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Abstract 60 

 61 

Background: There is a theoretical concern, unconfirmed by population-based 62 

challenge data, that clinically-significant immunologically-mediated hypersensitivity 63 

occurs between beta-lactams sharing side chains.  64 

 65 

Objective: Determine the population-based “allergy” incidence associated with the use 66 

of beta-lactams sharing exact R1 side chains, [ampicillin, cephalexin, and cefaclor 67 

(ACC)], with or without a current ACC “allergy” or a sulfonamide antibiotic “allergy” for 68 

comparison.  69 

 70 

Methods: All courses of ACC and trimethoprim-sulfamethoxazole, used by any Kaiser 71 

Permanente California members in 2017 and 2018, with follow-up through January 72 

2019, were identified along with their preexisting antibiotic “allergy” status and all new 73 

antibiotic-specific “allergies” reported within 30 days of course initiation. 74 

 75 

Results:  There were 1,167,713 courses of ACC administered to individuals with no 76 

sulfonamide antibiotic or ACC “allergy” and 4,771 (0.41%) new ACC “allergies” were 77 

reported.  There were 130,032 courses of ACC administered to individuals with a 78 

sulfonamide antibiotic “allergy” and no ACC “allergy” and 904 (0.70%) new ACC 79 

“allergies” were reported. There were 5,958 courses of ACC administered to individuals 80 

with an ACC “allergy”, 2,341 who also had sulfonamide antibiotic “allergy”, and 52 81 

(0.87%) new ACC “allergies” were reported. 82 
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 83 

Conclusion: The incidence of new ampicillin, cephalexin, or cefaclor “allergy” reports is 84 

minimally and non-specifically increased when a preexisting ACC or sulfonamide 85 

antibiotic “allergy” exists over the baseline incidence in the population.  This argues 86 

against clinically-significant immunologically-mediated cross-reactivity between beta-87 

lactams sharing exact side chains in individuals with pre-existing, but unconfirmed, 88 

beta-lactam “allergy”.   Any previously reported, even unrelated, antibiotic “allergy” 89 

appears to be a risk factor for reporting a new antibiotic “allergy”.  90 
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Highlights Box 91 

 92 

1. What is already known about this topic?          93 

Anecdotally, many individuals with a history of a beta-lactam “allergy” have been noted 94 

to tolerate alternative beta-lactams, even those sharing exact side chains. 95 

 96 

2. What does this article add to our knowledge?  97 

This is the first population-based data on real world exposures of beta-lactams sharing 98 

exact side chains in individuals with beta-lactam allergies associated with those specific 99 

side chains.  100 

 101 

3. How does this study impact current management guidelines?   102 

This provides more evidence that warnings not to use beta-lactams, even those sharing 103 

exact side chains, in individuals with beta-lactam “allergies” can be deleted.  104 
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Introduction 105 

 106 

There is significant morbidity associated with avoiding use of an indicated beta-lactam 107 

antibiotic, such as ampicillin or cephalexin, when it is the drug of choice.1   This 108 

increased morbidity includes treatment failures, increased acquisition of drug resistant 109 

infections, and longer hospitalizations.2 110 

 111 

 It is already widely accepted that all individuals with a penicillin “allergy”, and probably 112 

any oral cephalosporin “allergy”, should have their “allergies” evaluated.1-3  Most 113 

individuals with benign histories of delayed-onset rashes or other histories not 114 

compatible with anaphylaxis or other serious cutaneous or systemic adverse reaction 115 

can be safely challenged with a single therapeutic dose, and passing such a challenge 116 

is adequate to confirm current tolerance.4  Direct observation for 1 hour is adequate to 117 

confirm acute tolerance.  We have previously shown that an additional 5 days of 118 

observation is needed to confirm the absence of a clinically significant T-cell mediated 119 

delayed-onset hypersensitivity.4   A rostrum article reviewing the historical events and 120 

misguided reasoning that led to the antiquated warning not to use cephalosporins in the 121 

setting of a penicillin “allergy” has recently been published.5 122 

 123 

We recently published an analysis of the outcomes associated with completely 124 

removing the penicillin-cephalosporin cross-reactivity alert previously seen by providers 125 

using the electronic health record (EHR) system in Kaiser Permanente Southern 126 

California (KPSC).6 This cross-reactivity alert warned against using any cephalosporin 127 
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in the setting of a penicillin “allergy”.  The outcomes in KPSC were compared to Kaiser 128 

