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The Information Network of Departments of Dermatology 
(IVDK) is a network of 57 dermatology clinics that collects 
patch testing data. We assessed patients with lower leg 
dermatitis (LLD), chronic venous insufficiency (CVI), 
and/or chronic leg ulcer (CLU) during 2004-2013 and 
compared our results with those from the period 1994-2003 
in the IVDK cohort. We recently found that the frequency of 
contact sensitization to most contact allergens had declined 
significantly (44.8% of patients in 2004-2013 had at least 
1 positive test reaction vs 58.6% in 1994-2003). However, 
the allergen spectrum remained largely unchanged. Moreover, 
a significant decrease in the frequency of allergic contact 
dermatitis (ACD) was observed between the 2 periods (final 
diagnosis of ACD in 25.9% of patients in 1994-2003 vs 16.9% 
in 2004-2013) [1]. In our previous study, we could not provide 
a detailed analysis of the clinical relevance of sensitizations 
identified in patients with LLD, CVI, and/or CLU, the patients’ 
own materials (eg, topical drugs, wound dressings), and the 
pathogenesis of CLU [1]. 

We studied a subgroup of the IVDK cohort [1] from 
a single center (Department of Dermatology, University 
Hospital of Erlangen, Germany) to investigate the etiology and 
pathogenesis of CLU in patch-tested individuals, the clinical 
relevance of positive patch-test reactions, and the clinical 
relevance of the patients’ own materials (ie, wound dressings 
and topical ointments) 

Of the entire patch test cohort (N=3782), 52 patients 
with LLD, CVI, and/or present or previous CLU (26 male, 
26 female; median age, 73 years) were patch tested between 
2004 and 2013 according to DKG guidelines [2] using 8-mm 

Finn Chambers on Scanpor tape. Exposure time was 48 hours 
in all patients. We analyzed the series tested in all 52 patients 
(ie, DKG standard series, DKG ointment base series), as well 
as the patients’ own substances (individual wound dressings 
and topical treatments), which were tested selectively in 
39 patients. The clinical relevance of positive reactions was 
assessed individually in all cases by a senior fellow.

A total of 42 patients (80.7%) with present or previous CLU 
were identified within the patch test cohort. CVI was its most 
frequent cause (n=27, 64.3%) in all CLU patients, followed 
by arterial occlusive disorder (n=7, 16.7%), posttraumatic 
healing by secondary intention (n=5, 11.9%), and unspecified 
causes (n=3, 7.1%). 

Of all patients tested, 28 (53.8%) had at least 1 positive 
reaction. In total, 87 positive reactions were observed; of these, 
56 (64%) were considered to be of current relevance (n=47) 
or past relevance (n=9). In 26 patients (50%), an active ulcer 
was present at the time of the patch test. The contact allergens 
identified as clinically relevant in more than 5% of tested 
individuals were tertiary butyl-hydroquinone, Amerchol-L101, 
balsam of Peru, fragrance mix II, cetearyl alcohol, lanolin 
alcohols, cocamidopropyl betaine, and propylene glycol 
(Table).

In total, 132 patients’ own materials, ie, wound care 
products (n=52) and topical ointments (n=80), were tested 
individually in 39 of the 52 patients (75.0%). Seven positive 
reactions (5.3% of the 132 materials tested) were identified—
primarily among wound care products, not topical ointments—
and were considered clinically relevant (Table). 

The sensitization rate of 53.8% in the subgroup was 
higher than that recently reported from the IVDK cohort [1], 
indicating specific patient selection with a high suspicion of 
ACD. In CLU/LLD/CVI patients, contact sensitization against 
the contact allergens tert-butyl hydroquinone, Amerchol-L101, 
balsam of Peru, fragrance mix II, cetearyl alcohol, and 
lanolin alcohols (with sensitization rates ≥10%) is not only 
frequent [3-5], but also—if positive patch test reactions are 
present—clinically relevant in most cases (>50%), whereas 
positive reactions to nickel sulfate are not. Reactions against 
topical antibiotics [6] were observed occasionally, since the 
DKG series for topical antibiotics was not tested regularly in 
all patients.

In a recent French study (354 patients tested with 
10 wound care products), the authors reported a 19.2% rate 
of sensitization to wound care products [7]. Previous studies 
from Germany revealed positive test reactions to wound care 
products in 5.7% [8] and 17% [9] of patients tested. Despite 
the broad acceptance and tolerability of modern wound care 
products, contact allergy to modern wound dressings is 
possible, and patch testing should be performed when ACD 
is suspected. Wound dressings are medical devices, for which 
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full labelling is not regulated, in contrast with pharmaceutical 
products [10], thus making it difficult to identify the culprit 
component. 

Table. Results of Patch Testinga

Commercial PT Preparationb	 Test	 Patients With	 Patients With	 Clinically Relevant 
	 Concentration*	 Positive Test	 Positive Test Reaction	 PT Reactions out of 
		  Reaction to	 And Clinical Relevance	 Positive PT Reactions 
		  This Contact	 for This Contact	 for This Contact 
		  Allergen	 Allergen, No. (%)	 Allergen, No. (%) 
		  (ntested=52)	 (ntested=52)

Tertiary-Butyl hydroquinone	 1%	 10 (19.23%)	 6 (11.5%)	 n=6/10 (60%)
Amerchol L-101	 50%	 9 (17.3%)	 8 (15.4%)	 n=8/9 (88.9%)
Balsam of Peru (Myroxylon pereirae)	 25%	 7 (13.5%)	 4 (7.7%)	 n=4/7 (57.1%)
Fragrance Mix II	 14%	 7 (13.5%)	 4 (7.7%)	 n=4/7 (57.1%)
Cetearyl alcohol	 20%	 6 (11.5%)	 5 (9.6%)	 n=5/6 (83.3%)
Lanolin alcohols	 30%	 5 (9.6%)	 4 (7.7%)	 n=4/5 (80%)
Nickel sulfate	 5%	 4 (7.7%)	 0 (0%)	 n=0/4 (0%)
Cocamidopropyl betaine	 1% aq	 4 (7.7%)	 3 (5.8%)	 n=3/4 (75%)
Colophony	 20%	 3 (5.8%)	 1 (1.9%)	 n=1/3 (33.3%)
Fragrance mix I	 8%	 3 (5.8%)	 2 (2.8%)	 n=2/3 (66.7%)
Propolis	 10%	 3 (5.8%)	 1 (1.9%)	 n=1/3 (33.3%)
Compositae mix	 5%	 3 (5.8%)	 0 (0%)	 n=0/3 (0%)
Propylene glycol	 20% aq	 3 (5.8%)	 3 (5.8%)	 n=3/3 (100%)
Benzophenone-4 (Sulisobenzone)	 10%	 3 (5.8%)	 1 (1.9%)	 n=1/3 (33.3%)
p-tertiary-Butylphenol formaldehyde resin	 1%	 2 (3.8%)	 0 (0%)	 n=0/2 (0%)
Methyldibromo glutaronitrile	 0.2%	 2 (3.8%)	 1 (1.9%)	 n=1/2 (50%)
Octyl gallate	 0.3%	 2 (3.8%)	 1 (1.9%)	 n=1/2 (50%)
Butylated Hydroxyanisole (BHA)	 2%	 2 (3.8%)	 0 (0%)	 n=0/2 (0%)
Paraben mix	 16%	 1 (1.9%)	 1 (1.9%)	 n=1/1 /100%)
Bufexamac	 5%	 1 (1.9%)	 1 (1.9%)	 n= 1/1 (100%)
Polyethylene glycol ointment (DAB 8)	 pure	 1 (1.9%)	 1 (1.9%)	 n= 1/1 (100%)

