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Abstract

Background and objectives: Antibiotic allergy labels are common and are frequently inaccurate. Previous studies among adults demonstrate that
B-lactam allergy labels may lead to adverse outcomes, including prescription of broader-spectrum antibiotics, increased costs, and increased lengths
of stay, among others. However, data among pediatric patients are lacking, especially in the United States. In this study, we sought to determine the
impact of p-lactam allergy labels in hospitalized children with regards to clinical and economic outcomes.

Method: This retrospective cohort study included pediatric patients 30 days to 17 years old, hospitalized at Intermountain Healthcare
facilities from 2007 to 2017, who received >1 dose of an antibiotic during their admission. Patients with B-lactam allergies were matched
to nonallergic patients based on age, sex, clinical service line, admission date, academic children’s hospital or other hospital admission,
and the presence of chronic, comorbid conditions. Outcomes included receipt of broader-spectrum antibiotics, clinical outcomes including
length of stay and readmission, and antibiotic and hospitalization costs.

Results: In total, 38,906 patients were identified. The prevalence of antibiotic allergy increased from 0.9% among those < 1 year peaked at
10.6% by age 17. Patients with p-lactam allergy received broader-spectrum antibiotics and experienced higher antibiotic costs than nonallergic
controls. However, there were no differences in the length of stay, readmission rates, or total number of days of antibiotics between allergic and
nonallergic patients.

Conclusions: Hospitalized pediatric patients with B-lactam allergy labels receive broader-spectrum antibiotics and experience increased

antibiotic costs. This represents an important opportunity for allergy delabeling and antibiotic stewardship.

(Received 29 May 2020; accepted 8 August 2020)

Almost 10% of the US population is estimated to be labeled with a
penicillin allergy.! However, >90% of such allergies are found to be
incorrect after antibiotic challenge and/or skin testing.!~* The most
immediate effect for a patient with an antibiotic allergy is to
constrain available antibiotic options when treating bacterial infec-
tions, thus leading to greater use of alternative agents that may be
less effective and may have broader spectra of activity.

A substantial body of evidence indicates that patients
diagnosed with penicillin allergies experience worse health out-
comes and accrue greater healthcare costs than similar patients
without allergy.”~ These outcomes were characterized by a system-
atic review of this body of evidence in 2018, demonstrating that
compared to nonallergic controls, patients with penicillin allergies
more frequently received second-line agents and experienced pro-
longed length of stay, greater readmission rates, greater antibiotic
costs, as well as increased frequency of infections by drug-resistant
pathogens.®

Although the prevalence of antibiotic allergy is greatest among
adults, many allergy labels are acquired during childhood, a period
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when antibiotic prescribing rates are high.” Although the effect of
penicillin or f-lactam allergy labels has been well studied in adult
populations, few studies have examined the impact of these
allergy labels on child health and economic outcomes.® Previous
studies examining hospitalized cohorts of children report that
pediatric patients labeled with penicillin allergies frequently receive
broader-spectrum antibiotics and experience longer hospital stays
with higher overall costs.'®!! However, these studies have impor-
tant limitations including relatively small sample sizes, inconsis-
tent approaches to adjust for confounding variables that may
differ between allergic and nonallergic controls, and none have
been conducted in the United States.

Therefore, we first sought to characterize the epidemiology of
antibiotic allergy labels among hospitalized pediatric patients,
especially for B-lactams and penicillin. Second, we sought to deter-
mine the impact of f-lactam allergy labels with regard to antibiotic
use, clinical outcomes, and healthcare costs.

Methods

Study design and setting

This retrospective cohort study included pediatric patients
hospitalized at Intermountain Healthcare facilities from 2007 to
2017. During this period, the Intermountain Healthcare system
was comprised of 22 hospitals, including Primary Children’s
Hospital (PCH), which is an academic freestanding children’s
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hospital. PCH has 289 licensed beds and serves as the tertiary-care
pediatric referral center for Utah, Idaho, and portions of 3 other
states. PCH has had an antibiotic stewardship program since
2010, which utilizes a review of all antimicrobials with audits, feed-
back, and prior approval for selected agents, including carbape-
nems and fluoroquinolones. However, no other Intermountain
Healthcare facilities with pediatric patients have a stewardship
program. There were no initiatives to remove allergy labels as a
stewardship objective during the study period.

