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Cooked potato (Solanum tuberosum) is one of the first 
solid foods in a child’s diet and is considered to be safe, 
although a European questionnaire-based study at 17 clinics 
from 15 cities found potato to be the 25th most prevalent cause 
of self-reported allergic symptoms [1]. Potato is also used to 
make emollients and cleansing masks.

Allergic reactions to raw and cooked potato have multiple 
clinical presentations. In sensitized individuals, handling raw 
potato can induce immediate IgE-mediated manifestations, 
namely, respiratory involvement and contact dermatitis. 
Ingestion of cooked potato can trigger both immediate and late 
reactions, such as chronic eczema flares; there are reports of 
anaphylaxis following exposure to this tuber [2,3].

A 2-year-old white boy was referred to our allergy 
department with a history of lip edema and surrounding 
erythema a few minutes after ingestion of his first soup (made 
of potato, carrot, and pumpkin) when he was 4 months old. 
No respiratory, gastrointestinal, or cardiovascular signs or 
symptoms were reported. After the initial episode, the same 
clinical picture was triggered every time the child ate the 
same soup, with complete and spontaneous resolution of 
symptoms between episodes. The child’s mother sequentially 
withdrew each ingredient from the soup, eventually realizing 
that symptoms were elicited by the ingestion of potato. After 
a similar reaction when hen egg was introduced, a strict 
potato and egg avoidance diet was started, and the symptoms 
resolved. The remaining foods were introduced without further 
reactions. The child had previously undergone orchidopexy.

The physical examination was normal, and skin prick tests 
to aeroallergens and latex extracts (Leti) were negative. Given 
the relatively long duration of the avoidance diet, we first 

performed additional prick-to-prick tests with raw and cooked 
potato. The results were positive to raw potato (at 2 and 4 years 
of age). The ImmunoCAP FEIA system (Phadia) revealed an 
increase in specific IgE (kUA/L) to S tuberosum (23.60, >100, 
and 63.90 at 2, 3, and 4 years of age, respectively); specific 
IgE to latex was below 0.35 kUA/L. The ImmunoCAP ISAC 
Microarray Panel summary of positive IgE results (ISU) was 
as follows: Gal d 1, 2.7; Gal d 2, 1.4; Act d 1, 1.0.

After the initial in vivo skin tests and in vitro tests, an oral 
food challenge was proposed, although it was not performed 
before the age of 5 years owing to parental refusal. The oral 
challenge with cooked potato was negative, thus enabling 
reintroduction of cooked potato in the child’s regular diet.

With a serum sample from our patient and raw potato 
extract, 2-dimensional immunoblotting and MALDI-TOF/TOF 
mass spectrometry analysis made it possible to identify and 
characterize an IgE-reactive protein that exhibited sequence 
homology with putative Kunitz-type proteinase inhibitor of 
S tuberosum (molecular weight of 20.491 kDa and isoelectric 
point of 5.17) (Figure) [4].

Only 4 potato allergens have been characterized, namely, 
patatin (Sol t 1) and 3 water-soluble glycoproteins that are 

Figure. Protein sequence (186 amino acids).

resistant to acids and proteases (Sol t 2, Sol t 3, and Sol t 4) [5,6].
Patatin (Sol t 1), a storage protein with phospholipase A2 

activity and a molecular weight of 43 kDa, is a major potato 
allergen and accounts for 40% of total soluble proteins [5]. 
The minor allergen of latex Hev b 7 has a sequence homology 
of 39% to 42% with patatin and seems to be an important 
natural rubber latex allergen for adults, but not for children [7]; 
still, cross-reactivity between these allergens in latex-allergic 
patients does not seem to be clinically relevant [5].

Sol t 2 (cathepsin D), Sol t 3 (cysteine), and Sol t 4 (aspartic 
protease inhibitor of potato tuber) are 16 to 20–kDa proteins 
with similar sequences that belong to the Kunitz-type soybean 
trypsin inhibitor family [6]. Specific IgE-binding to these 
proteins has been reported in 43%-67% of atopic children 
suspected of having allergy to potato, and it seems that there 
is cross-reactivity between Sol t 2, Sol t 3, and Sol t 4, but not 
with Sol t 1 [6]. 

The potato protein–binding IgE from our patient’s serum 
is structurally different from the proteins belonging to the 
soybean trypsin inhibitor family, which were described by 
Seppälä et al [6] as allergens. Therefore, we believe ours is 
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the first description of this protein as allergenic. Our patient 
was sensitized to the potato protein described and to the kiwi 
allergen Act d 1, with no sensitization to other plant food 
allergens or to airborne allergens, namely, tree, weed, or 
grass pollens, although he did have symptoms suggestive of 
allergic rhinitis.

In the case we report, the child presented with reproducible 
allergic symptoms related to the ingestion of cooked potato, 
even though the result of prick-to-prick testing was negative. 
This finding highlights the importance of performing a 
controlled food challenge in order to achieve a definitive 
diagnosis of food allergy. The IgE-binding protein identified 
was a putative Kunitz-type proteinase inhibitor, which, to our 
knowledge, has not been previously described as allergenic.

As for prognosis, tolerance to cooked potato is achieved in 
up to 80% of children by the age of 4 years (16-102 months), 
and allergy to cooked potato emerges as a risk factor for the 
development of pollen allergy [8]. In patients with potato 
allergy, an avoidance diet is recommended, and a food 
challenge can be attempted after a potato-free period of about 
6 months [8].
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Cyclobenzaprine belongs to a heterogeneous class of 
medications known as muscle relaxants. More specifically, it 
is classified as an antispasmodic [1]. It is structurally similar 
to the tricyclic antidepressants (eg, amitriptyline) [2] and has 
similar associated adverse effects, including dizziness and 
drowsiness. Sedation is the most common adverse effect at 
the usual dosage of 10 mg/8 h [3]. The use of skeletal muscle 
relaxants among older adults is associated with sedation and 
confusion, which may lead to an increased risk of falls and 
injuries [4].

