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Abstract: 19-10-0505R1 

 

Objective There is an epidemic of antibiotic allergy. 

 

Data Sources Articles published since 2008. 

 

Study Selections Articles on antibiotic allergy and stewardship. 

 

Results A number of overlapping factors contribute. The most important factor is antibiotic 

overuse. Antibiotics are commonly used in situations where no antibiotics are indicated. Thirty 

to 50% of ambulatory antibiotic use may be inappropriate. The duration of indicated antibiotic 

use is often excessive, which leads to more side-effects. All antibiotic use can result in adverse 

reactions and a fraction of these will be dutifully recorded as an allergy in the electronic health 

record (EHR). Most EHRs are not well structured to accurately convey information on expected 

side-effects that have occurred, metabolic or other contraindications, dose-related or 

situational toxicities, personal preferences, clinically-significant immunologically-mediated 

hypersensitivity, and other reasons a particular patient may not want or should not be given a 

specific drug or type of drug in the future. As populations age, their accumulated baggage of 

reported antibiotic allergies increase. Suspected antibiotic allergy is rarely confirmed with 

appropriate testing or rechallenge. Patients then receive sub-optimal antibiotic therapy and 

experience more side-effects, treatment failures, and serious antibiotic-resistant infections. 

Reporting an antibiotic allergy in the EHR is nominally done to improve patient safety, but 

unfortunately, this is often not the actual result. 

 

Conclusion Audit and feedback, to help ensure adherence to Choosing Wisely â 

recommendations and good antibiotic stewardship practices, can help reduce inappropriate 

antibiotic use. Restructuring EHRs to facilitate correct drug intolerance reporting, along with 

active antibiotic allergy delabeling programs, can help stem this epidemic. 



 1

Introduction 1 

 2 

An allergy is commonly noted on more than 20% of all electronic health records of 3 

unselected individuals using health care in developed countries.1,2  Antibiotic allergies 4 

are the most common class of drug allergy reported.3,4  Antibiotic allergies, though 5 

almost always shown to be inaccurate when adequate testing is performed, are rarely 6 

confirmed and can lead to less effective subsequent antibiotic therapy and increased 7 

patient morbidity.5,6  The most commonly reported antibiotic allergy is still penicillin, 8 

typically accounting for more than half of all antibiotic allergies.1,3   This high rate of 9 

labeling persists despite good evidence that rate of IgE-mediated hypersensitivity to 10 

penicillin as documented by properly performed positive penicillin skin test results has 11 

been falling over the past 30+ years.7  The true rate of clinically-significant acute-onset 12 

penicillin hypersensitivity confirmed by the reference standard test, an oral amoxicillin 13 

challenge and 1 hour of follow-up, is even lower.8,9  14 

 15 

There are a variety of factors leading to a high population prevalence of antibiotic 16 

allergy, inaccurate labeling, and then inappropriate responses to these inaccurate 17 

labels. Very few healthcare systems have a culture of confirming allergy reports, they 18 

are just generally accepted as correct.  Allergy reports are presumed to improve patient 19 

safety by leading to avoidance of re-exposure, with an assumed recurrence of an 20 

equivalent or worse reaction.10  This however is often not true.11  21 

  22 
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Epidemiology of antibiotic allergy 23 

 24 

All reports of antibiotic allergy prevalence have significant biases based on the specific 25 

populations examined.1-4  In order to even have a record of an antibiotic allergy that can 26 

be tracked, one needs to have access to healthcare and have a healthcare record.  In 27 

the United States in 2018 about 27.5 million people (8.5%) did not have health 28 

insurance at any point during the year.12  Fortunately, this is much less of an issue in 29 

Canada and the European Union.  Even in individuals with essentially no barriers to 30 

accessing healthcare, such as is the case with Kaiser Permanente Southern California 31 

(KPSC) members, only 6,144,422 (82.5%) of 7,449,079 unique individuals with any 32 

KPSC healthplan coverage between 2009 and 2017 used any KPSC healthcare 33 

services.13  Thus, when a paper notes an antibiotic allergy prevalence, it is critical to 34 

know the characteristics of the population under consideration, and those segments of 35 

the population that were excluded. 36 

 37 

In a cohort 2,375,424 KPSC healthplan members, which had an entry criteria of at least 38 

one healthcare visit and at least 11 months of healthplan coverage during 2009, there 39 

were 478,283 (20.1%) who had at least one drug allergy reported and 310,768 (13.1%) 40 

had at least one antibiotic allergy reported.1  There was a marked gender difference 41 

with 16.7% of females and only 8.8% of males noting any antibiotic allergy.  A penicillin 42 

allergy was noted by 9.46% of females and 5.93% of males in this cohort.  Individuals 43 

with any drug allergy compared to healthplan members with no drug allergy were more 44 

likely to be female, 68.0% versus 51.2%; older, mean ages 52.0 ± 20.6 versus 35.7 ± 45 
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22.1 years; heavier, mean BMI 28.3 ± 7.1 versus 26.3 ± 7.2; and more likely to have 46 

ever been seen in Psychiatry, 31.4% versus 20.1%.   Cumulative data on all 6,144,422 47 

