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H igh-cost, high-need (HCHN) patients comprise 5% of 

patients nationwide and account for 50% of healthcare 

spending.1 Although less than 5% of Medicare spending 

is considered potentially preventable, almost three-quarters 

of the preventable costs are incurred by this HCHN subset.2 

Addressing modifiable risk factors present in HCHN patients 

may improve clinical outcomes while curbing overall US 

healthcare spending.1,3

Prominent comorbidities in HCHN patients include conditions 

associated with increased risk of bacterial infection, such as 

diabetes, chronic obstructive pulmonary disease, and chronic 

renal failure.4 Acute bacterial lung and urinary tract infections 

are among the most common reasons for preventable hospital-

izations in HCHN patients2,5,6; the costs of bacterial pneumonia 

alone comprised almost one-fourth of preventable hospital 

costs in HCHN patients in 2006, resulting in excess spending 

of $7.2 billion.7

Beta-lactam antibiotics are first-line treatments for many of these 

bacterial infections; however, approximately 10% of Americans 

report a penicillin allergy, limiting treatment choice.8 Patients with 

infections who report a penicillin allergy are often administered 

alternatives to beta-lactam antibiotics that can be less effective, 

resulting in treatment failures9,10; more toxic, resulting in adverse 

drug reactions9,10; and broader-spectrum, resulting in higher risks 

of antibiotic resistance.11,12 However, more than 90% of patients 

reporting a penicillin allergy have their allergy disproved when 

formally evaluated.8

Active care management that combines chronic disease manage-

ment and case management improves care and reduces costs in 

HCHN patients.13-16 Although medication management is a proven 

feature of successful care management programs for HCHN 

patients,16,17 programs have generally not previously assessed 

or addressed drug allergies.18 To assess the potential benefits of 

proactive drug allergy evaluation in the HCHN population, we 

described the epidemiology and impact of reported penicillin 

allergy on antibiotic use and healthcare resource utilization (HRU) 

in HCHN patients.
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ABSTRACT

OBJECTIVES: More than 90% of patients who report a 
penicillin allergy have the allergy disproved when tested. 
Unnecessary use of alternative (non–beta-lactam) antibiotics 
can result in more treatment failures and adverse reactions. 
We described the prevalence and impact of a reported 
penicillin allergy in high-cost, high-need (HCHN) patients.

STUDY DESIGN: Retrospective cohort.

METHODS: We identified HCHN patients in a care 
management program of an urban academic medical 
center (January 1, 2014, to December 31, 2016). We used 
multivariable logistic regression models to determine 
the association between a reported penicillin allergy and 
antibiotic use. We used multivariable Poisson regression 
models to determine the association between a reported 
penicillin allergy, with or without multiple drug intolerance 
syndrome (MDIS; ≥3 reported drug allergies), and healthcare 
resource utilization (HRU).

RESULTS: Of 1870 HCHN patients, 383 (20%) reported 
penicillin allergy, 835 (45%) had MDIS, and 290 (16%) had 
both. HCHN patients reporting penicillin allergy had an 
increased odds of beta-lactam alternative antibiotic use 
(adjusted odds ratio, 3.84; 95% CI, 2.17-6.80). HRU was 
significantly higher for patients reporting a penicillin allergy 
alone (adjusted relative risk [aRR], 1.13; 95% CI, 1.03-1.25) 
and with concurrent MDIS (aRR, 1.20; 95% CI, 1.08-1.34).

CONCLUSIONS: HCHN patients had a high burden of 
reported drug allergy. A reported penicillin allergy conferred 
a 4-fold increased odds of beta-lactam alternative antibiotic 
use. Reporting penicillin allergy, with and without MDIS, 
was associated with significantly more HRU. HCHN care 
management programs should consider systematic drug 
allergy evaluations to optimize antibiotic use in these 
fragile patients.
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METHODS
Study Design and Population

This study was conducted at a large Boston-

based academic medical center with an active 

care management program for HCHN patients. 

HCHN patients received their primary care at 

1 of 15 affiliated practice sites. We considered 

a 36-month study period (January 1, 2014, 

through December 31, 2016) and included only 

HCHN patients continuously followed by the 

active care management program for at least 

34 of these months. All data were retrieved 

exclusively from electronic sources. The study was approved by 

the Partners Human Research Committee (protocol 2017P000456).

