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ABSTRACT

Purpose: The most commonly reported medication
allergies in the United States involve beta-lactam
antibiotics, creating an important consideration for
prescribers when choosing optimal treatment of
infections. Currently, few data exist on outpatient
prescribing patterns in response to patients with a
beta-lactam allergy. This study sought to evaluate the
appropriateness of outpatient antibiotic therapy in
patients with documented beta-lactam allergies within
a Veterans Affairs health care system to evaluate
areas of improvement in prescribing practices.

Methods: Patients receiving outpatient oral
antibiotics were prospectively identified through real-
time electronic alerts from June 2017 through
February 2018. Prescriptions were then reviewed
retrospectively to identify appropriateness of
antibiotic, drug choice, dose, and duration based on
current guideline recommendations. Data were
compared between patients with a listed beta-lactam
allergy and patients without a beta-lactam allergy to
determine the impact on prescribing patterns and
outcomes. Baseline characteristics were compared by
using descriptive statistics. Significant risk factors for
inappropriate prescribing were identified through a
multivariable analysis.

Findings: The cohort included 1844 antibiotic
prescriptions (documented beta-lactam allergy, 221;
no beta-lactam allergy, 1623). Appropriate drug,
dose, and duration for antibiotics prescribed in
patients reporting a beta-lactam allergy versus
nonallergic patients were 44.3% versus 53.0%
(P ¼ 0.02), 91.4% versus 86.2% (P ¼ 0.03), and
75.1% versus 76.2% (P ¼ 0.83), respectively.
Patients with a reported beta-lactam allergy were
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31% less likely to receive the correct drug for
indication empirically (95% CI, 0.52e0.92) in the
multivariable regression model when adjusted for
fluoroquinolone use. In addition, patients reporting a
beta-lactam allergy were 2.2 times (95% CI,
1.6e3.0) more likely to receive a fluoroquinolone
antibiotic. Antibiotics were considered overall
inappropriate based on at least one aspect of therapy
in 79.6% of patients reporting a beta-lactam allergy
and in 71% of nonallergic patients.

Implications: Antibiotic therapy in patients with a
documented beta-lactam allergy was less likely to be
appropriate overall, suggesting an area of
improvement for prescribing habits. Future
interventions should focus on prescriber education
regarding first-line and alternative treatments for
patients with beta-lactam allergies to ensure that
optimal treatment is being provided. (Clin Ther.
2019;41:2529e2539) Published by Elsevier Inc.

Key words: allergy, beta-lactam, stewardship, anti-
biotic, drug utilization review, antimicrobial
stewardship.
INTRODUCTION
Antibiotic allergy is an important factor for selection of
appropriate antimicrobial therapy. The most commonly
reported medication allergies in the United States are
associated with beta-lactam antibiotics, with ~10% of
the population reporting a penicillin allergy.1
Published by Elsevier Inc.
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Oral beta-lactam antibiotics include penicillins
with or without beta-lactamase inhibitors and
cephalosporins. These antibiotics have a substantial
role in the treatment of infectious diseases and are
considered the first-line outpatient treatment for
many common infections, including sinusitis,
pharyngitis, and otitis media.2e4 Alternative
antibiotics used in patients with a beta-lactam
allergy include fluoroquinolones, macrolides, and
later generation cephalosporins, which are often
broader spectrum than necessary. Later generation
cephalosporins can be used depending on the risk of
cross-reactivity.5 Alternatively, agents that are less
effective may be used in the presence of beta-lactam
therapy. According to the Centers for Disease
Control and Prevention, Streptococcus pneumoniae
is resistant to at least 1 antibiotic in 30% of cases.6

In the United States in 2005e2006, macrolide
resistance increased to 35%.7 Declining susceptibly
is a worldwide problem; in Pakistan, for example, S
pneumoniae resistance to macrolides was 34% in
2015, contrasting with amoxicillin, which has
susceptibilities between 99.4% and 100%.8 These
agents are not always appropriately chosen and may
increase costs, incidence of adverse drug events, and
morbidity.9 In particular, the prescribing of
fluoroquinolones has become more of a concern due
to their extensive adverse effect profile, including
QT prolongation, cartilage damage, neurotoxicity,
and aortic rupture.10 The avoidance of broader
spectrum therapy, or therapy that is less efficacious,
in patients with a documented beta-lactam allergy
could play an integral role in the prevention of
antibiotic resistance.

Although inpatient practices are relatively well
defined, few data exist on outpatient prescribing
patterns in patients with reported allergies to beta-
lactam antimicrobial agents. The goal of the present
study was to evaluate the appropriateness of
outpatient antibiotic selection in patients with a
documented beta-lactam allergy and its impact on
retreatment and readmission for infection. The effect
of a reported beta-lactam allergy on rates of
fluoroquinolone use was also examined.

PATIENTS AND METHODS
Study Design

This retrospective study was approved by the
Research and Development Committee at the
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Veterans Affairs Western New York Health Care
System as a quality assurance/quality improvement
study, and as such, institutional review board
approval was not required. During a study time
frame of June 2017 to February 2018, the infectious
disease pharmacy team received real-time
computerized patient record system alerts regarding
select outpatient oral antibiotics. Alerts were chosen
based on frequency of antibiotic use in preparation
for an outpatient antimicrobial stewardship program.
These antibiotics included amoxicillin, amoxicillin/
clavulanate, azithromycin, cefdinir, cefpodoxime,
cephalexin, ciprofloxacin, levofloxacin,
metronidazole, moxifloxacin, and trimethoprim/
sulfamethoxazole. Clarithromycin and nitrofurantoin
were excluded because clarithromycin is primarily
used for Helicobacter pylori treatment, and
nitrofurantoin is prescribed with lower frequency
given the male-dominant population. Additional
antibiotics were included if prescribed concomitantly
with the aforementioned antibiotics.

