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ADR: Adverse drug reaction  49 

DHR: Drug hypersensitivity reaction  50 
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HSR: Hypersensitivity reaction  54 

MGH: Massachusetts General Hospital  55 

MGB: Massachusetts General Brigham Healthcare System (formerly known as Partners 56 

Healthcare)  57 

NLP: Natural language processing 58 

PST: Penicillin skin testing  59 

SIDER: Side Effect Resource Database  60 
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Abstract 70 

The current method of defining, reporting, assessment, labeling, delabeling, and reconciliation 71 

of adverse drug reactions (ADRs), and specifically immunologically-mediated drug 72 

hypersensitivity reactions (HSRs), in electronic health records (EHRs) is inadequate and 73 

compromises care quality and safety. It is critical to accurately and succinctly report the signs 74 

and symptoms associated with ADRs and suspected HSRs to enable clinicians to determine the 75 

plausible reaction type and help guide appropriate future management plans.  Despite the 76 

current limitations of the EHR allergy module, we must encourage improved clinical 77 

documentation and demand technological improvements.  Telehealth methods have been 78 

shown to be valuable in the assessment of ADRs and HSRs, particularly in the case of penicillin 79 

allergy evaluation and delabeling.  The implementation, assessment, and refining of advanced 80 

technologies, including clinical informatics and artificial intelligence, along with continued 81 

education of healthcare providers has potential to improve EHR documentation and 82 

communication, thereby advancing patient safety efforts. 83 
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Introduction 85 

The drug allergy history is similar to the childhood “telephone game.” A phrase is whispered 86 

successively to participants. The fun of the game is that the phrase spoken at the end of the 87 

game is often hilariously different from that at the beginning. Unfortunately, in the case of the 88 

allergy history, the morphing of the original history is no laughing matter as it has patient care 89 

or possibly legal consequences. There are many scenarios where the “telephone game” of drug 90 

allergy results in patients unnecessarily avoiding needed medications. For example, patients 91 

incorrectly perceive symptoms as a hypersensitivity reaction (HSR) and symptoms are entered, 92 

without scrutiny, into the electronic health record (EHR), becoming an allergy label. Signs or 93 

symptoms from a non-drug etiology may be incorrectly attributed to a drug and entered into 94 

the EHR. With these scenarios, and others, time passes and as other healthcare team members 95 

review and edit the EHR allergy module, incremental changes occur that take the current 96 

allergy label further from the true history (Figure 1). While there is a chance to reconcile the 97 

beginning and ending phrases in the “telephone game,” no similar opportunity for drug allergy 98 

reconciliation currently exists.  On the contrary, allergy labels are rarely removed, a process 99 

sometimes called delabeling.  Indeed, data suggest that allergy labels accumulate over time (1), 100 

creating a never-ending telephone game. Within the context of these drug allergy labeling 101 

challenges, this article reviews the current use and accepted definitions of adverse and allergic 102 

drug reactions with a focus on technological advances and future needs to optimize allergy 103 

module documentation for improved patient care. 104 

 105 
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Throughout this manuscript, we will refer to the location in the EHR where ADRs and HSRs are 106 

entered as the allergy module or allergy list, although we recognize that many reactions 107 

documented here are not IgE-mediated or even immunologically-mediated.  108 

 109 

Adverse and Allergic Drug Reactions: Definitions and Epidemiology  110 

An adverse drug reaction (ADR) includes any unintended or harmful effect of a drug that occurs 111 

at usual doses (2). In recent literature, ADRs have been divided into “on target” and “off target” 112 

mechanisms (3). “On target” ADRs are predictable based on the drug’s mechanism and 113 

pharmacologic action, whereas “off target” reactions can be either non-immunologically or 114 

immunologically mediated(3).  Non-immunologic ADR examples include acute tubular necrosis 115 

with aminoglycosides or tinnitus with aspirin. Immunologically-mediated, “off target,” ADRs 116 

include antibody- and T-cell-mediated reactions.  117 

 118 

All immunologically-mediated reactions have been variably referred to in the literature as “drug 119 

allergy” (2), drug hypersensitivity reaction (DHR) (4) , and hypersensitivity reaction (HSR) (3).  120 

The use of “drug allergy” has been used to defineimmunologically-mediated reactions (4) , but 121 

may not be the preferred term given its ambiguous nature in the broader medical community 122 

outside of allergy/immunology.  The international consensus on drug allergy (ICON) 123 

recommends the use of “DHR” and defines this as “the adverse effects of pharmaceutical 124 

formulations (including active drugs and excipients) that clinically resemble allergy (5) 125 

(Although pathophysiologic data continue to improve our understanding of the underlying 126 
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mechanisms of HSRs, it may not be possible to completely classify a HSR when it occurs. In such 127 

cases, the clinical history should guide risk estimation of patient re-exposure to the drug. 128 

