
Background: Epinephrine for first aid use by parents and
other caregivers and in the form of an autoinjector device
(EpiPen, Center Laboratories) is often prescribed for children
who have had previous anaphylactic reactions. It is not known
whether the EpiPen device is used appropriately during subse-
quent reactions and whether its use is able to prevent the com-
plications of anaphylaxis.
Objective: Our purpose was to determine parental knowledge
and practice concerning first aid anaphylaxis management, the
frequency of recurrent generalized allergic reactions, the first aid
measures taken, and the subsequent outcome of these reactions.
Methods: A retrospective survey was performed with a tele-
phone questionnaire of all children with a history of anaphy-
laxis who attended a specialist allergy service and were pre-
scribed an EpiPen autoinjector device.
Results: Recurrent generalized allergic reactions occurred with
a frequency of 0.98 episodes per patient per year and were more
common in those with food compared with insect venom anaphy-
laxis. The EpiPen device was only used in 29% of recurrent ana-
phylactic reactions. Parental knowledge was deficient in recogni-
tion of the symptoms of anaphylaxis and use of the EpiPen
device, and adequate first aid measures were not in place for the
majority of children attending school. Those children in whom
the EpiPen device was used were less likely to be given epineph-
rine in hospital and to require subsequent hospital admission.
Conclusion: The EpiPen autoinjector device is infrequently used
in children with recurrent episodes of anaphylaxis; the reasons
for this require further research. It is likely that parents and
other caregivers will require continuing education and support
in first aid anaphylaxis management. When the EpiPen device is
used appropriately, it appears to reduce subsequent morbidity
from anaphylaxis. (J Allergy Clin Immunol 2000;106:171-6.)
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Anaphylaxis is thought to have affected between 1%
and 2% of the general population.1 A recent study in Aus-
tralia has shown that up to 0.6% children attending
preschool and school have had at least one anaphylactic

reaction and that food is a more common trigger than
insect venom.2 Mortality from anaphylaxis is uncommon
yet well documented and is usually the result of hypoxia
resulting from cardiovascular collapse, airway tract
obstruction, or pulmonary edema.3 Epinephrine is the
drug of choice for the initial treatment of anaphylaxis
because the 2 most important effects are to block media-
tor release and to reverse their end-organ effects.4 Indi-
vidual case studies of fatal food anaphylaxis have docu-
mented that epinephrine is not usually given soon after
the onset of symptoms or after exposure to an offending
trigger.5,6 In contrast, with nonfatal cases epinephrine
was given early and before the development of life-
threatening symptoms.6 Therefore it is now recommend-
ed that patients who have had previous anaphylactic reac-
tions or the parents or caregivers of such children have
epinephrine available for first aid use.7-9

In children there is little information on whether pre-
scribed epinephrine is used appropriately in the first aid
management of anaphylaxis. More important, it has not
been clearly documented whether these first aid mea-
sures are able to prevent the complications of anaphylax-
is. This retrospective survey has examined children with
a history of anaphylaxis for whom an autoinjector epi-
nephrine device (EpiPen, Center Laboratories) was pre-
scribed. The aims of the study were to determine parental
knowledge regarding anaphylaxis management, the fre-
quency of recurrent generalized allergic reactions, the
subsequent use of an EpiPen device, and whether use of
an EpiPen autoinjector device was associated with a
decrease in anaphylaxis morbidity.

METHODS

All children with anaphylaxis who had been supplied with an
EpiPen device between January 1996 and June 1998 and who were
attending the pediatric allergy service of the Women’s and Chil-
dren’s Hospital, Adelaide, South Australia, were eligible for study.
Children with anaphylaxis were referred by their primary care
physician to the service. Each child was reviewed by one of 2 aller-
gists and an EpiPen autoinjector device was prescribed if the child
was weighed more than 15 kg and had anaphylaxis that had result-
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ed in respiratory tract or cardiovascular involvement. Verbal and
written instruction in the use of the EpiPen device and an anaphy-
laxis action plan was given to the parent(s) and, if appropriate, to the
child. This documented that the device should be used when symp-
toms of respiratory tract obstruction or cardiovascular collapse
developed with or without known exposure to the anaphylactic trig-
ger. Parents were asked to provide the written information to other
caregivers, including school staff.