Beta-lactams are often first-line treatment for many
outpatient infections, and if a patient has a beta-
lactam allergy, second-line drugs (which may be less
familiar to providers) are often used. Thus, duration,
dose, and overall need for antibiotics were also
evaluated. Current guideline recommendations were
referenced to evaluate the appropriateness of these
targets. An infectious diseases physician was available
to review any medical records when there was a
question of appropriateness.

Patients were included if they were seen in the
outpatient setting at the main campus or one of the
seven community-based outpatient clinics. Using
current literature recommendations, a retrospective
chart review was conducted to determine appropriate
choice of antibiotic in patients with and without a
listed beta-lactam allergy. Patients included in the
study were aged �18 years and were prescribed one
or more of the selected outpatient antibiotics. Patients
with inadequate chart documentation (ie, insufficient
information regarding the patient's infection, unclear
indication for antibiotic) were excluded. In addition,
patients were excluded if they were seen at a facility
or by a provider outside the Veterans Affairs Western
New York Health Care System. Patients were also
excluded if given an antibiotic for dental infections,
prophylaxis, or orthopedic infections due to lack of
standardized guidelines.
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Baseline characteristics included age, body mass
index, sex, race, temperature, serum creatinine,
estimated creatinine clearance using actual body
weight, and antibiotic allergies. Data on choice of
drug, dose, and duration were collected. Also
collected was information on diagnosis of infection
per provider note; International Classification of
Diseases, Tenth Revision, code for the encounter; the
patient's clinical presentation (signs/symptoms);
specific outpatient setting where the patient was seen;
admission and/or retreatment within 30 days; and
comorbid conditions. Furthermore, each patient's
comorbid conditions were used to calculate their
Charlson Comorbidity Index score.11 If collected,
cultures were also considered to assess antibiotic
appropriateness. The nature of the reaction in
patients with a documented beta-lactam allergy was
also recorded.

Definitions
The need for an antibiotic and choice of drug,

duration, and dose were evaluated by using current
literature recommendations and compared between
patients with and without a documented beta-lactam
allergy. The Infectious Diseases Society of America
guidelines were consulted for treatment of sinusitis,
pharyngitis, community-acquired pneumonia, urinary
tract infections, diabetic foot infections, infectious
diarrhea, skin and soft tissue infections, and
prostatitis.2,3,12e18 The treatment of otitis media,
bronchitis, epididymitis and orchitis, and sexually
transmitted diseases was based on guidance from the
Centers for Disease Control and Prevention.4,19

Recommendations from the Surgical Infection Society
and the Infectious Diseases Society of America were
used for the treatment of diverticulitis.20 Lastly, the
Global Initiative for Chronic Obstructive Lung
Disease guidance was consulted for treatment of
chronic obstructive pulmonary disease (COPD)
exacerbations.21

Aspects of the drug regimen were evaluated for
appropriateness based on guidelines and patient-
specific factors. Selection of the specific antibiotic was
deemed appropriate if consistent with guideline-
recommended first-line therapy, considering antibiotic
allergies and culture data (Table I). In patients with
contraindications or previous treatment failures,
second-line therapy as outlined in the guidelines was
also accepted as appropriate. Because empiric
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treatment is not frequently confirmed with cultures in
the outpatient setting, previous treatment failure was
classified as a lack of clinical response or symptom
resolution with the first-line antibiotic. Antibiotic
dose was considered appropriate if in accordance
with literature recommendations, as well as any
warranted dose adjustments based on the patient's
renal function. Duration was accepted as appropriate
if it was consistent with published literature. If
antibiotic need, selection, dose, and duration were all
correct, the patient's therapy was considered overall
appropriate. Antibiotic usage was considered
unnecessary if not indicated by guidelines or not
warranted based on the patient's clinical presentation
per chart review. Prescription of a beta-lactam
antibiotic in patients who reported a beta-lactam
allergy was still considered correct if the provider had
valid documentation in the chart explaining the
selection or cross-reactivity was known to be
minimal. In the absence of a documented reaction, a
reported beta-lactam allergy was considered to be
valid.

Statistical Analysis
A bivariate analysis was used to compare baseline

characteristics, severity of illness, and risk factors
between patients with a documented beta-lactam
allergy and patients without. A c2 test and Student's
t test were used to analyze categorical and
continuous data, respectively. Multivariable logistic
regression was used to estimate odds ratios and 95%
CIs and identify significant risk factors for
appropriate treatment between the patient groups. All
significant variables from the bivariate analysis were
included initially, with the least significant variable
eliminated in a stepwise fashion as a backward
elimination. Significance was defined at P < 0.05.
Analysis was performed by using JMP Pro version 14
(SAS Institute, Inc, Cary, North Carolina;
1989e2007).
RESULTS
The retrospective chart review was conducted on 1844
total antibiotic prescriptions (documented beta-lactam
allergy, 221; no beta-lactam allergy, 1623). Patients
without a beta-lactam allergy were more likely to be
male. Patients with a reported beta-lactam allergy
were more likely to have COPD or asthma, but other
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comorbidities were balanced between the 2 groups
(Table II).

