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ABSTRACT
Purpose:
Beta-lactam antibiotics are among the most common and widely used antibiotics. However, reported allergy to this class
of antibiotics is also common, leading to the use of alternative broad-spectrum antibiotics by healthcare providers. This
has led to the emergence of various negative health outcomes. The purpose of the study is to investigate the impact
of using alternative antibiotics secondary to a beta-lactam allergy among U.S. veterans who have otherwise multiple
comorbidities.

Methods:
This retrospective observational analysis was conducted over a 5-year period (January 1, 2011 to December 31, 2016) at
the Memphis Veterans Affairs Medical Center (VAMC). Admitted patients with a documented beta-lactam allergy were
categorized to preferred or non-preferred status based on initial antibiotic therapy antibiotic, allergy history, published
guidelines, and local antibiogram. Preferred therapy was defined as the optimal antibiotic treatment for a given indication
based on patient allergy history, published Infectious Disease Society of America guidelines, and local antibiogram
of Memphis VAMC. The therapy was classified as “non-preferred” if it did not satisfy the preferred therapy criteria.
Non-preferred treatments were further assessed for appropriateness based on indication and patient-specific factors.
Chi-square and Fisher’s exact tests were conducted to find a difference in rates of negative sequelae among patients
receiving preferred vs. non-preferred treatments and appropriate vs. inappropriate treatments.

Findings:
Of the 1806 admissions identified, data were collected on 95 unique patients with 147 different antibiotic regimens. There
were 68 (52%) preferred treatment regimens and 64 (48%) non-preferred treatment regimens. Of the 64 non-preferred
treatments, 43 (67%) were inappropriate. There was a statistically significant decrease in the number of adverse drug
events and in the combined negative sequelae outcome among patients receiving preferred therapy vs. non-preferred
therapy (2 vs. 12; P < .01 and 11 vs. 23; P < .01, respectively).

Implications:
The receipt of non-preferred antibiotic therapy among veterans with a recorded beta-lactam allergy may be associated
with an increased risk of developing negative outcomes. Among military personnel, removing unnecessary beta-lactam
allergies would improve readiness with optimal antibiotic choices and avoidance of unnecessary risks, expediting return
to full duty.

INTRODUCTION
There are more than 21.3 million veterans in the USA per
the 2015 U.S. Census and 9.3 million of them are more
than 65 years old.1 In general, veterans are often diagnosed
with more health conditions (e.g., diabetes, lung disease,
and hypertension) than the general population.1 Beta-lactam
antibiotic allergies are the most commonly reported medica-
tion allergies in the USA with ∼10% of population reporting
penicillin allergy.2 In a study of 2.9 million veterans involving
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10.9 million admissions, penicillin allergy was reported to be
13% followed by cephalosporins (0.4%), carbapenems, and
aztreonams (<1%).3

In general, the presence of a beta-lactam allergy in a patient
chart increases the chance that a more broad-spectrum antibi-
otic will be used than necessary for the indication.4 The beta-
lactam allergy is either historically reported by the patient
or verified by the healthcare provider. The use of alternative
broad-spectrum antibiotic agents has been associated with an
increased incidence of Clostridium difficile, development of
multidrug-resistant (MDR) organisms, adverse drug events
(ADEs), and treatment failure.5–10 These MDR pathogens
include Enterobacteriaceae (e.g., Escherichia coli and Kleb-
siella pneumoniae) which produce enzymes called extended-
spectrum beta-lactamases (ESBLs) that can degrade penicillin
and cephalosporins, making them ineffective.11

There is no prior published literature on the impact of beta-
lactam allergies on hospitalized veterans who have multiple
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comorbidities. Our goal is to assess whether the use of alter-
native non-preferred antibiotics leads to adverse outcomes in
this population cohort because of beta-lactam allergy.

METHODS
This single-center, retrospective, observational analysis
included veterans aged 18 years or older that were admitted to
the Memphis Veterans Affairs Medical Center (VAMC) with
beta-lactam allergy and who received antibiotics during the
hospitalization. Data were accumulated by Structured Query
Language query and manual patient chart extraction from the
Memphis VAMC database from January 1, 2011 to December
31, 2016. The study was approved by the Memphis VAMC
institutional review board in Memphis, TN.