KPSC healthplan members who had at least one visit between 2009 through 2017 48 

showed a penicillin allergy population prevalence of 10.9% in females and 7.3% in 49 

males and a total of 9.2%.13    50 

 51 

Zhou and coworkers from Boston reported in 2016 on a cohort of 1,766,328 individuals 52 

who were hospitalized at least once between 1990 and 2013.14   They noted that 35.5% 53 

had at least one drug allergy, with 15.2% of females and 9.5% of males reporting a 54 

penicillin allergy.  Their cohort was 59% female and they did not report mean ages, but 55 

being a hospitalized cohort it would be expected to be significantly older than the KPSC 56 

cohort.  57 

 58 

McConeghy and coworkers in 2017 reported on 2,9948,543 unique patients who had a 59 

total of 10,858,398 hospital admissions at Veterans Affairs Medical Centers from 2000 60 

to 2014.15  Not surprisingly, this cohort was 95.2% male with a mean age of 63 ± 14 61 

years. The most common allergy recorded was to penicillins, with 1,410,080 (13%) 62 

individuals so labeled, and the prevalence of penicillin allergy was very stable over the 63 

study interval, with essentially no delabeling. 64 

  65 

Reports on most hospitalized populations are significantly enriched for older individuals 66 

and women, both groups more likely to have a reported antibiotic allergy.  We reported 67 

in 2009 on a KPSC cohort studied in 2007, that 21.4% of women age ≥ 80 years had a 68 
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penicillin allergy and 19.3% had a sulfonamide antibiotic allergy noted.4  Only 14.3% of 69 

males age ≥ 80 years in the same cohort had a penicillin allergy with only 7.8% noting a 70 

sulfonamide antibiotic allergy.  Individuals with a cancer diagnosis have higher reported 71 

rates of antibiotic allergy.16  There is a 10% increase in the adverse drug reaction rate 72 

for each additional drug administered in hospitalized patients and often 60% of 73 

hospitalized individuals receive at least one antibiotic.17  Women, on average, receive 74 

more antibiotics per year than men.1  Women report more drug allergies per exposure 75 

than men.1  Individuals with a history of one antibiotic allergy report more new antibiotic 76 

allergies at higher rates after each antibiotic exposure.1  77 

 78 

Most of the allergies reported in individuals with multiple drug intolerance syndrome 79 

(MDIS), defined as having at least 3 unrelated drug class allergies, are to antibiotics.1,2  80 

The prevalence of MDIS increases with increasing age and is much more likely to occur 81 

in females.  Individuals with MDIS are no more likely to be confirmed to have 82 

immunologically-mediated hypersensitivity than individuals with a single drug 83 

intolerance. Just like individuals with any drug allergies, individuals with MDIS report 84 

new allergies at higher rates than individuals with no allergies, and the rate increasing 85 

with each new allergy reported.  Interestingly, despite multiple drug intolerances, they 86 

still use drugs at higher rates than age and gender matched controls without MDIS.  87 

Individuals with anxiety and depression are more likely to report MDIS.2    MDIS has 88 

been reported to occur in 2.1%, 4.9%, and 7.1% of 3 completely different cohorts.1,18,2  89 

The lowest rate was noted in the 2,375,424 KPSC healthplan members studied during 90 

2009 commented on above.1  The intermediate rate was noted in a British cohort of 91 



 5

25,695 hospitalized individuals with an entry criteria of at least one reported drug allergy 92 

studied between 2009 and 2013.18  The highest rate was noted in a cohort of 746,888 93 

individuals in the Boston area which had an entry criteria of at least 4 healthcare visits 94 

over a 8+ year period from prior to 2008 through 2015.2 95 

 96 

There are no published reports from any healthcare program that has comprehensively 97 

attempted to delabel individuals with penicillin or any other antibiotic allergy.  Even in 98 

KPSC, where we have a very active penicillin allergy delabeling program, we generate 99 

many fold more new penicillin allergies annually than we delabel.9,13  100 

 101 

In summary, antibiotic allergy labels are currently very prevalent, particularly in females, 102 

the elderly, and in hospitalized populations.  They are baggage that accumulate with 103 

time and are rarely reconciled, re-evaluated, or removed.   104 

  105 
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Factors resulting in over-reporting and inaccurate reporting of antibiotic allergies  106 

 107 

Morgan and coworkers reported in 2019 on medical overuse articles published in 108 

2018.19  They selected what they felt were the 10 most clinically relevant articles and 2 109 

(20%) were related to antibiotic over-use.  They noted that procalcitonin measurements 110 

did not reduce antibiotic duration in a real-world setting, showing how hard it can be to 111 

change clinical practice with data. They also noted that antibiotics were over-used in 112 

Urgent Care centers between 2010 and 2011, with 45.7% of individuals seen for a viral 113 

illness receiving antibiotics. This compared to 24.6% for equivalent patient seen in 114 

Emergency Departments and only 17% of those seen with the same symptoms in 115 

Primary Care offices.19   Antibiotics were prescribed to 39% of all individuals seen in 116 

Urgent Care centers.19  Higher levels of antibiotic use and overuse are associated with 117 

a greater incidence of new antibiotic allergies.1 Countries with lower rates of antibiotic 118 

use have lower prevalences of antibiotic allergy.  119 

 120 

Skin rashes in the setting of febrile illnesses are often secondary to the underlying viral 121 

or bacterial infection and are commonly mistaken for an allergy to any antibiotic given 122 

concurrently.20  Acute idiopathic urticaria is commonly noted after infections and may be 123 

mistaken for an antibiotic-associated reaction. 124 

 125 

Thompson and Ramos in 2017 reviewed English-language primary literature, case 126 

reports, review articles, and mechanistic articles relating to the epidemiology and the 127 

underlying mechanism of antibiotic-associated skin rashes in patients with 128 
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concurrent infectious mononucleosis (EBV) and found much lower rates than previously 129 

believed.21  The top 3 antibiotics inappropriately used in the setting of acute EBV 130 

infections were ampicillin, azithromycin, and amoxicillin.  EBV and antibiotic-associated 131 

rashes were more commonly noted in the 1960s, 33 to 55.6%, than in 2013, 15 to 33%. 132 