A 56-year-old atopic woman with no history of herpes 
simplex virus infection was treated with dexketoprofen 
(25 mg/12 hours) and cyclobenzaprine (Yurelax, 10 mg/8 hours) 
for 10 days owing to movement-limiting muscle pain in her 
neck and back. A day after discontinuation of this treatment, 
she self-medicated with topical fluocortolone 0.2% for 5 days 
to treat dyshidrosis. She also took a single dose of ibuprofen 
600 mg. Five days after the last dose of dexketoprofen and 
cyclobenzaprine, 3 days after the only dose of ibuprofen, 
and the day following discontinuation of fluocortolone, she 
presented with erythematous-edematous plaques, which 
mostly took the form of target lesions on the forearms and 
wrists, together with lesions affecting the oral mucosa that 
produced itching, burning sensation, and diffuse discomfort 
in the mouth and pharynx when eating and swallowing food. 
The skin lesions subsided within a week with topical dermal 
clobetasol 0.05% (Clovate, 2 applications/day).

The results of patch testing—cyclobenzaprine, 
carbamazepine, oxcarbamazepine, phenytoin, amitriptyline, 
and phenobarbital at 2% and 20% in water and petrolatum—
were negative at both 48 hours and 96 hours.

A biopsy sample of the lesions revealed dermatitis with 
slight spongiosis and the presence of microvesicles. A mild 
inflammatory infiltrate was also detected on the perivascular 
surface, with focal damage of the interface and vacuolar 
degeneration. Focal parakeratosis and mild exocytosis were 

present. No keratinocytic necrosis was observed. Periodic 
acid–Schiff staining for fungi was negative. Findings were 
consistent with exudative erythema multiforme (EEM). 

Ibuprofen (1200 mg) and dexketoprofen (75 mg for 4 days) 
were well tolerated in controlled oral challenges tests.

The oral challenge tests with cyclobenzaprine (Yurelax) 
revealed no immediate symptoms. The patient was advised 
to take 10 mg/day for 4 days at home, and 24 hours after the 
last dose she presented macular target lesions on her forearms 
and lesions on the oral mucosa that were very similar to those 
she had previously experienced (Figure). The result of an open 
challenge with Ultralan cream was negative.

Cyclobenzaprine is a tricyclic antidepressant with possible 
adverse anticholinergic effects, the most feared of which are 
cardiac and central nervous system disorders [5]. The drug is 
highly metabolized in the liver, has a long elimination half-
life (1-3 days), and can produce toxic effects [6]. Few cases 
of allergy to these drugs have been reported in the literature 
and, as far as we know, only 1 case of delayed allergy (contact 
dermatitis to cyclobenzaprine) has been published [7]. The 
skin and oropharyngeal lesions observed in the case we 
report were compatible with EEM, and the diagnosis was 
confirmed with a skin biopsy. As the patient did not report a 
history of herpes simplex labialis but had received previous 
treatment with multiple drugs, we performed an allergy 
study with the drugs involved using patch tests, a use test 
with the topical medication, and oral challenge tests with the 
alleged culprit drugs. All test results were negative except 
for the challenge test with cyclobenzaprine, which induced 
similar lesions on the skin and oral mucosa. Therefore, we 
confirmed that the skin symptoms were drug-induced, with 
cyclobenzaprine as the causative drug. Given the chemical 
similarity to other anticonvulsant drugs, and especially to 
tricyclic antidepressants, we performed patch tests as reported 
elsewhere [8]. The results of these tests were negative, 
even for the culprit drug, although we did not conclude the 
cross-reactivity study with challenge tests for ethical reasons 
(ie, the reaction could be potentially severe). Only 1 case 
of cross-reactivity between tricyclic antidepressants and 
anticonvulsants has been reported [9].

As in drug rash with eosinophilia and systemic symptoms, 
EEM occurs more rapidly in previously sensitized patients [10].

We report the first case of EEM triggered by cyclobenzaprine 
that was confirmed with biopsy and a positive challenge test 
result.

Figure. A, Skin lesion. B, Lesion affecting the oral mucosa.
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Nonsteroidal anti-inflammatory drugs (NSAIDs) are the 
most frequent cause of drug hypersensitivity [1]. NSAID-
induced reactions can be classified into 5 categories: (1) 
NSAID-exacerbated respiratory disease (NERD); (2) NSAID-
exacerbated cutaneous disease (NECD); (3) NSAID-induced 
urticaria and/or angioedema (NIUA); (4) single NSAID-
induced urticaria/angioedema/anaphylaxis (SNIUAA); and 
(5) single NSAID-induced delayed hypersensitivity reactions 
(SNIDR) [2]. Patients in the first 3 categories react to NSAIDs 
from various chemical groups in a nonallergic type of drug 
hypersensitivity known as cross-intolerance. The mechanism 
involved in these reactions is thought to be related to an 
imbalance in the arachidonic acid metabolic pathway leading to 
increased release of cysteinyl leukotrienes [2,3]. Patients with 
SNIUAA and SNIDR respond to only 1 NSAID and are known 
as selective reactors, an allergic type of drug hypersensitivity 
based on specific immunological mechanisms [2,3]. Although 
significant progress has been made in phenotyping these 
reactions during recent years, it is now accepted that some 
cases do not fit properly into the classification proposed by 
the ENDA group [4,5], and further subgroups may be needed 
for a better definition of phenotypes [6].

We present the case of a 56-year-old white man with allergic 
rhinitis and sensitization to common inhalant allergens who 
had experienced an anaphylactic reaction to ibuprofen 5 years 
previously. The original diagnostic workup was performed 
following guidelines [2,7]. Incremental doses of acetylsalicylic 
acid (ASA) were given in a single-blind, placebo-controlled 
manner until the therapeutic dose was tolerated. Two days later, 
the patient tolerated 500 mg of ASA every 8 hours for 2 days. 
A week later, controlled administration with ibuprofen was 
started as described elsewhere [7]. On the first day, placebo 
was administered at different time intervals, with no reaction. 
On the second day, the patient was given 5 mg of ibuprofen 
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followed 90 minutes later by a second dose of 50 mg. After 
20 minutes, he developed pruritus on the palms and soles and 
facial erythema with hoarseness, nasal obstruction, and itching 
(cumulative dose of 55 mg). No cardiovascular symptoms were 
reported. He was classified as a selective reactor to ibuprofen 
and was recommended to avoid arylpropionic acid derivatives 
including ibuprofen, naproxen, and dexketoprofen. 