Permanente Northern California (KPNC) where the warning was retained.6  Removing 129 

the default EHR warning resulted in decreased use of second-line antibiotics among 130 

patients with a penicillin “allergy” without any significant differences in overall adverse 131 

antibiotic-associated reactions or specific serious cephalosporin-associated 132 

morbidities.6   Removing the warning did not significantly reduce the known morbidities 133 

associated with an unconfirmed penicillin allergy. 6   134 

 135 

Immunologically-mediated cross-reactivity between beta-lactams sharing identical side 136 

chains has been suspected based on skin testing and immunochemistry results since 137 

the 1970s, but population-based challenge data confirming this suspicion is lacking.1,7  138 

The fear is often that anaphylaxis might occur with re-exposure to a beta-lactam that 139 

shares an exact side chain, even if anaphylaxis did not occur with the index exposure.5 140 

 141 

Cephalosporin- and penicillin-associated anaphylaxis is much rarer than commonly 142 

feared.8,9  Only 1 in 260 to 1 in 1543 newly reported cephalosporin or penicillin 143 

“allergies“ are confirmed to be anaphylaxis.8,9    144 

 145 

In our previous publications there were 4,112 (0.51%) reports of a new cephalexin 146 

“allergy” after 811,400 cephalexin exposures with 4 cases of anaphylaxis identified.8  147 

There were 35 (0.54%) reports of a new cefaclor “allergy” after 6,459 cefaclor 148 

exposures and no cases of anaphylaxis identified. 8  There were 204 (0.76%) reports of 149 

a new ampicillin/penicillin “allergy” after 26,766 exposures to oral ampicillin and no 150 
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cases of anaphylaxis were identified.9  There were 376 (0.34%) reports of a new 151 

ampicillin/penicillin “allergy” after 111,285 parenteral ampicillin or ampicillin-sulbactam 152 

exposures and only one case of ampicillin-sulbactam-associated anaphylaxis 153 

identified.9  We also noted that in 6,404 courses of cephalosporins administered to 154 

individuals with another cephalosporin “allergy” there were only 45 (0.70%) new 155 

cephalosporin “allergies” reported and no episodes of anaphylaxis identified.8  In 156 

summary the baseline population-based rates of anaphylaxis with ampicillin, cephalexin, 157 

and cefaclor exposures is very low.8,9  158 

 159 

In neither report did we specifically evaluate the incidence of new antibiotic “allergies” 160 

reported in individuals with and without an ACC “allergy” who received an ACC.  We 161 

noted incidentally in our recent report that there were several thousand individuals with 162 

a record of an “allergy” to ampicillin, cephalexin, and/or cefaclor who then subsequently 163 

received one or more of these antibiotics.6  Ampicillin, cephalexin, and cefaclor (ACC) 164 

share the same 2-amino-2-phenylacetamido group at position 6 of the penam ring and 165 

position 7 of the cepham ring respectively.7  If there was clinically significant IgE-166 

mediated or T-cell mediated hypersensitivity cross-reactivity based on the identical side-167 

chain, then there should be a significantly increased rate of new “allergies” reported 168 

within 30 days of exposure in these individuals, over and above the usual higher rates 169 

of new “allergies” reported in any individuals with any pre-existing antibiotic or other 170 

drug “allergy” history.8-10 We chose to use trimethoprim-sulfamethoxazole as a 171 

completely unrelated control because it is typically the second most commonly reported 172 

antibiotic “allergy”.3   173 
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Methods  174 

 175 

The data used in this analysis were extracted and assembled as part of a previous 176 

retrospective, observational study of a natural experiment which included all members 177 

enrolled in either the KPSC or KPNC health plans who received an antibiotic between 178 

January 1, 2017 and December 31, 2018.6  During this period, the health plans had 179 

about 9 million members, broadly representative of the state of California.11,12  Some of 180 

this cohort, those KPSC members who were treated with ampicillin between January 1, 181 

2017 and December 31, 2017 have been previously reported on in part.9  The 182 

institutional review boards of KPSC and KPNC approved this study and waived the 183 

requirement for informed consent for this preexisting data only study.6  184 

 185 

The data were extracted from existing health plan and care delivery sources including 186 

ambulatory and hospital-based electronic health records (EHR), claims, and other 187 

administrative data such as health plan membership. We included outcome data 188 

through January 31, 2019 to allow for 30 days of follow-up time after courses starting 189 

through December 31, 2018. Patients were excluded from the analysis if the gender 190 

was missing in the source data; if the birth date was missing or was obviously 191 

inaccurate (occurring after the first antibiotic course); or if the death date was obviously 192 

inaccurate (occurring before the first antibiotic course). 193 

 194 

The original dataset included all oral and parenteral dispenses or administrations (in the 195 

ambulatory or hospital setting) for twelve antibiotic categories, excluding antibiotic use 196 
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outside of membership periods. Multiple periods of exposure to the same drug by the 197 

same route were combined into the same course if they were separated by fewer than 2 198 

days. Exposure periods for outpatient dispenses were calculated based on the dispense 199 

date and the days’ supply, after adjusting sequential dispenses for stockpiled supply. 200 

