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Abstract

Background: Recent studies suggest a possible role for low ultraviolet radiation
exposure and low vitamin D status as a risk factor for food allergy. We hypothe-
sized that children born in autumn/winter months (less sun exposure) might have
higher food allergy rates than those born in spring/summer.

Methods: We compared IgE-mediated food allergy rates by season of birth in 835
children aged 0-4 yr assessed 1995-2009 in a specialist referral clinic, using popula-
tion births as controls. To address potential concerns about generalizability, we also
examined national prescriptions for adrenaline autoinjectors (2007) and infant hypo-
allergenic formula (2006-2007).

Results: Although live births in the general ACT population showed no seasonal
pattern (50% autumn/winter vs. 50% spring/summer), autumn/winter births were
more common than spring/summer births among food allergy patients (57% vs.
43%; p < 0.001). The same seasonal pattern was observed with peanut (60% vs.
40%; p < 0.001) and egg (58% vs. 42%; p = 0.003). Regional UVR intensity was
correlated with relative rate of overall food allergy (B, —1.83; p = 0.05) and peanut
allergy (B, —3.27; p = 0.01). National data showed that autumn/winter births also
were more common among children prescribed EpiPens (54% vs. 46%; p < 0.001)
and infant hypoallergenic formula (54% vs. 46%; p < 0.001).

Conclusions: The significantly higher rates of food allergy in children born autumn/
winter (compared to spring/summer), the relationship between relative food allergy
rates and monthly UVR, combined with national adrenaline autoinjector and infant
hypoallergenic formula prescription data, suggest that ultraviolet light exposure/
vitamin D status may be one of many potential factors contributing to childhood
food allergy pathogenesis.

Despite evidence for rising food allergy (FA) prevalence (1),
the pathogenesis of FA remains uncertain (reviewed in 2).
A possible role for lesser exposure to ultraviolet light
(UVR)/low vitamin D status has been proposed, based (in
part) on observations of latitudinal variation in EpiPen pre-
scription rates in the USA and Australia (3, 4), similar vari-
ations in infant hypoallergenic infant formula (IHF)
prescriptions in Australia (5) and evidence that low vitamin
D intake during pregnancy is associated with a higher rates
of food sensitization in early life (6). The objective of the
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present study was to examine the relationship between sea-
son of birth (SoB) and relative rates of childhood FA using
data derived from a single centre providing half the regional
ambulatory specialist allergy-related services in south-eastern
Australia. On the basis of previous studies (3-7), we
hypothesized that children born in autumn or winter
months (with less sunlight exposure) might have higher rates
of medically confirmed FA than those born in spring or
summer, and that these seasonal differences would be
reflected in two proxy measures of FA: national adrenaline
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autoinjector and IHF prescription data for children the
same age.

Patients and methods
Study population

The study was undertaken in the ACT, an inland urban city
of 2358 km> within rural South-Eastern Australia, encom-
passing the city of Canberra and surrounding parkland
(latitude 35.3% ~324,000 inhabitants; 8). Birth origin [2006
Census data; 9 includes Australia (75%), Western Europe
(7%), Asia (7%) and southern/eastern Europe (3%)]. ACT
medical facilities service the local metropolitan population
and surrounding regional areas. The characteristics of all
ACT resident patients aged 04 yr referred to an ACT-based
mixed adult/pediatric specialist allergy/immunology medical
practice between January 1995 and August 2009 were analy-
sed. The practice is the largest regional outpatient allergy
practice, providing approximately half the local ambulatory
specialist allergy services. The closest services outside the
ACT are Sydney (300 km away) or Melbourne (800 km
away),. Referrals were received from general medical practi-
tioners, accident and emergency departments and specialist
paediatricians. Children aged 0-4 yr were studied because of
the high incidence of FA in this group, a recent USA study
suggesting a SoB pattern in this age group (10), and our abil-
ity to source national government-derived EpiPen and THF
data by birth month for the same age range. The Human
Research and Ethics committee (Calvary Bruce/Calvary John
James Private Hospitals) approved the study.