 129 

A drug intolerance is an undesirable effect that occurs at low or therapeutic doses of the drug 130 

that is not thought to be immune-mediated or caused by underlying abnormalities of 131 

metabolism or drug excretion (2). It is this category of ADRs that is often misinterpreted by 132 

patients and healthcare providers as HSRs, erroneously termed an “allergy,” and initiates an 133 

allergy telephone game. To improve allergy labeling and encourage appropriate allergy 134 

delabeling, it is critical to take an appropriate allergy history and, if possible, correctly 135 

categorize the reaction. 136 

 137 

ADRs occur in 15-35% of patients (4, 6), and an ADR complicates a hospital stay in 20% of 138 

patients (7, 8). HSRs comprise 6-10% of ADRs (9). Although the intent behind placing an allergy 139 

label is patient safety, a poorly maintained allergy field results in negative clinical 140 

consequences, demonstrated most notably for unverified penicillin allergy (10-13), but also 141 

problematic for patients with unverified opioid (14), NSAID (15), and radiocontrast (16) allergy 142 

labels.  143 

 144 

Electronic Health Record Allergy Module: The Current State  145 

Although the EHR has potential to improve allergy labeling and delabeling, studies demonstrate 146 

that its current state is fraught with inaccuracies. A 2018 study of 1,014 patients evaluated in an 147 

academic emergency department found that 42% of adult patient records contained 148 
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discrepancies between patient self-reported allergy history and the allergy history documented 149 

in the EHR allergy module. Less than 20% of records contained reaction history details without 150 

errors of drug omission, commission (i.e., adding a drug reaction), and/or reaction type error 151 

(17).  A US penicillin allergy documentation study identified that EHR accurately reflected the 152 

patient’s allergy history less than 50% of the time, with inaccurate records including a different, 153 

missing, and/or incomplete reaction history (18). An Australian cross-sectional review of EHR 154 

penicillin allergy documentation found that of 5,023 documented penicillin ADRs, 95% were 155 

entered as reaction type allergy although just 68% of reaction histories were consistent with a 156 

HSR. This finding was attributed to an EHR requirement that providers choose either “allergy” 157 

or “intolerance” for any ADR prior to any patient care order entry (19). Similar documentation 158 

problems have been demonstrated with drugs beyond penicillins; one study of radiocontrast 159 

reactions demonstrated that the providers entering the reactions relied on patient self-report 160 

rather than direct observation (20). Another study examining the reasons for applying the 161 

radiocontrast allergy label in the EHR showed that the accuracy of this label was only 17%. The 162 

label most often represented unknown reactions or non-immunologic ADRs (21). 163 

Accurate allergy documentation may be hindered by the EHR technology itself and/or by the 164 

variety of health care team members editing the EHR allergy label.  There are different EHRs 165 

across healthcare systems with mixed capabilities for documentation; EHR communication 166 

across systems is variable.  Although it is a best practice to enter both a coded drug and 167 

reaction, studies at the Mass General Brigham (MGB) Health System demonstrated at least 6% 168 

of allergy entries were entered in free text. Among the most problematic free text entries were 169 

radiocontrast media and drug allergies, and the majority of free text entries were entered by 170 
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medical assistants and registered nurses (22).  A different study at MGB showed a breadth in 171 

provider types editing the allergy module, including nurse practitioners, physician assistants, 172 

registered nurses, pharmacists, social workers, physical therapists, nutritionists, dentists, and 173 

medical students (1). Given the diversity of healthcare providers entering ADRs and the current 174 

state  of documentation, there are tremendous challenges with improving EHR allergy 175 

documentation, especially given that ADRs best practice documentation is not taught to most 176 

healthcare providers (23). 177 

EHR transitions also contribute to inaccurate EHR drug allergy fields.  An analysis of a sample of 178 

511 drug allergy patients evaluated at Vanderbilt prior to a 2017 EHR transition to Epic (Verona, 179 

WI) found 114 specific label differences. After the EHR transition, 30 of the 114 labels (26%) had 180 

incorrect reactions or omitted safe alternatives or recommended avoidances (24). Allergy 181 

safety events were also identified during the MGH EHR transition to Epic during which patient 182 

safety events related to the allergy EHR module were 2–4 times as high 6 months post-EHR 183 

transition compared to pre-transition (25).  As EHR adoption increases in line with the US’s 184 

healthcare information technology Meaningful Use, the problem of inaccurate drug allergy 185 

labels is likely to increase. 186 

Electronic Health Record Allergy Module: Optimization for the Future 187 

Although there are no national guidelines for EHR allergy documentation, allergy and 188 

informatics experts have advocated for a “quick pick” list of the most common drugs causing 189 