Patients’ Own Wound Care Productsc	 Test	 Patients With	 Patients With	 Clinically Relevant 
	 Concentration	 Positive Test	 Positive Test Reaction	 PT Reactions out of 
		  Reaction to	 and Clinical Relevance	 Positive PT Reactions 
		  This Allergen 	 for This Allergen	 for This Contact 
		  (From Number of	 No. (%)	 Allergen, No. (%) 
		  of Patients Tested),	  
		   No. (%)

Foam dressing	 Pure	 n=1/8 (12.5%)	 n=1/8 (12.5%)	 n=1/1 (100%)
Antiseptic agent (containing  
octenidine hydrochloride)	 Pure	 n=2/3 (66.6%)	 n=2/3 (66.6%)	 n=2/2 (100%)
Enzymatic wound ointment	 Pure	 n=2/4 (50%)	 n=2/4 (50%)	 n=2/2 (100%)
Hydrocolloid dressing	 Pure	 n=1/3 (33.3%)	 n=1/3 (33.3%)	 n=1/1 (100%)
Antibiotic cream	 Pure	 n=1/4 (25%)	 n=1/4 (25 %)	 n=1/1 (100%)
aThe vehicle was petrolatum unless otherwise indicated.
bPatch test reactions (n=1) without clinical relevance (ie, for potassium dichromate, thiuram mix, cobalt chloride, zinc diethyl dithiocarbamate, 
triethanolamine, and butyl hydroxytoluene) are not shown.  
cThe number of patients varies due to individual testing. 

In conclusion, evidence-based strategies for wound 
therapy need to be implemented in order to avoid 
skin exposure, at least to the most frequent clinically 
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10.	Council Directive 93/42/EEC of 14 June 1993 concerning 
medical devices, No L169/1, paragraph 13.3 b; 

11.	Cueva Oliver B, González Delgado P. Contact Sensitization 
to Modern Wound Dressing. In: Mackay I, Rose N, Ledford 
D, Lockey R, editors. Encyclopedia of Medical Immunology: 
Allergic Diseases: Springer New York; 2014. p. 186-9.

relevant contact allergens (tertiary butyl hydroquinone, 
Amerchol-L101, balsam of Peru, and fragrance mix II). The 
allergenic potential of modern wound dressings should not 
be underestimated [11]. A correlation between the number 
of sensitizations to wound dressings and wound duration 
has been observed [9,11]. Patch testing of individual 
topical preparations and modern wound dressings should 
be performed when ACD is suspected in CLU/LLD/CVI 
patients. The impact of modern wound dressings in the 
induction of ACD requires further study.
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Given that clinical and serological cross-reactivity between hen 
and quail egg proteins is common [1,2], reports of patients with 
quail’s egg allergy without hen’s egg allergy are very rare [3-5].

We report the case of a patient without hen’s egg allergy 
who experienced food protein-induced enterocolitis syndrome 
(FPIES) in response to eating quail’s egg. The diagnosis was 
based on double-blind, placebo-controlled food challenge 
(DBPCFC) and a positive result to quail’s egg in the 
lymphocyte stimulation test (LST).

The patient was a 6-year-old girl who visited the hospital 
with a 3-year history of repetitive vomiting and pallor 2 hours 
after eating cooked quail’s egg.

She could eat raw hen’s egg without experiencing an 
allergic reaction and had no other allergic diseases, such as 
asthma, atopic dermatitis, or other food allergy. Her father and 
elder brother have pollen allergy, and her mother has house 
dust mite allergy.

The results of skin prick tests with raw quail’s egg and raw 
hen’s egg were negative. The results of specific IgE testing with 
hen’s egg white, yolk, and ovomucoid were under 0.10 kUA/L.

After obtaining informed consent from the patient’s 
parents, we performed DBPCFC for quail’s egg, with hen’s 
egg used as a control. The patient’s mother fried quail’s egg 
or hen’s egg (amount equivalent to a quail’s egg: 9 g) at home 
and brought them to our hospital on the days of the DBPCFC. 

The result of the food challenge test for hen’s egg was 
negative, while the test for quail’s egg was positive. Nausea, 
repetitive vomiting, pallor, and lethargy began 160 minutes 
after ingestion of quail’s egg and were treated with intravenous 
saline solution. The patient’s condition improved 4 hours after 
ingestion of quail’s egg.

An LST was performed with raw quail’s egg and hen’s 
egg, and the results were evaluated by a commercial laboratory 
testing service (BML, Tokyo, Japan).

Briefly, the patient’s mononuclear cells and antigen solution 
were incubated for 3 days. They were then incubated for an 
additional 24 hours with a 3H-thymidine solution. After the cells 

were washed and lysed, the quantity of 3H-thymidine absorbed 
was measured. The stimulation index (SI) was calculated 
according to the following formula: SI = 3H-thymidine 
absorption of mononuclear cells with/without antigen. An SI 
value >1.8 was considered positive. The SI for quail’s egg was 
1.9 (positive); the SI for hen’s egg was 1.0 (negative).

We present a rare case of a patient with FPIES to quail’s 
egg without allergy to hen’s egg. FPIES is a non–IgE-mediated 
gastrointestinal food allergy characterized by repetitive 
vomiting, lethargy, and pallor within 1 to 4 hours of ingestion. 
Our case meets the diagnostic criteria proposed by Nowak-
Węgrzyn et al [6,7].

Serological cross-reactivity between hen and quail egg 
proteins has been reported [1]. As for clinical cross-reactivity, 
Alessandri et al [2] reported that all 15 children with a positive 
skin prick result to hen’s egg showed positive skin prick 
results to quail’s egg. Moreover, both domestic hen (Gallus 
domesticus) and quail (Coturnix coturnix) belong to the family 
Galliformes.

FPIES is a non–IgE-mediated gastrointestinal food allergy 
in which T cells are believed to play an important role [8]. We 
performed LST for hen’s egg and quail’s egg. Although the 
utility of LST for diagnosis of FPIES is controversial, LST 
is theoretically suitable for the diagnosis of FPIES, which is 
thought to be cell-mediated [9]. The results of the LST were 
positive to quail’s egg (ie, causative antigen) but negative to 
hen’s egg (ie, tolerated antigen). These results were compatible 
with the clinical manifestations.

Although reports of FPIES to hen’s egg are common [10], 
few authors have examined the clinical or hematological 
association between hen’s egg and quail’s egg for non–IgE-
mediated gastrointestinal food allergies, including FPIES.

The concurrent rate of non–IgE-mediated gastrointestinal 
food allergies to hen’s egg and quail’s egg might be lower than 
that of IgE-mediated food allergy to hen’s egg and quail’s egg.

To date, only 3 reports of quail’s egg allergy without hen’s 
egg allergy have been published. The first case involved a 
10.5-year-old girl who presented an anaphylactic reaction after 
eating uncooked quail’s egg [3]. The second involved 5 patients 
who had angioedema or anaphylaxis after eating undercooked 
quail’s egg [5]. These cases were all IgE-mediated allergic 
reactions. The final case was that of a 3-year-old girl who 
presented with FPIES after eating a boiled quail’s egg [4]. It is 
interesting that the allergic reaction was non–IgE-mediated in 
all patients (including the present case) who reacted to cooked 
quail’s egg, whereas it was IgE-mediated in those who reacted 
to uncooked or undercooked quail’s egg.