They proposed that the mechanism is a transient virus-mediated immune alteration that 133 

sets the stage for loss of antigenic tolerance and the development of a reversible, 134 

delayed-type hypersensitivity reaction to the antibiotic, though this has not been 135 

confirmed or validated.  When these individuals are challenged with amoxicillin 6 136 

months later, the vast majority are tolerant.  137 

 138 

Misirlioglu and coworkers in 2018 reported on a cohort of 221 children, seen between 139 

2013 and 2016, diagnosed with an acute EBV infection, of whom 120 (54.3%) were 140 

mistreated with antibiotics.22   Overall rashes developed in 41 (18.6%).   Interestingly 141 

in the 120 inappropriately treated with antibiotics, mostly with aminopenicillins, only 142 

20 (16.6%) developed rashes, p = 0.43.  143 

 144 

Topaz and coworkers reported in 2015 on the rising rates of drug allergy alert overrides 145 

in EHRs from 2004 through 2013.23   They noted that the most common reasons for the 146 

overrides were a combination of the patient previously tolerating the medication or the 147 

patient stating that they did not have the allergy reported.  Antibiotic allergy-related 148 

alerts only accounted for 10% of the 611,192 alerts reviewed.  Penicillin allergy alerts 149 

were one of the least overridden, less frequently than 1st generation cephalosporins or 150 

sulfonamide antibiotics, but were still overridden 74.3% of the time.  Providers were also 151 
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noted to repeatedly override the alerts as opposed to just removing the proven 152 

inaccurate allergy reports.   153 
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Specific areas of frequent antibiotic misuse and overuse 154 

 155 

The Centers for Disease Control and Prevention (CDC) reported in 2019 that at least 156 

30% of antibiotic prescriptions in the United States are unnecessary.24   They noted a 157 

2.5-fold difference in per capita antibiotic use between the lowest and highest 158 

prescribing states.  On a positive note, there was a 5% decrease in per capita antibiotic 159 

use between 2011 and 2016, but there were still over 270 million courses of antibiotics 160 

prescribed annually for 323.4 million Americans.24     161 

 162 

Chua and coworkers reported in 2019 on the appropriateness of outpatient antibiotic 163 

prescribing among privately insured US patients.25  They noted that for all outpatient 164 

antibiotic prescription fills by over 19 million privately insured US children and 165 

nonelderly adults in 2016, 23.2% were inappropriate, 35.5% were potentially 166 

appropriate, and 28.5% were not associated with a recent diagnosis code.  They 167 

concluded that about 1 in 7 individuals filled at least one inappropriate antibiotic 168 

prescription in 2016.  169 

 170 

Grigoryan and co-workers reviewed in 2019 the poorly studied area of antibiotic use 171 

without a prescription in the United States.26   They reported an annual incidence of 172 

nonprescription antibiotic use from 1% to 66%, storage of antibiotics for future use in 173 

14% to 48% of respondents, and prevalence of intention to use antibiotics without a 174 

prescription of about 25%. They noted that non-prescription antibiotics could be from 175 

previously prescribed courses, local markets or stores that obtain antibiotics 176 
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internationally for under-the-counter sales, and family or friends. Potential factors 177 

contributing to nonprescription antibiotic use included difficulty accessing the health 178 

care system, costs of physician visits, long waiting periods in clinics, and transportation 179 

problems. 180 

 181 

Suda and coworkers in 2019 reported on the appropriateness of prophylactic antibiotic 182 

use prior to dental procedures in the United States between 2011 and 2015.27   They 183 

determined that 80% of the antibiotics prescribed in this setting were inappropriate.  184 

They noted that Dentists prescribed about 10% of all antibiotics used in the United 185 

States.  Antibiotic prophylaxis is not currently recommended in patients with prosthetic 186 

joints.  Only one dose of an antibiotic, typically amoxicillin 1-2 grams is recommended 187 

30 to 60 minutes prior to a dental procedure that involves manipulation of gingival 188 

tissue, the periapical region of teeth, or perforation of the oral mucosa in patients with 189 

previous infective endocarditis, certain congenital heart diseases, cardiac transplant 190 

with cardiac valvopathy, or a prosthetic cardiac valve or materials used for valve repair.  191 

They noted that women were more likely to be overtreated (Odds ratio 1.21; 95% 192 

confidence interval 1.17 to 1.25).  Alarmingly clindamycin was the antibiotic most likely 193 

to be overprescribed and Dentists were the top prescribers of clindamycin in the United 194 

States.27  195 

 196 

About 15% of the population is affected with migraine.  Individuals with migraine often 197 

will note facial pain when they have viral infections.  This facial pain is often incorrectly 198 

called “sinus”, and then mis-treated with antibiotics.28   There is currently a Choosing 199 
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Wisely recommendation not to treat acute “sinus” symptoms, namely facial pain with 200 

antibiotics, yet this remains a very common practice.30,31  201 

  202 
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Morbidity associated with antibiotic overuse 203 

 204 

The CDC 2018 update on antibiotic use noted that antibiotic-related adverse events are 205 

a common cause of Emergency Department (ED) visits in young adults, ages 20 to 206 

35.24   Adverse drug events account for up to 16% of ED visits and 7% of hospital 207 

admissions, though only a small fraction of these are antibiotic-associated.32   208 

Unfortunately, electronic medication reconciliation did not reduce adverse drug events.32   209 

There are still about 70,000 children annually seen in the ED for adverse drug events 210 

and about 86% have characteristics, mostly rashes and angioedema, that then result in 211 

them frequently being labeled with a new antibiotic-allergy.24   The most commonly 212 

implicated antibiotics are penicillins, cephalosporins, and sulfamethoxazole- 213 

trimethoprim.   The CDC report additionally noted that the average duration of up to 214 