ADRs (26). Current commercial EHRs display a dictionary of all allergens in alphabetical order 190 

when the user looks up an allergen for entry rather than display a “quick pick” list.  The latter 191 
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would include antibiotics, opiates, non-steroidal anti-inflammatory medications, 192 

antihypertensives, radiocontrast media, antidepressants, anti-seizure medications, and 193 

corticosteroids (6, 26). Although rare, excipients known to cause HSR could also be added as an 194 

option in EHR allergy documentation. Further expert recommendations include limiting free 195 

text allergen entries  to allow for clinical decision support system triggering (27), along with 196 

coded reaction entries for common (e.g., rash, hives, gastrointestinal upset) and severe (e.g., 197 

anaphylaxis, Stevens-Johnson syndrome) reactions. There should also be an option to label 198 

“suspicion of a HSR” until further evaluation, rather than a binary “present” or “absent” HSR 199 

that is the current EHR state. Allergy labels that are not useful (e.g., metoprolol allergy in 200 

someone who is on metoprolol) or particularly informative (e.g. a free text allergy entry for 201 

“purple pill”) should be removed.  The minimum details needed to convey the allergy history 202 

are an allergen and a reaction (Figure 2). 203 

Most commercial EHRs have “reaction type” options; for example, Epic EHR “reaction types” 204 

include: allergy/hypersensitivity, contraindication, intolerance, and unspecified (Figure 2).  205 

Given the importance of “reaction type” for future prescribing, improved accessibility of 206 

“reaction type” has been proposed. Blumenthal et al. envisioned “reaction type” categories: 207 

patient preference, contraindication, adverse effects, and immunologic (26). Within each type, 208 

additional information would be included, such as date of symptoms, sign/symptom detail, and 209 

formal evaluation results (e.g. testing or challenge). In the case of immunologic or intolerance 210 

reactions, clinical decision support at time of entry could immediately assist health care team 211 

members with assessment, documentation, and management. For example, immunologic 212 

reaction documentation would deploy decision support that would capture timing, organ 213 
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involvement, and rash morphology prior to displaying assessment, documentation, and 214 

management guidance.   215 

Healthcare providers are estimated to encounter >100 allergy alerts for each 1 that may 216 

improve patient safety (28).  Alert fatigue is prevalent, and almost 90% of allergy alerts are 217 

overridden (29-31). Although it is necessary to reform allergy alerts, such changes will rely on 218 

improved EHR allergy documentation. If drugs, symptoms, and reaction types were coded in 219 

the EHR allergy module, allergy alerts could be precisely targeted.  For example, alerting could 220 

be silenced for intolerances such as headache or fatigue or for known previously tolerated 221 

medications (29). 222 

Electronic Health Record Allergy Module: Recent System Advances  223 

Despite documentation and EHR allergy module shortcomings, there has been technological 224 

progress and innovation. Wang et al. developed a “dynamic” reaction picklist where the 225 

reactions shown for each drug were based on its common and notable reactions.  This model 226 

was different from current practice in which the same listed reactions are options for all drugs 227 

in alphabetical order. This innovative approach consolidated drugs based on duplicate entries 228 

and class, created a reaction set, and then used natural language processing (NLP) to reconcile 229 

free text entries with the reaction set to create a dynamic picklist. The dynamic reaction picklist 230 

significantly outperformed the usual static list that is the current practice (32). Another study 231 

utilized NLP on free text allergy descriptions from clinical emergency department notes to 232 

reconcile allergies (33). These preliminary data suggest that detailed clinical notes could be 233 

used to improve allergy labeling (33). The same investigators also harnessed 2,400,000 234 
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reactions to create a common reaction value set for ADRs (33). Although the value set included 235 

more than 1,000 distinct reactions making it impractical for direct use in an EHR allergy module, 236 

the value set can be a foundation to coordinate reactions across institutions and EHRs.  237 

Recently, a novel allergy reconciliation module was designed to consolidate duplicate 238 

information, use drug challenge results, and latex serum specific IgE blood testing for allergy 239 

module reconciliation recommendations (34).  240 

Some institutions have also initiated comprehensive allergy EHR remediation.  An MGB patient 241 

safety initiative tackled the issue of free text allergy entries by extracting free text entries from 242 

the Epic EHR and creating a list of priority allergens (22). The free text categories were either 243 

corrected via use of the EHR technology (an Epic “utility”), or remediated manually, with the 244 

latter being employed if multiple drugs were included in free text. Consequently, MGB 245 

categorized over 130,000 free text entries into coded entries (22).  In order to maintain the 246 

quality of the EHR allergy records, the Epic technology continues to check and correct free text 247 

and a “tip sheet” encourages accurate allergy documentation system-wide.  A manual allergy 248 

remediation was performed in a 2013 study where pharmacists clarified allergy labels through 249 

2,174 chart reviews and patient interviews using a pre-specified protocol. This intervention 250 

improved allergy documentation completeness, defined as “useful information that could 251 

potentially enable a provider to make a clinical decision whether a drug could be re-252 

administered to a patient” and decreased blank EHR allergy fields (35).  These data support that 253 

successful EHR allergy documentation improvements will likely require both technological and 254 

manual components. 255 
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Electronic Health Record Allergy Module: Penicillin Allergy Delabeling and Relabeling 256 

