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Neonatal vitamin D status and childhood peanut allergy: a pilot study

Raymond James Mullins, MB BS, PhD, FRACP, FRCPA *¥#; Sunday Clark, MPH, ScD $;
Veronica Wiley, PhD, FHGSA, FFSc(RCPA) *!; Darryl Eyles, PhD **; and Carlos A. Camargo Jr, MD, DrPH

" John James Medical Centre, Deakin, Australia, Medical School, Canberra, Australia

T Australian National University, Canberra, Australia

 Department of Clinical Immunology, Faculty of Health, University of Canberra, Canberra, Australia

§ Division of General Internal Medicine, University of Pittsburgh, Pittsburgh, Pennsylvania

9 New South Wales Newborn Screening Program, The Children’s Hospital at Westmead, Westmead, New South Wales, Australia

I Departments of Genetic Medicine and Pediatrics and Child Health, The University of Sydney, Sydney, Australia

" Queensland Brain Institute, University of Queensland, Brisbane, Australia

T Department of Emergency Medicine, Massachusetts General Hospital, Harvard Medical School, Boston, Massachusetts

H Division of Rheumatology, Allergy, and Immunology, Department of Medicine, Massachusetts General Hospital, Harvard Medical School, Boston, Massachusetts

ARTICLE INFO ABSTRACT

Article history:

Received for publication April 10, 2012.
Received in revised form June 24, 2012.
Accepted for publication July 2, 2012.

Background: Although a number of factors have been proposed to explain the increase in food allergy during
the last decade, the possibility that vitamin D status may play a pathogenic role has received recent attention.
Objective: To determine whether lower levels of neonatal 25-hydroxyvitamin D (25[0OH]D) would be ob-
served in children with peanut allergy compared with in population controls.
Methods: The concentration of 25(OH)D was measured from neonatal dried blood samples by liquid chro-
matography tandem mass spectrometry. Levels were compared between children with IgE-mediated peanut
allergy younger than 72 months assessed during 2008 -2011 in a specialist referral clinic in the Australian
Capital Territory and population births matched by sex, birth date, and birth location. Odds ratios were
calculated for the matched pairs across quintiles of 25(0OH)D.
Results: Neonatal 25(OH)D levels ranged from 8 to 180 nmol/L (median, 66 nmol/L; interquartile range,
46-93 nmol/L); only 4 children (3%) had levels less than 25 nmol/L, and 24 (20.9%) had levels greater than 100
nmol/L. No significant association was found between socioeconomic or clinical factors and 25(0OH)D levels.
Compared with the reference group (50-74.9 nmol/L), levels of 75 to 99.9 nmol/L were associated with lower
risk of peanut allergy (P = .02). No further reduction was found at levels of 100 nmol/L or higher, and the risk
of peanut allergy at levels less than 50 nmol/L was not significantly different from the reference group.
Conclusion: The relationship between neonatal 25(0H)D level and childhood peanut allergy was nonlinear,
with slightly higher levels (75-99.9 nmol/L) associated with lower risk than those in the reference group
(50-74.9 nmol/L). Vitamin D status may be one of many potential factors contributing to childhood peanut
allergy pathogenesis.

© 2012 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.

confirmed peanut allergy in 12-month-old infants in Southeast
Australia of 8.9% and 3%, respectively.* Although a number of fac-
tors have been proposed to explain the increase in FA,” the possi-
bility that vitamin D status may play a pathogenic role has received
recent attention.®’ In part, this is based on observations of latitu-
dinal variation in epinephrine autoinjector prescription rates in the
United States® and Australia®; similar variations in infant hypoal-
lergenic infant formula prescriptions in Australia'®; latitudinal
variations in hospital anaphylaxis admission rates in the United

Introduction

Food allergy (FA) and anaphylaxis have become increasing pub-
lic and personal health burdens in developed countries during the
last decade,’* with rates of peanut sensitization and challenge-
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States'"'? and Australia®; latitudinal variations in childhood FA in
Australia'3; higher rates of physician-diagnosed FA in children born
in the fall/winter compared with the spring/summer in the United
States'#!> and Australia'®; evidence that low vitamin D intake
during pregnancy is associated with higher rates of food sensitiza-
tion in early life in infants born of mothers with low vitamin D
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intake during pregnancy'”; and higher rates of food sensitization
among children and adolescents (but not adults) with vitamin D
deficiency.'® The objective of the present pilot study was to prepare
for a much larger case-control study that would examine the rela-
tionship between neonatal and childhood vitamin D status and risk
of childhood peanut allergy.

