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Background: Acute allergic reactions are important causes of emergency department (ED) admission, imposing a
significant clinical and organizational burden. Since the season of birth is linked with early exposure to allergens,
this study was aimed to establish whether an association exists between season of birth and incidence and sever-
ity of acute allergic reactions in the ED.

Methods: The electronic hospital database was searched to identify all consecutive adult patients who were ad-
mitted to the ED for acute allergic reactions (acute urticaria, acute angioedema, urticaria-angioedema and ana-

Keywords: . . .
Allergy phylaxis) during a 1-year period.
Anaphylaxis Results: The final study population consisted in 588 patients (328 women and 260 men; mean age 43 + 18 years,

range 16-96 years). Increased frequency of ED admission was observed for patients born in spring, whereas the
lowest frequency was found for those born in autumn. Patients born in spring exhibited 1.19 and 1.12 higher risk
of ED admission for acute allergic reactions compared to those born in autumn and in all other seasons, respec-
tively. This difference remained significant in patients with allergic reaction attributable to drugs and in those
with unknown triggers, whereas no pattern of seasonality was observed in patients with allergic reactions attrib-
utable to aliments, hymenoptera, chemicals or inhalants. Patients born in spring also exhibited 1.86 and 1.52
higher risk of being admitted to the ED for severe acute allergic reactions compared to those born in autumn
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and in all other seasons, respectively.
Conclusions: Patients born in spring appear particularly vulnerable to allergic reactions requiring ED visit.
© 2015 European Federation of Internal Medicine. Published by Elsevier B.V. All rights reserved.

1. Introduction

Acute allergic reactions represent an important cause of Emergency
Departments (ED) visit, exhibiting an incremental trend in the past de-
cades [1,2]. Beside allergic rhinitis (a rare cause of presentation to the
ED) and asthma (representing a distinct disease), the most common
forms of acute allergic reactions include acute urticaria, acute angioede-
ma, and anaphylaxis. Acute urticaria is a self-limited condition, which
may be associated with angioedema or more serious disorders such as
anaphylaxis [3]. A recent survey concluded that cases of urticaria may
account for as many as 1% of all ED visits [4].

Angioedema involves the reticular (deep) dermis and subcutaneous
and submucosal tissues. When the affected areas involve the upper re-
spiratory tract, angioedema becomes a true medical emergency. Ana-
phylaxis is a serious, rapidly developing and often life-threatening
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allergic reaction [5]. Reliable epidemiological data on incidence of ana-
phylactic reactions are scarce, mostly emerging from heterogeneous
clinical settings such as the general population [6,8], ED patients [7],
hospital admitted patients [9], and specialist allergy clinics [10-12]. It
has been reported that only 1% of ED visits for acute systemic allergic re-
actions may receive a final diagnosis of anaphylaxis, whereas a large
number of cases are classified as “acute allergic reactions” or “acute hy-
persensitivity reactions” [13-15].

The current knowledge about predisposing factors for acute severe
allergic reactions is limited [16-19]. An association between the date
of birth and the frequency of allergy in childhood has been described
in the past decades [16]. More specifically, previous epidemiological in-
vestigations described a relationship between season of birth and prev-
alence of allergy in the childhood age, in that autumn/winter births
were occasionally found to be more frequent than spring/summer
births in patients with different forms of childhood allergy including
asthma, atopy, food allergies and skin sensitization [20-28]. However,
this data mostly emerged from prevalence studies (e.g., surveys) or al-
lergy clinic-based, whereas no specific information has been published
on the relationship between season of birth and ED visits for acute
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allergic reactions in adults to the best of our knowledge. Since in many
climatic settings early exposure to allergens depends on the season of
birth, this study was hence aimed to establish whether an association
exists between season of birth, incidence and severity of acute allergic
reactions in adult patients visiting the ED.

2. Materials and methods

The study population consisted in all consecutive adult patients ad-
mitted to the ED of the University Hospital of Parma (Italy) for acute al-
lergic reactions, during the entire year 2013. The facility is a 1250-bed
teaching general hospital, serving a population of approximately
435,000 inhabitants. The information about ED visits for acute allergic
reaction was identified from the electronic hospital database during a
1-year period (1st January to 31st December 2013), using a double ex-
traction key, i.e., ICD-9 codes 999, 995, 716, 708, 477 and 287 (including

” o«

all the 4th and 5th digits), as well as verbal “strings”, i.e. “allergy”, “ana-
phylaxis”, “urticaria”, “angioedema”, “shock”. Each acute allergic reac-
tion was classified as “severe” when the “Second symposium on the
definition and management of anaphylaxis: summary report — Second
National Institute of Allergy and Infectious Disease/Food Allergy and
Anaphylaxis Network symposium” criteria for anaphylaxis were met
[6].