Penicillin Allergy and the EHR 257 

Given the widespread poor quality of EHR ADR data, a large focus of allergy/immunology 258 

clinical practice includes the assessment of patients with ADRs. Because of the negative 259 

consequences of an unverified penicillin allergy label (11-13, 36), there has been an appropriate 260 

focus on this (37). There is now substantial evidence supporting penicillin ADR/HSR delabeling  261 

strategies through in-person assessments using diagnostic procedures, such as penicillin skin 262 

testing (PST) and drug challenges (38, 39).  While useful to do electively for all patients, some 263 

patient groups, such as perioperative patients and obstetric patients, have demonstrated 264 

immediate clinical benefits to penicillin allergy delabeling  (40, 41)  265 

Telemedicine Visits 266 

More recently, telemedicine has been used to triage, evaluate, and de-label drug HSRs. Staicu 267 

et al. demonstrated the feasibility of using telemedicine for PST performed by a physician 268 

assistant in 50 inpatients. This approach de-labeled penicillin allergy at a lower associated cost 269 

while reducing second line antibiotic use and maintaining patient satisfaction (42). An 270 

outpatient pediatric study employed allergy/immunology telemedicine monitoring of pediatric 271 

office-based amoxicillin challenges in 102 children with low risk penicillin allergy histories, and 272 

de-labeled 99 (97%) of them (43). In an allergy/immunology telemedicine study, Waibel et al. 273 

reported 1 of 6 total drug allergy consults did not necessitate in-person assessment (44).   274 
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The COVID-19 pandemic’s natural expansion of telemedicine may have a lasting impact on ADR 275 

assessments.  Indeed, a UK-based study determined that 28 of 97 patients (29%) did not need 276 

an in-person ADR evaluation (45) and the large number of allergists evaluating ADRs via 277 

telemedicine during the COVID-19 pandemic could further support the feasibility of remote 278 

ADR evaluation, with the delabeling  of low-risk patients.   279 

Electronic Consults  280 

Electronic consultations (e-consults) have also emerged as a tool enabling ADR triage, 281 

assessment, and delabeling(46, 47).  E-consults are asynchronous, consultative, provider to 282 

provider communications within a shared EHR. The goal of e-consults is to improve health care 283 

access and to potentially avoid unnecessary in-person consultations (48). The first e-consult 284 

study in the allergy/immunology field was an outpatient study from MGH; 55 of 201 e-consults 285 

for ADRs (27%) did not require an in-person allergy/immunology visit. Importantly, most e-286 

consults took less than 10 minutes and were a point of access in a healthcare system with long 287 

in-person wait times (46). The ADR e-consults that required in-person encounters were 288 

generally those necessitating skin testing or drug challenges (46).  Another study by the same 289 

investigators used the e-consult as a formal exchange between obstetrics and 290 

allergy/immunology to identify patients who should have PST during pregnancy (41). Mustafa 291 

et al. recently reported their experience with 78 e-consults performed on inpatients; the 292 

majority (86%) of which were for drug allergy, including 53 low-risk penicillin allergy patients 293 

who were de-labeled with a direct amoxicillin challenge. Similar to the MGH study, the authors 294 
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reported a short time to e-consult completion (15 minutes) (49). Providers requesting the 295 

consultations reported satisfaction with this expedited form of patient evaluation (49).  296 

Combatting “Re-labeling”  297 

Despite an increased awareness of the importance of delabeling penicillin allergy, it has been 298 

demonstrated that EHR allergy labels are sometimes not appropriately removed after a 299 

negative evaluation or may reappear in the EHR.  A 2013 retrospective study of patients who 300 

had previously undergone PST found that of 150 de-labelled patients, 55 revisited the same 301 

hospital system, with 20/55 (36%) re-labelled with penicillin allergy without apparent reason. 302 

Risk factors for this re-labeling included age >65 years, long term care facility residence, 303 

encephalopathy, and dementia (50). A 2020 study similarly showed that 80 of 176 (45%) 304 

patients readmitted after inpatient penicillin-allergy delabeling had the label added back (51). 305 

