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Abstract: 68 

 69 

Unsubstantiated penicillin allergy labels are common in surgical patients and can lead to 70 

significant harm through avoidance of best first-line prophylaxis of surgical site 71 

infections, and increased infection with resistant bacterial strains.  72 
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Up to 98% of penicillin allergy labels are incorrect when tested. Due to the scarcity of 73 

trained allergists in all healthcare systems, only a minority of surgical patients have the 74 

opportunity to undergo testing and de-labelling prior to surgery.  75 

Testing pathways can be modified and shortened in selected patients and a variety of 76 

healthcare professionals can, with appropriate training and in collaboration with 77 

allergists, provide testing for selected patients. 78 

In this paper we set out how patients might be assessed, appropriate testing strategies 79 

which may be employed and the minimum standards of safe conduct for these.  80 

 81 

 82 

Introduction 83 

The recommendations developed in this article concern the management of the surgical 84 

patient with a label of penicillin allergy, and aim to provide a practical guide for 85 

anaesthetists and other healthcare professionals in the perioperative setting.  86 

To provide context, a literature search was performed to examine the existing evidence 87 

and current practices. The search was initially performed in June 2018, and repeated in 88 

September 2018, using the following criteria: 89 

English language only; humans; last 10 years; PubMed search engine. MESH key words: 90 

penicillin allergy (yields 904 articles), AND testing, de-labelling, AND health costs, 91 

implications, health benefits, AND pre-operative patients, surgical patients, surgery, 92 

AND testing strategies.  93 
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A ten-year limit was set on the basis that much of the work informing these guidelines 94 

has arisen in this period of time. A total of 301 articles were selected; 93 were deemed 95 

relevant following review by the writing group. Additional articles were included on the 96 

basis of relevance and included some from more than 10 years ago, where these were 97 

judged to be of seminal importance. 98 

 99 

A. Epidemiology of a Penicillin Allergy Label  100 

 101 

Penicillin is the most common drug allergy listed in medical records, with a prevalence 102 

ranging from 6-15% in recent, large studies throughout the world 1-4. Whilst frequently 103 

listed in the medical record, the incidence of confirmed penicillin allergy is much lower 104 

and appears to be falling. Longitudinal studies from a large health plan in the U.S. found 105 

the rate of positive penicillin skin tests to have decreased from 15% in 1995, to 3% in 106 

2007 9. In 2013, the same group reported that only 1.6% of penicillin allergy histories 107 

from 500 patients could be confirmed 10. Work in France has demonstrated a higher rate 108 

of immediate (IgE-mediated) penicillin allergy, although testing was only performed in 109 

those with a history already suggestive of an allergic reaction, rather than an unselected 110 

group of all patients with the label 11. Recent large studies from other countries have 111 

confirmed low rates (5-6%) of confirmed penicillin allergy in both children and adults 12 112 

,13. 113 

Nevertheless, penicillin remains a leading cause of drug-induced hypersensitivity and 114 

anaphylaxis. A recent U.S. study of a large electronic health record database of over 1.7 115 

million patients determined that 1.1% reported drug-induced anaphylaxis, with the 116 
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most common culprit being penicillin 5, and cases collected by the French Allergy 117 

Vigilance Network between 2010-12 determined that penicillins (especially amoxicillin) 118 

were the most commonly identified cause of severe drug-induced anaphylaxis 6. 119 

Amongst fatal drug-induced anaphylaxis, penicillin was the most commonly identified 120 

culprit drug in a recent U.S. study 7, and a recent study  of suspected perioperative 121 

anaphylaxis in the UK found that antibiotics were the commonest cause of life-122 

threatening anaphylaxis, with amoxicillin clavulanate (co-amoxiclav) the most frequently 123 

occurring causal agent 8. As well as anaphylaxis, penicillins may more rarely cause severe 124 

cutaneous adverse reactions such as Stevens-Johnson syndrome (SJS) and toxic 125 

epidermal necrolysis (TEN). These severe, blistering skin conditions can result in organ 126 

failure and be fatal.  127 

 128 

B. Evidence of harm from the label  129 

Over the past 10 years the clinical and economic ramifications of the ‘penicillin allergy’ 130 

label have been well defined. These include infection sequelae and antimicrobial 131 

resistance, hospital readmission rates, length of hospital stay, use of critical care beds, 132 

and healthcare costs. 133 

For the surgical patient, postoperative surgical site infections (SSI) are major 134 

contributors to patient morbidity and mortality, and therefore costs. Antibiotic 135 

prophylaxis is a key strategy to prevent SSI, with beta-lactam antibiotics the preferred 136 

antibiotic for many procedures 14. Several studies have assessed SSI in patients labelled 137 

as penicillin allergic. A retrospective cohort study of 8385 patients undergoing 9094 138 
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procedures, showed that 11% reported penicillin allergy, and those with the label had 139 

50% increased odds of SSI attributable to use of second-line antibiotics 15. In 140 

approximately 250 patients undergoing head and neck surgery, clindamycin was 141 

substituted for a cephalosporin in those labelled penicillin allergic, and this was 142 

associated with a fourfold increase in SSI 16. In a retrospective study of 18,830 elective 143 

primary arthroplasties, use of vancomycin as a sole agent was associated with more SSI 144 

than prophylaxis with cefazolin as a sole agent; penicillin allergy labels accounted for 145 

