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INTRODUCTION 1 

 2 

It is well established that there are significant benefits of prescribing beta-lactam antibiotics 3 

for susceptible infections. Prescription of non-beta-lactam antibiotics in inpatients with 4 

penicillin allergy labels is associated with increased hospital days (1), increased cost of 5 

admission (1, 2), increased readmissions (3), increased intensive care unit admissions, 6 

increased multi-resistant organisms (MROs) (1), and increased mortality (4). 7 

 8 

The prevalence of penicillin allergy labels in the adult inpatient population has been reported 9 

as high as 15% (1, 5, 6). Further, amongst patients who truly have IgE-mediated allergy to 10 

penicillins, less than 50% of patients retain their allergy after 5 years, and less than 20% of 11 

patients retain their allergy after 10 years (7). 12 

 13 

However, assessing a label of penicillin allergy requires specialized knowledge. Adverse 14 

reactions to penicillins comprise Type A or Type B reactions (8). Type A accounts for 15 

approximately 80% of reactions, and are pharmacological and dose-dependent, resolving 16 

when the dose is reduced (8). Common Type A reactions to penicillins include nausea, 17 

abdominal pain, vomiting or diarrhea. Type B reactions, however, are idiosyncratic, not 18 

related to drug pharmacology, and resolve only when the drug is discontinued (8). Type B 19 

reactions include immunoglobulin-E (IgE)-mediated drug allergy (Gell and Coombs Type 1 20 

hypersensitivity reaction) and maculopapular drug eruptions (Gell and Coombs Type 4 21 

hypersensitivity reaction), in addition to hemolytic anemia (Gell and Coombs Type 2 22 

hypersensitivity reaction), serum sickness (Gell and Coombs Type 3 hypersensitivity 23 

reaction) and severe cutaneous adverse reactions including Stevens-Johnson syndrome/toxic 24 
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epidermal necrolysis, drug reaction with eosinophilia and systemic symptoms and acute 25 

generalized exanthematous pustulosis (Gell and Coombs Type 4 hypersensitivity reaction). 26 

 27 

Obtaining an allergy history, and direct removal of penicillin allergy labels for Type A 28 

reactions has been shown to be safely performed by a specialist antimicrobial stewardship 29 

pharmacist (9, 10). However, Type B reactions are more complex and generally require input 30 

from an allergist/immunologist. Patients with Type 2, 3 or severe Type 4 hypersensitivity 31 

reactions have penicillin allergy labels confirmed and do not precede to PST and/or DPT are 32 

not appropriate methods of evaluation for Type 2, 3 or severe Type 4 hypersensitivity 33 

reactions due to persistence of the reaction and risk of recurrence of a severe reaction on 34 

testing (11). The traditional approach for Type 1 and mild Type 4 hypersensitivity reactions 35 

have been to perform penicillin skin testing (PST) prior to drug provocation testing (DPT). 36 

Recent literature has explored the feasibility of more resource-efficient strategies which 37 

center upon reducing PST. 38 

 39 

An increasing body of literature suggests the safety and feasibility of DPT without PST for 40 

evaluation of both Type 1 and 4 hypersensitivity reactions to penicillins in the pediatric 41 

population (12-14). The low positive predictive value of PST leads to inappropriate penicillin 42 

allergy labels, particularly in children (13). In adults, Chiriac et al. reviewed the literature and 43 

showed that 100% of patients with anaphylaxis to a beta-lactam had positive PST at the time 44 

of the index reaction (15). The authors raised the question of whether PST should be 45 

monitored and patients proceed to DPT once PST becomes negative, but noted the lack of 46 

evidence base. Overall, however, the positive predictive value of PST in adults is low, 47 

estimated at less than 50%, even when skin testing is correctly performed using major and all 48 

minor determinants (16, 17), although negative predictive value is high at 97-99%. Specialist 49 
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training is required to correctly perform skin testing, and periodic proficiency evaluation is 50 

recommended (11). In many centers, there is no access to suitable personnel for PST (18). 51 

