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Abbreviations: 22 

SPT: skin prick test 23 

IDR: intradermal test 24 

CD: cumulative dose 25 

PyG: penicilloyl G 26 

 PyV: penicilloyl V 27 

APy: Ampicilloyl 28 

 CL: Cefaclor 29 

PG: penicillin G 30 

PPL: penicilloyl-polylysine 31 

MDM: minor determinant mixture 32 

AX: amoxicillin 33 

AC: amoxicillin-clavulanic acid 34 

AP: ampicillin 35 

CU: cefuroxime 36 

CR: ceftriaxone 37 

CF: ceftazidime 38 

AZ: aztreonam 39 

IM: imipinem 40 

ME: meropenem.41 
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Highlight box 46 

What is already known about this topic? 47 

• Up to now the recommended maximum non-irritating concentration for skin testing 48 

with cefazolin is 2mg /mL. It seems that cefazolin hypersensitivity is not a class 49 

hypersensitivity. 50 

What does this article add to our knowledge? 51 

• Increasing cefazolin concentration for skin tests up to 20 mg/mL increases the 52 

sensitivity of the test without affecting its specificity.  53 

How does this study impact current management guidelines? 54 

•  We recommend to use 20mg/mL as maximum non-irritating concentration in the 55 

diagnostic work up of immediate cefazolin hypersensitivity.  This study confirms that 56 

cefazolin hypersensitivity is a selective allergy with good tolerance to other β-lactam 57 

antibiotics.58 
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Abstract 59 

Background: Correct diagnosis of cefazolin hypersensitivity is not straightforward, mainly 60 

because of the absence of in vitro tests and uncertainties concerning the optimal cefazolin 61 

concentration for skin testing. Cross-reactivity studies suggest cefazolin hypersensitivity to 62 

be a selective hypersensitivity. 63 

Objective:  The first objective was to confirm that the application of a higher than 2 mg/mL 64 

test concentration could increase skin test sensitivity. A second part aimed at investigating 65 

the cross-reactivity between cefazolin and other β-lactam antibiotics. 66 

Methods: 66 patients referred to our clinic after experiencing perioperative anaphylaxis, and 67 

exposed to cefazolin, underwent skin testing with cefazolin up to 20 mg/mL. Patients 68 

exhibiting a positive skin test with cefazolin had a panel of skin tests with other β-lactams 69 

and, if indicated, graded drug challenges to study cross-reactivity. 70 

Results: Increasing skin test concentration from the recommended 2 mg/mL to 20 mg/mL 71 

identified an additional 7/19 (27%) patients, who would otherwise have displayed negative 72 

skin testing. The concentration was proven non-irritating in 30 cefazolin exposed control 73 

individuals in which an alternative culprit for perioperative anaphylaxis was identified. 74 

Graded challenge testing, following negative skin testing, displayed that all patients 75 

tolerated alternative β-lactam antibiotics (i.e., amoxicillin, cephalosporins, monobactams, 76 

carbapenems). Of them, 11 individuals also tolerated an alternative cephalosporin, 77 

suggesting cefazolin hypersensitivity (generally) is a selective allergy. 78 

Conclusions: Increasing cefazolin concentration for skin tests up to 20 mg/mL benefits the 79 

sensitivity of diagnosis. Furthermore, our data confirm that cefazolin hypersensitivity seems 80 

to be a selective allergy with good tolerance to other β-lactam antibiotics.81 
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Introduction 82 

Cefazolin, a first generation cephalosporin, is widely used for preoperative antibiotic 83 

prophylaxis [1, 2]. Some studies regarding perioperative anaphylaxis indicate that β-lactam 84 

antibiotics are a relevant cause of IgE-mediated hypersensitivity reactions, cefazolin being 85 

responsible for the majority of these reactions [3-7]. 86 

Although cefazolin hypersensitivity constitutes a potential life-threatening condition with 87 

serious consequences, correct diagnosis of cefazolin hypersensitivity is not straightforward 88 

for various reasons. First of all, drug provocation tests with this parenteral cephalosporin are 89 

hazardous and time consuming. Secondly, no reliable cefazolin-specific IgE antibody assay is 90 

available. Therefore, clinical suspicion of cefazolin hypersensitivity is generally confirmed 91 

with skin tests [8]. However, for the time being, skin testing with cephalosporins are not 92 

entirely standardized and optimal skin test concentrations remain to be established [8]. 93 

