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Introduction

Anaphylaxis is an acute, life-threatening multi-systemic allergic reaction
(1). The prevalence in children is increasing, resulting in more hospital ad-
missions over the last decade (2). Some anaphylactic reactions may be fatal
if not treated appropriately, but the fatality rate is low (<0.001%) (3). The
most common trigger in children is food. The prevalence of food allergy in
European schoolchildren is estimated to be 4-7% (4). The epidemiological
data of anaphylaxis are probably underestimated due to under-diagnosis
and underreporting (3). A European study identified peanuts as the most
frequent trigger, followed by wheat, hen’s egg and cow's milk (5). Under the
age of 3 years anaphylaxis is mostly triggered by hen’s egg and cow’s milk.
Most children acquire tolerance for the latter products with age. Therefore,
the prevalence of anaphylaxis due to food is higher in young children (2).

Complete avoidance of the food allergen remains crucial, but accidental
exposure is common (6). Caregivers of children with anaphylaxis therefore
need an action plan to manage severe reactions. The adrenaline auto-in-
jector is the first line therapy for all anaphylactic reactions and should be
available for all patients at risk (6). Parents report a lack of information
at diagnosis that increases both anxiety and uncertainty in managing an
accidental ingestion (7). Several guidelines recommend the provision of
comprehensive information on allergen avoidance, reading food labels,
rapid recognition of symptoms and management of allergic reactions, with
education on how and when to use the adrenaline auto-injector (4,8-11).

According to a recent study based on data of the Allergy Vigilance Network
the prevalence of food-allergic anaphylactic reactions at school in France
is 28% (12). Most fatal cases of anaphylaxis at school are attributed to
a delay in the initial treatment due to lack of recognizing symptoms and/
or delay in using the adrenaline auto-injector (10). Adequate education of
family members and training in non-clinical settings such as schools, is
advised to improve this lack of knowledge (6).

Health literacy is defined as people’s knowledge, motivation and competen-
cies to access, understand, appraise and apply health information in order
to make judgments and decisions in everyday life concerning healthcare,
disease prevention and health promotion to maintain or improve quality
of life during one's life course (13). The general level of health literacy is
quite limited in Europe (13). A higher level of health literacy is necessary to
optimize the management of anaphylaxis. To improve the caregivers' level
of health literacy, their level of self-efficacy needs attention. Self-efficacy
is defined as confidence and ‘the belief in one’s capabilities to organize
and execute the courses of action required to manage prospective situ-
ations’ (7). Improving self-efficacy through education has been shown to

be effective in improving quality of life, self-management and coping with
asthma and other long term conditions (7). Several previous studies about
self-efficacy in the management of anaphylaxis at school have shown that
the self-efficacy score improved by education (10, 14-16).

The goal of this study is to assess the effect of a training session on care-
giver’s knowledge and self-efficacy in managing children with IgE-mediated
allergy at risk of anaphylaxis. We assumed that a group training session
about anaphylaxis would improve the level of health literacy by increasing
the level of knowledge and self-efficacy of the caregivers.

Materials and Methods
Study design

We conducted a prospective cohort study in a population of caregivers of
children with IgE-mediated food or insect venom allergy at risk of anaphy-
laxis at a regional hospital in Belgium (AZ Maria Middelares Ghent). The
protocol was approved by the institutional Ethics Committee (committee’s
reference number;: MMS.2020.017) and was registered in clinicaltrials.gov
(NCT04475003). A written informed consent was obtained from all partic-
ipants. The data were collected and analyzed by the researchers (J.V., J.L.
and D.B.), and an independent academic statistician.

Study population and procedure

The subjects enrolled in this study were caregivers (parents, grandparents,
créche supervisors and teachers) of children with IgE-mediated food or
insect venom allergy at risk of anaphylaxis. Eligible caregivers were recruit-
ed during outpatient consultation from 30 July 2020 till September 2021.
During consultation parent(s) were extensively informed by the pediatrician
specialized in allergy. They received an information leaflet, were taught
how to use the adrenaline auto-injector and - in case of food allergy - also
visited a dietician specialized in allergy. All Dutch speaking parents and
related caregivers were then invited for a training session 3-4 months after
diagnosis. We invited all caregivers to participate the study, so there was
no bias in favor of some profiles. The session was always given by the
same pediatrician specialized in allergy. A maximum of four caregivers per
patient were allowed to participate. All caregivers were informed about the
purpose of the research and the voluntary nature of participation. The two
hours training consisted of a theoretical and practical part, and ended with
a Q&A session. During the practical part each caregiver learnt how to use
the adrenaline auto-injector with a trainer pen and how to read food labels.
Before the start of the session the caregivers filled in a paper questionnaire.
During the Covid pandemic the sessions were digital, so the questionnaire
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was sent online a few days before the training. One week after the training
all caregivers received the same survey online. If the questionnaire was
not completed, reminders were sent several times. Four training sessions
were organized, two live and two digital, and each participant followed one
session. All training sessions (digital, live) were given by one and the same
pediatrician specialized in allergy. Two sessions were cancelled due to the
pandemic. The digital session was a live, online non-recordable session.
There was no possibility to obtain the PowerPoint slideshow afterwards
and the participants were not allowed to take screen shots of the power
point slides.