 52 

There is emerging literature studying the safety and expanding use of DPT without PST for 53 

evaluation of penicillin allergy labels in the adult population. Blumenthal et al. recommended 54 

that low risk patients, that is, patients reporting non-urticarial minor rash, maculopapular 55 

eruption, or where an allergy is recorded in hospital records but denied by the patient, 56 

proceed to incremental challenge (19). DPT has been safely used in patients with a history, 57 

over 12 months ago, of rash or pruritus or an unknown reaction to penicillins (20-23). 58 

Recently, this was expanded to a mixed pediatric and adult population, who did not have life-59 

threatening reactions to penicillins with no specified timeframe. Safety was established as 60 

only 4 out of 155 patients experienced an allergic reaction, all of which were mild (24). 61 

 62 

We studied the safety of penicillin allergy evaluation with DPT for adult patients with Type 63 

B reactions. We assessed, as secondary outcomes, the impact of removal of penicillin allergy 64 

labels on length of stay, total cost of admission, cost of antimicrobial treatment, and inpatient 65 

readmission within 6 months. We also followed up each patient’s penicillin allergy status in 66 

the electronic medical record (eMR) as well as in the medical records of their primary care 67 

physician. 68 

 69 

METHODS 70 

Trial design and setting 71 

We conducted a prospective clinical case series with retrospective controls used for 72 

secondary outcomes between April 1, 2017 and April 30, 2018 at a single-center tertiary 73 

hospital in Sydney, Australia. The study was reviewed and approved by the Northern Sydney 74 
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Local Health District’s (NSLHD) Human Research Ethics Committee 75 

(LNR/16/HAWKE/452). No funding was obtained to support this study. 76 

 77 

Inclusion and exclusion criteria 78 

 79 

Inpatients over 16 years of age, with a label of Type B penicillin allergy, and requiring a 80 

penicillin-containing antibiotic for treatment were eligible for inclusion. Pregnant patients 81 

and patients with haemodynamic instability were excluded from the study on the basis of risk 82 

of the intervention. 83 

 84 

Intervention 85 

Suitable patients were flagged by inpatient treating teams and the antimicrobial stewardship 86 

service. The intervention comprised evaluation of penicillin allergy labels, conducted by an 87 

allergy/immunology registrar under the guidance of an allergist/immunologist, and an 88 

allergy/immunology nurse. 89 

 90 

Allergy histories were ascertained from patient history in conjunction with the Electronic 91 

Medical Record (EMR). Patients with Type A adverse reactions received direct DPT. 92 

Patients with Type B reactions comprising Type 2, 3 or severe Type 4 hypersensitivity 93 

reactions had their allergy label confirmed on clinical history and did not proceed to further 94 

testing. Patients with all other Type B adverse reactions except anaphylaxis within 10 years 95 

all received DPT to amoxicillin, however, we performed PST to collect data but would 96 

proceed to DPT regardless of the result. Patients with anaphylaxis within 10 years of review 97 

would receive PST, then DPT if PST was negative. 98 

 99 
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PST was performed using benzylpenicillin, amoxicillin, Diater PPL® (benzylpenicilloyl-100 

polysine) and Diater MDM® (minor determinant mixture) (Diater Laboratories, Madrid, 101 

Spain). Intradermal testing was performed using all four reagents each at two serial 102 

concentrations (Table 1) in the presence of satisfactory negative saline and positive histamine 103 

controls (ABK-Abello, Hørsholm, Denmark). 104 

 105 

DPT to amoxicillin was administered by a 3 step protocol in a hospital ward bed with 1:1 106 

support from an allergy/immunology nurse or registrar. The target single dose was 500mg, or 107 

as adjusted for renal failure. Initially 1% of target amoxicillin dose (as 250mg/5mL 108 

suspension) was administered followed by 30 minutes of observation, followed by 109 

subsequent administration of 10% of target dose and 30 minutes of observation. Finally the 110 

