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A B S T R A C T

Background: Clinical observation revealed that most of wheat-induced anaphylaxis (WIA)/wheat-dependent
exercise-induced anaphylaxis (WDEIA) patients showed a history of recurrent urticaria. We aim to determine the
association between recurrent urticaria and anaphylaxis in wheat allergy.
Methods: Population-based cohort study involved patients with WIA (n ¼ 193, including WDEIA n ¼ 104),
recurrent urticaria (n ¼ 177), non-wheat-related anaphylaxis (n ¼ 584), atopic disease (excluding anaphylaxis,
n ¼ 221) and healthy control (n ¼ 95) from 2009 to 2016. Detailed course of urticaria and anaphylaxis were
obtained from medical records and following-up questionnaire. Serum IgE specific to wheat, gluten and ω-5
gliadin and skin prick test to wheat were examined. Clinical and laboratory data were statistically analyzed.
Results: In recurrent urticaria patients, wheat allergy was not rare, and 6.8% (n ¼ 12) was diagnosed as wheat-
induced urticaria. Patients with WIA/WDEIA had higher prevalence of recurrent urticaria history than those
with non-wheat-related anaphylaxis (164/193, 84.9% vs 85/584, 14.5%), and 70.4% of them (136/193) had
recurrent urticaria prior to their first anaphylactic attack. Among patients with WIA/WDEIA and previous urti-
caria, 46.3% experienced an exacerbation of urticaria. The value of serum specific IgE to ω-5 gliadin was
significantly higher in patients with WIA/WDEIA than those with wheat-induced urticaria.
Conclusions: We recommend screening wheat allergy in recurrent urticaria to identify patients who have a po-
tential risk to develop severe reactions earlier.
Background

Wheat is widely consumed in China, although it can trigger a variety
of allergic reactions that are mediated by IgE or T-cells.1 Dependent on
the route of wheat exposure, IgE-mediated wheat allergy can manifest as
Baker's asthma and rhinitis, or as a traditional food allergy.1,2 The
severity of allergic reactions to wheat varies from pruritus, urticaria, and
angioedema to dyspnea, hypotension, collapse, and shock. Previous re-
ports have shown that the prevalence of wheat allergy is 0.4% among
American adults and 0.2% among Japanese adults.3,4 Although the
prevalence of wheat allergy in China is unknown, wheat is considered the
causative allergen in approximately 37% of Chinese cases of
food-induced anaphylaxis.5

Wheat-induced anaphylaxis (WIA) is a severe type of wheat allergy,
including a distinct form which is known as wheat-dependent exercise-
e-induced anaphylaxis; WIA, whe
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2010, and that report found 13 of the 15 enrolled patients also had a
history of recurrent urticaria.6 Interestingly, recurrence of anaphylaxis
and urticaria was not detected after elimination of wheat from the pa-
tients’ diet, which indicates that their recurrent urticaria may be related
to wheat ingestion and that it is a part of wheat allergic reaction. Thus, we
hypothesized that recurrent urticaria might be a prodrome or early stage
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anaphylaxis with or without certain exacerbating factors, such as physical
activity, acetylsalicylic acid (aspirin), or other nonsteroidal
anti-inflammatory drugs (NSAIDs).7 Moreover, so far, little is known
regarding the clinical features of WIA/WDEIA among Chinese patients,
and there are no predictable indicators that can be utilized for such
potentially fatal allergic reactions. Therefore, we analyzed a large number
of cases with recurrent urticaria and WIA/WDEIA. We aim to explore the
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potential association between recurrent urticaria and WIA/WDEIA and
evaluate the role ofwheat allergy among patientswith recurrent urticaria.

Materials

Patients and controls

This study recruited 193 patients with a diagnosis of WIA (including
104 with WDEIA), 177 with recurrent urticaria (including 12 wheat-
induced urticaria, WIU) who were treated at the Department of Allergy,
Peking Union Medical College Hospital between 2009 and 2016. The
diagnostic criteria for WIA, WDEIA, and wheat-induced urticaria are
illustrated in Fig. 1. Anaphylaxis is determined according to the world
allergy organization (WAO) systemic allergic reaction grading system
(Grades 4 and 5).8 Recurrent urticaria is defined as the occurrence of
urticaria resolves quickly, generally within several hours, but either the
frequency or the duration fail to fulfill the standard of chronic urticaria
(onmost days in a week andmore than 6 weeks). During the same period,
three other groups were enrolled as comparison: 584 patients with
non-wheat-related anaphylaxis, 221 atopic patients who were diagnosed
as having atopic disease (i.e. allergic rhinitis, allergic asthma, atopic
dermatitis, food allergy, etc) but never experienced symptoms after wheat
ingestion, and 95 healthy individuals. All the clinical data were from
medical records and following-up questionnaire. The study was approved
by the ethics committee of Peking Union Medical College Hospital.
Skin prick test