Questionnaire

The questionnaire was specially designed for this study and consisted of
three parts: twelve multiple choice and true-false questions about anaphy-
laxis, a Dutch translation of a validated questionnaire with eight multiple
choice questions (answering scores from one to five, one meaning ‘I cannot
do that at all’ and five meaning ‘I certainly can do this’) about self-efficacy
of caregivers in the management of anaphylaxis (S.PER.SE-FAAQ) and a
section with demographic information (caregiver type, level of education,
age and sex) and one final question ‘To what extent did this training session
make you feel more confident in taking care of a child at risk of anaphy-
laxis?’, scoring zero to ten, zero meaning ‘no added value’, ten meaning
‘absolutely of value’ (10).

Statistics

The data were analyzed with the SPSS IBM version 26 using nonparametric
statistics (Wilcoxon Signed Ranks Test). Univariate Regression analysis with
knowledge/self-efficacy as dependent factor, and age, type of caregiver,
education level and type of training session as independent factors, was
performed. The primary outcomes were the effect of the training session on
the total score of caregivers’ knowledge and self-efficacy. P-values below
0.05 were considered statistically significant. Bonferroni adjustment was
used when necessary.

For the power calculation we used the first part of the questionnaire (knowl-
edge). In order to have a power of 90% (SD of 35% for an W= 0.025) we
had to include at least 62 participants. Prior to the study, J.L, J.V. and B.D.
agreed that the effect of the training session would be clinically relevant if
the difference in total knowledge score was an improvement of two out of
twelve questions (16 %). The secondary outcome was the subjective score
on the question whether the session contributed in feeling more confident
in taking care of a severe allergic child.

Results
Population description (table 1)

One-hundred-forty caregivers followed the training sessions and could be
eligible for this prospective cohort study, 116 people agreed to partici-
pate and completed the first questionnaire. Forty-five out of 116 (39%)
participants did not complete the questionnaire after the training (partial
responders). Seventy-one participants completed the questionnaire twice
(complete responders), of which 69% were below 55 years, the majority
(70.4%) of them were female. Most caregivers (40.8%) were first-degree
relatives (parent, sister), followed by second-degree relatives (grandpar-
ents, aunt, uncle) (33.8%) and school- and nursery caregivers (25.4%).
The majority of school caregivers were teachers (19.7%), followed by one
director (1.4%), one school manager (1.4%), one speech therapist (1.4%)
and one childcare supervisor (1.4%). Most participants (85.9%) were high-
er educated (master's or bachelor's degree). Thirty-five caregivers (49.3%)
followed the live training session, 36 (50.7%) the digital session.

Knowledge (figure 1)

The median total knowledge score before the training for both complete
and partial responders was 66.7%, afterwards 83.3%. This was a signifi-
cant improvement (p< 0.001). The difference in total score of knowledge
was an improvement of two out of twelve questions (16.6%) which means a
clinically relevant improvement in the complete responders group.

Subgroup analyses (table 2)

The younger participants (<55 years old; n=49/71) had a higher median
score before (75% versus 58.3%; p=0.03) and after the training session
(83% versus 75%; p= 0.005) in comparison to the older participants (>55
years; n=22/71). In both age groups, the total knowledge percentage sig-
nificantly increased. The caregivers who followed the live training session
(n=35/71) had a higher median knowledge score before the training (75%
versus 66.7%, p=0.024) in comparison to the caregivers who followed the
digital session (n=36/71). After the training session the median knowledge
score was equal in both groups. The total knowledge score significantly in-
creased in both groups after the training session. No difference in baseline
knowledge score was observed between the type of caregiver or their level
of education. All caregiver groups however improved their total score on the
knowledge percentage significantly. After the training session the scores
differed significantly across the caregiver groups (p=0.003); post-hoc we
saw a significantly lower knowledge score in the second degree caregivers
compared to the other caregiver groups (p<0.001). The effect of training
was not different between levels of education, but we observed that all
groups improved their level of knowledge.