Data collected from the initial antibiotic regimen included
name of antibiotic(s), therapeutic indication, and negative
outcomes associated with antibiotic treatment. Negative out-
comes assessed included antibiotic treatment failure, ADEs,
incidence of C. difficile, and incidence of MDR bacteria. The
nature of the beta-lactam allergy and the precipitating allergic
reactant were also recorded for each patient.

The first antibiotic treatment regimen received by the hos-
pitalized patient was assessed and classified into either pre-
ferred or non-preferred antibiotic therapy (Fig. 1). Preferred
therapy was defined as the optimal antibiotic treatment for
a given indication based on patient allergy history, pub-
lished Infectious Disease Society of America guidelines, and
local antibiogram of Memphis VAMC.12 Non-preferred ther-
apy was further assessed into appropriate or inappropriate
categories. Appropriate therapy was defined as the proper
treatment alternative based on antibiotic indication, pub-
lished Infectious Disease Society of America guidelines, and
patient-specific factors.

The primary outcome was the number of patients receiving
non-preferred antibiotic therapy and the number of patients
receiving inappropriate antibiotic therapy. Secondary out-
comes included rates of treatment failure; ADEs; develop-
ment of C. difficile; and development of MDR pathogens
including ESBL-producing bacteria, methicillin-resistant
Staphylococcus aureus (MRSA), and vancomycin-resistant
Enterococcus (VRE) among patients receiving non-preferred
vs. preferred and inappropriate vs. appropriate antibiotic regi-
mens. The difference in rates of antibiotic regimens associated
with at least one negative outcome (composite outcome) in the
non-preferred vs. preferred and inappropriate vs. appropriate
antibiotic regimens was examined as a secondary outcome.
Antibiotic regimens were associated with the development
of MDR bacteria or C. difficile if they were observed within
6 months of receipt of the antibiotic regimen.

The primary and secondary outcomes were assessed using
chi-square and Fisher’s exact tests among patients receiv-
ing preferred vs. non-preferred therapy and patients receiv-
ing appropriate vs. inappropriate therapy for each potential
negative outcome.

RESULTS
Of the 1,806 admissions identified, data were collected on 8%,
representing 95 unique patients with 147 different antibiotic
regimens. Of the 147 antibiotic regimens reviewed, 15 regi-
mens were excluded because the continuation of antibiotics
started on an outpatient basis once the patient was admitted.
The remaining 132 regimens represented 95 unique patients
included in the study. Patients were primarily Caucasian
(56%) and males (70%) with an average age of 70 years.

There were a total of 98 beta-lactam allergies documented
for the 95 patients. A total of 91 penicillin allergies were
observed in comparison to seven cephalosporin allergies.

FIGURE 1. Classification of antibiotic regimens.
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TABLE I. Number of Treatment Regimens per Antibiotic
Indication

Antibiotic indication Number of treatment regimens

Aspiration pneumonia 3
Bacteremia 1
Bronchitis 3
Community-acquired pneumonia 10
Cellulitis 7
Combination of indications 4
COPD exacerbation 5
Febrile neutropenia 2
Healthcare-associated pneumonia 15
Intra-abdominal infection 6
Meningitis 2
Nausea 1
Osteomyelitis 2
Perioperative 27
Pyelonephritis 1
SBP prophylaxis 3
Sepsis 20
Skin and soft tissue infection 4
Urinary tract infection 16

Abbreviations: COPD, Chronic Obstructive Pulmonary Disease; SBP, Spon-
taneous Bacterial Peritonitis.

Themost common allergy classification was a cutaneous reac-
tion accounting for 37% of all allergies, although anaphylactic
reactions were observed in 15% of patients (Fig. S1).

Of the 132 treatment regimens, the most commonly
encountered antibiotic indications were pneumonia (21%),
perioperative indication (20%), sepsis (15%), and urinary
tract infection (12%) (Table I). Fluoroquinolones encom-
passed 29% of the administered antibiotics, while 10% were
beta-lactams (Fig. 2). Out of the 132 antibiotic regimens,
52% (n= 68) were classified as preferred therapy and 48%
(n= 64) were classified as non-preferred therapy. Of the
non-preferred regimens, 67% (n= 43) were classified as inap-
propriate (Fig. S2). The composite outcome for the number

TABLE II. Differences of Negative Sequelae Based on Antibiotic
Selection Preference