54% of the vancomycin group 17. However, increased SSI was not demonstrated in 146 

another study where arthroplasty patients received vancomycin alone due to the 147 

penicillin allergy label, compared to those receiving cefazolin18. 148 

Given the use of beta-lactam alternative antibiotics in those labelled penicillin allergic, 149 

focus has turned to associated infection, particularly methicillin resistant Staphylococcus 150 

aureus (MRSA) and Clostridium difficile (C. difficile) infection. In a large population-based 151 

cohort study from the United Kingdom of over 300,000 adults, those labelled with 152 

penicillin allergy were compared to matched controls 19; penicillin allergy was associated 153 

with an increased risk of MRSA (hazard ratio 1.69) and C. difficile (hazard ratio 1.26). 154 

Increased use of beta-lactam alternatives accounted for 55% of the increased risk of 155 

MSRA and 35% of the increased risk of C. difficile. In a large cohort U.S. inpatient study 156 

of over 50,000 patients, those labelled penicillin allergic were treated with significantly 157 

more fluoroquinolones, clindamycin and vancomycin compared with control subjects 158 

and had 23.4% more C. difficile, 14.1% more MRSA and 30.1% more vancomycin-159 

resistant enterococci infections 4. In addition, penicillin allergy labelled patients 160 



 7 

averaged 0.59 more hospital days during an average of 20 months of follow up 161 

compared with control patients.  162 

The effect of a penicillin allergy label on hospital readmissions has also been quantified. 163 

In a West Australian adult tertiary hospital over 600 patients were surveyed, with 18% 164 

labelled penicillin allergic. Those with the label had significantly more hospital 165 

readmissions within 4 weeks and 6 months of discharge compared to controls; the 166 

majority of readmitted patients had major infections 20. In a large prospective matched 167 

cohort study from a Dutch university medical centre of over 17,000 patients, of whom 168 

5.6% were labelled penicillin allergic, the penicillin allergic group had a significantly 169 

higher risk of being re-hospitalized at 12 weeks (27% vs 21.9%), though there was no 170 

significant difference at four weeks between the groups 3.  171 

 172 

C. Current guidelines for penicillin allergy testing and their limitations 173 

In most countries, testing for penicillin allergy is performed predominantly under the 174 

supervision of allergy specialists and typically when there is a need for penicillin-based 175 

therapy. Given the morbidity associated with a spurious label of penicillin allergy and 176 

the low likelihood of a label of penicillin allergy being correct, it has now been 177 

recommended to perform such testing routinely in labelled patients, regardless of acute 178 

need 21.  179 

 180 

1. Standard testing guidelines 181 
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The gold standard test with which to establish tolerance to penicillin is a graded drug 182 

provocation test (DPT) using the index penicillin to which the patient reacted. Current 183 

guidelines from Europe and North America recommend that patients should first be skin 184 

tested using skin prick tests (SPT) and intradermal tests (IDT) 22-26. In the context of a 185 

patient who has had a clinical reaction, a positive skin test, with readings taken 186 

immediately, can identify the presence of IgE-sensitisation. The skin test therefore 187 

provides a way of risk stratifying patients for a DPT. Skin tests for penicillin have a 188 

negative predictive value approaching 100% and patients who do not react to SPT or IDT 189 

are therefore unlikely to have a severe immediate reaction on DPT 26, 27. However, the 190 

interpretation of a positive skin test is less well defined, since these patients are not 191 

offered a DPT for obvious ethical reasons. The positive predictive value is generally 192 

accepted to be less than 50% based on limited numbers of prospective studies, and 193 

outcomes from accidental re-exposure 28-30.  It is important to note that delayed 194 

readings are required for the diagnostic work-up of non-immediate type IV 195 

hypersensitivity reactions, although the predictive value of these readings is not well 196 

established and their utility may be lower 22. Any subsequent DPT may also demonstrate 197 

delayed reactions such as these.   198 

The panel of reagents used for skin testing varies geographically. In particular, the 199 

experience of using minor determinant mixtures (MDM) and benzylpenicilloyl poly-L-200 

lysine (PPL), is mixed, not least because for many years in the US these reagents were 201 

not commercially available. Utility of PPL/MDM is best defined for immediate-type 202 

hypersensitivity reactions to penicillin, where addition of each reagent increases the 203 
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sensitivity of testing by 15 % and 47% respectively 31, 32. In Southern Europe, with its 204 

greater use of amoxicillin, the value of adding this drug to the skin test panel has been 205 

well documented 33. The British Society for Allergy and Clinical Immunology 206 

recommends that patients are tested against PPL, MDM, amoxicillin and the index 207 

penicillin if known (and different), as well as penicillin G (benzylpenicillin) if this is not 208 

contained in the PPL/MDM reagent kits 22.  209 

There are some important limitations to the utility of skin tests. Many studies have 210 

commented on reduced sensitivity over time, in the diagnosis of immediate reactions 9, 211 

34, 35  and low sensitivity and specificity in patients with non-severe, non-immediate, and 212 

vague reactions 36-38. Reactions in childhood, typically delayed onset and unspecified 213 

rashes, can result in life-long unnecessary avoidance of penicillin, and yet are only rarely 214 

associated with positive skin or DPT testing 39.  215 

Another testing modality which may be employed is the serum specific IgE assay. 216 