Study population

The study population included patients ages 30 days to 17 years
hospitalized during the study period at any one of the 22
Intermountain Healthcare hospitals. Patients <30 days old were
excluded because antibiotic allergies in this age range are
extremely rare. Because the objective of the study was focused
on determining the impact of antibiotic allergy labels on pre-
scribing patterns and associated outcomes, only patients who
received >1 dose of an antibiotic during their hospitalization
were included.

Exposure

The cohort was assembled via query of the electronic data ware-
house for all patients who received >1 dose of an antibiotic during
their hospitalization. Antibiotics prescribed were identified based
on extraction from the medication administration record. The
study cohort was subdivided into nonallergic and antibiotic allergy
groups based on the exposure variable of p-lactam allergy (defined
to include penicillins, cephalosporins, and carbapenems) active in
the allergy field of the electronic medical record for the admission.
This label typically includes the specific antibiotic agent, but it
may also be entered more broadly as a class of agents. For patients
with p-lactam allergy, only the index admission with the allergy
noted was included. Likewise, nonallergic children were also
only included once. Patients with f-lactam allergies were matched
1:1 to nonallergic patients based on age (within 1year for
those > 12 months, and within 3 months for those < 12 months),
sex, clinical service line diagnosis'? (eg, general pediatrics, gastro-
intestinal, hematology/oncology, pulmonary, cardiovascular,
general surgery, orthopedics, otolaryngology, and other), admis-
sion date (within 90 days), academic children’s hospital (PCH)
or other Intermountain Healthcare hospital admission, and the
presence or absence of at least 1 chronic, comorbid condition'?)
using nearest neighbor matching.

Outcomes

The prevalence of antibiotic allergy was characterized across
the study population by age as well as category of antibiotic, with
specific attention to allergies to f-lactam antibiotics, including
penicillins, cephalosporins, and carbapenems. The primary study
outcome was a comparison between patients with p-lactam aller-
gies and matched nonallergic patients in the odds of receipt
of non-P-lactam antibiotics including the following categories:
antipseudomonal fluoroquinolones, clindamycin, carbapenems,
vancomycin, and macrolides. These were examined individually
and as an aggregate broader-spectrum category. Additional study
outcomes included a comparison of number of days of antibiotic
therapy per 1,000 patient days, length of stay (in days), 30-day
readmission rate, total antibiotic costs, and total hospitalization
costs. Intermountain Healthcare has a robust microcosting
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system that allows acquisition of both fixed and variable medical
costs. Additional outcomes assessed included examining
differences in the outcomes described above when comparing
the effect of penicillin allergy versus cephalosporin allergy indi-
vidually. An additional subanalysis was performed, limited to
patients at PCH to determine whether outcomes differed based
on hospital setting.

Statistical analysis

We compared characteristics of patients with B-lactam allergy to
controls using y* tests and ¢ tests as appropriate. Multivariable
log-transformed linear and logistic regression models were
used to compare outcomes between patients with and without
fB-lactam allergies. Models were adjusted for age, sex, race\ethnicity
(non-Hispanic White, Hispanic, vs other) clinical service line
diagnosis, insurance status (public vs other), academic children’s
hospital (PCH) versus other Intermountain Healthcare hospital
admissions, and the presence or absence of at least 1 chronic,
comorbid condition. All analyses were performed in SAS version
9.4 software (SAS Institute, Cary, NC).

