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60 ABSTRACT

61 Background: Nonimmediate (delayed) allergic reactions to penicillins are common and some of 

62 them can be life-threatening. The genetic factors influencing these reactions are unknown/poorly 

63 known/poorly understood. We assessed the genetic predictors of a delayed penicillin allergy that 

64 cover the HLA loci.

65 Methods: Using next-generation sequencing (NGS), we genotyped the MHC region in 24 patients 

66 with delayed hypersensitivity compared with 20 patients with documented immediate 

67 hypersensitivity to penicillins recruited in Italy.  Subsequently, we analyzed in silico Illumina 

68 Immunochip genotyping data that covered the HLA loci in 98 Spanish patients with delayed 

69 hypersensitivity and 315 with immediate hypersensitivity compared to 1,308 controls. 

70 Results: The two alleles DRB3*02:02:01:02 and DRB3*02:02:01:01 were reported in twenty 

71 cases with delayed reactions (83%) and ten cases with immediate reactions (50%), but not in the 

72 Allele Frequency Net Database. Bearing at least one of the two alleles increased the risk of 

73 delayed reactions compared to immediate reactions, with an OR of 8.88 (95% CI, 3.37–23.32; P 

74 <0.0001). The haplotype (ACAA) from rs9268835, rs6923504, rs6903608, and rs9268838 genetic 

75 variants of the HLA-DRB3 genomic region was significantly associated with an increased risk of 

76 delayed hypersensitivity to penicillins (OR, 1.7; 95% CI: 1.06–1.92; P=0.001), but not immediate 

77 hypersensitivity.

78 Conclusion: We showed that the HLA-DRB3 locus is strongly associated with an increased risk of 

79 delayed penicillin hypersensitivity, at least in Southwestern Europe. The determination of HLA-

80 DRB3*02:02 alleles in the risk management of severe delayed hypersensitivity to penicillins 

81 should be evaluated further in larger population samples of different origins. 

82

83
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86 INTRODUCTION

87 Penicillin  “allergy” is the most common drug-class allergy identified in electronic medical 

88 records of large healthcare systems.1-3 Specifically, penicillin allergy was reported by 12.8% of the 

89 entire patient population (n = 1,766,328) of a study by Zhou et al.2 Urticaria (hives) and rash are 

90 the reactions most commonly reported by patients presenting for a penicillin allergy evaluation.4,5 

91 In fact, natural penicillins (i.e., penicillin G and penicillin V) and aminopenicillins (i.e., ampicillin 

92 and amoxicillin) were the causative drugs counting for 100,943 (37.5%) of 269,493 

93 “rash/dermatitis” cases and for 61,457 (40.8%) of 150,450 “hives/urticaria” instances listed in a 

94 US-based electronic-health-record analysis.6 

95 Based on their chronology, hypersensitivity reactions to penicillins are classifiable as immediate 

96 or nonimmediate (also called delayed).7,8 The former occurs within 6 hours after the last drug 

97 administration, though typically within one hour after the first dose of a new treatment course.7,8 

98 They usually manifest as isolated symptoms, such as urticaria, angioedema, bronchospasm, and 

99 hypotension, or as anaphylaxis, and are mostly associated with an IgE-mediated pathogenic 

100 mechanism. Nonimmediate reactions occur more than one hour after the initial drug 

101 administration, commonly after many days of treatment7-9, are more frequent than immediate 

102 reactions6 and are characterized by a wide range of clinical manifestations, including severe ones 

103 such as Stevens-Johnson syndrome/toxic epidermal necrolysis, drug reaction (or rash) with 

104 eosinophilia and systemic symptoms (DRESS), and acute generalized exanthematous pustulosis 

105 (AGEP). Maculopapular exanthema (MPE) and delayed-appearing urticaria are the most common 

106 clinical presentations of nonimmediate reactions.7,8 In some nonimmediate reactions, especially 

107 DRESS, AGEP, and MPE, a T-cell-mediated pathogenic mechanism has been demonstrated on the 

108 basis of positive responses to patch tests and/or delayed-reading intradermal tests.8,10 

109 Despite a high prevalence of nonimmediate reactions to penicillins, little is known about 

110 the influence of genetic determinants, in contrast to the pharmacogenetic data published on 

111 immediate reactions.11-14 An Italian case-control study by Romano et al.15 assessed the HLA-A2 

112 and HLA-DRw52 alleles in 24 patients with MPE caused by delayed hypersensitivity to 

113 aminopenicillins compared to 522 subjects from the general population and found that they were 

114 significantly more prevalent among the former. However, it is noteworthy that no genome-wide 

115 association study (GWAS) or HLA genotyping with next-generation sequencing (NGS) has been 

116 performed to evaluate the contribution of the genetic determinants.14,15 To address this issue, we 

117 evaluated the influence of HLA genetic determinants on the risk of nonimmediate reactions to A
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118 penicillins by performing HLA NGS genotyping/ NGS-based HLA typing in 24 patients with 

119 delayed hypersensitivity and 20 patients with immediate hypersensitivity to penicillins recruited in 

120 Italy. Then we performed NGS-based HLA typing for a case-control study to estimate the 

121 association between the potentially enriched HLA alleles obtained and the risk of nonimmediate 

122 hypersensitivity to penicillins. We subsequently replicated the results using in silico data from the 

123 Illumina Immunochip genotyping array that covered the HLA loci in 98 Spanish patients with 

124 delayed hypersensitivity compared to 1,308 controls. 

125

126 METHODS

127 Overview of the study design

128 We performed NGS-based HLA typing to assess potentially enriched HLA alleles in patients with 

129 thoroughly documented delayed hypersensitivity to penicillins. We also performed the HLA-based 

130 typing to assess the potentially enriched HLA-DRB3 alleles in 20 patients with documented 

131 immediate hypersensitivity to penicillins. We compared the delayed-hypersensitivity cases with 

132 the immediate ones to estimate the risk of nonimmediate reactions related to HLA-DRB3 among 

133 patients with hypersensitivity to penicillins. Finally, we replicated the results using GWAS data 

134 from our previous study of a large Spanish population.11 We performed per-variant and per-

135 haplotype association studies on the haplotype and variants significantly associated with the risk 

136 of delayed hypersensitivity. 