Although sensitivity and specificity of this test is low it is still recommended by European 217 

guidelines; there have been cases where skin testing was negative but serum specific IgE 218 

positive, and the patient went on to have anaphylaxis when exposed to the drug 25. Its 219 

use as a sole test is not recommended. 220 

The cost of performing a standard penicillin allergy evaluation will vary according to 221 

multiple local factors. A study in the US examined the cost of testing using time-driven 222 

activity-based costing, which measures cost through calculation of time spent using a 223 

given resource and the per unit cost of the resource. They found that base-case 224 

penicillin allergy evaluation costs $220 (2016), with a range of $40 to $537 40. The skin 225 
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testing component of testing is typically the most expensive, requiring highly trained 226 

personnel as well as relatively expensive consumables. 227 

 228 

 229 

2. Direct penicillin challenge in low risk patients 230 

Where symptoms are mild and not suggestive of an IgE-mediated reaction, the utility of 231 

skin tests is low and a direct oral DPT may be appropriate. Although recent work has 232 

shown that risk of true allergy cannot be predicted with high sensitivity and specificity 233 

on the basis of clinical history alone 41, a growing body of evidence suggests that the 234 

clinical history can nevertheless be used to risk stratify patients for direct DPT .  A U.S. 235 

study, 328 young military recruits with non-severe histories of penicillin allergy 236 

underwent direct amoxicillin DPT with only 1.5% having objective reactions, none of 237 

which were life-threatening anaphylaxis 42. An Israeli study of 642 patients (2/3 were 238 

children and some had reactions not suggestive of true allergy) with delayed reactions 239 

(>1 hour after last dose) underwent skin testing and a 5-day amoxicillin DPT even if skin 240 

tests were positive, with only 6% displaying mild reactions and no cases of anaphylaxis 241 

43. Almost one-third of patients had equivocal skin tests and 5% had positive skin tests, 242 

yet the majority tolerated the DPT. It is worth noting that immediate readings of skin 243 

tests were used even though the index reactions were in keeping with delayed 244 

hypersensitivity. In a prospective study from Canada, 818 children underwent 245 

amoxicillin DPT without skin testing, with 94% tolerating amoxicillin 12. Immediate 246 

reactions were all mild although a few developed serum sickness-like reactions as this 247 
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was not an exclusion criterion. Of 17 children with immediate reactions to DPT only 1 248 

(5.9%) had a positive penicillin skin test 2-3 months later. A prospective study from 249 

Spain evaluated 766 children with histories of penicillin allergy who underwent skin 250 

testing and DPT (regardless of skin test results) and found around 5% to be allergic 44. 251 

Penicillin allergy skin tests had very low sensitivity (2.9% had positive immediate skin 252 

tests) but had good specificity. A study of 155 adults and children with non-severe 253 

histories of penicillin allergy underwent placebo-controlled amoxicillin DPTs without 254 

skin testing in an allergy clinic found 2.6% with true allergic reactions and 10% reacting 255 

to placebo 45. 256 

The primary advantage of this approach is that the lack of need for skin testing reduces 257 

time and cost. Direct DPT is also quick and non-invasive, which is more convenient for 258 

patients. There are disadvantages however. Firstly, the data appear to be strongest in 259 

children; secondly it is not yet known whether non-allergists will be able to adopt this 260 

approach with the safety and outcomes seen in studies to date. Finally, there is also no 261 

clear consensus on which patients can be considered low risk and forgo skin testing 262 

although several groups have proposed criteria for this 46. 263 

 264 

3. Advice for de-labelled patients 265 

Patients evaluated with skin tests, DPT or both and found not to be sensitized to 266 

penicillin should be advised that they have the same risk as the general population for 267 

developing new allergy to a penicillin in the future. This statement acknowledges that 268 

any individual may become sensitized to penicillin during their lifetime and that 269 
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negative testing is not a lifelong guarantee of tolerance. It must also be recognised, 270 

however, that DPT for a single penicillin does not entirely preclude allergy to all other 271 

penicillins because of side chain sensitivity which might be missed with single drug DPT. 272 

For example, a patient whose index reaction was to flucloxacillin but who does not 273 

remember this and has a negative DPT with amoxicillin, remains at risk from re-274 

exposure to flucloxacillin. However, this does not appear to be a significant problem 275 

given the lack of reports in the literature of this occurring, and current guidelines do not 276 

recommend multiple DPTs in cases where the index penicillin is not known. 277 

Finally, the risk of re-sensitisation must be considered for any patient undergoing DPT. 278 

This risk appears to be lower than initially reported in the US however, with the results 279 

of recent studies suggesting that repeating skin tests following an oral DPT in order to 280 

check for re-sensitisation is unnecessary 47. Patients who have been tested and de-281 

labelled should instead be monitored clinically for evidence of resensitisation. Repeating 282 

the skin tests may be of use in patients with confirmed severe reaction, as a means of 283 

periodically reassessing whether the patient remains sensitised, but this is less the case 284 

in those with initial histories not suggestive of allergy 24. 285 

 286 

D. Novel testing strategies and pathways 287 

As the impact of the ‘penicillin allergic’ label on antimicrobial stewardship and health 288 

costs becomes clearer the need to find ways of reducing the burden of incorrect labels 289 

has become imperative. A key part of the problem is poor understanding of allergy 290 

among non-specialists (and patients) leading to incorrect labelling, and limited 291 
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knowledge of the services available for allergy testing 48, 49, although there is evidence 292 

that knowledge can be improved through training 50. These aspects are beyond the 293 

scope of this article. 294 

Different strategies around the world have been employed to address the expanding 295 