Contact details of eligible children were retrieved from the hos-
pital records and at least 4 attempts were made to contact each par-
ent by telephone. Once the parents were contacted, consent was
obtained to participate in the study, which was approved by the
Research and Ethics Committee of the Women’s and Children’s
Hospital, Adelaide. A telephone questionnaire was then adminis-
tered by a single researcher (R. S.). The questionnaire documented
the age of the child, the time since prescription of the EpiPen
autoinjector device, the specific trigger (if known), and the symp-
toms of all generalized allergic reactions if these recurred. Details
on education regarding the use of the EpiPen device, information
provided to other caregivers, and measures in place to prevent ana-
phylaxis were also obtained. Parents were asked to list the symp-
toms of anaphylaxis and to describe how to administer the EpiPen
device. The 4 essential steps against which parents were scored in
the use of the device included removal of the gray cap, placing the
black end on the thigh, applying pressure until a click was heard,
and then holding the autoinjector in place for 10 seconds. Parents
were asked details about first aid precautions in place at school
including an anaphylaxis action plan, the availability of an EpiPen
device, training of school staff, and consent documentation. The
number of generalized allergic reactions since prescription of the
EpiPen device, the severity of these reactions, use of the device, and
details of subsequent outcome (hospitalization or use of epineph-
rine) was obtained. The Fisher exact test and the Mann-Whitney U
test were used for statistical analysis.

Generalized allergic reactions were divided into anaphylactic
(ANAR) and nonanaphylactic reactions (NAR). An ANAR was
defined as a generalized allergic reaction with respiratory and/or
cardiovascular symptoms that occurred after exposure (confirmed
or suspected) to a trigger (if known). Respiratory symptoms that
were elicited included a hoarse voice, persistent cough, and difficult
or noisy breathing. Cardiovascular symptoms included dizziness or
loss of consciousness. Skin or gastrointestinal symptoms may have
been present but were not a prerequisite for inclusion as an ANAR.
NAR was defined as a generalized allergic reaction that occurred
after exposure (confirmed or suspected) to a trigger that resulted in
skin rash and/or gastrointestinal symptoms only. Skin rash included
facial or limb swelling or urticaria. Gastrointestinal symptoms
included vomiting, nausea, or diarrhea.

RESULTS

During the study period 94 children attended the aller-
gy service and were prescribed an EpiPen autoinjector
device. Of these, 86 had anaphylaxis and 8 children had
a history of acute severe asthma as the primary reason for
EpiPen prescription. Of the children with anaphylaxis,
the parents of 68 (80%) were interviewed, 17 (19%)
could not be contacted, and 1 parent refused to be inter-
viewed. In comparing the 68 children who were contact-
ed with the 17 who could not be contacted, there was a
similar proportion of children with insect venom and
food anaphylaxis (62% vs 76% and 24% vs 35%, respec-
tively). There were no differences in the median age at
presentation, age at time of study, and time since pre-

scription of the EpiPen device between those children
whose parents could and could not be contacted. Of the
parents interviewed, only 9 had not received direct edu-
cation by a specialist, but 6 of these parents had received
education from their spouse after specialist review.

When parents were asked to describe the symptoms of
anaphylaxis, the majority reported skin rash and shortness
of breath but few parents reported specific symptoms that
may have indicated upper airway obstruction (noisy
breathing, hoarse voice, difficulty swallowing or talking)
or hypotension (loss of consciousness or collapse) (Table
I). Parents whose children had experienced a greater
number of generalized allergic reactions seemed to have a
greater knowledge of the symptoms of anaphylaxis (Table
II). Specifically, regarding knowledge of anaphylactic
symptoms, 26% of parents whose children had 2 or more
recurrent allergic reactions scored greater than 9 of 11
compared with 12% of parents whose children had expe-
rienced 1 or fewer recurrent reactions.