70% of antibiotic prescriptions that were given for appropriate indications were longer 215 

than needed, and typically up to twice as long as needed.24  216 

 217 

Petty and coworkers in 2019 reviewed the risk factors and outcomes associated with 218 

treatment of asymptomatic bacteriuria in hospitalized patients.33   Treatment was not 219 

associated with better outcomes and may be associated with longer hospitalizations.  220 

Stewardship efforts should be directed at avoiding unnecessary urine testing and better 221 

management strategies for elderly patients with altered mental status.34  222 

 223 

Blumenthal and coworkers in 2019 reported on hypersensitivity reactions in a safety 224 

report database at a large academic hospital between April 2006 and March 2016.35   225 
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They noted that 26% of all hypersensitivity reactions were associated with antibiotics.  226 

Beta-lactams accounted for 11% and vancomycin for 8%, despite its relatively 227 

infrequent use compared to other antibiotics. They noted that overall about 1 in 5 228 

adverse drug reactions was an apparent hypersensitivity reaction, though they did not 229 

note how many were actually confirmed by testing or rechallenge.  They commented 230 

that measures that would lead to less vancomycin use, such as penicillin allergy 231 

delabeling, could help reduce overall antibiotic-associated hypersensitivity events.35  232 

  233 
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Ways to restructure adverse drug reaction reporting in the electronic health 234 

record  235 

 236 

The place where drug intolerances are recorded in the EHR should not be called 237 

“allergies”.   A better term would be “intolerances”.10   The term “intolerance” can cover 238 

medications that should be avoided for metabolic, genetic, or pharmacologic reasons, 239 

without ever having had an exposure resulting in an adverse drug reaction. The term 240 

“allergy” should be reserved for those rare cases where clinically-significant IgE-241 

mediated hypersensitivity has been confirmed and desensitization is possible if the 242 

medication is needed for management of a future life-threatening condition.  Delayed-243 

type T-cell-mediated hypersensitivity should also not be mis-labeled as an allergy, 244 

because desensitization is not possible.36   Expected antibiotic-associated side-effects 245 

such as nausea or headaches should not be noted as allergies.10   Presumptive 246 

antibiotic allergy, specifically in those with a convincing history, may be provisionally 247 

labeled as such, but with the recommendation for confirmation within a reasonable 248 

period of time, perhaps 6 months.10  Topaz and coworkers in 2017 noted 5 steps that 249 

can help improve drug allergy alerts.37  These include capturing data on the timing of 250 

rashes after the first dose of the last course, patient engagement in drug allergy labeling 251 

and delabeling, structuring allergy alerts to be informative or interruptive, turning alerts 252 

off when there is no clear evidence of cross-reactivity, and tracking allergy alerting and 253 

override rates over time.37 254 

 255 
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Having a warning in the EHR not to use cephalosporins in the setting of a penicillin 256 

allergy compounds the problem of inaccurate penicillin allergy reporting by possibly 257 

denying patients safe and appropriate exposure to cephalosporins.38,39   KPSC removed 258 

this warning from their EHR in December 2017.  An analysis of the effect this had on 259 

cephalosporin-associated anaphylaxis, new antibiotic allergy reports, all cause deaths, 260 

therapeutic failures, healthcare utilization, and multi-drug resistant infections is ongoing.   261 

  262 
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Morbidity associated with inaccurate antibiotic allergy labeling 263 

 264 

Trubiano and coworkers in 2015 reported on patients hospitalized between 2010 and 265 

2012 with a cancer diagnosis.16  They noted that 23 % of cancer patients (n = 198) had 266 

an antibiotic allergy. These patients used more antibiotics per admission (3 vs. 2, 267 

p = 0.01), had a higher fraction of fluoroquinolone use (11 % vs. 6 %, p < 0.05), trended 268 

toward longer antibiotic course durations (15 vs. 13 days, p = 0.09), had higher 269 

readmission rates (53 % vs. 28 %, p < 0.001) and poorer concordance with prescribing 270 

guidelines (47 % vs. 91 %, p < 0.001), compared to cancer patients without any 271 

antibiotic allergies.16  272 

 273 

Norton and coworkers in 2018 reviewed the morbidity associated with antibiotic allergy 274 

labeling in children.40   In some cohorts, 75% of children with a penicillin allergy were 275 

labeled prior to age 3. The usage rates for non-beta-lactam alternative antibiotics are 276 

typically 30 to 40% higher in children with suspected, but unconfirmed, penicillin allergy.  277 

 278 

Trubiano and coworkers in 2018 reviewed how antibiotic allergy labels may be harming 279 

some of the most vulnerable patients.11   They noted in older inpatients there can be as 280 

much as a 25% mismatch between reported and recorded antibiotic allergy.   Having 281 

any antibiotic allergy label was associated with more antibiotic treatments per admission 282 

and more readmissions with an infective diagnosis.11 283 

 284 
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Tamma and coworkers in 2017 reported on adverse events associated with antibiotic 285 

use in hospitalized patients.41   In their cohort of almost 1500 patients, 20% experienced 286 

at least 1 antibiotic-associated adverse reaction. They noted that almost 20% of the 287 

antibiotic exposures were not clinically indicated and 20% of those also had an 288 

antibiotic-associated adverse reaction. For every additional 10 days of antibiotic therapy 289 

there was a 3% increased risk of an antibiotic-associated adverse reaction.40  290 