Methods
Study population

The study was undertaken in a mixed adult-pediatric specialty
allergy/immunology practice in the Australian Capital Territory
(ACT) in Southeastern Australia, encompassing the city of Canberra.
The practice services the local metropolitan population and sur-
rounding regional (including coastal) areas. Referrals were re-
ceived from general medical practitioners, accident and emergency
departments, and pediatricians; patients were assessed by the first
author (RJ.M.). Clinical and demographic data were entered pro-
spectively into a searchable database (Blue Chip Clinical Research
Module; Health Communication Network, Sydney, Australia: Mi-
crosoft Access; Microsoft Corporation, Redmond, Washington).
Data (and accuracy) were analyzed and verified retrospectively in
January 2011. Case patients were peanut allergic patients younger
than 72 months born in the ACT and assessed by the first author
(RJ.M.). Children younger than 72 months at the time of assess-
ment were examined because 90% of first peanut reactions occur in
this group.'® The assessment period 2008 -2011 (birth years 2003~
2010) was selected to maximize the ability to contact parents to
obtain permission to access neonatal dried blood spot (DBS) sam-
ples for analysis. The Human Research and Ethics committee (Cal-
vary Bruce/Calvary John James Private Hospitals) approved the
study.

Patient evaluation and diagnostic criteria

The primary indication for undertaking skin prick testing (SPT)
was a history of likely peanut allergy, with secondary indications
for testing being another FA (where peanut had not yet been in-
gested or tolerated), 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
commercially 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.??
Glycerinated allergen extracts (Hollister Stier, Spokane, Washing-
ton) and histamine, 10 mg/mL, positive control (Hollister Stier)
were purchased from EBOS Australia (Sydney, Australia). A positive
SPT result was defined as a wheal size of at least 3 mm greater than a
negative control (saline) at 15 minutes.?® IgE-mediated FA was diag-
nosed only if there was a history of acute systemic allergic reaction
(=1 cases of urticaria, vomiting, bronchospasm, or vascular collapse)
within 2 hours of known food exposure, combined with a SPT to the
relevant food. (Patients with peanut sensitization only without a his-
tory of clinical reactivity do not form part of this study). A diagnosis of
anaphylaxis was assigned if either of the first 2 criteria of the 2005
National Institute of Allergy and Infectious Disease/Food Allergy and
Anaphylaxis Network Symposium definition were fulfilled, specifi-
cally if noisy or difficulty breathing (dyspnea, bronchospasm/wheeze,
or cyanosis/hypoxia) and/or cardiovascular compromise arose in the
setting of acute allergic symptoms.?'

Ethics approval and access to neonatal blood spots

Dried blood spots (DBSs) DBSs are taken in the first 3 days of life
and stored by the New South Wales Newborn Screening Program.>?
Access to identifiable DBSs required written parental permission,
which was obtained from parents of peanut allergic patients. Ge-

neric access to deidentified DBSs from population controls (but not
to identifiable socioeconomic or clinical information) is allowed.
The Human Research and Ethics Committee (Calvary Bruce/Calvary
John James Private Hospitals) approved the study.

Neonatal blood spot analysis

25-Hydroxyvitamin D (25(OH)D) was measured by liquid chro-
matography tandem mass spectrometry (LCMS) as previously de-
scribed?? from DBSs taken from peanut allergic patients and from
deidentified population controls selected by the New South Wales
Newborn Screening Program. Paired samples from patients and
controls were matched by sex, birth date, and birth location in the
ACT. LCMS has been shown to reliably detect seasonal fluctuations,
to be strongly correlated with neonatal cord blood measurement,
and to be able to detect 25(0OH)D after storage times of up to 20
years.?® Because protein-bound 25(0OH)D3 is excluded from eryth-
rocytes, results are reported as sera concentrations of 25(OH)D3 in
nmol/L, standardized to a hematocrit of 42.4% (as previously de-
scribed®*) in capillary blood. Assay calibration was achieved by
means of multipoint calibration curves for 25(0OH)D; and
25(0OH)D,. All specimens were run in one batch, sorted by study
identification number.