Results
Demographics and epidemiology of antibiotic allergy label

In total, 38,906 patients aged 30 days to 17 years who received at
least 1 dose of an antibiotic during an inpatient admission were
identified between 2007 and 2017. Among all included patients,
3,369 (8.7%) patients were labeled with antibiotic allergies, accord-
ing to the categories of f-lactams (2,840, 7.3%), sulfa derivatives
(484, 1.24%), fluoroquinolones (33, 0.08%), and nitrofurantoin
(12, 0.03%). Of the 2,840 patients with B-lactam allergy, 2,413
(85.0% of P-lactam allergy group) were labeled with penicillin
allergy, 565 (19.9%) were labeled with cephalosporin allergy,
141 (5.0%) were labeled with both penicillin and cephalosporin
allergies, and 7 (0.25%) were labeled with carbapenem allergies
(Table 1). The percentage of patients with f-lactam allergy was sta-
ble across the study period, ranging from 6.7% to 9.9%. Compared
to nonallergic patients, patients with B-lactam allergy were older
(median age, 8.8 years vs 6.2; P < .001), more likely to be
non-Hispanic white (82.4% vs 73.2%; P < .001), more likely to have
comorbidities (48.8% vs 40.6%; P < .001), and less likely to have
public insurance (26.0% vs 33.7%; P < .001) (Table 1). The preva-
lence of antibiotic allergy for hospitalized patients by each year of
age increased from 0.9% among those 1 year or less and reached
>10% by middle and late adolescence (Fig. 1). Overall, 71% of
patients with p-lactam allergy received a B-lactam antibiotic com-
pared with 87% of patients who did not have an allergy. This varied
substantially, however, based on whether the patient had a penicil-
lin versus a cephalosporin allergy. Only 6% of patients with
penicillin allergy received a penicillin antibiotic, while 66% of such
patients received a cephalosporin. 27% of cephalosporin-allergic
patients received a penicillin antibiotic, while 27% received a
cephalosporin.

Comparison of allergic patients to matched nonallergic
patients

Unadjusted analyses

Of the 2,840 patients with p-lactam allergy, 2,397 (84.4%) were
matched 1:1 to a nonallergic patient on the basis of age, sex, race,
clinical service line diagnosis, admission date, academic children’s
hospitalization, and presence of a comorbid condition (Table 2).
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Table 1. Demographics and Characteristics of All Patients Without Antibiotic Allergy Labels (“Non-Allergic Patients”) and Those With B-lactam Allergy Labels
(“p-lactam Allergic Patients”)?

Age, y 6.2 (5.8) 8.8 (5.4) <.001
Female 17,027 (47.2) 1,370 (48.2) 29

Race/Ethnicity, no. (%)

Non-Hispanic white 26,388 (73.2) 2,341 (82.4) <.001
Hispanic 4,281 (11.9) 212 (7.5) <.001
Other/Unknown 5,397 (15.0) 287 (10.1) <.001
Public insurance, no. (%) 12,154 (33.7) 739 (26.0) <.001
Primary children’s, no. (%) 25,764 (71.4) 2,020 (71.1) 726
Comorbidities, no. (%) 14,647 (40.6) 1,386 (48.8) <.001
Penicillin allergy, no. N/A 2,413 N/A

Cephalosporin allergy, no. N/A 565 N/A

Penicillin and cephalosporin allergy, no. N/A 141 N/A

Carbapenem allergy, no. N/A 7 N/A

3P values were calculated using y? and t tests as appropriate.
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Fig. 1. Prevalence of B-lactam allergy labels by age for hospitalized patients.

In unadjusted analyses, there were substantial differences in anti-
biotic exposure between patients with and without f-lactam
allergy: allergic patients were more likely to receive broader-
spectrum antibiotics overall (43.9% vs 25.8%; P < .001) as well
as specific categories, including antipseudomonal fluoroquino-
lones, clindamycin, and carbapenems (Table 2). There were no
differences in receipt of vancomycin. In addition, there were no
differences in days of antibiotic therapy, nor in clinical outcomes
including length of stay and 30-day readmission between patients
with and without p-lactam allergy (Table 2). Allergic patients also
had higher total antimicrobial costs, though there were no
differences in total costs of hospitalization (Table 2).