and unmet need for allergy testing; some of these are detailed below. 296 

 297 

1. Inpatient-based penicillin skin testing programmes 298 

Large numbers of hospitalized patients are treated with antibiotics, often requiring 299 

prolonged courses and including broad-spectrum antibiotics. The inpatient setting is 300 

therefore ideal for penicillin allergy testing, and numerous studies have demonstrated 301 

improved use of antibiotics following penicillin skin tests. Of approximately 1,000 302 

patients with self-reported penicillin allergy, same day penicillin skin testing and 303 

consultation reduced vancomycin use from 30% in historical controls to 16% in those 304 

judiciously evaluated 51. In an intensive care unit setting a prospective study of 96 305 

patients labelled as penicillin allergic were skin tested 52; of the group receiving 306 

therapeutic antimicrobials, 82% were changed to a beta-lactam after the negative skin 307 

test with no adverse events. Long-term follow up of 308 subjects evaluated with skin 308 

tests, and matched with 1251 unique controls (labelled penicillin allergic, not 309 

evaluated), found that those tested received significantly more penicillins as well as first 310 

and second generation cephalosporins than controls, with less clindamycin and 311 

macrolides. Those evaluated also had fewer outpatient and emergency department 312 

visits and 0.553 less hospital days per year than the controls. The authors estimated that 313 
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testing 308 of the controls may have saved the health system more than $2 million over 314 

3.6 years 53.  315 

A recent systematic review described several studies including six in the intensive care 316 

setting 54. Penicillin skin tests were negative in 95% of patients overall and increased use 317 

of penicillins and cephalosporins was noted, with rare reports of life-threatening 318 

anaphylaxis after amoxicillin challenge at an incidence of < 1%. The largest reported in-319 

patient experience is from the U.S. and utilizes allergy-trained pharmacists to perform 320 

penicillin skin tests and amoxicillin challenge 55. To date, 98% of over 700 penicillin 321 

allergic inpatients have been found to test negative (D. Khan, personal communication). 322 

Another large U.S. study of inpatient penicillin allergy skin testing (with 90% performed 323 

by a nurse) found a much higher rate (20%) of positive skin tests but utilized minor 324 

determinant skin tests with different criteria for a positive skin test 56. Another study 325 

utilized telemedicine to reduce the need for on-site allergy specialists, with skin testing 326 

performed by physician assistants 57. Some studies have performed penicillin allergy 327 

testing in the emergency department, however higher than typical rates of positive skin 328 

tests (15.5%) might suggest that the 30 minute training session for testers was 329 

inadequate 58. The benefits of testing as an inpatient include a readily accessible, high-330 

risk population, and immediate impact on antimicrobial stewardship outcomes. The 331 

main drawback to this approach is a lack of trained providers who can perform skin tests 332 

and allergists who can assist with setting up such programs.  333 

 334 

2. Clinical Algorithms to Guide Use of Beta-Lactams in Penicillin Allergy 335 
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An alternative approach to encourage more appropriate use of antibiotics is through the 336 

use of clinical guidelines, which provide advice on the use of beta-lactams based on the 337 

history of the penicillin allergy. A recent study in the UK demonstrated proof of concept 338 

for guideline-based selection of patients suitable for direct DPT using an algorithm 339 

suitable for use by non-specialists 46. Use of guidelines such as these in an inpatient 340 

setting has demonstrated increased use of beta-lactams (primarily cephalosporins) and 341 

reduction in use of vancomycin, aztreonam, and fluoroquinolones 59, 60. A study 342 

comparing usual care, penicillin skin tests and a clinical guideline with additional web-343 

based clinical decision support, found that both penicillin skin testing and the guideline 344 

led to increased use of penicillins or cephalosporins, although not penicillins alone 61. 345 

Methodology for implementing this type of approach at a hospital level has been 346 

published 62. The benefits are that guidelines can potentially be used to change 347 

antibiotic prescribing patterns in penicillin allergic patients without the need for 348 

additional personnel. Drawbacks to this approach are that a primary effect is to increase 349 

use of cephalosporins in penicillin allergic patients 63, a practice that may already be 350 

commonplace in some hospitals 64 and which when used alone, typically does not allow 351 

de-labelling of the penicillin allergy.  352 

 353 

3. Pre-Operative Penicillin Allergy Testing 354 

Patients with a history of penicillin allergy often receive vancomycin for surgery. In the 355 

UK the commonest alternative is now teicoplanin. As well as the risks of increased SSI, 356 

longer hospital stay and higher readmissions, there is also the risk of allergy to the 357 
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alternative antibiotic used 8. In order to reduce use of alternatives in the preoperative 358 

setting, penicillin allergy tests can be performed prior to surgery. The surgical 359 

population represents a large pool of accessible patients with immediate need for good 360 

antibiotic stewardship. In the UK a recent study demonstrated that penicillin allergy 361 

testing can be incorporated into the pre-operative journey for the patient with 362 

subsequent improved use of SSI prophylaxis 65. The largest experience with pre-363 

operative testing comes from the Mayo Clinic in the U.S. where a preoperative 364 

evaluation clinic was established in 2001 51. To date, this programme has performed 365 