Exposure 

The primary exposure of interest was a reported penicillin allergy, 

defined as any reported allergy or intolerance to any penicillin 

antibiotic. After being electronically retrieved, allergy data were 

manually verified by chart review to determine the first date of 

penicillin allergy “active” status, the reaction(s) listed, and any 

allergy status changes that occurred during the study period. 

Given that antibiotic prescribing might not be affected for patients 

reporting only a penicillin intolerance, we considered a sensitivity 

analysis definition of a reported penicillin allergy that excluded 

patients who had gastrointestinal penicillin intolerance only. We 

separately considered multiple drug intolerance syndrome (MDIS) 

as an exposure, defined as a reported allergy or intolerance to 3 or 

more drugs (1 of which may have been a penicillin) at the time of 

study entry.19,20

Outcomes

The primary outcome was antibiotic use, defined as antibiotic 

exposure, regardless of duration, captured by any inpatient antibiotic 

administration or outpatient antibiotic prescribed in the study 

period. We considered narrow-spectrum beta-lactam antibiotics 

as any penicillins, other than antipseudomonal penicillins or 

penicillin class antibiotic/beta-lactamase inhibitor combinations, 

and first- or second-generation cephalosporins.11,21,22 Beta-lactam 

alternative antibiotics included fluoroquinolones, macrolides, 

vancomycin, clindamycin, sulfonamides, tetracyclines, amino-

glycosides, and linezolid.11,21,22

The secondary outcome was HRU, which considered inpatient, 

emergency, and outpatient visit counts. Inpatient visits excluded 

residential inpatient stays, and emergency visits excluded those 

that led to an inpatient visit. Outpatient visits were specified as 

primary care or specialist visits.

Key Variables

Key variables assessed included patient demographics, insurance, 

comorbidities, corticosteroid use, other drug allergies, and resistant 

organisms. Comorbidities considered were cardiovascular disease, 

diabetes, renal disease, and cancer, defined from established 

diagnostic codes, when available (eAppendix Table 1 [eAppendix 

available at ajmc.com]).23-25 Charlson Comorbidity Index (CCI) 

score was electronically calculated based on diagnostics codes.26,27 

Systemic corticosteroid use, a binary variable, was considered yes 

for any patients with a documented inpatient administration and/

or an outpatient prescription for an oral or parenteral steroid. Other 

reported drug allergies were defined similarly to a reported penicillin 

allergy (ie, any reported allergy or intolerance). We captured the 

total number of reported allergies, reported cephalosporin allergies, 

and reported sulfonamide antibiotic allergies. Colonization or 

infection with methicillin-resistant Staphylococcus aureus (MRSA) 

was determined by the presence of a MRSA microbiology culture. 

Colonization or infection with vancomycin-resistant Enterococcus 

(VRE) was determined by the presence of a VRE microbiology culture.

Statistical Analysis

Numbers with frequencies and means with SDs were used to describe 

categorical and continuous variables, respectively. We used simple 

regression models (ie, models with a single independent variable) 

to assess bivariate relationships. Multivariable regression models 

were used to assess the relationship between the exposure(s) and 

outcomes. Because a patient’s penicillin allergy status can change 

during the study period (from no reported penicillin allergy to 

reported penicillin allergy, or vice versa), we used generalized 

estimating equations to construct regression models to account 

for the within-patient correlation. Multivariable logistic regression 

models were used to determine the association of penicillin allergy 

status with antibiotic use, and multivariable Poisson regression 

models were used to determine the association between penicillin 

allergy status and number of healthcare visits per follow-up year.

We considered patient demographics and CCI score as potentially 

confounding variables warranting inclusion in the final models a priori. 

All other key variables were individually assessed for confounding. 

Although we identified other drug allergies as a confounder, this 

variable was determined to be collinear with the exposure and 

was not included in the final models. We report odds ratios (ORs) 

with 95% CIs for antibiotic use outcomes and relative risks (RRs) 

TAKEAWAY POINTS

 › More than 20% of high-cost, high-need (HCHN) patients reported a penicillin allergy, and 
45% had multiple drug intolerance syndrome (MDIS; ≥3 drug allergies).

 › HCHN patients had high prevalence of risk factors for bacterial infections: diabetes (51%), 
cancer (46%), and systemic corticosteroid exposure (34%).

 › A reported penicillin allergy was associated with an almost 4-fold increased odds of alter-
native antibiotic exposure, with odds of clindamycin exposure increased more than 8-fold.

