poorly formed 
germinal centers in the present case confi rmed that the B cells 
had a low response to antigens. The scarcity of CD20+ cells was 
consistent with this fi nding. A dense CD3+ T cell population 
was shown in the paracortical area. Although the patient had 
a normal B-cell count in peripheral blood, there were few B 
cells in the lymphoid tissue. Interestingly, although serum 
levels of IgA, IgG, and IgM were low, immunofl uorescence 
staining revealed large numbers of IgM+ cells but very few 
IgA+ and IgG+ cells. IgM-bearing B cells are formed in the 
bone marrow. When activated by helper T cell signals (CD40L, 
cytokines), B cells undergo switching to different Ig isotypes 
in peripheral lymphoid tissues [10]. The presence of IgM+ cells 
accompanied by a virtual absence of IgA+ and IgG+ cells may 
suggest defi cient isotype switching.

 Blanco-Betancourt et al [8] showed that ICF B 
cells are competent for class switch recombination and 
immunoglobulin secretion after in vitro stimulation by 
CD40L in the presence of cytokines. Our fi ndings suggest 
that ICF patients, or at least ICF patients like ours, may 
have a defect in the activation of B cells by helper T cell 
signals. Our patient had a normal percentage of T cells, 
including CD4+ helper cells. Unfortunately, we were unable 
to study T-cell functions. In a meta-analysis of 45 ICF 
patients, Hagleitner et al [6] reported that of 28 patients 
who underwent T-cell function testing, 3 showed decreased 
or absent proliferation of T cells following stimulation with 
the mitogen phytohemagglutinin. 

In conclusion, the histological fi ndings of the lymphoid 
tissue in the present case, with poorly formed germinal centers 
and signifi cant changes in lymphoid cell composition and 
B-cell immunoglobulin expression, may help to explain the 
mechanisms of immunodefi ciency in the ICF syndrome.
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Cold urticaria is characterized by the rapid onset of pruritus, 
erythema, and wheals after exposure to a cold stimulus. Cases 
of cold urticaria after exposure to agents such as drugs are 
infrequent [1,2]. Allergic reactions due to benzodiazepines are 
extremely rare, and most have been described with diazepam 
[3]. We present a case of cold urticaria induced by alprazolam.

A 44-year-old man developed pruritus, edema, and wheals 
in the parts of his body that had come into contact with cold 
water. Symptoms resolved spontaneously without treatment. 
He had started taking alprazolam 10 days previously. The 
patient’s anxiety improved and he stopped taking alprazolam. 
He was able to swim in both a pool and the sea. Four months 
later, he was again prescribed alprazolam. One week after 
initiating treatment he developed wheals and pruritus on his 
legs and right hand while watering the garden. 

The results of a prick test (0.5 mg/mL) and oral 
challenge with alprazolam (cumulative dose of 1 mg) were 
both negative. The patient was advised to continue taking 
alprazolam 0.5 mg/d at home. The results of an ice cube test 
and a cold water test performed 1 week later were positive 
[1,4]. Alprazolam was stopped and the ice cube test and cold 
water test were repeated 1 month later with negative results. 
A biochemistry workup comprising a liver panel, leukocytes, 
erythrocytes, platelets, antinuclear antibodies, serology, 
cryoglobulins, cryoagglutinins, complement, and rheumatoid 
factor revealed normal values [1]. Diagnosis was confi rmed 
using a double-blind placebo-controlled ice cube test with and 
without alprazolam. The result was positive with alprazolam only.

Cold urticaria accounts for 3%-5% of all cases of physical 
urticaria. It involves wheals and pruritus after exposure of 
the skin to cold. This disorder can be classifi ed as familial 
or acquired. The acquired form can be typical or atypical, 
depending on the positivity or negativity of the ice cube 
test [1,4]. Typical cold urticaria is classifi ed into 2 groups: 
primary cold urticaria (72%) and secondary cold urticaria 
(28%). The reported causes of secondary cold urticaria 
are cryoglobulinemia, cryoagglutinins, cryohemolysins, 
cryofibrinogens, leukocytoclastic vasculitis, infectious 
diseases, hypothyroidism, celiac disease, and isolated induction 
due to drugs (penicillin, oral contraceptives, and griseofulvin) 
[1,2,5]. Atypical cold urticaria comprises systemic forms, cold-
dependent dermographism, cold-induced cholinergic urticaria, 
delayed cold urticaria, and cold refl ex urticaria [1,4,5]. The 
pathogenesis of this type of urticaria is not well known, but 
the release of mast cell mediators seems to be an essential 
component. Histamine, prostaglandin D2, platelet-activating 

factor, and tumor necrosis factor α have been found in the skin 
and serum of patients with cold urticaria [1,4]. 

Alprazolam is a potent short-acting benzodiazepine. It 
is primarily used to treat moderate to severe anxiety, panic 
attacks, and nausea due to chemotherapy. Exceptionally, 
alprazolam induces angioedema and other allergic reactions 
[6]. It has also been reported to be a successful treatment for 
chronic drug-resistant urticaria, possibly owing to its anti-H1 
effect [7]. In 1 case of cold urticaria reported during induction 
of anesthesia with atropine, midazolam, fentanyl, thiopental, 
and atracurium at 21ºC, the ice cube test was positive without 
ingestion of drugs [8]. 

We present the case of a man who tolerated cold water 
but presented cold urticaria while receiving treatment with 
alprazolam. Although the immunological mechanism remains 
unclear, we suggest that benzodiazepines (a well-known trigger 
for histamine release) together with the cold stimulus might 
induce the release of mast cell mediators. To our knowledge, 
this is the fi rst report of cold urticaria induced by alprazolam.
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Custard apple, or cherimoya, is a tropical fruit belonging to the 
Annonaceae family. Some of the cases of allergy to this fruit that 
have been reported were related to cross-reaction with latex. Fruit 
class I chitinases with an N-terminal hevein-like domain and latex 
hevein (Hev b 6.02) have been identifi ed as the main allergens 
(panallergens) responsible for this type of cross-reaction [1]. 