>29,000 penicillin allergy tests with only 1% being positive (M. Park, personal 366 

communication). Recent studies have used electronic best practice alerts to identify 367 

patients with penicillin allergy who are scheduled for orthopaedic surgery and facilitate 368 

referral to a specialized clinic for penicillin allergy testing 66. The benefit of a 369 

preoperative testing approach is that patients are de-labelled at the time of antibiotic 370 

need. Drawbacks are the requirement for personnel to perform the tests, and the time 371 

pressures associated with surgery.  372 

 373 

E. Use of alternative beta-lactam antibiotics in penicillin allergic patients  374 

 375 

Alternative beta-lactams include the cephalosporins, carbapenems and monobactams, 376 

of which cephalosporins appear to be the most relevant. Carbapenem cross-reactivity 377 

with either penicillins or cephalosporins appears to be very low 67-69 and there is no 378 
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apparent cross-reactivity between monobactams and penicillins 69, although there may 379 

be between ceftazidime and aztreonam, partly because they share an R1 side chain 70.   380 

The earliest studies of penicillin and cephalosporin cross-reactivity from the 1970s were 381 

tainted by the presence of trace amounts of benzylpenicillin in the cephalosporins 382 

falsely increasing the apparent degree of cross-reactivity. The figure of 10% cross-383 

reactivity stems from this work and is still quoted in US Food and Drug Administration 384 

(FDA) descriptions of the cephalosporins.  385 

The true incidence of cross-reactivity between penicillins and cephalosporins, and 386 

between different cephalosporins, is likely to be lower but has been difficult to quantify 387 

or predict.  Partly this is due to differences in study methodology; this is compounded by 388 

the rarity of allergy to cephalosporins. The incidence of anaphylaxis to cephalosporins is 389 

estimated at 0.00002% and 0.00016% for oral and parenteral administration 390 

respectively 71. This is at least one order of magnitude less frequent than anaphylaxis to 391 

penicillin which is approximately 0.005% and 0.002% with oral and parenteral 392 

administration respectively 72.  393 

Variation in the degree of cross-reactivity between penicillin and cephalsporins is 394 

determined by structural differences among cephalosporins. All share a four membered 395 

beta lactam ring with penicillin which is adjacent to a five membered thiazolidine ring in 396 

penicillin, and six membered dihydrothiazine ring in cephalosporins. The penicillins and 397 

cephalosporins undergo different beta-lactam ring degradation patterns; breakdown of 398 

the penicillin beta-lactam ring results in formation of haptens capable of allergenicity 399 

whereas the cephalosporins undergo rapid breakdown that does not predictably 400 
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produce haptens. Therefore cross-reactivity between the penicillins and cephalosporins 401 

has focused on the R1 and R2 side chain moieties that vary between the generations of  402 

cephalosporins, with side chain similarity likely to contribute to cross reactivity. Of note, 403 

cephazolin, used perioperatively in many parts of the world, does not have similar R1 or 404 

R2 side chains to either penicillins or other cephalosporins except for ceftezole. 405 

Cephazolin also offers superior gram positive antimicrobial activity compared to 406 

cephalosporins of later generations, and has been shown after testing not to cross-react 407 

with a number of other cephalosporins from all generations 73, 74. Thus despite being a 408 

first generation cephalosporin it may be an option for a penicillin allergic patient, 409 

although it is worth noting that as the R1 and R2 side chains are not always the antigenic 410 

determinant, cross-reactivity may still exist 75. 411 

 412 

Studies on cephalosporin allergy can be broadly divided into two groups; large 413 

observational studies and smaller studies with well documented IgE-mediated 414 

hypersensitivity to penicillins undergoing evaluation with cephalosporins.  A weakness 415 

of the large observational studies is the inclusion of self-labelled penicillin allergic 416 

patients. Since the vast majority of patients labelled penicillin allergic in medical charts 417 

and electronic medical records are not truly penicillin allergic, these studies will 418 

automatically underestimate true penicillin cross-reactivity with cephalosporins. In 419 

addition selection bias would potentially exist in these studies as clinicians would be 420 

unlikely to prescribe cephalosporins to a patient with a severe reaction to penicillin. In a 421 

compilation of eight observational studies the range of cross reactivity was 0-8% 76-78. 422 
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In a meta-analysis of cross-reactivity between penicillin and cephalosporin allergy that 423 

included nine studies of patients with reported history of penicillin allergy, the odds 424 

ratio of an allergic reaction to any cephalosporin was lower than that to first generation 425 

cephalosporins 75, emphasizing the importance of cephalosporin structure, with higher 426 

cross-reactivity amongst the first generation cephalosporins and minimal cross-427 

reactivity with second and third generations. 428 

The largest prospective study assessing penicillin and cephalosporin cross-reactivity 429 

included 252 subjects who experienced 319 immediate reactions to penicillins and had 430 

positive skin tests to at least one penicillin reagent 79. Thirty-nine percent had positive 431 

allergy tests to cephalosporins, 96% of these were to the aminocephalosporins and/or 432 

cefamandole. This study demonstrated that skin testing, though helpful, does not 433 

always detect sensitivity to cephalosporins with similar side chains. However DPT to 434 

cephalosporins with different side chain determinants to penicillin (and negative skin 435 

tests) was tolerated. Further evidence that side chain analysis alone without testing 436 