Patients with a reported beta-lactam allergy were
significantly less likely to receive the correct drug
based on indication, with only 44% of patients
reporting beta-lactam allergies receiving the
appropriate antibiotic compared with 53% of
nonebeta-lactam allergic patients. Of patients who
were beta-lactam allergic and received an incorrect
drug, 29% were treated for ear, nose, and throat
infections; 51% for respiratory tract infections; 10%
for skin and skin structure infections; and 10% for
Table I. Antibiotic selection for patients with and withou

Outpatient Infection First-Line Ant

Bronchitis Antibiotics not indica
CAP Azithromycin or

doxycycline ± beta-l
COPD exacerbation Azithromycin, doxycyc

or levofloxacin
Epididymitis Ciprofloxacin,

Ceftriaxone + doxycyc
Diverticulitis Cefdinir + metronidaz
AOM Amoxicillin
Bacterial pharyngitis Penicillin V potassium

Amoxicillin
Prostatitis Ciprofloxacin or TMP
Bacterial rhinosinusitis Amoxicillin/clavulanat

SSTIs
Cellulitis Cephalexin
Abscess TMP/SMX, clindamyc
Bite Amoxicillin/clavulanat
Diabetic foot Amoxicillin/clavulanat

STDs
Chlamydia Azithromycin or doxyc
Gonorrhea Ceftriaxone + azithrom

UTIs
Asymptomatic bacteriuria Antibiotics not indica
Cystitis TMP/SMX, ciprofloxa

AOM ¼ acute otitis media; CAP ¼ community-acquired pneu
SSTI ¼ skin and soft tissue infection; STD ¼ sexually tra
SMX ¼ trimethoprim/sulfamethoxazole; not applicable ¼ NA.
*Depending on comorbidities.

2532
urologic infections. Fifty-one percent of the overall
population received the correct antibiotics. Based on
guidelines and published recommendations,
antibiotics were indicated in 54% of patients with a
reported beta-lactam allergy compared with 60% of
those without a beta-lactam allergy; this finding was
not statistically different. Although the rates of
correct duration did not differ significantly between
groups, patients with a reported beta-lactam allergy
were more likely to be given the correct dose (91%
vs 86%; P ¼ 0.03). Of significance, antibiotic
prescribing for patients reporting a beta-lactam
t beta-lactam allergy.

ibiotic Alternative Antibiotic for
Beta-Lactam Allergy

ted

actam*

Levofloxacin, moxifloxacin

line, NA

line
NA

ole Ciprofloxacin + metronidazole
Azithromycin or clindamycin

, Clindamycin or azithromycin

/SMX NA
e Doxycycline, levofloxacin,

or moxifloxacin

Clindamycin
in, doxycycline NA
e Moxifloxacin, clindamycin
e Moxifloxacin

ycline NA
ycin NA

ted NA
cin, cefdinir NA

monia; COPD ¼ chronic obstructive pulmonary disease;
nsmitted disease; UTI ¼ urinary tract infection; TMP/
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Table II. Comparison of baseline characteristics between patients with and without beta-lactam allergy.

Baseline Characteristic Beta-Lactam
Allergy (n ¼ 221)

No Beta-Lactam
Allergy (n ¼ 1623)

P

Age, mean (SD), y 61.7 (16.5) 62.5 (15.6) 0.45
Male sex 175 (79.2%) 1471 (90.6%) <0.0001
Race 0.35

African American 25 (11.3%) 202 (12.5%)
White 189 (85.5%) 1392 (85.8%)
Other 7 (3.2%) 29 (1.8%)

Body mass index, mean (SD), kg/m2 31.1 (7.0) 30.9 (7.4) 0.66
Temperature, mean (SD), �F 97.8 (0.8) 97.8 (0.9) 0.71
Serum creatinine, mean (SD), mg/dL 1.0 (0.4) 1.1 (0.7) 0.25
Creatinine clearance, mean (SD), mL/min 106.6 (47.0) 107.5 (47.6) 0.79
COPD 64 (29.0%) 350 (21.6%) 0.01
Asthma 28 (12.7%) 108 (6.7%) 0.001
Myocardial infarction 13 (5.9%) 80 (4.9%) 0.54
Heart failure 9 (4.1%) 94 (5.8%) 0.30
PVD 34 (15.4%) 218 (13.4%) 0.43
CVA/TIA 21 (9.5%) 108 (6.7%) 0.12
Dementia 7 (3.2%) 34 (2.1%) 0.31
Connective tissue disease 6 (2.7%) 24 (1.5%) 0.17
PUD 1 (0.5%) 22 (1.4%) 0.26
Mild liver disease 12 (5.4%) 79 (4.9%) 0.72
Diabetes, no end-organ damage 38 (17.2%) 267 (16.5%) 0.78
Hemiplegia 1 (0.5%) 9 (0.6%) 0.85
Moderate to severe renal disease 13 (5.9%) 130 (8.0%) 0.27
Diabetes, with end-organ damage 23 (10.4%) 215 (13.3%) 0.24
Tumor without metastases 42 (19.0%) 276 (17.0%) 0.46
Leukemia 0 17 (1.1%) 0.13
Lymphoma 1 (0.5%) 6 (0.4%) 0.85
Moderate to severe liver disease 0 21 (1.3%) 0.09
Metastatic solid tumor 2 (0.9%) 15 (0.9%) 0.98
AIDS 0 3 (0.2%) 0.52
Charlson Comorbidity Index score 0.97

0e4 200 (90.5%) 1470 (90.6%)
5e10 21 (9.5%) 153 (9.4%)

COPD ¼ chronic obstructive pulmonary disease; CVA ¼ cerebrovascular accident; PUD ¼ peptic ulcer disease;
PVD ¼ peripheral vascular disease; TIA ¼ transient ischemic attack.

