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Antibiotic Allergy Labels in Children Are
Associated with Adverse Clinical Outcomes
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What is already known about this topic? There are clear data to demonstrate that adults carrying an antibiotic allergy
label have poorer clinical outcomes; however, the impact of an antibiotic allergy label in childhood is not well understood.
What does this article add to our knowledge? Children with antibiotic allergy labels received more macrolide, quino-
lone, metronidazole, and lincosamide antibiotics than did patients without an antibiotic label. The impact of any antibiotic
allergy label was to increase hospital length of stay.
How does this study impact current management guidelines? The data highlight that antibiotic allergy labels already
have a significant impact on clinical care in childhood. Early intervention in the context of an antibiotic allergy label, for
example, direct antibiotic challenges, may be feasible.
BACKGROUND: Self-reported antibiotic allergies are common
among hospitalized adults and children. However, there is a
paucity of studies investigating the impact of an antibiotic
allergy label in childhood.
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OBJECTIVE: To investigate the impact of antibiotic allergy
labeling on clinical outcomes in children.
METHODS: A retrospective study was conducted in a major
pediatric tertiary hospital to capture inpatient admissions
(N [ 1672) in April 2014 and April 2015. Data, collected by
chart review, included documented antibiotic allergy labels,
antibiotic prescriptions, admitting specialty, hospital length of
stay, and hospital readmissions.
RESULTS: Of the 1672 pediatric patients surveyed, 58.1%
were male and 44.8% were prescribed antibiotics. Antibiotic
allergy labels were recorded in 5.3% of patients; most were b-
lactam allergy labels (85%), mostly to unspecified penicillins.
There was an increasing incidence of antibiotic allergy label
with age, which was statistically significant (P < .001); no sex
effect was seen. Patients with antibiotic allergy labels received
more macrolide (P [ .045), quinolones (P [ .01), lincosamide
(P < .001), and metronidazole (P [ .009) antibiotics than did
patients without an antibiotic allergy label. After adjusting for
patient age, sex, principal diagnosis, and admitting specialty,
children with any antibiotic or b-lactam allergy label had
longer hospital stays (odds ratio, 1.62; 95% CI, 1.05-2.50; P [
.03) with a mean length of hospital stay of 3.8 days for those
without a label and 5.2 days for those with a b-lactam allergy
label.
CONCLUSIONS: This is the first study demonstrating the
negative impact of antibiotic allergy labels on clinical
outcomes in children, as evidenced by significant alternate
antibiotic use and longer hospital stays. Crown
Copyright � 2018 Published by Elsevier Inc. on behalf of the
American Academy of Allergy, Asthma & Immunology (J
Allergy Clin Immunol Pract 2019;7:975-82)
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INTRODUCTION

Antibiotic allergy labeling is a substantial and growing public
health concern.1,2 Self-reported antibiotic allergies among hos-
pitalized adult patients range from 15% to 25%,3-5 but data in
children are sparse. One study reported antibiotic allergy rates of
6.1% for patients aged 0 to 9 years, which rose to 10.2% for
those aged 10 to 19 years.5 Many of the published studies
investigating antibiotic allergy labeling relate to adults, with a
paucity of data in the pediatric cohort.

The female sex and increasing age are associated with a
significantly higher prevalence of reported antibiotic allergy in
the adult Australian and international literature.5 In comparison,
there are only limited pediatric data and no Australian pediatric
data to describe the impact of age and sex on rates of antibiotic
allergy.

Adult patients with an antibiotic allergy label are more likely
to experience longer hospital stays,2,6,7 be readmitted, and receive
second-line antibiotics such as vancomycin, quinolones, or
macrolides.6-10 They are also more likely to develop clinical
complications such as severe infections with vancomycin-
resistant Enterococcus, methicillin-resistant Staphylococcus aureus,
and Clostridium difficile.2-4,7,11,12 In addition to these adverse
patient outcomes, there are significantly increased costs resulting
from the use of alternative antimicrobials for b-lactam allergy-
labeled patients.13-17 Currently, the impact of antibiotic allergy
labels on clinical outcomes in hospitalized children is not known.
Furthermore, the optimal timing of drug allergy assessment (to
verify or remove antibiotic allergy labels) in childhood remains
unclear.

