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To the Editor,

Serum albumin (Fel d 2) is a cross-reactive animal dander allergen, which can be found in
animal-derived foods such as meat and milk."' In a population study conducted in Moscow,
Russia, we noted that milk albumin, Bos d 6, was more frequently recognized than the major
milk allergens caseins, lactalbumin and lactoglobulin.**

We hypothesized that immunoglobulin E (IgE) sensitization to Bos d 6 could be attributed

to original IgE-sensitization to cat dander via the respiratory tract and may be caused by IgE
cross-reactivity between Fel d 2 and Bos d 6. Therefore, we studied a cohort of 85 patients
with clinically documented allergy to cat. Using a panel of purified cat allergen molecules
(Supplementary Data S1), we identified 15 patients who showed specific IgE reactivity (0.45—
100 kU,/L) to cat albumin, Fel d 2 as tested by quantitative IgE ImmunoCAP (Supplementary
Table S1, patients 1-15). These patients suffered from various symptoms of allergy upon
contact with a cat; however, each of them regularly consumed cow's milk and albumin-
containing food, such as pork and beef, without experiencing any allergic symptoms. Further
testing of these 15 Fel d 2-positive patients' sera showed that 7 out of the 15 patients showed
IgE reactivity > 0.1 kU,/L to Bos d 6, 9 displayed IgE reactivity to cow's milk allergen extract
and 5 were even positive to fx5, the mix of food allergen extracts including cow's milk in
ImmunoCAP (Supplementary Table S1).

Interestingly, IgE levels were always higher to Fel d 2 than to Bos d 6, suggesting that

respiratory sensitization to Fel d 2 may have induced IgE antibodies in these patients which
cross-reacted with Bos d 6.
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To investigate this, we performed a series of ELISA IgE inhibition experiments with sera from
additional cat-allergic patients who were Fel d 2-sensitzed according to ELISA testing and
from whom we had sufficient volumes of serum available (Supplementary Table S1, patients
16-19).° Also, these patients regularly consumed cow's milk and meat without showing any
allergic symptoms.

Pre-incubation of these sera with Fel d 2 inhibited IgE binding to BSA in the range of 44%-—
84% (Figure, left panels), whereas pre-incubation of sera with BSA had almost no effect on IgE
binding to Fel d 2 with inhibitions rates of 3%-12% (Figure, right panels). BSA inhibited IgE
binding to BSA (25%-75%) (Figure, left panels), while Fel d 2 inhibited IgE-binding to Fel d 2
almost completely (83%—-93%) (Figure, right panels). Pre-incubation of sera with the unrelated
control allergen, Alta 1, had no effects on IgE binding to Fel d 2 and BSA giving similar OD
values as buffer alone (Figure, Alt a 1 columns). As in the InmunoCAP measurements, we
noted that, in the ELISA experiments, the IgE levels specific for BSA (Figure, left panels, OD
values Alt a 1) were much lower than those specific for Fel d 2 (right panels, OD values Alta 1),
corroborating that Fel d 2, but not Bos d 6, was the originally sensitizing allergen.

A previous study by Vicente-Serrano et al.® reported a group of patients who were sensitized
first to milk and then showed cross-reactivity with dander-derived albumin without direct
contact with animals. However, our findings are different from their results because we
describe patients with first sensitization to cat albumin and subsequent cross-reactivity with
milk, without milk-related clinical symptoms. In summary, cross-reactivity between Fel d 2
and Bos d 6 may give false positive IgE test results for albumin-sensitized cat allergic patients
when cow's milk allergen extracts are used to determine allergen-specific IgE and insinuate
IgE sensitization to cow's milk. Since a considerable proportion of the world population
suffers from clinical symptoms caused by non-IgE-mediated cow's milk intolerance
(10%-100%),” our finding is clinically relevant and should be considered in the serological
detection of IgE sensitization to cow's milk.® According to birth cohort studies,’ almost 7%
of the population in Sweden is sensitized to Fel d 2 and at the same time approximately 30%
will suffer from adverse reactions to milk due to lactose intolerance’ making the differential
diagnosis a relevant clinical problem.
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Figure. IgE cross-reactivity between Fel d 2 and Bos d 6 (BSA). IgE binding (y-axes: OD values corresponding to bound IgE) of cat allergic patients (#16, 17, 18,
and 19) to BSA (left panels) or Fel d 2 (right panels) are shown after pre-incubation of sera with an unrelated control allergen (Alt a 1), Fel d 2 or BSA (x-axes).
ODs are displayed as means = standard deviation of duplicates. Percentages of the inhibition of IgE binding are indicated on the tops of the bars.

0D, optical density; IgE, immunoglobulin E.
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Supplementary Data S1. Supplementary methods

MATERIALS AND METHODS

Allergic patients and ImmunoCAP testing

Sera from a cohort of 85 Russian patients with a physician-diagnosed cat allergy were analysed for
immunoglobulin E (IgE) reactivity to cat allergens. Informed consent of the patients was obtained and
the study was approved by the local ethics committee. The analysis of anonymized serum samples for
IgE reactivity was performed with permission of the ethics committee of the Medical University of
Vienna, Austria, EK1641/2014. Fifteen patients with IgE sensitization to cat albumin, Fel d 2, were
identified by ImmunoCAP (Thermo Fisher Scientific, Waltham, MA, USA) testing. All 15 patients
reported unambiguous allergic symptoms upon contact with cats but none of the patients had allergic
symptoms to cow's milk which they consumed on a regular basis. Demographic, clinical and
immunological characteristics of patients are described in Supplementary Table S1.

