Letter to the Editor

Identification of allergen-resolved threshold
doses of carrot (Daucus carota) by means of
oral challenge and ELISA

To the Editor:

An increasing number of publications focus on the determina-
tion of threshold doses for allergenic foods.' Knowledge of the
minimum dose that is able to elicit an allergic reaction is relevant
for all food-allergic individuals and has implications for public
health.?

So far these thresholds are in most cases calculated on the basis
of the weight of ingested fresh material.'* However, the allergen
content per gram of food may depend on the variability of protein
biosynthesis and may vary over storage time because many foods
(eg, carrots) are harvested once yearly and stored.

In an earlier double-blind, placebo-controlled food challenge
in 20 carrot-allergic patients, an oral allergy syndrome occurred at
amean dose of 1.9 = 1.0 g and systemic reactions at a mean dose
of 1.7 = 0.9 g of fresh carrot.® Significantly lower threshold
values have been found for other allergenic foods, prompting me-
ticulous efforts to standardize the means of food delivery in food
challenge protocols.'**>

Scientifically, the most accurate approach for exposure assess-
ment is quantification of the allergenic proteins present in the food
used for challenge." This study is a first approach to gain a deeper
insight into the relationship between the content of allergens in
fresh food and the clinical response at a certain threshold dose.

An open food challenge was carried out by a 2-step protocol
until objective symptoms were detectable. The content of the
major allergens Dau ¢ 1 and Dau c 4 in the carrots used for the

challenge was subsequently quantified by allergen-specific
ELISA assays.°

Eleven patients were selected by a positive case history of
carrot allergy and the presence of IgE to carrot confirmed by skin
prick testing or ImmunoCAP measurements (see this article’s
Online Repository at www.jacionline.org and see Table I).
Approval by the local ethics committee (Faculty of Medicine,
University of Erlangen-Nuremberg, No. 3494) for this study
and written informed consent of all participants were obtained.
The mean age of the patients was 43.5 = 12.2 years (range,
20-58 years). Skin prick tests were performed as prick-to-prick
tests with fresh carrot (variety Rodelika, Dottenfelder Hof, Bad
Vilbel, Germany) as well as with commercial carrot (Bencard,
Munich, Germany) and birch pollen (Allergopharma, Reinbek,
Germany) extracts.

Oral challenges were done on 6 different days. Grated carrots
(cv Rodelika) were freshly prepared in a food processor (BOSCH
MUM 4405 ProfiMixx with continuous shredder MUZ 4DS2,
Munich, Germany) 20 minutes before starting the oral provocation.
Eleven increasing carrot doses (10, 25, 50 mg, 0.10, 0.25, 0.50, 1.0,
2.5, 5.0, 10.0, and 15.0 g) were administered in 15-minute
intervals. The patients were required to retain the administered
dose in their mouth for 1 minute and then swallow the sample.
The symptoms after exposure under the tongue and 15 minutes af-
ter swallowing were documented. Depending on the reaction, the
next dose was given or the challenge was stopped after observing
objective allergic symptoms at 2 consecutive doses.

Already at the first dose (10 mg), 2 patients responded with
pruritus of the oral cavity. This was the most frequently occurring
first subjective symptom in our patient group (63.6%, 7 of 11).
The first objective symptom was diagnosed at a discrete dose of

TABLE I. Clinical and serologic characterization of the carrot-allergic patients, and results of the open food challenge