Additional information

Parents of peanut allergic patients were surveyed as part of this
study and asked retrospectively about the use of general pregnancy
vitamin supplements (containing an average of 400 IU of vitamin D)
and specific vitamin D supplements (1000 IU of vitamin D) taken
during each trimester of pregnancy, as well as any vitamins given to
infants during the first year of infancy. Of note, commercially avail-
able pregnancy vitamin preparations in Australia do not contain
peanut oil, and vitamin D supplements are generally taken in the
form of tablets not cod liver oil. Limited information on patient
socioeconomic status was recorded by noting hospital of birth
(private vs public) and residential location using Socio-Economic
Indexes for Areas codes, which range from 1 (least advantaged) to
10 (greatest advantage).>*

Statistical analysis

Consistent with guidelines for categorization of vitamin D defi-
ciency?® and other studies that have examined associations be-
tween vitamin D status and other allergic disorders,?® neonatal sera
levels of 25(0OH)D were categorized into 4 groups: less than 50
nmol/L, 50 to 74.9 nmol/L, 75 to 99.9 nmol/L, and 100 nmol/L or
greater. A level of 50 to 74.9 nmol/L was used as the reference
group. Because clinical data were not available for the population
controls, unadjusted analyses comparing differences between
cases of peanut allergy and population controls were not possible.
Because age, seX, and season of birth were considered to be poten-
tially strong confounders (and available), we matched cases of
peanut allergy and population controls on these factors during
study implementation. Analyses were conducted using Stata statis-
tical software, version 12.0 (StataCorp, College Station, Texas). The
association between 25(OH)D categories and child characteristics
were evaluated using the y? test, Fisher exact texts, and Kruskal-
Wallis rank sum test, as appropriate. Conditional logistic regression
was used to evaluate the relationship between 25(0OH)D categories
and peanut allergy. All odds ratios are presented with 95% confi-
dence intervals. A 2-sided P <. 05 was considered statistically
significant.

Results

Of 166 eligible children, 115 case patients (69%) were included
in the analysis, with 51 excluded due to inability to contact parents
(n = 45), absence of samples due to home birth (n = 3), refusal to
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Table 1
Clinical characteristics of 115 peanut allergic patients stratified by neonatal sera 25(0OH)D levels
Characteristic 25(0OH)D level P value
<50 nmol/L 50-74.9 nmol/L 75-99.9 nmol/L =100 nmol/L
(n = 36) (n = 35) (n = 20) (n = 24)

Neonatal 25(OH)D, median (IQR), nmol/L 40 (31-45) 63 (59-70) 88 (80-92) 122 (115-152)
Male, % 50 71 16 19 .28
Season of birth, % 77

Winter 14 26 25 21

Spring 25 26 20 42

Summer 31 20 30 17

Fall 31 29 25 21
Born in private hospital, % 39 34 30 33 .94
SEIFA score, % 97

<9 3 6 0 0

9 42 37 45 42

10 56 57 55 58
Age evaluated, median (IQR), mo 42 (22-60) 38 (16-59) 32(19-53) 23(15-39) 14
Age first reaction, median (IQR), mo 18(12-41) 13(12-18) 17 (12-31) 12(11-14) .07
Time between first reaction and clinical assessment, median (IQR), mo 8(3-19) 11(2-31) 5(2-20) 7(2-26) 72
Onset time, median (IQR), min 10 (5-10) 10 (5-10) 10(8-10) 10 (5-10) .97
Initial SPT, median (IQR), mm 8(6-11) 8(6-10) 8(7-10) 8(6-10) 70
Anaphylaxis, % 14 14 10 13 >.99
Eczema, % 86 86 85 88 >.99
Asthma, % 14 11 5 21 49
Milk allergy, % 8 9 10 0 48
Milk IgE, % 50 57 50 0 20
Egg allergy, % 17 29 50 32 09
Egg IgE, % 67 75 83 73 81
Tree allergy, % 14 15 6 11 92
Tree IgE, % 35 35 25 29 84
Sesame allergy, % 0 6 5 0 .29
Sesame IgE, % 0 18 7 0 .09
Seafood allergy, % 0 3 0 0 .69
Seafood IgE, % 4 4 0 6 >.99
Prenatal multivitamin supplements (400-500 IU of vitamin D per dose), %

First trimester 73 77 60 79 49

Second trimester 74 71 50 71 33

Third trimester 69 72 50 71 39
Prenatal vitamin D supplements (1,000 IU of vitamin D per dose), %

First trimester 3 9 5 4 85

Second trimester 3 6 5 0 77

Third trimester 3 9 5 0 53
Child multivitamin supplements, %

0-5 months 0 9 0 8 15

6-12 months 3 3 0 0 >.99
Child vitamin D supplements, %

0-5 months 0 0 0 0

6-12 months 0 0 0 0

Abbreviations: 25(0OH)D, 25-hydroxyvitamin D; IQR, interquartile range; SEIFA, Socio-Economic Indexes for Areas; SPT, skin prick test.

participate (n = 2), or sample not found (n = 1). No significant
differences were found between included and excluded patients on
socioeconomic or clinical factors (data not shown).