The objective of this study was to examine whether parentally
reported antibiotic allergy labeling in children has a significant
impact on their clinical care. Outcome data for 1672 patient
medical records were examined at an Australian tertiary pediatric
center, of which 5.3% had at least 1 reported antibiotic allergy label.
METHODS

Study design and population

We conducted a retrospective single-center cross-sectional analysis
of all pediatric inpatients (N ¼ 1672) admitted in April 2014 and
April 2015 to the state pediatric tertiary care teaching hospital in
Perth, Western Australia. The audit captured data on all patients
admitted to hospital wards including medical and surgical specialties,
intensive care units, and psychiatry and rehabilitation wards.
Admitting specialty units were categorized as general medical, gen-
eral surgical, oncology (including hematology), and “other specialty”
(all medical subspecialties and ophthalmology). Data collected
included patient demographic characteristics, documented antibiotic
allergy labels, principal diagnosis on admission, antibiotics prescribed
(at the time of audit), admitting specialty unit, hospital length of
stay, and readmissions within 4 weeks and 6 months of discharge,
excluding hospital transfers, day procedures, and emergency
department reviews.

Antibiotic allergy label is used to denote any antibiotic recorded
in the “allergies and adverse drug reaction” section of the patient’s
medication chart. Data on antibiotic allergy label, the culprit
medication, and alleged symptoms were collected by review of
inpatient medical notes, medication charts, and allergy notification
forms. Documented symptoms were classified as (1) anaphylaxis, (2)
angioedema, (3) rash, (4) gastrointestinal upset, or (5) nonspecific
symptoms (eg, headache). Groups 1 to 3 were considered to be
allergic symptoms (graded according to severity) and groups 4 and 5
were interpreted as nonallergic, nonimmunological adverse reactions.

Study groups were classified on the basis of the presence or
absence of a documented antibiotic allergy label. We further classi-
fied patients with an antibiotic allergy label into “b-lactam” and
“noneb-lactam” labels. We subclassified b-lactam labels as peni-
cillin, cephalosporin, carbapenem, or monobactam labels.

Ethics approval
Our study was reviewed and approved through the Princess

Margaret Hospital for Children Hospital Quality Improvement
Committee (Governance Evidence Knowledge Outcomes, GEKO
8245).

Statistical methods
Baseline characteristics are expressed as counts and percentages for

each categorical variable grouping for any antibiotic allergy label
category (yes/no), any b-lactam allergy label category (yes/no), and
overall. Associations between the 2 binary outcomes of any antibiotic
allergy label and any b-lactam allergy label and the potential
explanatory variables of sex, age group (0 to <5 years, 5 to <10
years, and >10 years), specialty (general medical, general surgical,
oncology, and other), principal diagnosis (minor surgical, major
surgical, minor medical, major medical, and oncology/hematology),
whether the patient was currently on antibiotics at the time of audit
(yes/no), whether the patient had a current infection at the time of
audit (yes/no), and the interaction between age and sex were
examined using binary logistic regression. Univariate and multivar-
iate odds ratios (ORs) and 95% CIs along with P values for the final
multivariate model are presented.

To examine the impact of having an antibiotic allergy label (ie,
either any antibiotic allergy label or any b-lactam allergy label) on
hospital-related outcomes, univariate and multivariate regression
models were fitted. The length of stay was categorized into 4 groups
(1 day, 2 days, 3 days, and >4 days) and ordinal logistic regression
was used, whereas for the binary responses intensive care unit
admission (yes/no), 4-week readmission (yes/no), 4-week read-
mission with infection (yes/no), 6-month readmission (yes/no), and
number of antibiotics currently prescribed (dichotomized as 1 vs >2
antibiotics), binary logistic regression was used. For the latter re-
sponses, analysis was carried out on the subset of patients who were
currently on antibiotics only. For each of these 6 responses, com-
parisons of either any antibiotic allergy label (yes/no) or any b-lactam
allergy label (yes/no) were made in 2 separate models and results are
presented univariately and multivariately after adjusting for patient
age, sex, principal diagnosis, and medical specialty, through ORs and
95% CIs. In all hospital outcome multivariate models, either the
“any antibiotic allergy label” or the “any b-lactam allergy label”
variable was forced into the final model to enable comparisons;
however, any other variable that was not statistically significant was
removed from the final model.