 291 

There is an increasing understanding that shorter courses may be better for most 292 

common indications for antibiotic therapy.24,30   Longer courses of antibiotic are often 293 

directly correlated to an increase incidence of adverse events.   The overuse and 294 

misuse of antibiotics not only results in an increase in acute and chronic morbidity and 295 

additional antibiotic allergy reports, it is a fundamental driver of increasing antibiotic 296 

resistance.42 
297 

 298 

Possible interventions to help reduce inaccurate antibiotic allergy labeling 299 

 300 

There are 34 Choosing Wisely recommendations that address antibiotic usage.30  301 

They cover 8 general topics involving antibiotic use and abuse including antibiotic use in 302 

upper respiratory infections and otitis, urinary tract symptoms, surgical and dental 303 

prophylaxis, skin symptoms, empiric antibiotic use, Clostridiodies difficile, using oral 304 

antibiotics when possible, and penicillin allergy delabeling.  Adhering to Choosing 305 

Wisely recommendations is an essential first step in reducing inaccurate antibiotic 306 

allergy labeling, see Figure 1.  307 
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 308 

Rowe and Lindar in 2019 reported on approaches to help reduce ambulatory antibiotic 309 

overuse.43   They found that audit and feedback, telling physicians how many antibiotics 310 

they used, and for what reasons, compared to their co-workers, along with accountable 311 

justification alerts, were able to reduce inappropriate antibiotic prescribing to 5% or less.  312 

They noted that point of care testing and delayed antibiotic prescriptions were 313 

ineffective.  Measures that were helpful included precommitment posters, 314 

communication training (to have those “difficult” conversations), combined 315 

patient/clinician education, and clinical decision support.  Saarela and coworkers in 316 

2019 that multiplex polymerase chain reaction respiratory virus testing did not reduce 317 

antibiotic use or length of hospital stay, even when available within 24 hours of 318 

admission.44 319 

 320 

Many healthcare providers may lack an adequate understanding of adverse drug 321 

reactions, and thus may be more likely to report a side-effect as an allergy.  Educational 322 

campaigns that help healthcare providers differentiate between drug side-effects and 323 

non-serious and serious drug hypersensitivity reactions may be helpful.  There is no 324 

published evidence that I am aware of that shows that nursing or other ancillary staff 325 

input adverse drug reaction data and better or worse than physicians, except that 326 

pharmacists with an interest in this topic probably do it better than most physicians.  327 

 328 

Antibiotic allergy delabeling 329 

 330 
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The CDC 2018 update on antibiotic use in the United States highlighted the importance 331 

of penicillin allergy delabeling.24   Avoid any testing or rechallenge, outside of a research 332 

setting, if the index antibiotic-associated reaction had the clinical characteristics of 333 

serious or systemic delayed-onset immunologically-mediated or HLA-associated 334 

antibiotic hypersensitivity syndrome.36   These include acute generalized 335 

exanthematous pustulosis, drug-induced hypersensitivity syndrome also known as drug 336 

reaction with eosinophilia and systemic symptoms, drug-induced liver disease, and 337 

Stevens-Johnson syndrome/toxic epidermal necrolysis (SJS/TEN).  These are all very 338 

rare, occurring in typically in less than 1 in 100,000 antibiotic exposures.45   These 339 

severe reactions are more commonly associated with sulfonamide antibiotics, 340 

vancomycin, quinolones, and certain beta-lactams, specifically flucloxacillin and 341 

amoxicillin-clavulanate, and more rarely with most other antibiotics including other beta-342 

lactams, tetracyclines, aminoglycosides, clindamycin, nitrofurantoin, metronidazole, or 343 

macrolides.  344 

 345 

Most delayed-onset T-cell-mediated antibiotic-associated reactions are not serious or 346 

systemic but consist of benign maculopapular rashes.  The expression of chemokines 347 

and chemokine receptors in both skin biopsies and peripheral CD4(+) T cells in patients 348 

with drug-induced maculopapular rashes are consistent with a Th1 profile.46   The 349 

complex and diverse clinical manifestations of delayed-type hypersensitivity are caused 350 

by the functional heterogeneity of T cells and systemic viral infections may increase the 351 

risk of delayed-type hypersensitivity reactions.47  It is important to thoroughly investigate 352 
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all suspected SJS/TEN cases, because the diagnosis is often miscoded, typically being 353 

vastly over-diagnosed.48 354 

 355 

Penicillin is the best studied antibiotic and lessons learned about penicillin allergy 356 

delabeling can be directly applied to other beta-lactams.8   Penicillin allergy delabeling 357 

can effectively be done by using risk-stratification based on clinical history to target the 358 

specific testing needed.9  The clinical findings associated with immunologically-359 

mediated antibiotic hypersensitivity are outlined in Table 1 and graphically displayed in 360 

Figure 2.    Individuals with a convincing history of penicillin-associated anaphylaxis 361 

should undergo penicillin skin testing with penicilloyl-polylysine prior to the confirmatory 362 

oral amoxicillin 250 mg oral challenge and 1 hour of observation if skin test negative.8,9  363 