 201 

In the current analysis we included the 1,800,663 courses of ampicillin, cephalexin, 202 

cefaclor, and trimethoprim-sulfamethoxazole for which the patient had at least 30 days 203 

of membership after the course start date. These courses were used by 1,235,847 204 

unique individuals, of whom 1,433 contributed courses both with and without an ACC 205 

“allergy” due to their change in ACC “allergy” status over the two-year study interval.   206 

 207 

The presence of a drug “allergy” was defined based on entries in the EHR allergy field, 208 

rather than requiring confirmed IgE- or T-cell-mediated hypersensitivity.8-10  Periods of 209 

“allergies” were calculated based on the patient’s complete antibiotic “allergy” history. 210 

The patient’s antibiotic “allergy” status was calculated as of the day before the start date 211 

for each antibiotic course. New antibiotic “allergies” following ampicillin, cephalexin, or 212 

cefaclor courses were defined as new “allergy” records matching the generic name 213 

(ampicillin, cephalexin, or cefaclor) within 30 days of the start of the course. New 214 

antibiotic “allergies” following trimethoprim-sulfamethoxazole courses were defined as 215 

new “allergy” records specifically for “sulfamethoxazole” or for the more general 216 

“sulfonamide antibiotics” within 30 days of the start of the course. If a new “allergy” 217 

record appeared in the follow-up windows for multiple courses, it was assigned to the 218 

course(s) on the most recent date. 219 
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 220 

Statistical analyses were conducted using SAS Enterprise Guide, version 7.1 (SAS 221 

Institute). Statistical significance was assessed based on p values from Fisher’s exact 222 

tests (for pairs of categorical variables), chi-squared tests (for 3 or more categorical 223 

variables), or t tests (for continuous variables).  224 
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Results 225 

 226 

The demographics of study subjects are displayed in Table 1.   Study subjects with an 227 

ACC “allergy” were more likely to be female and were on average 11.2 years older than 228 

individuals without an ACC “allergy” (p < 0.0001 for both comparisons). 229 

 230 

The number of new antibiotic “allergies” after ampicillin, cephalexin, cefaclor, and 231 

trimethoprim-sulfamethoxazole courses in individuals with no sulfonamide antibiotic or 232 

ACC “allergy”, a sulfonamide antibiotic “allergy” but no ACC “allergy”, and an ACC 233 

“allergy” are displayed in Table 2.  Having any “allergy” even an unrelated trimethoprim-234 

sulfamethoxazole “allergy” is the primary risk factor for having a higher rate of new 235 

antibiotic “allergy” reports.   236 

 237 

The total number of new “allergies” associated with combined ACC exposures and 238 

underlying ACC or sulfonamide antibiotic “allergy” history status are displayed in Table 239 

3.  There were significantly more new ACC “allergies” reported after exposure in both 240 

individuals with a sulfonamide antibiotic ”allergy” or an ACC “allergy” compared to 241 

individuals without either a sulfonamide antibiotic ”allergy” or an ACC “allergy”.  There 242 

was no significant difference in the number of new ACC “allergies” reported between 243 

individuals with a sulfonamide antibiotic “allergy” (but no ACC “allergy”) or an ACC 244 

“allergy”. There were 2,341 courses of an ACC used in the ACC “allergy” group by 245 

individuals who also had a sulfonamide antibiotic “allergy”. 246 

 247 
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Among the 23,843 courses of ACCs and trimethoprim-sulfamethoxazole administered to 248 

ACC “allergic” individuals there were 5,039 (21.13%) given to ampicillin “allergic” 249 

individuals, 16,703 (70.05%) given to cephalexin “allergic” individuals, and 1,790 250 

(7.51%) given to cefaclor “allergic” individuals.  There were 210 (0.88%) courses given 251 

to dual ampicillin and cephalexin “allergic” individuals, 22 (0.09%) given to dual 252 

ampicillin and cefaclor “allergic” individuals, and 73 (0.31%) given to dual cephalexin 253 

and cefaclor “allergic” individuals. Finally, there were 6 (0.03%) courses given to 254 

individuals with “allergies” to ampicillin, cephalexin, and cefaclor.      255 

 256 

There was a total of 1,776,820 courses of ampicillin, cephalexin, cefaclor, or 257 

trimethoprim-sulfamethoxazole given to individuals with no ACC “allergy”.  This included 258 