Further investigation of patients with FPIES to quail’s 
egg who are not allergic to hen’s egg may help to elucidate 
the mechanism underlying non–IgE-mediated gastrointestinal 
food allergies.
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Hypocomplementemic urticarial vasculitis syndrome 
(HUVS) is a rare small-vessel vasculitis of unknown etiology 
first described by McDuffie et al [1] in 1973. According to 
the diagnostic criteria proposed by Schwartz et al [2] in 1982, 
the diagnosis of HUVS requires the simultaneous presence 
of 2 major criteria (recurrent urticaria for >6 months and 
hypocomplementemia) plus 2 or more minor criteria (biopsy-
proven vasculitis of the dermis, positive C1q antibody and/
or suppressed C1q titer, glomerulonephritis, arthralgia/
arthritis, ocular inflammation, and recurrent abdominal pain). 
Nevertheless, a variety of additional clinical findings, including 
angioedema and central nervous system and pulmonary 
involvement, have subsequently been reported [3]. Idiopathic 
HUVS is prevalent, although up to 50% of patients have an 
associated autoimmune disease [3], primarily systemic lupus 
erythematosus or Sjogren syndrome. Management of HUVS 
is very challenging: while oral antihistamines are merely 
palliative, hydroxychloroquine, colchicine, and corticosteroids 
are first-line therapy, with a complete cutaneous response 
achieved in fewer than 50% patients. The addition of other 
immunosuppressive drugs, such as azathioprine, mycophenolate 
mofetil, methotrexate, and ciclosporin A increases cutaneous 
response rates to 70% and is strongly recommended in the case 
of pulmonary and/or renal involvement. Cyclophosphamide 
and rituximab are restricted to refractory, relapsing, and/or 
severe disease, since they are burdened by a higher incidence 
of adverse effects, as are high-dose corticosteroids and 
cyclophosphamide [3]. Omalizumab, a humanized anti-IgE 
monoclonal antibody recently approved for the treatment of 
chronic spontaneous urticaria and successfully used in cases 
of severe or refractory urticaria [4], was recently shown to be 
ineffective in a patient with HUVS [5].

We present the case of a 47-year-old woman with no 
relevant comorbidities who was referred to our allergy 
department with a 3-year history of generalized, itchy, and 
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burning daily flares of urticaria. She also complained of 
arthralgia, abdominal pain, and diarrhea. On admission, 
physical examination revealed erythematous and violaceous 
annular urticarial maculopapular lesions predominantly 
involving the trunk, abdomen, and legs. Physical and 
ultrasound examination revealed symmetric arthritis of the 
second and third proximal phalangeal and metacarpal joints. 
Blood test results were normal, with the exception of marked 
complement C3 depletion (C3 0.17 g/L, normal range 0.9-1.8). 
Immunological screening revealed normal serum levels of 
antinuclear antibody, anti–double-stranded DNA, rheumatoid 
factor, anti-cyclic citrullinated peptide, C1q, and anti-C1q. 
The patient also underwent colonoscopy. Coproculture was 
performed, as was testing to detect parasites and Clostridium 
difficile in stool, although no significant abnormalities were 
detected. Abdominal ultrasonography and 24-hour proteinuria 
were both negative. The patient did not report exacerbation 
of symptoms after food ingestion, although skin prick tests 
with the commercial extracts of common allergenic foods 
and physical tests yielded negative results. The patient 
had no infections, no apparent major organ involvement, 
normal IgE serum levels, and normal thyroid parameters. A 
skin biopsy revealed perivascular and dermal eosinophilic 
infiltrates, with focal vessel damage confirming urticarial 
vasculitis. Given that 2 major criteria (recurrent urticaria 
>6 months and hypocomplementemia) and 3 minor criteria 
(arthralgia/arthritis, recurrent abdominal pain, and biopsy-
proven vasculitis of the dermis) were fulfilled, the patient was 
diagnosed with HUVS (Table). Therefore, antihistamines (up 
to 4 times per day) were combined with hydroxychloroquine (200 
mg/day) and prednisone (0.5 mg/kg, tapered to 0.1 mg/kg), leading 
to a significant improvement in arthralgia but no response for 
gastrointestinal involvement and urticaria (weekly Urticarial 
Activity Score [UAS7], 32/42). Ciclosporin A (3 mg/kg) was 
administered, although it was soon suspended because of 
worsening of diarrhea. Omalizumab 300 mg monthly was 
added. After the second injection, complete remission of 
gastrointestinal symptoms and urticaria was achieved (UAS7, 
0/42) and maintained for the entire duration of the treatment 
(25 weeks). Serum complement levels returned to normal, 
thus enabling gradual discontinuation of prednisone. One 

month after withdrawal of omalizumab, the patient presented 
a stronger exacerbation of diarrhea, abdominal pain, and 
urticaria (UAS7, 37/42). Omalizumab 300 mg monthly was 
readministered, leading to complete remission of urticaria 
(UAS7, 0/42) and gastrointestinal symptoms 1 month later. 

To our knowledge, this is the first report of HUVS 
successfully treated with omalizumab. Our findings contrast 
with those of a recently reported case in which omalizumab 
was not effective in improving the skin lesions of a woman 
affected by HUVS with biopsy-proven membranoproliferative 
glomerulonephritis [5]. Although more evidence on the efficacy 
of omalizumab in urticarial vasculitis has been reported [6-8], 
these are the only 2 reports in the literature that investigate 
the potential role of omalizumab in HUVS. As HUVS is an 
uncommon and more severe form of urticarial vasculitis, it 
is not surprising to observe fewer and contradictory results 
about the effectiveness of omalizumab administered to treat the 
disease. We hypothesize that omalizumab is safe and effective 
in milder forms of HUVS, but not in those involving the kidney 
and/or the lung, which usually require immunosuppressive 
drugs [9]. Our case is therefore remarkable, because it 
shows that withdrawal of omalizumab can lead to immediate 
exacerbation of the disease, as reported in other cases of 
chronic spontaneous urticaria and urticarial vasculitis [10]. 
Clinical trials are strongly recommended to clarify the extent 
to which omalizumab is effective for selected forms of HUVS 
and clinical outcomes after its withdrawal. 
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Table. Diagnostic Criteria of Hypocomplementemic Urticarial Vasculitis 
Syndromea

Major Criteria	 Minor Criteria

Recurrent urticaria >6 months	 Biopsy-proven vasculitis  
	 of dermis
Hypocomplementemia	 Positive C1q-antibodies  
	 and/or suppressed C1q-level
	 Glomerulonephritis
	 Arthralgia/arthritis
	 Ocular inflammation
	 Recurrent abdominal pain
aPatients must fulfill all major criteria and at least 2 minor criteria. 
The patient we describe presented both 2 major criteria and 3 
minor criteria (biopsy-proven vasculitis of dermis, arthralgia, and 
recurrent abdominal pain).



Practitioner's Corner

J Investig Allergol Clin Immunol 2017; Vol. 27(6): 378-396© 2017 Esmon Publicidad

Is Saccharomyces boulardii Really Safe?

Alves C1, Afonso I2, Leiria-Pinto P1,3

1Dona Estefânia Hospital, Immunoallergology department, Centro 
Hospitalar de Lisboa Central, Lisbon, Portugal
2Dona Estefânia Hospital, Pediatric Gastroenterology Department, 
Centro Hospitalar de Lisboa Central, Lisbon, Portugal
3CEDOC, Respiratory Research Group, Nova Medical School, 
Lisbon, Portugal

J Investig Allergol Clin Immunol 2017; Vol. 27(6): 384-386 
doi: 10.18176/jiaci.0194

Key words: Saccharomyces boulardii. Hypersensitivity reactions. Food 
protein-induced enterocolitis syndrome–like.