Adjusted analyses
Similar findings emerged with adjusted analyses (Fig. 2;
Supplemental Table 1 online). Patients with p-lactam allergy

had higher odds of receiving broader-spectrum antibiotics (OR,
2.4; 95% CI, 2.12-2.73) both in composite and by individual
antibiotics; f-lactam allergic patients were more likely to receive
antipseudomonal fluoroquinolones (OR, 2.58; 95% CI,
1.77-3.78), clindamycin (OR, 3.10; 95% CI, 2.63-3.66), and carba-
penems (OR, 2.20; 95% CI, 1.62-2.99) than matched controls
(Fig. 2 A). We detected no difference between patients with and
without P-lactam allergy in receipt of vancomycin (OR, 1.06;
95% CI, 0.84-1.33), nor in total antibiotic days expressed as medi-
ans (Fig. 2 A and B). In adjusted analyses, there were no differences
in clinical outcomes, including 30-day readmission rate and length
of hospital stay between patients with and without B-lactam allergy
(Fig. 2 A and B). The overall antibiotic costs were higher among
patients with p-lactam allergy by a 1.23-fold change (1.10-1.38,
95% confidence interval); however, total hospital costs did not dif-
fer (Fig. 2B). Finally, outcomes were unchanged in the subanalysis
limited to patients hospitalized at PCH (Supplemental Table 2
online).

Comparison between cephalosporin and penicillin allergy
Among patients with p-lactam allergy, we observed differences in
antibiotic use when comparing those with penicillin versus cepha-
losporin allergy (Fig. 3; Supplemental Table 1 online). Compared
to penicillin allergy, the odds of receipt of any broader-spectrum
antibiotic for patients with cephalosporin allergy was higher
(OR, 7.63; 95% CI, 5.59-10.41 vs OR, 2.04; 95% CI, 1.78-2.35),
as well as for receipt of vancomycin and clindamycin (Fig. 3 A).
We did not observe other major differences in clinical or economic
outcomes when comparing these subgroups (Fig. 3B).

Discussion

In this study, we analyzed the impact of B-lactam allergy labels
for a cohort of hospitalized pediatric patients compared to a group
of matched, nonallergic controls with several notable findings.
First, the prevalence of P-lactam allergies increased steadily
with increasing age with a prevalence among late adolescents that
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Table 2. Univariate Comparisons of Outcomes Between Patients Without Antibiotic Allergy Labels (“Non-Allergic Patients”) and Those With p-Lactam Allergy Labels

(“B-lactam Allergic Patients”)?

Outcomes Nonallergic Patients (n =2,397) B-Lactam Allergic Patients (n=2,397) P Value
Receipt of broader-spectrum antibiotics 619 (25.8%) 1,052 (43.9%) <.001
Antipseudomonal Fluoroquinolones 40 (1.7) 96 (4.0) <.001
Clindamycin 261 (10.9) 620 (25.9) <.001
Carbapenems 66 (2.8) 135 (5.6) <.001
Vancomycin 159 (6.6) 167 (7.0) .646
Macrolides 186 (7.8) 238 (9.9) .008
Median days of antibiotics (IQR) 2.0 (1.0-4.0) 0 (1.0-4.0) .969
Median length of stay, d 2.0 (1.0-4.0) .0 (1.0-4.0) 429
30-d readmission, no. (%) 160 (6.7) 155 (6.5) 771
Median total cost ($) of antibiotics (IQR) 11.0 (3.0-42.6) 13.9 (4.1-51.8) <.001
Median total cost ($) of hospitalization (IQR) 7,000 (4,000-13,700) 7,000 (4,000-13,200) 49

Note. IQR, interquartile range.

2Receipt of individual broader-spectrum antibiotics are listed by class. P values calculated using 2 and t tests as appropriate.

approaches the prevalence reported in adults. Second, patients who
are labeled with a p-lactam allergy were administered broader-
spectrum antibiotics and experienced higher costs of antibiotic
therapy during their hospitalizations than nonallergic controls.
This effect was even more pronounced for those with a cephalo-
sporin allergy label compared with penicillin. Finally, unlike other
studies conducted primarily in adults, we did not detect any
differences in the length of stay, readmission rates, or total number
of days of antibiotics between allergic and nonallergic controls.