For the subset of patients who were on antibiotics, chi-square
tests (or Fisher exact tests) were used to examine associations be-
tween each of the 3 antibiotic allergy label groupings (any antibiotic
allergy label, any b-lactam allergy label, and any penicillin allergy
label) separately, and whether patients were receiving any specific
antibiotic as well as antibiotics from any of the following broad
antibiotic groupings: macrolides, quinolones, penicillins, cephalo-
sporins, lincosamides, and nitroimidazoles. For each combination of
antibiotic allergy label grouping and whether patients were receiving
each specific antibiotic or broad antibiotic label grouping, counts



TABLE I. Counts and percentages of demographic variables categorized by any antibiotic or b-lactam allergy label

Variable

Any antibiotic allergy label Any b-lactam allergy label

Overall (N [ 1672)No (n [ 1584) Yes (n [ 88) No (n [ 1597) Yes (n [ 75)

Age group

0-4.99 y 714 (96.8) 24 (3.3) 719 (97.4) 19 (2.6) 738 (44.1)

5-9.99 y 416 (95.6) 19 (4.4) 417 (95.9) 18 (4.1) 435 (26)

>10 y 454 (91) 45 (9) 461 (92.4) 38 (7.6) 499 (29.8)

Sex

Female 657 (93.7) 44 (6.3) 664 (94.7) 37 (5.3) 701 (41.9)

Male 927 (95.5) 44 (4.5) 933 (96.1) 38 (3.9) 971 (58.1)

Specialty

General medical 428 (96.4) 16 (3.6) 429 (96.6) 15 (3.4) 444 (26.6)

General surgical 836 (95.8) 37 (4.2) 843 (96.6) 30 (3.4) 873 (52.2)

Oncology 93 (90.3) 10 (9.7) 95 (92.2) 8 (7.8) 103 (6.2)

Other 227 (90.1) 25 (9.9) 230 (91.3) 22 (8.7) 252 (15.1)

Principal diagnosis

Minor surgical 611 (94.7) 34 (5.3) 619 (96) 26 (4) 645 (38.6)

Major surgical 67 (98.5) 1 (1.5) 67 (98.5) 1 (1.5) 68 (4.1)

Minor medical 647 (95.4) 31 (4.6) 649 (95.7) 29 (4.3) 678 (40.6)

Major medical 165 (91.7) 15 (8.3) 166 (92.2) 14 (7.8) 180 (10.8)

Oncology/hematology 94 (93.1) 7 (6.9) 96 (95.1) 5 (5) 101 (6)

Current infection

No 1087 (95) 57 (5) 1099 (96.1) 45 (3.9) 1144 (68.4)

Yes 497 (94.1) 31 (5.9) 498 (94.3) 30 (5.7) 528 (31.6)

Receiving antibiotics

No 881 (95.5) 42 (4.6) 886 (96) 37 (4) 923 (55.2)

Yes 703 (93.9) 46 (6.1) 711 (94.9) 38 (5.1) 749 (44.8)

Values are n (%).
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and percentages are presented along with risk ratios, 95% CIs, and
P values.

A significance level of 5% was used throughout and all statistical
analyses were carried out using the R environment for statistical
computing (R Foundation for Statistical Computing, Vienna,
Austria).18
RESULTS

Demographic and cohort characteristics
The study population included a total of 1735 inpatient visits

to a pediatric tertiary care teaching hospital during the month of
April in 2014 and 2015. Of these, 36 were repeat visits, which
were removed, reducing the data set to 1699 unique patient
visits. This number was further reduced to 1672 patients for
analysis purposes after the removal of 26 patients who were
admitted to the emergency ward and 1 patient who was admitted
to the neonatal specialty. Table I presents the characteristics of all
1672 patients upon admission, categorized by antibiotic allergy
label or b-lactam allergy label. Overall, 58% of patients were
male and the mean age was 6.81 years (range, 0-18.7 years), with
44.1% of patients being younger than 5 years. The admitting
specialty units were classified as 52.2% general surgical, 26.6%
general medical, 6.2% oncology, and 15.1% other specialty.
Principal diagnoses were classified as 38.6% minor surgical,
4.1% major surgical, 40.6% minor medical, 10.8% major
medical, and 6% oncology/hematology. The mean length of
hospital stay was 3.85 days (range, 1-147 days). Significantly
longer stays were seen for older patients (>10 vs 0-4.99 years:
OR, 2.82, 95% CI, 1.67-4.78; >10 vs 5-9.99 years: OR, 2.12,
95% CI, 1.21-3.71).