Palabras clave: Saccharomyces boulardii. Reacciones de hipersensibilidad. 
Síndrome de enterocolitis inducida por proteínas alimentarias.

Saccharomyces boulardii is a nonpathogenic yeast isolated 
from the skin of lychees grown in Indochina that has been 
widely prescribed in the last 30 years for prophylaxis and 
treatment of bacterial diarrhea [1,2]. 

Hypersensitivity reactions to S boulardii are rare, and, to 
the authors’ knowledge, only 2 cases have been reported in 
the literature [3,4].

We present a case of an exclusively breastfed 2-month-
old girl, who presented with blood and mucus in stool. 
Enteritis (viral and bacterial) was excluded, and the mother 
was advised to begin a dairy-free diet. However, the blood 
and mucus persisted despite the change to the mother’s 
diet. Rectosigmoidoscopy with biopsy revealed nodular 
lymphoid hyperplasia and histopathologic evidence of colitis 
characterized by edematous and hemorrhagic focal areas with 
eosinophil infiltration (more than 6 per high–power-field) and 
occasional lymphoid nodes, suggesting a diagnosis of allergic 
colitis. We therefore reinforced the importance of a dairy-free 
diet while breastfeeding. 

The patient was a healthy, full-term infant delivered by 
cesarean birth, with normal growth for age.

Blood and mucus persisted in stool, albeit at a lower 
intensity. At 3 months, the infant began to produce watery 
stool. S boulardii (UL 250 sachets) was prescribed. The 
child began to vomit profusely approximately 2 hours after 
ingestion, with spontaneous resolution within a few hours. 
Three weeks later, as gastrointestinal symptoms persisted 
(intermittent watery stools with blood and mucus), she 
was again treated with S boulardii, 2 hours after which she 
experienced an episode of uncontrollable vomiting, with severe 
prostration. She was seen at the emergency department, where 
she received replacement fluid therapy. The vomiting resolved 
on the same day, and no other signs of infection were observed. 

At that time, she was referred to our Immunoallergology 
Department. Skin prick tests and specific IgE for milk, 
casein, a-lactalbumin, and ß-lactoglobulin were negative. 
We diagnosed non–IgE-mediated cow’s milk allergy and 
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reinforced the importance for both mother and infant of a 
dairy-free diet. Cow’s milk was successfully introduced to 
the patient’s diet at the age of 12 months. 

Despite the suspicion of S boulardii hypersensitivity 
reactions, the parents refused an oral challenge test with this 
probiotic because their child had tolerated another probiotic 
(Lactobacillus reuteri).

S boulardii is considered a safe probiotic, although 
hypersensitivity reactions—while rare—can occur [3,4]. 

The patient we report presented symptoms indicative of 
gastrointestinal allergy, such as that occurring in food protein-
induced enterocolitis syndrome (FPIES), as in a previously 
published case of hypersensitivity to S boulardii  [3]. We 
excluded a possible IgE-mediated reaction owing to the 
absence of associated classic allergic skin or respiratory 
manifestations and the late onset of the reaction [4,5]. 

FPIES is a non–IgE-mediated food allergy characterized 
by profuse vomiting accompanied by pallor and lethargy 
within 1 to 4 hours (usually 2 hours) after ingestion of the 
offending food. It also can be followed by diarrhea in 5 to 8 
hours in some patients and may last for up to 24 hours after 
exposure [5,6]. 

The diagnosis is based on the clinical history, recognition 
of clinical symptoms, exclusion of other etiologies, and a 
supervised oral challenge test. Although the challenge test 
is considered the gold standard, a history of severe, repeated 
reactions in a patient who becomes asymptomatic after 
elimination of the suspected culprit is sufficient to make a 
diagnosis [5,6]. 

We assessed causality in this suspected adverse drug 
reaction using the probability scale of Naranjo [7], in which 
a score of 10 was obtained, indicating a definitive diagnosis. 
Even though the patient’s parents refused an oral challenge 
test, the Naranjo score supports the link between exposure to 
S boulardii and FPIES-like reaction [7]. 

According to international consensus guidelines [5], the 
major criterion and at least 3 minor criteria must be met for 
the diagnosis of FPIES. Our patient experienced profuse 
vomiting 2 hours after ingestion of S boulardii and, when 
re-exposed, experienced a second episode of repetitive 
vomiting with extreme lethargy and need for replacement 
fluid therapy in the emergency department, thus fulfilling the 
requirements for the diagnosis of FPIES-like reaction. Based 
on the convincing clinical history with a repeated reaction to 
the same drug, complete resolution over a matter of hours, 
and the absence of infectious gastroenteritis, the reaction we 
describe can be considered an FPIES-like allergic reaction 
caused by S boulardii.

We hope that our findings raise awareness of possible 
hypersensitivity reaction to S boulardii.
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been established whether the same allergens are involved in 
occupational fish allergy [1,2,4]. 

A 29-year-old, nonatopic woman who worked as a 
fishmonger for 5 years was referred to our allergy department 
with a 1-month history of generalized hives and pruritus 
that appeared a few minutes after handling fish at work. She 
occasionally experienced mild dyspnea but denied cough or 
wheezing. Her condition improved on weekends and holidays. 
She tolerated fish and shellfish but stopped eating them once 
she started experiencing symptoms with fish at work. 

We performed skin prick test (SPTs) with commercial 
extracts of tuna, sardine, cod, sole, hake, and whiff (Bial 
Aristegui). We also performed SPTs with the most prevalent 
aeroallergens (ALK-Abelló) in our area (dust mites, fungi, 
cockroach, cat and dog dander, pollens [grass, cypress, plane 
tree, olive, Russian thistle, mugwort, and plantain]), with 
seafood extracts (LETI) (shrimp, oyster, clam, squid, and 
mussel), and with the fish parasite Anisakis (ALK-Abelló). 
SPTs were only positive to tuna, sardine, cod, sole, hake, whiff, 
shrimp, and Dermatophagoides pteronyssinus. 

Prick-prick tests were also performed with raw and cooked 
hake, sole, and tuna, and the results were positive to all 3 types 
of fish, although only when tested raw.

Baseline spirometry values were normal: FVC, 3.30 L 
(101.8%); FEV1, 2.62 L (93.3%); and FEV1/FVC, 79.53%. 
The result of a bronchodilator test was negative. The FeNO 
level was 7 ppb. 

Rubbing tests with raw hake and tuna were carried out 
on the volar aspect of the forearm on 2 separate days with 
FEV1 being monitored by spirometry. Although no local 
skin reactions were observed, generalized pruritus and a 
micropapular rash appeared on the patient’s neckline on both 
days a few minutes after exposure, together with a decrease in 
FEV1 of 15% and 16% over baseline, respectively.

Occupational Asthma and Urticaria in a Fishmonger 
Due to Creatine Kinase, a Cross-Reactive Fish 
Allergen
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Fish plays an important role in nutrition and in the world 
economy. It is one of the main causes of IgE-mediated 
food allergy and a relevant allergenic source in workplace 
environments [1]. Occupational allergy most frequently results 
from direct contact with or inhalation of allergens, which leads 
to cutaneous or respiratory symptoms. Rhinitis, conjunctivitis, 
and, less frequently, urticaria may precede asthma symptoms [2].