Only 16 (24%) parents were able to recall all 4 steps
required for the correct use of the EpiPen autoinjector
device and 4 (5%) parents could not recall any steps.
More than 80% of parents could describe the site of
administration and to apply pressure, but only 50%
remembered that the gray cap had to be removed before
use and that the device had to be held in place for 10 sec-
onds. A similar relationship was demonstrated between
the frequency of recurrent reactions and knowledge of
EpiPen use. Parents whose children had experienced a
greater number of generalized allergic reactions seemed
to have a greater knowledge of EpiPen use (Table II).
Thirty-seven percent of parents whose children had 2 or
more recurrent allergic reactions were able to recall all 4
steps of EpiPen use compared with 19% of parents whose
children had experienced 1 or fewer recurrent reactions.

The majority of parents (97%) had informed school
staff and other caregivers that the child had anaphylaxis
and which triggers should be avoided. However, only 27
(40%) children had an EpiPen device at school, an ana-
phylaxis action plan, documented consent, and a school
staff member trained to use the device. There were no dif-
ferences in parental knowledge or practice between those
children with insect, food, or idiopathic anaphylaxis.

The specific allergen, age at presentation, age at the
time of study, time since prescription of the EpiPen,
number of subsequent generalized allergic reactions, and
the location of the child when the reaction occurred is
detailed in Table III. Children with insect venom ana-
phylaxis were significantly older at presentation and at
the time of study than children with food anaphylaxis (P
< .05). For the 68 patients the total period of study since
prescription of the EpiPen was 1477 patient-months,
with a mean time of 20 months. A total of 121 recurrent
generalized reactions occurred in 37of 68 (54%) of chil-
dren, or an average of 0.98 allergic reactions per child per
year since the prescription of the EpiPen (Table III). Sev-
enty-six of these reactions were NAR and 45 were
ANAR. Children with food anaphylaxis were at least 4-
fold more likely to have had recurrent generalized aller-
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TABLE I. Number and percentage of parents (n = 68) who reported specific anaphylactic symptoms when asked to
describe the symptoms of anaphylaxis

Anaphylactic symptoms reported by parents

Skin symptoms Respiratory symptoms Other

Shortness Noisy Hoarse Hard to Hard to Other 

Rash Swelling of breath breathing Cough voice swallow talk Faint/dizzy LOC (eg, vomiting)

58 (85%) 50 (74%) 63 (93%) 17 (25%) 10 (15%) 2 (3%) 1 (1%) 1 (1%) 19 (28%) 11 (16%) 5 (7%)

LOC, Loss of consciousness.

TABLE II. Frequency distribution of parental knowledge of anaphylactic symptoms and EpiPen use according to num-
ber of recurrent generalized allergic reactions

Frequency of recurrent allergic reactions

1 or fewer recurrent reactions (n = 49) 2 or more recurrent reactions (n = 19)

Knowledge of anaphylaxis symptoms (score /11)
1-4 12 (25%) 5 (26%)
5-8 31 (63%) 9 (47%)
9-11 6 (12%) 5 (26%)

Knowledge of EpiPen use (score /4)
0 4 (9%) 0 (0%)
1 9 (18%) 1 (6%)
2 6 (12%) 2 (11%)
3 21 (43%) 9 (46%)
4 9 (18%) 7 (37%)

TABLE III. Anaphylactic trigger, age at presentation and study, time since prescription of EpiPen, number of reactions,
and location of child when reactions occurred in 68 children with anaphylaxis

Insect Food Idiopathic All

No. of children 42 24 2 68
Anaphylactic trigger Bee 35 Nut 11 Insect venom 42

Hopper ant 7 Cow’s milk 5 Food 24
Egg 4 Idiopathic 2
Fish 2
Other food 2

Age at presentation (y) 5 (1.0-13.5)* 1.5 (0.1-15.0) 7.0 (3.0-12.5) 4 (0.1-15)
(median and range)

Age at study (y) 9 (3.5 –19)* 5 (1.5-18) 10 (6-14) 8 (1.5-19)
(median and range)

Time since prescription of 24 (4-72) 18 (6-48) 24 (12-48) 20 (3-72)
EpiPen (mo)