(both skin tests and DPT) is not 100% predictive in ruling out cross-reactivity was seen in 437 

a study with cefuroxime, where a 2.9% cefuroxime sensitivity was seen in 69 patients 438 

with prior histories involving penicillin sensitivity only, despite dissimilar side chains 80. It 439 

is worth noting that cross-reactivity was calculated only when the specific penicillin was 440 

known, and patients with positive skin tests did not undergo DPT; the rate of cross-441 

reactivity may therefore be an overestimate.  442 

In general the risk of a reaction to a cephalosporin is higher in those with true penicillin 443 

allergy and is estimated to be 2-5% 78. When confronted with the rare patient with 444 
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genuine penicillin allergy who requires a cephalosporin, sensitivity to a cephalosporin 445 

with dissimilar R1 and R2 side chains should be explored with skin tests, and graded DPT 446 

if this is negative. The significance of positive skin testing in this context remains poorly 447 

understood. Two recent, comprehensive overviews of side chain cross-reactivity, 448 

including useful tables detailing this, can be found in the referenced articles 63, 81.  449 

 450 

 451 

 452 

 453 

 454 

F. Consensus recommendations for management of the surgical patient with a 455 

label of penicillin allergy. 456 

 457 

Methods 458 

These recommendations are based on the results of a Delphi consensus process, and 459 

were developed with reference to the AGREE 2 checklist 82. All members of the writing 460 

group are experienced in this field and have published work in this area. A total of four 461 

rounds of questionnaires were completed, with between 18 and 23 members 462 

participating in each round. Questions were amended or removed at each stage 463 

depending on the degree of consensus and modified according to comments received 464 

from the group. Each statement was rated for appropriateness on a scale of 1 465 

(completely inappropriate) to 9 (completely appropriate). The median score for each 466 
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statement was calculated, and used to rate each statement as appropriate (median 467 

score 7-9), uncertain (3.5-6.9), or inappropriate (1-3.4). The disagreement index (DI) was 468 

used to determine the degree of consensus for each statement, with consensus was 469 

defined as a DI of < 0.5. This approach is adapted from Fitch et al 83. For a full list of all 470 

statements where consensus was reached, and some of the key areas where it was not 471 

reached, please see Supplementary Online Appendix 1.  472 

 473 

For the purposes of these recommendations the term allergist has been used to 474 

describe a medical professional whose primary specialization is in allergy, or who 475 

trained in allergy as part of their specialty. It is accepted that the nomenclature for the 476 

specialties of immunology and allergy vary across the world. 477 

 478 

Fig. 1. Flowchart for management of the surgical patient with a label of penicillin allergy  479 

 480 

A. Defining the most appropriate testing strategy for an individual labelled as 481 

penicillin allergic 482 

 483 

Risk stratification is a key aspect of investigating patients with a label of penicillin 484 

allergy.  However as discussed in earlier sections there is no accepted consensus in the 485 

literature on how to define risk, or group patients into different levels of risk. It is easiest 486 

to define those who lie at either end of the spectrum; e.g. patients reporting thrush with 487 

penicillin use are easily defined as low (or indeed ‘no’) risk above the risk of penicillin 488 
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allergy in the general population; patients who give a clear history of anaphylaxis or 489 

severe cutaneous reactions, are easily categorized as being at high risk. Between these 490 

however fall myriad intermediate reactions which are harder to categorize, including 491 

the very common history of ‘no recollection of the event’. 492 

Initial rounds of the consensus attempted to define risk groupings into no, low, medium 493 

and high, comparing to risk in the general population. However it proved difficult to 494 

reach consensus on what constituted ‘low risk’ and how this group should be 495 

approached. Ultimately, it is probably more useful and practical to instead define the 496 

appropriate approach to testing for an individual, based on the specific reaction 497 

reported. The algorithm in Fig. 1 defines the pathway which patients may take, 498 

depending on whether they are suitable for direct oral DPT, require skin testing prior to 499 

consideration for DPT, do not require testing or should not be tested. The terms low, 500 

medium and high risk, which are open to different interpretations, have thus been 501 

avoided.  502 

The definition of what constitutes an appropriate testing strategy for an individual was 503 

refined further to take into account the degree of urgency of the surgery, the time 504 

available, the level of expertise of the available personnel, and concomitant co-505 

morbidities and medications. This provides a more practical approach to the 506 

management of patients in a variety of settings, and may help avoid the blanket 507 

avoidance of beta-lactams in both elective and emergency surgery.  508 

In all statements below, it is assumed that the patient has no cognitive impairment that 509 

might impact recollection of the index event. 510 
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 511 

1. Group 1 - Direct Oral DPT 512 

The following patients are suitable for direct oral DPT, if lack of time or local 513 

expertise precludes prior skin testing (see section D below for details of who can 514 

perform this testing). Those with an asterisk (*), are patients who could be de-515 

labelled without any formal testing, based on their history. It is recognised that a 516 

significant proportion of these patients will be reluctant to have the label removed 517 

in this way because of a longstanding belief in their allergic status and for them a 518 

DPT is then the appropriate test. 519 

 520 

 History only of thrush* 521 

 History only of minor gastro-intestinal upset* 522 

 Family history of penicillin allergy but no personal history* 523 

 Patient cannot remember why the label was given, but has had at least 524 

one course of penicillin antibiotic since then without adverse effects* 525 

 History of only minor symptoms which are not suggestive of any type of 526 

allergic reaction (e.g. headache, arthralgia), and did not require 527 

treatment* 528 

 History of benign rash (all of the following must apply: non-itchy, non-529 

blistering, non-severe, occurring >1 hour after first dose) more than 10 530 

years ago, providing this did not require treatment. 531 
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 532 