Relabeling of the penicillin allergy appears less likely to occur in healthcare systems with a 306 

single EHR, such as Kaiser Permanente (52). 307 

Even when outpatient penicillin allergy assessments are performed by allergists, delabeling and 308 

relabeling issues arise. In a study of 69 de-labeled outpatients at Vanderbilt, 26 (38%) did not 309 

have the penicillin allergy label appropriately removed (53).  In another study of MGH 310 

allergy/immunology outpatients, penicillin allergy labels were not removed in 11 patients with 311 

the most common reason allergist error (n=9). Investigators additionally identified a 2.0% 312 

erroneously relabeling rate after label removal (54). A long term study of 639 outpatients 313 

previously tested for penicillin allergy showed that 335 (51%) still carried a penicillin allergy 314 

label, despite having tolerated a penicillin-based antibiotic (55).  315 

Jo
urn

al 
Pre-

pro
of



Changes made to the EHR allergy list should consider approaches to help patients communicate 316 

their allergy list to their clinical providers and pharmacies.  Ideally, the EHR would be accessible 317 

for all providers to review allergy list details. However, given the current limitations of 318 

commercial EHR allergy documentation and communication across systems, patient self-319 

management tools may be needed. A free IOS app, Allergy Passport
TM

, can be used for patients 320 

to maintain their drug allergies and is free for download at the Apple (Cupertino, CA) app store.  321 

Another option is a “passport” or wallet type card previously endorsed by the ENDA/EAACI drug 322 

allergy working group (56). Although there are limited data to support these specific 323 

interventions, they are clinically intuitive and free to try. This patient responsibility may help 324 

with patient empowerment, as drug allergy patients appear more concerned about receiving 325 

optimal future treatment than relapse of a drug allergy (57).   Multipronged delabeling 326 

strategies may be most beneficial. Parkland Hospital used a best practice alert, a pocket card, 327 

and follow up phone call from pharmacist to patient to maintain penicillin allergy delabeling  328 

after negative evaluations(58). Lastly, it would optimal if non-allergists were to avoid adding 329 

back a delabeled drug allergy until patient reevaluation by an allergy/immunology specialist.  330 

Conclusion  331 

The defining, reporting, assessment, labeling, delabeling, and reconciliation of adverse and 332 

allergic drug reactions can easily go awry, just like the childhood “telephone game.”  The most 333 

important step with ADRs and HSRs is to accurately define the reported history and assess the 334 

most likely reaction type. Despite the current limitations of the EHR allergy module, we must 335 

encourage improved documentation and inform technological improvements. Novel methods 336 

of ADR assessments by allergy/immunology, such as the use of telemedicine or e-consults, have 337 
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been shown to be valuable methods for addressing drug allergy and unverified penicillin 338 

allergies. Further studies might systematically evaluate methods to ensure penicillin allergy 339 

delabeling and prevent erroneous re-labeling, such as the use of EHR alerts and patient 340 

communication tools.  Advanced technologies, including natural language processing and 341 

artificial intelligence, along with continued education of non-allergists and expansion of 342 

allergy/immunology assessments has notable potential to provide an improved ADR label than 343 

our current “telephone game.”  344 

  345 

Jo
urn

al 
Pre-

pro
of



1. Blumenthal KG, Acker WW, Li Y, Holtzman NS, Zhou L. Allergy Entry and Deletion in the 346 

Electronic Health Record. Annals of allergy, asthma & immunology : official publication of the 347 

American College of Allergy, Asthma, & Immunology. 2017;118(3):380-1. 348 

2. Drug allergy: an updated practice parameter. Ann Allergy Asthma Immunol. 349 

2010;105(4):259-73. 350 

3. Blumenthal KG, Peter JG, Trubiano JA, Phillips EJ. Antibiotic allergy. Lancet (London, 351 

England). 2019;393(10167):183-98. 352 

4. Guyer A, Iammatteo M, Karagic M, Macy E, Jerschow E. Tackling the Patient with 353 

Multiple Drug "Allergies": Multiple Drug Intolerance Syndrome. J Allergy Clin Immunol Pract. 354 

2020;8(9):2870-6. 355 

5. Demoly P, Adkinson NF, Brockow K, Castells M, Chiriac AM, Greenberger PA, et al. 356 

International Consensus on drug allergy. Allergy. 2014;69(4):420-37. 357 

6. Zhou L, Dhopeshwarkar N, Blumenthal KG, Goss F, Topaz M, Slight SP, et al. Drug 358 

allergies documented in electronic health records of a large healthcare system. Allergy. 359 

2016;71(9):1305-13. 360 

7. Gomes ER, Demoly P. Epidemiology of hypersensitivity drug reactions. Curr Opin Allergy 361 

Clin Immunol. 2005;5(4):309-16. 362 

8. Impicciatore P, Choonara I, Clarkson A, Provasi D, Pandolfini C, Bonati M. Incidence of 363 

adverse drug reactions in paediatric in/out-patients: a systematic review and meta-analysis of 364 

prospective studies. Br J Clin Pharmacol. 2001;52(1):77-83. 365 

9. Lazarou J, Pomeranz BH, Corey PN. Incidence of adverse drug reactions in hospitalized 366 

patients: a meta-analysis of prospective studies. JAMA. 1998;279(15):1200-5. 367 

10. Macy E, Contreras R. Health care use and serious infection prevalence associated with 368 

penicillin "allergy" in hospitalized patients: A cohort study. The Journal of allergy and clinical 369 