Antibiotic selection

Preferred
Non-
preferred P-value

Number of
antibiotic
regimens,
n= 132

68 64 –

Adverse
consequences

– – –

Treatment failure 6 9 0.34
Clostridium
difficile

3 7 0.2

ADEs 2 12 <0.005
MDR pathogens – – –
ESBL 1 6 0.06
MRSA 3 3 1
VRE 0 2 –
Combined
outcome,
n= 132

11 23 0.009

Abbreviations: ADEs, adverse drug events; ESBL, extended-spectrum beta-
lactamase; MDR, multidrug-resistant; MRSA, methicillin-resistant Staphy-
lococcus aureus; VRE, vancomycin-resistant Enterococcus.

of non-preferred antibiotic treatment regimens displaying at
least one negative outcome was statistically significant when
compared to preferred therapy (23 vs. 11; P< .01) (Table II).
There was no statistically significant difference in the number
of antibiotic treatment regimens associated with at least one
negative outcome among patients receiving inappropriate and
appropriate antibiotic therapy (15 vs. 8; P= .8) (Table S1).
Additionally, the number of ADEs in the non-preferred group
exhibited a statistically significant increase from those in the
preferred group (12 vs. 2; P < .01).

FIGURE 2. Antibiotics received.
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DISCUSSION
This is the first study examining the impact of beta-lactam
allergy among veterans who were hospitalized for various
reasons and required inpatient antibiotics. Our study showed
that 48% of patients received non-preferred antibiotics and
the majority of these antibiotic regimens were inappropriate.
This may be attributable to a common misconception among
providers to avoid beta-lactam antibiotics for patients report-
ing a beta-lactam allergy.13 Our results are like other studies
showing a higher percentage of patients receiving inappropri-
ate therapy. In a study from an Australian tertiary center, 29%
of patients received inappropriate antibiotics with an antibi-
otic allergy (mostly to a beta-lactam) compared with those
without the allergy (29% vs. 23%).14 In another study, 35%
of patients with a beta-lactam allergy did not receive pre-
ferred therapy for their indication, even though a majority of
them reported a non-severe reaction.15 There are differences
between studies because of site-specific variability in assess-
ing the preferred status or appropriateness based on differing
antibiograms and national guidelines. In our study, fluoro-
quinolones were the most prescribed alternative agents (29%)
followed by vancomycin (25%), aztreonam (16%), and clin-
damycin (6%) by healthcare providers when encountering a
beta-lactam allergy. This prescribing pattern is similar to other
studies of beta-lactam allergy in hospitalized patients in which
fluoroquinolones, vancomycin macrolides, and clindamycin
were used more frequently.16–20 Prior fluoroquinolone use has
been associated with increased incidence of fluoroquinolone
resistance.21 More specifically, fluoroquinolone resistance
was indicated as a risk factor for the development of ESBLs
in E. coli isolates.21 To help prevent the alarming rates of fluo-
roquinolone resistance and ESBL development, judicious use
of fluoroquinolones is necessary and one way in which every
institution can more appropriately use fluoroquinolones is to
regularly conduct beta-lactam allergy assessments on patients
presenting to the hospital with a reported beta-lactam allergy.

In our population, non-preferred therapy was associated
with a statistically significant increased incidence of the com-
posite outcome and number of ADEs associated with antibi-
otic therapy. This result was largely due 12 instances of
ADEs in the non-preferred group vs. 2 instances occurring
in the preferred group. There was a trend toward associa-
tion between non-preferred antibiotic regimens and ESBL
development (6 vs. 1; P= .06), but there was no statisti-
cally significant difference in the amount of MDR organisms
among patients receiving non-preferred vs. preferred antibi-
otics. The increased incidence of adverse events was sec-
ondary to the use of broad-spectrum alternative antibiotics,
which is similar to the findings of other investigators.15,18,19

Macy and colleagues showed increased incidence of MRSA
(14.1%), C. difficile (23.4%), and vancomycin-resistant ente-
rococci infections (30.1%) compared with control subjects.18