 › Reporting a penicillin allergy, with or without MDIS, conferred a 10% to 20% increase in 
healthcare utilization.

 › HCHN patients may be ideal candidates for systematic drug allergy evaluations, including 
penicillin allergy testing, to optimize first-line antibiotic treatments.  
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with 95% CIs for healthcare visits. All P values were 2-sided, with 

P <.05 considered statistically significant. Statistical analyses were 

performed in SAS version 9.4 (SAS Institute; Cary, North Carolina).

RESULTS
Cohort Description

Of 1870 patients enrolled in the study, 383 (20%) had a reported 

penicillin allergy at any time during the study period. There were 

835 (45%) patients with MDIS, including 290 patients (16%) with both 

a reported penicillin allergy and MDIS. The 383 patients reporting 

penicillin allergy had a total of 513 reactions, commonly rash or 

dermatitis (n = 179; 35%), unknown (n = 83; 16%), urticaria or hives 

(n = 75; 15%), gastrointestinal upset (n = 74; 14%), angioedema or 

swelling (n = 42; 8%), and anaphylaxis (n = 31; 6%) (eAppendix 

Table 2). There were 40 patients whose only penicillin reaction 

was gastrointestinal upset. There were 25 patients whose penicillin 

allergy status changed during the study period: 19 patients had a new 

penicillin allergy label applied and 6 patients had their penicillin 

allergy label resolved (4 [67%] of which were resolved by allergy 

testing). Therefore, the final cohort consisted of 1895 penicillin 

allergy observations in 1870 unique patients, with a total of 5599 

person-years of follow-up time for analysis.

Age, race, and body mass index did not differ by penicillin allergy 

status (Table 1). Patients reporting a penicillin allergy were more 

often female (73% vs 56%; P <.001). The most common insurance 

was an accountable care organization external risk (89%), with 

fewer patients part of a commercial external risk-based contract 

(11%). Active smoking was uncommon (8%), and former smokers 

comprised 38% of patients.

CCI scores were high, on average (mean [SD] = 4.74 [3.30]), but 

also not differential by penicillin allergy status. Patients had 

cardiovascular disease (61%), diabetes (51%), renal disease (45%), 

and cancer (46%), not differential by reported penicillin allergy 

status. Systemic corticosteroid use was present in 34% overall, with 

no difference by penicillin allergy status.

Only 14% of patients had no reported drug allergies overall. One 

or 2 drug allergies were present in 42% of patients overall, 3 or 4 

drug allergies were present in 21% of patients, and 5 or more drug 

allergies were present in 24% of patients. Compared with patients 

not reporting penicillin allergy, patients with a reported penicillin 

allergy more frequently had more total reported drug allergies 

(P <.001). Reported cephalosporin and sulfonamide antibiotic 

allergies were present in 3% and 16% of patients overall, more 

frequently in patients reporting penicillin allergy (cephalosporin: 

6% vs 2%; P <.001; sulfonamide antibiotic: 26% vs 13%; P <.001). 

MRSA and VRE colonization and/or infection were overall low at 

baseline (4%), without a difference by penicillin allergy status.

Primary Outcome: Antibiotic Use

Antibiotics in HCHN patients included fluoroquinolones (n = 912), 

first-generation cephalosporins (n = 576), macrolides (n = 529), 

vancomycin (n = 431), third-generation cephalosporins (n = 380), 

sulfonamides (n = 360), tetracyclines (n = 334), and clindamycin 

(n = 184) (Table 2). HCHN patients used beta-lactam alternative 

antibiotics more frequently than narrow-spectrum beta-lactam 

antibiotics overall.

The use of narrow-spectrum beta-lactam antibiotics was lower in 

patients reporting a penicillin allergy (17% vs 47%; P <.001) (Table 2). 

In the multivariable adjusted regression model, patients reporting 

penicillin allergy had lower odds of narrow-spectrum beta-lactam 

antibiotic use (adjusted OR, 0.20; 95% CI, 0.15-0.26) compared with 

those reporting no penicillin allergy (Figure [A]). This association 

strengthened in the sensitivity analysis that excluded patients 

with gastrointestinal penicillin intolerance only (adjusted OR, 0.11; 

95% CI, 0.08-0.16) (data not shown).