Since then, he has been taking oral diclofenac on a regular 
basis to treat chronic back pain. On several occasions, he 
has also applied ointment to the knees and eye drops, both 
of which contain diclofenac. He has also taken paracetamol 
(1 g) on several occasions and low doses of ASA (100 mg) to 
prevent thrombosis. 

The patient attended the emergency unit because he 
experienced a reaction 10 minutes after taking 75 mg of 
diclofenac. The reaction comprised systemic pruritus that 
started on the palms and soles, followed by erythema on 
the face and trunk and breathing difficulty with hypotension 
(100/60 mmHg) and tachycardia (120 bpm). He was given 
corticosteroids and antihistamines plus fluids and adrenaline. 
His symptoms subsided several hours after treatment. Five 
days previously, he had taken 50 mg of diclofenac with 
symptoms that were similar but of lower intensity. The 
symptoms resolved spontaneously. 

The allergology workup was repeated in order to assess 
whether the patient was a cross-intolerant or a selective reactor 
to both ibuprofen and diclofenac. Controlled administration of 
ASA was started after the initial reaction as described above, 
and tolerance was confirmed. The results of the skin prick test 
(25 mg/mL) and intradermal test (1 mg/mL and 2.5 mg/mL) to 
diclofenac were negative. We did not carry out a drug provocation 
test using diclofenac, since the patient had reported 2 consecutive 
anaphylactic episodes with this drug (the second episode was 
severe). The results of the skin test were positive for house dust 
mite and grass and olive pollen and negative for a battery of food 
allergens including Pru p 3.

Clinical evidence indicates that cross-reactivity can occur 
in selective responses to arylpropionic acid derivatives [8]. 
Therefore, avoidance of ibuprofen and other arylpropionic acid 
derivatives was recommended, as was avoidance of arylacetic 
acid derivatives including diclofenac and aceclofenac. The 
patient was able to tolerate ASA and other NSAIDs, as well 
as selective COX-2 inhibitors.

NSAIDs are consumed worldwide by people of all 
ages [1,9]. Allergic reactions have been reported for both 
children and adults [7,9]. Given the lack of alternatives, when 
patients report reactions to NSAIDs, a study is required to 
establish diagnosis and provide other drugs [3]. Within cross-
intolerant patients, mainly those with NIUA and NERD, the 
first approach is to verify tolerance to ASA. If the response 
is positive, the procedure is to avoid all strong COX-1 
inhibitors and test weak COX-1 inhibitors such as meloxicam 
and paracetamol, if tolerance to these is not known. Testing 
is recommended because, although these drugs are usually 
well tolerated, a low percentage of patients may experience 
reactions to them. 

Given that the patient tolerated ASA in the first workup, 
he was diagnosed as having experienced a selective 
anaphylactic—presumably IgE-mediated—response to 

ibuprofen. After this episode, the patient took a COX-1 
inhibitor (ie, diclofenac) at full therapeutic doses on several 
occasions and ASA at low therapeutic doses for prophylaxis 
of cardiovascular disease.

The subsequent intake of diclofenac derivatives by 
different routes increased the possibility of sensitization. 
When the patient experienced 2 consecutive episodes to 
diclofenac, a selective immediate reaction was suspected, as 
recently reported [10]. The administration of ASA up to a full 
therapeutic dose ruled out the possibility that the patient was 
cross-intolerant. Therefore, we conclude that he presented 
2 separate unrelated specific allergic drug reactions rather than 
cross-intolerance to NSAIDs.

According to the recently proposed classification of 
hypersensitivity to NSAIDs [2], this patient should be 
classified in the NIUA category of cross-intolerance, since 
he had experienced several immediate reactions to various 
NSAIDs. However, as tolerance to ASA was proven, we 
must classify this case as a selective response to various 
NSAIDs [4].

Our findings point to a potentially new phenotype of 
hypersensitivity to NSAIDs. Patients who experience allergic 
reactions to a given NSAID can develop selective reactions to 
others, and the administration of ASA is mandatory to rule out 
cross-reactions. There is a possibility that patients can react 
to even more than 2 chemically unrelated NSAIDs and that 
different immunological mechanisms may be implicated for 
each drug. The prevalence of this type of hypersensitivity is 
currently unknown.
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Hypomorphic mutations of the nuclear factor κB essential 
modulator gene (NEMO) result in a wide range of clinical 
phenotypes, including ectodermal dysplasia (EDA) with 
immunodeficiency and Mendelian susceptibility to mycobacterial 
disease [1-3]. Mycobacterial infectious diseases are reported in 
about 40% of patients with the NEMO mutation [1-3]. We 
report a patient with a novel NEMO mutation who presented 
with disseminated mycobacterial infection leading to increased 
ferritin levels with no signs of EDA.

The patient was born in 2011 to nonconsanguineous 
Turkish parents. He received BCG vaccine at 2 months of age. 
At 5 months, he had bronchiolitis, and at 8 months, he was 
admitted to hospital with fever, generalized lymphadenopathy, 
and hepatosplenomegaly. His weight was 6590 g (3rd-10th 