full target dose was administered followed by two hours of observation. 111 

 112 

Patients then received a full 3 day course of amoxicillin. DPT was complete after three days 113 

or stopped in the event of reaction. Amoxicillin was continued past 3 days if warranted for 114 

medical treatment. If an antibiotic other than amoxicillin was required for inpatient medical 115 

treatment, then the 3 day amoxicillin challenge was completed later in the admission prior to 116 

discharge. 117 

 118 

Primary outcomes 119 

We assessed the safety of our protocol by determining the number of patients who had life-120 

threatening, and non-life threatening Type B adverse drug reactions to DPT. Life-threatening 121 

reactions are anaphylaxis requiring intubation and/or epinephrine, or Type 2, Type 3 or 122 

severe Type 4 hypersensitivity reactions (24). 123 

 124 
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Secondary outcomes 125 

 126 

Retrospective matching to control patients to assess secondary outcomes 127 

The closest control subject was identified for each patient included in the intervention arm. 128 

All control subjects were inpatients at the same tertiary hospital in Sydney, Australia between 129 

April 1, 2017 and April 30, 2018, with a label of penicillin-allergy, and admitted for infection 130 

affecting the same body system. Subjects meeting these two criteria were then matched as 131 

closely as possible for age (within 10% of that of the intervention subject), date of admission 132 

(admitted within 4 weeks of the date of admission of the intervention subject), gender, and 133 

accommodation status (home, rehabilitation, low level nursing care, high level nursing care, 134 

other hospital) by an antimicrobial stewardship pharmacist. 135 

 136 

The following data was collected for all intervention and control subjects: demographics, date 137 

of admission and discharge, clinical history, cost of antimicrobial therapy, cost of stay, length 138 

of stay, admission to intensive care unit, readmissions within a 6 month period, and 139 

colonisation by MROs. 140 

 141 

Total hospital costs for each subject were obtained from the Finance Manager, NSLHD, 142 

which are official figures reported to NSW Health. These figures encompass all costs 143 

associated with the admission except for pharmaceuticals. Costs of antibiotics administered 144 

during the admission were obtained from the hospital’s Department of Pharmacy. 145 

 146 

Statistical analysis 147 

All statistical analyses were conducted with SPSS Version 24 (IBM, Armonk, New York, 148 

United States). Means and standard deviations were calculated on continuous variables. 149 
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Statistical significance was assessed on categorical variables by using x2 and t tests for 150 

continuous variables. P<0.05 was considered statistically significant. 151 

  152 
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RESULTS 153 

Seventy-one patients were enrolled sequentially in the prospective intervention arm for 154 

evaluation of penicillin allergy labels (Figure 1, Table 2). One patient did not have a 155 

penicillin-sensitive infection and was excluded from all analyses. There were no patients 156 

referred who were pregnant or hemodynamically unstable. All 70 patients reported a reaction 157 

that was over 12 months old. 158 

 159 

Primary outcome 160 

Seven patients were not included in the primary outcome as allergy history suggested a Type 161 

A reaction or a reaction unrelated to penicillins; nausea (4 patients), pain (2 patients), 162 

weakness (1 patient). 163 

 164 

Of the remaining 63 patients, 30 patients reported a benign rash, and 12 reported an unknown 165 

reaction. Twenty-one patients reported reactions that could be consistent with an IgE-166 

mediated etiology, comprising anaphylaxis (2 patients), urticaria with or without angioedema 167 

(9 patients), symptoms of upper airway edema without need for intubation (6 patients), and 168 

angioedema with no airway features (4 patients). 169 

 170 

Therefore 63 patients had previously experienced Type B or unknown adverse drug reactions 171 

(Figure 1, Table 2). No patients had a history of anaphylaxis requiring intubation or 172 

epinephrine within the last 10 years. No patients had a history of reaction to suggest Type 2, 173 