Actually, sensitivity, specificity and predictive values of this diagnostic method remain 94 

unknown, mainly as the maximal non-irritating skin test concentrations need to be 95 

established. To date, the European Network on Drug Allergy (ENDA) recommends a maximal 96 

non-irritating skin test concentration of 2 mg/mL for all the cephalosporins [9]. On the other 97 

hand, as reported in the same guidelines [9], there is evidence that, for several 98 

cephalosporins, skin test concentrations up to 20 mg/mL are probably also not irritant. As a 99 

matter of fact, for cefazolin a concentration up to 33 mg/mL has been described as being 100 

non-irritant in some studies [10-12].  101 

The fact that cephalosporin hypersensitivity is not a class hypersensitivity has recently been 102 

reported in a series of patients by Romano et al. [12]. Regarding cefazolin, studies conducted 103 

up to now showed that IgE-mediated hypersensitivity towards cefazolin appears to be 104 

selective in the great majority of allergic subjects [12-17].  105 
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As a first objective of this study, we sought to confirm whether a test concentration higher 106 

than 2 mg/mL could increase the sensitivity of the skin tests, and add to the diagnosis in 107 

patients who would otherwise yield negative skin test responses. The second part of our 108 

study aimed at investigating the cross-reactivity between cefazolin and other β-lactam 109 

antibiotics. 110 
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Methods 111 

Study population 112 

During the period from January 2013 to December 2015 we evaluated 157 patients who 113 

were referred to our outpatients’ clinic for diagnostic evaluation after experiencing a 114 

perioperative hypersensitivity reaction grade 1-3 according to the Brown criteria [18, 19]. Of 115 

them, 66 received cefazolin as a perioperative antibiotic prophylaxis. All these patients 116 

underwent the standardized protocol for all potential offenders of perioperative anaphylaxis 117 

[20]. Furthermore, all patients underwent skin testing with cefazolin as described below. 118 

Patients exhibiting a positive skin test with cefazolin had a panel of skin tests with other β-119 

lactams and, if indicated, graded challenges with some of them.  120 

Skin testing  121 

Skin tests were performed on different days [21]. Firstly, minor determinant mixture ((MDM) 122 

consisting of sodium benzylpenicillin, benzylpenicilloic acid, and sodium benzylpenicilloate), 123 

penicilloyl-polylysine (PPL), and benzylpenicillin (BP); subsequently amoxicillin (clavulanic-124 

acid) and cefazolin were tested. Finally, patients displaying a positive skin test towards 125 

cefazolin underwent skin tests with alternative β-lactams. We applied maximal skin test 126 

concentrations recommended by ENDA, except for cefazolin and cefuroxime [9]. For skin 127 

testing with penicillin reagents, the maximum non-irritating concentration was 5x10-5 mM/L  128 

for PPL, 2x10-2 mM/L for MDM, 10 000 UI/mL in normal saline for BP, and 20 mg/mL in 129 

normal saline for amoxicillin, ampicillin, and amoxicillin (20 mg/mL) + clavulanic acid (4 130 

mg/mL). For cefazolin and cefuroxime, maximum non irritating concentrations were 131 

obtained by performing skin testing with 100 mg/mL and 20 mg/mL in normal saline in 10 132 

healthy controls individuals [10, 12, 22]. As  skin testing for cefazolin and cefuroxime using 133 
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100 mg/mL yielded irritative positive results in up to 7/10 healthy control individuals, for 134 

both drugs, a maximal concentration  of 20 mg/mL was subsequently used to test cefazolin 135 

exposed patients. Skin testing with the monobactam aztreonam was performed at a 136 

concentration of 2 mg/mL, with imipenem-cilastatin at a concentration of 0.5 mg/mL for 137 

each component, and with meropenem at a concentration of 1 mg/mL in normal saline. All 138 

reagents were diluted no more than 2 hours before testing. Results were considered positive 139 

when wheal/flare equaled or exceeded 3/3 mm. IDTs were considered positive when the 140 

wheal/flare equaled or exceeded 5 mm. 141 

Total and specific IgE measurement  142 

In all patients total IgE and sIgE levels for the commercially available β-lactam determinants 143 

i.e. penicilloyl G, penicilloyl V, amoxicilloyl, ampicilloyl and cefaclor were quantified by FEIA 144 