The statistical analysis included Pearson's 2 statistics and calcula-
tion of the relative risk (RR) with 95% confidence interval (95% CI)
using Analyse-it (Analyse-it Software Ltd, Leeds, UK) and MedCalc Ver-
sion 12.3.0 (MedCalc Software, Mariakerke, Belgium). The RR was calcu-
lated from the difference between the frequency distribution of the
month of birth of patients admitted to the ED with acute allergic reac-
tions and the frequency distribution of the month of birth of the resident
population (official data obtained from the National Institute for Statis-
tics (Istat). http://demo.istat.it/altridati/IscrittiNascita/. Last Access 25
April 2015). The study was performed in accordance with the Declara-
tion of Helsinki, under the terms of relevant local legislation.

3. Results

A total number of 3237 records were retrieved and analyzed after
first extraction by two separate physicians, to exclude incorrect or dubi-
ous records. Children aged 16 years or younger (n = 273 cases) were
not included in this analysis, since most of children patients with
acute allergic reactions (even severe reactions) in our hospital visit out-
patient Pediatric Clinic instead of visiting the ED. Almost two-thirds of
study subjects (n = 2376) were excluded due to other disease entities
(i.e., allergic rhinitis, n = 267; asthma, n = 1475; chronic urticaria,
n = 634), thus limiting our analysis to adult patients admitted with
acute urticaria, acute angioedema, urticaria-angioedema and anaphy-
laxis. Overall, the final study population consisted in 588 patients (328
women and 260 men; mean age 43 + 18 years, range 16-96 years),
representing 0.65% of all ED visits recorded during the study period.
All patients were admitted to the ED within 12 h from the onset of
symptoms and none of them was visited twice for the same problem
during the study period. Fifty-six patients met the diagnostic criteria
for anaphylaxis (9.5%), 75 for angioedema (12.7%), 363 for urticaria
(61.7%), and 95 for urticaria-angioedema (16.1%). The suspected trig-
gers of the allergic reaction included drugs (n = 123; 20.9%), foods
(n = 88; 15.0%), hymenoptera (n = 58; 9.9%), chemicals (n = 26;
4.4%), and inhalants (n = 6; 0.01%), whereas a specific cause could
not be recognized in nearly half of the cases (n = 287; 48.9%). The fre-
quency distribution of the month of birth of the resident population and
patients admitted to the ED with acute allergic reactions is shown in
Table 1. Compared to the resident population, patients admitted to the
ED for acute allergic reactions were more frequently born in the Italian
spring season (March, April and May) than in the Italian autumn season
(September, October and November) (Pearson's 2 statistics, 4.47; p =
0.034) (Fig. 1). This difference remained statistically significant in

Table 1
Frequency of month of birth of the Italian resident population and patients admitted to the
emergency department for acute allergic reactions.

Resident population Allergic patients Difference
January 8.6% 9.2% 0.5%
February 7.4% 7.3% —0.1%
March 7.8% 7.7% —0.1%
April 7.2% 8.8% 1.6%
May 8.1% 9.7% 1.6%
June 8.0% 9.0% 1.0%
July 9.1% 9.0% —0.1%
August 8.8% 9.2% 0.4%
September 9.1% 7.5% —1.6%
October 8.9% 7.7% —1.3%
November 8.3% 6.8% —1.5%
December 8.7% 8.2% —0.5%

patients with allergic reaction attributable to drugs and in those without
known triggers, whereas no pattern of seasonality was observed in pa-
tients with allergic reactions attributable to foods, hymenoptera,
chemicals or inhalants (Table 2). The RR for ED admission for total aller-
gic reactions of patients born in spring was 1.19 (95% CI, 1.01-1.41)
compared to those born in autumn. A similar trend was observed com-
paring spring births with births in the three other seasons (RR, 1.12; 95%
Cl, 0.99-1.27). Even more importantly patients admitted to the ED for
severe acute allergic reactions (i.e., anaphylaxis) were also more fre-
quently born in spring than in autumn season (Pearson's ¥? statistics,
5.16; p = 0.023) (Fig. 1). The RR for ED admission for severe allergic re-
actions of patients born in spring was 1.86 (95% CI, 1.02-3.42) com-
pared to those born in autumn. A similar trend was observed
comparing spring births with births in the three other seasons (RR,
1.52;95% CI, 1.07-2.17).