Parvalbumins are the major allergens involved in fish 
allergy [3]. Other allergens have been described, but their 
relevance is not yet well understood; in addition, it has not 
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A. Immunoblotting 
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B. Immunoblotting inhibition C. Effect of simulated gastric fluid on hake extract 

Figure. A, IgE immunoblotting without ß-mercaptoethanol (nonreducing conditions). H indicates hake; B, black halibut; T, trout; W, whiff; S, sole; 
C, control  (represents all controls for all the fish since they were similar). B, IgE immunoblotting inhibition. Panel B.1: black halibut in solid phase. 
Inhibitors: 1, black halibut; 2, hake; 3, lamb (negative control). Panel B.2: whiff in solid phase. Inhibitors: 1, whiff; 2, hake; 3, lamb (negative control). C, 
Effect of simulated gastric fluid on hake extract (SDS-PAGE) at 0 (baseline), 5, 10, and 15 minutes. Control: nontreated extract. Pepsin: pepsin (0.32% 
wt/vol) treated extract. M indicates molecular weight markers (kDa).
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Total IgE, baseline serum tryptase, and specific IgE (sIgE) 
to rCyp c1 (carp parvalbumin), rPen a1 (shrimp tropomyosin), 
salmon, tuna, cod, mackerel, trout, sole, hake, shrimp, and 
D  pteronyssinus were determined (ImmunoCAP, Thermo 
Fisher Scientific). Total serum IgE was 85.3 kU/L, and tryptase 
3.2 µg/L. Serum sIgE was positive to sole (0.79 kUA/L) and 
hake (9.95 kUA/L), but no sIgE was detected to rCyp c 1, 
salmon, tuna, cod, mackerel, trout, rPen a 1, shrimp, Anisakis, 
or D pteronyssinus (all <0.10 kUA/L). 

In order to investigate the allergens involved, extracts 
of hake, sardine, black halibut, trout, whiff, and sole were 
prepared by homogenization in phosphate-buffered saline 
(15% wt/vol) and analyzed using SDS-PAGE, followed by 
IgE immunoblotting under nonreducing conditions [5]. The 
results revealed an IgE binding band between 45 and 66 kDa 
in all fish tested (Figure).

Immunoblotting inhibition assays were performed [5]. 
Immunoblotting with black halibut extract was inhibited 
with black halibut and hake, and immunoblotting with whiff 
extract was inhibited with whiff and hake. For the assays, 
the patient’s serum was incubated for 16 hours at 4ºC with 1 
mg/L of the inhibitor. Complete inhibition of the IgE binding 
band was observed with all the fish extracts, but not with lamb 
(1 mg/mL), which was used as a negative control (Figure, 
panel B, B.1 and B.2).

 A simulated gastric acid digestion assay of the hake extract 
was performed with a solution of 100 mmol/L hydrochloride 
containing 0.32% wt/vol of pepsin A (Sigma Aldrich Life 
Sciences [Merck]) and pH 1.2 [6]. Aliquots of this solution 
were withdrawn at 5, 10, and 15 minutes and subsequently 
subjected to immunoblotting, which showed that the IgE 
binding band disappeared with the simulated digestion (Figure, 
panel C).

Taking into account the aforementioned results and in 
order to normalize the patient’s diet, an oral challenge test 
was performed with cooked hake. The fish was well tolerated.

Proteins were identified using mass spectrometry (MS) 
and/or MS/MS [7]. The IgE-binding protein band was cut 
from the Coomassie blue-stained SDS-PAGE gel. After 
alkylation and trypsin digestion, the resulting peptide mixture 
was analyzed using matrix-assisted laser desorption/ionization 
time-of-flight (MALDI-TOF) MS, and the peptide sequences 
obtained were SFLVWVNEEDHIR, DWPDARGIWHNDDK, 
and GIWHNDDKSFLVWVNEEDHIR. Protein identification 
performed by searching a nonredundant protein sequence 
database (National Center for Biotechnology Information) 
showed that the protein was creatine kinase (CK).

CK belongs to the ATP:guanido phosphotransferase 
family and plays a key role in regulating the metabolism 
of adenosine triphosphate, which is the primary source of 
energy in animals [8-10]. CK is abundant in fish muscle 
and belongs to the same guanidine family of kinases as the 
crustacean allergen arginine kinase, which is a highly cross-
reactive nonvertebrate panallergen [10] and an occupational 
shellfish allergen [2]. CK shares 45% identical and 55% 
similar subunits with arginine kinase [9], thus potentially 
explaining the (clinically irrelevant) SPT reactivity to shrimp 
and mites in this case. CK is a thermolabile food allergen [9], 
as reflected by the negative SPT result and good oral tolerance 
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of cooked fish, which is also favored by its lability to pepsin 
digestion. 

The lability of CK to heat and proteolytic digestion may 
explain the occupational onset of fish allergy in the patient we 
report, who probably became sensitized through exposure to 
raw fish via the skin and/or inhalation in the workplace. 

In summary, we report a patient with occupational 
urticaria and asthma to fish due to sensitization to CK. To 
our knowledge, this is the first case in which CK has been 
shown to be a cross-reactive allergen in occupational fish 
allergy.
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Omalizumab (Xolair) is a monoclonal antibody that is 
recommended as add-on treatment in patients with severe 
persistent uncontrolled allergic asthma. It is currently 
prescribed in severe asthmatics sensitized to perennial 
allergens, which are thought to be responsible for the 
persistent status of inflamed airways. This is the case for 
dust mite, which has been associated with severe asthma [1]. 
However, other allergens can cause perennial allergy–like 
conditions and therefore—albeit with reduced prevalence—
severe asthma [2]. In this context, pollen allergens such as 
those of Parietaria have a long pollination period in some 
Mediterranean areas, thus leading them to resemble perennial 
allergens [2,3]. Furthermore, polysensitized individuals 
(ie, sensitized to several pollens with different seasonal 
pollinations) may also experience persistent asthma [1]. 
Finally, cross-reactivity between various pollen allergens 
(including food allergens) and sensitization to profilin may 
induce persistent symptoms for a large part of the year [4]. 
Exposure only to seasonal allergens may induce the so-called 
minimal persistent airway inflammation, with symptoms 
that occur outside the pollen season [5]. To the best of our 
knowledge, studies on the effectiveness of omalizumab have 
only included asthmatics who are mono- and polysensitized 
to dust mite. Therefore, in a real-world setting, we explored 
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whether differences in skin prick test sensitization (in 
particular pollen sensitization) influence the response to 
omalizumab in severe asthma.

We retrospectively evaluated 304 patients with severe 
persistent allergic asthma. All patients were treated with 
omalizumab because they were poorly controlled with 
combinations of inhaled corticosteroids (ICS), long-acting 
β2-agonists (LABA), and montelukast. The patients had been 
in treatment with anti-IgE for at least 6 months (range, 6-120 
months). On the basis of skin prick test results for common 
aeroallergens (performed before initiation of treatment), the 
population was divided into 3 groups. The first group included 
patients who were monosensitized to Dermatophagoides 
species (mite–monosensitized group, n=83; 35 males; mean 
[SD] age, 54 [14] years); the second group consisted of patients 
who were polysensitized to Dermatophagoides species and 
other allergens such as pollens, molds, and dog/cat dander 
(mite–polysensitized group, n=193; 56 males; mean age, 
52 [13] years); the third group included patients who were 

sensitized to a single pollen allergen (mainly Parietaria) or 
other pollens, mold, and dog/cat dander (pollen sensitization 
group) (n=28; 14 males; mean age, 49.6 [16] years). The results 
of treatment with omalizumab were compared between the 
3 groups. The outcomes recorded were FEV1%, exacerbations, 
Asthma Control Test (ACT) score, use of short-acting 
ß-agonists (SABA), asthma control levels, step-up/down of 
treatment, and ICS doses.