131,586 (7.41%) courses given to individuals with a sulfonamide antibiotic “allergy”. 259 

 260 

There was a total of 479,075 courses of trimethoprim-sulfamethoxazole given to 261 

individuals without an ACC “allergy”. This included 1,554 (0.32%) courses of 262 

trimethoprim-sulfamethoxazole given to individuals with a sulfonamide antibiotic 263 

“allergy”. There was a total of 17,885 courses of trimethoprim-sulfamethoxazole given to 264 

individuals with an ACC “allergy”, including 354 (1.98%) courses given to individuals 265 

with both an ACC and a sulfonamide antibiotic “allergy”.    266 

  267 

There were 2,873 courses of cephalexin or cefaclor given to people with an ampicillin 268 

“allergy” and in 35 (1.22%) was a new cephalexin or cefaclor “allergy” reported within 269 

the next 30 days.  There were 998 courses of ampicillin given to people with a 270 
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cephalexin or cefaclor “allergy” and in 8 (0.80%) was a new ampicillin “allergy” reported 271 

within the next 30 days. 272 

 273 

The rate of new antibiotic “allergy” reports after trimethoprim-sulfamethoxazole 274 

exposures was 1.83% in the non-ACC “allergy” cohort compared to 3.18% (74% higher) 275 

in the ACC “allergy” cohort (p < 0.0001).   276 

 277 

There were 23 courses of ampicillin given to people with an ampicillin “allergy”,  278 

1,656 courses of cephalexin given people with a cephalexin “allergy” and 6 courses of 279 

cefaclor given to people with a cefaclor “allergy”.  It was not possible to determine how 280 

many had their “allergy” removed within 30 days of exposure, or if they noted a new 281 

adverse reaction, because this data was not extracted out of the EHR as part of the 282 

dataset used for this paper.  283 
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Discussion 284 

 285 

We noted that the incidence of new ampicillin, cephalexin, cefaclor, or sulfonamide 286 

antibiotic “allergy” reports was increased in individuals with a preexisting ampicillin, 287 

cephalexin, or cefaclor “allergy” but not in a side-chain restricted fashion.  This argues 288 

against a clinically-significant immunologically mediated cross-reactivity between beta-289 

lactams sharing side chains in individuals with pre-existing, but unconfirmed, beta-290 

lactam “allergy”.6,7,9   Having an ACC “allergy” was associated with an increased rate of 291 

reporting a new “allergy” after trimethoprim-sulfamethoxazole use compared to those 292 

not reporting an ACC “allergy”.  We again noted the approximate doubling in the risk of 293 

reporting a new antibiotic “allergy” when there is any preexisting antibiotic “allergy” 294 

reported compared to what is typically seen in unselected individuals.8-10,20,21   We noted 295 

an elevated risk of a new ACC “allergy” report in patients with preexisting ACC “allergy” 296 

and in patients with preexisting sulfonamide antibiotic “allergy” (but no preexisting ACC 297 

“allergy”), compared to patients without a preexisting ACC or sulfonamide antibiotic 298 

“allergy”.  There was no significant difference in the risk of a new ACC “allergy” report 299 

when comparing patients with preexisting ACC “allergy” to patients with preexisting 300 

sulfonamide antibiotic “allergy” (but no preexisting ACC “allergy”).  In summary, any 301 

previously reported antibiotic “allergy” appears to be a significant risk factor for reporting 302 

a new “allergy”. 303 

 304 

Rarely do individuals with suspected hypersensitivity reactions associated with the use 305 

of ampicillin, cephalexin, or cefaclor have their index events confirmed to be clinically 306 
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significant ampicillin-, cephalexin-, or cefaclor-specific IgE- or T-cell-mediated 307 

hypersensitivity by skin testing or challenge.1  Even more rarely have they been 308 

challenged with or given therapeutic courses of beta-lactams that share exact side 309 

chains after confirming a specific beta-lactam hypersensitivity.5  310 

 311 

Only a small minority, typically less than 5%, of individuals with any beta-lactam 312 

“allergy” are confirmed via testing to have clinically significant IgE-mediated or Tcell-313 

mediated hypersensitivity.2  If the index reaction was anaphylaxis, which is extremely 314 

rare as noted previously, or urticaria starting within 1 hour of the first dose and clearing 315 

within 1 day, then clinically significant IgE-mediated acute-onset hypersensitivity is 316 

much more likely to be confirmed by appropriate skin testing or challenge.13  We know 317 

that about 97 to 98% of individuals with a penicillin “allergy” will tolerate an oral 318 

challenge with a therapeutic dose of a penicillin without any acute or delayed-onset 319 

hypersensitivity event.2,4     320 

 321 

From what little published data there is on this topic, it appears that only a minority of 322 

individuals with confirmed cephalexin, cefaclor, or ampicillin hypersensitivity will have 323 

reactions associated with challenges to other members of this group of beta-lactams 324 

that share exact or very similar side chains.  Thus, it is not surprising that we noted no 325 

clinically-significant increased rate of new “allergy” reports in our cohort of unconfirmed 326 