Patient evaluation and diagnostic criteria

The primary indication for undertaking SPT was a history of
likely FA, with secondary indications for testing being
another FA (where food had not yet been ingested or toler-
ated), or children with atopic eczema or siblings of a child
with documented FA where parents were concerned about
possible FA. Peanut, egg, milk, soy, prawn, fish, sesame seed
and all available tree nut extracts were tested unless the
patient regularly consumed and tolerated these foods. SPT
was performed on the volar aspect of the forearm using
metal lancets (Stallergenes, Antony, France) according to
standard guidelines (11). Glycerinated allergen extracts (Holl-
ister Stier, Spokane, WA, USA) and histamine 10 mg/ml
positive control (Hollister Stier) were purchased from EBOS
Australia (Sydney). A positive SPT was defined as a wheal
size of at least 3 mm greater than a negative control (saline)
at 15 min (11). IgE-mediated FA was diagnosed only if there
was a history of acute systemic allergic reaction (one or more
of urticaria, vomiting, bronchospasm or vascular collapse)
within 2 h of known food exposure, combined with a SPT to
the relevant food (i.e. not on the basis of history or testing
alone). A diagnosis of anaphylaxis was assigned if either of
the first two criteria of the 2005 National Institute of Allergy
and Infectious Disease/Food Allergy and Anaphylaxis Net-
work Symposium definition were fulfilled (12).
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Calculation of relative rates of food allergy

The relative rate of FA by birth month was calculated using
the number of ACT FA patients adjusted for the number of
live ACT population births per year between 1997 and 2007.
Specifically, relative rate FA for each birth month was calcu-
lated using the formula: actual/expected children with FA born
that month x expected/actual children born the same month,
where ‘expected’ data was the yearly figure divided by 12.

Ultraviolet radiation exposure

The intensity of monthly UVR data per month averaged
1990-2009 for the ACT (Canberra Airport) was obtained
from the Australian Bureau of Meteorology (13).

Australian population and demographic data

The ACT Health Department (epidemiology branch) pro-
vided data on ACT births for 1997-2007 by calendar month
(personal email communication, August 2009). The Austra-
lian Bureau of Statistics provided national birth data for
1997-2007 by calendar month (14) (Monthly births for 1995—
1996 and 2008-2009 were unavailable for either ACT or
Australia).

Government criteria for subsidized medication

Adrenaline autoinjectors are subsidized under the Australian
Pharmaceutical Benefits Authority Scheme (PBAS) for the
‘the anticipated emergency treatment of acute allergic reac-
tions with anaphylaxis in a patient who: (i) has been assessed
to be at significant risk of anaphylaxis by, or in consultation
with, a clinical immunologist, allergist, pediatrician or respi-
ratory physician. The name of the specialist consulted must
be provided at the time of application for initial supply; or
(ii) has been discharged from hospital or an emergency
department after treatment with adrenaline (epinephrine) for
acute allergic reaction with anaphylaxis’. The PBAS criteria
for subsidized ITHF limits subsidy to combined cows milk/soy
protein intolerance in a child aged 0-2 yr in consultation with
a paediatrician or allergy specialist, but neither for treatment
of colic nor for FA prevention. Patients must first fail to
respond to a hydrolysed formula. Importantly, direct-to-con-
sumer promotion of prescription drugs (including adrenaline
autoinjectors and IHF) is banned in Australia, penalties exist
for doctors providing Authority prescriptions outside govern-
ment guidelines (Vanna Mabbott, DOHA, personal commu-
nication, February 2009) and medical practitioner advertising
is restricted to government-approved criteria. IMS Australia
provided data on the proportion of medication subsidized
under the PBAS.

Adrenaline autoinjector and infant hypoallergenic formula
prescription data

Birth month data for number of individual children aged
0—4 yr prescribed adrenaline autoinjectors (calendar year
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2007) and the number of children aged 0-2 yr prescribed
IHF (2006-2007 calendar years) were obtained from the Fed-
eral Department of Health and Aging and Medicare Austra-
lia, Canberra (EpiPen was the only available adrenaline
autoinjector in Australia during the study period). Impor-
tantly, data relate to the number of individuals given pre-
scriptions by birth month, not the number of prescriptions
(which could otherwise include refills).

Statistical analysis

All analyses were performed using STATA 10.0 (StataCorp,
College Station, TX, USA). Data are presented as propor-
tions. Seasons of birth (SoB) were defined as autumn
(March—May), winter (June—August), Spring (September—
November) and Summer (December—February). For statisti-
cal analysis, the year was also divided into ‘dark’ (autumn/
winter) and ‘light” months (spring/summer) which corre-
sponds to the times of lesser and greater UVR intensity in
the ACT, respectively. Comparisons across SoB were evalu-
ated using chi-square tests. Linear regression was used to
evaluate the association between UVR and relative rate of
food and peanut allergy per birth month. All B coefficients
are presented with 95% Cls. A two-sided p value < 0.05 was
considered statistically significant.