A 28-year-old woman who worked as a fi shmonger was 
examined at our hospital. During the previous year, she had 
developed pruritus, erythema, and wheals on her fi ngers, hands, 
and forearms while working. These symptoms improved on 
weekends and vacation. She wore latex gloves at work and 
reported no symptoms when touching or eating fi sh. During 
the previous 4 years, she had also experienced tongue and 
pharyngeal pruritus and labial erythema after eating custard 
apple. She presented no symptoms with any other fruits, 
including avocado, chestnut, banana, and papaya. As the 
only additional atopic background, she reported seasonal 
rhinoconjunctivitis.

Skin prick tests with commercial extracts of latex, common 
inhalants and fruits, date palm pollen profi lin, and Pru p 3 
gave positive results (mean wheal diameter ≥3 mm) for latex 
(6 mm), chestnut (5 mm), and profi lin (6 mm), as well as the 
following pollens: grass (9 mm), olive (8 mm), plane tree (4 
mm), Plantago lanceolata (5 mm), mugwort (4 mm), and 
Chenopodium album (8 mm). A prick-prick test with fresh 
custard apple elicited a positive response (7 mm). Total and 
specifi c immunoglobulin (Ig) E were assessed using the CAP 
system (Phadia): serum specifi c IgE was positive (>0.35 kUA/L) 
for grass pollen (>100 kUA/L), olive tree pollen (23.5 kUA/L), 
plane tree pollen (11.9 kUA/L), avocado (0.85 kUA/L), chestnut 
(0.38 kUA/L), banana (0.68 kUA/L), papaya (2.50 kUA/L), latex 
(4.1 kUA/L), rHev b 6.02 (0.38 kUA/L), and rBet v 2 (6.25 kUA/L). 
Total IgE was 800 IU/mL. Specifi c IgE tests against additional 
latex recombinant proteins (rHeb v 1, rHeb v 3, rHeb v 5, and 
rHeb v 6.01) were negative. Skin patch tests (True Test) with 
readings at 48 hours and 96 hours were also negative.

We did not perform an additional oral challenge, as 

the patient reported several adverse reactions (oral allergy 
syndrome) after eating custard apple. The latex glove use test was 
not performed because of the positive skin prick test and CAP 
results and a very suggestive clinical history. She also experienced 
symptoms with latex condoms and remained completely 
asymptomatic as soon as she stopped using latex at work. 

Sodium dodecyl sulfate polyacrylamide gel electrophoresis 
(SDS-PAGE) performed with the custard apple extract showed 
bands ranging from 70 kDa to 12 kDa. IgE immunoblotting 
carried out with the patient’s serum revealed a prominent IgE 
binding band of 14 kDa (Figure 1A, lane P). Additional bands 
of 40-42 kDa could not be considered specifi c as they also 
appeared in the control serum (Figure 1A, lane C). 

Immunoblot-inhibition assays with extracts of custard 
apple, avocado, papaya, latex, latex profi lin, mugwort profi lin, 
and Hev b 1 revealed cross-reaction between custard apple 
and the extracts of avocado, papaya, and latex. Nevertheless, 
no inhibition was detected between custard apple and the 2 
profi lins (Figure 1B), and poor inhibition was observed with 
rHev b 1 (Figure 1C) (allergens with molecular masses of 
around 14 kDa). 

Proteins of the IgE-binding band were identifi ed using 
mass spectrometry. The gel band was manually excised from 
micropreparative gels using biopsy punches. The protein 
selected for analysis was reduced, alkylated, and digested 
in-gel with trypsin according to the procedure of Shevchenko 
et al [2]. After digestion, the supernatant was analyzed in 
a matrix-assisted laser desorption/ionization–time of fl ight 
mass spectrometer (4700 Proteomics Analyzer, Applied 
Biosystems). Tandem mass spectrometry was performed at the 
Genomics and Proteomics Center, Universidad Complutense 
de Madrid, Madrid, Spain. 

High sequence homology was found between a peptide 
belonging to 1 of the proteins of this band and the acyl carrier 
protein, which is widely distributed throughout the vegetable 
kingdom. This protein is an essential cofactor in the synthesis 
of fatty acids by the fatty acid synthetase system in bacteria 
and plants.

Allergy to custard apple is rare [3-5]. The fi rst report 
involved a description of the presence of a 20-25–kDa 
allergen in custard-apple [3], and further studies detected 
cross-reactivity between custard apple and latex involving 
bands of around 40-45 kDa [4-7]. An allergen of 45 kDa 
was subsequently identifi ed as a chitinase by means of rabbit 
monospecifi c antichitinase antibodies [6]. The N-terminal 
hevein domain in class I chitinases is usually responsible for 
cross-reactivity with latex hevein. Other in vitro assays also 
suggest that relevant epitopes are contained in the catalytic 
domain of these allergens (26 kDa) [1]. 

We report a case of IgE-mediated allergy to custard apple 
associated with latex allergy. A custard apple IgE-binding band 
of 14 kDa was detected. This allergen displayed cross-reactivity 
with latex, papaya, and avocado, but not with Hev b 1 or profi lin. 
High sequence homology was found between peptides of 
this 14-kDa band and acyl carrier protein. We suggest that 
this could be a new allergen involved in cherimoya and latex 
cross-reaction, although further studies would be necessary to 
prove its allergenicity.
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Figure. Results of SDS-PAGE immunoblotting with custard apple extract. A, Lane P, patient serum; lane C, control serum (pool of sera of nonatopic 
subjects); lane M, molecular mass markers. B, SDS-PAGE immunoblotting-inhibition results. Custard apple extract in the solid phase. Inhibition phase: lane 
C, control serum (pool of sera of nonatopic subjects); lane P, patient serum; lane 1, custard apple (peel); lane 2, custard apple (pulp); lane 3, latex; lane 4, 
latex profi lin; lane 5, mugwort pollen profi lin; lane 6, avocado; lane 7, papaya; lane 8, lamb; lane 9, bovine serum albumin; lane M, molecular mass markers.
C, SDS-PAGE immunoblotting inhibition results. Custard apple extract in the solid phase. Inhibition phase: lane C, control serum (pool of sera of nonatopic 
subjects); lane 1, patient serum; lane 2, custard apple (peel); lane 3, Hev b 1 (160 µg/mL); lane 4, bovine serum albumin; lane M, molecular mass markers. 
SDS-PAGE indicates sodium dodecyl sulfate polyarylamide gel electrophoresis.
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Table. Lymphocyte Transformation Test With Active Drugs 