Blumenthal and colleagues showed increased use of van-
comycin in methicillin-sensitive S. aureus (MSSA) is associ-
ated with increased recurrence rate of infections and adverse

reactions.19 Empirical anti-MRSA therapy (e.g., vancomycin
and linezolid) was associated with increased 30-day mortal-
ity among a large cohort of hospitalized veterans because of
various reasons (e.g., renal toxic effects, allergy, and superin-
fection).22 Beta-lactams are considered the drug of choice for
MSSA infections. Compared to the aforementioned retrospec-
tive studies, Van Dijk and colleagues in a prospective matched
cohort study found patients with a penicillin allergy were
more likely to receive reserve antibiotics (RR, 1.38; 95% CI,
1.22-1.56) and more likely to be readmitted within 12 weeks
(RR, 1.28; 95%CI, 1.10-1.49).23 Other consequences of inap-
propriate antibiotics prescription use in beta-lactam allergy
patients include increased cost, multiple antibiotics prescrip-
tion, increased length of stay, increased ICU admissions, and
treatment failure.16,24,25

In our study there were no differences in other secondary
outcomes among patients receiving inappropriate therapy
when compared to patients receiving appropriate therapy. One
possible reason for the lack of difference was sample size, as
only 64 antibiotic regimenswere assessed for appropriateness.

The results of this study add to the growing evidence of
negative consequences from alternative broad-spectrum use of
antibiotics secondary to beta-lactam allergies. Most subjects
labeled with a beta-lactam allergy are not evaluated for the
accuracy or persistence of the allergy.18,26 Majority of patients
(>95%) tolerate penicillin who are labeled as being allergic to
penicillin.27 Completing a more thorough beta-lactam allergy
assessment and documentation could potentially reduce the
incidence of the negative outcomes associated with a beta-
lactam allergy. This would involve collecting a more detailed
patient history regarding a beta-lactam allergy and document-
ing the nature of reaction and potentially penicillin testing
and drug challenge if required. Besides the allergists, this can
be performed by other healthcare providers (e.g., hospital-
ists, infectious disease specialists, and clinical pharmacists)
through focused education and training. In fact, in ourmedical
center, many clinical pharmacists are trained to do beta-
lactam allergy assessment, testing, and drug challenge.

Finally, beta-lactam allergy has real implication in mil-
itary medicine. In a recent study involving 402 healthy
marines with penicillin allergy, only 1.5% had positive reac-
tion to penicillin testing and penicillin challenge. The rest of
them (98.5%) were able to receive penicillin prophylaxis.28

Military recruits are routinely treated with penicillin G against
streptococcal prophylaxis.29 Military personnel operate in
remote locations and are at increased risk of infection, given
the highly mobile nature of their deployment and living in
crowded conditions.29 The ability to use beta-lactam antibi-
otics including penicillin is important for military readiness.29

Weaknesses of this study include the retrospective nature
of its design that limited us to prospectively assess the nature
of beta-lactam allergies. Although 98 beta-lactam allergies
were assessed overall, 15 of these allergies were classified
as anaphylactic, leaving a potential 83 allergies that may
have been further assessed and possibly removed from the
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patient chart. Other limitation includes site-specific variabil-
ity in assessing the preferred status or appropriateness based
on differing antibiograms and national guidelines. Finally, the
small sample size of our study limited to oneVAMC is another
weakness of our study. However, our results align with multi-
ple other non-VA studies and it can be generalizable to other
medical centers.

CONCLUSION
We showed the negative health outcomes secondary to beta-
lactam allergies in a high-risk population (e.g., veterans) who
are already burdened with multiple comorbidities. Adding
additional and potentially unnecessary adverse effects to this
high-risk group can be further avoided by system-wide appli-
cation of proper allergy documentation and assessment by
healthcare providers in the VA healthcare system providing
care to millions of veterans.

SUPPLEMENTARY MATERIAL
Supplementary material is available at Military Medicine online.
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Supplementary Figure 1. Classification of Reported Allergic Reactions 
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Supplementary Figure 2:  Preference and Appropriateness of Antibiotic Selection
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Supplementary Table 1: 
Differences in Negative 
Sequalae Based on Antibiotic 
Appropriateness 

Antibiotic Appropriateness 

Appropriate Inappropriate p-value

Number of Antibiotic Regimens, n = 64 21 43 ---- 

Adverse Consequences ---- ---- ---- 

       Treatment failure 2 7 0.71 

C. diff 4 3 0.2 

       Adverse Drug Events 3 9 0.74 

MDR Pathogens ---- ---- ---- 

        ESBL  2 4 1 

        MRSA 1 2 1 

        VRE 0 2 ---- 

Combined Outcome, n = 64 8 15 0.8 
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