3 or severe Type 4 hypersensitivity reaction. A total of 7 patients did not complete DPT as 174 

the treating team used a beta-lactam antibiotic other than amoxicillin and the patients did not 175 

complete DPT prior to discharge. 176 

 177 
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Fifty-four of 56 (96%) remaining patients completed a 3 day DPT to amoxicillin with no 178 

adverse reaction. Two patients were confirmed to have penicillin allergy, both reported a 179 

history of benign rash. Both received the first dose of amoxicillin with no adverse reaction. 180 

The first patient, a 64-year-old male was subsequently switched to flucloxacillin, and 181 

developed symmetrical drug-related intertriginous and flexural exanthema (SDRIFE) on the 182 

third day of flucloxacillin treatment for cellulitis. The rash resolved with cessation of 183 

flucloxacillin and no specific medical treatment. The second patient, a 61-year-old female, 184 

developed a maculopapular rash on the fourth day of amoxicillin for a urinary tract infection. 185 

The rash resolved with cessation of the drug, and symptomatic treatment with antihistamines 186 

and low dose prednisone. 187 

 188 

Secondary outcomes (Table 4) 189 

Number of positive penicillin skin tests 190 

Of 63 patients with a reported history of Type B adverse reaction to penicillins, there was 191 

only one positive PST, and to amoxicillin only, in one patient who had not been exposed to 192 

amoxicillin. This patient required penicillin VK for treatment, and so completed 3 day 193 

amoxicillin DPT in the outpatient clinic. 194 

 195 

Length of stay 196 

The total length of stay for 70 patients in the intervention arm was 900 days, against 1276 197 

days for the control arm (P<0.05). Assuming a conservative estimate of 1 inpatient de-198 

labelling per weekday, this projects to a reduction of 1395 hospital days per year and a 199 

reduction in the average length of stay by 6 days.  200 

 201 

Cost of hospital admission 202 
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The total cost saving for 70 patients in the intervention arm was $469,290 based on the length 203 

of stay (P<0.05). The tertiary hospital in which the study was performed currently admits 204 

7000 patients with a penicillin allergy of which 45% require penicillin therapy during their 205 

admission. Assuming a conservative estimate of one inpatient de-labelling per weekday, this 206 

projects to a cost saving of $1,743,077 per year. 207 

 208 

Cost of antimicrobial therapy 209 

The total cost saving for antimicrobials alone in the intervention arm was $20,856 (P<0.05). 210 

 211 

Readmission rate 212 

There were 30 readmissions within 6 months in the intervention arm, and 43 in the control 213 

arm. The number of readmissions requiring penicillin within 6 months of discharge was 214 

significantly lower in the intervention arm compared to the control arm (P<0.05). 215 

 216 

ICU admission  217 

There was no significant difference between the number of patients requiring intensive care 218 

unit admissions in the intervention and control arms (P=0.45). 219 

 220 

Multi-resistant organisms 221 

Three new MRO were acquired by patients in the intervention arm during the study period. 222 

Two were infections, and 1 colonisation alone. Five new MRO were acquired in the control 223 

arm during the study period, 4 infections and 1 colonisation. There was no significant 224 

difference in MRO acquisition (P=0.50). 225 

 226 

Recording of allergy label 227 
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Sixty-one of 63 patients (97%) with a history of Type A or B adverse reactions who 228 

completed assessment of their penicillin allergy label had their electronic medical records 229 

updated. Allergy information was updated in the hospital discharge summary for 50 patients 230 

(79%). Telephone follow-up to the treating local medical officer revealed that only 21 231 

patients (33%) had accurate penicillin allergy information documented in the clinic’s medical 232 

record.  233 
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DISCUSSION 234 

 235 

Evaluation of penicillin-allergy labels and prescription of beta-lactam antibiotics for non-236 

allergic patients is associated with improved clinical outcomes and economic benefits. The 237 

majority of reported adverse drug reactions to penicillin are Type A, estimated at 80% (8), 238 

and these penicillin-allergy labels can be removed following interview. Recent publications 239 

have shown that this can be effectively done with a specialist antimicrobial stewardship 240 

pharmacist with adequate training in allergy history (9, 10). More problematic is the 241 

evaluation of penicillin-allergy labels where the reported adverse reaction is Type B. 242 

