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Clinical Implications (40/40 words) 57 

Patient-centered brochures have been utilized to educate patients and to assist with health-related decision-making 58 

processes.  This study is among the first to describe the impact of an educational brochure on inpatient knowledge and 59 

perception of penicillin allergy and skin testing. 60 

 61 
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Text (1,000/1,000) 102 

 103 

The penicillin (PCN) allergy label is associated with serious and significant clinical consequences, including increased 104 

healthcare exposure, bacterial resistance, and suboptimal clinical outcomes.1,2  Despite these risks and the well-described 105 

waning of immunoglobulin E (IgE) antibodies over time, only 0.1% of patients labeled penicillin-allergic undergo 106 

penicillin skin testing (PST) annually.3  The underutilization of PCN allergy evaluations and subsequent PST may be 107 

partially related to knowledge gaps among both healthcare providers and patients, which has been described in the 108 

literature.4-9  We sought to evaluate the educational effectiveness and impact of a patient informational brochure on patient 109 

knowledge and perception of PCN allergy and PST.  110 

 111 

An electronic health record (Hyperspace; Epic Systems Corporation, Verona, Wis) was utilized to identify hospitalized 112 

patients with an active PCN allergy between June 2016 and March 2019. Those eligible for the study included patients ≥ 113 

18 years of age with a documented PCN allergy history consistent with an IgE-mediated response, defined as symptoms 114 

of rash, hives, itching, angioedema, shortness of breath, and/or anaphylaxis. Patients non-English speaking, unable to 115 

provide informed consent, or admitted to the intensive care unit at the time of the study were excluded. 116 

 117 

Prior to reading the brochure, participants were given a survey (pre-brochure survey) (Figure E1) which evaluated 118 

baseline knowledge of PCN allergy.  Participants were then provided an educational brochure (Figure E2) containing 119 

information about PCN allergy and PST.  Knowledge and perception of the educational materials were then assessed by 120 

completing a post-brochure survey (Figure E3) upon return of the brochure to study personnel.  Administration of the pre- 121 

and post-brochure surveys occurred during the same encounter.  Study personnel were not permitted to answer participant 122 

questions about the brochure contents until the surveys were returned.  123 

 124 

The pre- and post-brochure surveys were completed by the patient by rating their responses to various knowledge- and 125 

perception-based statements on a 5-point Likert scale (1 = strongly disagree to 5 = strongly agree).  The primary endpoint 126 

was agreement with knowledge statements; those who answered strongly agree or agree were included in the “agree” 127 

group and those who answered uncertain, disagree, and strongly disagree were categorized into the “disagree” group.  128 

Descriptive statistics were used to summarize the population and patient knowledge and perception of PCN allergy and 129 

PST.   For the primary outcome, identical statements on each survey were used to compare pre- and post-proportions of 130 
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those who agreed to knowledge statements. For paired data, McNemar’s test was used to compare change in knowledge 131 

between the pre- and post-brochure surveys responses.  IBM® SPSS® Statistics V24 for Windows (Armonk, NY) and 132 

Vassar Stats© were used for analysis.  133 

 134 

Out of 125 patients approached 101 (80.8%) completed the survey. Patients were predominantly female (66.3%), > 65 135 

years of age (42.6%), Caucasian (78.2%) and completed a high school education or beyond (81.2%).  When assessing 136 

background information regarding previous reactions, more than half of subjects (52.3%) reported hypersensitivities to 137 

other antibiotics, where 26 (26%) reported requiring medical attention for previous hypersensitivity reactions. 138 

 139 

The pre-brochure survey responses indicated that 73 (72.3%) individuals disagreed that one can outgrow a PCN allergy 140 

and only 1 in 4 participants (25.7%) had heard of PST from a healthcare provider.   At baseline, 1 in 2 participants 141 

reported they would be more likely to undergo PST if conducted in a hospital setting (48.5%) and 40 (39.6%) indicated 142 

PST would be beneficial for them overall. Cost of PST was not a concern in the majority of patients (71.3%).  143 

 144 

After reading the educational brochure, the number of participants who believed people could outgrow a PCN allergy 145 

increased 3-fold (24.8% vs. 77.2%; P < 0.01) and the number of individuals who felt PST would be helpful also increased 146 

(39.6% vs. 66.3%; P < 0.01) (Figure 1).  When assessing patient understanding of information stated in the post-brochure, 147 

76.2% of patients agreed that PST would help patients receive more effective antibiotics in the future, and 49.5% agreed 148 

that PCN antibiotics have less side effects compared to other antibiotics.  Additionally, individuals reported they felt 149 

better informed about the reasons to undergo PST (86.1%) and the majority (77.2%) agreed that PST may be easier than 150 

they thought. At the conclusion of the post-brochure survey, approximately one in three respondents (34.7%) indicated 151 

they would still be apprehensive to use PCN regardless of their PST result. 152 

 153 

While the clinical implications of the PCN allergy label and the benefits of delabeling have robust supporting literature, 154 

little is known about inpatient perception of PCN allergy and the effect of patient education.9 We assessed the impact of 155 

an educational brochure on inpatient knowledge, perception, and attitude regarding PCN allergy and PST and found that 156 

most patients had not engaged in prior discussions with their healthcare providers regarding these topics. Our brochure 157 
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helped to close knowledge gaps on important areas that have shown to affect patient care.  Despite our educational 158 

intervention, some patients remained hesitant to consider PST and/or PCN-based antibiotic use.  159 