2. Group 2 - Skin testing +/- DPT 533 

The following patients require skin testing prior to consideration for DPT: 534 

(See section D below for details on who is able to perform the skin testing) 535 

 History of rash, but no details of this are remembered (including 536 

childhood rash) 537 

 History of itchy rash (urticaria) at any time during course of penicillin 538 

 Index reaction not remembered  539 

 Other symptoms not detailed in 1 or 3, and which required treatment 540 

 541 

3. Group 3 - Specialist evaluation 542 

The following patients should not be tested or should be referred to an allergist for 543 

specialist investigation. This might include the need for desensitatisation, an area 544 

which is beyond the scope of these guidelines: 545 

 Clear history of immediate and severe reaction with any of the following 546 

problems: wheeze, shortness of breath, angioedema, tachycardia, 547 

swelling, low blood pressure, collapse, cardiac arrest, loss of 548 

consciousness. These patients may be considered for penicillin 549 

desensitization if there is an absolute indication for penicillin; this would 550 

not result in de-labelling of the patient. 551 
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Patients with a history of severe and/or blistering rash appearing at any time 552 

during the course of penicillin or in the weeks afterwards, or a formal diagnosis 553 

of DRESS (drug reaction with eosinophilia and systemic symptoms) syndrome , 554 

SJS (Stevens-Johnson syndrome), or toxic epidermal necrolysis are 555 

contraindicated from receiving penicillins in the future and should not be offered 556 

testing. 557 

 558 

 559 

Medical exclusion criteria for DPT (unrelated directly to symptoms of index reaction) 560 

In addition to the patients in group 3 above, the following were agreed as exclusion 561 

criteria: 562 

 Severe or unstable ischaemic heart disease 563 

 Pregnancy (breast feeding was not considered an exclusion criterion) 564 

We were unable to reach consensus on whether airway disease such as severe asthma 565 

or chronic obstructive pulmonary disease should constitute an exclusion criterion. 566 

Ultimately this decision must be at the discretion of the team performing the testing 567 

and will be a balance between the need for penicillin and the likelihood of harm from a 568 

severe allergic reaction.  569 

Patients undergoing cancer chemotherapy should not be excluded from testing but the 570 

consensus view was that there is a greater chance of false negative DPT testing because 571 

of the immunosuppressive effects of treatment. 572 
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One additional exclusion criteria, severe aortic stenosis, was suggested by a co-author 573 

during the editing phase. Although this was not formally agreed on during the consensus 574 

process it is nevertheless safe practice to avoid DPT in such patients unless the risk-575 

benefit analysis strongly favours proceeding.  576 

 577 

 578 

B. Ideal timing of testing 579 

There was clear consensus within the group that testing of perioperative patients is 580 

ideally performed prior to the day of surgery, which may help mitigate both surgical 581 

flow issues and medico-legal concerns among anaesthetists. Recent work in the UK 582 

demonstrates that when anaesthetists are confronted with a label of penicillin allergy 583 

which they consider highly unlikely to be correct, up to 60% will avoid giving penicillin 584 

where this is the first line SSI prophylaxis.  Concern about potential medico-legal issues 585 

was one of the predominant barriers (L. Savic – personal communication). By testing 586 

patients ‘up-stream’ of surgery the anaesthetist is presented with an already de-labelled 587 

patient and subsequent antibiotic use in theatre is likely to be improved. 588 

There will be circumstances where testing cannot be performed in a timely manner and 589 

a decision needs to be made on the day of surgery. In these circumstances the following 590 

recommendations were agreed: 591 

 592 

1. Patients who require penicillin for surgery: 593 

 594 
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1a. If surgery is elective it may be appropriate to offer testing on the day, providing this 595 

does not delay surgery. This is most likely to apply to patients who are suitable for direct 596 

oral DPT due to logistical problems around provision of skin testing. 597 

1b. If surgery is urgent or emergent, surgery should not be delayed in order to test the 598 

patient and alternatives should be used. 599 

 600 

2. Patients who do not require penicillin for surgery: 601 

 2a. Testing on the day of surgery is not recommended. However, if the patient wishes 602 

to be tested, this could be performed post-operatively as an outpatient. 603 

 604 

C. Choice of reagents for skin test panel and DPT 605 

The choice of reagents for skin testing was not explored through a consensus 606 

process, since regional variations in standard practice and availability of reagents are 607 

likely to make any recommendations redundant. This is also true of dosing regimes 608 

for DPT, which should be decided based on locally existing practice. 609 

 In terms of drug choice for DPT, consensus was reached on the following: 610 

 611 

1. If the index penicillin is known testing should be to this drug 612 

2. If the index penicillin is not known testing should be with the penicillin most 613 

commonly used in that country (e.g. amoxicillin in the UK) 614 
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There was no agreement as to whether an intravenous (IV) DPT was more appropriate 615 

in patients due to receive IV penicillin during surgery and therefore this cannot be 616 

recommended.  617 

 618 

D. Definition of the minimum standards required for penicillin allergy testing 619 

In this section we explored how testing should proceed in practical terms. There was 620 

clear consensus that any programme of testing and de-labelling should be set up and 621 

overseen by an allergist, but that the day-to-day running of the programme could be 622 

performed by a healthcare professional who had received training to a level deemed 623 

appropriate by the allergist. This leaves open the possibility that pre-operative testing 624 

could be performed by a variety of appropriately trained healthcare professionals and 625 

that the allergist need not be physically present for all testing. Indeed given the scarcity 626 

of these specialists in most healthcare systems around the world, testing is likely to take 627 

place at a site geographically separate from the allergist. However it must be possible to 628 

contact the lead allergist for advice when required.  629 

We have not defined in these guidelines what constitutes ‘adequate training’ for the 630 

healthcare professional providing the testing; this must be stipulated by the allergist and 631 

will vary between regions. The key area for training, aside from history taking, is in the 632 

use of skin tests. The healthcare professional performing these tests is likely to require 633 

extensive experience and be able to demonstrate proficiency on a regular basis. This 634 

requirement is likely to be a limiting factor for many healthcare settings and may in turn 635 

limit the provision of testing to only those patients who are suitable for direct oral DPT.  636 
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The following provision was considered mandatory for the safe testing of patients: 637 