Individuals with a history of benign cutaneous reactions, other benign reactions, or an 364 

unknown history, can safely be evaluated using a single dose oral amoxicillin challenge 365 

and 1 hour of direct observation and 5 days of at home observation.9   It is important to 366 

discuss with the patient that a challenge may result in a reaction of equivalent severity 367 

to the index reaction and the medical professionals performing the challenge need to be 368 

able to treat the potential reaction.  369 

 370 

Sulfonamides primarily induce T-cell-mediated hypersensitivity, but only a small minority 371 

of post-sulfonamide rashes are confirmed upon rechallenge.49   A single therapeutic 372 

trimethoprim-sulfamethoxazole dose with 5 days of at home observation is a safe and 373 

effective challenge protocol.50  374 

 375 
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Tetracyclines rarely cause clinically significant immunologically mediated 376 

hypersensitivity, typically gastrointestinal symptoms and cutaneous photosensitivity, and 377 

rechallenges are generally uneventful.36   Again, a single therapeutic dose and an at-378 

home observation period at least as long as the time between the first dose of the index 379 

reaction course and the start of the index reaction. 380 

 381 

Macrolides typically do not cause IgE-mediated hypersensitivity.36   They are also 382 

irritating to the skin and skin testing is thus not useful 36   Rechallenges are generally 383 

uneventful.  Again, the observation period after a single therapeutic dose needs to be at 384 

least as long as the time between the first dose of the index reaction course and the 385 

start of the index reaction.   386 

 387 

Quinolones are direct mast cell activators.36   Rechallenges remain the reference 388 

standard to confirm current tolerance, but given the known side-effect profile of 389 

quinolones, these are often among the more dangerous antibiotic rechallenges.36  390 

 391 

We have noted that annually, over the past decade, about 2% of KPSC healthplan 392 

members who have a penicillin allergy receive a penicillin-class antibiotic.  In 2018 there 393 

were 7,281 individuals with a penicillin allergy who received a penicillin and though only 394 

82 a had new reaction after the exposure reported in their EHR, only 1,228 had their 395 

penicillin allergy delabeled.  We routinely use an oral amoxicillin challenge to confirm 396 

current penicillin class antibiotic tolerance in our delabeling protocol, so almost 6,000 397 

additional members could have been delabeled if they actually took the penicillin-class 398 
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antibiotic dispensed and had no reaction.  This could be confirmed by contacting these 399 

individuals and, if appropriate, delabel their penicillin allergy and inform them that this 400 

has been done and that they can now safely use penicillins.  We are now attempting to 401 

establish this protocol in KPSC.   402 
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Benefits associated with antibiotic allergy delabeling 403 

 404 

We reported a matched cohort study in 2017 involving 308 KPSC penicillin allergic 405 

members who had penicillin allergy testing, 98.7% negative, and at least 2 healthcare 406 

visits between 2010 and 2012 along with at least 1 year of continuous healthplan 407 

coverage during the year prior to their index visit.51  They were matched to 1251 non-408 

tested penicillin allergic control subjects on the basis of age, sex, weighted Charlson 409 

comorbidity index, drug class allergies, healthcare visits and hospital days during the 410 

year prior to their index visit.  There was at least 3.6 years of follow-up for both groups.  411 

The key finding was 0.55 fewer hospital days per subject per year of follow-up in those 412 

who had penicillin allergy testing.  The cost savings on the 308 tested subjects was 413 

estimated to be over 2 million dollars over the 3.6-year follow-up period.  414 

 415 

Li and coworkers in 2019 reported on the benefits of penicillin allergy delabeling in 416 

hospitalized Australian patients from April 2017 through April 2018 at a single medical 417 

center.52   Compared to matched control patients the 70 penicillin allergy tested patients 418 

had a 6-day reduction in the mean length of stay.  They noted in their population that 419 

typically 45% of 7000 hospitalized patients they see annually require a penicillin-class 420 

antibiotic during admission. Disappointingly 67% of the patients they delabeled in the 421 

hospital did not have their outpatient record corrected.52   422 

 423 

Ramsey and Staicu commented in 2019 on the benefits of penicillin allergy delabeling in 424 

cancer patients and concluded it should be a routine component of comprehensive 425 
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cancer care.53  The penicillin allergy antibiotic resistance workgroup of the American 426 

Academy of Allergy, Asthma, and Immunology took it one step further and concluded 427 

that penicillin allergy delabeling be considered in all patients with a penicillin allergy.54,55   428 

  429 

Conclusion 430 

 431 

Antibiotic allergy overdiagnosis is most problematic in hospitalized individuals and the 432 

elderly.  These groups are likely to need antibiotic therapy, and inaccurate reporting of 433 

antibiotic allergy leads to significant morbidity.  The key interventions needed to address 434 

the epidemic of antibiotic allergy over-diagnosis are minimizing inappropriate antibiotic 435 

use, accurate recording of antibiotic intolerances in the EHR, delabeling antibiotic 436 

allergy whenever possible, and adhering to all of the eight essential elements of 437 

effective antibiotic stewardship, see Table 2.  The epidemic of antibiotic allergy over-438 

diagnosis is a solvable problem, but will require a concerted effort from all physicians, 439 

other health-care providers, and the developers an managers of electronic health record 440 

systems.  441 
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Figure 1:  Three important ways to avoid inappropriate antibiotic use. 

 

Figure 2: Elements in the antibiotic-associated adverse reaction history suggestive of 

immunologically-mediated hypersensitivity where testing is indicated. 
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Table 1:  Clinical findings associated with antibiotic-associated potentially 1 

immunologically-mediated hypersensitivity that warrant testing or rechallenge to confirm 2 

 3 

Category Specific syndromes Clinical findings and 

diagnostic criteria 

IgE-mediated acute onset 

allergy 

Urticaria Hives within 6 hours 

(typically 1 hour) of the first 

dose of the last course 

Anaphylaxis Drop in blood pressure or 

at least two affected 

systems within 6 hours 

(typically 1 hour) of an oral 

exposure or 1 hour 

(typically minutes) after a 

parenteral exposure 

T-cell-mediated delayed-

onset hypersensitivity 

Benign T-cell-mediated 

rashes 

Diffuse maculopapular (flat 

red areas covered in 

confluent bumps) rash 

starting at least 6 hours 

after the first dose of the 

last course, but often 

within 2 days  

  4 
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Table 2:  Eight essential elements of effective antibiotic stewardship 5 