All anthropometric and clinical characteristics were 
similar in the 3 groups (age, sex, body mass index, smoking 
habit, comorbidities, and type of treatment). Total IgE levels, 
omalizumab dose, and age of asthma onset in the mite–
monosensitized group (321.7 [243.2] IU/mL, 300 [300-600] 
mg, 34 [18] years, respectively) were different (P<.05) when 
compared with the mite–polysensitized group (423.8 [319] IU/
mL, 450 [300-672] mg, 25 [14] years, respectively), whereas 
no differences were found in comparison with the pollen 
sensitization group (377 [312] IU/mL, 450 [300-600] mg, 
28 [16] years, respectively).

Figure. Results obtained after treatment with omalizumab in the 3 different groups.
Median values for FEV1 (A), Asthma Control Test (B), and FeNO (C). Percentages of patients with different numbers of exacerbations (D) (in the last year 
of omalizumab treatment), use of SABAs (E) (in the last month of omalizumab treatment), and different doses of ICS taken at the end of omalizumab 
treatment (F). Percentages of patients with ACT < or >20 (G), FeNO < and >25 ppb (H), and with a step-down or step-up of other medications (excluding 
omalizumab) (I).
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Postbronchodilator FEV1%, ACT score, number of 
exacerbations, FeNO, ICS dose, use of SABAs, and number 
of patients whose dose was reduced after treatment with 
omalizumab (because their asthma had improved) were 
similar in all groups (Figure). Furthermore, the number of 
patients with different GINA control levels was similar in 
the 3 groups, as was the proportion of patients on treatment 
with ICS, LABAs, long-acting muscarinic antagonists, and 
oral corticosteroids (data not shown). Only FeNO values 
were lower in the mite–polysensitized group (21.5 [14-35]) 
than in the mite–monosensitized group (31.5 [22-52]) and 
pollen-sensitized group (27 [19-92] (Figure, C) (P<.05). In 
addition, the percentage of patients with FeNO >25 ppb was 
lower in the mite–polysensitized group (38.8%) than in the 
pollen-sensitized group (71.4%; P=.021). Linear regression 
models (β) adjusted for all confounding variables (age, 
FEV1, body mass index, various sensitizations, IgE values, 
omalizumab doses, comorbidities, smoking habits, age at 
asthma onset, treatments other than omalizumab, daily dose 
of ICS, use of oral corticosteroids and montelukast, duration 
of treatment with omalizumab, aspirin intolerance, and short-
acting bronchodilator responses) showed that sensitization to 
pollens (nonmite group) and to dust mite plus other allergens 
(the mite–polysensitized group, compared with the mite–
monosensitized group) was not associated with any changes 
in postbronchodilator FEV1% (2.69 [–6.42 to 11.81], P=.56; 
4.95 [–0.94 to 10.84], P=.099, respectively), FeNO (14.87 
[–19.03 to 48.78], P=.387; –6.39 [–23.39 to 10.6], P=.458, 
respectively), and ACT (–0.297 [–1.9 to 1.3], P=.716; 0.26 
[–0.703 to 1.22], P=.596, respectively) after treatment with 
omalizumab. In addition, these 2 categories of sensitization 
(when compared with the mite–monosensitized group) were 
not risk factors (logistic and multinomial models when 
appropriate) for having an ACT >20 (2.091 [0.636-6.867]; 
1.763 [0.893-3.478]), for not using SABAs (1.241 [0.449-
3.429]; 1.566 [0.843-2.908]), or for receiving a reduced dose 
of ICS (1.579 [0.428-5.831]; 1.510 [0.653-3.494]). Moreover, 
these 2 types of sensitizations were not risk factors for 
exacerbations (1.999 [0.791-5.054]; 0.823 [0.477-1.421]) or 
a step down of treatment (1.365 [0.560-3.327]; 0.908 [0.528-
1.560]). A lower risk factor for a FeNO value >25 ppb was 
detected only in the mite–polysensitized group (0.349 [0.148-
0.821]; P=.016). 

These results suggest that the different types of allergen 
sensitization do not affect the response to omalizumab. 
Omalizumab improves all asthma outcomes, even in pollen-
sensitized patients with persistent asthma, as observed in 
patients sensitized to dust mite. Omalizumab binds to free IgE, 
which lowers free IgE levels and causes down-regulation of 
FcɛRI receptors in basophils and mast cells. This can lead to 
underproduction of proinflammatory cytokines [6-8]. Therefore, 
the blocking of IgE by omalizumab can also be effective in 
patients with persistent asthma and seasonal sensitization [9], 
as well as in other IgE-mediated allergic diseases such as 
atopic dermatitis, rhinitis, food allergy, and even in asthma–
chronic obstructive pulmonary disease overlap syndrome [7]. 
According to our study, FeNO values were lower in the 
mite–polysensitized group, whereas total serum IgE rates were 
higher. Omalizumab probably reduces airway inflammation 

better when IgE levels are higher, a situation that is particularly 
likely in polysensitized patients [10], whose asthma may be 
more severe. In conclusion, the effectiveness of omalizumab 
does not change with allergen sensitization, thus providing 
evidence for more extensive use of the drug in the most severe 
forms of asthma.
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Aquarium fish food has been recognized as a source 
of allergenic proteins and a relevant cause of occupational 
allergy  [1]. IgE-mediated respiratory diseases have been 
reported at work and at home during handling of aquarium 
fish food as a consequence of exposure to aeroallergens from 
the dried arthropod species contained in the product [1-3].

We report the case of a 49-year-old man who reported 
allergic symptoms, including rhinoconjunctivitis, ocular 
angioedema, and asthma, after feeding the fish in his aquarium. 
The patient gave his written informed consent to participate 
in the study, and a sample of his serum was used for specific 
IgE (sIgE) detection assays. A comprehensive picture of 
the individual’s sensitization profile was obtained using 
the allergen microarray immunoassay (ImmunoCAP ISAC, 
Thermo Fisher Scientific), which contains 112 pure allergen 
components from several clinically relevant allergen sources. 
Relevant sIgE results (>0.3 ISU) were recorded for allergens 
from avocado (rAna o 2, 1.0ISU), London plane tree (nPla a 2, 
1.3 ISU), olive tree (nOle e 1, 0.4 ISU), latex (rHev b 1, 0.4 
ISU and rHev b 6, 0.4 ISU), and peach (nPru p 3, 0.6 ISU), 
thus demonstrating that this atopic patient was sensitized to 
multiple plant allergens.