Neonatal 25(0OH)D ranged from 8 to 180 nmol/L (median, 66
nmol/L; interquartile range, 46 to 93 nmol/L); only 4 children (3%)
had levels less than 25 nmol/L. No significant association was found
between socioeconomic or clinical factors and 25(0OH)D levels (Ta-
ble 1). Compared with the reference group (50 to 74.9 nmol/L),
levels of 75 to 99.9 nmol/L were associated with lower risk of
peanut allergy (P = .02). Levels of 100 nmol/L or higher were also

Table 2

Association between neonatal 25(0OH)D levels and relative risk of peanut allergy
compared with population controls, adjusted for date of birth, sex, and birth
location

25(0OH)D level OR (95% CI) Pvalue
<50 nmol/L 0.65 (0.33-1.30) 23
50-74.9 nmol/L 1.00 (Reference)

75-99.9 nmol/L 0.37(0.17-0.83) .02
=100 nmol/L 0.66 (0.28-1.59) .36

Abbreviations: 25(0OH)D, 25-hydroxyvitamin D; CI, confidence interval; OR, odds
ratio.

associated with a lower risk compared with the reference group,
but this was not statistically significant (Table 2). The risk of peanut
allergy at levels less than 50 nmol/L was also not significantly
different from the reference group.

Approximately two-thirds of the 115 mothers of children with
peanut allergy reported use of general multivitamins during their
pregnancy: first trimester (85 yes [74%], 27 no, and 3 uncertain),
second trimester (79 yes [69%], 33 no, and 3 uncertain), and third
trimester (77 yes [67%], 34 no, and 4 uncertain). A total of 69
mothers (60%) consumed a general multivitamin continuously
throughout pregnancy. Three additional mothers were known to be
vitamin D deficient and took specific vitamin D supplements
throughout pregnancy, as did 3 others during the first trimester
only. Five children with peanut allergy (4.3%) received general
multivitamin supplements during the first 6 months of life and 2
(1.7%) during the second 6 months of life; none were given vitamin
D specific supplements.

Discussion

In this pilot study, we found a nonlinear association between
neonatal 25(0OH)D level and childhood peanut allergy, with evi-
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dence that slightly higher levels (75-99.9 nmol/L) were associated
with lower risk than among those in the reference group (50-74.9
nmol/L). Children with 25(OH)D levels less than 50 nmol/L did not
differ significantly from those in the 50 to 74.9 nmol/L reference
group or those with levels of 100 nmol/L or higher. The small
numbers of children with DBS levels less than 25 nmol/L (n = 4) or
greater than 125 nmol/L (n = 11) precluded analysis at these ex-
tremes of the vitamin D spectrum.

In examining possible caveats to this pilot study, we were able
to compare vitamin D status in patients and population controls by
location of birth location and residence but not by location of
pregnancy. Although we were able to measure 25(OH)D status in
only 69% of consecutive children with physician-diagnosed peanut
allergy, there were no discernible socioeconomic or clinical differ-
ences between those included or excluded. Although the popula-
tion controls were not necessarily disease free (because some
would have peanut or other FA) and could only be matched by birth
date and sex (not other potential clinical or socioeconomic factors
for ethical reasons), this is unlikely to have influenced the results
given that all of our cases had FA or peanut allergy compared with
expected population control rates of 10% for FA and 3% for peanut
allergy in Southeast Australia.* Furthermore, the presence of FA in
controls would more likely have obscured the relationship be-
tween 25(0OH)D status and FA risk rather than enhanced it. Partic-
ular caution should be taken when interpreting the absolute
25(0OH)D levels described and making assumptions about the de-
gree of vitamin D insufficiency in our population, given the possi-
bility that sample deterioration may have occurred during drying
and storage. Such conclusions will require confirmation using
matched frozen cord blood and DBS samples. Nonetheless, the
gaussian distribution of 25(0OH)D data together with matching of
patients and controls by birth date make it unlikely that this would
influence the relative difference between patients and controls.