Traditionally, PST is used prior to DPT. However, PST is not available at many centers, 243 

leading to delay in penicillin-allergy label evaluation. Where it is available, PST incurs labor 244 

and reagent costs, and requires training and proficiency assessment. Further, a recent survey 245 

by the European Academy of Allergy and Clinical Immunology (EAACI) showed significant 246 

heterogeneity in PST practice amongst its members. We estimate the cost of PST reagents at 247 

AUD650 (approximately per week assuming one inpatient evaluation per day. 248 

 249 

In our study, we sought to evaluate the safety and feasibility of DPT without PST in adult 250 

inpatients, many with multiple comorbidities and reported clinical history that could be 251 

compatible with IgE-mediated reactions. Because the demographic and clinical history of our 252 

cohort was different to many published cohorts, we wished to We collected PST data for all 253 

patients with Type B reactions as our cohort was different to many published cohorts, 254 

however, we proceeded to DPT regardless of the result except for patients with anaphylaxis 255 

within 10 years of review, however, there were no patients in that category.  256 
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Consistent with published literature, the incidence of positive PST was low. In our study, 257 

only 1 of 71 patients had a positive PST, and went on to tolerate a 3 day course of 258 

amoxicillin. 259 

 260 

Literature suggests safety of DPT without PST for a history of pruritus and benign rash 261 

greater than 12 months prior to review for children with a 1-5% incidence of mild adverse 262 

reaction (12-14). Recently a few studies have examined the safety and feasibility of DPT 263 

without PST in adults (20, 22, 24). In Tucker et al, DPT without PST was safe for 328 264 

healthy Marine recruits aged between 18 and 25 with a label of penicillin allergy with only 5 265 

mild adverse reactions noted, all cutaneous (20). The only exclusion criteria were serious 266 

cutaneous reactions (excluding urticaria/angioedema), hepatitis, hemolytic anemia, or 267 

nephritis. In Iammatteo et al., DPT was safe in a mixed pediatric and adult population where 268 

the only exclusion criteria were anaphylaxis requiring intubation or epinephrine, and Type 2, 269 

3 or severe Type 4 drug hypersensitivity reactions (24). Only four of the 155 (2.5%) enrolled 270 

patients experienced adverse reactions, all mild in symptomatology. Only five patients 271 

assessed had a history of life-threatening reaction and required PST prior to DPT. These 272 

studies suggest that DPT without PST may be safe in patients with a history of non-life-273 

threatening reactions to penicillins. Our study expands the data in this area, and we also 274 

experienced a similar rate of adverse reactions, which were all mild (3%). 275 

 276 

In our study of 71 sequential patients with Type B or unknown reactions, no patients had 277 

Type 2, 3 or severe Type 4 hypersensitivity reactions. We had two patients with a history 278 

anaphylaxis but beyond 10 years of time of review. Our cohort comprised only of adults who 279 

were all inpatients, many with significant comorbidities and life-threatening infection that 280 

required treatment, unlike the cohort of Tucker et al where patients were healthy and had no 281 
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history of anaphylaxis to penicillins (16). We enrolled 71 patients sequentially, and 282 

performed PST for all 63 patients with Type B reactions. There was only one positive PST to 283 

amoxicillin alone, in a patient who reported a penicillin VK reaction. This patient tolerated 3 284 

days of penicillin VK treatment and subsequently de-labelled to amoxicillin in an outpatient 285 

setting. All 21 patients with possible histories of IgE-mediated reactions had negative PST. 286 

Apart from 4 patients who did not complete DPT prior to discharge, all remaining 17 patients 287 

completed the 3 day DPT with no adverse reaction. Our study supports the findings of 288 