Case Experimental InmunoCAP
Patient history ImmunoCAP (kUA/L) (CAP class) (kUA/L) (CAP class) Oral food challenge (cumulative doses)
At carrot At carrot
Age rDauc rDauc First subjective  dose First objective dose
No. (y) Carrot Carrot rBetv1 rBetv2 Bromelain 1.0104 1.0201 rDauc4 symptom (mg) symptom (mg)
1 20 OAS 0.07 (0) 43.10 (4) 7.46 (3) 0.28 (0) 5.25(3) 4.32(3) 2.11 (2) Pruritus (oral) 85 Hoarseness 185
58 OAS 2.82 (2) 35.90 (4) 0.03 (0) 0.88 (2) 3.70(3) 4.32(3) 0.09 (0) No* - Tearing 1935
3 55 OAS 5.20 (3) 55.80 (5) 2.70 (2) 0.18 (0) 10.50 (3) 4.90 (3) 1.48 (2) Pruritus (oral) 35 Redness of 185
conjunctiva
4 34 OAS 220(2) 9.28(3) 1.30(2) 0.020) 2532) 1.55(2) 0.88 (2) No* - Swelling (oral cavity) 35
5 45 OAS 2.51 (2) 11.90 (3) 2.90 (2) 0.21 (0) 1.95(2) 0.77 (2) 5.31 (3) Pruritus (oral) 10 Swelling (throat) 85
6 44 OAS 0.62 (1) 5.35(3) 0.00 (0) 0.08 (0) 0.64 (1) 091 (2) 0.05(0) Pruritus 35 Redness of 435
(oral, ears) conjunctiva,
swelling (lips)
7 52 OAS, 0.44 (1) 3.16 (2) 0.26 (0) 0.03 (0) 0.59 (1) 0.45 (1) 0.22 (0) Pruritus (oral) 10 Tearing 185
dyspnea
8 33 OAS 1.05 (2) 10.50 (3) 0.00 (0) 0.07 (0) 0.69 (1) 1.06 (2) 0.04 (0) No* - Cough 935
9 32 OAS, 0.42 (1) 29.40 (4) 0.00 (0) 0.17 (0) 1.29 (2) 2.28 (2) 0.03 (0) No* - Swelling (lips) 1935
diarrhea
10 49 OAS 24.00 (4) >100 (6) 0.13 (0) 2.90 (2) 28.40 (4) 16.60 (3) 0.54 (1) Pruritus (throat) 35 Hoarseness 85
11 56 OAS 8.16 (3) 0.06 (0) 0.14 (0) 0.36 (1) 4.86 (3) 14.40 (3) 0.18 (0) Pruritus (throat) 85 Redness of 185
conjunctiva,

swelling (ears)

OAS, Oral allergy syndrome; r, recombinant.
*Objective symptom occurred without preceeding subjective symptoms.
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TABLE II. Results of ELISA measurements adapted to carrot threshold doses for objective symptoms

Oral food challenge

At discrete dose

At cumulative dose

Patient no. First objective symptoms Carrot (mg) Sum of single allergens (ug) Carrot (mg) Sum of single allergens (ug)
1 Hoarseness 100 0.57 185 1.06

2 Tearing 1000 17.81 1935 34.46

3 Redness of conjunctiva 100 0.93 185 1.73
4 Swelling (oral cavity) 25 0.39 35 0.55
5 Swelling (throat) 50 0.78 85 1.32
6 Redness of conjunctiva, swelling (lips) 250 3.39 435 5.89
7 Tearing 100 1.36 185 2.51
8 Cough 500 6.77 935 12.67
9 Swelling (lips) 1000 7.60 1935 14.71

10 Hoarseness 50 0.42 85 0.71

11 Redness of conjunctiva, swelling (ears) 100 0.30 185 0.56
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FIG 1. Cumulative distribution (%) of objective threshold doses (n = 11) for carrot (A) and objective
responses against the cumulative dose of relevant carrot allergens (B), including the 95% CI (dashed lines).
Estimated threshold doses (EDs) at patient proportions of 1:10 (ED4o) are depicted in orange. LCL/HCL,

Lower and higher confidence limits.

25 mg (ie, cumulative dose of 35 mg) of carrot. Seven patients
(63.6%) first reacted with objective symptoms at a cumulative
dose below 190 mg. Objective symptoms observed most
frequently were edema in the oral cavity or of the ears (45.5%,
5of 11), followed by symptoms of the eye (redness of conjunctiva
and tearing; see Table I).

After ELISA® measurement (see additional information and
Table E1 in this article’s Online Repository at www.jacionline.
org), the allergen content was calculated for each sample used
for challenge. The correlation between the amount of carrot
(mg) and the content of the relevant allergens at the individual
threshold doses is shown in Table II. Taking into account the sen-
sitization profile of individual patients in terms of IgE-reactivity
to Dau c¢ 1.01, Dau ¢ 1.02, and Dau c 4, threshold doses for objec-
tive symptoms corresponded to a cumulative amount of 0.55 to
34.46 ng of carrot allergens (see Table II).