Correlations

In a stepwise, univariate regression analysis for the difference in knowledge
before and after the training session as dependent variable age category,
type of caregiver, education level and type of training session (live/digital)
are not withheld as significant influencing factors.

Self-efficacy (figure 2)

The median total score of self-efficacy before the training session for both
complete and partial responders was 80%, afterwards 85%. This was a
significant improvement (p<0.001).

Subgroup analyses (table 3)

No difference in baseline median total self-efficacy score depending on
age, caregiver type, degree of education and type of training session could
be observed. All groups improved their score on self-efficacy significantly,
no difference was seen after training amongst the different groups.

Additional information

Forty-six participants answered the additional question “To what extent did
this training make you feel more confident in taking care of a child at risk
of anaphylaxis? Only one participant felt that the training session had no
added value at all. The others were more confident after the session, with
scores of seven and higher out of ten.

When asked how they preferred to receive information, a significant num-
ber of caregivers (39.4%) chose the training session, followed by written
information in a paper leaflet (23.9%), written information on a website
(22.5%), an online group with peers (8.5%) and an information video on a
website (5.6%).

Discussion and Conclusion
4.1 Discussion

This is the first Belgian study reporting the effect of an additional group
training about anaphylaxis on knowledge and self-efficacy of caregivers
of children at risk of anaphylaxis. Parents often are unable to inform oth-
er caregivers about the diagnosis of anaphylaxis. Therefore we decided
not only to invite the parents, but also second-degree relatives and school
caregivers. The training session consisted of a theoretical, a practical part
and a discussion moment. We concluded that the training session result-
ed in a significant improvement of the knowledge score in the complete
responders group (66.7% to 83.3%). This improvement was clinically rel-
evant as we had agreed that there should be an improvement of at least
16%. Furthermore, the training resulted in a significant improvement of
the median total score of self-efficacy (80% to 85%). The self-efficacy
questionnaire had to be answered on a scale of one to five, so we could
not define how much improvement there had to be in order to be clinically
relevant. These results were consistent with previous studies on the effect
of training session on self-efficacy (10, 14-16). The effect of a training



Table 1: population characteristics

Population characteristics

Complete responder group (n=71)

Gender

Age

Type of caregiver

Level of education

Type of training session

Female

Male
Age <55 years

Age >55 years
First-degree relatives

Second-degree relatives

School caregivers

Higher education

Secondary school

Live

Digital

50/71 (70.4%)

20/71 (28.2%)
49/71 (69%)
22/71 (31%)
29/71 (40.8%)
24/71 (33.8%)

18/71 (25.4%)

61/71 (85.9%)

10/71 (14.1%)

35/71 (49.3%)

36/71 (50.7%)

Table 2: results total score of knowledge and subgroup analysis. Al values are expressed as medians, with the interquartile range Q1 to Q3 in between brackets.

Pre-training Post-training
Knowledge Knowledge P-value
median (Q1; Q3)% median (Q1; Q3)%
All participants (n = 71) 66.7 (58.3; 75) 83.3(75;91.7) | P<0.001
<55 years 75(66.7; 79.2) 83.3(83.3;91.7) P < 0.001
Age >55 years 58.3 (58.3; 75) 75 (66.7; 83.3) P =0.004
First-degree relatives 75 (58.3; 83.3) 83.3 (83.3; 100) P < 0.001
Second-degree relatives 62.5 (58.3; 75) 75 (66.7; 83.3) P =0.003
Type care School caregivers 66.7 (66.7; 75) 83.3 (75; 83.3) P =0.004
giver P =0.003
P=0.056 POST hoc ( 2<other groups;
p<0.001)
Higher education
) 75 (58.3; 75) 83.3(83.3;91.7) P =0.027
Level of education (master's degres)
Higher education ) .
(bachelor's degree) 66.7 (58.3; 75) 83.3(75; 83.3) P < 0.001
Secondary school 58.3 (50; 77.1) 79.2 (58;91.7) P =0.002
Type of training session Live training session 75 (66.7; 83.3) 83.3(75;91.7) P<0.001
Digital training session 66.7 (58.3; 75) 83.3(75; 83.3) P<0.001

P=0.024

P=0.013
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session on knowledge level has been less well studied.