Skin prick test was performed by using extracts of wheat flour
(Allergen Manufacturing and Research Center, Peking Union Medical
Fig. 1. Diagnostic criteria of WIA/WDEIA (a), wheat induce urticaria (b). WIA:
wheat induced anaphylaxis; WDEIA: wheat dependent exercise induced
anaphylaxis; SPT: skin prick test.
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College Hospital, Beijing, China). The response was read as positive when
the wheal diameter was greater than one third of the positive control.

Specific IgE measurements

Serum levels of specific IgE to wheat, gluten, and ω-5 gliadin and
common food allergenswere tested by the ImmunoCAP system (PhadiaAB,
Uppsala, Sweden). The detection limit was defined as 0.35 kUA/L, ac-
cording to themanufacturer's recommendations. All the atopic and healthy
control patients, patientswithWIA/WDEIA, andnearly all the patientswith
recurrent urticaria were measured these three specific IgE to wheat.

Statistical analysis

The Chi-square test was used to compare the positive rate of specific
IgE among recurrent urticaria, atopic and healthy controls and non-
wheat-related anaphylaxis, and the rate of recurrent urticaria among
patients with WIA/WDEIA or non-wheat-related anaphylaxis. The Mann-
Whitney test and the Kruskal-Wallis test were used to evaluate onset age
of urticaria and anaphylaxis, and the levels of IgE specific to wheat,
gluten, and ω-5 gliadin in the different groups. Differences with a P-value
of <0.05 were considered statistically significant. All analyses were per-
formed using SPSS software (version 17.0; SPSS Inc., Chicago, IL, USA).

Results

General characteristic of studied patients

This study included 193 patients with WIA (including 104 cases of
WDEIA), 177 patients with recurrent urticaria (including 12 cases of
WIU), and 584 patients with non-wheat-related anaphylaxis (Table 1).
The median onset age of urticaria was 26.0, 30.5 and 26.0 years old in
recurrent urticaria, WIA/WDEIA and non-wheat-related anaphylaxis
group respectively, and no statistical difference was found among three
groups (p ¼ 0.81). The median onset age of anaphylaxis in WIA/WDEIA
was significantly older than that in non-wheat-related anaphylaxis group
(37.0 years vs 23.0 years, p < 0.001).

Of 112 patients with WIA/WDEIA who took skin prick test to wheat
extract, 108 showed positive reaction (Supplementary Table). Besides
wheat, specific IgE to other common food, such as milk, egg, peanut,
soybean, buckwheat, oat, rice, maize, shrimp, crab and so on, were also
measured in WIA/WDEIA patients. The results showed 38 patients had
positive specific IgE to seafood, 28 to grain, 17 to nuts and seeds, 8 to
vegetables and fruits, whereas 121 were negative to these common food
(Supplementary Table).

Wheat allergy among patients with recurrent urticaria

Among the 177 patients with recurrent urticaria, 175 test results for
IgE specific to wheat and gluten and 159 test results for ω-5 gliadin were
available. The prevalence of wheat-, gluten-, and ω-5 gliadin-specific IgE
was 13.1% (23/175), 13.1% (23/175), and 4.4% (7/159), respectively.
The prevalence of these three parameters in atopic controls, healthy
controls, non-wheat-related anaphylaxis patients and WIA/WDEIA pa-
tients were showed in Table 1. The positive rate of three specific IgE in
recurrent urticaria group was higher than those in healthy controls
(p¼ 0.003 for wheat, p¼ 0.001 for gluten and p¼ 0.048 for ω-5 gliadin).
The positive rate of wheat specific IgE was higher in the atopic controls
(p < 0.001) and in non-wheat-related anaphylaxis patients (p < 0.001)
than that in recurrent urticaria gourp. There was no difference in prev-
alence of gluten-, and ω-5 gliadin-specific IgE between recurrent urticaria
and atopic group or between recurrent urticaria and non-wheat-related
anaphylaxis patients. According to the wheat allergy diagnostic
criteria, 12 patients in the recurrent urticaria group (6.8%) were
belonged to WIU. The prevalence of specific IgE against wheat, gluten,
and ω-5 gliadin was 66.7% (8/12), 91.7% (11/12), and 50% (4/8)



Table 1
The study groups.