ImmunoCAP system (ThermoFisher Scientific, Uppsala, Sweden). Results equalling or 145 

exceeding 0.35 kUA/L were considered positive. 146 

Graded challenges 147 

When indicated, a graded challenge up to a cumulative dose (CD) equalling or exceeding the 148 

therapeutic dose, was performed in order to study cross-reactivity and to identify a safe 149 

alternative β-lactam antibiotic for the future. Oral challenges were performed with 150 

amoxicillin (CD 901 mg), amoxicillin-clavulanic acid (CD 901 mg) and cefuroxime axetil (CD 151 

661 mg). Intramuscular challenges were performed with aztreonam (CD 1 g) and ceftriaxone 152 

(CD 1 g). 153 

154 
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Results 155 

Skin testing  156 

Figure 1 displays the results of the skin testing. In total, 66 cefazolin exposed patients who 157 

experienced a perioperative anaphylaxis underwent the standardized diagnostic protocol for 158 

all potential offenders. In 30 patients a cause other than cefazolin was found (e.g. curares, 159 

latex, chlorhexidine). These 30 patients received the maximal non irritating cefazolin skin 160 

testing up to 20 mg/mL. In all these individuals, skin testing with cefazolin was negative. 161 

These patients were considered as exposed control individuals. In contrast, 19 of the 162 

remaining 36 individuals exposed to cefazolin, in whom no other cause for perioperative 163 

anaphylaxis was found, displayed positive skin test responses to this cephalosporin. 12 164 

patients had a positive intradermal test at a concentration up to 2 mg/mL, as recommended 165 

by current guidelines, and an additional 7 (27%) had a positive intradermal test at a ten-fold 166 

higher concentration of 20 mg/mL. In the remaining 17 patients, no causative agents 167 

responsible for the perioperative anaphylaxis could be identified (Fig. 1). 168 

All the patients with an IgE-mediated hypersensitivity towards cefazolin displayed negative 169 

skin tests for a panel of β-lactam antibiotics as displayed in table 1. 170 

Total and specific IgE measurement 171 

Total and specific IgE results are displayed in table 1. Only one patient displayed a weak 172 

positive specific IgE toward penicilloyl V (0.36 kUA/L).  173 

Graded challenges 174 

Challenges with alternative β-lactams were performed in 16/19 patients (Table 1). Five 175 

patients were challenged with only amoxicillin or amoxicillin-clavulanic acid; 2 with only 176 
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cefuroxime axetil, whereas in 9 patients, controlled administrations of amoxicillin or 177 

amoxicillin-clavulanic-acid, as well as one or more cephalosporins and/or aztreonam were 178 

performed. All challenges were negative.  179 

In 3/30 skin test negative patients a challenge test with cefazolin was negative.180 
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Discussion  181 

To our knowledge, this is the largest monocentric study about immediate perioperative 182 

hypersensitivity to cefazolin. It demonstrates that increasing cefazolin concentration for skin 183 

testing up to 20 mg/mL probably improves the sensitivity of the test without affecting its 184 

specificity. This observation is in line with previous studies [10, 12]. As a result, 7 additional 185 

patients could be identified as possibly cefazolin allergic who would otherwise have not 186 

been diagnosed because of negative skin testing. Moreover, in our series these additional 187 

patients represent almost one-third of the cefazolin allergic population. Hitherto, current 188 

guidelines [9, 23, 24] have recommended a maximal non-irritating concentration for all 189 

cephalosporins of 2 mg/mL. Therefore, we believe that the observation that a concentration 190 

of 20 mg/mL that allows to identify an additional 30% of patients is relevant, especially as 191 

this concentration was established by using a titrated skin test procedure. However, to really 192 

calculate the negative predictive value of the maximal non irritating skin test concentration 193 

for cefazolin one should perform challenge tests in patients displaying a negative skin test to 194 

