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Background. Despite the high prevalence of patient-reported antibiotic allergy (so-called antibiotic allergy labels [AALs]) and
their impact on antibiotic prescribing, incorporation of antibiotic allergy testing (AAT) into antimicrobial stewardship (AMS) pro-
grams (AAT-AMS) is not widespread. We aimed to evaluate the impact of an AAT-AMS program on AAL prevalence, antibiotic
usage, and appropriateness of prescribing.

Methods. AAT-AMS was implemented at two large Australian hospitals during a 14-month period beginning May 2015. Baseline
demographics, AAL history, age-adjusted Charlson comorbidity index, infection history, and antibiotic usage for 12 months prior
to testing (pre—AAT-AMS) and 3 months following testing (post—-AAT-AMS) were recorded for each participant. Study outcomes
included the proportion of patients who were “de-labeled” of their AAL, spectrum of antibiotic courses pre- and post-AAT-AMS,
and antibiotic appropriateness (using standard definitions).

Results. From the 118 antibiotic allergy-tested patients, 226 AALs were reported (mean, 1.91/patient), with 53.6% involving 1
or more penicillin class drug. AAT-AMS allowed AAL de-labeling in 98 (83%) patients—56% (55/98) with all AALs removed. Post-
AAT, prescribing of narrow-spectrum penicillins was more likely (adjusted odds ratio [aOR], 2.81, 95% confidence interval [CI],
1.45-5.42), as was narrow-spectrum {-lactams (aOR, 3.54; 95% CI, 1.98-6.33), and appropriate antibiotics (aOR, 12.27; 95% ClI,
5.00-30.09); and less likely for restricted antibiotics (aOR, 0.16; 95% CI, .09-.29), after adjusting for indication, Charlson comorbid-

ity index, and care setting.
Conclusions.

An integrated AAT-AMS program was effective in both de-labeling of AALs and promotion of improved antibi-

otic usage and appropriateness, supporting the routine incorporation of AAT into AMS programs.
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Over the past 2 decades, the prevalence of patient-reported
antibiotic allergy (so-called antibiotic allergy labels [AALs])
in hospitalized patients has increased and is now estimated
to be 18%-25% [1-3]. This type of overlabeling, which may
persist over a lifetime, has been associated with poorer clini-
cal outcomes and increased healthcare resource utilization
[4-6]. Imprecision in antibiotic allergy labeling creates a rec-
ognized need to review antibiotic allergy labeling practices in
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hospitalized patients, leading to the emerging need for increased
antibiotic allergy testing (AAT) [1, 7-9].

The association of AALs with restricted and inappropriate
antibiotic usage [10-12] has provided an impetus to incorpo-
rate antibiotic allergy de-labeling into antimicrobial stewardship
(AMS) [8]. Pilot studies of inpatient AAT [13, 14], protocolized
provocation [15, 16], and targeted inpatient AMS programs
[17-19] have proved successful, primarily targeting those with
penicillin allergy. Earlier studies have demonstrated the high
negative predictive value of skin prick testing/intradermal test-
ing (SPT/IDT) when paired with an oral provocation for patients
with immunoglobulin E (IgE)-mediated penicillin allergy [2, 14,
20]. However, the impact of coordinated multidisciplinary AAT
programs on AMS has not been well studied [21].

We hypothesized that an AMS-led AAT program could effec-
tively remove patient AALs and improve antibiotic utilization.
To test this hypothesis, we performed a multicenter prospective
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cohort study, evaluating the effects of a multidisciplinary AAT-
AMS program on (1) safe de-labeling of patient AALs, (2) nar-
row-spectrum and restricted antibiotic usage, and (3) antibiotic
prescribing appropriateness.

METHODS

Setting and Participants
In May 2015, a standardized AAT program was simultaneously
introduced at 2 tertiary referral centers in Melbourne, Australia.
The Austin Hospital is a tertiary referral center encompassing
spinal and transplantation services (liver, small bowel, renal, and
stem cell transplant), and the Peter MacCallum Cancer Centre
is a tertiary referral center for a range of malignant diseases
(including stem cell transplant). Referrals to each program were
also received from outside healthcare providers and community
practices. An integrated AAT-AMS service was developed in
collaboration with infectious diseases (ID), allergy/respiratory,
and pharmacy departments. Established AMS programs were
already operational at each site, comprising a dedicated AMS
pharmacist and physician. During the study period, no new
hospital-wide AMS interventions were introduced or changes
made to antibiotic drug formularies.