Alternative antibiotic use was higher in patients reporting a 

penicillin allergy (80% vs 71%; P <.001) (Table 2). Specific alternative 

antibiotics used more in patients reporting a penicillin allergy were 

fluoroquinolones (53% vs 47%; P = .026), clindamycin (28% vs 5%; 

P <.001), and tetracyclines (25% vs 16%; P <.001). In the multivari-

able regression model, patients reporting penicillin allergy had an 

increased odds of beta-lactam alternative antibiotic use (adjusted 

OR, 3.84; 95% CI, 2.17-6.80) (Figure [B]), with clindamycin use having 

the greatest OR (adjusted OR, 8.40; 95% CI, 5.99-11.79) compared 

with those reporting no penicillin allergy. This association between 

reported penicillin allergy and beta-lactam alternative antibiotic 

use strengthened in the sensitivity analysis that excluded patients 

with gastrointestinal penicillin intolerance only (adjusted OR, 5.64; 

95% CI, 2.78-11.44).

Secondary Outcome: HRU

Total number of visits per follow-up year were higher for patients 

reporting a penicillin allergy (3.03 vs 0.70; P <.001) and for those 

who also had MDIS (2.05 vs 0.44; P <.001) (Table 3). Inpatient visits 

per follow-up year were comparable between patients with and 

without a reported penicillin allergy, but emergency, primary care, 

and specialist outpatient visits were more frequent for patients 

reporting a penicillin allergy (Table 3). All visit types were more 

frequent in patients reporting MDIS (Table 3).

In the multivariable adjusted analysis, numbers of healthcare 

visits were significantly greater for patients with a reported 

penicillin allergy compared with those not reporting a penicillin 

allergy (RR, 1.13; 95% CI, 1.03-1.25) (Table 4). The RR demonstrating 

increased visits was nearly identical when excluding patients with 

gastrointestinal penicillin intolerance only. Patients with reported 

penicillin allergy and concurrent MDIS had a higher incidence of 

HRU (RR, 1.20; 95% CI, 1.08-1.34) (Table 4) compared with those 

without penicillin allergy and MDIS.

DISCUSSION
We performed a retrospective cohort study of HCHN patients and 

identified that more than 1 in 5 of these patients had a reported 
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TABLE 1. High-Cost, High-Need Patient Characteristics by Reported Penicillin Allergy Status

 
All Patients 
(N = 1895)

Reported Penicillin Allergy
(n = 383)

No Reported Penicillin Allergy
(n = 1512) Pa

Age in years, mean (SD)b 77 (12.3) 78 (12.2) 77 (12.3) .13

n PY % PYc n PY % PYc n PY % PYc

Female sex 1132 3338 60 279 806 73 853 2532 56 <.001

Race/ethnicity .65

White 1617 4779 85 321 926 84 1296 3853 86

Black 122 356 6 26 75 7 96 282 6

Hispanic 50 150 3 12 36 3 38 114 3

Asian 35 105 2 6 18 2 29 87 2

Other 40 117 2 13 38 3 27 79 2

Unknown 31 93 2 5 15 1 26 78 2

Body mass index .27

<18.5 34 102 2 6 18 2 28 84 2

18.5-<25.0 438 1284 23 82 232 21 356 1053 23

25.0-<30.0 622 1848 33 120 352 32 502 1495 33

≥30.0 801 2366 42 175 505 46 626 1861 41

Insurance .69

ACO external risk 1681 4967 89 344 995 90 1337 3972 88

Commercial external risk 206 611 11 38 110 10 168 501 11

Otherd 8 21 <1 1 2 <1 7 19 <1

Smoking status .18

None 876 2572 46 191 543 49 685 2029 45

Former 714 2117 38 140 410 37 574 1707 38

Current 151 449 8 22 64 6 129 385 9

Unknown 154 461 8 30 90 8 124 371 8

Charlson Comorbidity Index scoreb 1895 5599 4.74 (3.30) 383 1107 4.80 (3.22) 1512 4493 4.72 (3.31) .76