ACC “allergy” with re-exposures to an alternative ACC.  327 

 328 
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Audicana and coworkers in 1994 reported on a group of 7 individuals with history of 329 

acute-onset hypersensitivity associated with the use of ampicillin.14  There were 4 with a 330 

history compatible with anaphylaxis and 3 with benign rashes. There were 5 who were 331 

skin test positive to ampicillin and 2 were additionally skin test positive to cephalexin. 332 

There were 5 who were oral cephalexin challenge negative, one was cephalexin oral 333 

challenge positive, manifest with benign urticaria only, and one was not challenged due 334 

to cephalexin skin test positivity.  335 

 336 

Romano and coworkers in 1997 reported on a cohort of 48 highly selected individuals 337 

with a history of ampicillin-associated urticaria, 9 (19%), or anaphylaxis, 39 (81%).15  All 338 

were confirmed to have immediate- or delayed-onset hypersensitivity using penicillin 339 

and ampicillin skin testing.  Most were only skin test positive to penicillin determinants. 340 

They identified 10 (21%) individuals positive to both penicillin and ampicillin and only 3 341 

(6.3%) individuals whose hypersensitivity was restricted specifically to ampicillin-specific 342 

determinants.  None of these individuals were subsequently challenged or treated with 343 

cephalexin or cefaclor.  344 

 345 

Phillips and co-workers reported in 2001 on a cohort of 16 individuals with histories of 346 

delayed-onset reactions to an ampicillin skin test, but who tolerated an acute oral 347 

penicillin challenge.16  They were subsequently patch tested with ampicillin and 348 

cephalexin and only 5 (31%) individuals were positive to both. There were 2 ampicillin 349 

patch test positive patients given a 5-day cephalexin challenge and 4 ampicillin patch 350 
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test positive patients given a single dose cefaclor challenge and none of these patients 351 

reacted to the challenges.   352 

 353 

We have similarly reported on a cohort of 24 individuals with acute-onset oral 354 

amoxicillin-associated challenge reactions and an additional 10 individuals with 355 

delayed-onset oral amoxicillin-associated challenge reactions seen between 2010 and 356 

2017.17  Amoxicillin has a very similar side chain to ampicillin, cephalexin, and cefaclor, 357 

differing only by a hydroxyl group attached to the benzene ring.  There were no 358 

cephalexin- or cefaclor-associated adverse reactions occurring in the 13 (38.2%) 359 

individuals in this cohort who were exposed to 53 total therapeutic courses of 360 

cephalexin and one of cefaclor. 361 

 362 

Romano and coworkers in 2015 using skin testing identified 3 individuals confirmed to 363 

be cephalexin hypersensitive and 13 individuals confirmed to be cefaclor 364 

hypersensitive.18  Two of the 3 individuals who were skin test positive to cephalexin 365 

were also skin test positive to ampicillin. Only 2 of the 13 individuals positive to cefaclor 366 

were skin test positive to ampicillin.  These were a highly selected group given that 3 of 367 

the cefaclor and 1 of the cephalexin skin positive subjects had anaphylaxis as their 368 

index reaction.  In their entire cohort of 102 subjects with any confirmed cephalosporin 369 

allergies, 83 (81.4%) of who had anaphylaxis as their index reaction, there were 4 who 370 

were skin test positive to ampicillin, 7 were skin test positive to cephalexin, and 16 were 371 

skin test positive to cefaclor.  Four of these individuals were skin test positive to both 372 
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cephalexin and cefaclor. No challenges were done with ampicillin in those skin test 373 

positive to cephalexin or cefaclor, even if ampicillin skin test negative. 374 

 375 

Stone and coworkers in 2021 reported on 136 individuals with cephalexin-associated 376 

index reactions and 33 with cefaclor-associated index reactions in a combined cohort of 377 

328 suspected cephalosporin allergic individuals.19  In the combined cohort there were 378 

245 (74.7%) with an immediate-onset and 83 (25.3%) with delayed-onset index 379 

cephalosporin-associated reactions and 240 (73.2%) who also carried an unconfirmed 380 

penicillin “allergy”.  They did not perform any skin testing using cephalexin or cefaclor to 381 

confirm these specific hypersensitivities.  There were 11 (8.0%) individuals with 382 

cephalexin-associated index reactions who were skin test-positive to ampicillin and 383 

none of those with cefaclor-associated index reactions were ampicillin skin test-positive. 384 