immunology. 2014;133(3):790-6. 370 

11. Blumenthal KG, Lu N, Zhang Y, Li Y, Walensky RP, Choi HK. Risk of meticillin resistant 371 

Staphylococcus aureus and Clostridium difficile in patients with a documented penicillin allergy: 372 

population based matched cohort study. Bmj. 2018;361:k2400. 373 

12. Blumenthal KG, Lu N, Zhang Y, Walensky RP, Choi HK. Recorded Penicillin Allergy and 374 

Risk of Mortality: a Population-Based Matched Cohort Study. Journal of general internal 375 

medicine. 2019;34(9):1685-7. 376 

13. Blumenthal KG, Ryan EE, Li Y, Lee H, Kuhlen JL, Shenoy ES. The Impact of a Reported 377 

Penicillin Allergy on Surgical Site Infection Risk. Clin Infect Dis. 2018;66(3):329-36. 378 

14. Kalangara J, Potru S, Kuruvilla M. Clinical Manifestations and Diagnostic Evaluation of 379 

Opioid Allergy Labels - A Review. J Pain Palliat Care Pharmacother. 2019;33(3-4):131-40. 380 

15. Li L, Chang Y, Song S, Losina E, Costenbader KH, Laidlaw TM. Impact of reported NSAID 381 

"allergies" on opioid use disorder in back pain. J Allergy Clin Immunol. 2020. 382 

16. Macy EM. Current Epidemiology and Management of Radiocontrast-Associated Acute- 383 

and Delayed-Onset Hypersensitivity: A Review of the Literature. Perm J. 2018;22:17-072. 384 

17. Kiechle ES, McKenna CM, Carter H, Zeymo A, Gelfand BW, DeGeorge LM, et al. 385 

Medication Allergy and Adverse Drug Reaction Documentation Discrepancies in an Urban, 386 

Academic Emergency Department. J Med Toxicol. 2018;14(4):272-7. 387 

18. Staicu ML, Plakosh M, Ramsey A. Prospective evaluation of electronic medical record 388 

penicillin allergy documentation at a tertiary community teaching hospital. Annals of Allergy, 389 

Jo
urn

al 
Pre-

pro
of



Asthma & Immunology : Official Publication of the American College of Allergy, Asthma, & 390 

Immunology. 2017;119(1):94-5. 391 

19. Inglis JM, Caughey GE, Smith W, Shakib S. Documentation of penicillin adverse drug 392 

reactions in electronic health records: inconsistent use of allergy and intolerance labels. 393 

Internal Medicine Journal. 2017;47(11):1292-7. 394 

20. Scheinfeld MH, Sprayregen S, Jerschow E, Dym RJ. Contrast Is the New Penicillin, and 395 

Possibly Worse. J Am Coll Radiol. 2015;12(9):942-3. 396 

21. Mammarappallil JG, Hiatt KD, Vincent W, Bettmann MA. How accurate is the label 397 

"allergic to iodinated contrast agents"? Acta Radiol. 2016;57(1):47-50. 398 

22. Li L, Foer D, Hallisey RK, Hanson C, McKee AE, Zuccotti G, et al. Improving Allergy 399 

Documentation: A Retrospective Electronic Health Record System-Wide Patient Safety 400 

Initiative. J Patient Saf. 2020. 401 

23. Staicu ML, Soni D, Conn KM, Ramsey A. A survey of inpatient practitioner knowledge of 402 

penicillin allergy at 2 community teaching hospitals. Ann Allergy Asthma Immunol. 403 

2017;119(1):42-7. 404 

24. Rukasin CRF, Henderlight S, Bosen T, Nelson SD, Phillips EJ. Implications of electronic 405 

health record transition on drug allergy labels. J Allergy Clin Immunol Pract. 2020;8(2):764-6. 406 

25. Whalen K, Lynch E, Moawad I, John T, Lozowski D, Cummings BM. Transition to a new 407 

electronic health record and pediatric medication safety: lessons learned in pediatrics within a 408 

large academic health system. J Am Med Inform Assoc. 2018;25(7):848-54. 409 

26. Blumenthal KG, Park MA, Macy EM. Redesigning the allergy module of the electronic 410 

health record. Ann Allergy Asthma Immunol. 2016;117(2):126-31. 411 

27. Foreman C, Smith WB, Caughey GE, Shakib S. Categorization of adverse drug reactions in 412 

electronic health records. Pharmacol Res Perspect. 2020;8(2):e00550. 413 

28. Genco EK, Forster JE, Flaten H, Goss F, Heard KJ, Hoppe J, et al. Clinically Inconsequential 414 

Alerts: The Characteristics of Opioid Drug Alerts and Their Utility in Preventing Adverse Drug 415 