 160 

Although our findings are encouraging, there are limitations to this study.  First, this was a single center analysis with a 161 

small sample size where the majority of participants were white elderly women with college degrees. Our results may not 162 

apply to other patient populations beyond these demographics.  Second, the brochure was only available in English, which 163 

may have contributed to participant selection bias and may limit the generalizability of our findings.  Third, this study 164 

took place over a period of 3 years where patient education about PCN allergy and PST was featured on several news and 165 

social media platforms.  However valid, these reports may have influenced patient knowledge over time. 166 

 167 

Our brochure was successful at educating patients regarding PCN allergy and PST, filling a gap in the medical literature 168 

regarding patient perceptions and education surrounding these topics. Implementation of patient educational programs has 169 

excellent potential to empower patients to initiate PST and delabeling discussions, improve understanding and encourage 170 

shared decision-making with healthcare providers.  Further research evaluating the impact of patient education should be 171 

studied in broader, more diverse populations and include clinical outcome metrics as well as behavioral components 172 

associated with PCN allergy delabeling. 173 

 174 
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Figure Legends: 214 

Figure 1. Change in Knowledge between Pre- and Post-Brochure Surveys 215 

Figure 1 legend. This figure demonstrates the change in the number of subjects who agreed with PCN allergy and PST 216 

knowledge statements on the pre- and post-brochure surveys. 217 

Abbreviations: PCN, penicillin; PST, penicillin skin testing 218 
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Figure 1. Change in Knowledge between Pre- and Post-Brochure Surveys 
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Figure E1. Baseline Questionnaire 
 
Please read the following statements and indicate the extent to which you agree or disagree by 
circling the answer that best describes your thoughts.    
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a. I have heard of penicillin skin testing before 5 4 3 2 1 

b. 
A health care provider has mentioned penicillin skin 
testing to me before 

5 4 3 2 1 

c. I have been allergy tested to other allergens in the past 5 4 3 2 1 

d. People can outgrow a penicillin allergy 5 4 3 2 1 

e. Penicillin skin testing would be helpful  for me 5 4 3 2 1 

f. 
A history of a serious reaction to penicillin means that I 
cannot undergo skin testing to penicillin 

5 4 3 2 1 

g. 
Penicillins are generally less expensive than most 
antibiotics 

5 4 3 2 1 

h. 
Penicillins are more effective antibiotics for some 
infections 

5 4 3 2 1 

i. 
I would be more likely to get penicillin skin testing if I 
were in the hospital  

5 4 3 2 1 

j. 
I would be more likely to get penicillin skin testing at an 
outpatient office   

5 4 3 2 1 

k. I am concerned about the cost of penicillin skin testing 5 4 3 2 1 

l. Penicillin skin testing is not safe 5 4 3 2 1 

m. Penicillin skin testing will be uncomfortable  5 4 3 2 1 

n. 
Reintroduction of penicillin into my body through 
penicillin skin testing will cause a reaction 

5 4 3 2 1 

o. 
Testing or reintroduction of penicillin into my body 
through penicillin skin testing will interact with my 
medical problems and/or medications 

5 4 3 2 1 
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Figure E2. Penicillin Skin Testing Patient Brochure 
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Figure E3. Post-Brochure Questionnaire 
 
When reading the brochure, please tell us how helpful the following information was for you in 
influencing your decision on penicillin skin testing.  Please use the following scale to determine 
how much more likely or less likely you are to get skin testing based on different pieces of 
information you saw in the brochure. 
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a. People can outgrow a penicillin allergy 5 4 3 2 1 

b. Penicillin skin testing would be helpful  for me 5 4 3 2 1 

c. 
A history of a serious reaction to penicillin means that I 
cannot undergo skin testing to penicillin 

5 4 3 2 1 

d. Penicillin skin testing is not safe 5 4 3 2 1 

e. Penicillin skin testing will be uncomfortable 5 4 3 2 1 

f. 
Reintroduction of penicillin into my body through 
penicillin skin testing will cause a reaction 

5 4 3 2 1 

g. 
Testing or reintroduction of penicillin into my body 
through penicillin skin testing will interact with my 
medical problems and/or medications 

5 4 3 2 1 

h. 
Penicillin skin testing may help me to get put on more 
effective antibiotics in the future 

5 4 3 2 1 

i. 
Penicillin antibiotics generally have less side effects than 
non-penicillin antibiotics 

5 4 3 2 1 

j. 
Penicillin skin testing may allow me to take penicillin 
again which is may be less expensive than non-penicillin 
antibiotics 

5 4 3 2 1 

k. Penicillin allergy is associated with resistant bacteria 5 4 3 2 1 

l. 
After reading the brochure, I feel better informed about 
reasons for penicillin skin testing 

5 4 3 2 1 

m. 
After reading the brochure, I realize penicillin skin testing 
may be easier than I thought 

5 4 3 2 1 

n. 
Regardless of the results of my penicillin skin test, I would 
be scared to use penicillin again in the future 

5 4 3 2 1 

 
After reading the brochure, please tell us below about any other thoughts you have regarding penicillin 
allergy or penicillin skin testing: 
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
_____ 
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