J. Mason et al.
allergy was less likely to be overall appropriate
(determined by need for antibiotic, drug choice, dose,
and duration) than patients without a beta-lactam
allergy (20.4% vs 29.0%; P ¼ 0.007). There was no
statistically significant difference between rates of 30-
December 2019
day retreatment or readmission between the patient
groups (Table III).

The most frequently used antibiotic in both groups
of patients was azithromycin, with 40% of patients
reporting a beta-lactam allergy and 27% of the
2533



Table III. Antimicrobial stewardship practices and outcomes: patients with a beta-lactam allergy versus those
without a beta-lactam allergy.

Variable Beta-Lactam
Allergy (n ¼ 221)

No Beta-Lactam
Allergy (n ¼ 1623)

P

Correct drug for indication empirically 98 (44.3%) 860 (53.0%) 0.02
Correct dose 202 (91.4%) 1399 (86.2%) 0.03
Duration 0.83

Correct duration 166 (75.1%) 1236 (76.2%)
Longer than indicated 42 (19.0%) 307 (18.9%)
Shorter than indicated 13 (5.9%) 80 (4.9%)

Antibiotic needed 119 (53.9%) 981 (60.4%) 0.06
Overall appropriateness of therapy (no change needed) 45 (20.4%) 471 (29.0%) 0.007
Indication 0.02

Bronchitis 40 (18.1%) 234 (14.4%)
CAP 28 (12.7%) 125 (7.7%)
COPD 18 (8.1%) 115 (7.1%)
Epididymitis 3 (1.4%) 17 (1.1%)
Gastrointestinal 4 (1.8%) 49 (3.0%)
Otitis media 7 (3.2%) 80 (4.9%)
Pharyngitis 8 (3.6%) 49 (3.0%)
Prostatitis 5 (2.3%) 33 (2.0%)
Sinusitis 43 (19.5%) 258 (15.9%)
SSTI 28 (12.7%) 374 (23.0%)
STD 1 (0.5%) 16 (1.0%)
UTI 36 (16.3%) 273 (16.8%)

Antibiotic <0.0001
Amoxicillin/clavulanate 6 (2.7%) 297 (18.3%)
Amoxicillin 2 (0.9%) 139 (8.6%)
Amoxicillin + clarithromycin 0 6 (0.3%)
Azithromycin 89 (40.3%) 432 (26.6%)
Beta-lactam + TMP/SMX 0 28 (1.7%)
Beta-lactam + atypical* 0 13 (0.8%)
Cefdinir or cefpodoxime 8 (3.6%) 53 (3.3%)
Cephalexin 8 (3.6%) 198 (12.2%)
Ciprofloxacin 32 (14.5%) 189 (11.7%)
Ciprofloxacin + metronidazole 1 (0.5%) 13 (0.8%)
Clindamycin 0 3 (0.2%)
Doxycycline 0 3 (0.2%)
Fluoroquinolone + metronidazole 3 (1.4%) 12 (0.7%)
Levofloxacin 20 (9.1%) 52 (3.2%)
Moxifloxacin 19 (8.6%) 47 (2.9%)
TMP/SMX 2 (0.9%) 7 (0.4%)
Other 31 (14.0%) 131 (8.1%)

Fluoroquinolone used (vs non-fluoroquinolone) 77 (34.8%) 316 (19.5%) <0.0001

Clinical Therapeutics
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Table III. (Continued)

Variable Beta-Lactam
Allergy (n ¼ 221)

No Beta-Lactam
Allergy (n ¼ 1623)

P

30-Day retreatment for infection 17 (7.7%) 154 (9.5%) 0.39
30-Day admission for infection 5 (2.3%) 37 (2.3%) 0.99

CAP ¼ community-acquired pneumonia; COPD ¼ chronic obstructive pulmonary disease; SSTI ¼ skin and soft tissue infection;
STD ¼ sexually transmitted disease; UTI ¼ urinary tract infection, TMP/SMX ¼ trimethoprim/sulfamethoxazole.
* Atypical antibiotics included doxycycline and azithromycin.

J. Mason et al.
patients without a beta-lactam allergy receiving this
medication. Azithromycin was also the most
commonly inappropriately prescribed antibiotic,
regardless of allergy. This is likely related to a high
rate of unnecessary antibiotic prescribing for
bronchitis. Indications for antibiotics differed
between the 2 groups. A higher proportion of
patients with a reported beta-lactam allergy received
antibiotics for bronchitis, community-acquired
pneumonia, and sinusitis, whereas skin and soft
tissue infections were more common in the patients
without a reported beta-lactam allergy (Table III).

Patients with a reported beta-lactam allergy were
significantly more likely to receive a fluoroquinolone
antibiotic than those without the allergy (34.8% vs
19.5%; P < 0.0001). A fluoroquinolone was
considered the incorrect drug for indication for 33
(42.9%) of the 77 patients reporting a beta-lactam
allergy. In the beta-lactam allergy group,
fluoroquinolone prescriptions were more likely to be
appropriate than in the group with no beta-lactam
allergy (68% vs 57%), but the difference was not
statistically significant. Urologic indications were the
most common area of usage of fluoroquinolones in
both patient groups.