 Concentrations Vitamin Vitamin Vitamin Concentrations Vitamin PHAb
 Vitamin B1 B1+B6+B12a B1 B6 Vitamin B12, B12
 and B6, μg/mLa    μg/mL    

 

 200     0.90 1.96 0.35 10   1.89 15
 100     1.51 1.68 1.07 5   2.34c 
 50     1.32 1.81 1.05 2.5   1.10 
 25     1.56 1.51 1.22 1   1.59 
 10     2.19c 2.98c 1.09 0.5   1.34 
 1     2.21c 1.58 1.32 0.05   1.39 
 0.1   1.87 1.98 1.54 0.005   0.92 

Abbreviation: PHA, phytohemagglutinin A.
aConcentrations corresponding to vitamins B1 and B6 in the pharmaceutical presentation Antineurina. The concentration of vitamin B12 is 25-fold
 lower.
bPhytohemagglutinin A (PHA) was used as a control mitogen.
cPositive result

Drug-induced aseptic meningitis (DIAM) is a rare adverse 
effect of several drugs. The major causative agents are 
nonsteroidal anti-infl ammatory drugs, especially ibuprofen 
[1] and antibiotics (trimethoprim-containing and penicillin-
derived antibiotics are the most commonly identifi ed) [2-5].

We report the fi rst case of aseptic meningitis (AM) due to 
a hypersensitivity reaction to vitamin B complex.

 A 29-year-old woman with a history of autoimmune 
subclinical hypothyroidism attended the emergency room with 
generalized seizure, neck stiffness, and lethargy. She required 
sedation and was admitted to the intensive care unit.

Laboratory data revealed a white blood cell count of 
11 200/cm3 (normal formula), hemoglobin 10.5 g/dL, total 
proteins 4.4 g/dL, and aspartate aminotransferase 60 IU/L. 
The results of clotting tests, urinalysis, and blood gas 
analysis were normal. Computed tomography (CT) scans and 

magnetic resonance imaging (MRI) of the head were normal. 
Cerebrospinal fl uid (CSF) analysis revealed pleocytosis with 
31 leukocytes/mm³ (lymphocytes, 90%), increased proteins 
(7.6 g/L), and normal glucose. No bacterial microorganisms, 
tumor cells, or Mollaret cells were found. Blood cultures did 
not yield growth of microorganisms. Serology testing for 
viruses and bacteria was negative.

Empirical treatment with antibiotics and acyclovir was 
started, and the patient recovered within 24 hours. She was 
discharged with a diagnosis of probable viral meningitis.

The patient was readmitted 7 days later due to fever (39ºC), 
malaise, facial itching, globus sensation, and neck stiffness. 
CSF analysis revealed pleocytosis with 171 leukocytes/mm³ 
(polymorphonuclear, 95%), increased proteins (5.9 g/L), and 
normal glucose. No treatment was prescribed. After 2 weeks, 
while still hospitalized for observation, she presented fever 
(38.5°C), headache, facial itching, and dyspnea. The patient 
associated these symptoms with taking 1 tablet of vitamin 
B complex (Hidroxil B1,B6,B12, Almirall SA; thiamine 
hydrochloride [B1] 250 mg, pyridoxine hydrochloride [B6] 
250 mg, hydroxocobalamin hydrochloride [B12] 500 mg) 2 
hours earlier. A new CSF analysis revealed pleocytosis with 
55 leukocytes/mm³ (polymorphonuclear, 90%). As DIAM was 
suspected, the patient was studied in our allergy department.

The patient had started treatment with vitamin B complex 1 
month before the fi rst admission. Treatment was stopped during 
her stay in hospital and restarted after discharge. An allergy 
workup was performed and included prick tests with thiamine 
(100 mg/mL), pyridoxine (150 mg/mL), and cyanocobalamin 
(500 μg/mL), as well as intradermal tests with the same drugs 
at 1/100 and 1/10 of the initial concentration. Patch tests were 
also performed with the same drugs. Readings taken at 20 
minutes and 2 and 48 hours were negative.

A lymphocyte transformation test (LTT) was performed 
according to the methodology of Pichler et al [6] with the pure 
forms of B1, B6, and B12 (kindly provided by Almirall, SA) 
(Table). The result was positive with B1 (stimulation index, >2) 
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at high and low concentrations. LTT was also positive with B12 
but only with high concentrations. LTT with B6 was negative. 
Therefore, the patient was sensitized to B1, possibly sensitized 
to B12, and not sensitized to B6.  

We did not perform any exposure test with the drug 
responsible for the reaction, because the clinical history was 
very suggestive (recurrence on 3 occasions after taking the 
drug), the LTT result was positive, and oral challenge was 
dangerous. 

The definitive diagnosis was DIAM caused by 
hypersensitivity to vitamin B complex.  

Aseptic meningitis is characterized by infl ammation of the 
meninges that is not induced by an infectious agent [4]. DIAM 
is a rare adverse effect of several drugs.

The clinical features of DIAM are similar to those of other 
types of meningitis (fever, headache, and neck stiffness), 
although other signs and symptoms (eg, skin rash, arthralgia, 
hepatic dysfunction, and conjunctivitis) have been reported 
[2]. CSF fi ndings are similar to those of other causes of 
aseptic meningitis, with pleocytosis (>5 cells/ mm³). CSF 
protein is elevated, with a normal CSF to blood glucose ratio. 
By defi nition, CSF cultures are negative [2]. CT and MRI 
fi ndings are usually normal [2], and prognosis is good, with 
total resolution of the syndrome 2-3 days after withdrawal of 
the drug.

The pathogenesis of DIAM is not fully understood. Type III 
and type IV hypersensitivity mechanisms are the most likely 
to be involved.  

An immunologically mediated hypersensitivity reaction, 
such as a pathogenic mechanism of DIAM [2,7,8], seems to 
account for our patient’s condition, based on the following: a) 
The symptoms are not dose-dependent; b) The latency period 
between drug intake and the onset of symptoms is usually 
24-48 hours; c) Previous exposure to the drug is mandatory 
(onset of meningitis is between several weeks and 4 months 
after ingestion); d) The rapidity and severity of symptoms 
increases on subsequent re-exposure; e) The symptoms resolve 
upon discontinuation.