Generalized allergic reactions
(No. and reactions per patient
per year)
Nonanaphylactic reactions 24 (0.3) 49 (1.3) 3 (0.75) 76 (0.61)
Anaphylactic reactions 12 (0.14) 22 (0.58) 11 (2.75) 45 (0.37)
Total 36 (0.44) 71 (1.9) 14 (3.5) 121 (0.98)

Location of child when
generalized reaction occurred

Away from home 16/36 (44%) 25/71 (35%) 3/14 (21%) 44/121 (36%)
Away from home and at 8/36 (22%) 10/71 (14%) 2/14 (14%) 20/121 (17%)

school
At home 20/36 (56%) 46/71 (65%) 11/14 (79%) 77/121 (64%)
Reactions without parent 7/36 (19%) 11/71 (15%) 2/14 (14%) 20/121 (17%)

present

*Children with insect venom anaphylaxis were significantly older at presentation and at the time of study compared with children with food anaphylaxis, P <
0.05.
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gic reactions (both NAR and ANAR) than were children
with insect venom anaphylaxis. However, the 2 children
with idiopathic anaphylaxis experienced the highest
number of recurrent reactions.

In 37 of 76 (49%) of the NAR, exposure to a known
trigger occurred (23 insect venom and 14 food), and on
34 of 76 (45%) occasions exposure to a new trigger was
documented. These 34 reactions all occurred in children
with food anaphylaxis and consisted of generalized skin
rash after contact with an allergen (such as grass pollen
or animal dander) or another food trigger. On 5 occasions
no trigger was identified. In 32 of 45 (71%) of the
ANARs exposure to a known trigger occurred. On 13
occasions the trigger was not identified, but on 11 occa-
sions these reactions occurred in the 2 children with idio-
pathic anaphylaxis. The remaining 2 reactions occurred
in children with food anaphylaxis and exposure to a
covert food trigger is likely. Only 5 of 68 children did not
attend creche, preschool, or school and had no caregivers
other than their parents; 2 were of preschool age and 3
were adolescents employed or attending university. Of
the 121 generalized reactions, 44 (36%) occurred away
from home and only 20 (17%) occurred at school or
without a parent present.

After the 121 generalized reactions no first aid medica-
tion was used on 14 (12%) occasions. On 6 occasions
these were ANAR. Four of these reactions occurred in one
patient who had a hypersensitivity to antihistamines; this
patient had medical follow-up and observation on all
occasions with epinephrine being given once. Of the 2
other cases, one child was taken to hospital and given epi-
nephrine with good effect but of concern was one teenag-
er who “sat it out” alone in his car until symptoms abated
spontaneously. After the 121 generalized reactions an oral
antihistamine only was used on 92 (76%) occasions and
an EpiPen autoinjector (with or without an antihistamine)
was used on 15 (12%) occasions. On 13 of these 15 occa-
sions the EpiPen was administered after the onset of ana-
phylactic symptoms (respiratory and/or cardiovascular)
but on 2 occasions it was used before the onset of these
symptoms. An EpiPen was given by a parent (5), the child
(4), school staff (3), and a general practitioner (3) on these
occasions. In all cases where a child self-administered an
EpiPen the child was supervised by an adult.

In 32 of 45 (71%) of the ANAR episodes an EpiPen
autoinjector was not used in first aid treatment (Table IV).
For the majority, 22 of 32 (69%), of these occasions the
EpiPen was available and had not expired. The EpiPen
was more likely to be used for insect venom anaphylaxis
than for food or idiopathic anaphylaxis. A similar number
of anaphylactic reactions, in those with insect venom and
food anaphylaxis, occurred away from home (41% vs
54%, respectively). However, in all episodes of insect
venom anaphylaxis an EpiPen was administered com-
pared with only 9% of episodes of food anaphylaxis (P <
.001). Likewise, a similar number of anaphylactic reac-
tions, in those with insect venom and food anaphylaxis,
occurred with the parent present (67% vs 64%, respec-
tively). However, the EpiPen was administered in 62% of

episodes of insect venom anaphylaxis compared with
only 14% of episodes of food anaphylaxis (P < .001).