Until now, the relationship between childhood sun exposure/
vitamin D status and FA has been indirect and based on ecologic
studies alone.®~11"13-16 Qur pilot data provide provisional direct
evidence that early childhood vitamin D status may contribute to
FA pathogenesis. We also collected data on the use of vitamin
supplementation during pregnancy and infancy, which is of poten-
tial relevance to our planned studies of vitamin D status in later
infancy and risk of FA and is of importance given recent evidence
that peanut allergy is often established by 12 months of age.*
Nonetheless, we specifically examined the relationship between
vitamin D status at birth (whether achieved by sunlight exposure or
by dietary supplements) and later peanut allergy development; our
pilot data do not allow us to comment on the relationship between
vitamin D status in later childhood and FA development.

It is possible that observational data linking vitamin D status to
FArisk might also reflect reverse causation (eg, less outdoor activity
undertaken by atopic mothers). This is relevant to the familial
nature of atopic disease, the greater likelihood of inheritance of
allergic disease from atopic mothers than fathers,?” and the rela-
tionship between maternal and neonatal vitamin D status.?® Fur-
thermore, it is also important to be aware of published evidence
that vitamin D supplementation might also increase the risk of
allergic disease.?® For example, maternal 25(0OH)D levels greater
than 30 ng/mL during pregnancy have been associated with a
higher risk of offspring eczema at 9 months and asthma at 9 years
compared with children born of women with levels of less than 10
ng/mL.2° High daily doses (=2,000 IU/d) of vitamin D-containing
cod liver oil during infancy have also been linked to increased risk
of sensitization to inhalant and food allergens, allergic rhinitis, and
asthma.®' 33 In interpreting the results of these studies, it is impor-
tant to be aware that cod liver oil also contains vitamin A and that
normal vitamin D signaling occurs via the hetereodimerization of
both ligand-bound vitamin A and D receptors. Therefore, their

presence in the same preparation has the potential to be mutually
antagonistic,>* although we did not examine vitamin A status in our
study.

The lack of a linear relationship between vitamin D status and
peanut allergy risk is not immediately intuitive but has been ob-
served in other studies demonstrating a higher risk of aeroallergen
sensitization for low (<50 nmol/L) and high (=100 nmol/L) cord
blood 25(0OH)D levels.?® This lack of linearity may be related to (1)
type II error, (2) the absence of a relationship between vitamin D
status and FA, or (3) the potential for a detrimental effect of very
high levels of vitamin D to increase the risk of sensitization/allergy,
as previously observed,?” helping to explain apparently contradic-
tory studies.

The biological plausibility of the vitamin D-allergy hypothesis is
informed by growing evidence of the pleotrophic effects of vitamin
D on the developing immune system. Recent studies have demon-
strated associations between vitamin D receptor polymorphism
and asthma risk®>; among genetic variants in the vitamin D activa-
tion enzyme, vitamin D levels, and total IgE>®; and between low
vitamin D intake during pregnancy and higher cord blood interleu-
kin 10 levels,®” known to suppress IgE production.>* Furthermore,
vitamin D receptor agonists have been shown to suppress allergen
specific IgE synthesis in vitro and in vivo, >33 modulate dendritic
cell maturation to induce tolerogenic dendritic cells, and induce
regulatory CD4*CD25*Foxp3™ T cells but also Foxp3~Tg1 cells ex-
pressing interleukin 10,%° thus affecting both T,1 and T,2 cell
function, as recently reviewed.>*

If sunlight/vitamin D status is one of the many factors playing a
role in childhood FA pathogenesis, the relationship between sun-
light/vitamin D status and risk may not be linear. As with any
hormone, supraphysiologic vitamin D levels might also be harmful.
Furthermore, any effect of vitamin D status on disease risk may not
be uniform across all age groups or applicable to all disorders
traditionally classified as “atopic.” These data provide the rationale
for larger case-control and community-based studies examining
the relationship between vitamin D status in early childhood and
FA development. If consistent associations are found, observational
studies could be followed by randomized controlled trials to more
formally test causality and monitor for adverse effects from vitamin
D supplementation.*! Such studies would need to be undertaken in
a number of age and ethnic groups and would have to take into
account the significant genetic variability of the response to dietary
supplementation and metabolism of vitamin D.*?
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