It has been proposed that the drug combines with a CSF 
or meningeal protein that acts as a hapten, leading to an 
infl ammatory response in the meninges [8]. Immune complex 
deposition and detection have been found in many cases of 
DIAM, suggesting a type III reaction [2]. 

In a patient with DIAM due to ibuprofen, Martin et 
al [7] detected a highly elevated concentration of total 
immunoglobulin (Ig) E (1099 μg/mL), and after total resolution 
of symptoms, serum IgE returned to normal.

Specifi c IgG against ceftazidime was found in a patient 
with recurrent DIAM by induced by cephalexin, cefazolin, and 
ceftazidime, and the skin tests with cefazolin caused recurrence 
of meningitis [3].

Diagnosis of DIAM is difficult. A close temporal 
relationship between ingestion of a drug and onset of clinical 
symptoms and CSF fi ndings consistent with meningitis supports 
the diagnosis, which is a diagnosis of exclusion. The suspected 
drug should be withdrawn. The only confi rmatory test would 
be rechallenge with the drug, although this is not ethically 
justifi ed [8]. Our patient was inadvertently rechallenged with 
vitamin B complex, and meningitis reappeared.

The criteria for diagnosis of DIAM are as follows: a) a 
temporal relationship with drug intake; b) CSF pleocytosis; 
c) negative testing for microorganisms; d) absence of 
another explanation; and e) complete resolution following 
discontinuation of the drug [5]. Our patient met all these 
criteria, including rechallenge with the drug and a positive 
LTT. The skin tests were not useful.
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Figure. A, SDS-PAGE. CE, chicken extract. HE, hake extract. Lane P, patient’s serum; 
Lane C, control serum (pool of sera from nonatopic subjects); Lane S, antiparvalbumin 
rabbit serum; Lane C1, rabbit serum before parvalbumin immunization. B, SDS-PAGE 
immunoblotting inhibition study. Lane C, control serum; Lane 1, patient’s serum 
preincubated with CE (0.8 mg/mL) (homologous inhibition with positive control of 
inhibition); Lane 2, patient’s serum preincubated with HE (0.8 mg/mL); Lane 3, patient’s 
serum preincubated with sunfl ower pollen extract (0.8 mg/mL); M: molecular weight 
marker. SDS-PAGE indicates sodium dodecyl sulfate polyacrylamide gel electrophoresis. 

Fish is a staple of human nutrition and is consumed 
worldwide. Fish allergy is the third cause of pediatric food 
allergy in our environment and the sixth in adults [1]. 
Parvalbumins have been reported to be the main panallergen 
in fi sh allergy [2]. Although cross-reactivity between fi sh and 
amphibian parvalbumins has been documented [3], there are 
no reports of adverse reactions to other widely consumed 
foods (eg, chicken) caused by cross-reactivity with fish 
parvalbumins.

A 23-year-old woman presented with chest tightness and 
wheezing within minutes of eating chicken. She did not have 
symptoms with other meats or with egg and she did not 
report contact with birds. Her atopic history included 
chest tightness, wheezing, and facial angioedema after 
ingestion of fi sh at the age of 9. She has avoided fi sh 
or its derivatives since then.

Skin prick tests (SPTs) to commercial extracts from 
meats (chicken, pork, lamb, and veal), egg white, egg 
yolk, ovalbumin, ovomucoid, and feather mixture were 
positive to chicken (wheal of 4 × 5 mm) and negative to 
the other allergens. The patient refused to undergo SPT 
against commercial fi sh extracts (and Anisakis simplex), 
since she had presented an anaphylactic episode after an 
SPT as a child. Serum specifi c immunoglobulin (Ig) E 
levels were measured using the enzyme allergosorbent 
technique (Specific IgE EIA kit HYTEC HYCOR 
Biomedical Ltd). Determination of specific IgE 
revealed the following values: chicken, 7.6 kUA/mL; 
pork, 0.6 kUA/mL; salmon, 10.6 kUA/mL; hake, 
95.6 kUA/mL; and sardine, 58.3 kUA/mL. Total IgE 
was 105 IU/mL). Specific IgE against A simplex 
was <0.35 kUA/L. Protein extracts from raw 
and cooked chicken extract (CE) and from hake 
extract (HE) were prepared by homogenization in 
phosphate-buffered saline, followed by dialyzation and 
lyophilization. Sodium dodecyl sulfate polyacrylamide 
gel electrophoresis (SDS-PAGE) IgE immunoblotting 

assays revealed IgE reactivity with proteins of 13, 16, and 55 kDa 
in the CE and 13, 37, 50, and 55 kDa in the HE (Figure 1A). 
SDS-PAGE immunoblotting inhibition using CE in the solid 
phase showed complete inhibition of IgE binding when the 
patient’s serum was preincubated with HE (Figure, B, lane 2). The 
inhibition was not complete when CE was used as an inhibitor 
(Figure, B, lane 1), thus reinforcing fi sh parvalbumin as the 
primary sensitizing allergen. The 16-kDa IgE binding band 
from CE and the 13-kDa binding band from HE were manually 
excised from both gels, digested with trypsin, and analyzed 
using matrix-assisted laser desorption/ionization time of fl ight 
(MALDI-TOF) spectrometry and liquid chromatography 
electrospray ionization. Based on comparison with a database, 
the resulting peptides were analyzed using mass spectrometry 
or tandem mass spectrometry, which revealed α parvalbumin 
in the CE and ß parvalbumin in the HE.

Parvalbumins are calcium-binding albumin proteins that 
are usually localized in fast-contracting muscles, and, to a 
lesser extent, in brain and endocrine tissue. Parvalbumins can 
be subdivided into 2 different evolutionary lineages, namely, 
α and ß. α-Parvalbumins are abundant in the muscle of fi sh 
and amphibians, but much less so in the muscle of birds and 
mammals. They are not generally allergenic. ß-Parvalbumins 
are common allergens in fi sh, although they are not found 
in human muscle and show reduced identity to human                         
α parvalbumin [3,4]. α- and ß-Parvalbumins have been 
reported to share a high homology (51% identity and 66% 
positive), which is increased in the calcium-binding domain, 
where IgE-reactive sites have been described [5]. Cases of 
cross-reactivity between different species of parvalbumins are 
rare; IgE-antibodies of fi sh-allergic patients have been reported 
to cross-react with frog parvalbumin [3]. Kuenh et al [6] reported 
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reaction to chicken meat caused by IgE reactivity to muscle α 
parvalbumin with mild oral reactions after ingestion of tuna and 
salmon, although no cross-reactivity between fi sh and chicken 
parvalbumins was demonstrated, suggesting that chicken was 
the primary sensitizing allergen. Allergic reactions to chicken 
have also been reported in patients who are highly sensitized 
to A simplex [7]; however, our patient did not show detectable 
IgE levels against this nematode.