137

138 Study sample description

139 Italian cases assessed by NGS

140 A total of 24 Italian cases with T-cell-mediated hypersensitivity to penicillins and 20 with 

141 immediate hypersensitivity were studied by NGS-based HLA genotyping. The participants were 

142 recruited in the allergy units of the Columbus Hospital, Rome, Italy and Oasi Research Institute-

143 IRCCS, Troina, Italy between January 2000 and June 2016. Participants were evaluated by skin 

144 tests and patch tests with penicillin reagents, as previously described.16,17 Skin tests and patch tests 

145 with five cephalosporins were also performed. The inclusion criterion of the 24 cases was a 

146 reported delayed reaction to penicillin and a positive patch test and/or delayed-reading skin test 

147 result to at least one penicillin reagent. The 20 cases with immediate hypersensitivity had typical 

148 clinical presentations and positive prick and/or intradermal reactions. The cases with negative 

149 cephalosporin allergy tests underwent controlled administrations of therapeutic doses of the A
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150 cephalosporins concerned (Supplemental Table 1), as previously described.16 The 24 subjects 

151 were classified into three groups according to the results of skin testing: group A, positive to 

152 ampicillin and amoxicillin; group B, positive to benzylpenicillin, ampicillin, and amoxicillin; and 

153 group C, positive to all three penicillins and aminocephalosporins.  

154 Skin and patch tests of Italian cases

155 On the first day, prick and intradermal tests with immediate and delayed reading were carried out 

156 using penicilloyl-polylysine, minor determinant mixture , and benzylpenicillin as described 

157 previously.16 Patch tests were administered with benzylpenicillin, ampicillin, amoxicillin, 

158 cephalexin, cefaclor, and cefadroxil in petrolatum as described.17 All reagents of patch testing 

159 were applied to uninvolved skin on the interscapular region of the patient’s back, using acrylate 

160 adhesive strips with small plates attached for test allergens (Curatest, Lohmann GmbH & Co. KG, 

161 Neuwied, Germany), as previously described.17 Occlusion time was 48 hours. Readings of patch 

162 tests were made 15 minutes after removal of the strips and 48 hours later. Positive reactions were 

163 scored as: + (erythema, infiltration, possibly discrete papules); ++ (erythema, infiltration, papules, 

164 and vesicles); and +++ (intense erythema, infiltration, and coalescing vesicles). Participants who 

165 had negative results in the allergy tests with the alternative cephalosporins concerned underwent 

166 controlled administrations of therapeutic doses of ceftriaxone (1 g), intramuscularly, as well as 

167 cefuroxime axetil (500 mg), cephalexin (1 g), cefaclor (500 mg), and cefadroxil (500 mg), orally, 

168 each in a different day and in the above order, as previously described.16 In case of a positive 

169 response to an aminocephalosporin, the others were not administered. Patients were carefully 

170 monitored during all allergy testing, and for six hours after challenges. They were also asked to 

171 return to the clinical department to show any positive responses.

172 Spanish cases and controls assessed by GWAS

173 Spanish patients were recruited in the Allergy Service, Carlos Haya Hospital, Malaga, Spain. 

174 From the initial samples of the 436 patients and 1218 control subjects, 413 and 1124 passed 

175 quality control for HLA loci, respectively, and were retained in the final statistical analyses. We 

176 used 184 additional control subjects from the same population of Malaga, which allowed us to 

177 perform the association study with 1308 controls, using the same inclusion and exclusion criteria. 

178 The retained population included 98 cases with delayed hypersensitivity to penicillins diagnosed 

179 as previously described18 and 315 cases with immediate allergic reactions from the 

180 aforementioned study.11  They ranged from 16 to 60 years old. The 1,308 controls were from 

181 Malaga and Salamanca (Spain), as previously described.11 Age- and gender-paired volunteers A
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182 were recruited in preventive-care consultations. All of them tolerated amoxicillin and other 

183 penicillins on different occasions, and they had no histories of allergic, dermatological, or 

184 respiratory diseases. Subjects who had never taken penicillins and those with a C-reactive protein 

185 blood concentration higher than 5 mg/L were excluded from the control group. Subjects with 

186 elevated C-reactive protein blood concentration were excluded as some of them had a history of 

187 cutaneous eruptions, which could have been related to allergic mechanisms. Since C-reactive 

188 protein is correlated with HLA haplotype, we decided to define the blood concentration of C-

189 reactive protein above 5 mg/L as an exclusion criterion for patients, in order to avoid any bias in 

190 the comparison between patients and controls. All patients and controls were of Caucasian origin. 

191 Before allergy tests, all subjects received information about possible related risks, and written 

192 informed consent for participating in the study and providing DNA samples was obtained from 

193 each patient or the parents of those under 18 years of age. The respective institutional review 

194 boards approved the protocol.

195

196 NGS-based HLA genotyping

197 High-throughput genotyping of DNA samples was performed at the INSERM Unit UMR_S 1256 

198 (NGERE, University of Lorraine, France) according to the manufacturer’s recommendations. We 

199 used the Illumina TruSight HLA v2 (Illumina Inc. CA, USA) sequencing panel, which provides 

200 high-resolution sequencing of 11 HLA loci (HLA-A, HLA-B, HLA-C, HLA-DRB1/3/4/5, HLA-

201 DQB1, HLA-DPB1, HLA-DQA1, and HLA-DPA1), according to the manufacturer’s instructions at 

202 the INSERM Unit UMR_S 1256 (NGERE, University of Lorraine, France). Libraries were run in 

203 parallel on a MiSeq system (Illumina Inc. CA, USA) using 250 bp paired-end reads. We 

204 performed HLA allele assignation on the generated FASTQ files, using the TruSight HLA Assign 

205 2.0 Software (Illumina Inc. CA, USA) to align the sequence reads and referencing with the 

206 International ImMunoGeneTics Information System/HLA database. We assessed the allele 

207 frequency of each HLA allele in the 24 patients studied. We calculated the enrichment ratio for a 

208 given HLA allele by dividing its allelic frequency found in the study population by that observed 

209 in the control population, using the Allele Frequency Net Database (www.allelefrequencies.net).19 

210 We defined the potentially enriched HLA alleles in patients with delayed hypersensitivity to 

211 penicillins as those with a  frequency in the study population of at least 20% and an enrichment 

212 ratio >2. In the second phase of the study, we used an allelic model to estimate the odds ratio (OR) 

213 and the absolute risk difference for the association between carrying at least one DRB3*02:02 A
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214 allele (DRB3*02:02:01:02 or DRB3*02:02:01:01) and the risk of delayed hypersensitivity to 

215 penicillins. We reported the 95% confidence interval (95% CI) and the associated P-values for the 