percentile) and his height was 63 cm (3rd-10th percentile). Liver 
and lymph node biopsies revealed tuberculoid granuloma 
with multiple bacilli (Figure, A). The result of PCR was 
positive for Mycobacterium bovis complex. Bone marrow 
aspirate smear and biopsy findings were normal. Laboratory 
examinations disclosed the following values: white blood 
cells, 14 000/mm3 (52% neutrophils, 38% lymphocytes, 
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with subcutaneous recombinant IFN-γ. During follow-up, the 
patient gained weight and began to walk; lymphoproliferative 
disorder and hepatosplenomegaly regressed. Acute phase 
reactant levels remained high, with gradually increasing 
ferritin levels despite the patient’s good clinical condition. IgG 
levels decreased, whereas IgM gradually increased 8 months 
after the first admission. The patient was admitted to hospital 
with darkening of the skin, fatigue, and inability to walk at 2 
years of age during antimycobacterial treatment. He failed to 
thrive in the absence of chronic diarrhea. He had brownish skin, 
coarse hair, and hepatosplenomegaly. Laboratory examinations 
disclosed the following values: WBC, 6460/mm3; Hb, 6.4 g/dL; 
Htc, 23.3%; platelets, 232,000/mm3; CRP, 15 mg/dL; ESR, 
120 mm/h; serum iron, 23 µg/dL; total iron binding capacity, 
262 µg/dL; ferritin, 14 300, µg/dL; IgG, 694 mg/dL; IgM, 
481 mg/dL; and IgA, <5.6 mg/dL. Although the patient did 
not have fever, bone marrow aspirate biopsy was performed 
to rule out hemophagocytic lymphohistiocytosis because 
of high levels of plasma ferritin and anemia. A liver biopsy 
excluded iron deposition in hepatocytes. Cranial MRI revealed 
no iron deposition in the brain (Figure, B). A 1-year multidrug 

4% monocytes, and 6% eosinophils); hemoglobin (Hb), 
8.2 g/dL; hematocrit (Htc), 26.6%; platelets, 386 000/mm3; 
C-reactive-protein (CRP), 25 mg/dL; and erythrocyte 
sedimentation rate (ESR), 140 mm/h. Biochemistry findings 
were normal except for elevated ferritin levels (1160 µg/dL), 
total protein (8.2 g/dL), and albumin (2.8 g/dL). Analysis of 
lymphocyte subsets revealed CD3+ T cells (82%, 4360/mm3), 
CD19+ B cells (14%, 744/mm3), CD3+CD4+ helper T cells (14%, 
610/mm3), CD3+CD8+ cytotoxic T cells (67%, 2922/mm3), and 
CD3–CD16+/56+ natural killer cells (2%, 106/mm3). Severe 
combined immunodeficiency was ruled out. The oxidative 
burst was normal, thus ruling out chronic granulomatous 
disease. Ig levels were as follows: IgG, 2640 mg/dL; IgM, 
145 mg/dL; IgA, 20 mg/dL; IgE, 2.8 kUA/L (age-related 
normal values; IgG 692 [181] mg/dL, IgA 52 [36] mg/dL, 
IgM 86 [40] mg/dL, IgE <100 kUA/L, respectively) [4]. Viral 
and parasitic serology testing, including serology for human 
immunodeficiency virus, were negative. Thus, the patient was 
diagnosed with disseminated BCG disease (BCG-osis), and 
a defect in the IFN-γ pathway was suspected. Treatment was 
started with isoniazid, clarithromycin, and rifabutin, together 
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antimycobacterial regimen and IFN-γ could not stop disease 
progression, and treatment was started with streptomycin, 
pyrazinamide, and azithromycin, together with intravenous 
immunoglobulin. Corticosteroid therapy was started in 
order to manage suspected noninfectious persistent systemic 
inflammation. However, the response was poor, and the drugs 
were discontinued. Liver biopsy revealed granulomatous 
hepatitis associated with BCG-osis. Subcutaneous nodules 
appeared (Figure, C), and bacille Calmette-Guérin was 
isolated from the fluid drained from the lesions. The patient 
experienced an afebrile tonic seizure, and cranial MRI showed 
multiple ring-enhancing lesions with surrounding edema 
consistent with abscesses in both cerebral hemispheres and 
indicating central involvement of disseminated mycobacterial 
infection (Figure, B). Informed consent was obtained from 
the patient’s parents, and all studies were performed with 
the approval of our respective institutional review boards. 
Whole-exome sequencing identified a novel hemizygous 
mutation in exon 2 of NEMO (c.74_77delACGT), resulting 
in a frameshift (Figure, D). This mutation was confirmed by 
Sanger sequencing and was not found in any of the public 
databases or in our in-house cohort. Both parents carried 
the wild type, suggesting that it was a de novo mutation. 
Examination of peripheral blood mononuclear cells from the 
patient revealed impaired production of IFN-γ (Figure, E) and 
absence of IL-12p70 (data not shown). Unfortunately, the lack 
of biological material prevented us from studying the impact of 
the mutation in terms of protein expression and mRNA level. 
Increased IgM and decreased IgG levels were thought to be a 
probable Ig class switch recombination defect. The mutation 
did not display signs of EDA, and skin biopsy confirmed the 
presence of sweat glands and a normal epidermis and dermis. 
Despite robust antimycobacterial treatment, the patient died 
from multiorgan failure due to BCG-osis. 

BCG vaccine is administered to newborns in countries 
that are endemic for tuberculosis. Patients with severe 
combined immunodeficiency, chronic granulomatous disease, 
and Mendelian susceptibility to mycobacterial disease 
can develop BCG-osis, with high rates of mortality [2,5]. 
Abnormal immunoglobulin production and absence of serum 
antibodies against carbohydrates have been observed in 
NEMO-deficient patients [1]. The patient we report on here had 
hypergammaglobulinemia on admission and increasing IgM 
levels and decreasing IgG and IgA levels with age, suggesting 
a class switch recombination defect. The specific antibody 
response could not be evaluated owing to periodic replacement 
of intravenous immunoglobulin. As observed in some patients 
with hypomorphic NEMO mutations, the patient we report 
on here produced low levels of IFN-γ but not IL-12p70 [6,7]. 
Overexpression experiments could explain the mechanism 
of this new mutation, which is probably a reinitiation of 
translation similar to those reported previously [3]. 