Of the 749 patients who were prescribed antibiotics, 70.2%
received intravenous antibiotics and 29.8% received oral anti-
biotics. The most commonly prescribed antibiotics were peni-
cillins (63.6%), followed by cephalosporins (40.6%),
aminoglycosides (11.6%), and sulfamethoxazole/trimethoprim
(6.5%). In some instances, patients were prescribed more than 1
antibiotic and this explains why the values do not add up to
100%.

Antibiotic allergy labels
Antibiotic allergies were recorded in 88 cases (5.3% of cohort:

6.3% of female patients and 4.5% of male patients). Five
(0.30%) patients reported more than 1 antibiotic allergy.
b-Lactams were implicated in most of the cases (n ¼ 75), of
which penicillin was most commonly reported, followed by
amoxicillin and cephalexin. For noneb-lactam labels, antibiotics
from the macrolide group were the most commonly reported
(n ¼ 10). A little more than half (52.3%) of those with antibiotic
allergy labels were receiving antibiotics during their hospital stay.
Patients receiving antibiotics were more likely to have any anti-
biotic label (OR, 1.65; 95% CI, 1.06-2.58; P ¼ .03), and
patients with a current infection were more likely to have a b-
lactam label (OR, 1.78; 95% CI, 1.08-2.93; P ¼ .03; Table II).

Of those who had an antibiotic allergy label, 81.2% had re-
ported rash, 13.6% anaphylaxis, 11.4% gastrointestinal upset,



TABLE II. Univariate and multivariate logistic regression results from modeling any antibiotic allergy label and any b-lactam allergy label (event ¼ “Yes”)

Variable

Any antibiotic allergy label Any b-lactam allergy label

Univariate Multivariate Univariate Multivariate

OR 95% CI OR 95% CI

Pairwise

P value

Overall

P value OR 95% CI OR 95% CI

Pairwise

P value

Overall

P value

Sex, female vs male 1.41 0.92-2.17 Not significant 1.37 0.86-2.18 Not significant

Age group

5-9.99 y vs 0-4.99 y 1.36 0.74-2.51 1.33 0.71-2.50 .37 <.001 1.63 0.85-3.15 1.68 0.86-3.30 .13 <.001

>10 y vs 0-4.99 y 2.95 1.77-4.91 2.82 1.67-4.78 <.001 3.12 1.78-5.48 3.10 1.73-5.57 <.001

>10 y vs 5-9.99 y 2.17 1.25-3.77 2.12 1.21-3.71 .009 1.91 1.07-3.40 1.85 1.03-3.31 .04

Specialty

General surgical vs general medical 1.18 0.65-2.15 0.91 0.49-1.70 .77 <.001 1.02 0.54-1.91 0.93 0.48-1.81 .84 .003

Oncology vs general medical 2.88 1.27-6.54 2.80 1.21-6.42 .02 2.41 0.99-5.84 2.74 1.09-6.91 .03

Other vs general medical 2.95 1.54-5.63 2.36 1.21-4.62 .01 2.74 1.40-5.38 2.33 1.15-4.73 .02

Oncology vs general surgical 2.43 1.17-5.05 3.05 1.44-6.46 .004 2.37 1.06-5.31 2.93 1.29-6.68 .01

Other vs general surgical 2.49 1.47-4.22 2.59 1.50-4.48 <.001 2.69 1.52-4.75 2.49 1.40-4.44 .002

Oncology vs other 0.98 0.45-2.11 1.18 0.54-2.59 .69 0.88 0.38-2.05 1.18 0.50-2.79 .71