No. of Patients (male) SPT Specific IgE to wheat Specific IgE to gluten Specific IgE to ω-5 gliadin

Positive rate Median
(kUA/L)

Positive rate Median
(kUA/L)

Positive rate Median
(kUA/L)

WIA Total (including
WDEIA)

193 (111) 96.4%
(108/112)

62.7%
(116/185)

0.59 96.2%
(179/186)

2.2 87.8%
(116/132)

6.87

With recurrent
urticaria

With previous urticaria:
136 (79)

96.5%
(84/87)

63.6%
(100/157)

0.59 96.8%
(153/158)

2.39 89.8% (97/
108)

7.16

Subsequently developed
urticaria: 28 (16)

Without
recurrent
urticaria

29 (16) 96% (24/
25)

57.1% (16/
28)

0.55 92.8% (26/
28)

1.35 79.1% (19/
24)

5.79

Recurrent urticaria Total 177 (68) ND 13.1% (23/
175)

0 13.1% (23/
175)

0 4.4% (7/
159)

0

Wheat-induced
urticaria

12 (8) 66.6% (8/
12)

0.52 91.6% (11/
12)

1.36 50% (4/8) 0.76

Non-wheat-related
anaphylaxis

Total 584 (258) ND 30.8% (50/
162)

0 8.2% (13/
157)

0 2% (3/150) 0

Plus recurrent
urticaria

85 (41) 46.3% (19/
41)

0 10.2% (4/
39)

0 2.6% (1/
38)

0

Atopic controls 221 (111) ND 66.0%
(146/221)

0.68 13.5% (30/
221)

0.07 2.2% (5/
221)

0.01

Healthy controls 95 (44) ND 2.1% (2/
95)

– 1.0% (1/
95)

– 0 –

WIA: wheat-induced anaphylaxis, WDEIA: wheat-dependent exercise-induced anaphylaxis.
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respectively. In patients with WIU, the duration ranged from 4 months to
18 years. The frequency of urticaria was respectively more than once a
month but equal or less than once a week in 9 patients, once a month in 1
patient, twice a year in 1 patient, and 1 patient developed urticaria every
time when ingesting wheat products.
Recurrent urticaria among patients with WIA/WDEIA or non-wheat-related
anaphylaxis

Among the 193 patients with WIA/WDEIA, 164 patients (84.9%)
reported recurrent episodes of urticaria. The frequency of urticaria in
these 164 patients were graded into 5 levels: (a) 2 patients had urticaria
more than half a week; (b) 25 patients had urticaria from once to several
times per week, but less than half of a week; (c) 37 patients from 1 to 3
times per month; (d) 42 patients from 7 to 11 times per year; (e) 58
patients from 1 to 6 times per year (Fig. 2). Of these patients, 136 patients
had experienced recurrent urticaria before their first anaphylactic reac-
tion (70.4% of the WIA/WDEIA group) and 28 patients developed
recurrent urticaria after their first anaphylactic reaction. The history of
Fig. 2. Frequency of recurrent urticaria in WIA/WDEIA patients. (a) More than
half a week, n ¼ 2; (b) 1–3 times per week, n ¼ 25; (c) 1–3 times per month,
n ¼ 37; (d) 7–11 time per year, n ¼ 42; (e)1–6 times per year, n ¼ 58. WIA:
wheat induced anaphylaxis; WDEIA: wheat dependent exercise induced
anaphylaxis.
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recurrent urticaria was not detected in 29 patients from the WIA/WDEIA
group. To determine whether the high incidence of recurrent urticaria in
WIA/WDEIA was distinctive, 584 patients with non-wheat-related
anaphylaxis were reviewed for comparison, and only 85 patients had
recurrent urticaria (14.5%), and 26 patients had experienced recurrent
urticaria before their anaphylactic reaction (4.4%) (Fig. 3). The preva-
lence of recurrent urticaria history in WIA/WDEIA group was signifi-
cantly higher than that in non-wheat-related anaphylaxis group
(p < 0.001).

Interval between recurrent urticaria and WIA/WDEIA

Of the 136 patients in the WIA/WDEIA group with a previous history
of recurrent urticaria, the median interval from the beginning of
Fig. 3. Incidence of recurrent urticaria in WIA/WDEIA and non-wheat-related
anaphylaxis patients. Compared with non-wheat-related anaphylaxis patients
(85/584, 14.5%), more patients with WIA/WDEIA combined with recurrent
urticaria (164/193, 84.9%), and 70.4% of them present with recurrent urticaria
before the first anaphylactic episode. WIA: wheat induced anaphylaxis; WDEIA:
wheat dependent exercise induced anaphylaxis.