216 OR and the absolute risk difference using z-statistic and Chi-squared tests, respectively.

217

218 Haplotype analysis and genetic association study

219 We used in silico data generated from a previously reported fine-mapping GWAS on genetic 

220 predictors of penicillin allergy using the Illumina Immunochip array (Illumina Inc. CA, USA) that 

221 covers the HLA loci.11 We extracted from the full dataset the genotypic data corresponding to the 

222 genetic variants located in the HLA-DRB3 locus and its vicinity. The HLA-DRB3 locus is not 

223 referenced according to the GRCh38/hg38 build, but rather according to the Homo sapiens 

224 chromosome 6 genomic contig, GRCh38 reference assembly alternate locus group 

225 ALT_REF_LOCI_220,21 with the following coordinates: hg38 chr6_GL000251v2_alt:3,934,009-

226 3,947,126. Since the genomic positions of the Illumina Immunochip array were initially reported 

227 according to the NCBI36 build, we used the Liftover tool22 from the UCSC Genome Browser 

228 database to convert the genomic position of the HLA-DRB3 locus from the GRCh38 reference 

229 assembly to the NCBI36 build (chr6:32,571,675-32,584,792). Because of the complex structure 

230 and high level of linkage disequilibrium (LD) in the HLA locus,23 we considered all the genetic 

231 variants located in the intergenic region between the HLA-DRA and HLA-DRB5 genes that 

232 included the HLA-DRB3 gene. Sample quality-control measures included: sample call rate 

233 (>90%), overall heterozygosity, and relatedness testing. We assessed cryptic relatedness using 

234 identity-by-descent analysis. Genetic variants were removed from the primary analysis if they had 

235 a call rate <90%, a significant departure from Hardy-Weinberg equilibrium (exact HWE-P < 10−4 

236 among controls), or a minor allele frequency <5%. We performed the genetic association analysis 

237 according to the allelic model. We completed the haplotype association analysis using a moving 

238 window with a fixed width of 4 markers. We performed LD-pairwise analysis on all adjacent pairs 

239 of genetic variants using a matrix output for both the expectation-maximization (EM) algorithm 

240 and the composite-haplotype method.24,25 We used D’ values in the LD plots. We estimated 

241 haplotype frequencies using the EM algorithm with maximum EM iterations of 50 and an EM 

242 convergence tolerance of 0.0001.26 We compared haplotype frequencies using the Chi-squared test 

243 and reported the corresponding OR, the 95% confidence interval, and the associated P-value for 

244 each haplotype. Given the exploratory nature of our analysis, we considered a genomic region as 

245 potentially relevant if it encompassed genetic variants that were significantly associated with the A
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246 risk of delayed hypersensitivity to penicillins in both per-variant and per-haplotype association 

247 analyses. All statistical analyses were performed using the SNP & Variation Suite (Golden Helix, 

248 Inc., Bozeman, MT, USA).

249

250 RESULTS

251 HLA genotyping by NGS in cases with delayed hypersensitivity and cases with immediate 

252 hypersensitivity to penicillins 

253 The clinical characteristics and test results of the 24 patients with delayed hypersensitivity to 

254 penicillins who were subjected to HLA NGS/ NGS-based HLA typing are detailed in 

255 Supplemental Tables 1 and 2. With the exception of patient 17 who had had a bullous exanthema 

256 with edema associated with bacampicillin treatment, none of the other patients in the cohort had a 

257 severe cutaneous adverse reaction (SCAR) as presentation. Twenty-two of the 24 patients 

258 had/displayed both positive patch test and delayed intradermal test responses, which indicate a 

259 delayed hypersensitivity mechanism Supplemental Table 2. This pattern of positivity does not 

260 need to be supported by challenges, as previously reported.15,16 Of the remaining two patients with 

261 negative patch tests and positive delayed-reading intradermal tests, one (patient 7) underwent 

262 challenge with the amoxicillin experiencing a MPE and the other (patient 22) was not provoked as 

263 he had experienced mild urticaria a few minutes after benzylpenicillin intradermal tests 

264 (Supplemental Tables 1 and 2). Taking into account the results of skin testing, subjects classified 

265 as group A (i.e., positive only to ampicillin and amoxicillin, n = 14) were more numerous than 

266 those with less selective responses classified as group B (i.e., positive to benzylpenicillin, 

267 ampicillin and amoxicillin, n = 6) and C (i.e., positive to penicillins and aminocephalosporins, n = 

268 4). The clinical characteristics and allergy test results of the 20 subjects with IgE-mediated 

269 hypersensitivity are given in Supplemental Table 3. All patients were retained after the quality 

270 control step of NGS. On the HLA alleles retrieved in the 24 Italian patients, two HLA alleles, 

271 DRB3*02:02:01:02 and DRB3*02:02:01:01, had a dramatic enrichment among the seven alleles 

272 with an allelic frequency >20%, compared to the control population of the Allele Frequency Net 

273 Database (Table 1 and Supplemental Tables 4 and 5). The alleles DRB3*02:02:01:02 and 

274 DRB3*02:02:01:01 predicted a very high risk of delayed reaction, which could not be evaluated 

275 precisely because such alleles had not been previously reported in the general European 

276 population. 83% of the patients (20/24) harbored at least one of the two reported HLA-DRB3 

277 alleles, and 71% (11/24) were homozygous for one of the two HLA-DRB3 alleles or had a A
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278 compound heterozygous status (Table 2 and Supplemental Table 4). We observed a higher 

279 frequency of DRB3*02:02:01:02 and DRB3*02:02:01:01 homozygous genotypes in group A 

280 (n=12, 69%) than in group B and C patients (n=3, 30%). However, no difference of allele 

281 frequency was observed among the 3 groups (Table 4). 

282 The allele frequency of the DRB3*02:02 alleles (DRB3*02:02:01:02 and 

283 DRB3*02:02:01:01) was significantly higher in patients with delayed hypersensitivity than in 

284 those with immediate hypersensitivity to penicillins (77% vs. 28%, respectively). These figures 

285 corresponded to an increased risk of delayed reactions in penicillin hypersensitivity cases 

286 harboring DRB3*02:02 alleles, with an OR of 8.9 (95% CI, 3.4–23.3; P <0.0001) and an absolute 

287 risk difference of 49% (29%–64%; P <0.0001). 

288 The HLA-DRB3 association did not appear to be affected by the severity of the initial 

289 delayed reaction. Indeed, patients with mild reactions still maintained this association. 