Principal diagnosis

Major medical vs major surgical 6.09 0.79-47.03 Not significant 5.65 0.73-43.83 Not significant

Minor medical vs major surgical 3.21 0.43-23.89 2.99 0.40-22.33

Minor surgical vs major surgical 3.73 0.50-27.67 2.81 0.38-21.07

Oncology/hematology vs major surgical 4.99 0.60-41.51 3.49 0.40-30.55

Current infection

Yes vs no 1.19 0.76-1.87 Not significant 1.47 0.92-2.36 1.78 1.08-2.93 .03 .03

On antibiotics

Yes vs no 1.37 0.89-2.11 1.65 1.06-2.58 .03 .03 1.28 0.81-2.03 Not significant

Sex and age group interaction Not significant* Not significant Not significant* Not significant

*Performed in a model with effects of sex, age, and their interaction.
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TABLE III. Counts and percentages (along with risk ratios, 95% CI, and P values) of patients taking specific antibiotics, categorized by whether they were also labeled with an antibiotic, b-
lactam, or penicillin allergy label (limiting the data to only those patients who were on antibiotics; n ¼ 749)

Antibiotic

Any antibiotic allergy label Any b-lactam allergy label Penicillin allergy label

No (n [ 703) Yes (n [ 46) P value No (n [ 711) Yes (n [ 38) P value No (n [ 719) Yes (n [ 30) P value

Receiving amoxicillin

No 518 (73.68%) 43 (93.48%) 524 (73.7%) 37 (97.37%) 536 (74.03%) 25 (100%)

Yes 185 (26.32%) 3 (6.52%) .003 187 (26.3%) 1 (2.63%) .001 188 (25.97%) 0 (0%) .003

RR ¼ 0.25; 95% CI ¼ 0.08-0.75 RR ¼ 0.10; 95% CI ¼ 0.01-0.69 Cannot calculate*

Receiving azithromycin

No 675 (96.02%) 41 (89.13%) 683 (96.06%) 33 (86.84%) 694 (95.86%) 22 (88%)

Yes 28 (3.98%) 5 (10.87%) .045† 28 (3.94%) 5 (13.16%) .02† 30 (4.14%) 3 (12%) .09†

RR ¼ 2.73; 95% CI ¼ 1.11-6.74 RR ¼ 3.34; 95% CI ¼ 1.37-8.17 RR ¼ 2.90; 95% CI ¼ 0.95-8.86

Receiving ceftriaxone

No 636 (90.47%) 39 (84.78%) 644 (90.58%) 31 (81.58%) 657 (90.75%) 18 (72%)

Yes 67 (9.53%) 7 (15.22%) .20† 67 (9.42%) 7 (18.42%) .09† 67 (9.25%) 7 (28%) .008†

RR ¼ 1.60; 95% CI ¼ 0.78-3.28 RR ¼ 1.95; 95% CI ¼ 0.96-3.96 RR ¼ 3.03; 95% CI ¼ 1.55-5.91

Receiving ciprofloxacin

No 694 (98.72%) 42 (91.3%) 701 (98.59%) 35 (92.11%) 712 (98.34%) 24 (96%)

Yes 9 (1.28%) 4 (8.7%) .006† 10 (1.41%) 3 (7.89%) .02† 12 (1.66%) 1 (4%) .36†

RR ¼ 6.79; 95% CI ¼ 2.17-21.22 RR ¼ 5.61; 95% CI ¼ 1.61-19.56 RR ¼ 2.41; 95% CI ¼ 0.33-17.84

Receiving clindamycin

No 692 (98.44%) 39 (84.78%) 699 (98.31%) 32 (84.21%) 711 (98.2%) 20 (80%)

Yes 11 (1.56%) 7 (15.22%) <.001† 12 (1.69%) 6 (15.79%) <.001† 13 (1.8%) 5 (20%) <.001†

RR ¼ 9.73; 95% CI ¼ 3.96-23.91 RR ¼ 9.36; 95% CI ¼ 3.71-23.57 RR ¼ 11.14; 95% CI ¼ 4.30-28.84

Receiving metronidazole

No 678 (96.44%) 40 (86.96%) 685 (96.34%) 33 (86.84%) 697 (96.27%) 21 (84%)