 6 

Diagnosis Obtain appropriate tests  

Obtain appropriate consultations 

Obtain appropriate microbiological 

samples prior to any antibiotic use 

Delabel Evaluate all penicillin allergies and 

perform appropriate testing based on 

history 

Evaluate all other relevant antibiotic 

allergies when a possible antibiotic of 

choice is one of the reported allergies and 

perform appropriate testing based on the 

history 

Desensitize Desensitize when an IgE-mediated 

allergy has been confirmed to the 

antibiotic of choice and then use the 

antibiotic of choice 

Debride or Drain  Consult surgery if needed 

Drug Use the most appropriate guideline-based 

antibiotic 

Use the least toxic narrowest-spectrum 

antibiotic based on the culture results  
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Dose and Distribution Use the appropriate dose based on the 

site of infection, renal and hepatic 

function, and obesity 

Deescalate Reevaluate all empiric antibiotic therapy 

daily based on clinical findings and 

culture results striving for the narrowest-

spectrum antimicrobial exposure 

spectrum  

Duration Follow current guidelines  

Shorter is often better 

 7 



Do not give antibiotics for individuals 
with recurrent facial pain or acute ear 
pain in the setting of a probable viral 
infection. Consider migraine as a possi-
ble cause for facial pain. Treat the facial 
and ear pain symptomatically

Do not give antibiotics for asymptomat-
ic bacteriuria. Do not do screening urine 
tests in asymptomatic institutionalized 
elderly individuals

Follow current international recommen-
dations when considering or using 
antibiotic prophylaxis prior to dental 
procedures.  Do not give antibiotic 
prophylaxis for arti�cial joints

Facial / Ear Pain Arti�cal JointElderly

Three important ways to avoid inappropriate antibiotic use 



Hives within 1 hour of the �rst dose of 
the last course

Anaphylaxis within 1 hour of the �rst 
dose of the last course

Total body benign maculopapular rash 
starting 2-5 days after the �rst dose of 
the last course

Hives Maculopapular RashAnaphylaxis

Elements in the antibiotic-associated adverse reaction history suggestive
of immunologically-mediated hypersensitivity where testing is indicated



Learning Objectives: At the conclusion of this activity, participants should be able to: 
 
• Understand the expected and avoidable causes of inaccurate antibiotic allergy reports in the 

medical record. 
• Understand specific steps each physician can use to reduce the number of avoidable and/or 

inaccurate antibiotic allergy reports in the medical record. 
 
 
Q1.  The principle factor(s) associated with a higher population-based prevalence of antibiotic 
allergies are: 
1: An older mean population age 
2: Higher lifetime rates of antibiotic exposures in the population  
3: Higher prevalence of food or environmental allergy in the population 
4: Higher fraction of females in the population 
 

A. 1 and 4 

B. 3 

C. 1 and 2 

D. 1, 2, and 4 

E. All of the above 

 

 
Q1 ANS: D. 1, 2, and 4. 
 
Rationale: 
Antibiotic allergy reports are more common in females and accumulate with increasing age.  
There is no evidence underlying food or environmental atopy is a contributing factor. There is a 
predicable rate of new antibiotic allergy reports with each therapeutic antibiotic exposure, thus 
higher lifetime rates of antibiotic exposures are associated with a higher population prevalence of 
antibiotic allergies.  
  
References: 
1.  Macy E, Ho NJ. Multiple drug intolerance syndrome: prevalence, clinical characteristics, and 
management. Ann Allergy Asthma Immunol. 2012;108:88-93. 
2.  Blumenthal KG, Li Y, Acker WW, et al. Multiple drug intolerance syndrome and multiple 
drug allergy syndrome: epidemiology and associations with anxiety and depression.  
Allergy. 2018;73:2012-2023. 
3.  Macy E, Poon K-Y T. Self-reported antibiotic allergy incidence and prevalence: age and sex 
effects.  Am J Med. 2009 Aug;122(8):778.e1-7.  
 
 
Q2.  Which of the following statements about rashes associated with Epstein-Barr virus 
infections are true? 



 
A. Rashes within 2 weeks of the onset of a primary Epstein-Barr virus infection are more 

common in adults than children 

B. Less than half of individuals given an antibiotic during an acute Epstein-Barr virus 

infection will have a rash 

C. Most children with a primary Epstein-Barr virus infection will have a rash within 2 weeks 

of onset, independent of antibiotic exposure 

D. Rashes occur in most children given antibiotics, particularly aminopenicillins, during an 

acute Epstein-Barr virus infection 

E. Rashes are more common in indivuals with an acute Epstein-Barr virus infection who are 

given antibiotics than in those not given antibiotics. 

 
Q2 ANS: B. Less than half of individuals given an antibiotic during an acute Epstein-Barr virus 
infection will have a rash 
 
Rationale:  
A recent review noted that, over the past 20 years, only 15 to 33% of individuals with an acute 
Epstein-Barr virus infection erroneously given an antibiotic will have a rash.  A recent study 
noted about 20% of children with an acute Epstein-Barr virus who are not given any antibiotics 
will have a rash and the rate is no higher when given antibiotics.  There is no data that has shown 
that adults are more likely to get primary Epstein-Barr virus infection-associate rashes than 
children. 
 