Results
ACT demographic changes

The ACT population was relatively stable: 6% growth from
304,805 (1995) to an estimated 324,200 individuals (2007).
There was a slight decline in the number of children aged
0-4 yr from 22,402 (1995) to 20,185 (2005), and a slight
increase in live births to ACT resident mothers from 4415 to
4479 per year between 1995 and 2006. The net population
loss from migration out of (compared to migration into) the
ACT between 1995 and 2007 was 9079 individuals (15).

Patient characteristics

Between February 1995 and August 2009, 20,492 distinct
patients were assessed by the first author (RJM). Among the
1961 patients aged 04 yr, 835 (58% male) had FA (as previ-
ously defined) and resided in the ACT; 341 (41%) of the 835
children with FA were allergic to peanut, with other triggers
being hen’s egg (365), cow’s milk (223), tree nuts (145) and
other foods (129).

Association between season of birth and food allergy

Live births in the general ACT population during 1997-
2007 were evenly distributed across the year (e.g. 29,362
[50%] autumn/winter vs. 29,167 [50%] spring/summer;
p = 0.42). By contrast, of 835 ACT patients with FA, 475
(57%) were born autumn/winter compared to 360 (43%)
spring/summer (p < 0.001; Fig. 1). A statistically significant
seasonal trend also was observed for allergy to peanut in
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Figure 1 Distribution of children with food allergy by birth month.
The birth month distribution of 835 children aged 0-4 yr, in the
Australian Capital Territory, diagnosed with food allergy between
1995 and 2009 (grey bars) is compared with the distribution of live
births between 1997 and 2007, by birth month (black line).
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Figure 2 Relative rates of food allergy by birth month. The relative
rates of food allergy (a) and peanut allergy (b) in children aged 04 yr,
in the Australian Capital Territory, are presented by birth month.
Rates were calculated by adjusting for corresponding birth rates/
month for the region (see ‘Methods’ section for more details).

the overall 0-4 yr population (206 [60%] vs. 135 [40%];
p < 0.001; Fig. 2) and hen’s egg (211 [58%] vs. 154 [42%)];
p = 0.003). Although statistical power was limited, the
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trends for cows milk (121 [54%] vs. 102 [46%]; p = 0.23)
and tree nuts (79 [54%] vs. 66 [46%]; p = 0.32) were con-
sistent with the primary results for FA. Likewise, a consis-
tent but non-significant pattern was seen for children with a
history of anaphylaxis (101 [56%] vs. 79 [44%]; p = 0.12).
The same preponderance of autumn/winter births was
observed for male and female children with FA aged 04 yr
(data not shown). This SoB pattern was apparent within the
first 12 months of life, with 94 children with FA born
autumn/winter (59%) vs. 65 born spring/summer (41%;
p = 0.02). While statistical power was limited, similar
trends were also observed for peanut (16 vs. 9; p = 0.16)
and egg (45 vs. 28; p = 0.046) but not cows milk (53 vs.
47; p = 0.55).

Association between UV radiation intensity and relative rate
of food and peanut allergy

Given the seasonal fluctuation in FA births, we then exam-
ined whether there was a relationship between UVR intensity
and relative FA rates. As shown in Fig. 3, there was an
inverse association between UVR intensity and relative rate
of FA by birth month such that there was a —1.83 change in
the relative rate of FA for every 100 MJ/sqm increase in
UVR intensity (B, —1.83 per T100 MJ/sqm; 95% CI, —3.66—
0.01, p = 0.05). The association was stronger for peanut
allergy (B, =3.27; 95% CI, =5.71 to —0.83; p = 0.01). Non-
significant inverse associations were observed for tree nuts (f,
—-0.86; 95% CI —-3.58 to 1.87; p = 0.50), egg (B, —1.92; 95%
CI -4.75 to 0.90; p = 0.16) and cow’s milk (B, —0.67; 95%
CI -3.00 to 1.66; p = 0.54).
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Figure 3 The relationship between average monthly ultraviolet
radiation exposure and food and peanut allergy rates per month.
The intensity of ultraviolet radiation was inversely associated with
relative rates of food allergy (closed circles) and peanut allergy
(open circles) in children, aged 0-4 yr, in the Australian Capital Ter-
ritory. Trend lines for food allergy (unbroken line; solid circles) and
peanut allergy (dotted line; open circles) are shown.
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Association between season of birth and adrenaline
autoinjector and IHF prescriptions