The elevated ferritin concentrations were remarkable. Such 
elevations are observed in some types of cancer, systemic onset 
juvenile rheumatoid arthritis, multiple erythrocyte transfusions, 
and hemophagocytic lymphohistiocytosis [8-10]. The patient 
received erythrocyte suspensions twice for anemia during 
follow-up, and transfusion-related liver iron accumulation was 
excluded by histopathology and MRI. A causal relationship 

with hyperferritinemia has not been defined for intrinsic 
molecular defects of the NEMO mutation. The high levels 
of ferritin were probably caused by the high inflammatory 
response due to BCG-osis. High levels of plasma ferritin, 
which are a marker of systemic inflammation, can accompany 
disseminated mycobacterial disease.
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Hypersensitivity reactions (HSRs) to monoclonal 
antibodies and chemotherapy can lead to the discontinuation of 
first-line therapy and replacement by alternative agents that are 
often less effective, more toxic, and/or more expensive, leading 
to decreased quality of life and life expectancy [1]. The purpose 
of this article is to present our experience with desensitization 
protocols in patients with HSRs to chemotherapy in a type B 
hospital.

Between May 2008 and April 2015, patients with suspected 
HSRs to chemotherapy were referred to the allergy department 
for evaluation of rapid desensitization. The inclusion criteria 
were ability to give informed consent and a strong suspicion of 
an immediate or delayed moderate to severe HSR to platinum 
salts, trastuzumab, or paclitaxel with or without a positive 
skin test. Patients with serum sickness, DRESS (Drug Rash 
with Eosinophilia and Systemic Syndrome), Stevens-Johnson 
syndrome, or toxic epidermal necrolysis were excluded. 
The concentrations used for platinum salts were based on 
the protocol of Castells et al [2]. Trastuzumab was tested at 
0.5 mg/mL for skin prick and intradermal tests. Paclitaxel skin 
tests were carried out using previously described methods [3]. 

Before desensitization, patients had to follow premedication 
at home with montelukast 10 mg, acetylsalicylic acid 300 mg, 
ebastine 10 mg, ranitidine 150 mg, and oral diazepam 5 mg. 
At hospital, they received intravenous (IV) ranitidine, 
dexchlorpheniramine IV, and sublingual diazepam 5 mg, in 
addition to the pretreatment prescribed by their oncologists 
(dexamethasone IV and granisetron IV). β-Blockers were 
withheld for 24 hours before desensitization. In all cases, 
initial desensitization was carried out at the hospital’s intensive 
care unit. Subsequent desensitizations were conducted at the 
outpatient infusion center or on an inpatient ward. The interval 
between chemotherapy treatments was 3 to 4 weeks, following 
standard oncology protocols. We used the 12-step protocol 
published by Castells et al [2]. In low-risk patients or patients 
who had previously tolerated a desensitization procedure, 
infusion was accelerated in the final step of the protocol and 
the total duration was just 4.5 hours. 
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The initial HSRs observed were syncope (5.5% of patients), 
hypotension (12.8%), dyspnea (23.8%), gastrointestinal 
symptoms (nausea/vomiting/ diarrhea/abdominal pain) 
(17.4%), and cutaneous manifestations (40.3%). 

A total of 281 rapid desensitizations were performed 
using the 12-step protocol published by Castells et al [2] in 53 
patients being treated for a malignancy. All the desensitizations 
were administered intravenously; 43.4% of the patients were 
desensitized to carboplatin (131 desensitizations), 37.7% 
to oxaliplatin (n=79), and 16.9% to paclitaxel (n=42). In 
addition, 1 patient was desensitized to trastuzumab (n=29). 
All 53 patients were initially desensitized in the intensive care 
unit. Subsequently, 228 desensitizations were conducted on 
the inpatient ward or in the outpatient infusion center. Only 
15% of desensitizations elicited a reaction. Thirty-nine percent 
of patients (n=21) developed a reaction. Fifty-five reactions 
occurred during 44 desensitizations, with some patients 
experiencing more than 1 reaction during a single procedure. 
The reactions were usually mild, and only 11% (n=5) were 
of moderate severity (eg, hypotension and dyspnea). They 
were all brought under control by stopping the infusion and 
administering antihistamines. Epinephrine was not necessary 
in any of the cases, even in patients who developed dyspnea 
and hypotension. All the patients had received the full 
therapeutic dose by the end of procedure and only 3 patients 
required modifications to the infusion rate indicated by the 
protocol. No reactions occurred during the infusion of solution 
A (steps 1-4), 20% occurred during the infusion of solution B 
(steps 5-8), and 74.5% occurred during the infusion of solution 
C (steps 9-12). Three reactions were delayed (maculopapular 
rash) but they all occurred in the next 24 hours (mostly within 
2-3 hours) of desensitization.

All the patients needed multiple desensitizations 
and the majority of reactions occurred during the first 3 
desensitizations (30 [68%]). Both the frequency and severity 
of reactions decreased with subsequent courses.

In 2005, Feldweg et al [4] described 77 desensitization 
procedures with paclitaxel and docetaxel, and reported a 
success rate of 93.5% (72 procedures) using a desensitization 
protocol that lasted 6 to 7 hours. In our series, the patients 
developed a reaction during paclitaxel desensitization in 
9.5% of cases but the desensitization took approximately 
4.5 hours. The number and severity of reactions during our 
desensitization procedures were similar to those reported by 
Castells et al [2]. Moreover, in both cases, the majority of 
reactions occurred during the first desensitization. Madrigal-
Burgaleta et al [5] published a study of 189 intravenous rapid 
desensitizations in 2013. There were no reactions in 94% of 
cases, and 69% of the reactions that occurred were observed 
during the infusion of solution C (steps 9-10). These results 
are similar to ours except that we observed a lower percentage 
of reactions in the final steps of the protocol, probably because 
of the lower dose used in the 10-step protocol described by 
Madrigal-Burgaleta et al. In fact, the starting dose of their 
protocol is 80-fold higher than the one used in the 12-step 
protocol, and this constitutes a potential risk for reactions 
in the intermediate steps (5-8) and not during the first steps 
(1-4), when reactions were only observed in 0.5% of 189 
desensitizations. Other authors have published small series 

of successful desensitization procedures with trastuzumab, 
docetaxel, rituximab, infliximab, and cetuximab [6,7]. In 2011, 
Gastaminza et al [8] used a 5-step protocol based on 5 ten-fold 
dilutions of the drugs, and only 3 patients presented a reaction 
(7.2%) in 39 procedures. However, 1 patient did not reach the 
final therapeutic dose. 