Of the 221 patients with a reported beta-lactam
allergy, 24 (10.9%) received a beta-lactam antibiotic
after evaluation from the provider on the nature of
the allergy. Nine patients with a penicillin allergy
received cefdinir, and 3 received cephalexin. Eight
patients with a cephalosporin allergy received an
aminopenicillin. One half of these patients were
recorded as receiving the correct drug for indication
empirically. None of these patients had an adverse
reaction. The nature of the reactions was as follows:
rash (29.9%), unknown (25.8%), hives (24.4%),
anaphylaxis (14%), hypotension (2.7%), headache
December 2019
(1.8%), burning sensation (0.9%), and acute
interstitial nephritis (0.5%).

In the multivariable logistic regression models, 2
variables predicted whether patients received the
correct empiric antibiotic for infection. Patients with
a reported beta-lactam allergy were 31% less likely
to be prescribed the appropriate antibiotic based on
indication, whereas patients with COPD were 1.3
times more likely to receive the correct drug for
indication (Table IV). Patients with a reported beta-
lactam allergy were more likely to be treated
inappropriately and more often received
fluoroquinolone antibiotics. The rate of an antibiotic
being overall appropriate was 37% less likely if the
patient had a reported beta-lactam allergy. In
addition, patients reporting a beta-lactam allergy
were 2.2 times more likely to receive a
fluoroquinolone antibiotic.
DISCUSSION
Approximately 12% of our study population who
were prescribed antibiotics had a documented beta-
lactam allergy, slightly higher than previously
established US population data for patients with a
penicillin allergy.1 Overall, antibiotic prescribing was
suboptimal regardless of beta-lactam allergy status.22

Patients with a documented beta-lactam allergy were
less likely to receive the correct drug for their
infection and have therapy that was considered
overall appropriate (ie, antibiotic needed, correct
drug, correct dose and duration). Although few data
exist on outpatient antibiotic prescribing in response
to a beta-lactam allergy, our findings were consistent
with studies conducted in an inpatient setting.
Trubiano et al23 reported a higher rate of
inappropriate antibiotic prescribing in patients with
an antibiotic allergy (mostly to a beta-lactam)
2535



Table IV. Multivariable logistic regression: odds of appropriate treatment. Variables included for each model
have numeric odds ratios listed. Dashes (e) in the COPD row indicate that the variable was not
significant and was therefore not included in the final multivariable model.

Variable Odds for Correct Drug for
Indication Empirically

Overall Appropriateness of
Therapy (No Change Needed)

Use of Fluoroquinolone*

Beta-lactam allergy vs.
no beta-lactam allergy

0.69; 95% CI (0.52e0.92) 0.63; 95% CI (0.44e0.90) 2.20; 95% CI (1.6e3.0)

COPD 1.27; 95% CI (1.02e1.60) e e

COPD ¼ chronic obstructive pulmonary disease.
* Regimen included ciprofloxacin, moxifloxacin, or levofloxacin.

Clinical Therapeutics
compared with those without the allergy (29% vs
23%, respectively). In another study, MacFadden
et al24 showed that 35% of patients with a beta-
lactam allergy did not receive preferred therapy for
their indication, even though more than one half of
those patients reported a nonsevere reaction.

Patients with a documented beta-lactam allergy
were significantly more likely to receive broader
antibiotics such as a fluoroquinolone. These findings
were similar to those of other studies, in which
fluoroquinolones, macrolides, and clindamycin were
used more frequently in patients with an antibiotic
allergy.25e27 Aside from promoting drug-resistant
organisms, the use of broader spectrum therapy can
have a variety of consequences. First, these therapies
can be more expensive than a narrow-spectrum
option. One study showed that the mean antibiotic
cost for patients with a reported beta-lactam allergy
was almost 37% higher than for patients without the
allergy, while another analysis found an even more
drastic cost increase of 63%.28,25 In addition, broad-
spectrum therapy has the potential for more
significant adverse effects.29 Fluoroquinolones and
macrolides have cardiac considerations, including QT
interval prolongation and risk of aortic rupture.
These agents also have the potential to increase the
frequency of Clostridium difficile infections.30 In
many cases, these broader agents can be avoided by
selecting a more appropriate second-line agent in
patients with a beta-lactam allergy, such as a later
generation cephalosporin.

Azithromycin, which is less efficacious for organisms
such as S pneumoniae, is often prescribed to patients
with beta-lactam allergy. In the United States in
2536
2005e2006, macrolide resistance increased to 35%.7

Macrolide resistance to S pneumoniae is on the
serious threat list for antimicrobial resistance from the
Centers for Disease Control and Prevention.6

Similarly, trimethoprim-sulfamethoxazole is 87%
resistant and tetracycline is 57% resistant to S
pneumoniae.8

A large contributor to the discrepancies found in
antibiotic prescribing in patients with a beta-lactam
allergy is the lack of understanding regarding cross-
reactivity between pharmacologic classes. More recent
studies show that structural similarities in the side
chains are responsible for the allergy rather than
solely the beta-lactam ring.31,32 The reported incidence
of cross-reactivity has been found to be <1%e5% for
cephalosporins (with the highest rate of cross-
reactivity in first-generation cephalosporins).1,33e35

Many patients are labeled with a penicillin allergy
early in life, and the uncertain nature of their allergy
may result in hesitancy of providers to challenge with
a beta-lactam from an alternate class. A study by Shah
et al36 found that rechallenge rates improved when the
specific drug within the class was documented (ie,
“amoxicillin” rather than “penicillins”) and when the
actual patient reaction was documented. During
retrospective chart review in this study, 19% of
patients with a documented beta-lactam allergy had
no reaction recorded or it was marked “unknown.” It
is also important to make the distinction between a
true allergy and a drug intolerance. Drug intolerances
are unlikely to be immune mediated and may include
gastrointestinal symptoms. These types of reactions do
not preclude a patient from receiving the
antibiotic.37,38 Although nearly 10% of the
Volume 41 Number 12
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population reports a beta-lactam allergy, <1% are truly
allergic when evaluated by using a skin test.1 Although
our study did not seek to verify the validity of a patient's
allergy, a possible future direction for health care
providers may involve hypersensitivity testing for
patients to avoid unnecessarily precluding a first-line
treatment.