They used cephalexin for all their oral cephalosporin challenges, and none were 385 

positive. They did not perform any oral ampicillin challenges in those who were 386 

ampicillin skin test negative to confirm tolerance.  387 

 388 

We did not note higher rates of new “allergy” reports with exposure to beta-lactams 389 

sharing identical side chains compared to our historical data on population-based rates, 390 

without specific beta-lactam “allergy” histories.21  The overall rate of new ampicillin 391 

“allergies” reported here in individuals without an ACC “allergy”, 0.26% per course, or 392 

with an ACC “allergy”, 0.79%, are both lower than the global population-based numbers 393 

noted in our previous work.9  In our patient population it can be estimated that less than 394 

5% ("optimistic") or even less than 1% ("pessimistic") of all ACC “allergy” cases could 395 
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potentially have a clinically-significant immunologically-mediated hypersensitivity to an 396 

ACC.  Thus, even in individuals with specific ACC “allergies” who are then treated with 397 

another ACC antibiotic, there is no clinically-significant increased risk of reporting a new 398 

“allergy” over background population-based risks. 399 

 400 

We have previously noted that as many as 2% of individuals with a penicillin “allergy” 401 

are given a penicillin in any year, and only a very small fraction have their penicillin 402 

“allergy” removed.3  We again noted the use of specific antibiotics by patients with an 403 

active “allergy” listed to that antibiotic. Monitoring the EHR to identify uneventful 404 

antibiotic re-exposures could potentially result in the removal of many of these 405 

apparently inaccurate antibiotic “allergies”.3  406 

 407 

A weakness in this report was the inability to determine exactly how many individuals 408 

had their antibiotic “allergies” removed in a timely fashion (within 30 days) after 409 

tolerating re-exposure to the implicated antibiotic or if re-exposures resulted in a new 410 

unreported adverse reaction.  Since this dataset was collected for another purpose, we 411 

did not extract this data out of the EHR, because it was not part of the previous 412 

analysis.  We were also unable to adjust our results based on the reasons individuals 413 

were using antibiotics.  We were unable to identify adverse reactions that were not 414 

reported in the drug “allergy” fields, but we also consider these to be clinically 415 

insignificant events, because they do not alter future antibiotic usage decisions. 416 

 417 
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The rare individuals with a good history for ampicillin, cephalexin, or cefaclor-associated 418 

anaphylaxis should be evaluated by Allergy/Immunology and proceed with an 419 

appropriate work-up to confirm or refute the suspected acute-onset potentially life-420 

threatening hypersensitivty.1,2 421 

 422 

The practical application of our observations is that the risk of using an alternative ACC 423 

in groups of people with an unconfirmed ACC “allergy” is very low.  Given the significant 424 

morbidity associated with avoiding a beta-lactam antibiotic when it is the antibiotic of 425 

choice, if ampicillin, cephalexin, or cefaclor is the drug of choice for a confirmed 426 

infection and the person has a low-risk ACC “allergy”, and the relative safety, serious 427 

consideration should be given to using ampicillin, cephalexin, or cefaclor with one hour 428 

of direct observation after the first dose.22-24  Formal testing to confirm a true ACC 429 

allergy should also be done as soon as practically possible.1  430 

 431 

We did not see evidence that individuals with unconfirmed “allergies” to ampicillin, 432 

cephalexin, or cefaclor have increased new “allergy” reports after using these antibiotics 433 

that share identical R1 side chains.  There is a higher rate of new antibiotic “allergies” 434 

noted with exposures to all antibiotics, even completely unrelated antibiotics, in 435 

individuals with any antibiotic “allergy” in their record.  436 

 437 

 438 

Acknowledgements:  The authors acknowledge Anna Davis, PhD for her contributions 439 

to the study design and discussions throughout the study.   440 

Jo
urn

al 
Pre-

pro
of



Page 23 of 31 
 

References 441 

 442 

1 Vyles D, Macy E. Self-reported beta-lactam intolerance: not a class effect, 443 

dangerous to patients, and rarely allergy. Exp Review Anti Infect Ther. 2019;17:429-35. 444 