Yes 25 (3.56%) 6 (13.04%) .009† 26 (3.66%) 5 (13.16%) .02† 27 (3.73%) 4 (16%) .02†

RR ¼ 3.67; 95% CI ¼ 1.58-8.49 RR ¼ 3.60; 95% CI ¼ 1.46-8.85 RR ¼ 4.29; 95% CI ¼ 1.62-11.33

Receiving ofloxacin

No 693 (98.58%) 42 (91.3%) 700 (98.45%) 35 (92.11%) 711 (98.2%) 24 (96%)

Yes 10 (1.42%) 4 (8.7%) .008† 11 (1.55%) 3 (7.89%) .03† 13 (1.8%) 1 (4%) .38†

RR ¼ 6.11; 95% CI ¼ 1.99-18.75 RR ¼ 5.10; 95% CI ¼ 1.48-17.53 RR ¼ 2.23; 95% CI ¼ 0.30-16.37

RR, Risk ratio.
*The RR cannot be calculated with an entry of 0.
†Fisher exact test performed.
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FIGURE 1. Bar plots of the proportion of patients taking different antibiotic groups categorized by antibiotic allergy label.
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and less than 5% reported angioedema as the primary reaction to
the culprit antibiotic. In 9 cases (0.54%), more than 1 symptom
was reported. The nature of the reaction was not specified for 5
patients.

One patient was prescribed antibiotics that were contra-
indicated because of their reported allergy label in the absence of
further testing. This patient had reported rash to amoxicillin and
was prescribed Augmentin (amoxicillin/clavulanate potassium) in
error but with no reaction.
The associations of age and sex with antibiotic

allergy labels

With increasing age, individuals were more likely to have any
antibiotic label (for >10 years vs 0-5 years: OR, 2.82; 95% CI,
1.67-4.78; P < .001) and, more specifically, a b-lactam allergy
label (for >10þ years vs 0-5 years: OR, 3.10; 95% CI,
1.73-5.57; P < .001; Table II).

There was no difference in rates of antibiotic allergy labels
when stratified by sex.
The association of admitting specialty with

antibiotic allergy labels
When comparing specialties, patients in the oncology spe-

cialty and those admitted under other specialty were more
likely to be labeled when compared with patients in general
medical (OR, 2.80; 95% CI, 1.21-6.42; P ¼ .02 and OR,
2.36; 95% CI, 1.21-6.42; P ¼ .01, respectively) and in gen-
eral surgical (OR, 3.05; 95% CI, 1.44-6.46; P ¼ .004 and
OR, 2.59; 95% CI, 1.50-4.48; P < .001, respectively;
Table II).



TABLE IV. Univariate and multivariate logistic regression results from all analyses

Outcome Comparison

Univariate Multivariate*

OR 95% CI P value OR 95% CI P value

Hospital length of stay AAL vs NAAL 1.71 1.16-2.53 .007 1.59 1.03-2.28 .04

BLAL vs NBLAL 1.90 1.24-2.89 .003 1.62 1.05-2.50 .03

ICU admission AAL vs NAAL 1.83 0.55-6.11 .33 1.27 0.35-4.58 .72

BLAL vs NBLAL 2.18 0.65-7.30 .21 1.47 0.41-5.36 .56

4-wk readmission AAL vs NAAL 1.70 1.01-2.85 .045 1.42 0.76-2.66 .27

BLAL vs NBLAL 1.55 0.88-2.74 .13 1.31 0.66-2.59 .44

4-wk readmission with infection AAL vs NAAL 2.12 0.94-4.78 .07 1.63 0.68-3.94 .28