At each center, referrals were generated from adverse drug reac-
tion (ADR) committees and a range of clinical specialists (AMS
clinicians, ID physicians, allergists, immunologists, and transplant

physicians). Referred patients were assessed as having 1 of 3 pri-
mary AAL types: a non-immune-mediated antibiotic side effect
(nausea, vomiting, diarrhea without allergic features) (AAL-1);
an antibiotic allergy disproved by proven tolerance through the
inadvertent/deliberate administration of the suspect antibiotic
(AAL-2); and patients with a history consistent with immedi-
ate hypersensitivity (IgE), delayed hypersensitivity (T-cell), or
unknown effect, who required formal AAT-AMS assessment
(AAL-3). The current study was designed to assess the impact of
an AAT-AMS program on AAL-3 patients, all of whom followed a
uniform testing protocol (Supplementary Appendix 1).

Baseline demographics, age-adjusted Charlson comorbidity
index [22], AAL history, and immunosuppression history were
collected at first review. An immunocompromised host was
defined as solid organ transplant recipient, hematological stem
cell transplant recipient, asplenic patient, patient with autoim-
mune/connective tissue disorder, patient with cancer, or recipi-
ent of >10 mg prednisolone/day for >1 month.

Definitions

Allergy Types

AALs were defined as type A (non-immune-mediated, phar-
macologically mediated reactions) ADRs or type B ADRs
(immune-mediated reactions) or unknown, according to
accepted criteria [23]. Type B reactions were further classified

Patients referred for assessment
N=141
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Figure 1.

The proportion of patients de-labeled via the antimicrobial stewardship—led antibiotic allergy testing program. *Removal of all of the patient’s reported antibiotic

allergy labels. "Removal of >1 antibiotic allergy label. Abbreviations: AAL-1, primary antibiotic adverse drug reaction, the result of an non-immune-mediated antibiotic side
effect (nausea, vomiting, diarrhea without allergic features); AAL-2, antibiotic adverse drug reaction that had since been disproven by the inadvertent/deliberate adminis-
tration of the suspected antibiotic by a physician without any untoward consequences; AAL-3, patients with a likely antibiotic allergy that requires formal antibiotic allergy
testing into antimicrobial stewardship assessment (ie, immediate hypersensitivity [immunoglobulin E], delayed hypersensitivity [T-cell], or unknown effect); FTA, failed to

attend testing.
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as per modified Gell and Coombs criteria [24]. All potentially
implicated drugs were allocated a Naranjo score [25] and phe-
notype-specific scores, where appropriate (eg, algorithm of drug
causality for epidermal necrolysis [ALDEN]; RegiSCAR drug
reaction with eosinophilia and systemic symptoms [DRESS]
126, 27]).

Relabeling and De-labeling Definitions

A patient was considered to have a revised AAL (“relabeled”)
if there was >1 change to the documented AAL. A patient was
deemed to have been “de-labeled” if 21 AAL was removed.

Antibiotic Usage and Appropriateness Definitions

Antibiotic appropriateness was defined according to previ-
ously published guidelines; a score of 1 or 2 was considered
to be “appropriate”, and 3 or 4 as “inappropriate” [10, 28].
Narrow-spectrum penicillin was defined as any of penicillin
VK, penicillin G, flucloxacillin, dicloxacillin, or amoxicillin.
Narrow-spectrum B-lactam included narrow-spectrum penicil-
lins, in addition to cephalexin and cefazolin. In accordance with
hospital policy at study centers, restricted antibiotics included
carbapenems, fluoroquinolones, glycopeptides, lincosamides,
lipopeptides, oxazolidinones, and third-/fourth-generation
cephalosporins.

Preferred antibiotic treatment for an infection episode
was defined as first-line therapy recommended by Australian
[29].
Standardized criteria for defining infections were based upon

national guidelines for antimicrobial prescribing
National Healthcare Safety Network surveillance methods
[30]. A patient was deemed to have avoided a penicillin if an
alternative antibiotic was administered when a penicillin-
containing regimen was the preferred treatment, irrespective of
AAL (eg, use of cefepime for febrile neutropenia, in place of

piperacillin-tazobactam).