Similar success rates have been described for 5-, 10- and 
12-step desensitization protocols, but the protocols do not 
differ greatly, since most of the drug is administered in the 
last step in all methods. In our protocol and that described 
by Castells et al, 92% of the total dose was administered in 
the last step, which lasted 2 to 3 hours [9]. In the protocol 
described by Gastaminza et al [8], 89% of the total drug dose 
was delivered in the last step, over a period of 1 hour. In the 
Madrigal-Burgaleta protocol by contrast, just 84.6% of the 
therapeutic dose is administered, over 135 minutes, in the last 
2 steps [10]. The varying results may have been influenced 
by differences in the number of patients with severe reactions 
included in the studies.

In conclusion, based on our experience, rapid desensitization 
is a safe and effective method that can be performed in different 
type of hospitals. 

Acknowledgments

We would like to thank all the staff at the hospital’s 
intensive care unit and Outpatient Oncology Clinic.

Funding

The authors declare that no funding was received for the 
present study.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

References

1. Castells Guitart MC. Rapid drug desensitization for 
hypersensitivity reactions to chemotherapy and monoclonal 
antibodies in the 21st century. J Investig Allergol Clin 
Immunol. 2014;24(2):72-9; quiz 2 p following 9.

2. Castells MC, Tennant NM, Sloane DE, Hsu FI, Barrett NA, 
Hong DI, Laidlaw TM, Legere HJ, Nallamshetty SN, Palis RI, 
Rao JJ, Berlin ST, Campos SM, Matulonis UA. Hypersensitivity 
reactions to chemotherapy: outcomes and safety of rapid 
desensitization in 413 cases. J Allergy Clin Immunol. 2008 
Sep;122(3):574-80.

3. Prieto Garcia A, Pineda de la Losa F. Immunoglobulin 
E-mediated severe anaphylaxis to paclitaxel. J Investig Allergol 
Clin Immunol. 2010;20(2):170-1.

4. Feldweg AM, Lee CW, Matulonis UA, Castells M. Rapid 
desensitization for hypersensitivity reactions to paclitaxel and 
docetaxel: a new standard protocol used in 77 successful 
treatments. Gynecol Oncol. 2005 Mar;96(3):824-9.

5. Madrigal-Burgaleta R, Berges-Gimeno MP, Angel-Pereira 
D, Ferreiro-Monteagudo R, Guillen-Ponce C, Pueyo C, 
Gomez de Salazar E, Alvarez-Cuesta E. Hypersensitivity and 
desensitization to antineoplastic agents: outcomes of 189 



Practitioner's Corner

J Investig Allergol Clin Immunol 2016; Vol. 26(4): 263-277 © 2016 Esmon Publicidad

273

  Manuscript received February 10, 2016; accepted for publication 
April 5, 2016. 

David El-Qutob
Unidad de Alergia

Hospital Universitario de La Plana
Carretera Vila-Real-Burriana Km. 0.5

Vila-Real 12540, Spain
E-mail: elqutob@comv.es

procedures with a new short protocol and novel diagnostic 
tools assessment. Allergy. 2013 Jul;68(7):853-61.

6. Cavazos Galvan M, Villarreal Cardenas JR. Rapid 
desensitization to chemotherapy drugs in oncologic patients. 
A good and safe option. A two-case presentation. Rev Alerg 
Mex. 2010 May-June;57(3):99-103.

7. Hong DI, Bankova L, Cahill KN, Kyin T, Castells MC. Allergy 
to monoclonal antibodies: cutting-edge desensitization 
methods for cutting-edge therapies. Expert review of clinical 
immunology. 2012 Jan;8(1):43-52; quiz 3-4.

8. Gastaminza G, de la Borbolla JM, Goikoetxea MJ, Escudero 
R, Anton J, Espinos J, Lacasa C, Fernandez-Benitez M, Sanz 
ML, Ferrer M. A new rapid desensitization protocol for 
chemotherapy agents. J Investig Allergol Clin Immunol. 
2011;21(2):108-12.

9. Lee CW, Matulonis UA, Castells MC. Rapid inpatient/
outpatient desensitization for chemotherapy hypersensitivity: 
standard protocol effective in 57 patients for 255 courses. 
Gynecol Oncol. 2005 Nov;99(2):393-9.

10. Belperio JA, Keane MP, Burdick MD, Londhe V, Xue YY, Li K, 
Phillips RJ, Strieter RM. Critical role for CXCR2 and CXCR2 
ligands during the pathogenesis of ventilator-induced lung 
injury. J Clin Invest. 2002 Dec;110(11):1703-16.

Delayed Allergic Reaction to Acenocoumarol With a 
Positive Lymphocyte Transformation Test

Dominguez-Ortega J1,3,4, Entrala A1, Pola-Bibian B1, Gonzalez-
Muñoz M2, Fiandor A1,3, Quirce S1,3,4

1Department of Allergy, Hospital La Paz, Madrid, Spain
2Department of Immunology, Hospital La Paz, Madrid, Spain
3Hospital La Paz Institute for Health Research (IdiPAZ)
4CIBER de Enfermedades Respiratorias, Ciberes, Madrid, Spain

J Investig Allergol Clin Immunol 2016; Vol. 26(4): 273-275 
doi: 10.18176/jiaci.0072

Key words: Acenocoumarol. Allergy. Delayed reaction. Lymphocyte 
transformation test.

Palabras clave: Acenocumarol. Alergia. Reacción retardada. Test de 
transformación linfoblástica.