BLAL vs NBLAL 2.12 0.89-5.06 .09 1.69 0.66-4.33 .28

6-mo readmission AAL vs NAAL 1.60 1.02-2.50 .04 1.20 0.71-2.00 .50

BLAL vs NBLAL 1.53 0.94-2.49 .09 1.16 0.67-2.02 .59

Number of antibiotics† AAL vs NAAL 1.50 0.83-2.74 .18 1.47 0.75-2.87 .26

BLAL vs NBLAL 1.80 0.94-3.46 .08 1.83 0.89-3.77 .10

AAL, Antibiotic allergy label; BLAL, b-lactam allergy label; ICU, intensive care unit; NAAL, no antibiotic allergy label; NBLAL, no b-lactam allergy label.
*Adjusting for patient age, sex, principal diagnosis, and specialty if statistically significant.
†Analyses carried out on the subset of patients who were currently on antibiotics (n ¼ 749).
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Association of antibiotic allergy labels with

antibiotic prescriptions
The presence of an antibiotic allergy label (any allergy label, a

b-lactam allergy label, or a penicillin allergy label) was signifi-
cantly associated with prescription of alternative antibiotics
(Figure 1; Table III). Among children currently receiving anti-
biotics (n ¼ 749), those with antibiotic allergy labels received
significantly more macrolides (P ¼ .045), quinolones (P ¼ .01),
lincosamide (P < .001), and nitroimidazoles (P ¼ .009) than
those not labeled as allergic to antibiotics (Figure 1). Patients
with b-lactam allergy labels were also significantly more likely to
receive these alternative antibiotics (macrolides, quinolones,
lincosamides, and nitroimidazoles) as well as cephalosporins
(P ¼ .03) (Figure 1). Table III presents prescriptions of indi-
vidual antibiotics, categorized by patient allergy labels. There
were significantly fewer prescriptions of amoxicillin (P ¼ .003)
and a higher use of clindamycin (P < .001), azithromycin
(P ¼ .045), ciprofloxacin (P ¼ .006), metronidazole (P ¼ .009),
and ofloxacin (P ¼ .008) among b-lactam allergyelabeled chil-
dren (Table III).

Association of antibiotic allergy label with prolonged

hospital length of stay
Table IV presents the results of the impact of an allergy label

on hospital outcomes for any antibiotic allergy label and any
b-lactam allergy label. After adjusting for patient age, sex, prin-
cipal diagnosis, and admission specialty, any antibiotic allergy
label was associated with increased hospital length of stay (OR,
1.59; 95% CI, 1.03-2.28; P ¼ .04; 5 vs 3.8 days in hospital on
average). Furthermore, when examining the impact of any
b-lactam allergy label by multivariate analysis, a longer hospital
stay was also observed (OR, 1.62; 95% CI, 1.05-2.50; P ¼ .03;
5.2 days vs 3.8 days in hospital on average).

Nonsignificant association of antibiotic allergy label

with readmission
The presence of an antibiotic allergy label was associated with

higher 4-week and 6-month readmission rates by univariate
analysis (OR, 1.70; 95% CI, 1.01-2.85; P ¼ .045 and OR, 1.60;
95% CI, 1.02-2.50; P ¼ .04, respectively). However, after
adjusting for patient age, sex, principal diagnosis, and admission
specialty, this relationship was no longer significant.
DISCUSSION
To our knowledge, this is the first study in children analyzing

the impact of an antibiotic allergy label on clinical outcomes.
Antibiotic allergies were recorded for 5.3% of hospitalized chil-
dren, which is similar to the 6.1% previously reported for 0- to
9-year-old patients5 and lower than the reported rate of 18%
among hospitalized Australian adults.6

b-Lactams accounted for most (85%) of the antibiotic allergy
labels among children as compared with 65% to 83%4,8 of labels
reported in the adult literature. More than half (51%) of the
antibiotic allergyelabeled patients in our study were receiving
antibiotics during their hospital stays.

We observed an increased prevalence of antibiotic allergy la-
beling with age, which is in line with previous data.5 An
American data linkage study analyzing adult and pediatric data
found that increasing age was significantly associated with a
higher prevalence of reported antibiotic allergy.5 It was also
observed that female patients reported significantly higher rates
of antibiotic allergy for all antibiotic classes in all age groups,
apart from the first decade of life when significantly more boys
than girls carry penicillin allergy labels. An effect of sex was not
observed in our pediatric cohort, which may be due to the
smaller sample size. This age and sex effect was also reported in
Australian adults, with higher rates of antibiotic allergy labels
among females and older patients.6 There may be higher rates of
reporting antibiotic allergy in adult females because of higher
overall rates of antibiotic utilization as well as other biological
factors that may emerge in adulthood.