Intervention: Antibiotic Allergy Testing Model

Following review by the ID/AMS team regarding allergy phe-
notype and antibiotic needs, AAT was performed by trained
personnel (ID physicians and allergy nurses), co-located within
existing on-site allergy services. Therapies with antihistaminic
activity were avoided at least 4 days prior to testing. AAT pro-
tocols were based upon previously published pathways [20],
with specific algorithms for immediate and delayed hyper-
sensitivity (Supplementary Appendix 1). The validated Diater
(DAP, Madrid, Spain) was used for the major (benzylpenicil-
loyl-poyl-L-lysine [PPL]) and minor determinant mixtures in
patients with a B-lactam hypersensitivity [31]. SPT/IDT, patch
testing (PT), and oral provocation were performed for both
B-lactam and non-p-lactam AALs using testing concentra-
tions consistent with existing recommendations [32]. Where
a sterile intravenous preparation of the drug was available,
delayed IDT was performed with or without PT. Following
AAT, an observed single-dose oral antibiotic provocation was

administered to patients with a history of immediate hyper-
sensitivity (2-hour observation, doctor/nurse present), and a
prolonged oral provocation (minimum 5 days) was employed
in those with a nonsevere delayed or unknown hypersensitivity
history (Supplementary Appendix 1).

Following AAT, patients and their healthcare providers were
given written recommendations regarding the revised AALs
and antibiotics that could be safely administered. Changes to
AAL were forwarded to the referring hospital ADR committee
and AMS pharmacist to facilitate updating of medical records.
Patients and clinicians were requested to complete a common
survey 3 months after AAT to assess postdischarge AALs, anti-
biotic usage, and antibiotic-associated ADRs.

Evaluation of AAT Program

Evaluable outcomes included (1) antibiotic de-labeling, (2) anti-
biotic usage, and (3) antibiotic appropriateness. Outpatient and
inpatient antibiotic usage for infective episodes was assessed
with respect to number of courses, spectrum, and appropriate-
ness for the 12-month and 3-month period prior to AAT and for
3 months post-AAT for all AAL-3 patients. If the AAL history
was <12 months prior to review, then antibiotic usage data was
only collected from a time-point after the latest antibiotic ADR.
Antibiotic courses (>1 dose of antibiotic) for 12 months and 3
months prior to testing were compared with those administered
during 3-month post testing with regard to antibiotic usage and
appropriateness.

Ethics Review
Multisite ethics approval was obtained via the Austin Health
Human Research Ethics Committee (No. 15/AUSTIN/75).

Statistical Analysis

Categorical variables were summarized and compared between
groups using the y” test or Fisher exact test. Continuous varia-
bles were compared using a Student ¢ test or Wilcoxon signed-
rank test. Mixed-effects linear regression models were used to
quantify the association between AAT and each of the follow-
ing characteristics of antimicrobial courses (binary outcomes):
narrow-spectrum penicillin, narrow-spectrum B-lactam,
restricted antibiotic, and appropriate prescription. As we
sought to evaluate the impact of AAT on types of antimicrobi-
als selected to treat infected patients rather than rate of antimi-
crobial use, the unit of analysis was the antimicrobial course.
Study participants were included as random effects to account
for nonindependence of sequential antimicrobial courses pre-
scribed to the same patient. In addition to AAT, we selected the
following covariates a priori for model inclusion: age-adjusted
Charlson comorbidity index, setting (hospital/community),
and antibiotic indication. Coefficients were reported as odds
ratios (ORs) with 95% confidence intervals (CIs). A P value of
<.05 (2-tailed) was deemed statistically significant. Statistical
analyses were performed using Stata software version 13.0
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(StataCorp, College Station Texas) and R version 3.2.2 (R
Foundation for Statistical Computing, Vienna) with the “lme4”
package.

RESULTS

Baseline Characteristics

Overall, 141 patients were referred for assessment, 18 com-
pleted testing outside the study period or declined testing/failed
to attend; 2 patients were identified to be AAL-1 only, 3 patients
AAL-2, and 118 patients AAL-3 (Figure 1).