We present the fi rst case of chicken allergy involving 
parvalbumin as the relevant allergen in a fish-allergic 
patient, with demonstrated cross-reactivity between α and ß 
parvalbumin. Physicians should be aware of clinical cross-
reactions involving panallergens such as parvalbumins, which 
might be present in widely consumed foods.
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The benzimidazole derivative omeprazole was the fi rst 
proton pump inhibitor to be marketed (1988). The 5 proton 
pump inhibitors currently used in Spain are omeprazole, 
lansoprazole, pantoprazole, rabeprazole, and esomeprazole, 
all of which belong to a group of benzimidazole derivatives 
comprising agents such as mebendazole, domperidone, and 
mizolastine. These drugs share a sulfi nyl group in the bond 
between the benzimidazole ring and pyrimidine ring that gives 
them a similar structure in which only the free radicals are 
different. Omeprazole is widely used, yet few cases of allergy 
to this agent have been reported. The incidence of allergic 
reactions to omeprazole has increased in recent years.

We studied 9 patients (3 men and 6 women; mean age, 
43 years [range, 23-63 years]) who had experienced allergic 
reactions to omeprazole. The reaction was immediate in 8 cases 
(urticaria/angioedema in 4 and anaphylaxis in 4) and delayed 
in the remaining case (exudative erythema multiforme).

All patients underwent skin testing. The 8 patients who 
had had an immediate reaction underwent prick testing 
with omeprazole (4 mg/mL) and intradermal testing with 
omeprazole (0.4 mg/ml) and pantoprazole (0.4 mg/mL). 
When the result of skin testing was negative, a challenge test 
was performed with omeprazole (3/8). In 4 cases, challenge 
testing was performed with other benzimidazole derivatives 
(domperidone, mebendazole, and mizolastine). Challenge tests 
were performed in 4 cases where other drugs were believed 
to be involved.

The results of prick testing were negative in all patients 
(8/8). The intradermal test with omeprazole was positive in 5 
patients and the challenge test with omeprazole was positive 
in 3 cases (3/8). When challenge testing was performed with 
other benzimidazole derivatives (4/8) and with other medicines 
(4/8), the result was negative.

Dot-blot testing was performed in 1 patient (patient 6), and 
the result was positive. 

As the reaction was delayed in patient number 9, patch 
testing was performed with readings at 48 hours and 96 hours. 
The result was negative with omeprazole (1% pet). Challenge 
testing with omeprazole was positive. Challenge testing 
with the other benzimidazole derivatives and the other drugs 
involved was negative.

The results of the allergy work-up are shown in the Table.
Although omeprazole is widely used, few allergic reactions 

have been reported. However, due to increased use of this 
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Table. Allergy Workup 

 
Case

  Skin Test (Prick/ID) 
Patch Dot-blot

  Challenge Tests

  Omeprazole Pantoprazole   Omeprazole Benzimidazoles
  (Prick/ID) (ID) 

 1 –/– – ND ND + ND
 2 –/+ – ND ND ND –
 3 –/+ ND ND ND ND ND
 4 –/+ – ND ND ND –
 5 –/– – ND ND + ND
 6 –/+ + ND + ND –
 7 –/+ + ND ND ND –
 8 –/– ND ND ND + ND
 9 ND ND – ND + ND

Abbreviations: ID, intradermal; ND, not done.

agent in clinical practice, the number of cases has increased 
in recent years.

Most publications describe isolated cases. Lobera et al [1] 
report a broad range of reactions to omeprazole. In their series, 
9 patients had allergic reactions (8 immediate and 1 delayed), 
and in 8 of these, diagnosis was based on positive skin test 
results. In addition, cross-reactivity between omeprazole and 
pantoprazole was observed in 6 of the 9 cases reported (by 
skin testing in 4 and by challenge testing in 2). 

We present a series of 9 cases of allergic reaction to 
omeprazole diagnosed using skin tests in 5 cases and 
challenge tests in the remaining 4. The diagnosis was urticaria/
angioedema in 4 cases, anaphylaxis in 4 cases, and exudative 
erythema multiforme in 1 case; these fi ndings are consistent 
with the severity of reactions observed elsewhere [2,3]. The 
occurrence of exudative erythema multiforme is surprising, 
because this was a delayed reaction that involved several drugs 
and was less suggestive of omeprazole.

In our series, symptoms, positive skin test results, and the 
positive dot-blot result in 1 case suggest a hypersensitivity 
mechanism mediated by immunoglobulin (Ig) E. Skin testing 
may be useful for diagnosis in clinical practice. Positive 
results and in vitro analysis make it possible to confi rm an 
IgE-mediated mechanism.

We studied cross-reactivity between omeprazole and 
pantoprazole and verifi ed this reaction with intradermal testing 
in 2 cases. Since 2 of the patients reported that this was the 
fi rst time they had taken proton pump inhibitors, we decided 
to study cross-reactivity with other benzimidazole derivatives, 
observing tolerance to domperidone, mebendazole, and 
mizolastine by means of challenge tests in 4 patients.

Cross-reactivity between proton pump inhibitors has been 
described elsewhere, and cross-reactivity between omeprazole, 
pantoprazole, and lansoprazole has been demonstrated by skin 
prick testing [4,5]. Galindo et al [6] showed cross-reactivity 
between omeprazole and lansoprazole using skin testing. 
Cross-reactivity between omeprazole and pantoprazole has also 
been demonstrated using skin tests [7] and challenge tests [8]. 
Cross-reactivity between omeprazole and other benzimidazole 

derivatives has received little attention, and no studies have 
verifi ed its existence [9].