Fig. 4. Interval between onset of recurrent urticaria and WIA/WDEIA WIA:
wheat induced anaphylaxis; WDEIA: wheat dependent exercise induced
anaphylaxis.
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recurrent urticaria to the first WIA/WDEIA episode was 3.00 years, with
an interquartile range of 1.06–8.75 years (range: 0.1–40 years). The
distribution of interval between recurrent urticaria to WDIA/WDEIA was
showed in Fig. 4.

Clinical pattern from recurrent urticaria to WIA/WDEIA

Of the 136WIA/WDEIA patients with previous recurrent urticaria, 63
patients experienced intensified attacks of urticaria before the first
anaphylactic episode. Specifically, 56 patients (41.1% of the 136 pa-
tients) had an increased frequency of urticaria, and all 63 patients (46.3%
of the 136 patients) exhibited exacerbation in terms of the involved area,
duration, and required treatment. Seventy-one of 136 patients (52.2%)
did not report noticeable changes in recurrent urticaria, and only 2
4

patients reported noticeable relief from urticaria before they developed
anaphylaxis.

Levels of IgE among patients with WIA/WDEIA and with/without recurrent
urticaria and WIU

The patients were classified according to whether they had WIA/
WDEIA (n¼ 193) or WIU (n¼ 12), and were then subdivided into group 1
(WIA/WDEIA plus recurrent urticaria), group 2 (WIA/WDEIA without
recurrent urticaria), and group 3 (onlyWIU). IgE test results were analyzed
for wheat (n ¼ 196), gluten (n ¼ 198), and ω-5 gliadin (n ¼ 140) in all
patients with wheat allergy. Specific IgE against ω-5 gliadin in group 3 was
lower than that in group 1 (p ¼ 0.0018) and group 2 (p ¼ 0.0423).
Furthermore, ω-5 gliadin-specific IgE in patients with WIA/WDEIA was
higher than that in patients with WIU (p ¼ 0.0027). There was no sig-
nificant difference inwheat- or gluten-specific IgE among group 1, 2 and 3.
The statistic results were illustrated in Fig. 5.

Discussion

Wheat is one of the six most common allergens among children,9 and
is the most common cause of food-induced anaphylaxis in China, as well
as the most common cause of food-related exercise-induced anaphy-
laxis.5 Similar results have been reported in Japan and Korea.10,11 Un-
fortunately, WIA/WDEIA are life-threatening diseases and there are no
indicators or methods that can be used to identify such patients in early
stage. We have noticed that many patients with WIA/WDEIA present to
our clinic with a history of recurrent urticaria, which motivated us to
evaluate the potential association between recurrent urticaria and
anaphylaxis in patients with wheat allergy.

The present study collected 177 recurrent urticaria patients serving as
comparison. It revealed that 6.8% of recurrent urticaria cases were due to
wheat allergy. The positive rates for wheat-, gluten-, and ω-5 gliadin-
specific IgE in recurrent urticaria patients were higher than those in
Fig. 5. Specific IgE against wheat, gluten and ω-5
gliadin among patients with WIA/WDEIA and with/
without recurrent urticaria and WIU. A significant
difference of ω-5 gliadin-specific IgE was found be-
tween Group 1 and 3, Group 2 and 3, and also WIA/
WDEIA and WIU. Group 1: WIA/WDEIA with recur-
rent urticaria; Group 2: WIA/WDEIA without recurrent
urticaria; Group 3: WIU. ns: not significant; WIU:
wheat induced urticaria; WIA: wheat induced
anaphylaxis; WDEIA: wheat dependent exercise
induced anaphylaxis.
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healthy controls. More patients in the atopic group and patients with non-
wheat-related anaphylaxis showed positive specific IgE to wheat than
recurrent urticaria. One possible reason was that the majority of these pa-
tients were allergic to weed pollen or other plant-food allergens and there
might be cross-reaction between wheat and weed pollen or some plant-
food. However, none of the atopic control or non-wheat-related anaphy-
laxis patients developed allergic manifestation after ingestion of wheat
products. Compared to this high prevalence of wheat allergy in recurrent
urticaria patients, none of the atopic controls or healthy controls were
determined as wheat allergy. Another finding was that 84.9% of the 193
patientswithWIA/WDEIAhadahistoryof recurrent urticaria, and70.4%of
them (136/193) had recurrent urticaria before their first anaphylaxis
episode. After the diagnosis of WIA/WDEIA, a wheat-free diet was recom-
mended to these patients and a following-up questionnaire for one yearwas
completed.Most patients subsequently experiencedno episodes of urticaria
or anaphylaxis during the follow-up.Only two patients reported relapsing 1
or 2 urticaria attacks during a year, which occurred after outdoor exercise
but without ingestion of wheat. Interestingly, only 14.5% presented with
recurrent urticaria as a complication in patients with non-wheat-relating
anaphylaxis. The incidence of combined recurrent urticaria was much
higher in WIA/WDEIA patients than in those with non-wheat-related
anaphylaxis, which indicates recurrent urticaria may be clinically mean-
ingful in cases of WIA/WDEIA, but not in other types of anaphylaxis.