290

291 Association of the HLA-DRB3 locus with delayed hypersensitivity to penicillins in the 

292 Spanish population

293 In order to confirm the potential enrichment in the HLA-DRB3 locus showed by the HLA 

294 NGS/NGS-based HLA typing of the 24 Italian patients, we performed a fine-mapping genetic 

295 association study to assess the per-variant and per-haplotype risk associations with genetic variants 

296 of the HLA-DRB3 genomic region in 98 Spanish patients with delayed hypersensitivity compared 

297 with 1,308 controls. The clinical and demographic characteristics of patients and controls are 

298 given in supplemental tables 6, 7 and 8, respectively. The haplotype block is shown in Figure 1. 

299 We found that a haplotype (ACAA) from four genetic variants – rs9268835, rs6923504, rs6903608, 

300 and rs9268838 – was significantly associated with the risk of delayed hypersensitivity to 

301 penicillins (OR, 1.7; 95% CI: 1.06–1.92; P=0.001) (Table 3). In the per-variant analysis, two 

302 variants (rs9268835, rs9268838) of the four included in the ACAA haplotype were significantly 

303 associated with the risk of delayed hypersensitivity to penicillins, with a similar effect size (Table 

304 4). We subsequently assessed the risk association of the ACAA haplotype in 315 patients with 

305 immediate reactions compared with 1,308 controls. The haplotype and per-variant association 

306 studies revealed no significant associations with the ACAA haplotype or with the rs9268835 and 

307 rs9268838 variants (Tables 3 and 4).

308

309 DISCUSSIONA
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310 We sequenced the HLA region of 24 patients with delayed and 20 with immediate hypersensitivity 

311 to penicillins in order to analyze the risk association for all high-resolution alleles with delayed 

312 hypersensitivity. We observed a strong association of DRB3*02:02:01:02 and DRB3*02:02:01:01 

313 alleles with the risk of penicillin delayed hypersensitivity in the 24 Italian patients. It is 

314 noteworthy that as many as 83% of the cases carried a DRB3*02:02 allele. The frequency of 

315 homozygous cases for the variants of the HLA-DRB3 locus was higher in group A (with selective 

316 hypersensitivity to ampicillin and amoxicillin) than in the less selective groups B and C, 

317 suggesting that the association reflects the specificity of hapten recognition. All 24 Italian patients 

318 were of Caucasian origin. Therefore, larger studies involving patients of different ethnicities with 

319 delayed hypersensitivity reactions to penicillins are needed to confirm these associations. The 

320 association of the HLA-DRB3 locus with an increased risk of penicillin delayed hypersensitivity 

321 was confirmed by the in silico study of genetic variants of the HLA-DRB3 genomic region in 

322 Spanish patients. The protein encoded by the HLA-DRB3 gene belongs to the HLA class II beta 

323 chain paralogs, including DRB1, DRB4, and DRB5. It is part of a heterodimer consisting of an 

324 alpha chain (DRA) and a beta one (DRB) and is involved in the antigen presentation of peptides 

325 derived from extracellular proteins. The association of HLA-DRB3*02:02 with the risk of 

326 penicillin delayed hypersensitivity has never been reported for any other drug category so far. The 

327 HLA-DRB3*02:02 allele is independently and strongly associated with an increased risk of 

328 PLA2R-related idiopathic membranous nephropathy in a Chinese population.23 Therefore, our 

329 results suggest investigating the increased risk of delayed reactions to penicillins in this disease. 

330 Only one study had previously evaluated the genetic determinants that contribute to the 

331 risk of delayed hypersensitivity to penicillins. This Italian case-control study assessed HLA-A2 and 

332 HLA-DRw52 alleles in 24 patients with MPE caused by delayed hypersensitivity to 

333 aminopenicillins and 522 subjects from the general population.15 The HLA-A2 and HLA-DRw52 

334 alleles were significantly more prevalent among cases. However, we did not replicate this result in 

335 the NGS of the MHC region in our study. A French study assessed nine variants on genes 

336 controlling cytokine production (i.e., IL1, IL1B, IL1RN, IL2, IL4, IL5, IL10, IL16, and TNF) in 

337 118 patients with well-defined cutaneous adverse drug reactions and 236 controls.27 Several 

338 responsible drugs were considered in the study, including beta-lactams. The haplotype combining 

339 IL1RN A2 and IL1B 511C alleles was associated with an increased risk of DRESS (OR = 3.22; 

340 95% CI: 1.23-8.41).27 However, the number of cases was too limited to evaluate the specific risk 

341 of reactions to penicillins. A
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342 We compared our data with pharmacogenetic research on immediate penicillin allergy.  

343 Most studies have evaluated genetic determinants of immediate reactions to beta-lactams utilizing 

344 a candidate-gene approach. They found an association with genes involved in IgE production, 

345 atopy, and inflammation, including 3 genes validated by replications: ILR4, NOD2, and 

346 LGALS3.13,28-30 It is noteworthy that no association with HLA-DRB1*10:01, ILR4, NOD2, or 

347 LGALS3 was identified by GWAS in our patients with delayed hypersensitivity reactions to 

348 penicillins. Despite the vicinity of the HLA-DRB1/3/4/5 loci in chromosome 6, it is noteworthy 

349 that we did not find any association between the risk of delayed reactions to penicillins and the 

350 rs7754768 and rs9268832 of the HLA-DRA|HLA-DRB5 inter-region in a GWAS performed in 

351 Italian and Spanish populations.11 Similarly, we found no risk association of delayed reactions 

352 with the rs71542416 within the Class II HLA region, which is associated with the risk of 

353 immediate beta-lactam allergy in GWAS performed in Italian and Spanish populations.12

354 In conclusion, we showed that the HLA-DRB3*02:02 alleles are strongly associated with 

355 an increased risk of delayed hypersensitivity to penicillins, at least in Southwestern Europe. In 

356 regard to the severity of some of the reactions, the interest for using the determination of HLA-

357 DRB3*02:02 alleles in the risk management of delayed hypersensitivity to penicillins should be 

358 evaluated in further studies of larger populations of different origin.

359
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360 TABLES

361 Table 1. Frequency of the HLA alleles found in the 24 Italian patients with delayed 

362 hypersensitivity to penicillins.