AAL-3 patients had the following characteristics: None had
previously undertaken AAT, 61.9% were female, 48.3% were
immunocompromised, and 43% had an AAL for >10 years
duration (Table 1). In AAL-3 patients, an ADR resulted in hos-
pitalization or occurred during a period of hospitalization in
47% (56/118), while 51% of patients (60/118) required specific
therapy (eg, antihistamine, adrenaline, steroid) at time of ADR.

Eighty-four percent (99/118) of AAL-3 patients had an infec-
tion episode in either the 12 months pre-AAT or 3 months post-
AAT, totaling 224 infective episodes (Table 1). There was no
statistical difference in the type of infection encountered for the
12 months pre- and 3 months post-AAT, apart from a higher
proportion of febrile neutropenia in the pre-AAT period (11%
[14/129] vs 41% [39/95], P = .04).

Antibiotic Allergy De-labeling

Pre-AAT AALs. Two hundred twenty-six AALs were identified
in the 118 AAL-3 patients, of whom 56% (66/118) harbored a
penicillin (unspecified) AAL, 44% (52/118) a cephalosporin
AAL, and 30% (35/118) aminopenicillin AAL (Figure 2). AAL
phenotypes were as follows: 8% (18/226) type A, 75% (170/226)
type B (30%, B1; 35% BIV-maculopapular exanthema; 9%
BIV-severe cutaneous adverse drug reaction [SCAR]), and 17%
(38/226) were unknown. A predominance of Pf-lactam AALs
was noted for all phenotypes (type A, type B, and unknown re-
actions, P < .05). At a patient level, 44% (52/118) had >1 type
BI ADR, 49% (58/118) =1 type BIV, and 27% (32/118) =1 un-
known AAL.

AAT de-labeling. Formal AAT of patients was as follows:
93% (110/118) had SPT and IDT, 87% (103/118) oral provo-
cation after SPT/IDT, 5% (6/118) direct oral provocation, and
6% (7/118) PT. Patch testing was only performed on patients
(n =7) with a history of SCAR. No systemic adverse events fol-
lowing testing were observed.

Consequences of AAT are summarized in (Figure 1). Ninety-
four percent (111/118) of patients had AALs revised and 54%
(121/226) of all AALs were removed. Of the 6% of patients
(7/118) with AALs unable to be revised, 4 of 7 of patients with
an AAL phenotype consistent with SCAR were negative upon
AAT, 2 of 7 had reported allergy reconfirmed with testing, and
1 of 7 refused an oral provocation. With regard to de-labeling,

Table 1. Characteristics of the 118 Antibiotic Allergy Label-3 (AAL-3)
Patients

Demographics Total, No. (%)

Age, y, median (IQR) 59 (47-70)
Sex, female 73 (61.9)
Age-adjusted CCl, median (IQR) 5 (4-7)
Race
White 111 (94.1)
Asian 7 (5.9)
Immunocompromised® 57 (48.3)
Psychiatric history® 14 (11.8)
Infective syndromes (n = 224)°
Gastrointestinal infection 30 (13.4)
Bacteremia 7 (3.1)
Central nervous system infection 4(1.8)
Febrile neutropenia 17 (76)
Urinary system infection 31 (13.8)
Other? 44 (19.6)
Lower/upper respiratory tract infection, including pneumonia 48 (21.4)
Skin, soft tissue, bone, and joint 43 (19.2)
Family history of antibiotic allergy 24 (20.3)
Referrer (setting)
Tertiary referral public hospital 83 (70.3)
Nontertiary referral public hospital 4 (3.4)
Primary care clinic/private rooms 15 (12.7)
Private hospital 16 (13.6)
Referrer®
Pharmacist 12 (10.2)
Adverse drug reaction committee 13 (11.0)
Hematologist/oncologist 13 (11.0)
Transplant physician 6(5.1)
Infectious diseases physician/AMS 35 (29.6)
Allergist/immunologist 21 (178)
General practitioner 14 (11.9)
Other 8(6.8)
No. of antibiotic allergy labels 226
Mean labels per patient 1.91
Range 1-6
Implicated antibiotics per label, median (IQR) 1(1-2)
ADR episodes for each allergy label, median (IQR) 1(1-1)
Time since last antibiotic ADR
<1 mo 2(1.7)
1-3 mo 12 (10.2)
>3-12 mo 27 (22.9)
>1-5y 1109.2)
>5-10y 4 (3.4)
>10y 51 (43.2)
Unknown 11 (9.3)
Naranjo score', median (IQR) 5 (5-5)
ALDEN score? (n = 8), median (IQR) 3(2.5-3)
RegiSCAR DRESS score” (n = 9), median (IQR) 4 (2-5)

Abbreviations: ALDEN, algorithm of drug causality for epidermal necrolysis; AMS, antimi-
crobial stewardship; CCl, Charlson comorbidity index; DRESS, drug reaction with eosin-
ophilia and systemic symptoms; ADR, adverse drug reaction; IQR, interquartile range;
RegiSCAR, registry of severe cutaneous adverse reactions.