20 mg/mL. The main limitation of this study is that we did not challenge the majority of 195 

patients displaying a negative 20mg/mL intradermal test. 196 

One could argue that increasing cefazolin concentration could entail a risk for false positive 197 

skin test results. Although the determination of the precise test accuracy 198 

(sensitivity/specificity) would require provocation tests in all patients including those with a 199 

positive skin test, such an approach cannot be justified and has been dissuaded for obvious 200 

reasons [25]. Therefore, as an alternative approach, it is common practice to identify non-201 

irritating skin test concentrations, ideally by enrolling at least 20 control individuals [9]. We 202 

have followed these recommendation and have performed titrated skin testing up to 100 203 
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mg/mL that was found irritative, whereas 20 mg/mL did not trigger a skin test response in 30 204 

exposed control individuals. 205 

Previous cross-reactivity studies [12-17] demonstrated that cefazolin hypersensitivity is 206 

mainly a selective hypersensitivity, i.e., it does not involve cross-reactivity with other 207 

cephalosporins and/or penicillins. In effect, in these studies, the great majority, namely 208 

20/22, of patients suffering from an IgE-mediated hypersensitivity to cefazolin displayed a 209 

pattern of selective response to it [12-17]. Our study of 19 cefazolin skin test-positive 210 

patients, confirms this data as no patient reacted to an alternative β-lactam antibiotic and 211 

none of the patients except one displayed positive results in the ImmunoCAP. Of them, 11 212 

individuals tolerated alternative cephalosporins; specifically, 9 patients were able to tolerate 213 

cefuroxime axetil. In Belgium this is the only (second generation) cephalosporin available in 214 

oral formulation. The patient displaying positive specific IgE towards penicilloyl V with a 215 

specific/total IgE ratio of 0.0029 [25] tolerated an oral challenge with amoxicillin clavulanic 216 

acid pointing to a false positive IgE result [26]. 217 

Regarding evaluation of cross-reactivity, a limitation of this study is that, since some data 218 

was collected in retrospect, not all the patients received the same battery of skin testing and 219 

drug provocations with alternative β-lactams. These data confirm that in the majority of 220 

cases cefazolin hypersensitivity seems to be an isolated allergy with tolerance for alternative 221 

β-lactam antibiotics. This probably relates to the fact that cross-reactivity of cephalosporins 222 

is mainly determined by the R1 side-chain structure [12]. The R1 side-chain of cefazolin 223 

consists of a heterocycle N-methylthiodiazole structure [13] which is different to other 224 

cephalosporin R1 side chains [8, 12, 27]. 225 
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In conclusion, our study demonstrates that diagnosis of cefazolin hypersensitivity benefits 226 

from a drug-specific intradermal test concentration up to 20 mg/mL. Furthermore, study of 227 

cross-reactivity reveals that, according to literature data, cefazolin hypersensitivity in the 228 

great majority of cases is a selective allergy with tolerance to other β-lactam antibiotics.229 
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 293 

Legends of the figure and table 294 

Fig 1. Flowchart displaying skin test results in patients and control individuals 295 

Table 1. Allergologic test results of the 21 individuals with cefazolin allergy . *concentration 296 

at which the IDR with cefazolin was positive, TOT: total IgE, PyG: penicilloyl G, PyV: 297 

penicilloyl V, APy: Ampicilloyl, CL: Cefaclor, PF: penicillin G, PPL: penicilloyl-polylysine, MDM: 298 

minor determinant, AX: amoxicillin, AC: amoxicillin-clavulanic acid, AP: ampicillin, CU: 299 

cefuroxime, CR: ceftriaxone, CF: ceftazidime, AZ: aztreonam, IM: imipinem, ME: 300 

meropenem. 301 


