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According to the guidelines for the diagnosis and
management of food allergy, epinephrine is the first-
line treatment for anaphylaxis,’® but ensuring that
food-allergic children receive the proper treatment in
the event of food-related anaphylaxis is challenging,
This is caused by multiple factors: food allergy is more
common among young children; they are reliant on
parents/caregivers to carry and administer the epi-
nephrine autoinjector and may be in the care of mul-
tiple adults during the course of a day (daycare, school,
elc.).

Multidisciplinary allergy clinics may have an impact
on reducing subsequent food-related anaphylaxis rates
and increasing the likelihood of having an epinepluine
autoinjector regularly available.? This study was aimed at
identifying the percentage of children with food allergy
having an epinephrine autoinjector on hand in our pedi-
atric allergy clinic and factors associated with an epineph-
rine autoinjector being readily available.

METHODS

We conducted a cross-sectional study of 63 consecu-
tive children presenting for evaluation at Emory Chil-
dren’s Center Allergy Clinic for food allergy. The pri-
mary outcome meastre was percent of children having
an epinephrine autoinjector immediately available as
defined by a surrogate marker of having an epineph-
rine autoinjector in the clinic. Secondary aims included
determining the percent of children with food allergy
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wearing a medical alert bracelet, identifying factors
associated with having an epinephrine autoinjector in
the clinic, correlating parental report that the epineph-
rine autoinjector is with them at all times with the
presence of an epinephrine autoinjector in the clinic,
determining percent of children with an epinephrine
autoinjector available when eating lunch and snacks at
school, and determining if age or grade was associated
with availability of an epinephrine autoinjector during
lunch and snacks.

Subjects

All children (birth to 18 years of age) presenting for
evaluation at Emory Children’s Center Allergy Clinic
with a history of physician-diagnosed food allergy,
evidence of food-specific IgE {positive skin-prick test
or serum food-specific IgE), and who had previously
been prescribed an epinephrine autoinjector for food
allergy were eligible for inclusion. Exclusion criteria
included no evidence of food allergy and children/
parents unwilling to sign the consent form or partici-
pate. Each child completed one study visit and w
included once.

Definitions

Food allergy was defined as physi
food allergy and plesence of food—s

rogate measure that an
available at all times. Histor
tor training was defmed as parent
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ious life-threatening reaction
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mpleted a questionnaire containing the
following questions on:

1. Age, gender, and grade.

2. The child’s food allergy including age at diagnosis,
length of diagnosis, parental report of history of
previous life-threatening reaction to food {yes/no),
and parental perception that the food allergy is se-
vere (yes/no).

3. Preparedness to treat a food allergy including ques-
tions about whether the epinephrine autoinjector is
available at all times and whether they had previ-
ously been trained to use it

4. School preparedness including whether the care-
giver had discussed the child’s food allergy with the
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school, whether the school had a copy of a food
allergy action plan, and whether the school staff had
been frained to use the epinephrine autoinjector or
read labels.

5. Whether the epinephrine autoinjector was available
when eating lunch and snacks (yes/no).

As part of their visit, all children wer
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Statistical Analysis
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_ing, new patient/established patient, history of life-

hreatening reaction, and food allergy considered to be
severe. The ®-coefficient was used to determine the
cotrelation between the epinephrine autoinjector being
present in the clinic and parents’ report that they keep
with them at all times.

The cohort was divided into those =5 years of age
{school age) and <5 years of age. The y*-analysis was
used to determine differences in report that the child
has an epinephrine autoinjector on hand when eating
lunch and snacks between children <5 years old and
=5 years old. We separated those who were =5 years
of age (school-aged children}) by school grade and used
x-analysis to determine differences in availability of
the epinephrine autoinjector when eating lunch or
snacks by grade. All data were analyzed using SAS
Version 9.2 (SAS Institute Inc., Cary, NC).

Institutional Review Board Considerations

Emory University Institutional Review Board ap-
proved the project. All parents signed informed con-
sent; consent was obtained {verbal, 6--11 years old, and
written, 12-17 years old).

RESULTS

The parental responses to questionnaires on 63 food-
allergic children were included with no refusals. De-
mographic data and baseline characteristics for the
entire group and for the subgroups (<5 years of age
and =5 years of age) are shown in Table 1, Participants
were 640 * 4.14 years of age (male patients, 68%
[43/63]; established patients, 83% [52/63]). They were
244 + 2,65 years of age at diagnosis and had a diag-
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Table 1 Demographic data and baseline characteristics of participants

Characteristic Total Population  Population  p Value
Population* < 5yr# > b yr#
7 63 3 32
Age (y1) 640+ 414  3.04+1.02 966 % 3.32
Gender, % male () 68 (43/63) 71(22/31) 66 (21/32),
Percent established patients 83 (52/63) 74 (23/31)
Age at diagnosis of food allergy (yr) 244 > 2,65 1.34 + (1,92 0,001
Length of food allergy (yr) 4.18 + 3,57 1.81 = 1.09 <0.0001
Percent reporting life-threatening reaction to food (1) 40 (25/63) 29{9/31) 0.07
Percent reporting food allergies considered severe (1) 62 (39/63) 58 (18/31) 0.28
Percent trained in epinephrine autoinjector use (r) 79 (50/63) 0.29
Percent with epinephrine autoinjector with them 33{21/63) 0.002
during lunch (1)

Percent with epinephrine autoinjector with them 35(22/63) 0.005

during snacks (1)
Percent with epinephrine autoinjector in office (i)
Percent with medical alert bracelet in office ()

52 (16/31)

59 (37/6 ¥ !
10.(3731)

66 (21/32) 0.26
3(1/32) .29

*Data represent frequency percent or mean = SD.