“Immunocompromised: hematological malignancy, oncological malignancy, solid organ or
stem cell transplant recipient, autoimmune disease, condition requiring >15 mg steroid
daily for 1 month.

°Psychiatric history: history of depression, anxiety, or mood disorder.

“Infection history: infective episodes encountered pre- and post-antibiotic allergy testing.
9Other = prophylaxis (23), hepatitis (1), dental infection (1), fever unknown (2), pelvic inflam-
matory disease (1), endocarditis (4), epiglottitis (3), gynecological infection (3), syphilis (1).
°Some patients were referred by >1 source.

fNaramo score: 0, doubtful; 1-4, possible; 5-8, probable; >9 definite [25].

9ALDEN score: <0, very unlikely; 01, unlikely; 2-3, possible; 4-5, probable; >6 very probable [26].

hRegiSCAR DRESS score: <2, excluded; 2-3, possible; 4-5, probable; >6, definite [27].

REVIEWS OF ANTI-INFECTIVE AGENTS « CID 2017:65 (1 July) « 169



Monobactam I 0.4%
Tetracycline I 0.4%
Nitroimidazole I 0.9%
Oxazolidinone I 1.3%
Lincosamide I 1.8%

Carbapenem l 2.2%

Antibiotic class

Macrolide . 3.5%

Fluoroquinolone . 3.5%

Glycopeptide - 5.8%

Sulfonamide antibiotic - 7.5%

Cephalosporin _ 18.1%

peniciin (IR | < -

0% 20% 40% 60%

Proportion of all antibiotic allergy labels

Clarithromycin [l 1.3%
Roxithromycin W 13%
Linezolid M 1.3%
Erythromycin [l 1.8%
Clindamycin Il 1.8%
Cefazolin [ 1.8%
Meropenem  2.2%

Ciprofloxacin [ 2.7%

Antibiotic

Amox-clav [N 3.5%
Flucloxacillin EEEEN 4.0%
Pip-tazo I 4.9%
Ceftriaxone I 4.9%
Vancomycin I 3%
Other NN 6.6%
T™P-sVx [ 7.5%
Cephalexin _ 7.5%
Amoxicillin/ampicillin IR 12.4%
Pencillin (unsp) EEE———————————] 9. ) %

0% 5% 10% 15% 20% 25% 30% 35%

Proportion of all antibiotic allergy labels

Figure 2. The antibiotic allergy labels (AALs) encountered in the AAL-3 antibiotic allergy testing cohort. A, AALs (n = 226) per associated antibiotic class. B, AALs (n = 226)
per individual implicated antibiotic. “Penicillin” indicates any of penicillin /G, amoxicillin, ampicillin, flucloxacillin, dicloxacillin, piperacillin-tazobactam, ticarcillin-clavula-
nate. “Other” indicates metronidazole (2), ceftazidime (2), cefepime (2), cefaclor (2), cefuroxime (1), cephalosporin (unspecified) (1), moxifloxacin (1), teicoplanin (1), aztreonam
(1), doxycycline (1), norfloxacin (1). Abbreviations: Amox-clav, amoxicillin-clavulanate; Pip-tazo, piperacillin-tazobactam; TMP-SMX, trimethoprim-sulfamethoxazole; Unsp,

unspecified.

83% (98/118) had 1 or more AALs removed, including 83%
(55/66) of all patients with penicillin AALs. Of the 13 patients
with a revised AAL history that could not be de-labeled, 77%
(10/13) had a positive skin test (including to a different antibi-
otic) and 23% (3/13) a history of SCAR. Post-AAT there was a
reduction in patients reporting a penicillin and/or aminopeni-
cillin AAL (65% [77/118] vs 19% [22/118], P =.0001).