There are limitations to the present study. The
patients included were mostly male (89.3%) and of
older age, from a single health care system of
veterans. In addition, because data collection relied
heavily on chart documentation by providers, there
may have been inconsistencies in assessment of
infection and evaluation of antibiotic selection.
Antibiotics such as linezolid, doxycycline,
clindamycin, fosfomycin, and nitrofurantoin were not
collected because there were no alerts set up to the
pharmacist at the time of this study. In addition, the
design of the study relied on antibiotic prescriptions,
and we were therefore unable to determine the
likelihood of patients who were correctly not
prescribed an antibiotic.

CONCLUSIONS
Patients with listed beta-lactam allergies often do not
receive optimal therapy in the outpatient setting. It is
essential for prescribers to be familiar with the
guideline-recommended alternative treatments for
patients with a beta-lactam allergy to avoid
inadequate therapy. Providers may also benefit from
additional education on beta-lactam cross-reactivity,
strategies for rechallenging beta-lactam antibiotics,
and criteria for adequate chart documentation of
allergies. It is good practice to ask patients about
their allergy and the nature of their reaction at each
encounter, which can ensure up-to-date patient
information and ideal treatment selection.

DISCLOSURES
The authors have indicated that they have no conflicts
of interest regarding the content of this article.

ACKNOWLEDGMENTS
This material is the result of work supported with
resources and the use of facilities at the Veterans
Affairs Western New York Healthcare System. The
contents of this manuscript are not intended to
represent the views of the Department of Veterans
Affairs or the US government.
December 2019
Ms. Mason was responsible for the data curation,
investigation, methodology, resources, writing of the
original draft, and reviewing and editing the
manuscript. Drs. Kiel, White, and Clark were
responsible for data curation, investigation, and
reviewing and editing the manuscript. Dr. Wattengel
was responsible for conceptualization, investigation,
and reviewing and editing the manuscript. Dr. Sellick
was responsible for conceptualization, supervision,
and reviewing and editing the manuscript. Dr.
Mergenhagen was responsible for conceptualization,
formal analysis, project administration, supervision,
and reviewing and editing the manuscript.
REFERENCES
1. Joint Task Force on Practice Parameters, American

Academy of Allergy, Asthma, and Immunology, American
College of Allergy, Asthma and Immunology, Joint Council
of Allergy, Asthma, and Immunology. Drug allergy: an
updated practice parameter. Ann Allergy Asthma Immunol.
2010;105:259e273.

2. Chow AW, Benninger MS, Brook I, et al. IDSA clinical
practice guideline for acute bacterial rhinosinusitis in
children and adults. Clin Infect Dis. 2012;54:e72ee112.

3. Shulman ST, Bisno AL, Clegg HW, et al. Clinical practice
guideline for the diagnosis and management of group A
streptococcal pharyngitis: 2012 update by the Infectious
Diseases Society of America. Clin Infect Dis. 2012;55:
1279e1282.

4. Centers for Disease Control and Prevention. Antibiotic
Prescribing and Use in Doctor's Offices; 2017. https://www.cdc.
gov/antibiotic-use/community/for-hcp/outpatient-hcp/
adult-treatment-rec.html. Accessed 3/1/2019, 2019.

5. Pegler S, Healy B. In patients allergic to penicillin, consider
second and third generation cephalosporins for life
threatening infections. BMJ. 2007;335:991.

6. Centers for Disease Control and Prevention. Biggest Threats
and Data; 2018. https://www.cdc.gov/drugresistance/
biggest_threats.html?CDC_AA_refVal¼https%3A%2F%
2Fwww.cdc.gov%2Fdrugresistance%2Fthreat-report-2013%
2Findex.html. Accessed 9/11/2-19, 2019.

7. Jenkins SG, Farrell DJ. Increase in pneumococcus macrolide
resistance, United States. Emerg Infect Dis. 2009;15:
1260e1264.

8. Zafar A,HasanR,Nizamuddin S, et al. Antibiotic susceptibility
in Streptococcus pneumoniae, Haemophilus influenzae and
Streptococcus pyogenes in Pakistan: a review of results from
the Survey of Antibiotic Resistance (SOAR) 2002-15.
J Antimicrob Chemother. 2016;71(suppl. 1):i103ei109.
2537

http://refhub.elsevier.com/S0149-2918(19)30497-7/sref1
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref1
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref1
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref1
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref1
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref1
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref1
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref2
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref2
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref2
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref2
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref3
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref3
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref3
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref3
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref3
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref3
https://www.cdc.gov/antibiotic-use/community/for-hcp/outpatient-hcp/adult-treatment-rec.html
https://www.cdc.gov/antibiotic-use/community/for-hcp/outpatient-hcp/adult-treatment-rec.html
https://www.cdc.gov/antibiotic-use/community/for-hcp/outpatient-hcp/adult-treatment-rec.html
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref5
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref5
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref5
https://www.cdc.gov/drugresistance/biggest_threats.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fdrugresistance%2Fthreat-report-2013%2Findex.html
https://www.cdc.gov/drugresistance/biggest_threats.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fdrugresistance%2Fthreat-report-2013%2Findex.html
https://www.cdc.gov/drugresistance/biggest_threats.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fdrugresistance%2Fthreat-report-2013%2Findex.html
https://www.cdc.gov/drugresistance/biggest_threats.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fdrugresistance%2Fthreat-report-2013%2Findex.html
https://www.cdc.gov/drugresistance/biggest_threats.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fdrugresistance%2Fthreat-report-2013%2Findex.html
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref7
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref7
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref7
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref7
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref8
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref8
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref8
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref8
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref8
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref8