 445 

2 Shenoy ES, Macy E, Rowe T, Blumenthal KG.  Evaluation and management of 446 

penicillin allergy: a review. JAMA. 2019;321:188-199. 447 

 448 

3 Macy E. Addressing the epidemic of antibiotic "allergy" over-diagnosis. Ann 449 

Allergy Asthma Immunol. 2020;124:550-557.  450 

 451 

4 Banks TA, Tucker M, Macy E. Evaluating Penicillin Allergies Without Skin 452 

Testing. Curr Allergy Asthma Rep. 2019;19:27.  453 

 454 

5 Macy E. Why was there ever a warning not to use cephalosporins in the setting 455 

of a penicillin “allergy”?  J Allergy Clin Immunol Pract 2021; In press. 456 

 457 

6 Macy E, McCormick TA, Adams JL, Crawford WW, Nguyen MT, Hoang L, et al. 458 

Association between removal of a warning against cephalosporin use in patients with 459 

penicillin allergy and antibiotic prescribing. JAMA Network Open 2021:4:e218367. 460 

 461 

7 Zagursky RJ, Pichichero ME.  Cross-reactivity in β-lactam allergy. J Allergy Clin 462 

Immunol Pract 2018;6:72-81. 463 

Jo
urn

al 
Pre-

pro
of

https://pubmed.ncbi.nlm.nih.gov/31881269/
https://pubmed.ncbi.nlm.nih.gov/30903298/
https://pubmed.ncbi.nlm.nih.gov/30903298/


Page 24 of 31 
 

 464 

8 Macy E, Contreras R. Adverse reactions associated with oral and parenteral 465 

cephalosporin use: a retrospective population-based analysis. J Allergy Clin Immunol 466 

2015;135:745-52.e5 467 

 468 

9 Liang EH, Chen LH, Macy E.  Adverse reactions associated with penicillins, 469 

carbapenems, monobactams, and clindamycin: a retrospective population-based study.  470 

J Allergy Clin Immunol In Practice. 2020;8;1302-1313.e2. 471 

  472 

10 Macy E, Ho NJ.  Multiple drug intolerance syndrome: prevalence, clinical 473 

characteristics, and management. Ann Allergy Asthma Immunol. 2012:108;88-93. 474 

 475 

11  Koebnick C, Langer-Gould AM, Gould MK, Chao CR, Iyer RL, Smith N, et al. 476 

Sociodemographic characteristics of members of a large, integrated health care system: 477 

comparison with US Census Bureau data. Perm J. 2012;16:37-41.   478 

 479 

12 Gordon N, Lin T.  The Kaiser Permanente Northern California adult member 480 

health survey.  Perm J. 2016;20:15-225. 481 

 482 

13 Sabatao V, Gaeta F, Valluzzi RL, Van Gasse A, Ebo DG, Romano A.  Urticaria: 483 

the 1-1-1 criterion for optimized risk stratification in ß-lactam allergy delabeling. J Allergy 484 

Clin Immunol Pract. 2021; doi:https://doi.org/10.1016/j.jaip.2021.05.037. 485 

 486 

Jo
urn

al 
Pre-

pro
of



Page 25 of 31 
 

14 Audicana M, Bernaola G, Urrutia I, Echechipia S, Gastaminza G, Munoz D, et al.  487 

Allergic reactions to betalactams: studies in a group of patients allergic to penicillin and 488 

evaluation of cross-reactivity with cephalosporin.  Allergy. 1994;49:108-113. 489 

 490 

15 Romano A, Torres MJ, Fernandez J, Vega JM, Mayorga C, Garcia J, et al.  491 

Allergic reactions to ampicillin. Studies on the specificity and selectivity in subjects with 492 

immediate reactions. Clin Exp Allergy. 1997;27:1425-31. 493 

 494 

16 Phillips E, Knowles SR, Weber EA, Blackburn D.  Cephalexin tolerated despite 495 

delayed aminopenicillin reactions. Allergy. 2001;56:790. 496 

 497 

17 Macy E, Blumenthal KG.  Are cephalosporins safe for use in penicillin allergy 498 

without prior allergy evaluation. J Allergy Clin Immunol Pract 2018;6:82-9. 499 

  500 

18 Romano, A, Gaeta F, Valluzzi RL, Maggioletti M, Zaffiro A, Caruso C, Quaratino 501 

D. IgE-mediated hypersensitivity to cephalosporins: Cross-reactivity and tolerability of 502 

alternative cephalosporins.  J Allergy Clin Immunol. 2015;136:685-91.  503 

 504 

19 Stone CA, Trubiano JA, Philips EJ.  Testing strategies and predictors for 505 

evaluating immediate and delayed reactions to cephalosporins. J Allergy Clin Immunol 506 