We noticed that every subgroup (age, education level, caregiver and ses-
sion type) showed a significant amelioration in the total knowledge score
and self-efficacy. Overall, this implies that the training is valuable for all
kinds of caregivers, also for the parents who received information directly
from the allergy pediatrician at time of diagnosis. This is in line with the
EAACI Food Allergy and Anaphylaxis Guidelines in which repeated educa-
tion is advised (8).

The high median total score of knowledge (66.7%) before the training of
both partial and complete responders was in stark contrast to what one
might expect. A previous study about knowledge on asthma, food allergy
and anaphylaxis in a group of university students, school teachers and par-
ents of asthmatic children, showed a low knowledge level on food allergy
and anaphylaxis (17). The higher scores in our study can be attributed
to the participants' level of education and the extensive information all
parents received from the pediatrician and dietician at the time of diagno-
sis (max 3- 4 months before the training session). The significantly higher
knowledge score in the younger group may be due to the large proportion
of parents in this group.

The high median total score of self-efficacy (80%) before the training ses-
sion in the partial and complete responder group corresponds to previously
published studies showing a high level of health literacy within a population
of caregivers of food-allergic children. Caregivers participating in these
research studies are more college-educated, middle or higher socio-eco-
nomic status caregivers, that are presumably less likely to have poor health
literacy (18). In addition the high total score of self-efficacy before the
training session might be as well explained by the short time between the
individual and group training session. The high level of self-efficacy before
the training session is in disagreement with the Belgian KCE study (13).
The much higher self-efficacy score in our population may be due to the
selected group of Dutch speaking, higher educated and predominantly first
degree relatives who received extensive information at diagnosis.

The most important study limitations were the one center patient recruit-
ment, the Dutch translation of a validated questionnaire, the fact that the
self-efficacy questionnaire was designed for school caregivers only and the
voluntary aspect.

In contrast to most European countries allergologists are not recognized
nor have a specific title in Belgium (19). Therefore, funding of referring
these patients for those time-consuming therapeutic educational sessions
is also lacking. Given the here proven efficacy of these sessions, we would
like to advocate for their reimbursement, which might be most efficient by
introducing a recognition of (pediatric) allergologists in Belgium as (sub)
specialty. By extension, it would even be potentially life-saving if we could
initiate training in all schools and allow the use of auto-injectors to their
personnel after training, even in children who have their first anaphylaxis
attack at school.

4.2 Conclusion

We concluded that specialized group training on anaphylaxis prevention,
recognition and treatment for all caregivers of children with IgE-mediated
allergy at risk of anaphylaxis on top of standard care, significantly improves
the total score of knowledge and self-efficacy of all the caregivers. This
group training on anaphylaxis should become a part of standard of care. In-
vestment in repeated education for all caregivers might improve both level
of knowledge and self-efficacy and could prevent accidental exposures and
severe anaphylactic reactions. This might reduce emergency care admis-
sions and hospitalizations, which might result in lower medical costs.
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Table 3: results total score of self-efficacy and subgroup analysis. All values are expressed as medians, with the interquartile range Q1 to Q3 in between brackets

Pre-training Post-training
Self-efficacy Self-efficacy P-value
median (Q1;Q3)% median (Q1;Q3)%
All participants (n = 71) 80 (75; 87.5) 85 (80%;92.5%) | P<0.001
<55 years 80 (75; 90) 85 (80; 92.5) P<0.001
Age >55 years 81.3 (64.4; 85) 83.8(79.4;92.5) P=0.006
P=0.471 P=0.878
First-degree relatives 82.5 (75; 93) 87.5 (80; 93.8) P=0.026
Second-degree relatives 80 (63.1; 85) 82.5(77.5;91.3) P=0.007
Type caregiver School caregivers 76.3(72.5; 82.5) 82.5 (80, 88.1) P=0.001
P=0.098 P=0.275
Higher education 80 (67.5; 85) 87.5(77.5;92.5) P_0.005
(master’s degree) -
) . 80 (75; 90) 83.8 (80; 93.1)
Level of education Higher education _
v ueat (bachelor’s degree) P=0.005
Secondary school 75 (46.9; 85.6) 82.5(77.5;90.6) P=0.024
P=0.265 P=0.153
Type of training session Live training session 80 (75; 92.5) 85 (80; 92.5) P=0.013
Digital training session 80 (73.1-85) 82.5(80-91.9) P<0.001
P=0.730 P=0.560

Figure 1: Total knowledge score (%) before vs. after training
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Figure 2: Total self-efficacy score (%) before vs. after training
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