To determine whether local fluctuation in seasonal FA births
in the ACT might be generalizable to the entire population
and reflected in national data, we examined two proxy mark-
ers of childhood FA: adrenaline autoinjector (EpiPen) pre-
scriptions for children aged 0—4 yr and IHF prescriptions for
children aged 0-2 yr using government-derived data. During
2007, 9158 individual Australian children were prescribed an
EpiPen under the PBAS, accounting for 87% of all devices
sold in Australia (i.e. only 13% were purchased on private
prescription or without prescription). In the years 2006-2007,
9861 individuals were prescribed IHF under with PBAS sub-
sidy, accounting for 99% of all Australian sales (IMS Austra-
lia). Prescriptions were predominantly for those aged 0-2 yr
(88% of all prescriptions). EpiPens were prescribed more
commonly in children born in autumn/winter compared to
those born in spring/summer (4964 [54%] vs. 4194 [46%];
p < 0.001). A similar pattern was observed for IHF prescrip-
tions, with higher rates in children born in autumn/winter
compared to those born in spring/summer (5276 [54%] vs.
4585 [46%]; p < 0.0001). These findings were not explained
by monthly fluctuations in national birth rates between 1997
and 2007 (Fig. 4).

Discussion

We identified a significant relationship between SoB and the
relative rate of medically confirmed FA in children aged
0—4 yr in the ACT. Consistent with our starting hypothesis,
FA rates were higher among children with autumn/winter
births as compared to spring/summer births, with a SoB pat-
tern apparent within the first 12 months of life. When analy-
sed by birth month, food and peanut allergy rates were up to
two- to threefold higher in children born in mid-winter com-
pared to mid-summer. These findings were not an artefact of

1000 1000

Patient births (n)
Population births (thousands)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Birth month

Figure 4 Distribution of Australian children prescribed EpiPen and
infant hypoallergenic formula by birth month. The birth month distri-
bution of children prescribed EpiPen during 2007 (aged 0-4 yr, grey
bars) or infant hypoallergenic formula during 2009 (aged 0-2 yr,
open bars) is compared with the national distribution of live births
between 1997 and 2007 (black line).
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month-to-month variation in birth rates. The generalizability
of our findings is supported by an analysis of national Epi-
Pen and IHF prescription data, in which a similar pattern
was observed.

There are some caveats to be considered in interpreting
our study. While we were only able to examine birth month
pattern by location of residence (in the ACT) rather than
location of pregnancy, birth or upbringing, the relative stabil-
ity of the 0-4 yr population over the last decade and constant
birth rates in the ACT together with national SoB trends for
EpiPen and IHF formula prescriptions, argue against this
being a significant confounder. The ecological study design
precluded adjustment for other factors implicated in FA
pathogenesis in our ecological study such as breast-feeding
rates or timing of introduction of solids, as recently reviewed
(2). Even if referral bias influenced the number of patients
assessed (compared to other regional allergy/immunology ser-
vices), it is unlikely to have operated in a systemic way to
influence the SoB pattern observed. While it is also not possi-
ble to extrapolate the results to older FA patients based on
our results, recent USA findings suggest SoB to be a more
prominent FA risk factor in young children than adolescents
and adults (10).

The relationship between SoB and later manifestations of
allergic disease has fascinated authors for three decades (16),
but so far, no unifying hypothesis has been presented to
explain at times conflicting findings, as recently reviewed
(17). SoB patterns have been variously attributed to greater
intensity of allergen exposure during a vulnerable period of
immune development, the adjuvant effects of intercurrent
infection (18, 19) and more recently, even maternal exposure
to pollen during pregnancy (20). Given evidence of recent
increases in FA (peanut allergy in particular), and indirect
evidence that UVR exposure might be a contributing factor
(3-6), our specific interest was on the relationship between
SoB, UVR and medically confirmed FA.