During the last decade, the application of genomics and 
proteomics in allergen research has enabled the development 
of innovative assays for component-resolved diagnosis (CRD), 
which provides a more targeted and informative diagnosis 
of allergy. However, commercially available assays for 
CRD of sensitization to IgE cannot yet fully explain some 
clinical cases, particularly among the crustacean-allergic 
population [4]. The array of allergen components in the 
ImmunoCAP ISAC technology used in the present study 
includes 3 allergenic proteins from crustacean species (the 
tropomyosins rPen a 1 from Farfantepenaeus aztecus, nPen i 1 
from Fenneropenaeus indicus, and nPen m 1 from Penaeus 
monodon) and 2 allergenic parvalbumins from carp and cod 
(rCyp c 1 [Cyprinus carpio] and rGad c 1 [Gadus callarias]). 
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In the present case, the patient’s serum did not react to any of 
these proteins, thus suggesting that more research is needed to 
accurately identify the allergenic proteins and sources causing 
the clinical symptoms. The patient’s clinical history led us to 
assume that the allergy symptoms were caused by IgE against 
specific allergenic components of the aquarium fish food. 
Therefore, we studied the patient’s sensitization profile by 
preparing protein extracts from the main constituents (Artemia, 
Mysis, microplankton, Cyclops, red plankton, Daphnia, 
Rotifers, bloodworms, and Artemia roe [Ocean Nutrition, 
Belgium]). Skin prick tests (SPTs) using the laboratory-
extracted proteins (100 µg protein/mL extract) were carried 
out by a trained allergist. SPTs were only positive to Artemia, 
Mysis, and bloodworms. One milligram (total protein) of 
all extracts was biotin-labeled (Biotin Protein Labeling Kit, 
Roche Applied Science), coupled to streptavidin ImmunoCAPs 
(Thermo Fisher Scientific), and then used to measure sIgE 
levels. Specific IgE testing with the protein extracts yielded 
the following results (kUA/L): Artemia, 5.18; Mysis, 5.31; 
microplankton, 0.85; bloodworms, 0.70; Artemia roe, 0.68; 
Cyclops, 0.58; red plankton, 0.55; Daphnia, <0.35; and 
Rotifers, <0.35. In fact, data from the SPT and ImmunoCAP 

assays were very consistent using both methodologies, 
with strong positive results for Artemia and Mysis extracts. 
Therefore, protein extracts from both species were analyzed 
using SDS-PAGE and IgE immunoblotting with the patient’s 
serum. SDS-PAGE based on Coomassie-stained gels exhibited 
several protein bands with some smeared zones (data not 
shown). To improve the resolution of the individual proteins 
and to enable identification of the allergenic proteins involved 
in the present case, we also performed 2D electrophoresis and 
2D electrophoresis IgE immunoblotting. Serum from a healthy 
donor showing negative results (<0.35 kUA/L) to all extracts 
was used as a negative control. No spots were visualized for 
the negative control serum. Protein spots corresponding to 
the IgE-binding proteins of both Artemia and Mysis extracts 
were excised from 2D IgE immunoblotting using patient 
serum and sent to the Proteomics Unit of the Spanish National 
Center for Biotechnology, Madrid, Spain for identification 
using MALDI-TOF/TOF (Figure). In the case of Artemia, 
because all 4 IgE-binding protein spots presented the same 
molecular weight (39 kDa) but different isoelectric points, 
they likely represent 4 isotypes of the same protein. Indeed, 
all 4 IgE-binding proteins were identified by MALDI as the 

392

Figure. Two-dimensional electrophoresis and respective IgE-immunoblotting of  (A) Mysis and (B) Artemia crude extracts. Immunoblotting was performed 
using the patient’s serum. pI indicates isoelectric point.
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same protein, a fructose 1,6-bisphosphate aldolase presenting 
the highest peptide sequence homology score to a protein 
described for Artemia franciscana (GenBank accession 
number ACH81781.1). In the case of Mysis, the 2 IgE-reactive 
protein spots highlighted in the Figure were also identified 
as fructose 1,6-bisphosphate aldolase and were homologous 
with the protein sequence of Haliotis diversicolor (GenBank 
accession number ABY87348.1), the most similar homologous 
protein identified to date and registered in the NCBI database.

Fish aldolases have been identified as relevant new fish 
allergens, and some authors support the inclusion of aldolases 
in the diagnosis of fish allergy [5]. Because a significant 
level of interspecies cross-reactivity has been reported for 
aldolases [5], FASTA sequences of both identified homologous 
proteins were compared with those in the Structural Database 
of Allergenic Proteins (SDAP). Both present significant 
homology (for ACH81781.1, Blast e-value, 6e-119; % query 
cover, 100; % identity, 70; SDAP e-score, 3e-76; and for 
ABY87348.1, Blast e-value, 4e-114; % query cover, 100; % 
identity, 65; SDAP e-score, 2.2e-63) with Sal s 3 (GenBank 
accession number B5DGM7.1) from Salmo salar (Atlantic 
salmon). Given that cross-reactivity between aeroallergens and 
food allergens is an increasingly reported health issue [6,7], 
it would be prudent to search for sensitization to other fish 
aldolases and to warn the patient about an eventual further 
reaction to food, in particular upon ingestion of salmon and 
crustaceans. For instance, an aldolase was also recently 
identified as a heat-labile IgE-binding protein from black tiger 
prawn, suggesting that aldolase-sensitized patients probably 
tolerate well-cooked fish and crustaceans [8].

In summary, our results indicate that IgE-reactive aldolases 
identified from Artemia and Mysis species were responsible for 
sensitization to aquarium fish food, which induced the allergic 
symptoms in a patient involved in fishkeeping. Both Artemia 
and Mysis belong to the crustacean subphylum  [9] and are 
commercialized worldwide for fishkeeping as constituents of 
aquarium fish food. In this regard, and based on the findings 
presented here, the patient should be informed about the potential 
risks of handling fish food with Mysis and Artemia species as 
constituents. Therefore, in addition to oral antihistamines for 
reducing some seasonal mild allergic manifestations related 
to sensitization to pollens, the patient was advised to avoid 
exposure to fish food containing Mysis or Artemia species. 
Because aquarium fish food products with various compositions 
are typically manufactured in the same factory and probably run 
on the same production line, the risk of cross-contamination 
cannot be fully excluded. For this reason, the patient was advised 
to avoid all kinds of aquarium fish food. 

Accurate identification and characterization of allergens 
are key elements of primary prevention. More in-depth 
knowledge of the role of aldolases in inducing respiratory 
allergy to aquarium fish food is necessary to improve diagnosis 
and enable effective allergen avoidance.
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characterized ILCs and NKs in 9 PH/IgGSD patients before 
treatment and over 12 months of IVIG (Supplementary Table). 

Total ILCs were characterized as lineage–CD16–CD127+, 
and the ILC subsets were identified as follows: ILC1 
(CRTH2–cKit–CD56–), ILC2 (CRTH2+cKit+/–), and ILC3 
(CRTH2–cKit+NKp46+/–) (Figure, A). Total ILCs were higher 
in treatment-naïve patients than in healthy donors (P≤.05), 
with a relative decrease in the ILC3 NCR+ subset (P≤.05, 
Figure, B  and C). No differences were observed between 
PH and IgGSD patients (Figure, B-C). IVIG induced partial 
normalization of total ILCs and ILC3 NCR+ levels, but only 
after several months (Figure, B and C). The expansion of ILCs 
in peripheral blood in treatment-naïve patients suggests a role 
for these cells in sustaining inflammation in PAD patients, 
which can be partially controlled by IVIG.

In addition to the expression of markers associated with 
polarization, such as CRTH2, NKP46, and cKit, we monitored 
CD73 as a potential contributor to immune regulation. 
CD73 is an ectoenzyme that is able to catalyze AMP into 
immunosuppressive adenosine [Supplementary ref. 7]. PH/
IgGSD patients had a decreased CD73+ ILC frequency 
(Supplementary Figure 1). In particular, the frequency of 
CD73+ ILC1 coexpressing or not NKp46 and NKG2D was 
decreased even after IVIG (P≤.04, Figure, D). Interestingly, 
deficiency in CD73 expression by B cells was previously 
reported in CVID patients with impaired Ig class switching [9]. 