AAT-positive patients. Within the AAT cohort, 27 patients had
at least 1 positive test (SPT, IDT, PT, and/or oral provocation),
equating to 48 positive tests. All those with a positive test toler-
ated an alternative antibiotic post-AAT (100% [27/27]) (Table 2).
For 3 of the 4 oral provocation-positive patients, the ADR was a
subjective report (itch) not requiring therapy; for the remaining
patient, amoxicillin hypersensitivity (rash) was detected on day
2 of prolonged oral provocation. The aforementioned single pos-
itive delayed hypersensitivity to amoxicillin was the only positive
5-day prolonged provocation (2.85% [1/35]).

Of AAL-3 patients with at least 1 positive test to an amin-
openicillin (41% [11/27]), 82% (9/11) tolerated penicillin V and
55% (6/11) a first- or second-generation cephalosporin. There
were 4 ADRs in the period 3 months post-AAT, including

isolated exanthems (2, amoxicillin; 1, cephalexin) and sub-
jective itch (amoxicillin, 1), none requiring therapy. Of these
patients, 1 underwent a repeat prolonged challenge with the
implicated drug (amoxicillin) without ADR, 1 self-challenged
without prior AAT de-labeling (cephalexin), and the remaining
2 patients had not previously reported a hypersensitivity to the
ADR-related antimicrobial (amoxicillin).

Impact of AAT on Antibiotic Usage

There was an increase in prescribing of guideline-preferred
antibiotic therapies 3 months post-AAT compared with the 3
months pre-AAT (83% [104/125] vs 11.6% [18/155], P =.0001)
and 12 months pre-AAT (83% [104/125] vs 18% [47/263],
P = .0001). A significant reduction in glycopeptide, carbape-
nem, lincosamide, and fluoroquinolone antibiotic courses and
increase in penicillin and B-lactam/p-lactamase inhibitor use
was observed 3 months post-AAT compared with 3 months
pre-AAT (P < .05) (Figure 3). A similar pattern was noted
when antibiotic courses 12 months pre-AAT were compared
with 3 months post-AAT with an additional increase in first-/
second-generation cephalosporin use (P < .05) (Supplementary
Figure 1). After adjusting for indication, setting, and Charlson
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Table 2. B-Lactam Tolerance in the 27 Test-Positive Patients

Antibiotic Provocations Tolerated Post-AAT in
Positive Patients

Patients With a Positive Test® Any Penicillin or

(n = 27 [48 Individual Positive B-Lactam, Aminopenicillin, Cephalosporin,

Results]) No. (%) No. (%) No. (%)

Penicillin G, PPL, and/or MDM 2 (100) 1 (50) 1 (50)
only (n = 2)°

Amoxicillin or ampicillin only 7 (88) 7 (88) 5 (63)
(n=28)

Alternative penicillin only 2 (100) 2 (100) 2 (100)
(n=2)°

Multiple penicillins (n = 8)° 7 (88) 1(13) 6 (75)

Penicillin and cephalosporin 1 (100) 2 (100) 0 (0)
(n=2)°

Cephalosporin only' (n = 3) 3(100) 3 (100) 2 (67)

Other (n = 2)° 2 (100) 2 (100) 2 (100)

Abbreviations: AAT, antibiotic allergy testing; MDM, minor determinant mixture; PPL, ben-
zylpenicilloyl poly-L-lysine.

“Includes patients with a positive skin prick, intradermal test or oral provocation. Patients
could have >1 positive test.

®Penicillin G 1 mg/mL, penicillin G 10 mg/mL, PPL, and/or MDM only.

Flucloxacillin, piperacillin-tazobactam.

9More than 1 positive to any penicillin, including PPL and/or MDM.

Includes a patient positive to cephalosporin and carbapenem.

One patient also was positive to clindamycin.

9Clavulanic acid and ciprofloxacin.

comorbidity index, prescribers were more likely to select nar-
row-spectrum penicillins, narrow-spectrum p-lactams, and
B-lactam/(B-lactamase inhibitors post-AAT, and less likely to
select restricted antibiotics (Table 3). Furthermore, when com-
paring the 3-months pre-AAT with 3 months post-AAT, there
was a reduction in patients avoiding penicillin (89% [106/118]
vs 9% [10/118], P =.0001), aminopenicillins (92% [109/118] vs
15% [18/118], P = .0001), and first-generation cephalosporins
(61% [72/118] vs 14% [16/118], P = .0001) post-AAT.