Events in the Emergency Department. Ann Emerg Med. 2016;67(2):240-8.e3. 416 

29. Topaz M, Goss F, Blumenthal K, Lai K, Seger DL, Slight SP, et al. Towards improved drug 417 

allergy alerts: Multidisciplinary expert recommendations. Int J Med Inform. 2017;97:353-5. 418 

30. Topaz M, Seger DL, Lai K, Wickner PG, Goss F, Dhopeshwarkar N, et al. High Override 419 

Rate for Opioid Drug-allergy Interaction Alerts: Current Trends and Recommendations for 420 

Future. Stud Health Technol Inform. 2015;216:242-6. 421 

31. Topaz M, Seger DL, Slight SP, Goss F, Lai K, Wickner PG, et al. Rising drug allergy alert 422 

overrides in electronic health records: an observational retrospective study of a decade of 423 

experience. J Am Med Inform Assoc. 2016;23(3):601-8. 424 

32. Wang L, Blackley SV, Blumenthal KG, Yerneni S, Goss FR, Lo YC, et al. A dynamic reaction 425 

picklist for improving allergy reaction documentation in the electronic health record. J Am Med 426 

Inform Assoc. 2020;27(6):917-23. 427 

33. Goss FR, Lai KH, Topaz M, Acker WW, Kowalski L, Plasek JM, et al. A value set for 428 

documenting adverse reactions in electronic health records. J Am Med Inform Assoc. 429 

2018;25(6):661-9. 430 

34. Ortega C LY, Blackley SV, Vallamkonda S, Chang F, James OD, Yerneni S, Wang L, Seger D, 431 

Blumenthal KG, Goss FG Wickner PG, and Zhou L. . Methods for Identifying and Reconciling 432 

Allergy Information in the Electronic Health Record AAAAI Virtual Annual Meeting 2021. 433 

Jo
urn

al 
Pre-

pro
of



35. Burrell C, Tsourounis C, Quan D, Bcps, Jue V, Tam E, et al. Impact of a pharmacist-driven 434 

protocol to improve drug allergy documentation at a university hospital. Hosp Pharm. 435 

2013;48(4):302-7. 436 

36. Macy E, Contreras R. Health care use and serious infection prevalence associated with 437 

penicillin "allergy" in hospitalized patients: A cohort study. The Journal of allergy and clinical 438 

immunology. 2014;133(3):790-6. 439 

37. Penicillin Allergy Testing Should Be Performed Routinely in Patients with Self-Reported 440 

Penicillin Allergy. J Allergy Clin Immunol Pract. 2017;5(2):333-4. 441 

38. Macy E, Shu YH. The Effect of Penicillin Allergy Testing on Future Health Care Utilization: 442 

A Matched Cohort Study. The journal of allergy and clinical immunology In practice. 443 

2017;5(3):705-10. 444 

39. Shenoy ES, Macy E, Rowe T, Blumenthal KG. Evaluation and Management of Penicillin 445 

Allergy: A Review. JAMA. 2019;321(2):188-99. 446 

40. Plager JH, Mancini CM, Fu X, Melnitchouk S, Shenoy ES, Banerji A, et al. Preoperative 447 

penicillin allergy testing in patients undergoing cardiac surgery. Annals of allergy, asthma & 448 

immunology : official publication of the American College of Allergy, Asthma, & Immunology. 449 

2020;124(6):583-8. 450 

41. Wolfson AR, Mancini CM, Banerji A, Fu X, Bryant AS, Phadke NA, et al. Penicillin Allergy 451 

Assessment in Pregnancy: Safety and Impact on Antibiotic Use. J Allergy Clin Immunol Pract. 452 

2020. 453 

42. Staicu ML, Holly AM, Conn KM, Ramsey A. The Use of Telemedicine for Penicillin Allergy 454 

Skin Testing. The journal of allergy and clinical immunologyIn practice. 2018;6(6):2033-40. 455 

43. Allen HI, Vazquez-Ortiz M, Murphy AW, Moylett EM. De-labeling penicillin-allergic 456 

children in outpatients using telemedicine: Potential to replicate in primary care. J Allergy Clin 457 

Immunol Pract. 2020;8(5):1750-2. 458 

44. Waibel KH. Synchronous telehealth for outpatient allergy consultations: A 2-year 459 

regional experience. Ann Allergy Asthma Immunol. 2016;116(6):571-5.e1. 460 

45. Thomas I, Siew LQC, Rutkowski K. Synchronous Telemedicine in Allergy: Lessons Learned 461 

and Transformation of Care During the COVID-19 Pandemic. J Allergy Clin Immunol Pract. 462 

2020;9(1):170-6.e1. 463 

46. Phadke NA, Wolfson AR, Mancini C, Fu X, Goldstein SA, Ngo J, et al. Electronic 464 

Consultations in Allergy/Immunology. The journal of allergy and clinical immunologyIn practice. 465 