We measured ILC cytokines in the serum of patients 
and healthy donors to investigate the functional competence 
of ILCs and observed a trend for increased Type1/Type2 
cytokines and IL-17 levels in patients (Supplementary Figure 
2, A), which might reflect expansion of ILCs. We found a 
consistent trend towards a correlation between each cytokine 
concentration and total ILC frequency in PAD patients 
(Supplementary Figure 2, B). 

In addition, we evaluated the frequency of total NK and NK 
subsets in the peripheral blood mononuclear cells of patients 
and healthy donors. Total NKs were defined as lineage–CD127–

CD16+/–CD56+/–. Among these, the NK subsets considered 
were CD16+CD56dim, CD16–CD56bright, and immature NK 
cells (CD16+CD56–, iNK) (Supplementary Figure, 3A), for 
which we also evaluated expression of NKG2D, CD73, cKit, 
and NKp46 (Supplementary Figure 4 and data not shown).

As previously described in CVID [8], total and 
CD16+CD56dim NK frequencies were decreased in PH/
IgGSD patients (P≤.05, Supplementary Figure, 3B) even after 
IVIG therapy (Supplementary Figure 3, C). This reduction was 
likely due to the increased proportions of iNK (P≤.05, Figure 
3, C), a subset almost absent in healthy donors but known to be 
expanded in chronic viral diseases [Supplementary ref. 8]. Of 
note, among NK subsets, only iNK expressed detectable CD73 
levels in healthy donors, although this was lost in PH/IgGDS 
patients despite the expansion of the iNK subset (P≤.05, 
Supplementary Figure 4). To test NK function, we sorted NK 
subsets and evaluated their cytotoxicity against the K562 cell 
line using a chromium release assay. Consistent with previous 
studies, iNK and CD16+CD56bright subsets were less cytotoxic 
than CD16+CD56dim NK cells (Supplementary Figure 3, D). Of 
note, all NK subsets tested had reduced cytotoxicity in patients 
(Supplementary Figure 3, D). This observation, in combination 
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Primary antibody deficiencies (PADs) are the most 
common inherited immunodeficiencies in humans and present 
as a heterogeneous group of diseases [1] [Supplementary 
ref.  1-2]. Of these, primary hypogammaglobulinemia (PH) 
is characterized by the exclusive reduction of IgG, while IgG 
subclass deficiency (IgGSD) is characterized by a variable 
reduction in IgG subclasses. Both diseases are clinically 
associated with recurrent infections [Supplementary ref. 3-4]. 
Replacement therapy with intravenous immunoglobulin (IVIG) 
increases circulating IgG levels and prevents infection  [2]. 
Recent evidence shows that IVIG administered to patients 
with common variable immune deficiency (CVID) also has 
immunomodulatory effects [3]. However, an immunologic 
characterization has never been performed in PH or IgGSD, 
and a possible immunomodulatory effect of IVIG has not 
been investigated. 

Innate lymphoid cells (ILCs) are a family of innate 
immune cells belonging to the lymphoid lineage. ILCs are 
emerging as key effectors in a variety of physiological and 
pathophysiological processes [4] [Supplementary ref. 5]. 
Conventional natural killer (NK) cells were described as 
granular lymphocytes able to kill without prior sensitization, 
and their alteration has been described in multiple disease and 
treatment settings [5,6] [Supplementary ref. 6].

Treatment-naïve CVID patients presenting inflammatory 
conditions were recently reported to have expanded ILC 
frequencies [7] and reduced NK frequencies [8]. No data 
are available on ILC and NK cell frequencies or phenotypes 
in PH and IgGSD in patients receiving IVIG. We report the 
first results for longitudinally quantified and phenotypically 
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with the increased frequency of iNK cells, suggests impaired 
NK differentiation and cytotoxic potential in PH/IgGSD 
patients. We consistently found that expression of cKit by 
CD16–CD56brightNK was markedly reduced (Supplementary 
Figure 3, E); this finding was previously shown to correlate 
with survival, expansion, and maturation of NK cells [10]. The 
incapacity of IVIG to restore NK cell frequency in opposition 
to the normalization of ILCs may be explained by distinct 
developmental and homeostatic properties. NKs and some 
ILC1s require IL-15 for development and/or homeostasis 
[Supplementary ref. 9-11], whereas ILC2 and ILC3 rely 
on IL-7 [Supplementary ref. 9]. The requirement of IL-15 
for maturation, however, can be overcome during certain 
infections or in some tissues by both subsets [Supplementary 
ref. 12-13], and even though NK progenitors express CD127 

at early stages of development, CD127 is absent on mature 
NK cells, while it is retained on ILC1. 

Patients with PH/IgGSD are common in clinical practice 
and constitute a diagnostic and therapeutic challenge because 
of the scant information on their clinical and immunological 
characteristics. Ours is the first study to define quantitative 
and qualitative alterations in innate immunity in PH/IgGSD 
patients. We believe that these alterations may help to improve 
disease characterization. Besides a reduced Ig level, other 
abnormal variations in the innate immune system might 
contribute to morbidity. We also showed a reduction in CD73 
expression in both ILCs and NK, which was previously 
observed in the B-cell compartment [9]. Adenosine is an 
immunosuppressive purine nucleoside that is generated 
by the catabolism of extracellular ATP via CD39/CD73 
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Figure. Expanded ILCs in PH and IgGSD patients are partially restored upon IVIG treatment. A, Representative flow cytometry profile and gating strategy 
used for monitoring total ILCs and ILC subsets in PH/IgGSD patients over 12 months of IVIG treatment and in HDs. B, Proportion of total ILCs among total 
live lymphocytes. C, Distribution of ILC1, ILC2, and ILC3 (NCR+ or NCR–) among total ILCs in patients and in HDs. Each dot represents 1 patient or HD, 
and the means (SEM) are superposed. Green dots represent PH patients, gray dots represent IgGSD patients, and blue dots represent HDs. D, Expression 
profile of NKG2D, CD73, cKit, NKp46, and CRTH2 evaluated on total ILCs. Selection of possible combinations of the molecules depicted are shown 
on the x axis; the percentages of the distinct cell subsets within total ILCs are shown on the y axis. The pie charts summarize the data, and each slice 
corresponds to a certain combination of molecules. Colors in the pie charts are represented by the colored boxes at the bottom of the panel. Each dot 
represents 1 patient or healthy donor and means are superposed. IgGSD indicated Ig subclass deficiency; ILC, innate lymphoid cell; HD, healthy donor; 
IVIG, intravenous immunoglobulin.
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ectoenzymes. In contrast with the action of CD39, the activity 
of CD73 is virtually irreversible, thus making it a crucial 
checkpoint in this axis. The decrease in CD73 levels may 
contribute to the pathogenesis of PAD by reducing circulating 
immunosuppressive adenosine [Supplementary ref. 7]. Our 
data point to an immunomodulatory effect of IVIG on the 
innate immune system in PH/IgGSD patients. However, 
further controlled studies in larger cohorts are needed to 
confirm our observations and to define their correlation with 
clinical outcomes.

The study was performed according to local legislation, 
ethical guidelines and usual clinical practice. The patients gave 
their informed consent for anonymized data to be included in 
a scientific publication.
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