Impact of AAT on Antibiotic Appropriateness

The proportion of antibiotic prescriptions that were appropriate
was higher 3 months post-AAT than 3 months pre-AAT (95%
[119/125] vs 62% [96/155]; OR, 13.25; 95% CI, 5.22-33.61).
Analysis by multivariable logistic regression adjusting for indi-
cation, setting, and Charlson comorbidity index demonstrated
appropriate prescribing to be significantly more likely in the
post-AAT period (adjusted OR, 12.27; 95% CI, 5.00-30.09).
Results from the 12 months pre- vs 3 months post-AAT analysis
were similar (adjusted OR, 15.23; 95% CI, 5.65-41.10).

DISCUSSION

With increasing healthcare-associated infections due to anti-
microbial-resistant organisms, attention has turned toward
developing novel AMS programs. Recent Infectious Diseases
Society of America guidelines acknowledge the utility of allergy
assessment, but highlight this to be largely unstudied in AMS

interventions [21]. We provide evidence that a multidiscipli-
nary, real-world AAT program integrated into AMS enables safe
and effective de-labeling. Importantly, this program increased
narrow-spectrum [-lactam use and improved appropriateness
of antibiotic prescribing.

We were able to not only completely remove 85% of penicillin
allergy labels but also provide an alternative class-related anti-
microbial in those with confirmed true allergy. Our de-labeling
rate was consistent with previous reports suggesting that 80%-
90% of penicillin AALs can be removed [20]. Importantly,
even in those with a confirmed B-lactam allergy, alternative
narrow-spectrum P-lactams could be safely employed post-
AAT. Contrary to historically reported high rates of B-lactam
ring cross-reactivity [33], current evidence suggests the true
rate of penicillin and first- and third-generation cephalosporin
cross-reactivity to be <5% and <1%-2%, respectively. For exam-
ple, selective allergy to cefazolin is based on unique side chains
(R groups) not shared by other cephalosporins [34]. Our study
supports AAT in patients with confirmed p-lactam hypersensi-
tivity, as a means of widening clinician antibiotic choice.

We demonstrated that AAT-AMS
spectrum penicillin use, increased uptake of preferred ther-

increased narrow-

apies, and reduced restricted antibiotic use. The inability to
employ preferred P-lactam therapies is not only associated
with inferior outcomes (eg, use of vancomycin for treatment
of methicillin-sensitive Staphylococcus aureus infections), but
the utilization of agents associated with development of anti-
biotic resistance and Clostridium difficile infections (eg, ceph-
alosporins). Desensitization to narrow-spectrum {-lactams is
an effective temporary solution complicated by potential treat-
ment delays and lack of de- or relabeling potential [35]. Our
integrated AAT-AMS program was able to avert the issues of
desensitization and effect antibiotic change and behavior mod-
ification on antibiotic prescribing. Published studies repeatedly
demonstrate AALs to be associated with reduced B-lactam
utilization and increased restricted prescriptions [5, 6, 10, 11,
36-38]. Our program was able to increase narrow-spectrum
B-lactam uptake and reduce restricted antibiotic utilization.
These findings are consistent with previous studies of education
programs, pharmacist-led AMS/allergy rounds, inpatient SPT,
and oral provocation/rechallenge, which have been shown to
increase B-lactam uptake [14, 16, 19, 39, 40]. A better measure
of the success of an AMS program may be examining antibiotic
prescribing appropriateness [41, 42]. To our knowledge, this
is the first study to demonstrate the impact of AAT-AMS on
improving the appropriateness of antibiotic prescribing.