Clinical Therapeutics
9. Sanchez GV, Fleming-Dutra KE,
Roberts RM, Hicks LA. Core elements
of outpatient antibiotic stewardship.
MMWR Recomm Rep. 2016;65:1e12.

10. Ciprofloxacin, Lexi-Drugs. LexiComp.
Riverwoods, IL: Wolters Kluwer
Health, Inc.; 2019. Available at:
http://online.lexi.com.

11. Charlson ME, Pompei P, Ales KL,
MacKenzie CR. A new method of
classifying prognostic comorbidity in
longitudinal studies: development
and validation. J Chronic Dis.
1987;40:373e383.

12. Mandell LA, Wunderink RG,
Anzueto A, et al. Infectious Diseases
Society of America/American
Thoracic Society consensus
guidelines on the management of
community-acquired pneumonia in
adults. Clin Infect Dis. 2007;44(suppl.
2):S27eS72.

13. Gupta K, Hooton TM, Naber KG,
et al. International clinical practice
guidelines for the treatment of acute
uncomplicated cystitis and
pyelonephritis in women: a 2010
update by the infectious diseases
society of America and the European
society for microbiology and
infectious diseases. Clin Infect Dis.
2011;52:e103ee120.

14. Nicolle LE, Bradley S, Colgan R, et al.
Infectious Diseases Society of
America guidelines for the diagnosis
and treatment of asymptomatic
bacteriuria in adults. Clin Infect Dis.
2005;40:643e654.

15. Lipsky BA, Weigelt JA, Sun X,
Johannes RS, Derby KG, Tabak YP.
Developing and validating a risk
score for lower-extremity amputation
in patients hospitalized for a diabetic
foot infection. Diabetes Care.
2011;34:1695e1700.

16. Guerrant RL, Van Gilder T, Steiner TS,
et al. Practice guidelines for the
management of infectious diarrhea.
Clin Infect Dis. 2001;32:331e351.

17. Stevens DL, Bisno AL, Chambers HF,
et al. Practice guidelines for the
diagnosis and management of skin
and soft tissue infections: 2014
2538
update by the Infectious Diseases
Society of America. Clin Infect Dis.
2014;59:e10ee52.

18. Lipsky BA, Byren I, Hoey CT.
Treatment of bacterial prostatitis.
Clin Infect Dis. 2010;50:1641e1652.

19. Workowski KA, Bolan GA, Centers
for Disease Control and Prevention.
Sexually transmitted diseases
treatment guidelines, 2015. MMWR
Recomm Rep. 2015;64:1e137.

20. Solomkin JS, Mazuski JE, Bradley JS,
et al. Diagnosis and management of
complicated intra-abdominal
infection in adults and children:
guidelines by the Surgical Infection
Society and the Infectious Diseases
Society of America. Surg Infect
(Larchmt). 2010;11:79e109.

21. Global Initiative for Chronic
Obstructive Lung Disease. Pocket Guide
to COPD Diagnosis, Management and
Prevention; 2017. http://goldcopd.org/
gold-2017-global-strategy-diagnosis-
management-prevention-copd.
Accessed October 18, 2017, 2017.

22. White AT, Clark CM, Sellick JA,
Mergenhagen KA. Antibiotic
stewardship targets in the outpatient
setting. Am J Infect Control. 2019;47:
858e863.

23. Trubiano JA, Cairns KA, Evans JA,
et al. The prevalence and impact of
antimicrobial allergies and adverse
drug reactions at an Australian
tertiary centre. BMC Infect Dis.
2015;15:572.

24. MacFadden DR, LaDelfa A, Leen J,
et al. Impact of reported beta-lactam
allergy on inpatient outcomes: a
multicenter prospective cohort study.
Clin Infect Dis. 2016;63:904e910.

25. Sade K, Holtzer I, Levo Y, Kivity S.
The economic burden of antibiotic
treatment of penicillin-allergic
patients in internal medicine wards
of a general tertiary care hospital.
Clin Exp Allergy. 2003;33:501e506.

26. Picard M, Begin P, Bouchard H, et al.
Treatment of patients with a history
of penicillin allergy in a large tertiary-
care academic hospital. J Allergy Clin
Immunol Pract. 2013;1:252e257.
27. Lutomski DM, Lafollette JA,
Biaglow MA, Haglund LA. Antibiotic
allergies in the medical record: effect
on drug selection and assessment of
validity. Pharmacotherapy. 2008;28:
1348e1353.

28. Maclaughlin E, Saseen J, Malone DC.
Costs of beta-lactam allergies:
selection and costs of antibiotics for
patients with a reported beta-lactam
allergy. Arch Fam Med. 2000;9:772
e776.

29. Blumenthal KG, Peter JG,
Trubiano JA, Phillips EJ. Antibiotic
allergy. Lancet. 2019;393:183e198.

30. Wieczorkiewicz JT, Lopansri BK,
Cheknis A, et al. Fluoroquinolone and
macrolide exposure predict
Clostridium difficile infection with the
highly fluoroquinolone- and
macrolide-resistant epidemic C. difficile
strain BI/NAP1/027. Antimicrob Agents
Chemother. 2016;60:418e423.