Pract. 2021;9:435-44.  507 

 508 

Jo
urn

al 
Pre-

pro
of



Page 26 of 31 
 

20  Macy E, Ho NJ.  Adverse reactions associated with therapeutic antibiotic use 509 

after penicillin skin testing. Perm J, 2011;15:31-37. 510 

 511 

21  Macy E, Poon TK-Y.  Self-reported antibiotic allergy incidence and prevalence: 512 

age and sex effects. Am J Med, 2009;122:778e1-e7. 513 

 514 

22  Jeffres MN, Narayanan PP, Shuster JE, Schramm GE. Consequences of 515 

avoiding β-lactams in patients with β-lactam allergies. J Allergy Clin 516 

Immunol. 2016;137:1148-1153. 517 

 518 

23 Blumenthal KG, Ryan EE, Li Y, Lee H, Kuhlen JL, Shenoy ES.  The impact of a 519 

reported penicillin allergy on surgical site infection risk. Clin Infect Dis. 2018;66:329-336. 520 

 521 

24 Macy E, Burchette RJ.  Oral antibiotic adverse reactions after penicillin testing: 522 

multi-year follow-up.  Allergy, 2002;57:1151-1158.  523 Jo
urn

al 
Pre-

pro
of



Page 27 of 31 
 

Table 1:  Study subject demographics 524 

 525 

 

All unique 

patients 

Patients contributing  

courses with  

no ACC allergy 

Patients 

contributing 

courses with  

ACC allergy 

Patients 1,235,847 1,222,045 15,235 

Gender Female (%) 818,630 (66.2) 807,574 (66.1) 12,231 (80.3) 

Age (years) at first antibiotic 

exposure (SD) 44.4 (23.6) 44.3 (23.6) 55.5 (21.2) 

Unique patients with ampicillin 

exposure  

(total courses) 

59,711  

(65,372) 

58,901  

(64,353) 

824  

(1,019) 

Unique patients with cephalexin 

exposure (total courses) 

934,036  

(1,237,293) 

930,937  

(1,232,384) 

3,431  

(4,909) 

Unique patients with cefaclor 

exposure (total courses) 

844  

(1,038) 

829  

(1,008) 

17  

(30) 

Jo
urn

al 
Pre-

pro
of



Page 28 of 31 
 

Unique patients with 

trimethoprim-sulfamethoxazole 

exposure (total courses) 

390,632  

(496,960) 

379,026  

(479,075) 

11,998  

(17,885) 

 526 

 527 

Note:  1,433 of the 1,235,847 unique patients contributed courses both with and without 528 

an ACC allergy to the analysis, due to a change in allergy status during the study 529 

interval. 530 

  531 
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Table 2:  New drug allergies reported 532 

 533 

 No sulfonamide 

“allergy” and no 

ACC “allergy”  

Sulfonamide 

“allergy” and no 

ACC “allergy”  

ACC “allergy”  

Ampicillin exposure 

Total courses 

[New “allergies”]  

(%) 

 

60,855 

[152] 

(0.25) 

 

3,498 

[15] 

(0.43) 

 

1,019 

[8] 

(0.79) 

Cephalexin exposure 

Total courses 

[New “allergies”]  

(%) 

 

1,106,059 

[4,616] 

(0.42) 

 

126,325 

[884] 

(0.70) 

 

4,909 

[44] 

(0.90) 

Cefaclor exposure 

Total courses 

[New “allergies”]  

(%) 

 

799 

[3] 

(0.38) 

 

209 

[5] 

(2.39) 

 

30 

[0] 

(0.00) 
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Trimethoprim-

sulfamethoxazole 

exposure 

Total courses 

[New “allergies”]  

(%) 

 

 

 

477,521 

[8,744] 

(1.83) 

 

 

 

1,554 

NA 

(NA) 

 

 

 

17,885 

[568] 

(3.18) 

 534 

 535 

 536 

 537 

 538 

 539 

 540 

 541 

 542 

 543 

 544 

 545 

 546 

 547 

 548 

 549 

 550 

 551 
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Table 3. New “allergies” associated with combined ACC exposures and underlying ACC 552 

or sulfonamide antibiotic “allergy” history  553 

 554 

 555 

  No 

sulfonamide 

antibiotic or 

ACC “allergy” a 

Sulfonamide 

antibiotic 

“allergy” and 

no ACC 

“allergy” b 

ACC “allergy” c 

Ampicillin, 

cephalexin, 

or cefaclor 

exposure 

Total courses 

[New “allergies”] 

(%) 

1,167,713 

[4,771] 

(0.41) 

130,032 

[904] 

(0.70) 

5,958 

[52] 

(0.87) 

 556 

 557 

The difference between columns a and b is statistically significant (p < 0.0001) 558 

The difference between columns a and c is statistically significant (p < 0.0001) 559 

The difference between columns b and c is not statistically significant (p = 0.11) 560 
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