HLA allele
Allele frequency

(study population)

Allele frequency

(control population)*

Enrichment

ratio

DRB3*02:02:01:02 0.54 Absent in Europe High

DRB3*02:02:01:01 0.23 Absent in Europe High

DQB1*03:01:01:02 0.42 0.35 1.21

DPB1*04:01:01:01 0.42 0.26 1.60

DQA1*05:05:01:01 0.40 0.30 1.34

A*02:01:01:01 0.21 0.26 0.80

C*07:01:01:01 0.21 0.18 1.14

363 *We calculated the enrichment ratio for a given HLA allele by dividing its allelic frequency 

364 observed in the study population by that observed in the control population using the Allele 

365 Frequency Net Database (www.allelefrequencies.net).19

366

367
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Table 2. Distribution of the HLA DRB3*02:02 alleles in Italian patients with delayed and those with immediate hypersensitivity to penicillins

Delayed

(n = 24)

Delayed,

Group A*

(n = 14)

Delayed,

Group B†

(n = 6)

Delayed,

Group C‡

(n = 4)

Delayed,

Groups 

B/C‡

(n = 10)

Immediate

(n = 20)

DRB3*02:02 alleles status n % n % n % n % N % n %

DRB3*02:02:01:02, homozygous 11 46% 8 57% 2 33% 1 25% 3 30% 0 0%

DRB3*02:02:01:01, homozygous 3 13% 3 21% 0 0% 0 0% 0 0% 0 0%

DRB3*02:02:01:01/DRB3*02:02:01:02 3 13% 0 0% 1 17% 2 50% 3 30% 1 5%

DRB3*02:02:01:01, heterozygous 2 8% 0 0% 1 17% 1 25% 2 20% 0 0%

DRB3*02:02:01:02, heterozygous 1 4% 0 0% 1 17% 0 0% 1 10% 9 45%

No DRB3*02:02 allele 4 17% 3 21% 1 17% 0 0% 1 10% 10 50%

Note. n: number of patients; %: percentage.

*Group A: reactive only to ampicillin and amoxicillin.
†Group B: reactive to benzylpenicillin, ampicillin, and amoxicillin.
‡Group C: reactive to  both penicillins and cephalosporins.
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Table 3. Haplotype association study for the association between HLA-DRB3 haplotypes and the 

risk of delayed and immediate hypersensitivity to penicillins in the Spanish population 

Haplotype*
Beta-lactam

hypersensitivity type

Odds ratio

(95% CI)
P-value

Delayed 1.42 (1.06–1.92) 0.02
ACAA

Immediate 1.14 (0.95–1.37) 0.17

Delayed 0.79 (0.58–1.08) 0.14
GGGG

Immediate 0.96 (0.80–1.15) 0.66

Delayed 0.88 (0.64–1.21) 0.45
GCAG

Immediate 0.92 (0.76–1.11) 0.36

Note. 95% CI: 95% confidence interval.

*HLA-DRB3 markers included in the haplotype: rs9268835, rs6923504, rs6903608, rs9268838.
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Table 4. Genetic association study for the association between HLA-DRB3 genetic variants and the risk of delayed and immediate hypersensitivity to 

penicillins in the Spanish population

Name
Risk/Ref.

allele

Penicillin

hypersensitivity

type

Cases (n);

Controls (n)

Call

rate

MAF

(Cases)

MAF

(Controls)

Odds ratio

(95% CI)

Fisher’s

Exact

P-value

Delayed 98; 1302 0.986 0.39 0.31 1.42 (1.05–1.91) 0.03
rs9268835 A/G

Immediate 315; 1302 0.990 0.34 0.31 1.14 (0.94–1.37) 0.18

Delayed 98; 1300 0.985 0.31 0.37 0.78 (0.57–1.06) 0.12
rs6923504 G/C

Immediate 315; 1300 0.990 0.36 0.37 0.95 (0.79–1.14) 0.61

Delayed 98; 1308 0.990 0.31 0.36 0.80 (0.59–1.09) 0.17
rs6903608 G/A

Immediate 315; 1308 0.990 0.36 0.36 0.98 (0.81–1.17) 0.82

Delayed 98; 1303 0.987 0.39 0.31 1.43 (1.06–1.94) 0.02
rs9268838 A/G

Immediate 315; 1303 0.990 0.34 0.31 1.15 (0.95–1.38) 0.15

Note. n: number of subjects; MAF: minor allele frequency; 95% CI: 95% confidence interval.
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FIGURE LEGEND

Figure 1. (A) Manhattan plot on the HLA-DRA|HLA-DRB5 intergenic region, including the HLA-

DRB3 locus and its vicinity for reporting the genetic association analysis for the primary risk of 

nonimmediate reactions to penicillins, according to the allelic model. (B) Linkage disequilibrium 

plot illustrating the D’ values between the lead variants and the other variants in the genomic 

region is indicated by color. The green pentagon indicates the haplotype block formed by the four 

variants: rs9268835, rs6923504, rs6903608, and rs9268838. (C) genomic context of the HLA-

DRA|HLA-DRB5 genomic region.
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Supplemental Table 1. Clinical characteristics of the 24 Italian subjects with delayed hypersensitivity 

Patient, 

n 
Sex 

Age 

(y) 
Culprit drug 

 

Route of 

administration 

 

Eliciting dose* 

 

Time interval§ 

(n of hours) 

 

Type of reaction 

 

 

Duration  

(n of days) 

1 F 50 AX Orally 12th  3 MPE/ED/SS 30 

2 F 53 AX/BC/AX Orally 3rd/3rd/1st  10/9/6 3 times MPE/ED/SS 6 

3 F 27 AX+C Orally 2nd  2 MPE/ED/SS 8 

4 M 28 BC/AX Orally 6th/5th  4/3 2 times MPE/ED/SS 7 

   5 F 24 BC/AX+C Orally 13th/1st  6/10 MPE/ED – MPE/SS 30 

   6 M 38 AM Orally 14th  10 MPE 30 

   7 F 34 AX Orally 13th  8 MPE/SS 4 

8 M 71 AX Orally 14th  10 MPE/SS 20 

9 M 47 AM Orally 2nd  6 MPE 6 

10 F 44 AX/AM Orally 4th/3rd  12/10 MPE - MPE/ED/SS 15 

11 M 14 AX/AX Orally 14th/3rd  12/4 MPE – MPE/ED/SS 15 

12 F 26 AX+C/AX Orally 1st/1st  6/5 MPE/ED – MPE/SS 6 

13 F 63 AM/AX+C Orally 4th/2nd  12/3 2 times MPE/ED/SS 20 

14 F 68 AX/BC Orally 10th/3rd  4/2 MPE – MPE/SS 10 

15 M 68 BC Orally 6th  12 MPE 7 

16 M 51 AX Orally 3rd  4 MPE/SS 30 

17 F 45 BC Orally 13th  2 BE/ED 30 

18 F 28 BC Orally 4th  3 MPE/ED 10 

19 F 56 AX/AM Orally 1st/1st 6/5 2 times MPE/SS 30 

20 F 53 BC/AM Orally 1st/1st 12/8 2 times MPE 15 

21 M 52 PG/PG Topically 3rd/1st  6/3 EC – ER/ED 7 

22 M 60 AM Intramuscularly 2nd  3 MPE/ED 21 

23 F 20 PG Intramuscularly 1st  6 MPE 7 

24 F 27 AX Orally 3rd  5 MPE/ED/SS 7 

 

AM, ampicillin; AX, amoxicillin; BC, bacampicillin; BE, bullous exanthema; C, clavulanic acid; EC, eczema; ED, edema; ER, erythema; F, female; M, male; MPE, maculopapular exanthema; 

PG, penicillin G (or benzylpenicillin); SS, skin scaling. 