Comorbidities

Cardiovascular disease 1154 3401 61 233 667 60 921 2734 61 .71

Diabetes 967 2856 51 195 566 51 772 2290 51 .76

Renal disease 865 2544 45 178 509 46 687 2035 45 .87

Cancer 862 2557 46 181 531 48 681 2026 45 .79

Systemic corticosteroid use 651 1919 34 137 394 36 514 1525 34 .98

Total reported drug allergies <.001

0 258 764 14 4 9 <1 254 755 17

1-2 789 2336 42 89 253 23 700 2083 46

3-4 403 1185 21 104 299 27 299 886 20

≥5 445 1315 24 186 545 49 259 769 17

Other reported drug allergies <.001

Cephalosporin antibiotics 53 153 3 24 69 6 29 84 2

Sulfonamide antibiotics 298 868 16 99 284 26 199 585 13

Prior resistant organisms 

MRSA colonization or infection 134 398 7 30 88 8 104 310 7 .82

VRE colonization or infection 57 168 4 10 28 3 47 140 3 .53

ACO indicates accountable care organization; MRSA, methicillin-resistant Staphylococcus aureus; PY, person-years; VRE, vancomycin-resistant Enterococcus.
aUnadjusted P values for reported penicillin allergy were calculated using generalized estimating equations logistic model.
bAge and Charlson Comorbidity Index score numbers shown are mean (SD).
cPercentage of PY was calculated as PY/total PY. 
dOther includes nonrisk other, nonrisk preferred provider organization/other, UnitedHealthcare, and none.
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penicillin allergy and almost half had MDIS. Patients had risk 

factors for bacterial infections, but MRSA and VRE were infrequent, 

suggesting that narrow-spectrum beta-lactams would be potentially 

useful treatments in this population. HCHN patients had high 

antibiotic use overall; HCHN patients with a reported penicillin 

allergy were about 7-fold less likely to be exposed to narrow-spectrum 

beta-lactams and more than 3-fold more likely to be exposed to 

beta-lactam alternative antibiotics. HCHN patients with penicillin 

allergy alone had 13% more healthcare visits; there were 20% more 

healthcare visits if there was concurrent MDIS.

The HCHN patients had a markedly high prevalence of reported 

penicillin allergy (20%). Although the prevalence of reported peni-

cillin allergy varies among adult populations, it is often reported to 

range from 6% to 10%.19,28,29 Penicillin allergy reporting increases 

with increasing age, and our HCHN cohort was composed of older 

adults (mean age, 77 years).30 Hospitalized patients and patients 

with cancer have even higher reported penicillin allergy prevalence 

rates (up to 15%).31-34 MDIS was identified in almost half (45%) of 

HCHN patients, but previous studies indicated that general patient 

populations rarely have MDIS (from 2% to 6%).19,20

Penicillin allergy testing removes false penicillin allergy labels 

in more than 90% of patients who carry a historical penicillin 

allergy diagnosis.8 Testing includes a detailed allergy history 

and often procedures such as penicillin skin testing and/or drug 

administration under medical observation (ie, a drug challenge). 

Although penicillin allergy evaluation is broadly encouraged by 

organizations such as the CDC and the National Quality Forum, 

currently less than 1% of Americans with a documented penicillin 

allergy report having been tested.35-37 Drug allergy testing for other 

antibiotics is available in some US allergy practices and can be used 

to disprove prior drug allergies and clarify true drug reactions in 

patients with MDIS. Antibiotic allergy evaluations in one Australian 

center disproved 85% of all reported antibiotic allergies.21 Although 

fewer antibiotic allergies may be disproved in an HCHN population, 

it is quite likely that many antibiotic allergies will be found untrue, 

which would improve antibiotic prescribing and minimize risks 

of treatment failure and adverse effects.

The HCHN patients had high prevalence of risk factors for bacterial 

infections that included diabetes (51%), cancer (46%), and systemic 

corticosteroid exposure (34%). Additionally, almost half of the 

patients (46%) were current or former smokers, a strong risk factor 

for bacterial pneumonia that was the single most common reason 

for preventable hospitalization in HCHN patients.2,5,6 Increasing the 

use of narrow-spectrum beta-lactam antibiotics in HCHN patients 

may not only serve to improve their clinical outcomes but may 

also reduce HRU and decrease healthcare costs. Although this has 

TABLE 2. Unadjusted Association of Reported Penicillin Allergy Status and Antibiotic Use

 

All Patients 
(N = 1895)

Reported Penicillin Allergy 
(n = 383)

No Reported Penicillin Allergy 
(n = 1512)