Our finding that autumn/winter birth was associated with
higher rates of childhood FA is not unprecedented. Similar
patterns have been described for IgE sensitization to egg and
cows milk (7), childhood peanut allergy (21) and FA in an
analysis of patients treated in Boston emergency departments
(10). While the mechanisms by which autumn/winter birth is
associated with higher FA rates is likely multifactorial, one
potential mechanism is the strong relationship between
eczema and FA in cohort studies (22). Eczema is more com-
mon in children born in winter (23). This has been attributed
to relatively drier skin during winter, lack of the ‘protective
effect’ of sun exposure, disruption of the skin barrier func-
tion, all potentially increasing the risk of percutaneous aller-
gen sensitization, as demonstrated in animal models (24).
Interactions between the adjuvant effects of wintertime infec-
tion and allergen exposure (19), and possible seasonal differ-
ences in gut microbiota or dietary factors in mother or child
may also play a role in food as well as respiratory allergy.
Autumn/winter birth may also indirectly reflect the timing of
first exposure to solids 4-6 months later or more commonly
‘allergenic’ foods (e.g. peanut) 12-18 months later. While
SoB is also a marker of season(s) of pregnancy, it is not
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possible from our data to distinguish between pregnancy-
related and early neonatal influences on the outcome
assessed: FA by the age of 4 yr.

Our specific interest (and rationale for the study) was
whether autumn/winter birth might also be a proxy for the
effects of lesser sunlight exposure (and thus vitamin D status)
on the developing immune system. This is relevant given the
degree of vitamin D deficiency described in pregnant women
in Australia (25), high rates of neonatal vitamin D deficiency
in Australian and New Zealand neonates (26, 27) and
seasonal fluctuations in vitamin D levels in mothers and
neonates (26, 27). While the explanations for the SoB pattern
for FA births are likely to be multifactorial, we propose that
UVR/vitamin D status may offer a partial explanation for
the SoB pattern noted in this and other studies, and as pro-
posed for several non-allergic immune-mediated disorders
(28). In part, this hypothesis is informed by growing evidence
of the pleotrophic effects of vitamin D on the developing
immune system (and allergic disease in particular), including
suppression of allergen-specific IgE in vitro and in vivo by
vitamin D receptor agonists (29) and immunomodulatory
effects on dendritic cell maturation and on Thl, Th2 and reg-
ulatory T cell responses as recently reviewed (30). Specifically,
recent studies have demonstrated associations between vita-
min D receptor polymorphism and atopic disease, between
genetic variants in the vitamin D activation enzyme, vitamin
D levels and total IgE, between low vitamin D intake during
pregnancy and low cord blood interleukin 10, as recently
summarized (5). In the absence of significant dietary fortifica-
tion with vitamin D in Australia or recommendations for
routine pregnancy screening or supplementation in Australia
(except high risk groups; 25), UVR/sunlight exposure and
vitamin D status are likely to be essentially collinear, with
some individual variability introduced by such factor as
darker skin or obesity (30). Nonetheless, local ACT seasonal
climatic factors (13) such as outdoor temperature (mean
annual range 0.2-28.7°C), duration of sunlight hours (annual
range 5.2-9.7 h), rainfall (97 days/yr) or lifestyle factors (e.g.
occupation or recreational activities) may have influenced
individual UVR exposure that cannot be accounted for by
regional UVR measurements alone. It is conceivable that the
SoB pattern observed in the ACT (temperate climate with a
wide range of UVR exposure) may not be observed in
regions where UVR is significantly lower (e.g. far south Aus-
tralia) or higher (e.g. far north Australia). While confirma-
tory studies in other regions may help to clarify this
possibility, the frequency of neonatal vitamin D deficiency in
Queensland (far north Australia; 26) and national SoB pat-
tern for EpiPen and IHF prescriptions make this less likely.

Even if UVR/vitamin D status plays a role in FA patho-
genesis, the relationship between UVR/vitamin D status and
FA risk may not be linear; excessive vitamin D levels might
also be harmful, as recently reviewed (31). Further evidence
of a possible role of UVR/vitamin D status in FA pathogene-
sis will require prospective cohort studies of neonatal or cord
blood 25-hydroxyvitamin D levels and subsequent risk of
FA. If a relationship were found, such studies could be
followed by randomized trials to more formally test causality.
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Regardless of the potential contribution by UVR/vitamin D
status in FA pathogenesis, the frequency of vitamin D defi-
ciency in Australia in pregnant women and their neonates is
of some concern, and provides a rationale to screen and sup-
plement individuals found to have very low vitamin D levels,
and educate regarding ‘safe sun’ exposure (http://www.
cancer.org.au/cancersmartlifestyle/SunSmart/VitaminD.htm).
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