 

*Last dose given after which symptoms appeared. 
§Time elapsed between the last dose administered and the onset of symptoms. 



Supplemental Table 2. Allergy test results of the 24 Italian subjects with delayed hypersensitivity 

Patient, 

n 

Patch tests Delayed-reading intradermal tests Cephalosporin challenges 

PG AM AX  CH CE CD 
PPL/ 

BP-OL 

MDM/

MD 
PG AM AX  CH CE CD CU  CT CT CU   CH   CE CD 

1 –    + +  – – –       –   – – +   + – – –   – – – – – – – 

2 – + +  – – – – – – + +  – – – –     – – –     –     – – 

3 – + +  – – – – – – + +  – – – –     – – –     –     – – 

4 – + +  – – – – – – + +  – – – –     – – –     –     – – 

   5 – + +  – – –   –   – –   +   + – – –    – – – – – – – 

   6 – + +  – – –   –   – –   +   + – – –    – – – – – – – 

   7* – – –  – – –   –   – –   +   + – – –    – – – – – – – 

8 – + +  – – –   –   – –   +   + – – –    – – – – – – – 

9 + +   +  – – –   –   + +   +   + – – –    – – – – – – – 

10 –    +   +  – – –   –   – –   +   + – – –    – – – – – – – 

11 – + –  – – – + (i) + (i) – + +  – – –    – + (i) np np     –     – – 

12 – + +  – – – – – – + +  – – –    –     – – –     –     – – 

13 – + +  – – – – – – + +  – – –    –     – – –     –     – – 

14 – + +  – – – – – – + +  – – – –     – – –     –     – – 

15 – + +  – – – – – – + +  – – – –     – – –     –     – – 

16 +    +   +  – – –   –   – +   +   + – – –    – – – – – – – 

17 +    +   +  – – –   –   – +   +   + ± + –    – – – – np np np 

18 +    +   +  – – –   –   – +   +   + + + +    – – – – np np np 

19 –    +   +  – – –   –   – +   +   + + + +    – – – – np np np 

20 –    +   +  + + +   –   – +   +   + + + +    – – – – np np np 

21 +    +   +  – – –   – – +   +   + – – –    – – – – – – – 

22§ –    –   –  – – –   –   – +   +   + – – –    – – – – – – – 

23 +    +   +  – – –   –   – +   +   + – – –    – – – – – – – 

24 +    +   +  – – –   –   – +   +   + – – –    – – – – – – – 

 

AM, ampicillin; AX, amoxicillin; BP-OL, benzylpenicilloyl-octa-L-lysine; CD, cefadroxil; CE, cefaclor; CH; cephalexin; CT, ceftriaxone; CU, cefuroxime; F, female; (i), immediate reading; 

M, male; MD, sodium benzylpenilloate; MDM, minor determinant mixture; np, not performed; PG, penicillin G (or benzylpenicillin); PPL, penicilloyl-polylysine.  

 

*She underwent challenge with AX (500 mg) and experienced MPE after 24 hours. 

§He experienced mild urticaria few minutes after intradermal testing with benzylpenicillin which was negative at immediate reading. 



 

Supplemental Table 3.  Clinical characteristics and allergy test results of the 20 subjects with IgE-mediated hypersensitivity  

 

Patient, 

n 

Sex 

 

Age 

 

Type of 

reaction 

 

ImmunoCAP Skin tests 

PG PV AMy AXy CE BP-OL MD BP AM AX CH CE CD CT CU 

1 M 20 An - - - 0.46 - - - - + + - - - - - 

2 F 18 An 1.44 1.74 1.73 3.07 - - - + + + - - - - - 

3 F 54 An - - 0.14 0.2 0.12 - - + + + + + + - - 

4 F 22 UA - - - 0.27 - - - - + + - - - - - 

5 F 49 An 0.18 3.54 5.27 0.24 - - - + + + + + + - - 

6 F 73 An - - - - - - - - + + + + + - - 

7 F 50 U 

An 
- - - - - - - - + + - - + - - 

8 F 39 An - - - - - - - - + + - - + - - 

9 F 59 An - - - 0.63 - - - - - + - - - - - 

10 M 42 UA - - - - - - - - - + - - + - - 

11 F 70 UA - - - - - - - - + + - - - - - 

12 F 52 An - - - 0.28 - - - - + + - - - - - 

13 F 61 UA - - - - - - - - + + + + + - - 

14 F 35 An 

An 
- - - - - - - + + + - - - - - 

15 M 63 An - - - 0.8 - - - - + + - - - - - 

16 F 67 An 0.57 0.8 0.39 0.17 0.11 - - + + + - - - - - 

17 M 47 An - - - - - - - - + + - - - - - 

18 F 61 An 

An 
- - - - - - - + + + - - - - - 

19 F 58 U 

An 
- - - - - - - - + + - - + - - 

20 F 62 An - - - - - - - + + + - - - - - 

 
AM, ampicillin; AMy, ampicilloyl; An, anaphylaxis; AX, amoxicillin; AXy, amoxilloyl; BC, bacampicillin; BP, benzylpenicillin; BP-OL, benzylpenicilloyl-octa-L-lysine; C, clavulanic acid; 
CD, cefadroxil; CE, cefaclor; CH, cephalexin; CT, ceftriaxone; CU, cefuroxime; F, female; M, male; MD, minor determinant; PG, penicilloyl G; PV, penicilloyl V; U, urticaria; UA = urticaria 
and angioedema.