#LInivariate analysis included f-fest for continuous variables

was nsed for comparison of cells with n < 5,

analysis for dichotmnous variables, and Fischer's exact test

had previously had a life-threat
food ingestion.
School-aged children (i
food allergy later (3.55 = 3.30.
years; p = 0.0007) and longer
1.81 + l 09 years;

rine autoinjector administration techmque.
“percent (37/63) were able to show the
epinephrine autoinjector when asked, and 56% (35/63)
of parénts reported keeping the child’s epinephrine
autoinjector with them at all times. Seventy-one per-
cent (25/35) reporting they keep the epinephrine auto-
injector with them at all times actually had an epineph-
rine aufoinjector in the clinic. There was no correlation
between parental report that an epinephrine autoinjec-
tor is kept with them at all imes and having the
epinephrine autoinjector in the clinic ( = 0.21).
Results of the univariate analysis of factors associ-
ated with having an epinephrine autoinjector in the
clinic are shown in Table 2, A greater proportion of
those with an epinephrine autoinjector in the clinic
reported previous training in epinephrine autoinjector

2(89% [33/37] versus 65% [17/26]; p = 0.006). Epi-
neplnme autoinjector training was the only variable

~ associated with increased odds of having an epineph-

rine autoinjector in the clinic {(crude odds ratio, 8.74
[2.0133, 52.9347]; p = 0.002). Results of the logistic
regression analysis are shown in Table 3. The adjusted
odds ratio for epinephrine autoinjector training was
8.74 (1.69, 45.04; p = 0.02).

Demographic data and baseline characteristics of the
school-aged children (=5 years old) are shown in Table
1. School age children (=5 years old) were significantly
less likely than children <5 years old to have an epi-
nephrine autoinjector available during lunch (25% [8/
32} versus 42% [13/31]; p = 0.002) and snacks (28%
[9/32] versus 42% [13/31]; p = 0.005) (Fig. 1). The
evaluation of epinephrine autoinjector availability
when eating lunch and snacks by grade is shown in
Tables 4 and 5. Children in elementary school (kinder-
garten-5th grade) and middle school (6th-8th grade)
were less likely to have epinephrine autoinjectors
available when eating lunch and snacks than children
<5 years old. There was no difference in the availabil-
ity of epinephrine autoinjectors when eating lunch and
snacks between those in elementary school, middle
school, or high school.

DISCUSSION

In this cross-sectional study, 41% of participants did
not have an epinephrine autoinjector during a routine
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Table 2 Univariate analysis of factors associated with epinephrine autoinjector presence in clinic

Epinephrine Autoinjector Epinephrine Autoinjector p Value#
Not in the Clinic* in the Clinic*
] 26 37

Age 5.66 = 3.38 6.92 + 457
Gender, % male (1) 73 (19/26) 62 (23/37)
Percent established patients (1) 65 (17/26}) 86 (32/37)
Age at diagnosis of food allergy (yr) 339272 4.74 * 4.02

Length of food allergy (yr) 339+£272 0.1476

Percent reporting life-threatening 27 (7/26) 0.07 ©
reaction to food (1)

Percent reporting food allergies 62 (16/26) (.55
considered severe (i)

School age (=5 years old) (yes or no) 38 (10/26) 0.35

Percent trained in epinephrine 65 (17/26) 0.006

autoinjector use (1)

*Data represent frequency percent or mean * SD uniless otherwise ind
#Univarinte analysis included t-test for continnous variables, x -analysis
was used for comparison of cells with n << 5. ;

Table 3 Multivariate regression analysis for faEl
in the clinic

Parameter X OR (95% confidence) p Value
Age (yr) 1.06 0.61 {0.24, 1.56) 0.30
Gender {female vs male) 2.20 342 (0.67,17.37) 0.14
Established vs new patient 041 0.57 (0.10, 3.22) 0.52
Age at diagnosis of food gl 0.85 1.60 (0.59, 4.37) 0.36
1.22 1.67 (0.67, 4.26) 0.27
1.26 2.52 {0.50, 12.73) 0.26
0.02 0.89 (0.17, 4.62} 0.89
5.61 8.74 (1.45, 52.600) 0.02

45%
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Figure 1. Shown is the prevalence of parental report
P of children (<5 years old and =5 years old) with an

Epinephrine aute-injectorwith  Epinephsine auto-injectorwith epinephrine autoinjector present when eating lunch or
Lunch Snack snacks.
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Table 4 Participants reporting having epinephrine autoinjector available with eating lunch by grade

School ] Percent with Comparison vs  Comparison vs  Comparison vs ~ Comparison vs
Epinephrine None# Elementary# Middle# High#
Autoinjector with
Lunch (1)*

None 31 42 (13/31) — p = 1.006 p = 0.006

Elementary 20 25 (5/20) p = 0.006 — p =040

Middle 8 12.5(1/8) p = 0.006 p =040 —

High 4 50 (2/4) p =040 p=036 p=018

*Data represent frequency percent.