Acenocoumarol is one of the most commonly used 
coumarin anticoagulants in the prevention and treatment 
of thromboembolic complications. These drugs exert their 
pharmacological effect by interfering with the recycling 
of vitamin K and inhibiting the subsequent activation of 
coagulation factors [1]. Although adverse effects are frequent, 
most of them are associated with overdosage and potential 
interacting medications. Selective hypersensitivity reactions 
to this drug, by contrast, are extremely rare. Cutaneous 
necrosis induced by acenocoumarol has been previously 
described [2], but it is infrequent (0.01%-0.1% of patients on 
anticoagulant treatment). There have also been isolated reports 
of atypical calciphylaxis [3], Henoch-Schönlein purpura [4], 
leukocytoclastic vasculitis [5], and DRESS (drug reaction with 
eosinophilia and systemic symptoms syndrome) [6]. Although 
acenocoumarol was identified as the agent responsible for all 
these adverse reactions due to the favorable clinical outcome 
on withdrawal of the anticoagulant, causality between the 
drug and the reactions was not objectively assessed either in 
vivo or in vitro. 

We present the case of an 81-year-old man, an ex-
smoker, with hypertension, dyslipidemia, chronic ischemic 
heart disease with ventricular systolic dysfunction, morbid 
obesity, and obstructive sleep apnea syndrome treated with 
bilevel positive airway pressure, who was hospitalized for 
a heart attack. Catheterization with contrast was performed. 
During hospitalization the patient presented paroxysmal atrial 
fibrillation and was administered drugs that he had not been 
previously taking, namely, acenocoumarol, (Sintrom, Novartis 
Farmacéutica S.A.), enalapril, eplerenone, and bisoprolol. 
On day 4, 30 minutes after taking the daily dose (4 mg) of 
acenocoumarol, he experienced an episode of micropapular 
itchy rash on the trunk and limbs, tending to merge onto the 
trunk. No oral or other mucosal involvement was observed 
and there were no pustules, vesicles, or blisters. Eosinophilia, 
enlarged lymph nodes, elevated creatinine, and hepatitis were 
not observed. He was treated first with 5 mg of intravenous 
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dexchlorpheniramine maleate, oral antihistamines, topical 
steroids and withdrawal of acenocoumarol, resulting in 
complete resolution of the reaction in 3 days. He continued 
with the rest of the medication and experienced no new 
episodes of urticaria, exanthema, or any other cutaneous 
reactions. He denied any past history of urticarial episodes 
or adverse reactions to the ingestion of food or medication. 
He had taken acenocoumarol for several weeks, some years 
earlier, and tolerated it well.

One month after the episode, skin prick tests and 
intradermal tests with a series of iodinated contrast agents 
were performed and they were all negative, including the 
readings at 48 and 96 hours, with the exception of the histamine 
control. Patch tests with a standard TRUE-TEST series 
(SmartPractice Denmark ApS) and acenocoumarol (1% and 5 %) 
were also negative. In an attempt to clarify the underlying 
mechanism, 3 months after the reaction, we performed a 
lymphocyte transformation test (LTT) with acenocoumarol. 
Briefly, proliferation of lymphocytes from the allergic patient 
was measured as previously described [7]. Fresh peripheral 
blood mononuclear cells separated over a density gradient 
(Histopaque-1077, Sigma-Aldrich) were incubated for 6 days at 
106 cells/mL in triplicate with acenocoumarol (100 μg/mL-1 μg/mL). 
Phytohemagglutinin (5 μg/mL) was used as a positive control. 
Proliferation was determined by the addition of [3H]thymidine 
(0.5 μCi/well) for the final 18 hours of the incubation period. 
Proliferative responses were calculated as stimulation indices 
(SI), defined as the ratio between the mean values of counts 
per minute in cultures with antigen and those obtained without 
antigen. A positive response, defined as an SI of over 2, was 
obtained with the drug (Figure). Since the patient had several 
serious conditions, an oral challenge test with acenocoumarol 
was not performed and apixaban was tested as an alternative, 
with good tolerance. 

We have reported on a patient who developed a delayed 
micropapular itchy rash after the intake of acenocoumarol, 
but progressed favorably when the drug was withdrawn. The 
implication of acenocoumarol in the reaction was confirmed 
by a positive LTT. The LTT has been previously used to 
assess delayed allergic reactions [8]. It offers advantages over 
patch and intradermal tests, including absolute safety and the 
assessment of a T-cell response to the drug, especially when 
it is performed 3 to 9 months after the onset of the reaction. 

Figure. Lymphocyte transformation test results for acenocoumarol. Results 
are expressed as the mean of triplicate incubations. The test is considered 
positive when the stimulation index (SI) is greater than 2. SI for positive 
control (phytohemagglutinin) = 44.7.

5

4

3

2

1

0
1 μg/mL 50 μg/mL 10 μg/mL 100 μg/mL 

Drug Concentration

St
im

ul
at

io
n 

In
de

x

To the best of our knowledge, this is the first reported case of 
hypersensitivity to acenocoumarol in which the implication 
of this drug has been documented by a positive LTT. The LTT 
could become a good diagnostic alternative for patients who 
experience delayed reactions to acenocoumarol or who have 
disorders that contraindicate an oral challenge test. 
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Cow’s milk protein allergy (CMPA) affects 2% to 
6% children according to the EuroPrevall study, and 
β-lactoglobulin (BLG) is considered to be the most potent 
CM allergen. Only 12% to 37% of children outgrow CMPA 
before reaching school age [1], and the mechanism of tolerance 
remains unclear.

We performed a comparison of T-cell responses in 2 
children (P1 and P2) with different CMPA outcomes.

P1, a 13-year-old girl, developed bronchospasm and 
atopic dermatitis after the introduction of formula milk at 4 
months of age. Skin prick tests (SPTs) and specific IgE were 
positive for CMP. A CMP-free diet was started and resulted in 
clinical improvement. Oral provocation tests with CMP caused 
cutaneous itching, urticaria, bronchospasm, and abdominal 
pain. At the age of 11 years, the SPTs were still positive for 
α-lactalbumin. Oral provocation tests with Parmesan cheese 
and then fresh milk were successful. The girl currently 
consumes CMP without any clinical manifestations.