Pbn PY % PYa n PY % PYa n PY % PYa

Narrow-spectrum beta-lactamsc 767 2275 41 66 188 17 701 2087 47 <.001

Penicillinsd 317 940 17 13 36 3 304 905 20 <.001

Cephalosporins, first generation 576 1707 31 51 143 13 525 1563 35 <.001

Cephalosporins, second generation 50 150 3 9 27 2 41 123 3 .64

Beta-lactam alternativese 1367 4041 73 306 889 80 1061 3152 71 <.001

Fluoroquinolones 912 2695 48 204 587 53 708 2108 47 .026

Macrolides 529 1561 28 122 354 32 407 1206 27 .075

Vancomycin 431 1269 23 90 258 23 341 1011 23 .81

Clindamycin 184 536 10 108 312 28 76 224 5 <.001

Sulfonamides 360 1068 19 84 245 22 276 823 18 .14

Tetracyclines 334 984 18 96 282 25 238 702 16 <.001

Aminoglycosides 64 188 3 14 39 4 50 149 3 .78

Linezolid 35 101 2 10 27 2 25 75 2 .23

Other beta-lactams

Beta-lactamase penicillinsf 395 1167 21 18 46 4 377 1121 25 <.001

Cephalosporins, third generation 380 1128 20 68 196 18 312 932 21 .14

Carbapenems 40 115 2 8 21 2 32 95 2 .94

PY indicates person-years.
aPercentage of PY was calculated as PY/total PY.
bUnadjusted P values for penicillin allergy were calculated using generalized estimating equations logistic regression model.
cIncludes penicillins and cephalosporins in the first and second generations. 
dOther than beta-lactamase penicillins.
eBeta-lactam alternatives included fluoroquinolones, macrolides, parenteral vancomycin, clindamycin, sulfonamides, tetracyclines, aminoglycosides, and linezolid. 
Patients may use beta-lactam alternatives multiple times.
fBeta-lactamase penicillins included piperacillin-tazobactam, amoxicillin-clavulanate/clavulanic acid, and ampicillin-sulbactam.
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not been assessed specifically to date, one 

study demonstrated that patients reporting 

a penicillin allergy who received penicillin 

allergy evaluations had lower antibiotic costs 

in the year after their allergy testing compared 

with the year before their allergy testing.38

The resistant organisms MRSA and VRE were 

surprisingly uncommon in HCHN patients 

(4%). This low level of colonization with resis-

tant organisms suggests that, when infected, 

HCHN patients may have infections treatable 

with narrow-spectrum beta-lactams. As such, 

reclaiming the use of narrow-spectrum beta-

lactams in HCHN patients previously labeled as 

penicillin-allergic would be helpful. Findings of 

prior studies identified that patients reporting 

penicillin allergy had an increased prevalence 

of MRSA and VRE39 and an increased incidence 

of new MRSA, with more than half of the 

increased MRSA risk attributable to beta-lactam 

alternative antibiotic prescribing.11 Addressing 

reported penicillin allergies, therefore, is also a 

useful antibiotic stewardship tool for fighting 

antimicrobial resistance.8

A reported penicillin allergy in HCHN 

patients was associated with a 7-fold lower 

use of narrow-spectrum beta-lactams and a 

more than 3-fold increased use of alternative 

antibiotics. These associations magnified to 

9-fold less likely to receive a narrow-spectrum 

beta-lactam and 6-fold more likely to receive 

beta-lactam alternatives when excluding 

patients with gastrointestinal penicillin 

intolerance in a sensitivity analysis. A prior 

population-based outpatient cohort study 

found that patients reporting penicillin allergy 

had approximately 4-fold increased risks of 

macrolide and clindamycin exposure and 

2-fold increased fluoroquinolone exposure.11 

Although we found that all beta-lactam alter-

native antibiotics were used more frequently 

in HCHN patients in this study, the largest 

difference by reported penicillin allergy status 

was clindamycin use, where a more than 

8-fold increased odds of use was identified 

in patients reporting a penicillin allergy. 

Clindamycin is considered one of the most 

common causative antibiotics for Clostridioides 

difficile infection (CDI).40 Findings of prior 

studies support that CDI incidence is greater 

for patients with a reported penicillin allergy 

and that some of the observed increased 

Beta-lactam alternatives

Clindamycin

Tetracyclines

Linezolid

Fluoroquinolones

Sulfonamides

Macrolides

Aminoglycosides

Vancomycin

3.84 (2.17-6.80)

8.40 (5.99-11.79)

1.94 (1.46-2.58)

1.47 (0.69-3.16)

1.27 (0.99-1.65)

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0

1.23 (0.92-1.63)

1.21 (0.94-1.56)

1.11 (0.60-2.05)

1.09 (0.82-1.45)