On the 32 occasions when an EpiPen autoinjector was
not administered, epinephrine was subsequently admin-
istered in an emergency department or by a medical prac-
titioner on 15 (47%) occasions. In contrast, in only 2 of
the 13 (15%) occasions when children received an
EpiPen was epinephrine subsequently administered (P <
.05). On the 32 occasions when the EpiPen was not
given, admission to hospital occurred on 15 (47%) occa-
sions compared with 2 of 13 (15%) occasions when the
EpiPen was administered (P < .05) (Table IV).

DISCUSSION

First aid implies a simple yet life-saving intervention
that is usually commenced at the onset of symptoms, in
the community by nonmedical or lay personnel, and
before the patient receives medical attention. Although
conventional cardiopulmonary resuscitation may be
required for first aid anaphylaxis management, many
authorities would advise the early use of epinephrine as
the most important measure.7-9 For this reason it is advo-
cated that parents and other caregivers of children with
anaphylaxis are supplied with epinephrine for first aid
use. However, this view is not consistently held and the
following reasons have been cited against the widespread
provision of injectable epinephrine in children with food
anaphylaxis10: that prescription of an injectable device
may restrict the child’s activity unnecessarily, that it may
cause rather than allay anxiety, and that it may stigmatize
the child and lead to exclusion from various activities. In
addition, the lack of good evidence that epinephrine is life
saving when used in the context of first aid and the poten-
tial hazard of epinephrine were thought to be important.

The use of injectable epinephrine in the context of first
aid to prevent the complications of anaphylaxis has not
been comprehensively evaluated in children. In Australia
the EpiPen autoinjector is the only autoinjector device
that is widely available. It was clinical practice during the
study period to only prescribe this device for children
whose weight exceeded 15 kg. Although the retail cost of
the EpiPen may be prohibitive ($150), the cost to patients
attending the allergy service was subsidized, with fami-
lies paying between $3 and $60 depending on the family
income. For no patient did the cost of the EpiPen prevent
its being dispensed.

This retrospective survey has documented that recur-
rent generalized allergic reactions, in a cohort of anaphy-
lactic children attending a tertiary care allergy service,
occurs frequently. Reactions are more likely to be experi-
enced by children with food or idiopathic anaphylaxis
than by those with insect venom anaphylaxis. This find-
ing has been noted in a similar study and is likely to
reflect the risk of continuing food exposure compared
with seasonal exposure to insects stings.11 Although one
third of the generalized reactions were ANAR, an Epipen
autoinjector was only administered for a minority of these
reactions despite the EpiPen being in date and available.
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Parental education at the time of EpiPen prescription
clearly does not ensure that the device will be administered
with recurrent episodes of anaphylaxis. The reasons for the
infrequent use of an EpiPen autoinjector require further
study. Both this and a previous study have demonstrated that
despite education and training at the time of prescription of
an EpiPen, subsequent parental recall of the symptoms of
anaphylaxis (other than skin rash and difficulty breathing)
and use of the EpiPen is deficient on review.12 In addition,
although parents readily informed other caregivers that the
child had a history of anaphylaxis, measures were not in
place to ensure the provision of epinephrine in these situa-
tions. This is of particular concern in those children attend-
ing creche, preschool, and school. Here the majority of chil-
dren did not have basic first aid measures in place (an
anaphylaxis action plan, an EpiPen autoinjector available,
and someone willing and able to administer the device).
However, lack of knowledge may not be the only factor con-
tributing to the infrequent use of an EpiPen. Interestingly,
children with food anaphylaxis, compared with those who
had insect venom anaphylaxis, were less likely to have an
EpiPen administered. This cannot be explained by the fact
that more food reactions were occurring away from home or
that the parent of the affected child was not present during a
reaction. In addition, there were no apparent differences in
parental knowledge or practice between those with food or
insect venom anaphylaxis. The reasons for this difference
require further investigation, but the following reasons may
be possible. First, children with food anaphylaxis were
younger than those with insect venom anaphylaxis and there
may be a reluctance and difficulty in administering the
EpiPen in younger children. Second, because reactions were

occurring more frequently in those children with food ana-
phylaxis, parents may have been reluctant to use the EpiPen
on multiple occasions. Last, some of the children with insect
venom anaphylaxis were undergoing immunotherapy and
this may have provided an opportunity for continuing edu-
cation in the use of an EpiPen.