P2, an 8-year-old girl, developed urticaria, angioedema, 
and bronchospasm at 4 months of age, after drinking CM. 
SPTs and specific IgE were positive for CMP. She did not 
experience further symptoms on a CMP-free diet until an 
open food challenge with fresh milk caused anaphylaxis. 
One year later, milk-specific IgE levels were still positive 
and particularly elevated for casein (23.23 IU/mL). Several 
accidental ingestions of Parmesan cheese and food containing 
CMP resulted in anaphylactic reactions. The girl is still on a 
CMP-free diet.

In both patients, we analyzed BLG-specific proliferative 
responses and cytokine production by peripheral blood 
mononuclear cells (PBMCs) at the time of clinical reactivity 
to CMP (T1) and during follow up. For P1, T2 and T3 refer to 

partial and complete tolerance acquisition, respectively, while 
for P2, T2 corresponds to an anaphylactic reaction during the 
CMP challenge and T3 corresponds to a few days after the 
accidental ingestion of CM.

PBMCs were stimulated with an extract of BLG (10 μg/mL, 
Sigma Aldrich), previously tested for endotoxin content using 
the LAL test (Cambrex Bio Science), which showed a result of 
less than 10 EU/mL. In parallel, PBMCs were stimulated with 
22 peptides spanning the whole sequence of BLG (20 amino 
acids for each peptide, with overlapping of 10 amino acids). 
The cells were cultured in the presence of pools of 4 or 5 
peptides (10 µM each, SARM Allergeni).

After 7 days of culture, PBMC proliferation was assessed 
by overnight [³H]thymidine incorporation (1µCi/well, 
Amersham International).

In order to define the extent of the specific proliferative 
response of allergic patients, we compared the proliferation 
of the patients’ PBMCs to that of 13 healthy age-matched 
children. A stimulation index (SI) equal to or greater than 
the mean SI+2SD obtained by stimulating PBMCs from the 
healthy controls was considered positive. The cutoff was set 
at SI=2.4 (BLG) and SI=1.5 (pool of BLG peptides). 

IL-4, IL-5, IL-9, IL-10, IL-13, IL-17, IFN-g, and TNF-α 
were measured in PBMC culture supernatants using the 
Bioplex Protein Array System (BioRad) according to the 
manufacturer’s instructions. 

In P1, BLG-specific proliferative response revealed 
a gradual reduction of PBMC proliferation that mirrored 
the gradual acquisition of clinical tolerance, while in P2, it 
revealed a persistent elevation at each time point (Figure A).

In a previous pilot study of 12 patients with a positive 
proliferative response to CMP, we analyzed PBMC proliferation 
to 22 peptides of BLG [2]. Six patients responded to both BLG 
(SI>5) and BLG peptides. Notably, they responded to peptide 
pool 9-12, which corresponds to the amino acid sequence 101-140 
(DALNENKVLVLDALNENKVLVFCMENSAEPEQSLAC 
QCLVR) of BLG (Swiss-Prot:P02754). In our patients, the 
proliferative response to the 9-12 peptide pool showed the 
same trend as with BLG (Figure B).

In both patients, we investigated type 1 helper T cell 
(TH1), TH2, TH17, proinflammatory and regulatory cytokine 
production upon BLG stimulation. Interestingly, and consistent 
with the clinical history and outcome, at baseline we observed 
that IL-5, IL-9, IL-13, and IL-17 cytokines were higher in P2 
than P1 (Figure C and D).

During follow up, in P1, IL-5 and IL-4 were undetectable 
and IL-10, TNF-α, IFN-γ, and IL-17 decreased (Figure C). 
In P2, by contrast, IL-10 levels did not change, while IFN-γ 
and TNF-g levels increased markedly. IL-4 was undetectable 
at all times, whereas IL-5, IL-9, IL-13, and IL-17 decreased 
over time (Figure D). 

Our results, while limited to 2 patients, reveal a close 
relationship between clinical outcome of CMPA and PBMC 
response to CMP over several years of follow up. Previous 
work suggests that an IgE-mediated clinical reaction to 
milk ingestion might be associated with prompt in vivo 
T-cell proliferation to BLG [3]. Indeed, both of our patients 
responded to both BLG and BLG peptides. In contrast to P2, P1 
showed a progressive reduction in T-cell proliferation to BLG 
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and BLG peptides (9-12), in parallel with gradual immune 
tolerance acquisition. 

Importantly, we were able to localize the putative 
immunogenic region of BLG, which contains a sequence that 
has been found to be immunodominant in Japanese children 
affected by CMPA [4]. The identification of T-cell epitopes of 
BLG and their correlation with a particular HLA in different 
populations might contribute to the design of peptide-based 
immunotherapy for CMPA.

With respect to cytokine profile, as expected, we found 
a higher level of TH2 cytokines in P2 compared to P1. The 
absence of substantial amounts of IL-4 might be due to its 
consumption during the long culture period used for this 
experiment. 

The high IL-10 levels seen in P1 at T1 might suggest an 
imminent induction of tolerance, which would be followed 
by a gradual decline in levels and a reduction in symptoms, 
in parallel with tolerance acquisition. This is consistent with 
a recent report and with the notion that IL-10- and IL-10-
producing T cells are induced early during tolerance induction, 
as reported for allergen immunotherapy [5,6]. In P2, by 
contrast, who did not outgrow CMPA, IL-10 levels did not 
change. The trend for IFN-γ levels in the patients is inconsistent 

with a reported high frequency of INF-γ-producing T cells in 
children who have outgrown CMPA [7]. The gradual decrease 
of TNF-α in P1 and its sharp increase in P2 confirm that TNF-α 
is involved in the pathogenesis of allergic inflammation. The 
role of TH17 in food allergy remains unclear [8,9]. In our 
previous pilot study of children allergic to CMP, stimulation of 
PBMCs with BLG induced considerable levels of IL-17 [10]. 
In the current study, we observed that higher IL-17 levels at 
diagnosis were correlated with persistence of clinical reactivity 
later on in both P1 and P2. 

In conclusion, we found that BLG-specific proliferation and 
cytokine production differ between CMPA and CMP tolerance. 
Moreover, non-TH2 cytokines, such as TNF-a and IL-17, might 
play a role in the clinical manifestation of the disease.
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