Adjusted Odds Ratio (95% CI)

Cephalosporins, second generation

0.0 0.5 1.0 1.5 2.0

0.77 (0.36-1.66)

Adjusted Odds Ratio (95% CI)

Narrow beta-lactam 0.20 (0.15-0.26)

Penicillins 0.13 (0.07-0.23)

Cephalosporins, first generation 0.26 (0.19-0.36)

FIGURE. The Association of Reported Penicillin Allergy With Antibiotic Use in High-Cost, 
High-Need Patientsa

aOdds ratios are adjusted for age, sex, race, and Charlson Comorbidity Index score.
bPenicillins exclude anti-Pseudomonal penicillins and penicillins that are combined with beta-lactamase 
inhibitors (eg, tazobactam). See Methods for details.

A. The Association of Reported Penicillin Allergy With Narrow-Spectrum Antibiotic Useb

B. The Association of Reported Penicillin Allergy With Beta-Lactam Alternative Use

TABLE 3. Unadjusted Association of Penicillin Allergy and Other Drug Allergy Status on 
Healthcare Resource Utilization

Incident Ratea

All 
Patients

(N = 1895)

Reported Penicillin Allergy
Multiple Drug Intolerance 

Syndrome

Yes
(n = 383)

No 
(n = 1512) Pb

Yesc

(n = 848)
No

(n = 1047) Pb

Total number of 
visits

1.16 3.03 0.70 <.001 2.05 0.44 <.001

Inpatient visits 0.06 0.09 0.05 .24 0.11 0.03 <.001

Emergency visits 0.07 0.19 0.04 .003 0.12 0.03 <.001

Outpatient visits 1.03 2.70 0.62 <.001 1.80 0.41 <.001

Primary care 0.27 0.74 0.16 <.001 0.43 0.15 <.001

Specialist 0.51 1.95 0.46 <.001 1.29 0.32 <.001

aPatient visits that occurred between January 1, 2014, and December 31, 2016, displayed per 
follow-up year.
bUnadjusted P values determined using Poisson regression.
cPatients with 3 or more drug allergies or intolerances.
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CDI risk is directly attributable to macrolide, clindamycin, and 

fluoroquinolone prescribing.11 As such, if routine penicillin 

allergy evaluations could improve antibiotic prescribing, CDI 

cases might be averted. Recently, patients with penicillin allergy 

histories who were penicillin tested were subsequently exposed 

to less clindamycin and macrolides than matched patients who 

were not penicillin tested.41

Although all patients were high utilizers, reporting a penicillin 

allergy, both alone and with concurrent MDIS, conferred a 10% to 

20% significant increase in HRU. The observed utilization differ-

ences were driven by increased emergency and outpatient visits. 

Given that narrow-spectrum beta-lactams are first-line therapies 

for many infections,8 utilization might be reduced after removal 

of the penicillin allergy label. Indeed, one prior matched cohort 

study determined that patients with penicillin allergy histories who 

received penicillin allergy evaluations had fewer outpatient visits 

(P <.001), emergency visits (P = .29), and hospital days (P <.001) per 

coverage year during follow-up compared with matched controls 

with penicillin allergy histories who did not receive the penicillin 

allergy evaluation.41

Limitations

This study used a retrospective design. Although we reduced 

misclassification through manual review of the primary exposure 

(penicillin allergy) and studied outcomes derived from electronically 

captured antibiotic and HRU data, misclassification could still exist. 

Because drug dosage and duration details were not consistently 

available, we studied antibiotic and corticosteroid use, regardless 

of dose and duration. However, drug use did include both inpatient 

and outpatient use through administration and prescription data. 

We assessed total healthcare system visits as our measure of HRU 

and did not consider inpatient length of stay nor procedures and 

tests performed. We assessed many potential confounders in our 

analysis but could not consider all possible confounders; other 

illnesses and/or social factors (eg, living situation) might affect 

antibiotic choice or healthcare visits. However, because these 

factors would not be related to the exposure 

of penicillin allergy, their inclusion into our 

models would be unlikely to yield different 

results. Our findings come from 1 sample of 

HCHN patients enrolled in the care management 

program of a single large academic medical 

center in the Boston area; such patients may 

not be representative of other HCHN patients 

in the United States.