We found a significant impact of antibiotic allergy labels on
prescribing practice. Children with antibiotic allergy labels
received more macrolide, quinolone, lincosamide, and metroni-
dazole antibiotics than did patients without an antibiotic label.
This compares with published adult data where patients with a
penicillin or a b-lactam allergy label more frequently receive
macrolides,7,10,17 quinolones,6,10,17 lincosamides,6,7,17 metroni-
dazole,6 aminoglycosides,6 tetracyclines,10,17 fusidic acid,6 and
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daptomycin.6 Alternative antibiotic use in children and adults
may be influenced by age-related indications for antibiotic use.
Adults are also more likely to have multiple antibiotic allergy
labels, resulting in fewer alternatives available to prescribers.
Only 0.3% of children in our cohort reported more than 1
antibiotic allergy compared with 11% among Australian hospi-
talized adults.6 Other considerations could be the location where
these studies were performed as well as the accessibility and cost
of alternative antibiotics.

The use of broad-spectrum antibiotics for allergy-labeled
children and adults with sometimes trivial infections is of
concern, because these antibiotics should be reserved for serious
infections. Reserve antimicrobials can be more expensive and can
also increase the risk of multidrug resistance. Significantly higher
rates of multidrug-resistant infections have been reported in
adults with antibiotic allergy labels.2-4,14 A US study7 showed
that penicillin allergy testing, to remove inappropriate allergy
labels, was associated with greater use of narrow-spectrum anti-
biotics and significantly less health care utilization during the
study follow-up of more than 3 years.

In addition to the impact on antibiotic prescribing, it is known
that adults with an antibiotic allergy label experience poorer
measurable clinical outcomes than do those without such a la-
bel2,11,12; for example, having an antibiotic allergy label results in
higher readmission rates6,8,12,17 and longer lengths of stay.2,11,12

Our pediatric cohort demonstrated an effect of an antibiotic
allergy label on hospital length of stay. The reasons behind the
observed longer length of stay are not entirely clear, but may be
linked to the alternate antibiotic use in these children. Alternative
antibiotics may be less effective, associated with more adverse
reactions, and/or be more cumbersome to administer (eg, limited
oral options or unsuitability for “hospital in the home” adminis-
tration). We did not find evidence for an increased risk of read-
mission within 4 weeks for patients with an antibiotic allergy label.
This may be due to differences in readmission rates between adult
and pediatric patients. In our center, Australian adult patients had a
4-week readmission rate of 19.5% and a 6-month readmission rate
of 38.9%,6 whereas the readmission rates in our pediatric cohort
were 15.2% and 24.8%, respectively.

More than 80% of children report only mild to moderate and
often noneIgE-mediated adverse reactions to antibiotics
(commonly rashes),19 which can be safely assessed with an oral
provocation challenge.19 In our cohort, 46 (52.3%) children
with a penicillin or amoxicillin allergy reported mild to moderate
reactions (rashes) and could potentially have been directly
de-labeled after oral provocation challenge. This simple strategy
could have mitigated the adverse clinical outcomes reported
herewith. De-labeling strategies implemented in childhood
together with drug stewardship could reduce the use of alterna-
tive antibiotics and the associated increase in bacterial resistance.
Moreover, early de-labeling may be beneficial from a health
economic point of view by reducing the prevalence and negative
impact of allergy labels among children, the future adult
population.

This study was performed in a single center by retrospective
medical chart review; hence, further confirmation of the findings
in other major pediatric centers is required. The retrospective
nature of the study meant that accurate data collection was
reliant on the record keeping of clinical staff at the time of
admission. The study was strengthened through the use of
multiple data sources (medication chart, medical record, and
allergy notification forms) for thorough data collection. Although
the study was performed at a single center, this center is the sole
tertiary pediatric hospital for the entire state of Western
Australia.
CONCLUSIONS
This is the first study demonstrating the negative impact of

antibiotic allergy labels on clinical outcomes in children, as
evidenced by longer hospital stays and greater utilization of
reserve antibiotics. Given the recent advances in the field of de-
labeling in children, such as the selected use of direct amoxicillin
challenges, early intervention in the context of an antibiotic
allergy label could improve care and outcomes in children.
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