2019;7(8):2594-602. 466 

47. Wolfson AR, Zhou L, Li Y, Phadke NA, Chow OA, Blumenthal KG. Drug Reaction with 467 

Eosinophilia and Systemic Symptoms (DRESS) Syndrome Identified in the Electronic Health 468 

Record Allergy Module. The journal of allergy and clinical immunologyIn practice. 469 

2019;7(2):633-40. 470 

48. Vimalananda VG, Gupte G, Seraj SM, Orlander J, Berlowitz D, Fincke BG, et al. Electronic 471 

consultations (e-consults) to improve access to specialty care: a systematic review and narrative 472 

synthesis. Journal of telemedicine and telecare. 2015;21(6):323-30. 473 

49. Mustafa SS, Staicu ML, Yang L, Baumeister T, Vadamalai K, Ramsey A. Inpatient 474 

Electronic Consultations (E-consults) in Allergy/Immunology. J Allergy Clin Immunol Pract. 475 

2020;8(9):2968-73. 476 

Jo
urn

al 
Pre-

pro
of



50. Rimawi RH, Shah KB, Cook PP. Risk of redocumenting penicillin allergy in a cohort of 477 

patients with negative penicillin skin tests. J Hosp Med. 2013;8(11):615-8. 478 

51. Norris MR, Bielory L. Impact of merging electronic medical records on penicillin allergy 479 

relabeling. Ann Allergy Asthma Immunol. 2020;125(6):713-4. 480 

52. Macy E, Mangat R, Burchette RJ. Penicillin skin testing in advance of need: multiyear 481 

follow-up in 568 test result-negative subjects exposed to oral penicillins. J Allergy Clin Immunol. 482 

2003;111(5):1111-5. 483 

53. Gerace KS, Phillips E. Penicillin allergy label persists despite negative testing. J Allergy 484 

Clin Immunol Pract. 2015;3(5):815-6. 485 

54. Blumenthal KG, Huebner EM, Fu X, Li Y, Bhattacharya G, Levin AS, et al. Risk-based 486 

pathway for outpatient penicillin allergy evaluations. J Allergy Clin Immunol Pract. 487 

2019;7(7):2411-4.e1. 488 

55. Lachover-Roth I, Sharon S, Rosman Y, Meir-Shafrir K, Confino-Cohen R. Long-Term 489 

Follow-Up After Penicillin Allergy Delabeling in Ambulatory Patients. The journal of allergy and 490 

clinical immunology In practice. 2019;7(1):231-5 e1. 491 

56. Brockow K, Aberer W, Atanaskovic-Markovic M, Bavbek S, Bircher A, Bilo B, et al. Drug 492 

allergy passport and other documentation for patients with drug hypersensitivity - An 493 

ENDA/EAACI Drug Allergy Interest Group Position Paper. Allergy. 2016;71(11):1533-9. 494 

57. Blumenthal KG, Harkness T, Phillips EJ, Ramsey A, Banerji A, Samarakoon U, et al. Patient 495 

Characteristics and Concerns about Drug Allergy: A Report from the United States Drug Allergy 496 

Registry. J Allergy Clin Immunol Pract. 2020;8(9):2958-67. 497 

58. Lutfeali S DF, Alvarez KS, Patel SV, Joshi SR, Tarver SA, Khan DA. Maintaining Penicillin 498 

Allergy Delabeling: A Quality Improvement Initiative. J Allergy Clin Immunol: In Prac 2021;epub 499 

ahead of print  500 

  501 

Jo
urn

al 
Pre-

pro
of



Figure Legends 502 

Figure 1  503 

The Drug Allergy History as the “Telephone Game.”  504 

This figure demonstrates the morphing of a penicillin allergy history over time through 505 

electronic and human interactions with the electronic health record. © 2021 Epic Systems 506 

Corporation 507 

 508 

Figure 2 509 

 Adding and deleting allergies in the electronic allergy record.   510 

This figure demonstrates how to add and delete an amoxicillin allergy from the electronic 511 

health record, shown with Epic (Verona, WI), © 2021 Epic Systems Corporation 512 
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Update made by healthcare 

provider for unclear reasons

Fifteen years from initial 

penicillin reaction without 

any recent reactions or 

exposures, the EHR has a 

jumbled allergy history with 

conflicting entries 

Patient has nausea/vomiting 

while on amoxicillin for 

sinusitis. This questionable 

history added to EHR

Duplicate added at urgent 

care visit 9 years later 
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Deleting an allergy: Start by adding free text comments about why you are deleting the 

allergy (e.g., “tolerated amoxicillin”). Next, delete the entry and select a reason for 

deletion. If you are deleting after an amoxicillin challenge, select “resolution of allergy,” 

“entry determined to be clinically insignificant,” or similar. 

Adding an allergy: Details should include: Agent, Reaction, Reaction Type, Severity, 

and Date Noted. Free text comments can also be useful to indicate other clinical details, 

including testing results from skin tests or drug challenges. 
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