CONCLUSIONS
This large, retrospective cohort analysis 

demonstrates that there is a high burden of 

drug allergy in HCHN patients and substantial 

room for improvement in the antibiotic choices 

made for HCHN patients reporting a penicillin allergy. Systematic 

efforts focused on penicillin and drug allergy management in 

HCHN patients may benefit both the patients and the healthcare 

systems tasked with supporting the care of these complex patients 

in a cost-conscious manner. n
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eAppendix Table 1. Diagnostic Codes Used in Covariate Assessment  

 
a 40 patients had only gastrointestinal upset and were excluded from the reported penicillin 

allergy group in the sensitivity analysis (see methods). 
b Includes hypotension, shock, arrest and/or arrhythmia.  
c Includes bronchospasm, wheezing, and/or asthma. 
d  Includes one patient with acute interstitial nephritis 

e Other includes: Headache (n = 2), hepatoxicity (1), mental status change (n = 2), eye floater (n 

= 1), musculoskeletal pain (n = 1), fainting (n = 1), muscle spasms (n = 1), redness (n = 1), 

tinnitus (n = 1), difficult swallowing (n = 1), hepatitis (n = 1), tachycardia (n = 1), flushing (n = 

1), other (n = 1).  

Diagnosis  Codes  
Cardiovascular disease 410.9x, 414.0x, 428.xx 
Diabetes(1) 250.00-250.92, 357.2,  362.01-362.02,  583.81 
Renal disease(3) 581–583 or 585–589, 403, 404, 593.9, 250.4, 39.95, 54.98, 591, 593.7, 753 
Cancer(2) 140-149.9, 150-159.9, 160-164.9, 170-172.9, 174-175.9, 180.x, 182-186.9, 

187.3, 187.4, 187.9, 188-189.9, 190-197.8, 199.x, 235.x, 236.1, 236.2, 236.4, 
236.5, 236.6, 236.7, 236.91, 237.xx, 238.1, 238.2, 238.8, 238.9, 239.xx 

Charlson comorbidity 
index(4, 5) 

1 point each:  
Myocardial Infarction: 410 to 410.9, 412 
Congestive heart failure: 428 to 428.9 
Peripheral vascular disease: 443.9, 441, 441.9, 785.4, v43.4', 38.48 
Cerebrovascular disease: 430 to 438 
Dementia: 290 to 290.9 
Chronic pulmonary disease: 490 to 496, 500 to 505, 506.4 
Connective tissue disease: 710.0, 710.1, 710.4,714.4,714.8,725,714.0, 714.2 
Ulcer disease: 531 to 534.9 
Mild liver disease: 571.2, 571.4 to 571.49, 571.5, 571.6 
Diabetes: 250 to 250.3, 250.3 
2 points each: 
Hemiplegia: 344.1, 342 to 342.9 
Moderate or severe renal disease: 582 to 582.9, 583 to 583.7, 585, 586, 588 
to 588.9 
Diabetes with end organ failure: 250.4 to 250.6 
Any tumor, leukemia, or lymphoma: 140 to 172.9, 174 to 195.8, 200 to 208.9
  
3 points each: 
Moderate or severe liver disease: 572.2 TO 572.  
6 point each: 
Metastatic solid tumor: 196 to 199.1  
AIDS: 042 to 044.98 



eAppendix Table 2. High-Cost High-Need Patients Reporting a Penicillin Allergy Had a Total 

of 513 Penicillin Adverse and Allergic Reactions 

Reactions n (%) 
Rash or dermatitis 179 (35) 
Urticaria/hives 75 (15) 
Gastrointestinal upset 74 (14)a 
Angioedema/swelling 42 (8) 
Anaphylaxisb 31 (6) 
Shortness of breathc 9 (2) 
Renal injuryd 4 (1) 
Othere 16 (3) 
Unknown 83 (16) 
Total 513 (100) 

 
a 40 patients had only gastrointestinal upset and were excluded from the reported penicillin 

allergy group in the sensitivity analysis (see methods). 
b Includes hypotension, shock, arrest and/or arrhythmia.  
c Includes bronchospasm, wheezing, and/or asthma. 
d  Includes one patient with acute interstitial nephritis 

e Other includes: Headache (n = 2), hepatoxicity (1), mental status change (n = 2), eye floater (n 

= 1), musculoskeletal pain (n = 1), fainting (n = 1), muscle spasms (n = 1), redness (n = 1), 

tinnitus (n = 1), difficult swallowing (n = 1), hepatitis (n = 1), tachycardia (n = 1), flushing (n = 

1), other (n = 1). 
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