 638 

 Basic life support training for the healthcare professional performing testing 639 

 Immediate access to a resuscitation team, including an anaesthetist 640 

 Access to on-site critical care facilities  641 

 Equipment for intravenous and intra-osseous access  642 

 Immediate access to epinephrine (for intra muscular or intravenous use)  643 

 Immediate access to a defibrillator  644 

 Equipment for airway management including oxygen, suction, 645 

oral/supraglottic/endotracheal airways  646 

 647 

E. Use of prolonged DPT testing 648 

There are geographical variations in the use of prolonged DPT following oral challenge. 649 

Broadly speaking, patients in the US tend not to undergo prolonged DPT, whilst practice 650 

in Europe is mixed 84, 85. There are also variations in the length of DPT considered 651 

necessary. Ultimately this is a decision for the allergist overseeing any programme of 652 

testing and de-labelling in the perioperative period. The following areas of agreement 653 

were reached however: 654 

 655 

1. If used, a prolonged DPT should last for as many days as it took for the symptoms 656 

to appear in the index reaction, if this is known 657 
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2. If it is not known how many days it took for the symptoms to appear in the index 658 

reaction, prolonged DPT of 3-5 days is generally sufficient 659 

3. Patients suitable for de-labelling without any formal testing, but who choose to 660 

undergo DPT (see definitions above) do not require prolonged challenge. 661 

 662 

F. Advise on alternatives 663 

There will be situations where testing either cannot be performed or is positive. For 664 

these situations, practical advice on the use of alternatives is offered in the algorithm in 665 

Fig. 1. These recommendations are based on consensus within the group, and the 666 

evidence base described in earlier sections. The key points are as follows: 667 

1. In patients who undergo testing and are found to be allergic to penicillin, 668 

tolerance to other beta-lactams should be explored with skin testing, followed 669 

by DPT if negative.  670 

2. In patients who require penicillin for SSI prophylaxis but cannot be tested for any 671 

reason, the choice of alternative is dictated by the degree of likelihood of true 672 

allergy. Please note that the use of cephazolin was not agreed via the formal 673 

Delphi consensus process, but arose following discussion among the group when 674 

the first draft of the manuscript was disseminated. All members of the writing 675 

group had the opportunity to comment on this section of the guideline, which 676 

was highlighted in email correspondence for ease of review. 677 

 678 
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 Patients from Group 1 (Direct oral DPT): administer penicillin (or if 679 

patient declines penicillin, a cephalosporin of any generation) 680 

 Patients from Group 2 (skin test +/- DPT): If index penicillin known choose 681 

cephalosporin with different R1 and R2 side chains. If not known consider 682 

using cephazolin if available, after discussion with local allergist. 683 

Otherwise, avoid all beta-lactams. 684 

 Patients from Group 3 (Specialist evaluation): avoid all beta-lactams 685 

 686 

G. Dissemination of results following testing 687 

A key component of penicillin allergy testing is the effective dissemination of the results 688 

to the patient and their healthcare providers. Pharmacy-led counselling and provision of 689 

a wallet card detailing the results and implications of testing, have been successfully 690 

employed in some areas 86. Whilst a consensus was not sought on this topic the authors 691 

recommend that as a minimum, written evidence of testing is provided to the patient 692 

and their primary care physician and the electronic hospital record is updated 693 

accordingly. A wallet card which is standardized across geographical regions and 694 

becomes embedded in local practice might help prevent re-labelling.  695 

 696 

Summary 697 

These guidelines provide a consensus based outline of how to manage the surgical 698 

patient with a label of penicillin allergy across a wide spectrum of reported allergic 699 
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reactions, urgency of surgery, and available facilities. Acknowledging the extremely 700 

limited resources available for allergy testing in most healthcare settings and increasing 701 

evidence that not all patients with the label require all the elements of standard allergy 702 

testing, we have included strategies which reduce the need for specialist input from 703 

allergists in selected circumstances. This allows the appropriately trained non-specialist 704 

to assess and test patients, working within agreed frameworks. Further work is needed 705 

to assess the utility and impact of such programmes.  706 

 707 

Disclaimer 708 

The guidelines and recommendations included in this article represent the views of the 709 

authors. They are based on careful consideration and interpretation of the available 710 

evidence at the time that they were agreed, along with a formal consensus-711 

development process. They are intended principally for clinicians involved in the 712 

management of patients scheduled for surgery who give a history of penicillin allergy, 713 

and these clinicians are encouraged to take the guidelines and recommendations fully 714 

into account when exercising their clinical judgement. The guidelines and 715 

recommendations do not over-ride the individual responsibility for clinicians to make 716 

appropriate decisions and give the best care according to the circumstances of 717 

individual patients. Where appropriate, decisions should be made in consultation with 718 

the patient and, where relevant, their guardian. 719 

 720 

 721 

 722 

 723 
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