Our cohort demonstrated overall rates of f-lactam allergy labels
and penicillin allergy labels similar to those previously reported in
the literature for pediatric patients.! The median age of p-lactam
allergic patients was 9 years, compared to ~6 years among nonal-
lergic patients. Indeed, on analyzing the age of our patients at initial
hospitalization, the data demonstrated that the proportion of
patients with a B-lactam allergy label generally increased by age,
approaching prevalences reported among adult populations by
age 17. This trend reflects the phenomenon of allergy label acquis-
ition over time, a result shared by a recently described Australian
retrospective pediatric cohort.!” Because childhood is a time of rel-
atively high rates of antibiotic prescribing, many of the coincident
clinical manifestations (eg, rash during viral infection) or nonaller-
gic adverse effects of antibiotics (eg, diarrhea) may be interpreted
as an allergic reaction leading to an allergy label early in life.
Although we did not find direct negative effects on clinical out-
comes for pediatric patients labeled with allergy (as opposed to
adult studies) because a large number of allergy labels are acquired
during childhood, pediatric populations nonetheless represent
an ideal target for allergy “de-labeling” efforts, with lifelong impli-
cations for antibiotic stewardship. Multiple approaches to allergy
de-labeling have been previously described, including question-
naires to identify the lowest-risk patients, as well as skin testing
and oral challenges to provide allergy “de-labeling” at the point
of care!*!3

In this study, -lactam allergic patients had higher prevalence of
comorbid conditions than nonallergic controls. One likely explan-
ation for this finding is that children with greater medical complex-
ity have more interactions with the healthcare system, resulting
in higher rates of antibiotic prescribing or prescribing of other

medications. Also, P-lactam allergic patients were more likely
to be non-Hispanic white and to utilize private or commercial
insurance rather than public insurance. The implications of these
findings are unclear, but potentially suggest the possibility of
differential thresholds for assigning diagnoses based on race or
other factors, which has been shown previously in pediatrics
and warrants further investigation.'®!”

In this study, patients with B-lactam allergy were more likely
to receive broader-spectrum antibiotic therapy when compared
to nonallergic patients, both in composite and individually.
This difference in antibiotic exposure has been shown in most
similar studies including a systematic review,"®!%1118 and it is
generally hypothesized to be the unique driving factor behind
many of the negative outcomes reported in patients with antibiotic
allergies compared to controls. For example, vancomycin is known
to be inferior in the definitive treatment of Staphylococcal bacte-
remia when compared to antistaphylococcal penicillins or first-
generation cephalosporins.!®~?! Fluoroquinolone and clindamycin
prescription have been demonstrated to be associated with
increased risk of Clostridioides difficile.>*** Unnecessary fluoroqui-
nolone use may also drive increases in fluoroquinolone resistance
among gram-negative isolates, with potential increases in attribut-
able mortality.?**> Notably, in this study, a high percentage of
patients in the B-lactam allergy group actually received B-lactam
antibiotics, which was primarily driven by patients labelled with
penicillin allergy receiving cephalosporins. This finding both high-
lights the low cross-reactivity between these classes, as well as that
clinicians perceive this cross-reactivity as low risk.

Our study demonstrated that among allergic patients,
broader-spectrum antibiotic selection was most pronounced for
clindamycin, followed by antipseudomonal fluoroquinolones
and carbapenems. Other studies have also shown a substantial
increase in use of vancomycin for allergic patients. Although in
adjusted analyses we did not observe differences in vancomycin
use between allergic and nonallergic patients, vancomycin use
was greater in the subgroup with cephalosporin allergy specifically.
The explanation for more pronounced differences between
patients with cephalosporin allergy and penicillin allergy in use
of broader-spectrum antibiotics and antibiotic costs is uncertain.
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Fig. 2. Results from multivariable logistic regression models for each indicated outcome. Odds ratios (A) and log transformed fold-difference (B) comparing patients with -lactam
allergy versus those without are shown, after adjustment for patient age, sex, race, public insurance, hospital location, primary diagnosis (as defined by service line), and presence

of any comorbidities.