Given the widespread use of omeprazole in medical practice 
and the increased incidence of allergic reactions to it, we must 
consider omeprazole as a possible cause of hypersensitivity 
reactions. We emphasize the need for an appropriate allergy 
work-up, given the seriousness of most reactions. In addition, 
cross-reactivity studies must be performed between the various 
proton pump inhibitors in order to improve therapy.

The authors have no financial relationship with the 
pharmaceutical industry.
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Erdosteine, a mucolytic agent used to treat chronic pulmonary 
diseases, exerts its pharmacological effect after conversion 
to the active metabolite N-thiodiglycolylhomocysteine 
[1]. Doxofylline is a xanthine derivative that differs from 
theophylline by the dioxolane group in its structure [2]. No 
severe hypersensitivity reactions have been reported to either 
erdosteine or doxofylline. We report the fi rst case of severe 
drug hypersensitivity syndrome induced by erdosteine and 
doxofylline in which the association was proven by patch tests 
and lymphocyte transformation tests (LTTs).

A 39-year-old woman developed severe generalized 
maculopapular eruptions, facial edema, and fever 4 hours 
after taking erdosteine (300 mg) (Erdos; Daewoong 
Pharmaceutical Co., Ltd.) and doxofylline (400 mg) (Asima; 
Bukwang Pharmaceutical Co., Ltd.). Laboratory tests revealed 
eosinophilia (519/μL) and elevated C-reactive protein levels 
(2.62 mg/dL), but were otherwise normal. Serology tests 
for viral hepatitis and human immunodefi ciency virus were 
negative, while tests for latent viruses such as Epstein-Barr 
virus or human herpesvirus were not performed.

The clinical history revealed that the patient had been 
treated for a drug reaction with eosinophilia and systemic 
symptoms (DRESS) syndrome 1 year previously. She had 
been admitted to another hospital with fever, generalized 
maculopapular eruptions, facial edema, liver dysfunction, 
and eosinophilia, which developed 4 weeks after initiation of 
erdosteine, doxofylline, and levofl oxacin. An investigation to 
identify the agents responsible had not been performed, as the 
patient had pulmonary tuberculosis, the onset of which was 
4 months after developing DRESS syndrome. The patient 
had also been suspected of having Behçet disease, based on 
recurrent oral ulcers and arthralgia.

Considering the severity of the patient’s clinical history, 
oral corticosteroid treatment (prednisolone, 20 mg/d) was 
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Figure. Lymphocyte transformation tests with increasing doses of 
erdosteine and doxofylline. The results are shown as SI (stimulation 
index), which indicates the fold increase in lymphocyte proliferation in 
cultures with the drug compared to cultures without the drug. Data are 
expressed as mean (SEM).

initiated immediately, despite there being no confi rmed internal 
organ involvement. The maculopapular eruption resolved after 
10 days of treatment. As the patient had been taking erdosteine 
and doxofylline before both episodes of hypersensitivity, we 
considered 1 of them to be the likely causative agent. Ten 
months after complete resolution, investigations were performed 
using both drugs. However, oral challenge tests could not be 
performed owing to the risk of systemic reaction. Patch tests 
were carried out using 10% erdosteine and 10% doxofylline 
(in petrolatum). Positive reactions to erdosteine (erythema 
with papules) and doxofylline (erythema) were recorded at 48 
and 72 hours in our patient, whereas no skin reactions occurred 
when the drugs were tested on 5 healthy volunteers. In order to 
identify the causative agent, an LTT was performed using pure 
erdosteine and doxofylline with no excipients. Lymphocytes 
from the patient and 2 healthy controls were incubated for 5 days 
with various concentrations of erdosteine or doxofylline, and 
3H-thymidine uptake was measured [3]. Lymphocytes from the 
patient showed active proliferation, with a stimulation index of 
>3, while those from the controls were negative (Figure). Based 
on these fi ndings, we concluded that both drugs were linked to 
DRESS syndrome and drug eruptions. The manifestations of the 
second reaction were immediate and mild without severe organ 
involvement; however, the rapid onset of symptoms supports 
the conclusion that the drugs to which the patient had previously 
been exposed were responsible. 

DRESS syndrome is a potentially life-threatening 
drug hypersensitivity reaction characterized by eruption, 
eosinophilia, and organ involvement. Anticonvulsants, 
allopurinol, and antibiotics are the drugs most commonly 
associated with this condition [4]. Identification of the 
causative agent is essential for management. Treatment with 
the causative agent should be discontinued promptly after 
diagnosis, and re-exposure should be avoided. However, the 
identifi cation of the causative agent is often complicated by 

polypharmacy or delayed onset of the syndrome. In a recent 
literature review, more than half of the causative agents were 
associated with a single case [4]. Therefore, less commonly 
prescribed drugs should be considered when treating patients 
with suspected DRESS syndrome. 

Direct oral challenge is the gold standard for confi rming 
causal relationships. However, oral challenge tests are 
contraindicated in severe cases because of the risk of life-
threatening reactions. Indirect tests such as patch tests and 
LTTs are safe alternatives, and their use in clinical practice 
has been reviewed [3,5]. These tests can indicate the status of 
sensitization but not its cause; nevertheless, the results may 
provide important clues as to the identity of the causative 
agent. The LTT is an optimal approach for detection of 
drug hypersensitivity. Its advantages include simultaneous 
assessment of several drugs and absence of the risk of 
resensitization through in vivo provocation or skin testing 
[6]. The test has a sensitivity of 60%-70% and specifi city 
of 85%-93% and is more useful in patients with DRESS 
syndrome [3,6].