The majority of generalized reactions, including ana-
phylaxis, occurred at home and with a parent present.
This has been noted in other case series of anaphylaxis in
children.13,14

Although recent attention has emphasized the need for
first aid measures to be in place outside the family home,
education of the primary caregiver of the child should not
be neglected. Continuing parental education and support
regarding the prevention, recognition, and management
of anaphylaxis would appear critical. Specifically, chil-
dren with food and idiopathic anaphylaxis should be tar-
geted. These children may be at greater risk of morbidi-
ty from anaphylaxis given that recurrent reactions occur
more frequently, immunotherapy is not available, and the
EpiPen is less likely to be used.

No deaths occurred in this study but the findings do
suggest that the first aid use of epinephrine did prevent
subsequent morbidity from recurrent episodes of ana-
phylaxis. In those children who experienced an ANAR,
use of an EpiPen significantly reduced the chances of
hospitalization and the subsequent use of epinephrine.
The majority of children who were given epinephrine in
hospital were subsequently admitted for observation.
Clearly, additional studies are required to ascertain
whether prescription and use of an EpiPen does prevent
morbidity and mortality from anaphylaxis.

TABLE IV. Comparison of 45 episodes of anaphylaxis in which the EpiPen was and was not given

Total EpiPen given EpiPen not given

No. of episodes of anaphylaxis 45 (100%) 13 (29%) 32 (71%)
Age (y) (median and range) 8.5 (2-18) 7 (5-14) 10 (2-18)
Anaphylactic trigger

Insect venom 12 9 3*
Food 22 2 20*
Idiopathic 11 2 9

Anaphylactic reactions occurring away from home
Insect venom 5 5 0*
Food 12 2 10*
Idiopathic 3 1 2

Anaphylactic reactions occurring at school
Insect venom 4 4 0*
Food 5 0 5*
Idiopathic 1 0 1

Anaphylactic reactions occurring without parent present
Insect venom 4 4 0
Food 8 0 8
Idiopathic 1 0 1

Outcome
Epinephrine (excluding EpiPen) subsequently administered 17 2 (14%) 15 (47%)†
Hospital admission 17 2 (14%) 15 (47%)†

*Of the reactions occurring at home, at school, or without a parent present, children with insect venom anaphylaxis were significantly more likely to have an
EpiPen administered than those with food anaphylaxis, P < .001.
†Children who had an EpiPen administered were significantly less likely to have epinephrine subsequently administered or require hospital admission, P < .05.
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The provision of medication within a child care center
or school remains problematic given the lack of policy,
training, and support provided to staff within these cen-
ters.15,16 In this study first aid precautions for anaphylax-
is were not in place at the majority of school sites. Parents
cannot be expected to achieve the cooperation of educa-
tional caregivers unless the correct policy, training, and
process are in place. As a result of a recent survey of ana-
phylaxis prevalence and school management in South
Australia, a collaborative project has been established
among the allergy service, the educational department,
and first aid trainers.2 Educational authorities now recog-
nize that they have a duty of care that covers the first aid
management of anaphylaxis and in certain selected cases
this involves the use of epinephrine. The project offers all
school staff at sites where a child is enrolled with a histo-
ry of anaphylaxis and who has an EpiPen autoinjector a 1-
hour anaphylaxis training program. The program is
implemented by first aid trainers and funded by the edu-
cation department. More than 1332 school staff at 113
school sites have now received training in the first aid
management of anaphylaxis. A similar program has been
described in the United Kingdom,17 and this may provide
an alternate model for anaphylaxis education. Considera-
tion should be given to the widespread implementation of
such a model given the poor ability of some medical pro-
fessionals to educate parents on first aid anaphylaxis man-
agement.18 Such programs should also be extended to
parents and other caregivers of children with anaphylaxis.

In children with anaphylaxis who are prescribed an
EpiPen autoinjector the device is infrequently used with
recurrent episodes of anaphylaxis. The reasons for this
require further research, as does the effectiveness of edu-
cational interventions aimed at improving the first aid
response of parents and other caregivers after the recur-
rence of anaphylaxis in affected children.
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