One potential explanation is that physicians may choose to pre-
scribe cephalosporins (still within the f-lactam category) for
patients with penicillin allergy, whereas use of non-f-lactams
are preferred for those with cephalosporin allergy. This in turn
may be responsible for the additional observation of higher anti-
biotic costs in this group. These findings suggest that patients with
cephalosporin allergy may be among the most important targets
for delabeling interventions.

Despite these differences, we did not observe differences in
several clinical and economic outcomes including length of stay,
readmission, or total hospital costs between patients with and
without B-lactam allergy. This differs from the findings of multiple
prior studies, largely conducted among adults, although some
pediatric studies have reported similar results.>*® Possibly, the
clinical impact of allergy labels is indeed more significant in adults
than for children, in part due to higher rates of comorbid condi-
tions or disease severity among hospitalized patients. Nonetheless,
even if most of the harms associated with allergies occur during
adulthood, because antibiotic allergies are often assigned during
childhood, our study demonstrates the importance of recognizing
the problem of allergy overdiagnosis and implementation of delab-
eling interventions.

Our study has a number of important strengths. To limit con-
founding, this study had a large sample size (2,397 matched cases)

across a broad geographic area, at both the community and
tertiary-care or academic hospital level, as well as robust matching
criteria: age, sex, race, clinical service line diagnosis, admission
date, academic children’s hospital or other hospital admission,
and comorbid conditions. At this time, this is the largest study
of clinical and economic outcomes related to p-lactam allergy
labels among hospitalized pediatric patients in the United States.

Our study has several limitations. Although it included a large
number of hospitalizations, our cohort was derived from within
a single healthcare system (Intermountain Healthcare) in the
western United States; therefore, the generalizability of our find-
ings outside of this region is uncertain. We relied on the electronic
medical record for the presence or absence of allergy labels, with-
out further verification or characterization of the nature of the
allergy in question. Thus, cutaneous reactions, anaphylaxis, or
intolerance could not be distinguished, which may have led to
excess misclassification of some patients as allergic who were in
fact not truly allergic. In turn, this aspect may have only blunted
the magnitude of differences between groups. Our data included
readmission rates as a marker of clinical outcomes, and other
important clinical outcomes may have differed between allergic
and nonallergic patients, such as outpatient treatment failures
not resulting in readmission that we did not capture. In addition,
other potentially important clinical outcomes that may differ
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Fig. 3. Results from multivariable logistic regression models for each indicated outcome. Odds ratios (A) and log transformed fold-difference (B) comparing patients with pen-
icillin allergy versus cephalosporin allergy are shown, after adjustment for patient age, sex, race, public insurance, hospital location, primary diagnosis (as defined by service line),

and presence of any comorbidities.

between these groups that we did not incorporate include drug-
related adverse events and the incidence of certain infections such
as C. difficile, methicillin-resistant S. aureus, and vancomycin-
resistant Enterococcus. Many patients in the study population only
received antibiotics for a short period (2 days or less), which may
represent empiric courses; this, in turn, could have blunted the
effect sizes for clinical outcomes between allergic and nonallergic
patients. Additionally, our study did not include microbiologic
data that could be used to confirm the presence of an infection.
Allergic patients with confirmed infections might be more suscep-
tible to worse clinical outcomes due to differences in antibiotic
selection than nonallergic controls. Finally, although we used
matching techniques and regression models to account for con-
founding variables that may have differed between groups, residual
confounding may still exist.