As our case was associated with 2 drugs, a diagnosis of 
multiple-drug hypersensitivity can be proposed. The term 
multiple-drug hypersensitivity syndrome is used to describe a 
clinical entity characterized by immune-mediated reactions to 
2 or more structurally unrelated drugs [7,8]. Its prevalence and 
incidence are considered to be low, but it could be about 10% 
among patients with confi rmed drug allergy [7]. A dysregulated 
tolerance mechanism or persistent pre-activation of drug-
reactive CD4+ T cells might account for the simultaneous or 
sequential sensitization, although the mechanism involved 
remains unclear [7]. Colombo et al [9] reported a high rate 
of concomitant autoimmune diseases among patients with 
multiple-drug hypersensitivity, suggesting a possible link 
between autoimmunity and drug sensitization. Our patient 
had a history of Behçet disease and tuberculosis infection, 
which could imply immune dysregulation. Antibiotics, 
anticonvulsants, and nonsteroidal anti-infl ammatory drugs 
are the agents most frequently involved, although other drugs, 
such as lidocaine, loratadine, cetirizine, fentanyl, triazolam, 
and propranolol, have also been reported [8,9]. As for DRESS 
syndrome, few cases have been reported with carbamazepine/
fl uvoxamine, phenytoin/sulfamethoxazole, and phenobarbital/
ceftriaxone [8,10]. Based on this information, our patient was 
diagnosed with severe drug reaction accompanied by features 
of multiple-drug hypersensitivity. 

In conclusion, we report an unusual case of severe drug 
hypersensitivity syndrome with features of multiple-drug 
hypersensitivity induced by erdosteine and doxofylline. The 
association was supported by the clinical history and the results 
of diagnostic tests, including patch tests and LTTs.
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Various subpopulations of effector and regulatory T cells 
have been shown to play a crucial role in infl ammation [1]. 
Depending on the exposure to antigens and status of the 
cells and cytokines in the milieu, naïve CD4+ T cells can 
differentiate into type 1 effector helper T cells (TH1), TH2, TH9, 
or TH17 [2]. TH9 cells lack suppressive function and constitute 
a distinct subpopulation of effector T cells that promote 
tissue infl ammation and mucus production [3]. In particular, 
interleukin (IL) 9 is an important stimulus for tissue infi ltration 
by mast cells; IL-9 also stimulates mucous production in 
patients with asthma. The cell sources of IL-9 include T cells, 
eosinophils, neutrophils, and mast cells. A study based on 
nasal biopsies demonstrated that IL-9 is upregulated in the 
nasal mucosa during the pollen season and correlates with 
tissue infi ltration by eosinophils [4]. It was recently reported 
that serum IL-9 levels were correlated with symptom severity 
in patients with pollen-induced allergic rhinitis and depended 
on exposure to allergen [5]. 

Spontaneous urticaria (SU) is a multifactorial disorder that 
may also depend on immune system activation [6,7]. SU may 
be classifi ed on the basis of symptom duration as acute (ASU) 
and chronic (CSU), as stated by European and international 
guidelines [8]. The pathogenesis of SU is complex and remains 
partially unknown. Biomarkers are urgently needed for ASU 
and CSU. Therefore, it could be interesting to investigate the 
potential role of serum IL-9 in these cutaneous disorders. This 
preliminary study was designed to measure serum IL-9 levels 
in patients with ASU and CSU.

The study sample comprised 157 participants; 109 patients 
(52 males and 57 females; median age, 41 years) with SU and 
48 healthy volunteers (22 males and 26 females; median age, 
45.7 years). Blood samples were taken to assess serum IL-9 
in all patients. 

SU was diagnosed according to validated guidelines [8]: 
the exclusion criteria were diagnosis of physical, aquagenic, 
cholinergic, contact, and exercise-induced urticaria according 
to the tests recommended by these guidelines, as well as the 
presence of infections.

The severity of idiopathic urticaria was assessed using the 
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Figure. Left panel, serum IL-9 levels in healthy volunteers and in patients with spontaneous urticaria. Values are represented as median (white line) and 
IQR (black box). Right panel, serum IL-9 levels in healthy volunteers, patients with chronic symptoms, and patients with acute symptoms. Values are 
represented as median (white line) and IQR (black box). P values between the groups are shown.

urticaria activity score defi ned in the guidelines (4-point scale 
[0-3] for wheals and pruritus) [8].

Patients stopped topical or systemic therapy at least 2 
weeks before the study began. The study was approved by 
the local ethics committee and performed with the written 
informed consent of all participants. 

The human IL-9 reagent set (Human IL-9 ELISA Ready-
SET-Go!, eBioscience) contains the reagents, buffers, and 
diluents necessary for performing quantitative enzyme linked 
immunosorbent assays, as previously reported [5]. 

Variables were expressed as median (IQR). The Wilcoxon 
signed rank test was used to compare samples. Serum IL-9 
levels in both groups were analyzed using the Kruskal-Wallis 
test. All calculations were performed using Medcalc 9 (Frank 
Schoonjans, BE).

Median serum levels of IL-9 differed signifi cantly between 
healthy volunteers (2.29 [0.35-7.5] pg/mL) and patients with 
SU (10.07 [2.85-17.49] pg/mL) (P<.0001) (Figure). 

Participants were further classified into 3 groups: 
healthy volunteers (30.6%), patients with ASU (35.6%), and 
patients with CSU (33.8%). Serum IL-9 concentrations were 
signifi cantly different between the groups (Kruskal-Wallis 
test, P<.0001) (Figure). In addition, patients with CSU had 
higher levels than controls (P=.0156), as did patients with 
ASU (P<.0001). There was a signifi cant difference between 
patients with ASU and CSU (P=.0001), although no signifi cant 
relationship was established between symptom severity and 
serum IL-9 levels (data not shown).

The recently identifi ed T-cell subset TH9 is characterized by 
the production of IL-9 [1,2]. However, IL-9 is also produced by 
TH2 cells. Serum IL-9 has been shown to depend on allergen 
exposure in patients with allergic rhinitis [5]. The present 
pilot study was designed to investigate serum IL-9 levels in 

SU patients. The fi ndings show that serum IL-9 levels were 
signifi cantly higher in SU than in normal controls and that IL-9 
levels depended on symptom duration, but not on symptom 
severity. Indeed, patients with acute symptoms had the highest 
IL-9 levels. Although a pathogenic role has been suspected for 
IL-9 in patients with rhinitis, we present the fi rst preliminary 
evidence that IL-9 is increased in patients with SU and could 
depend on symptom duration. However, further studies should 
be conducted to defi ne a possible pathogenic role of IL-9 in 
SU and to investigate whether medical treatment could infl uence 
IL-9 levels. 

The present study demonstrates that acute urticaria is 
characterized by high levels of IL-9, thus supporting the notion 
that IL-9 could be involved in the acute phase of infl ammatory 
disorders.