31. Antunez C, Blanca-Lopez N,
Torres MJ, et al. Immediate allergic
reactions to cephalosporins:
evaluation of cross-reactivity with a
panel of penicillins and
cephalosporins. J Allergy Clin Immunol.
2006;117:404e410.

32. Miranda A, Blanca M, Vega JM, et al.
Cross-reactivity between a penicillin
and a cephalosporin with the same
side chain. J Allergy Clin Immunol.
1996;98:671e677.

33. Lee QU. Use of cephalosporins in
patients with immediate penicillin
hypersensitivity: cross-reactivity
revisited. Hong Kong Med J. 2014;20:
428e436.

34. Novalbos A, Sastre J, Cuesta J, et al.
Lack of allergic cross-reactivity to
cephalosporins among patients
allergic to penicillins. Clin Exp Allergy.
2001;31:438e443.

35. Terico AT, Gallagher JC. Beta-lactam
hypersensitivity and cross-reactivity.
J Pharm Pract. 2014;27:530e544.

36. Shah NS, Ridgway JP, Pettit N,
Fahrenbach J, Robicsek A.
Documenting penicillin allergy: the
impact of inconsistency. PLoS One.
2016;11:e0150514.
Volume 41 Number 12

http://refhub.elsevier.com/S0149-2918(19)30497-7/sref9
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref9
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref9
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref9
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref9
http://online.lexi.com
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref11
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref11
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref11
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref11
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref11
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref11
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref11
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref12
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref12
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref12
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref12
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref12
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref12
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref12
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref12
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref12
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref13
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref13
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref13
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref13
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref13
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref13
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref13
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref13
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref13
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref13
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref13
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref14
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref14
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref14
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref14
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref14
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref14
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref14
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref15
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref15
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref15
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref15
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref15
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref15
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref15
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref15
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref16
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref16
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref16
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref16
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref16
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref17
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref17
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref17
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref17
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref17
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref17
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref17
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref17
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref18
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref18
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref18
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref18
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref19
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref19
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref19
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref19
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref19
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref19
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref20
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref20
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref20
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref20
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref20
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref20
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref20
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref20
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref20
http://goldcopd.org/gold-2017-global-strategy-diagnosis-management-prevention-copd
http://goldcopd.org/gold-2017-global-strategy-diagnosis-management-prevention-copd
http://goldcopd.org/gold-2017-global-strategy-diagnosis-management-prevention-copd
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref22
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref22
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref22
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref22
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref22
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref22
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref23
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref23
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref23
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref23
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref23
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref23
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref24
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref24
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref24
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref24
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref24
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref24
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref25
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref25
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref25
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref25
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref25
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref25
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref25
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref25
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref26
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref26
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref26
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref26
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref26
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref26
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref27
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref27
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref27
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref27
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref27
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref27
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref27
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref28
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref28
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref28
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref28
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref28
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref28
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref29
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref29
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref29
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref29
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref30
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref30
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref30
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref30
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref30
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref30
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref30
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref30
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref30
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref30
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref31
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref31
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref31
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref31
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref31
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref31
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref31
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref31
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref32
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref32
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref32
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref32
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref32
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref32
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref33
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref33
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref33
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref33
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref33
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref33
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref34
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref34
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref34
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref34
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref34
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref34
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref35
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref35
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref35
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref35
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref36
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref36
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref36
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref36
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref36


J. Mason et al.
37. Macy E, Ngor E. Recommendations
for the management of beta-lactam
intolerance. Clin Rev Allergy Immunol.
2014;47:46e55.

38. Centers for Disease Control.
Evaluation and Diagnosis of
Penicillin Allergy for Healthcare
Professionals; 2017. https://www.
cdc.gov/antibiotic-use/community/
for-hcp/Penicillin-Allergy.html.
Accessed September 22, 2019, 2019.
Address correspondence to: Kari A. Mergenhagen PharmD, BCPS, BCIDP,
Veterans Affairs Western New York Healthcare System, 3495 Bailey Ave,
Buffalo, NY, 14215, USA. E-mail: kari.mergenhagen@va.gov

December 2019 2539

http://refhub.elsevier.com/S0149-2918(19)30497-7/sref37
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref37
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref37
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref37
http://refhub.elsevier.com/S0149-2918(19)30497-7/sref37
https://www.cdc.gov/antibiotic-use/community/for-hcp/Penicillin-Allergy.html
https://www.cdc.gov/antibiotic-use/community/for-hcp/Penicillin-Allergy.html
https://www.cdc.gov/antibiotic-use/community/for-hcp/Penicillin-Allergy.html
mailto:kari.mergenhagen@va.gov

	Impact of Beta-lactam Allergy on Treatment of Outpatient Infections
	Introduction
	Patients and Methods
	Study Design
	Definitions
	Statistical Analysis

	Results
	Discussion
	Conclusions
	Disclosures
	Acknowledgments
	References