H#Univariate analysis included x -analysis for dichotomons variables.

School n Percent with

Comparison vs

Comp

Epinephrine None# Elen High#
Aufoinjector with
Lunch (#)*
None 3 42 (13/31) p =040
Elementary 20 30 (6/20) p =049
Middle 8 12.5(1/8) p=018
High 4 50 (2/4) —

*Data represent frequency percent.
#Univariate analysis included x’-analysis |

ariables.

more likely to consume?jui
availability of epinephrine "t
autoinjector training was the

en with food allergy wore a
: ise findings suggest that spe-
Ci_a}i;;?d:educé onal inteiventions may be warranted in
i popith f f children who are at high risk of

- The per
toinjectors réadily available in this study is consistent
with other studies.” ! In an evaluation of 120 chil-
dren with food allergy, 69% reported that they always
carried their epinephrine autoinjector.” A similar study
of 101 children with food allergy noted that 71% had
epinephtine autoinjectors in the clinic, with 10% ex-
pired.’! The factors responsible for our cbservations
and those of others are unclear but may be related to a
need for additional education of the importance of
epinephrine autoinjectors.

The lack of availability of epinephrine autoinjec-
tors at school during lunch and snacks is interesting.
Overall, those who were =5 years of age were less
likely than those who were <5 years of age to have
an epinephrine autoinjector available when eating

{lunch or snacks}. On further investigation this find-
ing was limifed to elementary and middle school
children. This may reflect a lack of understanding of
the importance of epinephrine in the treatment of
anaphylaxis on the part of school officials and/or
school nurses, inappropriate school policies, or lack
of school nurse supervision. Further investigation
into factors related to availability of epinephrine
autoinjectors at school is essential when considering
that 66% of fatal food reactions occurred at school,
and up to 50% of school children may experience a
delay in anaphylaxis treatment because of reduced
access to an epinephrine autoinjector.™'? Our inabil-
ity to find a difference between those in high school
and elementary or middle school children may re-
flect differences in school policies, resources, or the
small numbers of participants.

Epinephrine autoinjector technique training was
the primary factor associated with epinephrine au-
toinjector availability in this study. Others have also
indicated that training and specialist visitation is key
to improving the availability of epinephrine autoin-
jectors and effective administration.”"'* In a study
of 62 food-allergic children, those seen in a pediatric
allergy clinic were more likely to carry an epineph-
rine autoinjector, show proper administration tech-
nique, and were more adept in managing allergic
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reactions.? Given the potential mortality associated
with food allergy in children, these findings high-
light the importance of subspecialist training and
education. These data also emphasize the need for
subspecialty referral of children with known or sus-
pected food allergy by primary care providers.

Despite parental reports of having epinephrine autoin-
jectors available at all times, many parents did not have
the epinephrine autoinjector available during the clinic
visit. Furthermore, medical alert bracelets were rarely
worn by affected children (6%). Thus, there appears to be
an important disconnect between perception and behav-
ior. We found no evidence that symptoms during previ-
ous food reactions affected the parents” decisions to carry
an epinephrine autoinjector, because there was no asso-
ciation between having the epinephrine autoinjector in
the clinic and parental report of previous life-threatening
reaction to food or perception that the food allergy was
severe.

With regard to medical alert bracelets, our findings are
significantly lower than those previously reported (25%;
7/28)."* Although the reasons for this are unclear, it m
be related to the relative young age of our sample (6,40
4,14 years), in which 50% were <5 years of age. Medical
alert blacelets may not plopexly fit the sm I:ywxists of

food allergy preparedness,
medical alert bracelets.
This study has a munbel of.

g*l a!lelgy used (.. not based on oral food
3) recall bias that may have affected answers

questionnaire validation, and (4) small numbers of par-
ticipants {especially in the subgroups). Although we
found no evidence of association between parental per-
ception of the severity of food allergies or previous his-
tory of life-threatening reactions to food, this study was
not powered or designed to determine the effect of symp-
toms of previous food reactions on the probability of
having an epinephrine autoinjector on hand. Despite
these challenges we believe that owr data are a valid
“yeal-world” view of the availability of epinephrine au-
toinjectors among children with food allergy. Because our
sample was recruited from a subspecialty allergy clinic,
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the generalization of our findings fo children in primary
care clinies is also limited.

In summary, we have shown less than ideal epineph-
rine autoinjector availability for children with food al-
lergy in the clinic, the school setting, and, presumably, in
the home. These findings strengthen evidence for contin-
ued education reinforcing the need for epinephri
injectms and medical alert bracelets Qt‘i‘é’lii‘\’ i

helping to identify p
Barbara Reynolds, for ¢
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and Human Services, Ceniers for Disease Control and Prevention,
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