Iammatteo et al., that evaluation of penicillin allergy labels in adults, inclusive of labels 289 

compatible with IgE mediated allergy, may be safe and feasible without PST (24). 290 

 291 

The procedure of penicillin allergy evaluation is labor-intensive, and requires specialist 292 

attendance for approximately 3.25 hours, in our experience, it requires up to 15 minutes to 293 

obtain a drug history, and 3 hours to supervise the completion of DPT. A cost saving of a 294 

half-hour per patient could be achieved if we adopted the 2-step protocol used in Iammatteo 295 

et al. (24). However, traditionally the 3-step protocol has been used in our institution. It may 296 

also be possible to coordinate testing so that two patients may undergo DPT at the same time, 297 

but this can be difficult in an inpatient setting. 298 

 299 

We think therefore inpatient penicillin allergy label evaluation is most efficiently conducted 300 

by an allergy/immunology nurse or trainee with remote support from an 301 

allergist/immunologist. We suggest further study of a resource-efficient model (Figure 2) 302 

where DPT without PST is used for all patients unless exclusion criteria of a history of 303 

anaphylaxis requiring epinephrine or intubation (15), IgE-mediated reaction within 12 304 

months of review, or a history of Type 2, 3, or severe Type 4 Gells and Coomb 305 

hypersensitivity reactions are met (Figure 2). In our study, personnel comprised an 306 
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allergy/immunology nurse or trainee with remote support from an allergist/immunologist. 307 

Patients meeting exclusion criteria are infrequent. In the uncommon occurrence where a 308 

referred patient requires PST before DPT, specialized allergy/immunology personnel can 309 

immediately proceed to PST, and then DPT if appropriate. For Type 2, 3, or severe Type 4 310 

hypersensitivity reactions, penicillin allergy labels can be confirmed. Further study will help 311 

to clarify safety and feasibility, and whether exclusion criteria could be further narrowed. 312 

 313 

In relation to secondary outcomes, a total cost saving of $1,743,077 per year is projected, 314 

applying a conservative estimate of 1 penicillin allergy label assessment per weekday. 315 

Additional fiscal benefit will be derived through significantly reduced readmissions, reduced 316 

length of stay and antibiotic costs in future admissions, and reduced absences from work 317 

from appropriate prescribing in the community. 318 

 319 

The total length of stay was reduced by 6 days per patient per admission. This may be 320 

because beta-lactams are superior in treatment of beta-lactam sensitive infections, literature 321 

shows this for Staphylococcus aureus (25) and gram-negative bacilli infections (26).  We did 322 

not find any significant difference between new colonization or infection by MROs between 323 

the intervention and control groups. This may be because our cohort size is small. 324 

 325 

Our study reinforces the principle that penicillin allergy label evaluation should be a 326 

mandatory part of Antimicrobial Stewardship given the removal of penicillin allergy label in 327 

over 95% of patients with a diagnosis of penicillin allergy in which penicillin antibiotics are 328 

still the primary antibiotics of choice to eradicate infection. This intervention reduces length 329 

of stay and reduces hospital expenditure. 330 

 331 
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Retrospective audit of allergy documentation on EMR shows that a significant percentage of 332 

patients did not have their allergy status updated. This is crucial as the readmission rate of 333 

patients de-labelled of their penicillin allergy label is significantly lower as a result of better 334 

clearance of infection and recrudescent infection. Telephone follow-up revealed that the 335 

majority of patients (67%) did not have their allergy status updated in the records kept by 336 

their local medical officer. Our findings are not isolated, one group found that 36% of 337 

patients de-labelled of penicillin allergy had penicillin allergy documented at a subsequent 338 

admission (27). Better communication to patients and primary care physicians is required to 339 

maximize clinical and financial benefits to the community. A strategy therefore needs to be 340 

put in place to ensure improved documentation, particularly at the community level. One 341 

publication suggested a four-step intervention could be effective in improving allergy 342 