Cat allergen molecules were purified as described, rFel d 1,5t nFel d 2 (Sigma Aldrich, Vienna,
Austria), rFel d 3,52 rFel d 4, nFel d 6 (Rockland antibodies and assays; Rockland Immunochemicals,
Gilbertsville, PA, USA), rFel d 7,5 rFel d 8% and then biotinylated and coupled to Streptavidin
ImmunoCAPs.* Briefly, recombinant His-tagged cat allergens were expressed in Escherichia coli and
purified by Nickel-affinity chromatography as described.>® Aliquots of 4 g of biotinylated allergen, in
50 pL of dilution buffer (PBS+1% BSA) were applied to streptavidin CAPs (#14-532001, Thermo
Fisher Scientific).5® After 30 minutes of incubation at RT, 150 uL of the cat allergic patients' sera were
applied and IgE testing using the ImmunoCAP Phadia-100 instrument was performed as recommended
by the manufacturer (Thermo Fisher Scientific). The 15 cat aloumin (Fel d 2) positive patients were
further tested by ImmunoCAP for IgE reactivity to cow's milk allergen extract (f2), bovine serum
albumin (e204), and with a screening test for food allergy (fx5) as recommended by the manufacturer
(Thermo Fisher Scientific). Allergen-specific IgE levels higher than 0.1 kUa/L were considered

positive.’



ELISA competition assay for analyzing the inhibition of human IgE binding to Fel d 2 and BSA

For the IgE inhibition assays we used sera from additional four cat allergic patients with Fel d 2-specific
IgE according to ELISA testing for which sufficient volumes were available (Supplementary Table S1,
patients 16-19). For these patients we did not have ImmunoCAP test results for all of the individual cat
allergen molecules. Sera, diluted 1:10 in Tris-buffered saline containing 0.5% v/v Tween 20 (TBST),
were pre-incubated with 20 pg/mL of nFel d 2 (Sigma-Aldrich), bovine serum albumin (nBSA) (Sigma-
Aldrich), or for control purposes with the unrelated mould allergen, rAlt a 158 overnight at 4°C. ELISA
plates (Nunc, Thermofisher, Austria) were coated with 2 pg/mL nFel d 2 or nBSA, in bicarbonate buffer
overnight at 4°C. After washing, ELISA plates were blocked for 2.5 hours at 37°C with TBST and
incubated for overnight at 4°C with pre-incubated patients’ sera. Bound IgE antibodies were detected
with horseradish peroxidase—labelled goat anti-human IgE antibodies (KPL, Gaithersburg, MD, USA).
Results of the ELISA experiments are expressed as means of duplicate determinations with a deviation
of < 5%. Background (allergen plus buffer plus anti-IgE) was below optical density (OD) 0.03 and was
subtracted from each of the values. The percentage reduction of IgE binding achieved by pre-incubation
with nBos d 6 (BSA) or nFel d 2 was calculated as follows: 100 — (OD1 x 100)/0D2 . OD1 represent
optical density values after pre-incubation with the nBSA or nFel d 2 while OD2 represents optical

density after pre-incubation with the immunologically unrelated control allergen rAlt a 1.58

REFERENCES

S1. Gronlund H, Bergman T, Sandstrém K, Alvelius G, Reininger R, Verdino P, et al. Formation of
disulfide bonds and homodimers of the major cat allergen Fel d 1 equivalent to the natural allergen by
expression in Escherichia coli. J Biol Chem 2003;278:40144-51.

S2. Ichikawa K, Vailes LD, Pomés A, Chapman MD. Molecular cloning, expression and modelling of
cat allergen, cystatin (Fel d 3), a cysteine protease inhibitor. Clin Exp Allergy 2001;31:1279-1286.
S3. Smith W, Butler AJ, Hazell LA, Chapman MD, Pomés A, Nickels DG, et al. Fel d 4, a cat

lipocalin allergen. Clin Exp Allergy 2004;34:1732-8.



S4. Smith W, O'Neil SE, Hales BJ, Chai TL, Hazell LA, Tanyaratsrisakul S, et al. Two newly
identified cat allergens: the von Ebner gland protein Fel d 7 and the latherin-like protein Fel d 8. Int
Arch Allergy Immunol 2011;156:159-70.

S5. Erwin EA, Custis NJ, Satinover SM, Perzanowski MS, Woodfolk JA, Crane J, et al. Quantitative
measurement of IgE antibodies to purified allergens using streptavidin linked to a high-capacity solid
phase. J Allergy Clin Immunol 2005;115:1029-35.

S6. Curin M, Weber M, Thalhamer T, Swoboda I, Focke-Tejkl M, Blatt K, et al. Hypoallergenic
derivatives of Fel d 1 obtained by rational reassembly for allergy vaccination and tolerance induction.
Clin Exp Allergy 2014;44:882-94.

S7. van Hage M, Hamsten C, Valenta R. ImmunoCAP assays: pros and cons in allergology. J Allergy
Clin Immunol 2017;140:974-7.

S8. Twaroch TE, Focke M, Fleischmann K, Balic N, Lupinek C, Blatt K, et al. Carrier-bound Alta 1
peptides without allergenic activity for vaccination against Alternaria alternata allergy. Clin Exp

Allergy 2012;42:966-75.



	2021-13-668-70.pdf (p.1-3)
	Milk-Specific IgE Reactivity Without Symptoms in Albumin-Sensitized Cat Allergic Patients
	SUPPLEMENTARY MATERIALS
	Supplementary Data S1
	Supplementary Table S1

	REFERENCES


	aair-13-668-s001.pdf (p.4-6)