References: 
1.  Thompson DF, Ramos CL.  Antibiotic-induced rash in patients with infectious 
mononucleosis. Ann Pharmacother. 2017 Feb;51(2):154-162.  
2.  Dibek Misirlioglu E, Guvenir H, Ozkaya Parlakay A, Toyran M, Tezer H, Catak AI, Kocabas 
CN. Incidence of antibiotic-related rash in children with Epstein-Barr virus infection and 
evaluation of the frequency of confirmed antibiotic hypersensitivity.  
Int Arch Allergy Immunol. 2018;176(1):33-38.  
 
 
Q3.  Which of the following statements about antibiotic allergy reporting in electronic health 
records is correct? 
 

A. Most antibiotic allergy reports in electronic health records are correct and all individuals 

with an antibiotic allergy noted in their medical record can be desensitized to that 

antibiotic if needed. 



B. Isolated antibiotic-associated nausea and vomiting are valid reasons to note an new 

allergy to the implicated antibiotic. 

C. Only about 5-10% of penicillin-class antibiotic allergies can be confirmed by the 

reference standard test, an oral challenge with a therapeutic dose.  

D. An episode of amoxicillin/clavulanate-associated Clostridioides difficile is a valid reason 

to list a new penicillin class antibiotic allergy in the medical record.  

E. Most individuals with a history of hives starting within 1 day of a penicillin exposure will 

be confirmed to be hypersensitive upon rechallenge.  

 
Q3 ANS: C. Only about 5-10% of penicillin-class antibiotic allergies can be confirmed by the 
reference standard test, an oral challenge with a therapeutic dose. 
 
Rationale: 
Only a small fraction of antibiotic allergies noted in the medical record can be confirmed to be a 
clinically significant IgE-mediated acute hypersensitivity or a delayed-onset T-cell-mediated 
hypersensitivity by appropriate testing, and with penicillins this is only about 5%.  It is not 
possible to desensitize an individual with a clinically significant T-cell-mediated delayed-type 
hypersensitivity, though rechallenge several years later is sometimes tolerated and it may be 
possible to treat through mild recurrent reactions.  
 
References: 
1.  Blumenthal KG. The role of the clinical history in drug allergy predication.  J Allergy Clin 
Immunol Pract. 2018;6:149-150. 
2.  Goss FR, Lai KH, Topaz M, et al. A value set for documenting adverse reactions in electronic 
health records. J Am Med Inform Assoc. 2018;25:661-669.  
3.  Blumenthal KG, Park MA, Macy EM. Redesigning the allergy module of the electronic 
health record. Ann Allergy Asthma Immunol. 2016;117:126-31. 
 
 
Q4.  Which of the following statements about antibiotic allergy reports in the electronic health 
record are correct? 
 

A. Most antibiotic allergy reports are incorrect. 

B. Most antibiotic allergy reports improve patient safety. 

C. Having an antibiotic allergy is associated with less antibiotic use. 

D. Most children with a penicillin allergy are labeled after age 3 and should also avoid all 

other beta-lactams.  

E. Individauls with multiple drug intolerance syndrome are less likely to use medications. 

 



Q4 ANS: A. Most antibiotic allergy reports are incorrect. 
 
Rationale: 
Most antibiotic allergy reports can not be confirmed by the reference standard test for current 
intolerance, rechallenge.  Norton and coworkers in 2018 noted that up to 75% of children with a 
penicillin allergy were labeled prior to age 3.  Trubiano and coworkers in 2018 noted that having 
an antibiotic allergy label was associated with more antibiotic treatments per admission and more 
readmissions with an infective diagnosis.  Non-penicillin beta-lactams are widely, safely, and 
appropriately used in individuals with confirmed penicillin allergy or unconfirmed penicillin 
allergy.  
 
References: 
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patients, and rarely allergy. Expert Rev Anti Infect Ther. 2019;17:429-35.  
2.  Norton AE, Konvinse K, Phillips EJ, Broyles AD.  Antibiotic allergy in pediatrics.  
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Q5.  Which of the following measures relating to antibiotic intolerance reporting in the 
electronic health record will not improve patient safety? 
 

A. Only use the word “allergy” to note a confirmed antibiotic-specific clinically-significant 

IgE-mediated hypersensitivity. 

B. Skin test all individuals with an unconfirmed penicillin allergy with a complete set of 

reagents including penicilloyl-polylysine, penilloate, penicilloate, and high-dose 

amoxicillin. 

C. Do not label individuals with antibiotic-associated headaches, nausea, or vomiting as 

having an antibiotic allergy. 

D. Ideally label individuals with a possible antibiotic-associated serious cutaneous adverse 

reaction (SCAR), such as Stevens-Johnson syndrome, as having the specific SCAR, 

Stevens-Johnson syndrome, only if the diagnosis has been confirmed by both clinical 

findings and biopsy.  

E. Remove warnings not to use cephalosporins in individauls with confirmed or 

unconfirmed penicillin allergy.  

 
Q5 ANS: B. Skin test all individuals with an unconfirmed penicillin allergy with a complete set 
of reagents including penicilloyl-polylysine, penilloate, penicilloate, and high-dose amoxicillin. 
 



Rationale: 
When individuals are correctly labeled as having an antibiotic-allergy, desensitization is possible 
if that antibiotic is the drug of choice for a future life-threatening infection.  Skin testing all 
individuals with an unconfirmed penicillin allergy with a set of reagents as noted above will 
result in many more false positive test results than using appropriate risk-stratification and oral 
challenges those with a low-risk history and reserving skin testing for high-risk individuals. Only 
individuals with clinical symptoms compatible with an antibiotic-associated IgE-mediated 
reaction, and ideally confirmed by appropriate testing, should be labeled as having an allergy. 
Many individuals are incorrectly labeled with Stevens-Johnson syndrome when the diagnosis has 
not been confirmed by clinical findings and biopsy 
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