Our AAT-AMS service provided weekly clinical consultation
and testing, underpinned by multidisciplinary collaboration,
utilizing ID/AMS knowledge of current patient antibiotic needs.
Although comparable coordinated programs may not always be
feasible (eg, in smaller centers), the establishment of decision
supportand limited AAT isachievable [43], with recent examples
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Figure 3. Antibiotics administered 3 months before and after antibiotic allergy testing, expressed as a proportion of total antibiotic courses in each period. Abbreviations:
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(3 months after). *P<.05; **P< .01; ***P< .001; ****P<.0001.

of successful AAT programs led by ID fellows and pharmacists
[44, 45]. Safe implementation of an AAT-AMS service requires
significant and continued clinician education regarding anti-
biotic allergy. For instance, selective IgE-mediated reactions
based on the R1 or R2 groups of penicillins and cephalosporins
occur not uncommonly in contemporary practice. The use of
major/minor determinants with or without benzylpenicillin for
skin testing would miss selective aminopenicillin allergy, and

there remains no reliable skin testing for aminocephalosporin
anaphylaxis (oral drug formulations only are available). Given
the lack of 100% negative predictive and/or absence of validated
reagents for aminopenicillin or aminocephalosporin allergy,
respectively, oral provocation after negative skin testing where
the pretest proability of true IgE-mediated reaction is high
should be performed with caution in settings experienced with
prompt treatment of anaphylaxis.

Table 3. Effect of Antibiotic Allergy Testing on Antibiotic Usage

Period of Analysis

Crude OR® (95% CI) Adjusted OR® (95% Cl)

Pre-AAT Post-AAT

Antibiotic 12 mo, No. (%) 3 mo, No. (%) 3 mo, No. (%) 3 mo Pre-vs 3 mo 12 mo Pre- vs 3 mo 3 mo Pre-vs 3 mo 12 mo Pre- vs 3 mo
Classification (n =263) (n = 155) (n =125) Post-AAT Post-AAT Post-AAT Post-AAT

NS penicillin 27 (10.3) 1 (7.1) 29 (23.2) 4.69 (2.02-10.92) 3.34 (1.69-6.63) 2.81(1.45-5.42) 4.07 (1.78-9.32)
NS B-lactam 49 (18.6) 25 (16.1) 49 (39.2) 4.67 (2.27-9.58) 3.68 (2.05-6.60) 3.54 (1.98-6.33) 5.27 (6.22-5.31)
BL/BLI 13 (4.9) 5(3.2) 27 (21.6) 11.17 (3.25-38.36) 6.58 (2.83-15.26) 9.25 (3.57-24.01) 25.02 (4.71-132.87)
Restricted 150 (57) 98 (63%) 20 (16) 0.11 (.06-.20) 0.13 (.07-.24) 0.16 (.09-.29) 0.11 (.06-.22)

antibiotic

Abbreviations: AAT, antibiotic allergy testing; BL/BLI, p-lactam/B-lactamase inhibitor; Cl, confidence interval; NS, narrow-spectrum; OR, odds ratio.

“From univariable mixed-effects logistic regression models.

°From multivariable mixed-effects logistic regression models, controlled for age-adjusted Charlson comorbidity index, infective episode setting (inpatient/outpatient), and indication category.
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The morbidity associated with not testing a patient with
a self-reported antibiotic allergy has been previously high-
lighted [46]. Although we have not performed formal cost-
effectiveness analyses, we believe that long-term benefits
regarding antimicrobial costs, patient outcomes, and antimi-
crobial resistance outweigh the acquisition of costs of testing
reagents [14, 47, 48].

Limitations to the current study include the fact that it was
nonrandomized, with potential selection bias toward patients
with a recently encountered infection. Testing was performed
in the recovery phase post-ADR and reproducibility in criti-
cally or acutely unwell patients is therefore unknown. Although
our study cohort comprised a significant number of immu-
nocompromised patients, we encountered no adverse events
or false-negatives on skin testing or oral provocation. A high
proportion mounted delayed (T-cell regulated) skin responses,
suggesting that findings are relevant to the broader group
of immunocompetent and immunocompromised patients.
Finally, assessment of antibiotic appropriateness was based on
Australian national prescribing guidelines [31] and it is not
known if equivalent outcomes would be identified using an
alternative gold-standard comparator.

We demonstrate the success of a real-world integrated pro-
gram to show significant improvement in antibiotic appro-
priateness in a patient cohort frequently in need of antibiotic
therapy, of which a large portion were immunocompromised
with serious ADR history. Key stakeholder engagement in a
multidisciplinary program ensures maintenance of a qual-
ity service and clinician support. Future work must focus on
improving AAL assessment at the onset, enhanced clinician and
pharmacist education to sustain improvements in antibiotic
utilization, and evaluation of the long-term impact and cost-
benefit of AAT.
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Supplementary materials are available at Clinical Infectious Diseases online.
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