documentation following de-labelling (27). This intervention comprised counselling by a 343 

pharmacist during the admission, a post-discharge phone call, a printed wallet card for the 344 

patient with the test date and result, and implementation of an eMR alert for re-345 

documentation of penicillin allergy. Finally, patients who do not logistically complete an 346 

inpatient amoxicillin 3-day challenge must follow up in outpatient clinics to complete DPT 347 

before the penicillin allergy label can be removed. 348 

 349 

The limitations of our study are the relatively small sample size. We relied on contact by in-350 

patient teams and antimicrobial stewardship for patient enrolment. This data would be im-351 

proved if we were able to recruit all patients in the Emergency Department prior to com-352 

mencement of antibiotics as soon as they were admitted. This was not possible as personnel 353 

were only on site from 8:30am to 5pm, and have other responsibilities within our department. 354 

Further, a randomized control trial would have reduced selection bias as controls were retro-355 

spectively matched, although performed independently by a pharmacist. 356 
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 357 

We need to further study whether DPT without PST is a safe, feasible and resource-efficient 358 

method of de-labelling inpatients with a history of IgE-mediated penicillin allergy as well as 359 

benign rash or unknown reactions. Our rigorously matched control data reveals confirms that 360 

it reduces length of stay, and reduces hospital expenditure on bed and second-line antibiotics. 361 

It also significantly reduces readmission rates. However, more study is needed before we can 362 

demonstrate that DPT without PST is safe and feasible in adults. At the hospital level, 363 

penicillin allergy label evaluation should be integrated into antimicrobial stewardship, and 364 

the results of evaluation entered correctly into eMR. A greater challenge is to ensure that 365 

changes to the penicillin allergy label are communicated to local medical officers, and 366 

updated in these primary care records. 367 
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Figure Legend 

Figure 1. A flow diagrammatic representation of the procedures and outcomes of 71 recruited 
patients in the study 

Figure 2. Proposed algorithm for penicillin allergy label assessment for further study 



 

 

Table 1. Penicillin skin testing concentrations. Adapted from Australasian Society of Clinical 
Immunology and Allergy Consensus Statement for the assessment of patients with immediate (IgE 
mediated) penicillin allergy 
 

Skin testing reagent Intradermal concentrations  applied 

Benzylpenicillin (6mg/cc) 1:100 dilution (0.06mg/cc) 

 1:10 (0.6mg/cc) 

Amoxicillin (20mg/cc) 1:100 dilution (0.2mg/cc) 

 1:10 (2mg/cc) 

Diater PPL ® (0.04 mg benzylpenicilloyl poly-
L-lysin + 20 mg mannitol in 1mL PBS) 

1:10 dilution 

 Neat 

Diater MDM ® (0.5 mg each of ben- 
zylpenicillin, benzylpenilloate and 
benzylpenicilloate + 20 mg mannitol in 1mL 
PBS) 

1:100 dilution 

 1:10 dilution 

 
 
IgE, immunoglobulin-E 
PPL, benzylpenicilloyl-polysine 
MDM, minor determinant mixture 
PBS, phosphate buffered solution 
 
 
  



 

 

 Table 2. Patient Characteristics. Control subjects were retrospectively matched. 

 Intervention Patients* 

Number 70 

Median age (years) 70.38 

Female (%) 36 (51.4) 

Infection type  

  Intra-abdominal 16 

  Genitourinary 16 

  Lower respiratory tract 13 

  Skin and soft tissue 10 

  Osseous 7 

  Meningoencephalitis 2 

  Sepsis 1 

  Cardiovascular 1 

  Febrile neutropenia 4 

Accommodation status  

  Home 63 

  Nursing home 5 

  Rehabilitation 1 

  Another acute hospital 1 

 
 
* Received penicillin allergy label evaluation  



 

 