Using a statistical model proposed by Bindslev-Jensen et al,’
all data underwent a probit analysis using SAS/STAT software
(SAS System for Windows, version 9.2) to estimate threshold
levels of carrots and the corresponding content of the main
allergens in relation to the sensitization profile of the patients.

Fig 1 displays cumulative distribution functions generated by
plotting the proportion of objective responses against log
dose of carrot (see Fig 1, A) or against the sum of relevant
carrot allergens (see Fig 1, B). Because of the small number
of patients, the 95% Cls of both curves cover a rather broad
range.

At the individual basis, the summarized carrot allergen
threshold of our patient group started at 0.55 pg (see Table II,
patients 4 and 11). By probit analysis, this was down-
calculated to an estimated threshold dose of 0.165 pg (lower
confidence limit, 0.015 pg; higher confidence limit, 0.500 pg)
for 10% of the patients (ED;q) on population level (see Fig 1,
B). Also, 10% of the carrot-allergic patients are predicted to re-
act with objective symptoms at a cumulative dose of 18.98 mg of
carrot (lower confidence limit, 2.22 mg; higher confidence limit,
51.79 mg; see Fig 1, A). This value is in a range comparable to
the results of other recent studies, revealing an ED, for whole
hen’s egg (43 mg),® whole hazelnut (143 mg),® and whole
peanut (106 and 12 mg),g’g respectively. In these foods, the
main allergens are known to represent a substantial proportion
of the total protein composition.


http://www.jacionline.org
http://www.jacionline.org

J ALLERGY CLIN IMMUNOL
VOLUME mmm, NUMBER um

To our knowledge, this is the first threshold dose study
including a quantification of the individual allergens in the food
used for challenges. This seems to be relevant because allergen
contents contained in fresh foods may vary considerably, for
example, because of storage time and conditions (see Table E1).

In an upcoming study, it is planned to repeat this approach by
using double-blind, placebo-controlled food challenge and to deter-
mine the “true lowest observed adverse effect level” and the “no
observed adverse effect level” thresholds for carrot-allergic patients.
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APPENDIX

All patients had a positive skin prick test result to
carrot and birch pollen. Determination of specific IgE to carrot
(f31), recombinant (r)Bet v 1, rBet v 2, and bromelain was
done by using ImmunoCAP analysis (Thermo Fischer,
Uppsala, Sweden), and experimental ImmunoCAP tests were
used for rDau ¢ 1.0104, rDau c¢ 1.0201, and rDau c 4. Specific
IgE level of 0.35 KU,/L or more was considered positive. All
patients showed specific IgE to rDau ¢ 1.0104 and rDau c
1.0201, 91% to rBet v 1 (10 of 11), 36.4% to rBet v 2

J ALLERGY CLIN IMMUNOL
0oo 2013

(4 of 11), 27.3% to bromelain (3 of 11), and 45.5% to rDau c
4 (5 of 11).

Carrots were stored at 4°C prior to oral provocation. To
evaluate the influence of carrot storage at 4°C on the allergen
content, aliquots of all carrot samples used for oral provocation
(no. 1-6) were stored at —20°C and analyzed by ELISA assays
for the main carrot allergens (Table E1). The results revealed a
slow but steady decrease in the content of Dau ¢ 1.0104 over
time of carrot storage (11 months in total) whereas the other 2
allergens, Dau c¢ 1.0201 and Dau c 4, remained rather stable.
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TABLE E1. Content of the main carrot allergens (ng/g of carrot) in
the oral provocation samples used over a time range of 11
months (derived from the same carrot harvest stored at 4°C)

Allergen content (ug/g of carrot)

Carrot sample no. Dau ¢ 1.0104 Dau ¢ 1.0201 Dau c 4
1 17.73 0.08 2.23
2 13.50 0.05 2.02
3 7.56 0.04 1.89
4 6.19 0.02 3.12
5 6.03 0.04 2.29
6 3.00 0.04 2.69
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