In summary, in a large cohort of hospitalized pediatric
patients, the prevalence of allergy increased by age, and important
differences exist between allergic and nonallergic controls in
terms of antibiotic prescribing patterns and associated antibiotic
costs. The high prevalence of antibiotic allergy by adolescence
suggests that allergy labels are often acquired during childhood.
Therefore, delabeling interventions during this period have the
potential to improve clinical outcomes throughout the lifespan.
Future interventions focused on education and delabeling during

pediatric hospitalizations and outpatient settings are important
areas for further investigations.

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/ice.2020.424
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Supplemental Table 1. Results from multivariable logistic regression models for each indicated
outcome. Odds ratios and log transformed fold-difference comparing patients with beta-lactam
allergy vs. those without are shown, after adjustment for patient age, sex, race, public insurance,

hospital location, primary diagnosis (as defined by service line), and presence of any

comorbidities.

Beta-Lactam Cephalosporin Penicillin
Outcome Allergy Allergy Allergy
Odds Ratio (95% Odds Ratio (95% | Odds Ratio (95%
Cl) Cl) Cl)

Receipt of Broader-Spectrum Agents

2.40 (2.12, 2.73)

7.62 (5.59, 10.41)

0.99 (0.95 - 1.04)

At least 3 days of Broader-Spectrum
Agents

1.60 (1.38, 1.87)

2.64 (1.88, 3.71)

0.99 (0.93 - 1.05)

Receipt of Fluoroguinolones

2.58 (1.77, 3.78)

3.45 (1.75, 6.81)

1.18 (1.05 - 1.33)

Receipt of Clindamycin

3.10 (2.63, 3.66)

8.45 (5.72, 12.49)

0.90 (0.69, 1.17)

Receipt of Carbapenems

2.20 (1.62, 2.99)

4.32 (2.26, 8.27)

0.98 (0.93 - 1.03)

Receipt of Macrolides

1.41 (1.12, 1.77)

1.58 (0.93, 2.66)

0.92 (0.71, 1.18)

Receipt of Vancomycin

1.06 (0.84, 1.33)

2.29 (1.37, 3.84)

1.40 (1.10, 1.79)

30 Day Readmission

0.96 (0.76, 1.22)

1.04 (0.92 - 1.17)

2.60 (2.17, 3.11)

Fold Change
(95%ClI)

Fold Change
(95%CI)

Fold Change
(95%Cl)

Antibiotic Cost

1.23 (1.10 - 1.38)

1.57 (1.21 - 2.05)

252 (1.62, 3.91)

Total Hospital Cost

0.99 (0.93 - 1.04)

1.00 (0.90 - 1.11)

1.52 (1.29, 1.80)

Total Antibiotic Days

1.00 (0.96 - 1.04)

1.02 (0.93 - 1.13)

2.04 (1.78, 2.34)

Length Of Stay

0.98 (0.94 - 1.03)

1.20 (0.74, 1.92)

2.17 (1.54, 3.04)




Supplemental Table 2. Results from multivariable regression models for each indicated outcome,
limited to patients hospitalized at PCH. Odds ratios and log transformed fold-difference
comparing patients with beta-lactam allergy vs. those without are shown, after adjustment for
patient age, sex, race, public insurance, hospital location, primary diagnosis (as defined by
service line), and presence of any comorbidities.

Beta-Lactam Cephalosporin Penicillin
Outcome Allergy Allergy Allergy
Odds Ratio (95% Odds Ratio (95% | Odds Ratio (95%
Cl) Cl) Cl)

Receipt of Broader-Spectrum Agents

2.59 (2.22, 3.02)

9.97 (6.83, 14.55)

1.89 (1.59, 2.25)

30 Day Readmission

1.01 (0.77, 1.32)

1.26 (0.74, 2.14)

0.92 (0.67, 1.27)

Fold Change
(95%ClI)

Fold Change
(95%CI)

Fold Change
(95%Cl)

Length Of Stay

0.99 (0.94 - 1.05)

1.04 (0.92 - 1.18)

0.98 (0.92 - 1.04)

Antibiotic Cost

1.35 (1.18 - 1.54)

1.97 (1.44 - 2.69)

1.22 (1.05 - 1.42)
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