Table 3. Characteristics of reaction to penicillin-containing antibiotic 

Type of 
reaction 

Number of 
patients 

Reaction over 
12 months 

Reaction 
within 12 
months 

Passed 
amoxicillin 
challenge 

Did not 
complete DPT 

Type B      

Maculopapula
r or benign 
rash 

30 30  25 3 
(2 received 

pen VK only, 
1 received IV 

only) 

Unknown 12 12  12 0 

Urticaria 
with/without 
angioedema 

9 9  7 2 (received IV 
only) 

Angioedema 
with no airway 
features 

4 4  2 2 
(1 received 

pen VK only, 
1 received IV 

only) 

Symptoms of 
upper airway 
involvement, 
no intubation 
required 

6 6  6 0 

Anaphylaxis 2 2  2 0 

      

Type A  7 7  7 0 

Nausea, and/or 
vomiting 

3 3  3  

Pain 2 2  2  

Tremor 1 1  1  

Lethargy 1 1  1  

 
 
DPT, drug provocation testing 
Pen VK, penicillin VK 
IV, intravenous beta-lactam antibiotic 
  



 

 

Table 4. Summary of Secondary Outcomes 

Secondary Outcome Intervention arm Control arm P value 

Length of stay 
(days) 

900 1276 P<0.05 

Cost of hospital 
admission (AUD) 

1,624,150 2,100,150 P<0.05 

Cost of antimicrobial 
therapy (AUD) 

10900 31783 P<0.05 

Readmission rate 
 

30 43 P<0.05 

ICU admissions 
 

12 8 P=0.45 

Newly acquired 
multiresistant 
organisms 
 

3 5 P=0.50 

Recording of new 
allergy label in 
electronic medical 
record (%) 
 

97 n/a n/a 

Recording of new 
allergy label in 
records of local 
medical officer (%) 
 

33 n/a n/a 

 
n/a, not applicable 
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DHR, drug hypersensitivity reaction 

71 patients recruited to study 

1 patient had infection not 

sensitive to penicillins and 

excluded from study 

70 patients included in study 

7 patients with Type A 

reactions 

63 patients with Type B 

reactions 

3 day amoxicillin 

challenge 

7/7 patients tolerated 

3 day course of 

amoxicillin 

Not included in 

primary endpoint, but 

included in secondary 

endpoints 

7 patients received 

beta lactam other than 

amoxicillin and lost to 

follow up 

21 patients had 

reported allergy that 

could be consistent 

with IgE-mediated 

DHR 

35 patients with non-

IgE mediated initial 

reactions 

Penicillin skin test data 

collected 

21/21 patients 

tolerated 3 day course 

of amoxicillin 

Penicillin skin test data 

collected 

33/35 patients 

tolerated 3 day course 

of amoxicillin 

2/35 patients had mild 

cutaneous reactions 

0 patients with 

Type 2, 3 or 

severe Type 4 

DHR 

0 patients with 

anaphylaxis 

within 10 years, 

or IgE-mediated 

reaction within 

12 months 



 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Patient with penicillin allergy 
label 

Patient reports history of Type 
A reaction 

Patient suitable for further 
assessment 

Patient reports history of 
unknown reaction 

Single dose amoxicillin 
challenge followed by 3 day 

course of amoxicillin 

If skin testing is 
negative, amoxicillin 

challenge followed by 3 
day course of 
amoxicillin 

Amoxicillin challenge followed 
by 3 day course of amoxicillin 

Tolerates 3 day course of 
amoxicillin 

Remove penicillin allergy label 

Patient has Type 2, Type 3 or 
severe Type 4 DHR 

Confirm penicillin allergy label 
with clinical history, no further 

testing 

Type B reaction is 
anaphylaxis 

or 
Type B reaction is 

within 12 months of 
review 

All other Type B 
reactions 

Amoxicillin challenge 
followed by 3 day 

course of amoxicillin 

Perform penicillin skin 
testing. If skin testing is 

positive, confirm 
allergy label. 

Amend allergy label in 
electronic medical record, and 

records of primary care 
physician  

DHR, drug hypersensitivity reaction 
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