In conclusion, this preliminary study reports that serum 
IL-9 levels are increased in patients with SU and depend on 
symptom duration.
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Invasive plant species represent a growing threat to the 
economy, public health, and ecological integrity of many 
countries. Explaining and predicting the pathways and means 
of dispersal of these species is essential to ensure prevention 
and early warning efforts. The present paper addresses 
Ambrosia artemisiifolia L. (common ragweed). This annual 
plant is a well-documented cause of late-summer allergic 
rhinitis and seasonal asthma [1]. Native to North America, it 
entered Europe accidentally during the 19th century and has 
gradually colonized cultivated fi elds, wasteland, roadsides, 
building sites, and disturbed soils, mainly owing to its large 
seed production. The seeds are very small, not exceeding 3.5-
6 mm in their greater dimension, and are diffi cult to remove 
from contaminated crop seeds. Their quantity varies widely, 
although 60 000 per individual seems to be the maximum. 
Furthermore, they may remain dormant and germinable for 
decades. Several studies from different countries [2-6] have 
implicated commercially available bird feed as a possible 
vector in the dissemination of ragweed in noninvaded areas: 
for example, 42% of the ragweed populations existing in 
Bavaria in 2008 could have been introduced with contaminated 
seeds used for feeding wild and caged birds. Indeed, not many 
authors assume that the role of pet food has been overestimated 
to date [7]. In Germany, contamination of retail birdseed 
mixtures ranges from 0 to 34 seeds per kilogram, with a mean 
value of 23.8 and an exceptional maximum value of 170 [4]. 
In France, Chauvel et al [8] quantifi ed the amount of ragweed 
seeds in sunfl ower seeds (Helianthus annuus L.) and found that 
if the results varied with the origin of the samples, sunfl ower 
for bird feed, more than for crop, was able to spread ragweed 
seeds, with a viability estimated at about 10%. 

However, the situation seems to be improving, for 3 
reasons [4]. First, many authors assume that the standards, 
regulations, and directives promulgated for sunfl ower seeds 
intended for cultivation, with a ban on the marketing of batches 
containing more than 5 alien seeds (all species) per kilogram, 
would have a knock-on effect on birdseed producers. Second, 
even if European Union legislation does not set maximum 
levels of ragweed seed in feedstuffs, since the early 2000s 
various nonbinding texts have encouraged efforts to achieve 
the specifi c purity of birdseed, especially in areas with high 
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Table. Results of Monitoring of the Ragweed Seeds From 8 Bags of Bird Feed 

    Number of Number of Percentage of Number of  Number of
 Sample Packaging, kg  Seeds in the Ragweed Ragweed Seeds Seeds Put up to  Seeds Having
    Package Seeds in Weight/Amount Germinate  Germinated
 
 A 1  61 400 41 0.12/0.07 10  3
 B 1.5  21 915 61 0.35/0.28 10  0
 C 2  47 620 56 0.13/0.12 10  1
 D 3  57 840 22 0.18/0.04 10  0
 E 1.25  19 438 5 0.06/0.03   5  0
 F 2  46 160 1 0/0.002   1  0
 G 0.75  12 458 0 0/0   0  0
 H 1.5  21 960 0 0/0   0  0

densities of Ambrosia [9]. Third, several countries have already 
enacted specifi c legislation: in Switzerland, for instance, since 
March 2005, commercially available birdseed, whether locally 
produced or imported, has to be free of ragweed seeds [2]. We 
examine the situation in France in 2010-2011. In addition, 
as practically all previous studies are published in botanical, 
ecological, or agronomical journals, this short paper presents 
our fi ndings to the allergy community.

Eight bags of birdseed of different brands were bought in 
several types of shops (eg, small businesses, shopping malls, 
garden centers). Seven of these bags, referred to below as B to 
H, contained only sunfl ower seeds, while the eighth, referred 
to as A, contained mixed seeds. The content of each bag was 
passed through 2 punched sieves, the upper sieve having a 
mesh size of 6.3 mm and the lower sieve a mesh size of 1.6 
mm, thereby separating the sample into 3 parts depending on 
the particle size. The diaspores and their fragments were then 
identifi ed by their morphological characteristics, both with the 
naked eye and with the help of a binocular magnifying glass. 
All the seeds were counted and weighed. When their number 
allowed, 10 were placed to germinate in Petri dishes near a 
window and watered every day.

The Table indicates that the presence of ragweed seeds 
in bird feed varied considerably from one brand to another. 
Bags G and H did not contain any seed. Bags E and F were 
very slightly contaminated, with ratios of 0.03% and 0.002%, 
respectively; however, bags A to D had slightly more ragweed, 
with ratios of 0.04% to 0.28%. Moreover, 4 out of the 46 seeds 
that were planted (9%) germinated successfully.

If our germination ratio is close to the estimation of 
Chauvel et al [8] and almost 5 times higher than that of Vitalos 
and Karrer [7], the contamination ratio is much lower than that 
reported in the literature. A possible explanation is that our 
experiment was conducted on bags packaged very recently (end 
of 2010), thus verifying, albeit to a slight extent, the hypothesis 
that more effective processing is applied to birdseed today at 
harvest time. Nevertheless, even if the proportion of seeds 
is not signifi cant in terms of amount or in terms of weight, 
contamination with ragweed is suffi cient to be a potential 
source for dispersal, especially since almost 1 seed out of 10 
is able to germinate.

Seeds used in livestock farming have to be ground and 
exposed to heat and/or high pressure. These processes eliminate 
99% of viable seeds [10]. However, bird feed is not yet treated 
in any way by the feed industry to destroy all the seeds of 
harmful plants. Therefore, our results point to the need for 
tougher laws. Advances are being made. In France, a bill dated 
July 13, 2011 suggested limiting the level of ragweed seeds in 
bird feed. At the same time, on June 16, 2011, the European 
Commission enacted regulation No. 574/2011 concerning 
the tolerable level of undesirable substances in animal feed, 
including birdseed: the maximum content was fi xed at 3000 ppm 
(ie, 3000 mg/kg) for weed seeds in general and at 50 ppm for 
Ambrosia species. The provisions regarding ragweed became 
applicable on January 1, 2012. However, the most suitable 
measure would probably be to authorize the production of 
birdseed only in noninvaded areas.
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