As stated in the Mueller grading system allergic reaction was classified
into 4 grades, I to IV, from generalized urticaria, to hypotension, collapse,
and losing of consciousness (i.e. anaphylaxis).12 It has been published that
WDEIA could manifest as mild reaction, such as urticaria and angioe-
dema.13,14 Thus, for our patients described above, recurrent urticaria and
anaphylaxismay be two different degrees or phases of wheat allergy. Based
on the present evidence, in WIA/WDEIA patients with previous recurrent
urticaria, urticaria could develop to anaphylaxis within a broad interval
range (0.1–40 years), although most cases (54%) involved progression
within 1–5 years. Knowledge of this information is essential for both the
physician and patient. Nevertheless, these patients have a long-term risk of
anaphylaxis if they continue to have wheat allergy, especially when
potentially exacerbating co-factors exist. Certain co-factors are
well-documented to aggravate or precipitate WIA/WDEIA, for instance
physical activity, use of aspirin and nonsteroidal anti-inflammatory drugs,
and alcohol consumption.7 It has been generally accepted that sufficient
exercise intensity can provoke anaphylaxis in patients with wheat allergy
(i.e. WDEIA). Aspirin and other nonsteroidal anti-inflammatory drugs are
independent risk factors forWIA/WDEIA. A retrospective study showed, on
a per episode basis, 12% of anaphylactic reaction due to aspirin alone,
rather than exercise.15 Corresponding to previous studies,we observed that
104 of the 193 patientswithWIA got severe attacks during exercise, and 15
cases involved aspirin-related anaphylaxis. Among patients with WIA/W-
DEIA and a previous history of recurrent urticaria before the first anaphy-
lactic attack, 46.3% of patients reported that their urticaria worsened
concerning the involved area, duration, and treatment, while 41.1% re-
ported an increasing frequency of urticaria attacks. Hence, the clinical
progression of recurrent urticariamay be relevant for evaluating the risk of
anaphylaxis among patients with wheat allergy.

Since 1999, ω-5 gliadin has been considered the major allergen in
cases of WDEIA,16 and several studies have indicated that ω-5
gliadin-specific IgE can predict food challenge outcomes and facilitate
the diagnosis of WIA/WDEIA.17–21 Here, we observed the level of specific
IgE to ω-5 gliadin was remarkably higher in patients with WIA/WDEIA
(median 6.87kUA/L) than those with WIU (median 0.76kUA/L, Fig. 5d),
which may be useful for evaluating the risk of anaphylaxis in patients
with wheat allergy.

According to theEAACI/GA2LEN/EDF/WAOguidelines, routine testing
is not recommended for acute urticaria.22 However, for patients with
recurrent episodes of acute urticaria, and those whose duration are more
than 6 weeks but occurrence less thanmost days a week, the possible cause
may be necessary to explore to some degree. Based on the findings of our
study, we recommend screening wheat allergy in patients with recurrent
5

urticaria by a test for specific IgE to gluten andω-5 gliadinwhich is useful to
distinguish patients with a potential risk of WIA/WDEIA before severe re-
action occurs. If there is evidence of wheat allergy, clinicians should pay
attention to the potential anaphylaxis, and should focus on educating pa-
tients regarding their food diary, the symptoms of anaphylaxis, avoiding
excise for 4–6 hours after wheat ingestion, and carefully consider admin-
istration of aspirin and other nonsteroidal anti-inflammatory drugs. Even
emergency medicine should be prescribed to such patients in case of
anaphylaxis. Itmay behelpful to prevent the adverse event ofWIA/WDEIA.

Conclusion

In conclusion, we analyzed data from patients with WIA/WDEIA,
recurrent urticaria and non-wheat-related anaphylaxis. The results indi-
cate that 6.8% of patients with recurrent urticaria were allergic to wheat,
and they had a potential risk of WIA/WDEIA. This highlights the
importance of examining patients with recurrent urticaria for wheat al-
lergy. Identifying wheat allergy patients when they manifest as recurrent
urticaria and giving appropriate education is helpful to prevent severe
allergic attacks. Furthermore, monitoring the clinical course of recurrent
urticaria, especially regarding any changes in severity, and testing for ω-5
gliadin-specific IgE may be valuable for identifying patients with a high
risk of severe reactions.
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