Supplemental Table 4. Frequency of the HLA alleles found in the 24 Italian patients with delayed hypersensitivity to penicillins 
 

HLA alleles Allele 
frequency 

DRB3=DRB3*02:02:01:02 0.54 
DQB1=DQB1*03:01:01:02 0.42 
DPB1=DPB1*04:01:01:01 0.42 
DQA1=DQA1*05:05:01:01 0.40 
DRB3=DRB3*02:02:01:01 0.23 

HLA_A=A*02:01:01:01 0.21 
HLA_C=C*07:01:01:01 0.21 
DRB1=DRB1*11:04:01 0.19 

DRB1=DRB1*07:01:01:01 0.17 
DRB1=DRB1*11:01:01:01 0.17 
DRB4=DRB4*01:01:01:01 0.17 
DQA1=DQA1*02:01:01:01 0.17 
DPA1=DPA1*01:03:01:01 0.17 
HLA_A=A*03:01:01:01 0.15 
HLA_A=A*24:02:01:01 0.15 
HLA_B=B*18:01:01:02 0.15 
HLA_C=C*04:01:01:01 0.15 

DPB1=DPB1*02:01:02:01 0.15 
HLA_B=B*51:01:01:01 0.13 

DPA1=DPA1*01:03:01:05 0.13 
HLA_B=B*49:01:01:01 0.10 

DRB1=DRB1*03:01:01:01 0.10 
DRB4=DRB4*01:03:01:01 0.10 

DRB4=DRB4*01:03:01:02N 0.10 
DQB1=DQB1*02:01:01 0.10 
HLA_A=A*01:01:01:01 0.08 
HLA_C=C*12:03:01:01 0.08 

DRB1=DRB1*13:02:01:02 0.08 
DRB3=DRB3*03:01:01 0.08 
DQB1=DQB1*06:04:01 0.08 

DQB1=DQB1*02:02:01:01 0.08 
DQB1=DQB1*03:03:02:01 0.08 
DQA1=DQA1*01:02:01:04 0.08 
DPB1=DPB1*04:02:01:01 0.08 
HLA_B=B*38:01:01:01 0.06 



HLA_C=C*15:02:01:01 0.06 
HLA_C=C*05:01:01:02 0.06 
HLA_C=C*04:01:01:06 0.06 

DRB1=DRB1*04:03:01:01 0.06 
DRB3=DRB3*01:01:02:01 0.06 
DQB1=DQB1*03:02:01:01 0.06 

DQA1=DQA1*03:01:01 0.06 
DQA1=DQA1*05:01:01:03 0.06 

HLA_A=A*25:01:01:01 0.04 
HLA_A=A*32:01:01:01 0.04 
HLA_A=A*66:01:01:01 0.04 
HLA_A=A*23:01:01:01 0.04 
HLA_A=A*30:01:01:01 0.04 
HLA_A=A*31:01:02:01 0.04 
HLA_B=B*07:02:01:01 0.04 
HLA_B=B*18:01:01:01 0.04 
HLA_B=B*44:02:01:01 0.04 
HLA_B=B*35:01:01:02 0.04 
HLA_B=B*07:05:01:01 0.04 
HLA_B=B*35:08:01:01 0.04 
HLA_B=B*44:03:01:01 0.04 
HLA_B=B*57:01:01:01 0.04 
HLA_C=C*07:02:01:03 0.04 
HLA_C=C*05:01:01:01 0.04 
HLA_C=C*15:05:02:01 0.04 
DRB4=DRB4*01:03:02 0.04 

DRB5=DRB5*01:02 0.04 
DRB5=DRB5*01:01:01:01 0.04 
DQB1=DQB1*05:01:01:02 0.04 
DQA1=DQA1*01:01:01:01 0.04 
DQA1=DQA1*05:01:01:01 0.04 
DQA1=DQA1*05:05:01:13 0.04 
DPB1=DPB1*104:01:01:01 0.04 
DPB1=DPB1*04:02:01:02 0.04 
DPA1=DPA1*02:01:01:02 0.04 
HLA_A=A*01:03:01:02 0.02 
HLA_A=A*30:02:01:01 0.02 

HLA_A=A*03:02:01 0.02 
HLA_A=A*68:01:01:02 0.02 



HLA_A=A*68:02:01:01 0.02 
HLA_A=A*29:01:01:01 0.02 
HLA_A=A*33:01:01:01 0.02 
HLA_A=A*03:01:01:05 0.02 

HLA_B=B*73:01 0.02 
HLA_B=B*15:17:01:01 0.02 
HLA_B=B*35:02:01:01 0.02 

HLA_B=B*41:48 0.02 
HLA_B=B*50:01:01:01 0.02 
HLA_B=B*53:01:01:01 0.02 
HLA_B=B*15:01:01:01 0.02 
HLA_B=B*41:01:01:01 0.02 
HLA_B=B*14:02:01:01 0.02 
HLA_B=B*35:03:01:01 0.02 
HLA_B=B*08:01:01:01 0.02 
HLA_C=C*15:05:01:01 0.02 

HLA_C=C*07:01:02 0.02 
HLA_C=C*02:02:02:01 0.02 

HLA_C=C*03:08 0.02 
HLA_C=C*17:03:01:01 0.02 
HLA_C=C*06:02:01:02 0.02 
HLA_C=C*03:03:01:01 0.02 
HLA_C=C*17:01:01:05 0.02 
HLA_C=C*08:02:01:01 0.02 
HLA_C=C*07:02:01:01 0.02 
HLA_C=C*06:02:01:01 0.02 
HLA_C=C*01:02:01:01 0.02 
DRB1=DRB1*01:03:01 0.02 
DRB1=DRB1*01:01:01 0.02 
DRB1=DRB1*13:05:01 0.02 

DRB1=DRB1*15:02:01:01 0.02 
DRB1=DRB1*15:01:01:01 0.02 
DRB1=DRB1*14:54:01:01 0.02 

DRB1=DRB1*13:03:01 0.02 
DRB1=DRB1*12:01:01:01 0.02 

DRB1=DRB1*11:03:01 0.02 
DRB1=DRB1*11:02:01 0.02 

DRB1=DRB1*13:01:01:01 0.02 
DQB1=DQB1*06:01:01:01 0.02 



DQB1=DQB1*06:02:01:01 0.02 
DQB1=DQB1*05:03:01:01 0.02 
DQB1=DQB1*03:01:01:05 0.02 

DQB1=DQB1*03:19:01 0.02 
DQB1=DQB1*06:03:01:01 0.02 
DQA1=DQA1*01:03:01:01 0.02 
DQA1=DQA1*01:04:01:03 0.02 
DQA1=DQA1*01:02:01:01 0.02 
DQA1=DQA1*05:05:01:03 0.02 
DQA1=DQA1*01:03:01:02 0.02 
DPB1=DPB1*13:01:01:01 0.02 
DPB1=DPB1*04:01:01:03 0.02 
DPB1=DPB1*23:01:01:01 0.02 
DPB1=DPB1*17:01:01:01 0.02 
DPB1=DPB1*04:01:01:28 0.02 
DPB1=DPB1*03:01:01:01 0.02 
DPB1=DPB1*14:01:01:01 0.02 
DPB1=DPB1*02:02:01:01 0.02 
DPB1=DPB1*04:01:01:10 0.02 