4. Discussion

The pathogenesis of allergy is still incompletely acknowledged and is
probably multifactorial, involving genetic predisposition, nutritional
habits, obstetric practices (i.e., caesarean delivery in allergic mothers),
maternal age, exposure to tobacco smoke, vitamin D status, and envi-
ronmental factors such as air pollution [17-19]. The results of our
study also show that adult patients born in spring appear more vulner-
able to acute allergic reactions requiring ED visit than those who were
born in all other seasons. At variance with our findings, a number of pre-
vious investigations based on epidemiologic surveys or allergy clinic
visits reported an association between fall/winter birth and mild allergic
reactions during childhood, or else failed to find any significant relation-
ship between birth age and allergy.

In the EuroPrevall birth cohort investigation, the largest study using
the reference diagnostic criteria for food allergy in children, country-
specific differences were found for a broad range of factors playing a
role in the development of food allergy, including family history, obstet-
rical practices, pre- and post-natal environmental exposures [20].
Vassallo et al. first reported that fall and winter season birth was associ-
ated with a larger prevalence of allergy in US children (aged <5 years)
treated in the ED for non-food allergy reasons but not in older children
or adults [21]. In another Australia-based study, Mullins et al. failed to
identify birth seasonal patterns in a general population of children
aged 0-4 years referred to a specialist allergy/immunology medical
practice for all types of allergy, whereas autumn/winter births were
more common than spring/summer births among food allergy patients,
especially those diagnosed with peanut and egg allergy [22]. Keet et al.
studied 5862 children (i.e., aged 17 or younger) from the National
Health and Nutrition Examination Survey (NHANES) IIl and 1514
well-characterized food allergic children (i.e., aged 21 or younger)
from the Johns Hopkins Pediatric Allergy Clinic (JHPAC) [23], and
found that fall birth was more frequent among food allergic subjects
in both cohorts. Similar results were recently reported by Pyrhonen
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Fig. 1. Frequency of birth season of the Italian resident population and patients admitted to the emergency department for total and severe allergic reactions. Percentages are compared by

Pearson's y? statistics.

etal.in 5920 Finland children, observing that the prevalence of milk and
egg allergy and specific IgE antibodies to these food items were signifi-
cantly higher in children born in winter than in those born in other sea-
sons [24]. Opposite results were recently published by Clark et al. [25].
The study, based on administration of a self-administered survey
followed by telephone interviews of parents of 962 US children, empha-
sized that no statistically significant association could be observed be-
tween season of birth and allergy. Similarly, Wjst et al. studied 6535
10-year-old German children [26], and found that the risk of developing
allergic skin sensitization for grass pollen was higher in children born in
May and June, whereas the risk of developing hay fever was higher in
those born in May. Other studies showed different and often controver-
sial patterns of birth seasonality in other immune-mediated disorders,
such as atopy [27] and asthma [28].

Unlike previous studies based on childhood populations, our investi-
gation demonstrates for the first time the existence of a significant asso-
ciation between spring birth and increased frequency of ED admission
for any form of acute allergic reactions in the adulthood age. Interesting-
ly, this association appeared to be stronger in patients with severe aller-
gy (i.e., anaphylactic reactions) than in those with urticaria and/or
angioedema. In accord with these findings, Pedersen and Weeke report-
ed that the prevalence of asthma and/or allergic rhinitis in a general
population of Danish outpatients was higher in subject born in spring
than those born in July-January [29]. In another study that investigated

Table 2

Comparison of the distribution (number of subjects and relative percentage) of patients
admitted to the emergency department for acute allergic reactions and potential triggers
causing emergency department visit between spring and autumn. Distributions are com-
pared by Pearson's % statistics.

n Spring Autumn p

All patients 588 27.6% 21.9% 0.034
Trigger

- Foods 88 22.7% 21.6% 0.746

- Chemicals 26 15.4% 30.8% 0.513

- Drugs 123 30.1% 15.4% 0.043

- Hymenoptera 58 24.1% 29.3% 0.809

- Inhalants 6 33.0% 0.0% 0.136

- Unknown 287 30.0% 22.6% 0.008

the potential association between allergy and latitude or birth date by
means of a questionnaire distributed to 200,682 participants world-
wide, Wjst et al. failed to find any relationship between month of
birth and prevalence of allergic rhinitis [30].