DPB1=DPB1*124:01:02:01 0.02 
DPB1=DPB1*10:01:01:01 0.02 

DPB1=DPB1*104:01:01:03 0.02 
DPB1=DPB1*02:01:02:10 0.02 
DPA1=DPA1*02:01:01:06 0.02 
DPA1=DPA1*02:01:01:03 0.02 
DPA1=DPA1*01:03:01:03 0.02 

DPA1=DPA1*01:03:04 0.02 
DPA1=DPA1*01:03:01:12 0.02 

 



 
Supplemental Table 5. Description of the HLA-DRB3*02:02 alleles in the 24 Italian subjects. 

ID (Group) HLA status for the DRB3*02:02 allele 
1 (A) No DRB3*02:02 allele 
2 (A) No DRB3*02:02 allele 
3 (A) DRB3*02:02:01:01, homozygous 
4 (A) DRB3*02:02:01:02, homozygous 
5 (A) DRB3*02:02:01:02, homozygous 
6 (A) DRB3*02:02:01:02, homozygous 
7 (A) DRB3*02:02:01:02, homozygous 
8 (A) DRB3*02:02:01:01, homozygous 
9 (B) DRB3*02:02:01:01, heterozygous 

10 (A) No DRB3*02:02 allele 
11 (A) DRB3*02:02:01:02, homozygous 
12 (A) DRB3*02:02:01:02, homozygous 
13 (A) DRB3*02:02:01:02, homozygous 
14 (A) DRB3*02:02:01:01, homozygous 
15 (A) DRB3*02:02:01:02, homozygous 
16 (B) DRB3*02:02:01:02, homozygous 
17 (C) DRB3*02:02:01:01/DRB3*02:02:01:02 
18 (C) DRB3*02:02:01:02, homozygous 
19 (C) DRB3*02:02:01:01/DRB3*02:02:01:02 
20 (C) DRB3*02:02:01:01, heterozygous 
21 (B) DRB3*02:02:01:02, homozygous 
22 (B) DRB3*02:02:01:02, heterozygous 
23 (B) No DRB3*02:02 allele 
24 (B) DRB3*02:02:01:01/DRB3*02:02:01:02 

 

 

 

 

 

 



Supplemental Table 6. Descriptive statistics of the Spanish patients with non-immediate hypersensitivity to penicillins  

Demographics — n/N, %, (95% CI)   
Age (years) — N, median (IQR, 25th – 

75th) 
98 43 (32–54) 

Male sex — n/N, %, (95%CI) 42/98 42.9% (32.9–52.8) 
Culprit drug — n/N, %, (95% CI)    

Amoxicillin 47/98 48.0% (37.9–58.0) 
Amoxicillin-Clavulanic acid 27/98 27.6% (18.5–36.6) 
Penicillin G 12/98 12.2% (5.6–18.9) 
Other molecules* 12/98 12.2% (5.6–18.9) 

Type of reaction — n/N, %, (95% CI)    
Urticaria 70/98 71.4% (62.3–80.5) 
Urticaria and angioedema 25/98 25.5% (16.7–34.3) 
Other types of reaction † 3/98 3.1% (0.7–8.7) 

Note. N: total number of patients considered for the characteristics; n: number of observations with the characteristics; 95% CI: 95% confidence interval. 
* Other molecules include ampicillin (n=2), cefuroxime (n=2), cefaclor (n=1), cefazolin (n=1), cefepime (n=1), cefixime (n=1), ceftazidime (n=1), ceftriaxone 
(n=1), cloxacillin (n=1), and piperacillin-tazobactam (n=1). 
† Urticaria and upper airway reaction (n=2), angioedema without urticaria (n=1). 
 



 
 

Supplemental Table 7. Descriptive statistics of the Spanish patients with immediate hypersensitivity to penicillins  

 

Demographics   

Age (years) — N, median (IQR, 25th – 75th) 315 49 (38–58) 

Male sex — n/N, %, (95%CI) 141/315 44.7 (39.2–50.4) 

Type of reaction — n/N, %, (95% CI)    

Anaphylaxis 162/315 51.4 (45.7–57.1) 

Anaphylactic shock 50/315 15.8 (12.0–20.4) 

Urticaria 103/315 32.7 (27.5–38.2) 

Culprit drug — n/N, %, (95% CI)    

Amoxicillin 173/315 54.9 (49.2–60.5) 

Amoxicillin-Clavulanic acid 107/315 33.9 (28.7–39.5) 

Penicillin G 15/315 4.8 (2.6–7.7) 

Cefuroxime 7/315 2.2 (0.9–4.5) 

Other molecules* 13/315 4.1 (2.2–6.9) 

Prick test to culprit drug — n/N, %, (95% CI)   

Not available 92/315 29.2 (24.2–34.6) 

Negative 144/315 45.7 (40.1–51.4) 

Positive 79/315 25.1 (20.4–30.2) 

 
 
Note. N: total number of patients considered for the characterictics; n: number of observations with the characteristics; 95% CI: 95% confidence interval. 
*Other molecules include cefazoline (n=4), cefaclor (n=2), clavulanic acid (n=2), ampicillin (n=1), cefotaxime (n=1), ceftazidime (n=1), and cloxacillin (n=1).



 
 

 

Supplemental Table 8. Descriptive statistics of demographic origin of the Spanish control subjects without hypersensitivity to penicillins  

Age (years) — N, median (IQR, 25th – 75th) 1308 42 (32–51) 
Male sex — n/N, %, (95%CI) 577/1308 44.1% (41.4–46.9) 
Geographical origin — n/N, %, (95%CI)   

Salamanca 846/1308 64.7% (62.1–67.3) 
Malaga 462/1308 35.3% (32.7–37.9) 
Personal history of atopy— n/N, %, (95%CI) 147/1124 13.1% (11.2-15.2) 
Total serum IgE (kUI/L, mean  SD)  118  14  
IgE >130 kUI/L — n/N, %, (95%CI)  231/1124  20.6% (18.2- 22.9) 

Note. N: total number of patients considered for the characteristics; n: number of observations with the characteristics; 95% CI: 95% confidence interval. 
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