There are several reasons which may justify the difference between
our findings and those previously published, showing a relationship be-
tween autumn or winter birth and allergy. First, our population includ-
ed subjects aged 17 years or older, whereas fall birth was found to be a
significant predictor of allergic reactions only in children. The geograph-
ical setting of our investigation was also different, since we enrolled a
resident Italian population, whereas previous studied were based in
Northern Europe, US and Australia. It has been demonstrated that the
prevalence of allergy varies widely according to the country of birth
[31], and it is hence conceivable that different triggers in specific geo-
graphical area of birth may generate a different risk of sensitization to
certain allergens later in life. Then, all types of acute allergic reactions
were included in our epidemiological investigation, whereas the associ-
ation between allergy and fall or spring birth could only be demonstrat-
ed in food allergic subjects in previous studies. It is also noteworthy that
the study of Mullins et al. showed an increased risk of ED admission for
food allergy in children but not in adults [22], and this is hence in agree-
ment with our findings that birth seasonality was not significantly asso-
ciated with food allergy (RR, 1.15; 95% CI, 0.49-2.73). Finally, unlike
previous studies which investigated the overall prevalence of allergy
or IgE positivity in the general population, our study was limited to ED
admissions, thus excluding mild forms of allergic reactions, not requir-
ing ED visit.

Although the association between season of birth and prevalence of
childhood allergy has been tentatively explained with a greater preva-
lence of vitamin D deficiency due to shorter daylight and sunlight expo-
sure of children born in winter, which would ultimately contribute to
impair immune system maturation, this hypothesis remains largely de-
bated [32-34]. We cannot identify a reliable biological explanation for
our finding of an association between spring season birth and ED visits
for acute allergic reactions in adults, but we hypothesize that the path-
ogenesis might differ between childhood-onset and adult-onset disease,
when a number of different precipitating factors such as adult infec-
tions, dietary patterns and outdoor pollutants may play a more signifi-
cant role in triggering acute allergic reactions. Interestingly, a recent
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study exploring the association between season of birth and celiac dis-
ease in 1964 patients reported that more patients with this condition
were born in the spring compared to other seasons [35]. Interestingly,
spring birth has also been associated with an increased risk of develop-
ing type 1 diabetes [36]. This evidence may be explained with fetus ex-
posure to lower levels of maternal vitamin D from 3 to 7 months before
birth (i.e., October to February), a time window that may impact on op-
timal prenatal development of the immune system, and determine a
greater predisposition to developing acute and severe allergic reactions
later in life. Conversely, fetus exposure to maternal vitamin D is higher
for subjects born in autumn, so that the development of immune system
may be more efficient. This would then explain the lower frequency of
ED admission for acute allergic reactions in adulthood. The different
birch pollen/inhalant exposure is another potential explanation for
our findings, since allergic reactions especially due to pollen and mold
are typically higher in Spring than in Autumn in our country.

5. Conclusions

Recent data shows that allergic reactions caused by food and ana-
phylaxis cause a considerable economic burden, approximating half a
billion dollars in the US, 20% of which is attributable to ED visits [37].
Due to their challenging diagnostic and therapeutic management, espe-
cially in the presence of severe cases of anaphylaxis, they also contribute
to increased overcrowding and resource utilization [38]. Therefore, the
identification of subjects more vulnerable to severe allergic problems
leading to ED visit appears a mainstay for both clinical and economical
reasons. Since asthma exacerbation is apparently related with exposure
to allergen, which is also associated with season of birth, the exclusion
of subjects with asthma may be regarded as a potential weakness of
our analysis. It is also worthwhile mentioning here that the main aim
of this study was to provide a general overview of the impact on the
ED imposed by acute allergic reaction visits, and therefore we do not an-
alyzed data for potential confounding factors such as age, gender and es-
pecially, the socioeconomic status which may have indeed influenced
the perception of severity of the allergic reaction.

Provided that our findings can be replicated in additional studies and
other areas, this study identified that patients born in spring season ap-
pear particularly vulnerable, with increased risk of ED admission for
acute and severe allergic reactions. We also showed that the relation-
ship between season of birth and allergy remains largely controversial,
probably depending from a large number of variables such as the age
of the patient, the geographical setting, the type and severity of the al-
lergic reaction.

Learning points

» We analyzed frequency of ED admission for acute allergic reactions
according to birth season.

* An excess ED admission was found for adult patients born in spring.

« Spring birth was also associated with 1.5 greater risk of ED admission
for anaphylaxis.

* Patients born in spring may be more predisposed to develop severe al-
lergic reactions.
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